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SOLID-STATE IMAGING APPARATUS AND
ENDOSCOPE APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a solid-state imag-
ing apparatus and an endoscope apparatus using the solid-
state imaging apparatus. Priority is claimed on Japanese
Patent Application No. 2014-097011, filed on May 8, 2014,
the content of which is incorporated herein by reference.
[0003] 2. Description of Related Art

[0004] A complementary metal-oxide semiconductor
(CMOS) type solid-state imaging apparatus is known as a
solid-state imaging apparatus. As an example of the CMOS
type solid-state imaging apparatus, a configuration in which
noise occurring in a pixel section is reduced for implementing
high image quality is disclosed in the publication of Japanese
Patent No. 4403387. First, a configuration and an operation of
the solid-state imaging apparatus disclosed in the publication
of Japanese Patent No. 4403387 will be described.

[0005] FIG. 15 shows a configuration example of a conven-
tional solid-state imaging apparatus 200. As shown in FIG.
15, the solid-state imaging apparatus 200 has a pixel 11A, a
load transistor 31, and a fixed transistor 32. In the solid-state
imaging apparatus 200, a plurality of pixels 11A are disposed
in amatrix. In FIG. 15, one pixel 11 A is shown. The pixel 11A
has a photodiode 21, a transfer transistor 22, a reset transistor
23, an amplification transistor 24, and a selection transistor
25.

[0006] The photodiode 21 generates a signal charge
according to an amount of an incident light. The transfer
transistor 22 transfers the signal charge generated by the
photodiode 21 to floating diffusion FD. The operation of the
transfer transistor 22 is controlled by a transfer pulse TRF
supplied to transfer wiring 26. The reset transistor 23 resets
the signal charge accumulated in the floating diffusion FD.
The operation of the reset transistor 23 is controlled by a reset
pulse RST supplied to reset wiring 28. The amplification
transistor 24 amplifies a signal according to the signal charge
accumulated in the floating diffusion FD. The selection tran-
sistor 25 selects a signal output from the amplification tran-
sistor 24 and outputs the selected signal to a vertical signal
line 121. The operation of the selection transistor 25 is con-
trolled by a selection pulse SEL supplied to selection wiring
29.

[0007] A load transistor 31 and a fixed transistor 32 are
connected to the vertical signal line 121. The operation of the
load transistor 31 is controlled by a load pulse LOAD. The
operation of the fixed transistor 32 is controlled by a fixed
pulse FIX.

[0008] FIG. 16 shows an operation example of the solid-
state imaging apparatus 200. In FIG. 16, waveforms of the
load pulse LOAD, the fixed pulse FIX, the selection pulse
SEL, the reset pulse RST, and the transfer pulse TRF are
shown. In addition, in FIG. 16, a potential of the vertical
signal line 121 is shown. The horizontal direction of FIG. 16
represents time and the vertical direction of FIG. 16 repre-
sents a voltage.

[0009] A sourceofthe fixed transistor 32 is connected to the
vertical signal line 121. A drain of the fixed transistor 32 is
connected to a voltage Vmid (1.5 V). The voltage Vmid is a
voltage lower than a power supply voltage VDD. Before the
operation of the pixel 11A of a certain row ends and the
operation of the pixel 11A of the next row starts (before the
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reset operation is performed) in the solid-state imaging appa-
ratus 200, the fixed pulse FIX changes from a Low level to a
High level and therefore the fixed transistor 32 is in an ON
state. Thereby, a potential of the vertical signal line 121
becomes Vmid.

[0010] Thereafter, the operation ofthe pixel 11A of the next
row starts. The load pulse LOAD changes from the Low level
to the High level and therefore the load transistor 31 is in the
ON state. Simultaneously, the selection pulse SEL changes
from the Low level to the High level and therefore the selec-
tion transistor 25 is in the ON state. Simultaneously, the reset
pulse RST changes from the Low level to the High level and
therefore the reset transistor 23 is in the ON state. Thereby, the
signal charge accumulated in the floating diffusion FD is
reset.

[0011] Thereafter, the reset pulse RST changes from the
High level to the Low level and therefore the reset transistor
23 is in an OFF state. Thereby, a signal of the reset level is
output to the vertical signal line 121. Thereafter, the transfer
pulse TRF changes from the Low level to the High level and
therefore the transfer transistor 22 is in the ON state. Thereby,
the signal charge generated by the photodiode 21 is trans-
ferred to the floating diffusion FD.

[0012] Thereafter, the transfer pulse TRF changes from the
High level to the Low level and therefore the transfer transis-
tor 22 is in the OFF state. Thereby, the signal of the signal
level is output to the vertical signal line 121. Thereafter, the
load pulse LOAD changes from the High level to the Low
level and therefore the load transistor 31 is in the OFF state.
Simultaneously, the selection pulse SEL changes from the
High level to the Low level and therefore the selection tran-
sistor 25 is in the OFF state. Thereafter, the fixed pulse FIX
changes from the High level to the Low level and therefore the
fixed transistor 32 is in the OFF state.

[0013] After the potential of the vertical signal line 121
changes from 0V to a voltage Vmid in the above-described
operation, the signal of the reset level is output to the vertical
signal line 121. On the other hand, when there is no fixed
transistor 32, the potential of the vertical signal line 121
changes from 0V to the reset level when the signal of the reset
level has been output to the vertical signal line 121. Thus, as
compared with when there is no fixed transistor 32, a change
in the potential of the vertical signal line 121 due to the reset
operation is reduced in period T1 of FIG. 16.

[0014] Because the fixed transistor 32 is provided in the
solid-state imaging apparatus 200, a change (shaking) in the
potential of a well of a pixel capacitively coupled by the
vertical signal line 121 and parasitic capacitance is sup-
pressed. Accordingly, noise or shading caused as a result of
the change (shaking) in the well potential of the pixel is
reduced.

[0015] In the conventional solid-state imaging apparatus
200, a scheme of reading signals by driving pixels in units of
rows is applied. In this scheme, an operation shown in FIG. 16
is simultaneously performed on all pixels disposed in the
same row. In period T11 of FIG. 16, the signal of the reset
level output to the vertical signal line 121 of each column is
sequentially read in the horizontal direction for every column
of'the array of the pixels. Likewise, in period T12 of FIG. 16,
the signal of the signal level output to the vertical signal line
121 of each column is sequentially read in the horizontal
direction for every column of the array of the pixels. That is,
between read operations on the signal of the reset level and the
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signal of the signal level of the same pixel, signals of reset
levels or signal levels of a plurality of other pixels are read.
[0016] In the above-described scheme, there is a time dif-
ference of several s between a read timing of the signal of the
reset level and a read timing of the signal of the signal level of
the same pixel. Thus, when the power supply voltage VDD
has changed (shaken) between the timings at a low frequency,
noise (an error) may be superimposed on a signal output from
the pixel as a result of the change. Hereinafter, details will be
described.

[0017] FIG. 17 shows an operation example when the
power supply voltage VDD has changed (shaken) in the con-
ventional solid-state imaging apparatus 200. In FIG. 17,
waveforms of the power supply voltage VDD, the reset pulse
RST, and the transfer pulse TRF are shown. In addition, in
FIG. 17, a potential of the vertical signal line 121 is shown.
The horizontal direction of FIG. 17 represents time and the
vertical direction of FIG. 17 represents a voltage.

[0018] For comparison, the potential of the vertical signal
line 121 when the power supply voltage VDD does not
change is indicated by a dashed line. When the power supply
voltage VDD has changed in a signal read period, the poten-
tial of the vertical signal line 121 changes in accordance with
a change in the power supply voltage VDD. In FIG. 17, an
example in which the potential of the vertical signal line 121
decreases is shown. As a result, noise (an error) by AV occurs
in the potential of the vertical signal line 121 as compared
with when the power supply voltage VDD does not change in
the signal read period.

[0019] The aforementioned noise due to the change in the
power supply voltage is more significant in an endoscope
system in which a solid-state imaging apparatus is mounted
on a distal end of an endoscope and the power supply voltage
or the like is supplied through a small-diameter cable.

SUMMARY OF THE INVENTION

[0020] According to a first aspect of the present invention,
a solid-state imaging apparatus includes: a plurality of pho-
toelectric conversion sections configured to generate a signal
charge according to an amount of an incident light and dis-
posed in a matrix; a first accumulation section configured to
accumulate the signal charge; a first transfer section config-
ured to transfer the signal charge from the photoelectric con-
version sections to the first accumulation section; a second
accumulation section configured to accumulate the signal
charge accumulated in the first accumulation section; a sec-
ond transfer section configured to transfer the signal charge
accumulated in the first accumulation section to the second
accumulation section; a reset section configured to reset the
signal charge accumulated in the second accumulation sec-
tion; an output section configured to output a signal according
to the signal charge accumulated in the second accumulation
section to an output signal line; a first control section config-
ured to control the second transfer section, the reset section,
and the output section for every column of an array of the
plurality of photoelectric conversion sections; and a second
control section configured to control the first transfer section
for every row of the array, wherein the first transfer section
transfers the signal charge in a first period, wherein the reset
section resets the signal charge in a second period different
from the first period, wherein the output section outputs a first
signal according to the reset signal charge in a third period
after the second period, wherein the second transfer section
transfers the signal charge in a fourth period after the first and
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the third period, wherein the output section outputs a second
signal according to the transferred signal charge in a fifth
period after the fourth period, and wherein, after the first
signal and the second signal related to a first column of the
array are output, the first signal and the second signal related
to a second column different from the first column are output.

[0021] According to a second aspect of the present inven-
tion, in the solid-state imaging apparatus according to the first
aspect, the first accumulation section may include a first
capacitor disposed in correspondence with each of the plu-
rality of photoelectric conversion sections, the first transfer
section may include a first transistor disposed in correspon-
dence with each of the plurality of photoelectric conversion
sections, the second accumulation section may include a sec-
ond capacitor disposed in correspondence with each of the
plurality of photoelectric conversion sections, the second
transfer section may include a second transistor disposed in
correspondence with each of the plurality of photoelectric
conversion sections, the reset section may include a third
transistor disposed in correspondence with each of the plu-
rality of photoelectric conversion sections, and the output
section may include a fourth transistor disposed in correspon-
dence with each of the plurality of photoelectric conversion
sections.

[0022] According to a third aspect of the present invention,
in the solid-state imaging apparatus according to the first
aspect, the first accumulation section may include a first
capacitor disposed in correspondence with each of the plu-
rality of photoelectric conversion sections, the first transfer
section may include a first transistor disposed in correspon-
dence with each of the plurality of photoelectric conversion
sections, the second accumulation section may include a sec-
ond capacitor commonly disposed in correspondence with
two photoelectric conversion sections adjacent in a row direc-
tion of the array among the plurality of photoelectric conver-
sion sections, the second transfer section may include a sec-
ond transistor disposed in correspondence with each of the
plurality of photoelectric conversion sections, the reset sec-
tion may include a third transistor commonly disposed in
correspondence with the two photoelectric conversion sec-
tions adjacent in the row direction of the array among the
plurality of photoelectric conversion sections, and the output
section may include a fourth transistor commonly disposed in
correspondence with the two photoelectric conversion sec-
tions adjacent in the row direction of the array among the
plurality of photoelectric conversion sections.

