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(57) ABSTRACT

The present technology relates to a solid-state image sensing
device for preventing a reduction in light receiving sensi-
tivity of an avalanche photodiode, an electronic device, and
a method for manufacturing the solid-state image sensing
device. A solid-state image sensing device includes an
avalanche photodiode having a first region of a first con-
ductive type, a second region of a second conductive type
different from the first conductive type, and an avalanche
region sandwiched between the first region and the second
region, which extend in a thickness direction of a semicon-
ductor substrate, and a film formed on at least one side of the
semiconductor substrate and including a metal oxide film, a
metal nitride film, or a mix crystal-based film of metal oxide
film and metal nitride film. The present technology can be
applied to CMOS image sensors, for example.
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FIG. 5
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FIG. 12
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SOLID-STATE IMAGE SENSING DEVICE,
ELECTRONIC DEVICE, AND METHOD FOR
MANUFACTURING SOLID-STATE IMAGE
SENSING DEVICE

TECHNICAL FIELD

[0001] The present technology relates to a solid-state
image sensing device, an electronic device, and a method for
manufacturing the solid-state image sensing device, and
particularly to a solid-state image sensing device using
avalanche multiplication, an electronic device, and a method
for manufacturing the solid-state image sensing device.

BACKGROUND ART

[0002] In recent years, a pixel size has been reduced in
order to realize smaller and finer solid-state image sensing
devices. When an image size is reduced, however, not only
a light receiving area of a photodiode as light receiving
device but also a volume of a region for photoelectric
conversion is reduced, and thus a light receiving efficiency
lowers.

[0003] On the other hand, higher sensitivity of solid-state
image sensing devices is desired in order to shoot an image
with high image quality even in a state with less incident
light, such as shooting a dark place or detecting a slight
amount of radiation.

[0004] To the contrary, there is proposed a solid-state
image sensing device using avalanche photodiodes by use of
avalanche multiplication in order to achieve both downsiz-
ing and higher sensitivity (see Patent Document 1, for
example).

CITATION LIST

Patent Document

[0005] Patent Document 1: Japanese Patent Application
Laid-Open No. 2010-157665

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] Incidentally, in an avalanche photodiode driven in
a Geiger mode, a bias voltage near a fall voltage of a diode
is applied thereby to have sensitivity to single photons. Thus,
the fall voltage of a diode is an important parameter.
[0007] On the other hand, a curvature of an electric field
intensity is higher at an end of a pn junction in an avalanche
photodiode, and the fall voltage lowers. This is a phenom-
enon called edge effect or fringe effect. For example, accord-
ing to the invention described in Patent Document 1, an end
of a pn junction is present on a surface of a semiconductor
substrate on which an avalanche photodiode is formed.
Consequently, outward diffusion or pile-up of impurities
easily occurs on the surface of the semiconductor substrate,
and the fall voltage lowers.

[0008] Then, if a bias voltage is applied according to a
region where the fall voltage lowers, for example, only a
lower voltage than the fall voltage is applied in other
regions. Consequently, light receiving sensitivity of ava-
lanche photodiodes lowers.

[0009] To the contrary, it has been conventionally pro-
posed that a low-concentration region is provided to allevi-
ate an impurity concentration gradient and the like. How-
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ever, if a low-concentration region is formed near a surface
of the semiconductor substrate, light receiving sensitivity to
short-wavelength incident lights lowers.

[0010] The present technology has been made in terms of
the situations, and is directed for preventing a reduction in
light receiving sensitivity of avalanche photodiodes.

Solutions to Problems

[0011] A solid-state image sensing device according to a
first aspect of the present technology includes an avalanche
photodiode having a first region of a first conductive type, a
second region of a second conductive type different from the
first conductive type, and an avalanche region sandwiched
between the first region and the second region, which extend
in a thickness direction of a semiconductor substrate, and a
film formed on at least one side of the semiconductor
substrate and including a metal oxide film, a metal nitride
film, or a mix crystal-based film of metal oxide film and
metal nitride film.

[0012] An insulating film formed between the film and the
semiconductor substrate can be further provided.

[0013] The film can include an oxide film or nitride film of
aluminum, tantalum, zirconium, hatnium, yttrium, or lan-
thanoid, or a mix crystal-based film of oxide and nitride of
aluminum, tantalum, zirconium, hatnium, yttrium, or lan-
thanoid.

[0014] The film can have fixed charges.

[0015] The film can have different fixed charges between
near the first region and near the second region.

[0016] In a case where the first region is in a rectangular
tube shape, the film can be formed to cover at least around
corners of the first region.

[0017] The first region is cylindrical, an electrode formed
along the upper face or the bottom face of the first region and
having one or more discontinuous parts can be further
provided on one side of the semiconductor substrate, and the
film can be formed to cover at least around the discontinuous
parts in the electrode between the semiconductor substrate
and the electrode.

[0018] Two or more avalanche photodiode structures can
be repeatedly formed in one pixel.

[0019] A method for manufacturing a solid-state image
sensing device according to a second aspect of the present
technology includes a step of forming a film including a
metal oxide film, a metal nitride film, or a mix crystal-based
film of metal oxide film and metal nitride film on at least one
side of a semiconductor substrate on which an avalanche
photodiode having a first region of a first conductive type, a
second region of a second conductive type different from the
first conductive type, and an avalanche region sandwiched
between the first region and the second region, which extend
in a thickness direction of the semiconductor substrate, is
formed.

[0020] An electronic device according to a third aspect of
the present technology includes a solid-state image sensing
device, and a signal processing unit for processing a signal
output from the solid-state image sensing device, in which
the solid-state image sensing device includes an avalanche
photodiode having a first region of a first conductive type, a
second region of a second conductive type different from the
first conductive type, and an avalanche region sandwiched
between the first region and the second region, which extend
in a thickness direction of a semiconductor substrate, and a
film formed on at least one side of the semiconductor
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substrate and including a metal oxide film, a metal nitride
film, or a mix crystal-based film of metal oxide film and
metal nitride film.

[0021] According to the first or third aspect of the present
technology, a film including a metal oxide film, a metal
nitride film, or a mix crystal-based film of metal oxide film
and metal nitride film, which is formed on at least one side
of a semiconductor substrate, enables a variation in fall
voltage or an occurrence in dark current in an avalanche
photodiode to be restricted.