[0023] According to a fourth aspect of the present inven-
tion, in the solid-state imaging apparatus according to the first
aspect, the first transfer section may include a first transistor
disposed in correspondence with each of the plurality of
photoelectric conversion sections, the second accumulation
section may include a second capacitor commonly disposed
in correspondence with two photoelectric conversion sections
adjacent in a column direction of the array among the plural-
ity of photoelectric conversion sections, the reset section may
include a third transistor commonly disposed in correspon-
dence with the two photoelectric conversion sections adjacent
in the column direction of the array among the plurality of
photoelectric conversion sections, and the output section may
include a fourth transistor commonly disposed in correspon-
dence with the two photoelectric conversion sections adjacent
in the column direction of the array among the plurality of
photoelectric conversion sections.
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[0024] According to a fifth aspect of the present invention,
in the solid-state imaging apparatus according to the fourth
aspect, the first accumulation section may include a first
capacitor disposed in correspondence with each of the plu-
rality of photoelectric conversion sections, and the second
transfer section may include a second transistor disposed in
correspondence with each of the plurality of photoelectric
conversion sections.

[0025] According to a sixth aspect of the present invention,
in the solid-state imaging apparatus according to the fourth
aspect, the first accumulation section may include a first
capacitor commonly disposed in correspondence with the
two photoelectric conversion sections adjacent in the column
direction of the array among the plurality of photoelectric
conversion sections, and the second transfer section may
include a second transistor commonly disposed in correspon-
dence with the two photoelectric conversion sections adjacent
in the column direction of the array among the plurality of
photoelectric conversion sections.

[0026] According to a seventh aspect of the present inven-
tion, in the solid-state imaging apparatus according to any one
of'the second, fifth, and sixth aspects, the signal charge related
to the second column adjacent to the first column may be reset
simultaneously when the first signal related to the first col-
umn of the array is output, and subsequently the first signal
and the second signal related to the second column may be
output after the second signal related to the first column is
output.

[0027] According to an eighth aspect of the present inven-
tion, in the solid-state imaging apparatus according to the first
aspect, the first accumulation section may have a first capaci-
tor disposed in correspondence with each of the plurality of
photoelectric conversion sections, the first transfer section
may have a first transistor disposed in correspondence with
each of the plurality of photoelectric conversion sections, the
second accumulation section may have a second capacitor
commonly disposed in correspondence with four photoelec-
tric conversion sections adjacent in row and column direc-
tions of the array among the plurality of photoelectric con-
version sections, the second transfer section may have a
second transistor disposed in correspondence with each of the
plurality of photoelectric conversion sections, the reset sec-
tion may have a third transistor commonly disposed in corre-
spondence with the four photoelectric conversion sections
adjacent in the row and column directions of the array among
the plurality of photoelectric conversion sections, and the
output section has a fourth transistor commonly disposed in
correspondence with the four photoelectric conversion sec-
tions adjacent in the row and column directions of the array
among the plurality of photoelectric conversion sections.
[0028] According to a ninth aspect of the present invention,
in the solid-state imaging apparatus according to the third or
eighth aspect, after the first signal and the second signal
related to the first column of the array are output, the first
signal and the second signal related to a second column adja-
cent to the first column may be output.

[0029] According to a tenth aspect of the present invention,
in the solid-state imaging apparatus according to the third or
eighth aspect, after the signal charge related to the first col-
umn which is one of an even-numbered column and an odd-
numbered column of the array and the signal charge related to
the second column which is the other of the even-numbered
column and the odd-numbered column are simultaneously
reset, the first signal and the second signal related to the first
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column may be output and subsequently the first signal and
the second signal related to the second column may be output.
[0030] According to an eleventh aspect of the present
invention, an endoscope apparatus includes the solid-state
imaging apparatus according to the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1is a circuit diagram showing a configuration
example of a solid-state imaging apparatus according to a first
embodiment of the present invention.

[0032] FIG. 2 is a timing chart showing an operation
example of the solid-state imaging apparatus according to the
first embodiment of the present invention.

[0033] FIG. 3 is a timing chart showing an operation
example of the solid-state imaging apparatus according to the
first embodiment of the present invention.

[0034] FIG. 4 is a circuit diagram showing a configuration
example of a solid-state imaging apparatus according to a
modified example of the first embodiment of the present
invention.

[0035] FIG. 5 is a circuit diagram showing a configuration
example of a solid-state imaging apparatus according to a
second embodiment of the present invention.

[0036] FIG. 6 is a timing chart showing a first operation
example of the solid-state imaging apparatus according to the
second embodiment of the present invention.

[0037] FIG. 7 is a timing chart showing a second operation
example of the solid-state imaging apparatus according to the
second embodiment of the present invention.

[0038] FIG. 8 is a circuit diagram showing a configuration
example of a solid-state imaging apparatus according to a
third embodiment of the present invention.

[0039] FIG. 9 is a timing chart showing an operation
example of the solid-state imaging apparatus according to the
third embodiment of the present invention.

[0040] FIG.101is a circuit diagram showing a configuration
example of a solid-state imaging apparatus according to a
fourth embodiment of the present invention.

[0041] FIG. 11 is a timing chart showing an operation
example of the solid-state imaging apparatus according to the
fourth embodiment of the present invention.

[0042] FIG.12isa circuit diagram showing a configuration
example of a solid-state imaging apparatus according to a
fifth embodiment of the present invention.

[0043] FIG. 13 is a timing chart showing an operation
example of the solid-state imaging apparatus according to the
fifth embodiment of the present invention.

[0044] FIG. 14 is a block diagram showing a configuration
example of an endoscope apparatus according to a sixth
embodiment of the present invention.

[0045] FIG. 15is a circuit diagram showing a configuration
example of a conventional solid-state imaging apparatus.
[0046] FIG. 16 is a timing chart showing an operation
example of the conventional solid-state imaging apparatus.
[0047] FIG. 17 is a timing chart showing a change in a
potential of a vertical signal line in the conventional solid-
state imaging apparatus.

DETAILED DESCRIPTION OF THE INVENTION

[0048] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.
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First Embodiment

[0049] First, the first embodiment of the present invention
will be described. FIG. 1 shows a configuration example of a
solid-state imaging apparatus 100 A according to this embodi-
ment. As shown in FIG. 1, the solid-state imaging apparatus
100A has a photoelectric conversion section 101, a first trans-
fer section 102, a first accumulation section 103, a second
transfer section 104, a second accumulation section 105, a
reset section 106, an amplification section 107, a selection
section 108, an output switch 110, an I-V conversion section
111, a horizontal selection section 112, and a vertical selec-
tion section 113.

[0050] Inthe solid-state imaging apparatus 100A, a plural-
ity of photoelectric conversion sections 101 are disposed in a
matrix. In FIG. 1, two photoelectric conversion sections 101
are shown. The first transfer section 102, the first accumula-
tion section 103, the second transfer section 104, the second
accumulation section 105, the reset section 106, the amplifi-
cation section 107, and the selection section 108 are disposed
for every row and every column of the array of the plurality of
photoelectric conversion sections 101.

[0051] The photoelectric conversion section 101, the first
transfer section 102, the first accumulation section 103, the
second transfer section 104, the second accumulation section
105, the reset section 106, the amplification section 107, and
the selection section 108 constitute one pixel. In the solid-
state imaging apparatus 100A, a plurality of pixels are dis-
posed in the matrix. In FIG. 1, a pixel in a first row and an m”
column and a pixel in the first row and an (m+1)” column are
shown. m is a natural number greater than or equal to 1.
[0052] The photoelectric conversion section 101 generates
a signal charge according to an amount of an incident light.
The photoelectric conversion section 101 is configured as a
photodiode. A first end of the photoelectric conversion sec-
tion 101 is connected to the ground.

[0053] The first transfer section 102 transfers the signal
charge generated by the photoelectric conversion section 101
from the photoelectric conversion section 101 to the first
accumulation section 103. The first transfer section 102 is
configured as a transistor (first transistor) disposed in corre-
spondence with each of the plurality of photoelectric conver-
sion sections 101. A drain of the first transfer section 102 is
connected to a second end of the photoelectric conversion
section 101. An operation of the first transfer section 102 is
controlled by a first transfer pulse ®TXV as a control signal
supplied from the vertical selection section 113 to the gate of
the first transfer section 102. In FIG. 1, a first transfer pulse
DTXV1 to be supplied to the first transfer section 102 of the
first row is shown.

[0054] The first accumulation section 103 accumulates the
signal charge transferred by the first transfer section 102. The
first accumulation section 103 is configured as a capacitor
(first capacitor) disposed in correspondence with each of the
plurality of photoelectric conversion sections 101. The first
end of the first accumulation section 103 is connected to a
source of the first transfer section 102.

[0055] Thesecond end of the first accumulation section 103
is connected to the ground.

[0056] The second transfer section 104 transfers the signal
charge accumulated in the first accumulation section 103 to
the second accumulation section 105. The second transfer
section 104 is configured as a transistor (second transistor)
disposed in correspondence with each of the plurality of
photoelectric conversion sections 101. The drain of the sec-
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ond transfer section 104 is connected to the first end of the
first accumulation section 103. An operation of the second
transfer section 104 is controlled by a second transfer pulse
DTXH as a control signal supplied from the horizontal selec-
tion section 112 to the gate of the second transfer section 104.
In FIG. 1, a second transfer pulse ®TXHm to be supplied to
the second transfer section 104 of the m™ column and a
second transfer pulse ®TXHm+1 to be supplied to the second
transfer section 104 of the (m+1)” column are shown.
[0057] The second accumulation section 105 accumulates
the signal charge accumulated in the first accumulation sec-
tion 103 and transferred by the second transfer section 104.
The second accumulation section 105 is configured as a
capacitor (second capacitor) disposed in correspondence with
each ofthe plurality of photoelectric conversion sections 101.
A first end of the second accumulation section 105 is con-
nected to the source of the second transfer section 104. A
second end of the second accumulation section 105 is con-
nected to the ground.

[0058] The reset section 106 resets the signal charge accu-
mulated in the second accumulation section 105. The reset
section 106 is configured as a transistor (third transistor)
disposed in correspondence with each of the plurality of
photoelectric conversion sections 101. The drain of the reset
section 106 is connected to the power supply voltage VDD.
The source of the reset section 106 is connected to the firstend
of the second accumulation section 105. An operation of the
reset section 106 is controlled by a selection pulse PHSEL as
a control signal supplied from the horizontal selection section
112 to the gate of the reset section 106. In FIG. 1, a selection
pulse ®HSELm-1 to be supplied to the reset section 106 of
the m” column and a selection pulse ®HSELm to be supplied
to the reset section 106 of the (m+1)” column are shown.
[0059] The amplification section 107 amplifies a signal
according to the signal charge accumulated in the second
accumulation section 105 and outputs the amplified signal.
The amplification section 107 is configured as a transistor
disposed in correspondence with each of the plurality of
photoelectric conversion sections 101. The drain ofthe ampli-
fication section 107 is connected to the power supply voltage
VDD. The gate of the amplification section 107 is connected
to the first end of the second accumulation section 105.

[0060] The selection section 108 selects a signal output
from the amplification section 107, and outputs the selected
signal to the output signal line 109. The amplification section
107 and the selection section 108 are an output section which
outputs the signal according to the signal charge accumulated
in the second accumulation section 105 to the output signal
line 109. The amplification section 107 and the selection
section 108 are configured as transistors (fourth transistors)
disposed in correspondence with each of the plurality of
photoelectric conversion sections 101. The drain of the selec-
tion section 108 is connected to the source of the amplifica-
tion section 107. The source of the selection section 108 is
connected to the output signal line 109 disposed for every
row. An operation of the selection section 108 is controlled by
the selection pulse PHSEL as a control signal supplied from
the horizontal selection section 112 to the gate of the selection
section 108. In FIG. 1, a selection pulse ®PHSELm to be
supplied to the selection section 108 of the m” column and a
selection pulse ®PHSELm+1 to be supplied to the selection
section 108 of the (m+1)'** column are shown. The selection
pulse ®HSEL is a common control signal between the reset
section 106 and the selection section 108.
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[0061] The output switch 110 outputs the signal output to
the output signal line 109 to the I-V conversion section 111.
The output switch 110 has a plurality of transistors disposed
for every row of the array of the plurality of photoelectric
conversion sections 101. The operation of the output switch
110 is controlled by an output pulse @V as a control signal
supplied from the vertical selection section 113 to the gate of
the transistor constituting the output switch 110. In FIG. 1, an
output pulse ®V1 of the first row, an output pulse V2 of the
second row, and an output pulse ®V3 of the third row are
shown.

[0062] Thel-V conversion section 111 converts a current of
the signal output from the output switch 110 into a voltage
and outputs a signal Vsig.

[0063] The horizontal selection section 112 outputs a con-
trol signal for controlling the second transfer section 104, the
reset section 106, and the selection section 108. The horizon-
tal selection section 112 is a first control section which con-
trols the second transfer section 104, the reset section 106,
and the selection section 108 for every column of the array of
the plurality of photoelectric conversion sections 101.
[0064] The vertical selection section 113 outputs a control
signal for controlling the first transfer section 102 and the
output switch 110. The vertical selection section 113 is a
second control section which controls the first transfer section
102 for every row of the array of the plurality of photoelectric
conversion sections 101.

[0065] In this embodiment, the first transfer section 102 is
driven by the vertical selection section 113 and the second
transfer section 104 is driven by the horizontal selection sec-
tion 112. Thereby, the signal of the reset level and the signal
of the signal level can be read at different timings for every
photoelectric conversion section 101 (every pixel).

[0066] Next, an operation of the solid-state imaging appa-
ratus 100A will be described. FIGS. 2 and 3 show an opera-
tion example of the solid-state imaging apparatus 100A. In
FIGS. 2 and 3, waveforms of the power supply voltage VDD,
the output pulse ®V1, the first transfer pulse DTXV1, the
selection pulse ®HSELm-1, the selection pulse ®HSELm,
the selection pulse ®PHSELm+1, the second transfer pulse
OTXHm, the second transfer pulse ®TXHm+1, and the sig-
nal Vsig output from the I-V conversion section 111 are
shown. The horizontal direction of FIGS. 2 and 3 represents
time and the vertical direction of FIGS. 2 and 3 represents a
voltage.

[0067] Thescale ofatime direction of FIG. 2 is the same as
the scale of the time direction of FIG. 17. FIG. 3 is a diagram
obtained by enlarging a portion of a dashed line DT of FIG. 2.
Hereinafter, the operation of the solid-state imaging appara-
tus 100A will be described with reference to FIG. 3.

[0068] (Timing tl1)

[0069] The output pulse ®V1 changes from the Low level
to the High level and therefore the transistor of the first row
among the plurality of transistors constituting the output
switch 110 is in the ON state. Simultaneously, the first trans-
fer pulse ®TXV1 changes from the Low level to the High
level and therefore all first transfer sections 102 of the first
row are in the ON state. Thereby, a signal charge is transferred
from all the photoelectric conversion sections 101 of the first
row to the first accumulation section 103.

[0070] As described above, the first transfer section 102
transfers the signal charge from the photoelectric conversion
section 101 to the first accumulation section 103 in a first
period from timing t1 to timing t2.
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[0071] (Timing t2)

[0072] The first transfer pulse ®TXV1 changes from the
High level to the Low level and therefore all first transfer
sections 102 of the first row are in the OFF state. Simulta-
neously, the selection pulse ®HSELm-1 changes from the
Low level to the High level and therefore the reset section 106
of the m™ column is in the ON state. Thereby, the signal
charge accumulated in the second accumulation section 105
of the m™ column is reset.

[0073] As described above, the reset section 106 resets the
signal charge accumulated in the second accumulation sec-
tion 105 in a second period from timing t2 to timing t3. After
the reset section 106 performs the reset operation, the first
transfer section 102 may transfer the signal charge.

[0074] (Timing t3)

[0075] The selection pulse PHSELm-1 changes from the
High level to the Low level and therefore the reset section 106
of the m™ column is in the OFF state. Simultaneously, the
selection pulse ®HSELm changes from the Low level to the
High level and therefore the selection section 108 of the m™
column is in the ON state. Thereby, the signal of the reset level
is output to the output signal line 109 of the first row. A current
based on this signal is converted into a voltage by the conver-
sion section 111. The I-V conversion section 111 outputs the
signal Vsig corresponding to the reset level in the first row and
the m” column. In addition, the reset section 106 of the
(m+1)" column is in the ON state and therefore the signal
charge accumulated in the second accumulation section 105
of the (m+1)” column is reset.

[0076] As described above, the selection section 108 out-
puts a first signal according to the reset signal charge, that is,
a signal of the reset level, in a third period from timing t3 to
timing t4.

[0077] (Timing t4)

[0078] The second transfer pulse ®TXHm changes from
the Low level to the High level and therefore the second
transfer section 104 of the m” column is in the ON state.
Thereby, a potential of the first accumulation section 103 of
the m™” column is the same as a potential of the second accu-
mulation section 105 of the m” column. That is, the signal
charge accumulated in the first accumulation section 103 is
transferred to the second accumulation section 105.

[0079] As described above, the second transfer section 104
transfers the signal charge from the first accumulation section
103 to the second accumulation section 105 in a fourth period
from timing t4 to timing t5.

[0080] (Timing t5)

[0081] The second transfer pulse ®TXHm changes from
the High level to the Low level and therefore the second
transfer section 104 of the m” column is in the OFF state.
Thereby, the signal of the signal level is output to the output
signal line 109 of the first row. A current based on this signal
is converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the signal level in the first row and the m”
column.

[0082] As described above, the selection section 108 out-
puts a second signal according to a signal charge transferred
to the second accumulation section 105, that is, a signal of the
signal level, in a fifth period from timing t5 to timing t6.
[0083] (Timing t6)

[0084] The selection pulse PHSELm changes from the
High level to the Low level and therefore the selection section
108 of the m” column is in the OFF state and the reset section
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106 of the (m+1)” column is in the OFF state. Simulta-
neously, the selection pulse ®HSELm+1 changes from the
Low level to the High level and therefore the selection section
108 of the (m+1)” column is in the ON state. Thereby, the
reading of signals of the m™ column ends and the reading of
signals of the (m+1)* column starts.

[0085] The reading of signals of the (m+1)” column is
similar to the reading of signals of the m™ column. That is, in
the (m+1)” column, an operation similar to the operation
from timing t3 to timing t6 is performed. Likewise, signals are
read column by column. In the operation shown in FIG. 3, the
signal charge related to a second column adjacent to a first
column is reset at timing t3 simultaneously when the first
signal of the reset level related to the first column of the array
of the plurality of photoelectric conversion sections 101 is
output at timing t3, and subsequently the first signal and the
second signal related to the second column are output after the
second signal of the signal level related to the first column is
output at timing t5.

[0086] After signals are read from all columns of the first
row, signals are read from columns of the second row. There-
after, an operation similar to the above is performed for every
row of the array of the plurality of photoelectric conversion
sections 101.

[0087] Among components of the solid-state imaging
apparatus 100 A, the output switch 110 and the I-V conversion
section 111 are not essential components for achieving the
characteristic effects of the solid-state imaging apparatus
100A.

[0088] According to this embodiment, the solid-state imag-
ing apparatus 100A includes: the plurality of photoelectric
conversion sections 101 configured to generate a signal
charge according to an amount of an incident light and dis-
posed in a matrix; the first accumulation section 103 config-
ured to accumulate the signal charge; the first transfer section
102 configured to transfer the signal charge from the photo-
electric conversion sections 101 to the first accumulation
section 103; the second accumulation section 105 configured
to accumulate the signal charge accumulated in the first accu-
mulation section 103; the second transfer section 104 config-
ured to transfer the signal charge accumulated in the first
accumulation section 103 to the second accumulation section
105; the reset section 106 configured to reset the signal charge
accumulated in the second accumulation section 105; an out-
put section (the amplification section 107 and the selection
section 108) configured to output a signal according to the
signal charge accumulated in the second accumulation sec-
tion to the output signal line 109; a first control section (the
horizontal selection section 112) configured to control the
second transfer section 104, the reset section 106, and the
output section for every column of an array of the plurality of
photoelectric conversion sections 101; and a second control
section (the vertical selection section 113) configured to con-
trol the first transfer section 102 for every row, wherein the
first transfer section 102 transfers the signal charge in a first
period, wherein the reset section 106 resets the signal charge
in a second period different from the first period, wherein the
output section outputs a first signal according to the reset
signal charge in a third period after the second period,
wherein the second transfer section 104 transfers the signal
charge in a fourth period after the first and the third period,
wherein the output section outputs a second signal according
to the transferred signal charge in a fifth period after the fourth
period, and wherein, after the first signal and the second
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signal related to a first column of the array are output, the first
signal and the second signal related to a second column dif-
ferent from the first column are output.

[0089] Inthis embodiment, it is possible to read the second
signal of the signal level immediately after the first signal of
the reset level is read from the same column of the array of the
plurality of photoelectric conversion sections 101. Thus, it is
possible to reduce a difference between the read timing of the
first signal and the read timing of the second signal. For
example, when an operation frequency is 27 MHz (1 CLK=37
ns), it is possible to set the difference between the read timing
of'the first signal and the read timing of the second signal to 1
CLK (37 ns) or less. This difference is significantly shorter
than a difference (several us) between read timings of two
types of signals in the conventional solid-state imaging appa-
ratus. Accordingly, it is possible to reduce noise due to a
change in the low frequency of the power supply voltage
VDD.