[0022] According to the second aspect of the present
technology, a film including a metal oxide film, a metal
nitride film, or a mix crystal-based film of metal oxide film
and metal nitride film is formed on at least one side of a
semiconductor substrate on which an avalanche photodiode
having a first region of a first conductive type, a second
region of a second conductive type different from the first
conductive type, and an avalanche region sandwiched
between the first region and the second region, which extend
in a thickness direction of the semiconductor substrate, is
formed.

Effects of the Invention

[0023] According to the first to third aspects of the present
technology, it is possible to prevent a reduction in light
receiving sensitivity of avalanche photodiodes.

[0024] Additionally, the effects described in the present
specification are merely exemplary, and the effects of the
present technology are not limited to the effects described in
the present specification, and additional effects may be
obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIG. 11is a block diagram illustrating an exemplary
schematic configuration of a CMOS image sensor to which
the present technology is applied.

[0026] FIG. 2 is a cross-section view illustrating a first
embodiment of the CMOS image sensor.

[0027] FIG. 3 is a diagram illustrating an exemplary plane
pattern of an avalanche photodiode.

[0028] FIG. 4 is a diagram schematically illustrating a
distribution of electric fields in an avalanche photodiode in
a case where fixed charge films are not provide.

[0029] FIG. 5 is a diagram schematically illustrating a
distribution of electric fields in an avalanche photodiode in
a case where fixed charge films are provided.

[0030] FIG. 6 is a cross-section view illustrating a second
embodiment of the CMOS image sensor.

[0031] FIG. 7 is a cross-section view illustrating a third
embodiment of the CMOS image sensor.

[0032] FIG. 8 is a diagram for explaining a method for
manufacturing a fixed charge film of the CMOS image
sensor of FIG. 7.

[0033] FIG. 9 is a diagram for explaining the method for
manufacturing a fixed charge film of the CMOS image
sensor of FIG. 7.

[0034] FIG. 10 is a diagram illustrating a first variant of
the plane pattern of an avalanche photodiode.

[0035] FIG. 11 is a diagram illustrating an exemplary
region in which fixed charge films are arranged for the
avalanche photodiode of FIG. 10.

[0036] FIG. 12 is a diagram illustrating a second variant of
the plane pattern of an avalanche photodiode.
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[0037] FIG. 13 is a diagram illustrating an exemplary
region in which fixed charge films are arranged for the
avalanche photodiode of FIG. 12.

[0038] FIG. 14 is a diagram illustrating exemplary use of
solid-state image sensing devices.

[0039] FIG. 15 is a block diagram illustrating an exem-
plary configuration of an electric device to which the present
technology is applied.

MODE FOR CARRYING OUT THE INVENTION

[0040] Modes for carrying out the present technology
(which will be denoted as embodiments below) will be
described below. Additionally, the description will be made
in the following order.

[0041] 1. Solid-state image sensing device to which the
present technology is applied

[0042] 2. First embodiment

[0043] 3. Second embodiment (example in which insulat-
ing films are provided)

[0044] 4. Third embodiment (example in which fixed
charge films with different fixed charges are provided)

[0045] 5. Variants
[0046] 6. Exemplary use of solid-state image sensing
devices

1. Solid-State Image Sensing Device to which the
Present Technology is Applied

[0047] {Basic System Configuration}

[0048] FIG. 1 is a system configuration diagram illustrat-
ing a schematic configuration of a solid-state image sensing
device to which the present technology is applied, such as a
CMOS image sensor as a kind of solid-state image sensing
device of X-Y address system. Here, the CMOS image
sensor is created by applying a CMOS process or using part
of it.

[0049] A CMOS image sensor 10 according to the present
application is configured of a pixel array part 11 formed on
a semiconductor substrate 107 (FIG. 2), and peripheral
circuit units integrated on the same semiconductor substrate
107 as the pixel array part 11. The peripheral circuit units are
configured of a vertical drive unit 12, a column processing
unit 13, a horizontal drive unit 14, and a system control unit
15, for example.

[0050] The CMOS image sensor 10 further includes a
signal processing unit 18 and a data storage unit 19. The
signal processing unit 18 and the data storage unit 19 may
be mounted on the same substrate as the CMOS image
sensor 10, or may be arranged on a different substrate from
the CMOS image sensor 10. Further, each processing of the
signal processing unit 18 and the data storage unit 19 may
be performed by an external signal processing unit provided
on a different substrate from the CMOS image sensor 10,
such as digital signal processor (DSP) circuit or software.

[0051] The pixel array part 11 is configured such that a
plurality of unit pixels (which will be simply denoted as
“pixel” below) are arranged in a row direction and in a
column direction. Here, the row direction is a direction in
which the pixels in the pixel rows are arranged (or horizontal
direction), and the column direction is a direction in which
the pixels in the pixel columns are arranged (or vertical
direction).

[0052] A unit pixel has a photoelectric conversion unit
(such as photodiode) for generating and accumulating
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charges depending on the amount of received light, and a
plurality of pixel transistors (or MOS transistors). The
plurality of pixel transistors can be configured of three
transistors including a transfer transistor, a reset transistor,
and an amplification transistor, for example. Alternatively,
the plurality of pixel transistors can be configured of the four
transistors including a select transistor. Additionally, an
equivalent circuit of each pixel is similar to a general one,
and a detailed description thereof will be omitted here.

[0053] Further, a unit pixel can be in a common pixel
structure. The common pixel structure is configured of a
plurality of photoelectric conversion units, a plurality of
transfer transistors, one shared floating diffusion, and each
of the other shared pixel transistors.

[0054] In the pixel array part 11, pixel drive lines 16 as
row signal lines are arranged in the row direction for the
pixel rows, respectively, and vertical signal lines 17 as
column signal lines are arranged in the column direction for
the pixel columns, respectively. The pixel drive lines 16
transmit a drive signal for driving when reading a signal
from a pixel. The pixel drive lines 16 are illustrated as one
wiring in FIG. 1, but are not limited to one. An end of a pixel
drive line 16 is connected to an output terminal correspond-
ing to each row of the vertical drive unit 12.