Modified Example

[0090] Next, a modified example of this embodiment will
be described. FIG. 4 shows a configuration example of a
solid-state imaging apparatus 100B according to this modi-
fied example. As shown in FIG. 4, the solid-state imaging
apparatus 100B has a photoelectric conversion section 101, a
first accumulation section 103, a second accumulation sec-
tion 105, a reset section 106, an amplification section 107, a
selection section 108, an output switch 110, an -V conver-
sion section 111, a horizontal selection section 112, a vertical
selection section 113, and a transfer section 114.

[0091] Hereinafter, differences between the solid-state
imaging apparatus 100A shown in FIG. 1 and the solid-state
imaging apparatus 100B shown in FIG. 4 will be described. In
the solid-state imaging apparatus 100B, the first transfer sec-
tion 102 and the second transfer section 104 are replaced with
a transfer section 114. The transfer section 114 has functions
of both the first transfer section 102 and the second transfer
section 104. The transfer section 114 is configured as a tran-
sistor of a double (multi) gate structure (for example, see the
publication of Japanese Unexamined Patent Application,
First Publication No. 2011-40926).

[0092] The transfer section 114 is disposed between the
photoelectric conversion section 101 and the second accumu-
lation section 105. The transfer section 114 has two gates. A
first transfer pulse ®TXV1 supplied from the vertical selec-
tion section 113 is input to a first gate of the transfer section
114. In addition, a second transfer pulse ®TXHm supplied
from the horizontal selection section 112 is input to a second
gate of the transfer section 114. The first accumulation sec-
tion 103 is connected between a region corresponding to the
first gate and a region corresponding to the second gate in the
transfer section 114.

[0093] Components other than those above are similar to
those of the solid-state imaging apparatus 100A. An operation
of the solid-state imaging apparatus 100B is similar to the
operation of the solid-state imaging apparatus 100A.

[0094] Even in this modified example, it is possible to read
the second signal of the signal level immediately after the first
signal of the reset level is read from the same column of the
array of the plurality of photoelectric conversion sections
101. Thus, it is possible to reduce noise due to a change in the
low frequency of the power supply voltage VDD.
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Second Embodiment

[0095] Next, the second embodiment of the present inven-
tion will be described. FIG. 5 shows a configuration example
of a solid-state imaging apparatus 100C according to this
embodiment. As shown in FIG. 5, the solid-state imaging
apparatus 100C has a photoelectric conversion section 101, a
first transfer section 102, a first accumulation section 103, a
second transfer section 104, a second accumulation section
105, a reset section 106, an amplification section 107, a selec-
tion section 108, an output switch 110, an I-V conversion
section 111, a horizontal selection section 112, and a vertical
selection section 113.

[0096] Hereinafter, differences between the solid-state
imaging apparatus 100A shown in FIG. 1 and the solid-state
imaging apparatus 100C shown in FIG. 5 will be described. In
the solid-state imaging apparatus 100C, the second accumu-
lation section 105 is configured as a capacitor commonly
disposed in correspondence with two photoelectric conver-
sion sections 101 adjacent in a row direction (horizontal
direction) among a plurality of photoelectric conversion sec-
tions 101. In addition, the reset section 106, the amplification
section 107, and the selection section 108 are configured as
transistors commonly disposed in correspondence with the
two photoelectric conversion sections 101 adjacent in the row
direction among the plurality of photoelectric conversion sec-
tions 101. That is, in the solid-state imaging apparatus 100C,
the second accumulation section 105, the reset section 106,
the amplification section 107, and the selection section 108
are shared between a pixel of an m” column and a pixel of an
(m+1)" column adjacent to the pixel of the m” column in the
row direction.

[0097] The operation of the reset section 106 is controlled
by areset pulse ®RSTV as a control signal supplied from the
vertical selection section 113 to a gate of the reset section 106,
In FIG. 5, the reset pulse ®PRSTV1 supplied to the reset
section 106 of the first row is shown. Components other than
those above are similar to those of the solid-state imaging
apparatus 100A.

[0098] Next, an operation of the solid-state imaging appa-
ratus 100C will be described. FIG. 6 shows a first operation
example of the solid-state imaging apparatus 100C. In FIG. 6,
waveforms of the power supply voltage VDD, the output
pulse ®V1, the first transfer pulse ®TXV1, the reset pulse
DRSTV1, the selection pulse ®HSELm, the second transfer
pulse ®TXHm, the second transfer pulse ®TXHm+1, and the
signal Vsig output from the I-V conversion section 111 are
shown. The horizontal direction of FIG. 6 represents time and
the vertical direction of FIG. 6 represents a voltage.

[0099] (Timing t1)

[0100] The output pulse ®V1 changes from the Low level
to the High level and therefore the transistor of the first row
among a plurality of transistors constituting the output switch
110 is in the ON state. Simultaneously, the first transfer pulse
DTXV1 changes from the Low level to the High level and
therefore all the first transfer sections 102 of the first row are
in the ON state. Thereby, a signal charge is transferred from
all the photoelectric conversion sections 101 of the first row to
the first accumulation section 103.

[0101] Thereafter, the first transfer pulse ®TXV1 changes
from the High level to the Low level at a timing between
timing t1 and timing t2 and therefore all the first transfer
sections 102 of the first row are in the OFF state.

[0102] As described above, the first transfer section 102
transfers the signal charge from the photoelectric conversion
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section 101 to the first accumulation section 103 in a first
period from timing t1 to timing t2.

[0103] (Timing t2)

[0104] The reset pulse ®RSTV1 changes from the Low
level to the High level and therefore all reset sections 106 of
the first row are in the ON state. Thereby, a signal charge
accumulated in all second accumulation sections 105 of the
first row is reset. Simultaneously, the selection pulse
®HSELm changes from the Low level to the High level and
therefore the selection section 108 corresponding to the m™
and (m+1)” columns is in the ON state.

[0105] As described above, the reset section 106 resets the
signal charge accumulated in the second accumulation sec-
tion 105 in a second period from timing t2 to timing t3. After
the reset section 106 performs the reset operation, the first
transfer section 102 may transfer the signal charge.

[0106] (Timing t3)

[0107] The reset pulse ®PRSTV1 changes from the High
level to the Low level and therefore all the reset sections 106
of the first row are in the OFF state. Because the selection
section 108 corresponding to the m” and (m+1)” columns is
in the ON state, the signal of the reset level is output to the
output signal line 109 of the first row. A current based on this
signal is converted into a voltage by the -V conversion sec-
tion 111. The I-V conversion section 111 outputs the signal
Vsig corresponding to the reset level in the first row and the
m” column.

[0108] As described above, the selection section 108 out-
puts a first signal according to the reset signal charge, that is,
a signal of the reset level, in a third period from timing t3 to
timing t4.

[0109] (Timing t4)

[0110] The second transfer pulse ®TXHm changes from
the Low level to the High level and therefore the second
transfer section 104 of the m” column is in the ON state.
Thereby, a potential of the first accumulation section 103 of
the m™” column is the same as a potential of the second accu-
mulation section 105 corresponding to the m” and (m+1)"”
columns. That is, the signal charge accumulated in the first
accumulation section 103 is transferred to the second accu-
mulation section 105.

[0111] As described above, the second transfer section 104
transfers the signal charge from the first accumulation section
103 to the second accumulation section 105 in a fourth period
from timing t4 to timing t5.

[0112] (Timing t5)

[0113] The second transfer pulse ®TXHm changes from
the High level to the Low level and therefore the second
transfer section 104 of the m” column is in the OFF state.
Thereby, the signal of the signal level is output to the output
signal line 109 of the first row. A current based on this signal
is converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the signal level in the first row and the m™
column.

[0114] As described above, the selection section 108 out-
puts a second signal corresponding to a signal charge trans-
ferred to the second accumulation section 105, that is, a signal
of'the signal level, in a fifth period from timing t5 to timing t6.
[0115] (Timing t6)

[0116] The reset pulse ®RSTV1 changes from the Low
level to the High level and therefore all the reset sections 106
of'the first row are in the ON state. Thereby, the signal charge
accumulated in all the second accumulation sections 105 of
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the first row is reset. This operation is similar to an operation
in the second period from timing t2 to timing t3.

[0117] (Timing t7)

[0118] The reset pulse ®PRSTV1 changes from the High
level to the Low level and therefore all the reset sections 106
of the first row are in the OFF state. Because the selection
section 108 corresponding to the m” and (m+1)” columns is
in the ON state, the signal of the reset level is output to the
output signal line 109 of the first row. A current based on this
signal is converted into a voltage by the I-V conversion sec-
tion 111. The I-V conversion section 111 outputs the signal
Vsig corresponding to the reset level in the first row and the
(m+1)” column. This operation is similar to an operation in
the third period from timing t3 to timing t4.

[0119] (Timing t8)

[0120] The second transfer pulse ®PTXHm+1 changes from
the Low level to the High level and therefore the second
transfer section 104 of the (m+1)” column is in the ON state.
Thereby, a potential of the first accumulation section 103 of
the (m+1)” column is the same as a potential of the second
accumulation section 105 corresponding to the m” and (m+1)
* columns. That is, the signal charge accumulated in the first
accumulation section 103 is transferred to the second accu-
mulation section 105. This operation is similar to an operation
in the fourth period from timing t4 to timing t5.

[0121] (Timing t9)

[0122] The second transfer pulse ®PTXHm+1 changes from
the High level to the Low level and therefore the second
transfer section 104 of the (m+1)” column is in the OFF state.
Thereby, the signal of the signal level is output to the output
signal line 109 of the first row. A current based on this signal
is converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the signal level in the first row and the (m+1)"
column. This operation is similar to an operation in the fifth
period from timing t5 to timing t6.

[0123] (Timing t10)

[0124] The selection pulse PHSELm changes from the
High level to the Low level and therefore the selection section
108 corresponding to the m™ and (m+1)” columns is in the
OFF state. Thereby, the reading of signals of the m” and
(m+1)* columns ends.

[0125] Subsequently, signals of the (m+2)* and (m+3)"”
columns are read. The reading of the signals of the (m+2)”
and (m+3)” columns is similar to the reading of the signals of
the m” and (m+1)* columns. That is, for the (m+2)” and
(m+3)” columns, an operation similar to the operation from
timing t2 to timing t10 is performed. Likewise, signals are
read column by column. In the operation shown in FIG. 6, the
first signal and the second signal related to the second column
adjacent to the first column are output after the first signal and
the second signal related to the first column of the array of the
plurality of photoelectric conversion sections 101 are output.
[0126] After signals are read from all columns of the first
row, signals are read from columns of the second row. There-
after, an operation similar to the above is performed for every
row of the array of the plurality of photoelectric conversion
sections 101.