[0055] The vertical drive unit 12 is configured of a shift
register, address decoder, or the like, and drives all the pixels
in the pixel array part 11 at the same time, in units of row,
or the like. That is, the vertical drive unit 12 configures a
drive unit for controlling the operations of each pixel in the
pixel array part 11 together with the system control unit 15
for controlling the vertical drive unit 12. A specific configu-
ration of the vertical drive unit 12 is not illustrated, but
generally has two scanning systems of read scanning system
and sweep scanning system.

[0056] The read scanning system selects and scans the unit
pixels in the pixel array part 11 in units of row in order to
read a signal from a unit pixel. The signal read from a unit
pixel is an analog signal. The sweep scanning system sweeps
and scans the read rows on which the read scanning system
performs read scanning earlier than the read scanning by an
exposure time.

[0057] Unnecessary charges are swept from the photoelec-
tric conversion unit in a unit pixel in the read row in the
sweep scanning by the sweep scanning system thereby to
reset the photoelectric conversion unit. Unnecessary charges
are then swept (reset) by the sweep scanning system so that
an electronic shutter operation is performed. Here, the
electronic shutter operation is an operation of discarding
charges in the photoelectric conversion unit and newly
starting exposure (starting accumulating charges).

[0058] A signal read in the read operation by the read
scanning system corresponds to the amount of light received
after the previous read operation or the electronic shutter
operation. Then, a period from a read timing by a previous
read operation or a sweep timing by the electronic shutter
operation to a read timing by a current read operation is a
charge exposure period in the unit pixel.

[0059] A signal output from each unit pixel in a pixel row
selected and scanned by the vertical drive unit 12 is input
into the column processing unit 13 via each of the vertical
signal lines 17 per column of pixels. The column processing
unit 13 performs a predetermined signal processing on the
signal output from each pixel in a selected row via the
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vertical signal lines 17 and temporarily holds the signal-
processed pixel signal per column of pixels in the pixel array
part 11.

[0060] Specifically, the column processing unit 13 per-
forms at least a noise cancellation processing such as
correlated double sampling (CDS) processing or double data
sampling (DDS) processing as signal processing. For
example, reset noises, or pixel-specific fixed pattern noises
such as threshold variation of the amplification transistor in
a pixel are canceled by the CDS processing. The column
processing unit 13 can have an analog-digital (AD) conver-
sion function, for example, in addition to the noise cancel-
lation processing, and can convert an analog pixel signal into
a digital signal and output the digital signal.

[0061] The horizontal drive unit 14 is configured of a shift
register, address decoder, or the like, and selects a unit
circuit corresponding to a pixel column in the column
processing unit 13 in turn. With the selecting and scanning
by the horizontal drive unit 14, a pixel signal signal-
processed per unit circuit in the column processing unit 13
is output in turn.

[0062] The system control unit 15 is configured of a
timing generator or the like for generating various timing
signals, and controls driving the vertical drive unit 12, the
column processing unit 13, the horizontal drive unit 14, and
the like on the basis of the timings generated by the timing
generator.

[0063] The signal processing unit 18 has at least a calcu-
lation processing function, and performs various types of
signal processing such as calculation processing on a pixel
signal output from the column processing unit 13. The data
storage unit 19 temporarily stores data required for the
signal processing in the signal processing unit 18.

2. First Embodiment

[0064] A CMOS image sensor 10A as a first embodiment
of the CMOS image sensor 10 of FIG. 1 will be described
below with reference to FIG. 2 to FIG. 4.

[0065] {Exemplary Configuration of CMOS Image Sensor
10A}
[0066] FIG. 2 is a cross-section view schematically illus-

trating an exemplary configuration of the CMOS image
sensor 10A. Additionally, a cross section of a part including
two pixels is illustrated in the Figure, but other pixels
basically have the same configuration.

[0067] Inthe CMOS image sensor 10A, n-type well layers
101 are formed in a p-type semiconductor substrate 107 to
be separated in an island shape per pixel. A photodiode
configuring a pixel is formed in an n-type well layer 101.

[0068] A fixed charge film 114, a transmissivity/refractiv-
ity adjustment layer 113, a passivation layer 112, and a
transmissivity/refractivity adjustment layer 111 are lami-
nated on the semiconductor substrate 107, and color filters
109 and 110 of colors corresponding to each pixel are further
formed thereon.

[0069] On-chip lenses 108 are formed on the color filters
109 and 110 via a planarization layer 118.

[0070] On the other hand, a fixed charge film 115 and an
insulating layer 117 are laminated below the semiconductor
substrate 107, and metal wiring layers 116 are formed in the
insulating layer 117. Each metal wiring layer 116 is insulated
by the insulating layer 117.

[0071] In the CMOS image sensor 10A, the insulating
layer 117 provided with the metal wiring layers 116 is
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formed on the opposite side to the color filters 109, 110 and
the on-chip lenses 108 across the semiconductor substrate
107 forming the photodiodes therein. That is, the CMOS
image sensor 10A is a solid-state image sensing device of
backside irradiation type for irradiating a light on the
semiconductor substrate 107 provided with the wirings from
the backside opposite to the top side.

[0072] Additionally, the backside of the semiconductor
substrate 107 will be also called upper face and the top side
of the semiconductor substrate 107 will be also called lower
face in the following.

[0073] According to the present embodiment, particularly
a plurality of avalanche photodiode structures each includ-
ing n+ region 102/avalanche region 104/p+ region 103 are
repeatedly formed in one pixel. Specifically, the n+ regions
102, the p+ regions 103, and the avalanche regions 104 are
formed to extend in the thickness direction (vertically in
FIG. 2) of the semiconductor substrate 107 within an n+ well
layer 101. Then, an avalanche region 104 is sandwiched
between an n+ region 102 and a p+ region 103 thereby to
configure an avalanche photodiode.

[0074] Further, as illustrated in FIG. 2, an n+ region 102
or a p+ region 103 is shared between the adjacent structures
each including n+ region 102/avalanche region 104/p+
region 103. Thereby, a total of four avalanche regions 104
can be provided in the presence of three n+ regions 102 and
the two p+ regions 103.

[0075] An n+ region 102 is connected to an electrode
(cathode electrode) 105 formed in the lower insulating layer
117 via a wiring or the like (not illustrated). A p+ region 103
is connected to an electrode (anode electrode) 106 formed in
the lower insulating layer 117 via a wiring or the like (not
illustrated). Each electrode 105 is connected at a different
part from the cross section of FIG. 2, and is set at the same
potential. The electrodes 106 are similarly connected and
set.