[0127] FIG. 7 shows a second operation example of the
solid-state imaging apparatus 100C. In FIG. 7, waveforms of
the power supply voltage VDD, the output pulse ®V1, the
first transfer pulse ®TXV1, the reset pulse ®RSTV1, the
selection pulse ®HSELm, the selection pulse PHSELm+2,
the second transfer pulse ®TXHm, the second transfer pulse
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OTXHm+1, the second transfer pulse ®TXHm+2, the second
transfer pulse ®TXHm+3, and the signal Vsig output from
the I-V conversion section 111 are shown. The horizontal
direction of FIG. 7 represents time and the vertical direction
of FIG. 7 represents a voltage.

[0128] Hereinafter, an operation when m is an odd number
and m+1 is an even number will be described. An operation
from timing t1 to timing t5 is similar to an operation from
timing t1 to timing t5 in FIG. 6. Thus, the description of the
operation from timing t1 to timing t5 will be omitted. In a
period from timing t1 to timing t5, the first signal of the reset
level and the second signal of the signal level in the first row
and the m” column are read.

[0129] (Timing t6)

[0130] The selection pulse PHSELm+2 changes from the
Low level to the High level and therefore the selection section
108 corresponding to the (m+2)"" (m+3)* columns is in the
ON state. Because the reset operation is performed at timing
t1, a signal of the reset level is output to the output signal line
109 of the first row. A current based on this signal is converted
into a voltage by the I-V conversion section 111. The [-V
conversion section 111 outputs the signal Vsig corresponding
to the reset level in the first row and the (m+2)* column.
[0131] (Timing t7)

[0132] The second transfer pulse ®TXHm+2 changes from
the Low level to the High level and therefore the second
transfer section 104 of the (m+2)” column is in the ON state.
Thereby, a potential of the first accumulation section 103 of
the (m+2)* column is the same as a potential of the second
accumulation section 105 corresponding to the (m+2)* and
(m+3)” columns. That is, the signal charge accumulated in
the first accumulation section 103 is transferred to the second
accumulation section 105.

[0133] (Timing t8)

[0134] The second transfer pulse ®TXHm+2 changes from
the High level to the Low level and therefore the second
transfer section 104 of the (m+2)” column is in the OFF state.
Thereby, the signal of the signal level is output to the output
signal line 109 of the first row. A current based on this signal
is converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the signal level in the first row and the (m+2)”
column.

[0135] (Timing t9)

[0136] The selection pulse PHSELm+2 changes from the
High level to the Low level and therefore the selection section
108 corresponding to the (m+2)” and (m+3)” columns is in
the OFF state. Thereby, the reading of signals of the (m+2)"”
column ends.

[0137] As described above, the first signal of the reset level
and the second signal ofthe signal level in the first row and the
(m+2)" column are read in a period from timing t6 to timing
19. That is, after a signal charge related to the first column
which is one of an even-numbered column and an odd-num-
bered column and a signal charge related to the second col-
umn which is the other of the even-numbered column and the
odd-numbered column are simultaneously reset in the opera-
tion shown in FIG. 7, the first signal of the reset level and the
second signal of the signal level related to the first column are
output and subsequently the first signal and the second signal
related to the second column are output.

[0138] Thereafter, signals of the (m+4)” and (m+6)* col-
umns are read. The reading of the signals of the (m+4)” and
(m+6)" columns is similar to the reading of the signals of the
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m?” and (m+2)” columns. That s, for the (m+4)” and (m+6)”
columns, an operation similar to the operation from timing t2
to timing t9 is performed. Likewise, signals are read column
by column for odd-numbered columns.

[0139] (Timing t10)

[0140] The reset pulse ®RSTV1 changes from the Low
level to the High level and therefore all the reset sections 106
of the first row are in the ON state. Thereby, a signal charge
accumulated in all second accumulation sections 105 of the
first row is reset. Simultaneously, the selection pulse
DHSELm changes from the Low level to the High level and
therefore the selection section 108 corresponding to the m”
and (m+1)” columns is in the ON state.

[0141] (Timing t11)

[0142] The reset pulse ®RSTV1 changes from the High
level to the Low level and therefore all the reset sections 106
of the first row are in the OFF state. Because the selection
section 108 corresponding to the m™ and (m+1)" columns is
in the ON state, the signal of the reset level is output to the
output signal line 109 of the first row. A current based on this
signal is converted into a voltage by the I-V conversion sec-
tion 111. The I-V conversion section 111 outputs the signal
Vsig corresponding to the reset level in the first row and the
(m+1)” column.

[0143] (Timing t12)

[0144] The second transfer pulse ®PTXHm+1 changes from
the Low level to the High level and therefore the second
transfer section 104 of the (m+1)” column is in the ON state.
Thereby, a potential of the first accumulation section 103 of
the (m+1)” column is the same as a potential of the second
accumulation section 105 corresponding to the m” and (m+1)
* columns. That is, the signal charge accumulated in the first
accumulation section 103 is transferred to the second accu-
mulation section 105.

[0145] (Timing t13)

[0146] The second transfer pulse PTXHm+1 changes from
the High level to the Low level and therefore the second
transfer section 104 of the (m+1)” column is in the OFF state.
Thereby, the signal of the signal level is output to the output
signal line 109 of the first row. A current based on this signal
is converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the signal level in the first row and the (m+1)"
column.

[0147] (Timing t14)

[0148] The selection pulse PHSELm changes from the
High level to the Low level and therefore the selection section
108 corresponding to the m” and (m+1)” columns is in the
OFF state. Thereby, the reading of signals of the (m+1)*
column ends. Simultaneously, the selection pulse
DHSELm+2 changes from the Low level to the High level
and therefore the selection section 108 corresponding to the
(m+2)” and (m+3)” columns is in the ON state. Because the
reset operation is performed at timing t10, the signal of the
reset level is output to the output signal line 109 of the first
row. A current based on this signal is converted into a voltage
by the I-V conversion section 111. The I-V conversion section
111 outputs the signal Vsig corresponding to the reset level in
the first row and the (m+3)* column.

[0149] (Timing t15)

[0150] The second transfer pulse ®TXHm+3 changes from
the Low level to the High level and therefore the second
transfer section 104 of the (m+3)” column is in the ON state.
Thereby, a potential of the first accumulation section 103 of
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the (m+3)* column is the same as a potential of the second
accumulation section 105 corresponding to the (m+2)* and
(m+3)” columns. That is, the signal charge accumulated in
the first accumulation section 103 is transferred to the second
accumulation section 105.

[0151] (Timing t16)

[0152] The second transfer pulse ®TXHm+3 changes from
the High level to the Low level and therefore the second
transfer section 104 of the (m+3)” column is in the OFF state.
Thereby, the signal of the signal level is output to the output
signal line 109 of the first row. A current based on this signal
is converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the signal level in the first row and the (m+3)”
column.

[0153] (Timing t17)

[0154] The selection pulse PHSELm+2 changes from the
High level to the Low level and therefore the selection section
108 corresponding to the (m+2)” and (m+3)” columns is in
the OFF state. Thereby, the reading of signals of the (m+3)”
column ends.

[0155] As described above, the first signal of the reset level
and the second signal ofthe signal level in the first row and the
(m+1)” column are read in a period from timing t10 to timing
t14. In addition, the first signal of the reset level and the
second signal of the signal level in the first row and the
(m+3)” column are read in a period from timing t14 to timing
t17.

[0156] Thereafter, signals of the (m+5)” and (m+7)” col-
umns are read. The reading of the signals of the (m+5)” and
(m+7)” columns is similar to the reading of the signals of the
(m+1)" and (m+3)” columns. That is, for the (m+5)” and
(m+7)” columns, an operation similar to the operation from
timing t10 to timing t17 is performed.

[0157] Likewise, signals are read column by column for
even-numbered columns.

[0158] After signals are read from all columns of the first
row, signals are read from columns of the second row. There-
after, an operation similar to the above is performed for every
row of the array of the plurality of photoelectric conversion
sections 101.

[0159] Afterthe first signal of the reset level and the second
signal of the signal level of the even-numbered column of one
row are read in the second operation example shown in FIG.
7 as described above, the first and second signals of the
odd-numbered column of the same row are read. After the first
and second signals of the odd-numbered column of one row
are read, the first and second signals of the even-numbered
column of the same row may be read.

[0160] Among components of the solid-state imaging
apparatus 100C, the output switch 110 and the I-V conversion
section 111 are not essential components for achieving the
characteristic effects of the solid-state imaging apparatus
100C.

[0161] Inthis embodiment, it is possible to read the second
signal of the signal level immediately after the first signal of
the reset level is read from the same column of the array of the
plurality of photoelectric conversion sections 101. Thus, it is
possible to reduce noise due to a change in the low frequency
of'the power supply voltage VDD. In addition, because some
components are shared by two pixels adjacent in the row
direction, it is possible to reduce a circuit area.

[0162] In the first operation example shown in FIG. 6, sig-
nals are continuously read in two columns sharing the second
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accumulation section 105. Thus, after a signal of'a signal level
of the m” column at timing t5 of FIG. 6, it is necessary to
perform a reset operation of reading a signal of a reset level of
the (m+1)” column.

[0163] For this, signals are continuously read in columns
between which the second accumulation section 105 is not
shared after a reset operation is performed in all columns of
the same row in a second operation example shown in FIG. 7.
Thus, after a signal of a signal level of the m” column is read
at timing t5 of FIG. 7, it is possible to read a signal of a reset
level of an (m+2)” column without performing a reset opera-
tion. Accordingly, in the second operation example shown in
FIG. 7, itis possible to read signals at a speed higher than that
in the first operation example shown in FIG. 6.

Third Embodiment

[0164] Next, the third embodiment of the present invention
will be described. FIG. 8 shows a configuration example of a
solid-state imaging apparatus 100D according to this embodi-
ment. As shown in FIG. 8, the solid-state imaging apparatus
100D has a photoelectric conversion section 101, a first trans-
fer section 102, a first accumulation section 103, a second
transfer section 104, a second accumulation section 105, a
reset section 106, an amplification section 107, a selection
section 108, an output switch 110, an I-V conversion section
111, a horizontal selection section 112, and a vertical selec-
tion section 113.

[0165] Hereinafter, differences between the solid-state
imaging apparatus 100A shown in FIG. 1 and the solid-state
imaging apparatus 100D shown in FIG. 8 will be described. In
the solid-state imaging apparatus 100D, the second accumu-
lation section 105 is configured as a capacitor commonly
disposed in correspondence with two photoelectric conver-
sion sections 101 adjacent in a column direction (vertical
direction) among the plurality of photoelectric conversion
sections 101. In addition, the reset section 106, the amplifi-
cation section 107, and the selection section 108 are config-
ured as transistors commonly disposed in correspondence
with the two photoelectric conversion sections 101 adjacent
in the column direction among the plurality of photoelectric
conversion sections 101. That is, in the solid-state imaging
apparatus 100D, the second accumulation section 105, the
reset section 106, the amplification section 107, and the selec-
tion section 108 are shared between a pixel of a first row and
apixel of a second row adjacent to the pixel of the first row in
the column direction.

[0166] An operation of the second transfer section 104 is
controlled by a second transfer pulse ®TXH as a control
signal supplied from the horizontal selection section 112 to
the gate of the second transfer section 104. In FIG. 8, a second
transfer pulse ®TXHm(1) to be supplied to the second trans-
fer section 104 in the first row and an m” column and a second
transfer pulse ®TXHm(2) to be supplied to the second trans-
fer section 104 in the second row and the m* column are
shown.

[0167] The output signal line 109 is disposed for every two
rows, that is, in every other row. Components other than those
above are similar to those of the solid-state imaging apparatus
100A.

[0168] Next, an operation of the solid-state imaging appa-
ratus 100D will be described. FIG. 9 shows an operation
example ofthe solid-state imaging apparatus 100D. In FIG. 9,
waveforms of the power supply voltage VDD, the output
pulse ®V1, the first transfer pulse ®TXV1, the first transfer

Nov. 12, 2015

pulse ®TXV2, the selection pulse PHSELm-1, the selection
pulse ®HSELm, the second transfer pulse ®TXHm(1), the
second transfer pulse ®TXHm(2), and the signal Vsig output
from the I-V conversion section 111 are shown. The horizon-
tal direction of FIG. 9 represents time and the vertical direc-
tion of FIG. 9 represents a voltage.

[0169] (Timing tl1)

[0170] The output pulse ®V1 changes from the Low level
to the High level and therefore transistors corresponding to
the first and second rows among a plurality of transistors
constituting the output switch 110 are in the ON state. Simul-
taneously, the first transfer pulse ®TXV1 changes from the
Low level to the High level and therefore all first transfer
sections 102 of the first row are in the ON state. Thereby, a
signal charge is transferred from all photoelectric conversion
sections 101 of the first row to the first accumulation section
103.

[0171] (Timing t2)

[0172] The first transfer pulse ®TXV1 changes from the
High level to the Low level and therefore all the first transfer
sections 102 of the first row are in the OFF state. Simulta-
neously, the selection pulse ®HSELm-1 changes from the
Low level to the High level and therefore the reset section 106
of the m™ column is in the ON state. Thereby, the signal
charge accumulated in the second accumulation section 105
of the m” column is reset.

[0173] (Timing t3)

[0174] The selection pulse PHSELm-1 changes from the
High level to the Low level and therefore the reset section 106
of the m™ column is in the OFF state. Simultaneously, the
selection pulse ®HSELm changes from the Low level to the
High level and therefore the selection section 108 of the m™
column is in the ON state. Therefore, the signal of the reset
level is output to the output signal line 109 corresponding to
the first and second rows. A current based on this signal is
converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the reset level in the first row and the m”
column. In addition, the reset section 106 of the (m+1)*
column is in the ON state and therefore the signal charge
accumulated in the second accumulation section 105 of the
(m+1)" column is reset.

[0175] (Timing t4)

[0176] The second transfer pulse ®TXHm(1) changes from
the Low level to the High level and therefore the second
transfer section 104 in the first row and the m? column is in
the ON state. Thereby, a potential of the first accumulation
section 103 in the first row and the m™ column is the same as
a potential of the second accumulation section 105 corre-
sponding to the first row and the m” column and the second
row and the m” column. That is, the signal charge accumu-
lated in the first accumulation section 103 is transferred to the
second accumulation section 105.

[0177] (Timing t5)

[0178] The second transfer pulse ®TXHm(1) changes from
the High level to the Low level and therefore the second
transfer section 104 in the first row and the m? column is in
the OFF state. Thereby, the signal of the signal level is output
to the output signal line 109 corresponding to the first and
second rows. A current based on this signal is converted into
a voltage by the I-V conversion section 111. The I-V conver-
sion section 111 outputs the signal Vsig corresponding to the
signal level in the first row and the m” column.
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[0179] (Timing t6)

[0180] The selection pulse PHSELm changes from the
High level to the Low level and therefore the selection section
108 of the m” column is in the OFF state and the reset section
106 of the (m+1)” column is in the OFF state. Thereby, the
reading of signals of the m” column ends.

[0181] Subsequently, signals of the (m+1)” column are
read. The reading of signals of the (m+1)” column is similar
to the reading of signals of the m” column. That is, in the
(m+1)" column, an operation similar to the operation from
timing t2 to timing t6 is performed. Likewise, signals are read
column by column. In the operation shown in FIG. 9, the
signal charge related to a second column adjacent to a first
column is reset at timing t3 simultaneously when the first
signal of the reset level related to the first column of the array
of the plurality of photoelectric conversion sections 101 is
output at timing t3, and subsequently, the first signal and the
second signal related to the second column are output after the
second signal of the signal level related to the first column is
output at timing t5.

[0182] After signals are read from all columns of the first
row, the output pulse ®V1 changes from the High level to the
Low level and therefore transistors corresponding to the first
and second rows among a plurality of transistors constituting
the output switch 110 are in the OFF state.

[0183] (Timing t7)

[0184] The output pulse ®V1 changes from the Low level
to the High level and therefore the transistors corresponding
to the first and second rows among a plurality of transistors
constituting the output switch 110 are in the ON state. Simul-
taneously, the first transfer pulse ®TXV2 changes from the
Low level to the High level and therefore all the first transfer
sections 102 of the second row are in the ON state. Thereby,
a signal charge is transferred from all the photoelectric con-
version sections 101 of the second row to the first accumula-
tion section 103.

[0185] (Timing t8)

[0186] The first transfer pulse ®TXV2 changes from the
High level to the Low level and therefore all the first transfer
sections 102 of the second row are in the OFF state. Simul-
taneously, the selection pulse ®PHSELm-1 changes from the
Low level to the High level and therefore the reset section 106
of the m” column is in the ON state. Thereby, the signal
charge accumulated in the second accumulation section 105
of the m™ column is reset.

[0187] (Timing t9)

[0188] The selection pulse PHSELm-1 changes from the
High level to the Low level and therefore the reset section 106
of the m™ column is in the OFF state. Simultaneously, the
selection pulse ®HSELm changes from the Low level to the
High level and therefore the selection section 108 of the m™
column is in the ON state. Therefore, the signal of the reset
level is output to the output signal line 109 corresponding to
the first and second rows. A current based on this signal is
converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the reset level in the second row and the m”
column. In addition, the reset section 106 of the (m+1)*
column is in the ON state and therefore the signal charge
accumulated in the second accumulation section 105 of the
(m+1)" column is reset.

[0189] (Timing t10)

[0190] The second transfer pulse ®TXHm(2) changes from
the Low level to the High level and therefore the second
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transfer section 104 in the second row and the m” column is
in the ON state. Thereby, a potential of the first accumulation
section 103 in the second row and the m* column is the same
as a potential of the second accumulation section 105 corre-
sponding to the first row and the m” column and the second
row and the m” column. That is, the signal charge accumu-
lated in the first accumulation section 103 is transferred to the
second accumulation section 105.

[0191] (Timing t11)

[0192] The second transfer pulse ®TXHm(2) changes from
the High level to the Low level and therefore the second
transfer section 104 in the second row and the m” column is
in the OFF state. Thereby, the signal of the signal level is
output to the output signal line 109 corresponding to the first
and second rows. A current based on this signal is converted
into a voltage by the I-V conversion section 111. The [-V
conversion section 111 outputs the signal Vsig corresponding
to the signal level in the second row and the m™ column.
[0193] (Timing t12)

[0194] The selection pulse PHSELm changes from the
High level to the Low level and therefore the selection section
108 of the m” column is in the OFF state and the reset section
106 of the (m+1)” column is in the OFF state. Thereby, the
reading of signals of the m” column ends.

[0195] Subsequently, signals of the (m+1)” column are
read. The reading of signals of the (m+1)” column is similar
to the reading of signals of the m” column. That is, in the
(m+1)” column, an operation similar to the operation from
timing t9 to timing t12 is performed. Likewise, signals are
read column by column.

[0196] After signals are read from all columns of the sec-
ond row, signals are read from columns of the third row.
Thereafter, an operation similar to the above is performed for
every row of the array of the plurality of photoelectric con-
version sections 101.

[0197] Among components of the solid-state imaging
apparatus 100D, the output switch 110 and the I-V conversion
section 111 are not essential components for achieving the
characteristic effects of the solid-state imaging apparatus
100D.

[0198] Inthis embodiment, it is possible to read the second
signal of the signal level immediately after the first signal of
the reset level is read from the same column of the array of the
plurality of photoelectric conversion sections 101. Thus, it is
possible to reduce noise due to a change in the low frequency
of'the power supply voltage VDD. In addition, because some
components are shared by two pixels adjacent in the column
direction, it is possible to reduce a circuit area.

[0199] In the operation shown in FIG. 9, the signal charge
related to the second column adjacent to the first column is
reset simultaneously when the first signal related to the first
column of the array of the plurality of photoelectric conver-
sion sections 101 is output. Thus, it is possible to read signals
at a speed higher than that in the operation shown in FIG. 6.
[0200] In addition, in the operation shown in FIG. 9, the
control of the column is simplified as compared with the
operation shown in FIG. 7. Thus, it is possible to simplify a
circuit configuration ofthe horizontal selection section 112 as
compared with the solid-state imaging apparatus 100C which
performs the operation shown in FIG. 7.

Fourth Embodiment

[0201] First, the fourth embodiment of the present inven-
tion will be described. FIG. 10 shows a configuration example
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of a solid-state imaging apparatus 100E according to this
embodiment. As shown in FIG. 10, the solid-state imaging
apparatus 100E has a photoelectric conversion section 101, a
first transfer section 102, a first accumulation section 103, a
second transfer section 104, a second accumulation section
105, a reset section 106, an amplification section 107, a selec-
tion section 108, an output switch 110, an I-V conversion
section 111, a horizontal selection section 112, and a vertical
selection section 113.

[0202] Hereinafter, differences between the solid-state
imaging apparatus 100D shown in FIG. 8 and the solid-state
imaging apparatus 100E shown in FIG. 10 will be described.
In the solid-state imaging apparatus 100E, the first accumu-
lation section 103 is configured as a capacitor commonly
disposed in correspondence with two photoelectric conver-
sion sections 101 adjacent in a column direction (vertical
direction) among the plurality of photoelectric conversion
sections 101. In addition, the second transfer section 104 is
configured as a transistor commonly disposed in correspon-
dence with the two photoelectric conversion sections 101
adjacent in the column direction among the plurality of pho-
toelectric conversion sections 101. That is, in the solid-state
imaging apparatus 100E, the first accumulation section 103,
the second transfer section 104, the second accumulation
section 105, the reset section 106, the amplification section
107, and the selection section 108 are shared between a pixel
of'a first row and a pixel of a second row adjacent to the pixel
of the first row in the column direction.