[0076] Further, the heights of the upper faces of the n+
regions 102, the p+ regions 103, and the avalanche regions
104 configuring an avalanche photodiode are almost the
same, and the upper faces are covered with the n+ well layer
101 and the semiconductor substrate 107.

[0077] FIG. 3 illustrates a horizontal cross-section view
along the line A-A in FIG. 2. The horizontal direction in FIG.
3 corresponds to the horizontal direction in FIG. 2, and the
vertical direction corresponds to a direction perpendicular to
the sheet of FIG. 2.

[0078] The n+ regions 102, the p+ regions 103, and the
avalanche regions 104 configuring an avalanche photodiode
are formed to extend in parallel with each other in both the
cross section of FIG. 2 and the cross section of FIG. 3.

[0079] Further, a relationship between a voltage (potential
difference) given to the n+ regions 102 and the p+ regions
103 and an electric field to be formed is determined by the
width of the avalanche region 104 in FIG. 2 and FIG. 3. As
the width of the avalanche region 104 is smaller, a required
voltage can be made smaller. The width of the avalanche
region 104 is set between 0.05 um and 1 pm, for example.
[0080] n-type or p-type impurity-doped silicon can be
used for the semiconductor substrate 107. Further, Ge,
GaAs, InP, GaP, InAs, GaSb, and InSb as well as semicon-
ductor materials with wider band gap including three ele-
ments or four elements can be used.
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[0081] The avalanche region 104 is configured of a low-
concentration impurity (n type or p type)-doped region, or a
non-doped region.

[0082] For example, the n+ regions 102, the p+ regions
103, and the avalanche regions 104 configuring an ava-
lanche photodiode can be formed by ion-implanting n-type
impurity or p-type impurity into an n-type well layer 101
formed in each pixel by use of a mask corresponding to a
pattern of each region.

[0083] The fixed charge films 114 and 115 include a film
with positive or negative fixed charges. For example, the
fixed charge films 114 and 115 are configured of a metal
oxide film including oxide of aluminum, tantalum, zirco-
nium, hafnium, yttrium, lanthanoid, or the like, or a metal
nitride film including nitride of the above substances. Alter-
natively, the fixed charge films 114 and 115 are configured
of'a mix crystal-based film of oxide and nitride of the above
substances.

[0084] The avalanche regions 104 are formed to extend in
the thickness direction of the semiconductor substrate 107 as
described above, and thus the depth of the avalanche regions
104 can be set depending on a wavelength of a light to be
detected. Further, an incident light is sufficiently absorbed
thereby to generate many carriers from photons due to
avalanche multiplication.

[0085] Furthermore, a plurality of avalanche photodiode
structures are repeatedly formed in one pixel, and thus the
width of an avalanche region 104 between an n+ region 102
and a p+ region 103 can be reduced to be half or less than
only one structure is employed. Consequently, an applica-
tion voltage required for causing avalanche multiplication
can be reduced. Thereby, the avalanche photodiodes can be
applied also to a CMOS image sensor with relatively low
drive voltage.

[0086] Further, a required application voltage is reduced
thereby to restrict crosstalk with adjacent pixel or heat from
being generated. Thereby, a thick insulating isolation region
or Peltier device does not need to be provided, thereby
realizing finer pixels of the solid-state image sensing device
in the CMOS image sensor 10A.

[0087] On the other hand, with a comparison at the same
application voltage, electric fields on the avalanche regions
104 can be made stronger than in one structure, and the
number of carriers generated per photon can be increased.
Thereby, responsiveness to the low amount of light can be
enhanced. Thus, an improvement insensitivity to the low
light level can be realized while a wide dynamic range is
kept.

[0088] Further, the heights of the upper faces of the n+
regions 102, the p+ regions 103, and the avalanche regions
104 configuring an avalanche photodiode are almost the
same, and thus almost-uniform electric fields are applied to
the entire avalanche regions 104.

[0089] Furthermore, the fixed charge films 114 and 115 are
provided thereby to prevent a fall voltage of the avalanche
photodiode from being varied, or a dark current from being
generated. This point will be described with reference to
FIG. 4 and FIG. 5.

[0090] FIG. 4 schematically illustrates a distribution of
electric fields around the P+ regions 103 in an avalanche
photodiode in a case where the fixed charge films 114 and
115 are not provided. FIG. 5 schematically illustrates a
distribution of electric fields around the P+ regions 103 in an
avalanche photodiode in a case where the fixed charge films
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114 and 115 are provided. Additionally, the dotted lines
around the p+ regions 103 in FIG. 4 and FIG. 5 indicate an
equipotential line. Further, the n-type well layer 101 is not
illustrated in FIG. 4 and FIG. 5.

[0091] As in the parts indicated by the arrows in FIG. 4,
electric fields concentrate around the top side or backside of
the semiconductor substrate 107 due to the shape or depth of
the pn junction end of the avalanche photodiode, and surface
pile-up or outward diffusion/suction of impurities on the
semiconductor substrate 107. Consequently, a fall voltage of
the avalanche photodiode varies or a dark current noise
occurs around the top side or backside of the semiconductor
substrate 107.

[0092] On the other hand, as illustrated in FIG. 5, the fixed
charge films 114 and 115 are provided so that concentration
of electric fields on the top side or backside of the semi-
conductor substrate 107 can be alleviated. Consequently, an
influence due to the edge effect of the avalanche photodiode,
the fringe effect of the avalanche photodiode, and the like is
restricted.

[0093] Thereby, the fall voltage of the avalanche photo-
diode is stabilized and uniformly distributed. That is, the fall
voltage at each position of the avalanche photodiode (each
position particularly in the depth direction) is almost con-
stant. Consequently, a reduction in light receiving sensitivity
of the avalanche photodiodes can be prevented.

[0094] Further, the countermeasure that a low-concentra-
tion region is provided to alleviate an impurity concentration
gradient, and the like are not made, and thus a reduction in
light receiving sensitivity does not occur.

[0095] Therefore, the avalanche photodiodes with high
sensitivity to incident lights ranging short wavelength to
long wavelength are realized.

[0096] Further, a dark current is prevented from being
generated around the top side and the backside of the
semiconductor substrate 107 due to the surface pinning
effect of the fixed charge films 114 and 115. Consequently,
a noise-less image can be obtained.

3. Second Embodiment

[0097] A CMOS image sensor 10B as a second embodi-
ment of the CMOS image sensor 10 of FIG. 1 will be
described below with reference to FIG. 6.

[0098] {Exemplary Configuration of CMOS Image Sensor
10B}
[0099] FIG. 6 is a cross-section view schematically illus-

trating an exemplary configuration of the CMOS image
sensor 10B. Additionally, the same reference numerals are
denoted to the parts corresponding to those in FIG. 2.
[0100] The CMOS image sensor 10B is different from the
CMOS image sensor 10A of FIG. 2 in that insulating films
119 and 120 are added.

[0101] The insulating film 119 is formed between the
semiconductor substrate 107 and the fixed charge film 114.
The insulating film 120 is formed between the semiconduc-
tor substrate 107 and the fixed charge film 115.

[0102] The insulating film 119 is arranged between the
semiconductor substrate 107 and the fixed charge film 114 in
this way, thereby preventing the avalanche photodiodes and
the fixed charge film 114 from being electrically short-
circuited in a case where the fixed charge film 114 is
conductive. Similarly, the insulating film 120 is arranged
between the semiconductor substrate 107 and the fixed
charge film 115, thereby preventing the avalanche photo-
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diodes and the fixed charge film 115 from being electrically
short-circuited in a case where the fixed charge film 115 is
conductive.

4. Third Embodiment

[0103] A CMOS image sensor 10C as a third embodiment
of the CMOS image sensor 10 of FIG. 1 will be described
below with reference to FIG. 7 to FIG. 9.

[0104] {Exemplary Configuration of CMOS Image Sensor
10C}
[0105] FIG. 7 is a cross-section view schematically illus-

trating an exemplary configuration of the CMOS image
sensor 10C. Additionally, the same reference numerals are
denoted to the parts corresponding to those in FIG. 2.

[0106] The CMOS image sensor 10C is different from the
CMOS image sensor 10A of FIG. 2 in that fixed charge films
1144 and 1145 are formed instead of the fixed charge film
114 and fixed charge films 115a and 1154 are formed instead
of the fixed charge film 115.

[0107] The fixed charge films 114a and 1145 are formed in
the same layer as the fixed charge film 114 in the CMOS
image sensor 10A of FIG. 2. However, the fixed charge film
1144 is formed only near (above) the n+ regions 102. The
fixed charge film 11454 is formed only near (above) the p+
regions 103. The fixed charge films 114a¢ and 1145 are not
formed in the inter-pixel parts where the n+ regions 102 and
the p+ regions 103 are not formed.

[0108] The fixed charge film 1154 and 1155 are formed in
the same layer as the fixed charge film 115 in the CMOS
image sensor 10B of FIG. 2. However, the fixed charge film
1154 is formed only near (below) the n+ regions 102. The
fixed charge film 1155 is formed only near (below) the p+
regions 103. The fixed charge films 115a¢ and 1155 are not
formed in the inter-pixel parts where the n+ regions 102 and
the p+ regions 103 are not formed.

[0109] Further, the fixed charge film 114a and the fixed
charge film 115¢ include the same material, and have the
same fixed charges. The fixed charge film 1145 and the fixed
charge film 1155 include a different material from the fixed
charge film 114a and the fixed charge film 115a, and have
different fixed charges from the fixed charge film 1144 and
the fixed charge film 1154a. Therefore, the fixed charges of
the fixed charge films are different between near the n+
regions 102 and near the p+ regions 103.

[0110] Additionally, any of the exemplary materials of the
fixed charge films 114 and 115 of FIG. 2 is employed for the
fixed charge films 114a, 1145, 1154, and 1155, for example.

[0111] The fixed charge films with different fixed charges
are appropriately arranged depending on the layout of the n+
regions 102 and the p+ regions 103, thereby appropriately
alleviating concentration of electric fields.

[0112] Additionally, as illustrated in FIG. 7, a fixed charge
film does not necessarily need to be provided in an inter-
pixel part where concentration of electric fields does not
need to be alleviated.

[0113] Additionally, an insulating film may be provided
between the semiconductor substrate 107 and the fixed
charge films 114a and 1146 as well as between the semi-
conductor substrate 107 and the fixed charge films 1154 and
11556 in the CMOS image sensor 10C similarly as in the
CMOS image sensor 10B of FIG. 6.
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[0114] {Method for Manufacturing Fixed Charge Films
114a and 1145}

[0115] A method for manufacturing the fixed charge films
1144 and 1145 in the CMOS image sensor 10C will be
described below with reference to FIG. 8 and FIG. 9.
[0116] Additionally, FIG. 8 and FIG. 9 illustrate only the
parts required for explaining the method for manufacturing
the fixed charge films 114a and 11454. Further, the n-type
well layer 101 is not illustrated.

[0117] At first, as illustrated in A of FIG. 8, a silicon oxide
(8i02) film 201 is formed on the upper face of the semi-
conductor substrate 107.

[0118] Next, as illustrated in B of FIG. 8, the silicon oxide
film 201 is patterned. Thereby, openings 201A are formed in
the silicon oxide film 201 above the p+ regions 103.
[0119] Next, as illustrated in C of FIG. 8, the fixed charge
film 11454 is formed on the upper face of the semiconductor
substrate 107 and the upper face of the silicon oxide film
201. At this time, the fixed charge film 1145 is embedded in
the openings 201A in the silicon oxide film 201.

[0120] Next, as illustrated in D of FIG. 8, the fixed charge
film 11454 is polished by chemical mechanical polishing
(CMP). Thereby, the fixed charge film 1145 other than in the
openings 201A in the silicon oxide film 201 is removed.
[0121] Next, as illustrated in E of FIG. 9, the silicon oxide
film 201 is patterned. Thereby, opening 201B are formed in
the silicon oxide film 201 above the n+ regions 102.
[0122] Next, as illustrated in F of FIG. 9, the fixed charge
film 114a is formed on the upper face of the semiconductor
substrate 107 and the upper face of the silicon oxide film
201. At this time, the fixed charge film 1144 is embedded in
the openings 201B in the silicon oxide film 201.