[0203] An operation of the second transfer section 104 is
controlled by a second transfer pulse ®TXH as a control
signal supplied from the horizontal selection section 112 to
the gate of the second transfer section 104. In FIG. 10, a
second transfer pulse ®TXHm to be supplied to the second
transfer section 104 corresponding to the first row and an m”
column and the second row and the m” column is shown.
Components other than those above are similar to those of the
solid-state imaging apparatus 100D.

[0204] Next, an operation of the solid-state imaging appa-
ratus 100E will be described. FIG. 11 shows an operation
example of the solid-state imaging apparatus 100E. In FIG.
11, waveforms of the power supply voltage VDD, the output
pulse ®V1, the first transfer pulse ®TXV1, the first transfer
pulse ®TXV2, the selection pulse PHSELm-1, the selection
pulse ®HSELm, the second transfer pulse ®TXHm, and the
signal Vsig output from the I-V conversion section 111 are
shown. The horizontal direction of FIG. 11 represents time
and the vertical direction of FIG. 11 represents a voltage.
[0205] Hereinafter, differences from the operation shown
in FIG. 9 will be described. At timings t4 and t5, the operation
of the second transfer section 104 corresponding to the first
row and an m” column and the second row and the m™
column is controlled by the second transfer pulse ®TXHm in
place of the second transfer pulse ®TXHm(1) in FIG. 9. In
addition, at timings t11 and t12, the operation of the second
transfer section 104 corresponding to the first row and the m”
column and the second row and the m” column is controlled
by the second transfer pulse ®TXHm in place of the second
transfer pulse ®TXHm(2) in FIG. 9. Operations other than
the above operation are similar to those shown in FIG. 9.
[0206] Among components of the solid-state imaging
apparatus 100E, the output switch 110 and the I-V conversion
section 111 are not essential components for achieving the
characteristic effects of the solid-state imaging apparatus
100E.
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[0207] Inthis embodiment, it is possible to read the second
signal of the signal level immediately after the first signal of
the reset level is read from the same column of the array of the
plurality of photoelectric conversion sections 101. Thus, it is
possible to reduce noise due to a change in the low frequency
of'the power supply voltage VDD. In addition, because some
components are shared between two pixels adjacent in the
column direction, it is possible to reduce a circuit area. Fur-
thermore, it is possible to further reduce the circuit area as
compared with the solid-state imaging apparatus 100D
shown in FIG. 8.

Fifth Embodiment

[0208] Next, the fitth embodiment of the present invention
will be described. FIG. 12 shows a configuration example of
a solid-state imaging apparatus 100F according to this
embodiment. As shown in FIG. 12, the solid-state imaging
apparatus 100F has a photoelectric conversion section 101, a
first transfer section 102, a first accumulation section 103, a
second transfer section 104, a second accumulation section
105, a reset section 106, an amplification section 107, a selec-
tion section 108, an output switch 110, an conversion section
111, a horizontal selection section 112, and a vertical selec-
tion section 113.

[0209] Hereinafter, differences between the solid-state
imaging apparatus 100A shown in FIG. 1 and the solid-state
imaging apparatus 100F shown in FIG. 12 will be described.
In the solid-state imaging apparatus 100F, the second accu-
mulation section 105 is configured as a capacitor commonly
disposed in correspondence with four photoelectric conver-
sion sections 101 adjacent in a row direction (horizontal
direction) and a column direction (vertical direction) among
the plurality of photoelectric conversion sections 101. In
addition, the reset section 106, the amplification section 107,
and the selection section 108 are configured as transistors
commonly disposed in correspondence with the four photo-
electric conversion sections 101 adjacent in the row direction
and the column direction among the plurality of photoelectric
conversion sections 101. That is, in the solid-state imaging
apparatus 100F, the second accumulation section 105, the
reset section 106, the amplification section 107, and the selec-
tion section 108 are shared by four pixels adjacent in the row
direction and the column direction.

[0210] The operation of the reset section 106 is controlled
by areset pulse PRSTV as a control signal supplied from the
vertical selection section 113 to a gate of the reset section 106.
In FIG. 12, a reset pulse PRSTV1 to be supplied to the reset
section 106 corresponding to the first and second rows is
shown.

[0211] An operation of the second transfer section 104 is
controlled by a second transfer pulse ®TXH as a control
signal supplied from the horizontal selection section 112 to
the gate of the second transfer section 104. In FIG. 12, a
second transfer pulse ®TXHm(1) to be supplied to the second
transfer section 104 in the first row and an m?” column, a
second transfer pulse ®TXHm(2) to be supplied to the second
transfer section 104 in the second row and the m™” column, a
second transfer pulse ®TXHm+1(1) to be supplied to the
second transfer section 104 in the first row and an (m+1)"
column, and a second transfer pulse ®TXHm+1(2) to be
supplied to the second transfer section 104 in the second row
and the (m+1)* column are shown.
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[0212] The output signal line 109 is disposed for every two
rows, that is, in every other row. Components other than those
above are similar to those of the solid-state imaging apparatus
100A.

[0213] Next, an operation of the solid-state imaging appa-
ratus 100E will be described. FIG. 13 shows an operation
example of the solid-state imaging apparatus 100E. In FIG.
13, waveforms of the power supply voltage VDD, the output
pulse ®V1, the first transfer pulse ®TXV1, the first transfer
pulse ®TXV2, the reset pulse PRSTV1, the selection pulse
DHSELm, the second transfer pulse ®TXHm(1), the second
transfer pulse ®TXHm+1(1), the second transfer pulse
OTXHm(2), the second transfer pulse ®TXHm+1(2), and the
signal Vsig output from the I-V conversion section 111 are
shown. The horizontal direction of FIG. 13 represents time
and the vertical direction of FIG. 13 represents a voltage.
[0214] (Timing t1)

[0215] The output pulse ®V1 changes from the Low level
to the High level and therefore the transistors corresponding
to the first and second rows among a plurality of transistors
constituting the output switch 110 are in the ON state. Simul-
taneously, the first transfer pulse ®TXV1 changes from the
Low level to the High level and therefore all the first transfer
sections 102 of the first row are in the ON state. Thereby, a
signal charge is transferred from all the photoelectric conver-
sion sections 101 of the first row to the first accumulation
section 103.

[0216] Thereafter, the first transfer pulse ®TXV1 changes
from the High level to the Low level at a timing between
timing t1 and timing t2 and therefore all the first transfer
sections 102 of the first row are in the OFF state.

[0217] (Timing t2)

[0218] The reset pulse ®RSTV1 changes from the Low
level to the High level and therefore all reset sections 106
corresponding to the first and second rows are in the ON state.
Thereby, a signal charge accumulated in all second accumu-
lation sections 105 corresponding to the first and second rows
is reset. Simultaneously, the selection pulse ®HSELm
changes from the Low level to the High level and therefore the
selection section 108 corresponding to the m” and (m+1)”
columns is in the ON state.

[0219] (Timing t3)

[0220] The reset pulse ®RSTV1 changes from the High
level to the Low level and therefore all the reset sections 106
corresponding to the first and second rows are in the OFF
state. Because the selection section 108 corresponding to the
m?” and (m+1)? columns is in the ON state, the signal of the
reset level is output to the output signal line 109 correspond-
ing to the first and second rows. A current based on this signal
is converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the reset level in the first row and the m”
column.

[0221] (Timing t4)

[0222] The second transfer pulse ®TXHm(1) changes from
the Low level to the High level and therefore the second
transfer section 104 in the first row and the m” column is in
the ON state. Thereby, a potential of the first accumulation
section 103 in the first row and the m” column is the same as
a potential of the second accumulation section 105 corre-
sponding to the first and second rows and the m” and (m+1)"
columns. That is, the signal charge accumulated in the first
accumulation section 103 is transferred to the second accu-
mulation section 105.
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[0223] (Timing t5)

[0224] The second transfer pulse ®TXHm(1) changes from
the High level to the Low level and therefore the second
transfer section 104 in the first row and the m? column is in
the OFF state. Thereby, the signal of the signal level is output
to the output signal line 109 corresponding to the first and
second rows. A current based on this signal is converted into
a voltage by the I-V conversion section 111. The I-V conver-
sion section 111 outputs the signal Vsig corresponding to the
signal level in the first row and the m” column.

[0225] (Timing t6)

[0226] The reset pulse ®RSTV1 changes from the Low
level to the High level and therefore all the reset sections 106
corresponding to the first and second rows are in the ON state.
Thereby, a signal charge accumulated in all second accumu-
lation sections 105 corresponding to the first and second rows
is reset.

[0227] (Timing t7)

[0228] The reset pulse ®RSTV1 changes from the High
level to the Low level and therefore all the reset sections 106
corresponding to the first and second rows are in the OFF
state. Because the selection section 108 corresponding to the
m? and (m+1)? columns is in the ON state, the signal of the
reset level is output to the output signal line 109 correspond-
ing to the first and second rows. A current based on this signal
is converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the reset level in the first row and the (m+1)"”
column.

[0229] (Timing t8)

[0230] The second transfer pulse ®TXHm+1(1) changes
from the Low level to the High level and therefore the second
transfer section 104 in the first row and the (m+1)” column is
in the ON state. Thereby, a potential of the first accumulation
section 103 in the first row and the (m+1)” column is the same
as a potential of the second accumulation section 105 corre-
sponding to the m” and (m+1)” columns of the first and
second rows.

[0231] That is, the signal charge accumulated in the first
accumulation section 103 is transferred to the second accu-
mulation section 105.

[0232] (Timing t9)

[0233] The second transfer pulse ®TXHm+1(1) changes
from the High level to the Low level and therefore the second
transfer section 104 in the first row and the (m+1)” column is
in the OFF state. Thereby, the signal of the signal level is
output to the output signal line 109 corresponding to the first
and second rows. A current based on this signal is converted
into a voltage by the I-V conversion section 111. The [-V
conversion section 111 outputs the signal Vsig corresponding
to the reset level in the first row and the (m+1)* column.
[0234] (Timing t10)

[0235] The selection pulse cHSELm changes from the
High level to the Low level and therefore the selection section
108 corresponding to the m* and (m+1)” columns is in the
OFF state. Thereby, the reading of signals corresponding to
the m™ and (m+1)” columns ends.

[0236] Subsequently, signals of the (m+2)* and (m+3)"”
columns are read. The reading of the signals of the (m+2)*
and (m+3)” columns is similar to the reading of the signals of
the m” and (m+1)? columns. That is, for the (m+2)” and
(m+3)” columns, an operation similar to the operation from
timing t2 to timing t10 is performed. Likewise, signals are
read column by column. In the operation shown in FIG. 13,
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the first signal and the second signal related to the second
column adjacent to the first column are output after the first
signal and the second signal related to the first column of the
array of the plurality of photoelectric conversion sections 101
are output.