[0123] Next, as illustrated in G of FIG. 9, the fixed charge
film 114a is polished by CMP. Thereby, the fixed charge film
1144 other than in the openings 201B in the silicon oxide
film 201 is removed.

[0124] The fixed charge films 114a and 1145 are formed in
this way.

5. Variants
[0125] Variants of the aforementioned embodiments of the

present technology will be described below.

[0126] {Variants of Plane Pattern of Avalanche Photo-
diode}
[0127] Variants of the plane pattern of the n+ regions 102,

the p+ regions 103, and the avalanche regions 104 config-
uring an avalanche photodiode will be first described with
reference to FIG. 10 to FIG. 13.

[0128] FIG. 10 illustrates a first variant of the horizontal
cross-section view along the line A-A in FIG. 2. The
horizontal direction in FIG. 10 corresponds to the horizontal
direction in FIG. 2, and the vertical direction corresponds to
a direction perpendicular to the sheet of FIG. 2 similarly as
in FIG. 3.

[0129] In the example, the n+ regions 102 include n+
regions 102A and 102B. The avalanche regions 104 include
avalanche regions 104A and 104B.

[0130] The n+ region 102A is a columnar region with a
circular cross section, and is arranged at the center of a pixel.
The n+ region 102B, the p+ region 103, and the avalanche
regions 104A and 104B are cylindrical regions with a
circle-framed cross section. The avalanche region 104 A, the
p+ region 103, the avalanche region 104B, and the n+ region
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102B are then arranged from the inside in this order such
that each region concentrically surrounds the n+ region
102A.

[0131] FIG. 11 illustrates a horizontal cross-section view
along the line B-B in FIG. 2. The horizontal direction in FIG.
11 corresponds to the horizontal direction in FIG. 2, and the
vertical direction corresponds to a direction perpendicular to
the sheet of FIG. 2 similarly as in FIG. 3 and FIG. 10.

[0132] The electrodes 105 include an electrode 105A, a
connection part 105B, and an electrode 105C. The elec-
trodes 106 include an electrode 106A and a connection part
106B.

[0133] The cross section of the electrode 105A has a
substantially similar shape to the n+ region 102A in FIG. 10,
and is connected to the n+ region 102A via a wiring or the
like (not illustrated). The cross section of the electrode 105C
is an arc-shaped region along the bottom (circular frame) of
the n+ region 102B in FIG. 10, and is connected to the n+
region 102B via a wiring or the like (not illustrated). Further,
the electrode 105C is formed with a discontinuous part 105D
where part of the arc is discontinuous.

[0134] The cross section of the electrode 106A is an
arc-shaped region along the bottom (circular frame) of the
p+ region 103 in FIG. 10, and is connected to the p+ region
103 via a wiring or the like (not illustrated). Further, the
electrode 106A is formed with a discontinuous part 106C
where part of the arc is discontinuous.

[0135] The electrode 105A and the electrode 105C are
connected via the connection part 105B with a linear cross
section through the discontinuous part 106C in the electrode
106A. The electrode 106A is connected to a wiring or the
like (not illustrated) at the circumferential edge of the pixel
through the discontinuous part 105D in the electrode 105C
via the connection part 106B with a linear cross section.
[0136] In the example, electric fields easily occur near the
discontinuous part 105D in the electrode 105C at the lower
end of the n+ region 102B connected to the electrode 105C.
Further, electric fields easily occur near the discontinuous
part 106C in the electrode 106A at the lower end of the p+
region 103 connected to the electrode 106A.

[0137] Thus, for example, the fixed charge film 115 may
be arranged only in a region 301 and a region 302 sur-
rounded in dotted lines in FIG. 11 between the semiconduc-
tor substrate 107 and the insulating layer 117. Additionally,
the region 301 coverts at least above the discontinuous part
106C. The region 302 coverts at least above the discontinu-
ous part 105D.

[0138] Additionally, for example, the fixed charges of the
fixed charge film 115 may be changed between the region
301 and the region 302 depending on a difference in polarity
between the p+ region 103 and the n+ region 102B.
[0139] Alternatively, for example, the material of the fixed
charge film 115 may be changed between the regions 301,
302 and other regions.

[0140] FIG. 12 illustrates a second variant of the horizon-
tal cross-section view along the line A-A in FIG. 2. The
horizontal direction in FIG. 12 corresponds to the horizontal
direction in FIG. 2, and the vertical direction corresponds to
a direction perpendicular to the sheet of FIG. 2 similarly as
in FIG. 3.

[0141] In the example, the n+ regions 102 include n+

regions 102A and 102B. The avalanche regions 104 include
avalanche regions 104A and 104B.
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[0142] The n+ region 102A is a quadrangular-prism-
shaped region with a rectangular cross section, and is
arranged at the center of a pixel. The n+ region 102B, the p+
region 103, and the avalanche regions 104A and 104B are
quadrangular-prism-shaped regions with a rectangular-
framed cross section. The avalanche region 104A, the p+
region 103, the avalanche region 104B, and the n+ region
102B are then arranged from the inside in this order such
that each region surrounds the n+ region 102A in a frame
shape.

[0143] In the example, electric fields easily concentrate
near the corners of the n+ region 102A and near the corners
of the p+ region 103.

[0144] Thus, for example, the fixed charge films 114 and
115 may be arranged only in regions 321a to 321d and
regions 322a to 322d surrounded in dotted lines in FIG. 11.
Additionally, the regions 321a to 321d cover at least near the
corners of the n+ region 102A. The regions 322a to 322d
cover at least near the corners of the p+ region 103.
[0145] Additionally, the fixed charges of the fixed charge
film 114 may be changed between the regions 3214 to 3214
and the regions 322a to 3224 depending on a difference in
polarity between the n+ region 102A and the p+ region
102B. Similarly, the fixed charges of the fixed charge film
115 may be changed between the regions 321a to 3214 and
the regions 322a to 322d.

[0146] Alternatively, the material of the fixed charge films
114 and 115 may be changed between the regions 321a to
321d and the regions 322a to 322d.

[0147] Additionally, in the examples of FIG. 10 and FIG.
12, the outermost region in an avalanche photodiode struc-
ture in each pixel is limited to the n+ region 102B. There-
fore, the outermost regions in adjacent pixels are of the same
conductive type, and insulating isolation between the pixels
is facilitated.

[0148] Further, the plane pattern of the n+ regions 102, the
p+ regions 103, and the avalanche regions 104 configuring
an avalanche photodiode is not limited to the above
example, and may be other plane pattern. As in the examples
in FIG. 3, FIG. 10, and FIG. 12, however, it is preferable to
repeat a simple-shape pattern. A simple-shape pattern
enables a margin corresponding to mask offset in ion
implantation to be secured, thereby easily decreasing the
pattern width and lowering the voltage.

[0149] Furthermore, for example, the n+ regions 102 and
the p+ regions 103 may be arranged in a reverse way to the
above example. Further, for example, the number of repeti-
tions of the n+ regions 102, the p+ regions 103, and the
avalanche regions 104 may be increased or decreased.

[0150] Further, in the examples described above with
reference to FIG. 10 and FIG. 11, for example, in a case
where two or more discontinuous parts are present in an
electrode, the fixed charge films may be arranged to cover at
least around each discontinuous part. Further, for example,
also in a case where a discontinuous part is formed in an
electrode in a frame shape (such as rectangle) other than arc
shape, the fixed charge films may be arranged to cover at
least around each discontinuous part.

[0151] Furthermore, for example, in a case where the
cylindrical n+ regions or p+ regions in a prism shape other
than quadrangular prism shape or in a polygonal shape other
than rectangular shape are provided in an avalanche photo-
diode structure, the fixed charge films may be arranged to
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cover at least around the corners of each region similarly as
in the examples described with reference to FIG. 12 and
FIG. 13.

[0152] {Other Variants}

[0153] The above embodiments have been described
assuming that the present technology is applied to a CMOS
image sensor in which unit pixels are arranged in a matrix
shape, but the present technology is not limited to the CMOS
image sensor. That is, the present technology is applicable to
general solid-state image sensing devices including ava-
lanche photodiodes extending in the thickness direction of a
semiconductor substrate.

[0154] Further, the present technology is applicable to
solid-state image sensing devices of backside irradiation
type.

[0155] Furthermore, the above description demonstrates
the example in which the fixed charge films are provided on
both the top side and the backside of the semiconductor
substrate, but a fixed charge film may be provided on either
side.

[0156] Further, a solid-state image sensing device to
which the present technology is applied, for example, may
be formed as one chip, or may be in a module shape having
an imaging function in which an imaging unit, and a signal
processing unit or an optical system are collectively pack-
aged.

6. Exemplary Use of Solid-State Image Sensing
Devices

[0157] FIG. 14 is a diagram illustrating exemplary use of
the above solid-state image sensing devices.

[0158] The above solid-state image sensing devices can be
used in various cases for sensing a visible ray, an infrared
ray, an ultraviolet ray, an X ray, and the like as described
below, for example.

[0159] Devices for shooting images to be appreciated
such as digital camera and camera-mounted cell phone

[0160] Traffic devices for safe driving such as automatic
stop, or recognition of driver’s states and the like, such
as vehicle-mounted sensor for shooting such as in front
of, behind, around, and inside an automobile, monitor-
ing camera for monitoring traveling vehicles or roads,
and distance measurement sensor for measuring an
inter-vehicle distance and the like

[0161] Devices for home electronics such as TV, refrig-
erator, and air conditioner for shooting a user’s gesture
and performing an equipment operation according to
the gesture

[0162] Devices for medical care or health care such as
endoscope and device for performing angiography by
received infrared ray

[0163] Security devices such as monitoring camera for
security and camera for person authentication

[0164] Beauty care devices such as skin measurement
device for shooting the skin and microscope for shoot-
ing the scalp

[0165] Sports devices such as action camera or wear-
able camera for sports and the like

[0166] Agricultural devices such as camera for moni-
toring states of fields and crops
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[0167] {Shooting Device}

[0168] FIG. 15 is a block diagram illustrating an exem-
plary configuration of a shooting device (camera device) as
an exemplary electronic device to which the present tech-
nology is applied.

[0169] As illustrated in FIG. 15, a shooting device
includes an optical system including a group of lenses 501
and the like, an imaging device 502, a DSP circuit 503 as
camera signal processing unit, a frame memory 504, a
display device 505, a recording device 506, an operation
system 507, a power supply system 508, and the like.
Furthermore, the DSP circuit 503, the frame memory 504,
the display device 505, the recording device 506, the opera-
tion system 507, and the power supply system 508 are
mutually connected via a bus line 509.

[0170] The group of lenses 501 takes an incident light
(image light) from a subject and forms an image on an
imaging face of the imaging device 502. The imaging device
502 converts the amount of incident light formed on the
imaging face by the group of lenses 501 into an electric
signal in units of pixel, and outputs the electric signal as
pixel signal.

[0171] The display device 505 is configured of a panel-
type display device such as liquid crystal display device or
electro luminescence (EL) display device, and displays an
animation or still image shot by the imaging device 502. The
recording device 506 records the animation or still image
shot by the imaging device 502 in a recording medium such
as memory card, video tape, or digital versatile disk (DVD).

[0172] The operation system 507 issues operation instruc-
tions to various functions in the shooting device in response
to user’s operations. The power supply system 508 supplies
power to various power supplies as operation power supplies
of the DSP circuit 503, the frame memory 504, the display
device 505, the recording device 506, and the operation
system 507 as needed.

[0173] The shooting device is applied to camera modules
for mobile devices such as video camera, digital still camera,
Smartphone, and cell phone. Then, a solid-state image
sensing device according to each embodiment can be used as
the imaging device 502 in the shooting device. Thereby,
image quality of the shooting device can be enhanced.

[0174] Additionally, embodiments of the present technol-
ogy are not limited to the above embodiments, and can be
variously modified without departing from the spirit of the
present technology.

[0175] Further, the present technology can employ the
following configurations, for example.

[0176] (1)

[0177] A solid-state image sensing device including:

[0178] an avalanche photodiode having a first region of a
first conductive type, a second region of a second conductive
type different from the first conductive type, and an ava-
lanche region sandwiched between the first region and the
second region, which extend in a thickness direction of a
semiconductor substrate; and

[0179] a film formed on at least one side of the semicon-
ductor substrate and including a metal oxide film, a metal
nitride film, or a mix crystal-based film of metal oxide film
and metal nitride film.
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[0180] (2)
[0181] The solid-state image sensing device according to
(1), further including:

[0182] an insulating film formed between the film and the
semiconductor substrate.

[0183] (3)

[0184] The solid-state image sensing device according to

(1) or (2), in which the film includes an oxide film or nitride
film of aluminum, tantalum, zirconium, hafnium, yttrium, or
lanthanoid, or a mix crystal-based film of oxide and nitride
of aluminum, tantalum, zirconium, hafnium, yttrium, or
lanthanoid.

[0185] (4

[0186] The solid-state image sensing device according to
any of (1) to (3),

[0187] in which the film has fixed charges.

[0188] (5)

[0189] The solid-state image sensing device according to
(4).

[0190] in which the film has different fixed charges
between near the first region and near the second region.
[0191] (6)

[0192] The solid-state image sensing device according to

any of (1) to (5),

[0193] in which in a case where the first region is in a
rectangular tube shape, the film is formed to cover at least
around corners of the first region.

[0194] (7

[0195] The solid-state image sensing device according to
any of (1) to (6),

[0196] in which the first region is cylindrical,

[0197] an electrode formed along the upper face or the
bottom face of the first region and having one or more
discontinuous parts is further provided on one side of the
semiconductor substrate, and

[0198] the film is formed to cover at least around the
discontinuous parts in the electrode between the semicon-
ductor substrate and the electrode.

[0199] (8)

[0200] The solid-state image sensing device according to
any of (1) to (7),

[0201] in which two or more avalanche photodiode struc-
tures are repeatedly formed in one pixel.

[0202] (9)

[0203] A method for manufacturing a solid-state image

sensing device, the method including:

[0204] a step of forming a film including a metal oxide
film, a metal nitride film, or a mix crystal-based film of metal
oxide film and metal nitride film on at least one side of a
semiconductor substrate on which an avalanche photodiode
having a first region of a first conductive type, a second
region of a second conductive type different from the first
conductive type, and an avalanche region sandwiched
between the first region and the second region, which extend
in a thickness direction of the semiconductor substrate, is
formed.

[0205] (10)

[0206] An electronic device including:
[0207] a solid-state image sensing device; and
[0208] a signal processing unit that processes a signal

output from the solid-state image sensing device,
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[0209] in which the solid-state image sensing device
includes:
[0210] an avalanche photodiode having a first region of a

first conductive type, a second region of a second conductive
type different from the first conductive type, and an ava-
lanche region sandwiched between the first region and the
second region, which extend in a thickness direction of a
semiconductor substrate; and

[0211] a film formed on at least one side of the semicon-
ductor substrate and including a metal oxide film, a metal
nitride film, or a mix crystal-based film of metal oxide film
and metal nitride film.

REFERENCE SIGNS LIST

[0212] 10, 10A to 10C: CMOS image sensor
[0213] 11: Pixel array part

[0214] 101: n-type well layer

[0215] 102, 102A, 102B: n+ region

[0216] 103: p+ region

[0217] 104, 104A, 104B: Avalanche region
[0218] 105, 105A, 105C: Electrode

[0219] 105B: Connection part

[0220] 105D: Discontinuous part

[0221] 106, 106A: Electrode

[0222] 106C: Discontinuous part

[0223] 107: Semiconductor substrate

[0224] 114, 114a, 1145, 115, 1154, 11556: Fixed charge film
[0225] 119, 120: Insulating film

[0226] 301, 302, 321, 322: Region

1. A solid-state image sensing device comprising:

an avalanche photodiode having a first region of a first
conductive type, a second region of a second conduc-
tive type different from the first conductive type, and an
avalanche region sandwiched between the first region
and the second region, which extend in a thickness
direction of a semiconductor substrate; and

a film formed on at least one side of the semiconductor
substrate and including a metal oxide film, a metal
nitride film, or a mix crystal-based film of metal oxide
film and metal nitride film.

2. The solid-state image sensing device according to claim

1, further comprising:

an insulating film formed between the film and the
semiconductor substrate.

3. The solid-state image sensing device according to claim

15

wherein the film includes an oxide film or nitride film of
aluminum, tantalum, zirconium, hafnium, yttrium, or
lanthanoid, or a mix crystal-based film of oxide and
nitride of aluminum, tantalum, zirconium, hafnium,
yttrium, or lanthanoid.
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4. The solid-state image sensing device according to claim
15

wherein the film has fixed charges.

5. The solid-state image sensing device according to claim
45

wherein the film has different fixed charges between near
the first region and near the second region.

6. The solid-state image sensing device according to claim

15

wherein in a case where the first region is in a rectangular
tube shape, the film is formed to cover at least around
corners of the first region.

7. The solid-state image sensing device according to claim

15

wherein the first region is cylindrical,

an electrode formed along the upper face or the bottom
face of the first region and having one or more discon-
tinuous parts is further provided on one side of the
semiconductor substrate, and

the film is formed to cover at least around the discontinu-
ous parts in the electrode between the semiconductor
substrate and the electrode.

8. The solid-state image sensing device according to claim

15

wherein two or more avalanche photodiode structures are
repeatedly formed in one pixel.

9. A method for manufacturing a solid-state image sensing

device, the method comprising:

a step of forming a film including a metal oxide film, a
metal nitride film, or a mix crystal-based film of metal
oxide film and metal nitride film on at least one side of
a semiconductor substrate on which an avalanche pho-
todiode having a first region of a first conductive type,
a second region of a second conductive type different
from the first conductive type, and an avalanche region
sandwiched between the first region and the second
region, which extend in a thickness direction of the
semiconductor substrate, is formed.

10. An electronic device comprising:

a solid-state image sensing device; and

a signal processing unit that processes a signal output
from the solid-state image sensing device,

wherein the solid-state image sensing device includes:

an avalanche photodiode having a first region of a first
conductive type, a second region of a second conduc-
tive type different from the first conductive type, and an
avalanche region sandwiched between the first region
and the second region, which extend in a thickness
direction of a semiconductor substrate; and

a film formed on at least one side of the semiconductor
substrate and including a metal oxide film, a metal
nitride film, or a mix crystal-based film of metal oxide
film and metal nitride film.
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