[0237] After signals are read from all columns of the first
row, the output pulse ®V1 changes from the High level to the
Low level and therefore transistors corresponding to the first
and second rows among a plurality of transistors constituting
the output switch 110 are in the OFF state.

[0238] (Timing t11)

[0239] The output pulse ®V1 changes from the Low level
to the High level and therefore transistors corresponding to
the first and second rows among a plurality of transistors
constituting the output switch 110 are in the ON state. Simul-
taneously, the first transfer pulse ®TXV2 changes from the
Low level to the High level and therefore all the first transfer
sections 102 of the second row are in the ON state. Thereby,
a signal charge is transferred from all the photoelectric con-
version sections 101 of the second row to the first accumula-
tion section 103.

[0240] Thereafter, the first transfer pulse ®TXV2 changes
from the High level to the Low level at a timing between
timing t11 and timing t12 and therefore all the first transfer
sections 102 of the second row are in the OFF state.

[0241] (Timing t12)

[0242] The reset pulse ®RSTV1 changes from the Low
level to the High level and therefore all reset sections 106
corresponding to the first and second rows are in the ON state.
Thereby, a signal charge accumulated in all second accumu-
lation sections 105 corresponding to the first and second rows
is reset. Simultaneously, the selection pulse ®HSELm
changes from the Low level to the High level and therefore the
selection section 108 corresponding to the m” and (m+1)"
columns is in the ON state.

[0243] (Timing t13)

[0244] The reset pulse ®PRSTV1 changes from the High
level to the Low level and therefore all the reset sections 106
corresponding to the first and second rows are in the OFF
state. Because the selection section 108 corresponding to the
m? and (m+1)” columns is in the ON state, the signal of the
reset level is output to the output signal line 109 correspond-
ing to the first and second rows. A current based on this signal
is converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the reset level in the second row and the m”
column.

[0245] (Timing t14)

[0246] The second transfer pulse ®TXHm(2) changes from
the Low level to the High level and therefore the second
transfer section 104 in the second row and the m” column is
in the ON state. Thereby, a potential of the first accumulation
section 103 in the second row and the m” column is the same
as a potential of the second accumulation section 105 corre-
sponding to the m” and (m+1)” columns of the first and
second rows. That is, the signal charge accumulated in the
first accumulation section 103 is transferred to the second
accumulation section 105.

[0247] (Timing t15)

[0248] The second transfer pulse ®TXHm(2) changes from
the High level to the Low level and therefore the second
transfer section 104 in the second row and the m™ column is
in the OFF state. Thereby, the signal of the signal level is
output to the output signal line 109 corresponding to the first
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and second rows. A current based on this signal is converted
into a voltage by the I-V conversion section 111. The [-V
conversion section 111 outputs the signal Vsig corresponding
to the signal level in the second row and the m™ column.
[0249] (Timing t16)

[0250] The reset pulse ®RSTV1 changes from the Low
level to the High level and therefore all the reset sections 106
corresponding to the first and second rows are in the ON state.
Thereby, a signal charge accumulated in all the second accu-
mulation sections 105 corresponding to the first and second
rows is reset.

[0251] (Timing t17)

[0252] The reset pulse ®PRSTV1 changes from the High
level to the Low level and therefore all the reset sections 106
corresponding to the first and second rows are in the OFF
state. Because the selection section 108 corresponding to the
m? and (m+1)” columns is in the ON state, the signal of the
reset level is output to the output signal line 109 correspond-
ing to the first and second rows. A current based on this signal
is converted into a voltage by the I-V conversion section 111.
The I-V conversion section 111 outputs the signal Vsig cor-
responding to the reset level in the second row and the (m+1)"
column.

[0253] (Timing t18)

[0254] The second transfer pulse ®TXHm+1(2) changes
from the Low level to the High level and therefore the second
transfer section 104 in the first row and the (m+1)” column is
in the ON state. Thereby, a potential of the first accumulation
section 103 in the second row and the (m+1)” column is the
same as a potential of the second accumulation section 105
corresponding to the m™ and (m+1)” columns of the first and
second rows.

[0255] That is, the signal charge accumulated in the first
accumulation section 103 is transferred to the second accu-
mulation section 105.

[0256] (Timing t19)

[0257] The second transfer pulse ®TXHm+1(2) changes
from the High level to the Low level and therefore the second
transfer section 104 in the second row and the (m+1)" column
is in the OFF state. Thereby, the signal of the signal level is
output to the output signal line 109 corresponding to the first
and second rows. A current based on this signal is converted
into a voltage by the I-V conversion section 111. The [-V
conversion section 111 outputs the signal Vsig corresponding
to the signal level in the second row and the (m+1)” column.
[0258] (Timing t20)

[0259] The selection pulse PHSELm changes from the
High level to the Low level and therefore the selection section
108 corresponding to the m* and (m+1)” columns is in the
OFF state. Thereby, the reading of signals corresponding to
the m” and (m+1)” columns ends.

[0260] Subsequently, signals of the (m+2)* and (m+3)"”
columns are read. The reading of the signals of the (m+2)*
and (m+3)” columns is similar to the reading of the signals of
the m” and (m+1)? columns. That is, for the (m+2)” and
(m+3)” columns, an operation similar to the operation from
timing t12 to timing t20 is performed. Likewise, signals are
read column by column.

[0261] After signals are read from all columns of the sec-
ond row, signals are read from columns of the third row.
Thereafter, an operation similar to the above is performed for
every row of the array of the plurality of photoelectric con-
version sections 101.
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[0262] As in the operation shown in FIG. 7, after the first
signal of the reset level and the second signal of the signal
level of the even-numbered column of one row are read, the
first and second signals of the odd-numbered column of the
same row may be read. In addition, after the first and second
signals of the odd-numbered column of one row are read, the
first and second signals of the even-numbered column of the
same row may be read. Thereby, it is possible to read signals
at a speed higher than that in the operation shown in FIG. 13.
[0263] Among components of the solid-state imaging
apparatus 100F, the output switch 110 and the I-V conversion
section 111 are not essential components for achieving the
characteristic effects of the solid-state imaging apparatus
100F.

[0264] Inthis embodiment, it is possible to read the second
signal of the signal level immediately after the first signal of
the reset level is read from the same column of the array of the
plurality of photoelectric conversion sections 101. Thus, it is
possible to reduce noise due to a change in the low frequency
of'the power supply voltage VDD. In addition, because some
components are shared by four pixels adjacent in the row
direction and the column direction, it is possible to reduce a
circuit area.

Sixth Embodiment

[0265] Next, the sixth embodiment of the present invention
will be described. FIG. 14 shows a configuration example of
an endoscope apparatus 2000 according to this embodiment.
As shown in FIG. 14, the endoscope apparatus 2000 has a
scope 202 and a housing 207.

[0266] The scope 202 has a lens 203, a lens 204, a solid-
state imaging apparatus 205, a fiber 206, and a cable 210. The
lens 203 forms an image of reflected light from an object 201
on the solid-state imaging apparatus 205. The lens 204 radi-
ates illumination light to the object 201. The solid-state imag-
ing apparatus 205 is the solid-state imaging apparatus accord-
ing to any one of the first to fitth embodiments. The fiber 206
transmits the illumination light to the object 201. The cable
210has a small-diameter cable which supplies an input signal
such as a power supply voltage, a clock, or the like to the
solid-state imaging apparatus 205 and a small-diameter cable
which transfers a signal output from the solid-state imaging
apparatus 205 to an image-processing section 208.

[0267] The housing 207 has the image-processing section
208 and a light source apparatus 209. The image-processing
section 208 performs a predetermined process on a signal
output from the solid-state imaging apparatus 205 to generate
a captured image. The light source apparatus 209 includes a
light source which generates illumination light to be radiated
to the object.

[0268] According to this embodiment, the endoscope appa-
ratus 2000 having the solid-state imaging apparatus 205
according to any one of the first to fifth embodiments is
configured.

[0269] In this embodiment, it is possible to reduce noise
due to a change in the low frequency of the power supply
voltage VDD inside the endoscope apparatus 2000.

Modified Example Commonly Applicable to First to
Fifth Embodiments

[0270] Next, a modified example commonly applicable to
the first to fifth embodiments will be described. In the first to
fifth embodiments, a signal read scheme is a current read
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scheme. The signal read scheme may be other schemes. For
example, the signal read scheme may be a voltage read
scheme. However, in the case of the voltage read scheme, it is
necessary to provide a buffer such as a source follower in the
output signal line and a circuit area and current consumption
increase. Thus, the current read scheme is preferable.

[0271] In addition, the first accumulation section 103 and
the second accumulation section 105 in the first to fifth
embodiments may be capacitors including a floating diffu-
sion region.

[0272] While preferred embodiments of the invention have
been described and shown above, it should be understood that
these are exemplary of the invention and are not to be con-
sidered as limiting. Additions, omissions, substitutions, and
other modifications can be made without departing from the
spirit or scope of the present invention. Accordingly, the
invention is not to be considered as being limited by the
foregoing description, and is only limited by the scope of the
appended claims.

What is claimed is:

1. A solid-state imaging apparatus, comprising:

a plurality of photoelectric conversion sections configured
to generate a signal charge according to an amount of an
incident light and disposed in a matrix;

a first accumulation section configured to accumulate the
signal charge;

a first transfer section configured to transfer the signal
charge from the photoelectric conversion sections to the
first accumulation section;

a second accumulation section configured to accumulate
the signal charge accumulated in the first accumulation
section;

a second transfer section configured to transfer the signal
charge accumulated in the first accumulation section to
the second accumulation section;

a reset section configured to reset the signal charge accu-
mulated in the second accumulation section;

an output section configured to output a signal according to
the signal charge accumulated in the second accumula-
tion section to an output signal line;

a first control section configured to control the second
transfer section, the reset section, and the output section
for every column of an array of the plurality of photo-
electric conversion sections; and

a second control section configured to control the first
transfer section for every row of the array,

wherein the first transfer section transfers the signal charge
in a first period,

wherein the reset section resets the signal charge in a sec-
ond period different from the first period,

wherein the output section outputs a first signal according
to the reset signal charge in a third period after the
second period,

wherein the second transfer section transfers the signal
charge in a fourth period after the first and the third
period,

wherein the output section outputs a second signal accord-
ing to the transferred signal charge in a fifth period after
the fourth period, and

wherein, after the first signal and the second signal related
to a first column of the array are output, the first signal
and the second signal related to a second column differ-
ent from the first column are output.
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2. The solid-state imaging apparatus according to claim 1,

wherein the first accumulation section includes a first
capacitor disposed in correspondence with each of the
plurality of photoelectric conversion sections,

wherein the first transfer section includes a first transistor
disposed in correspondence with each of the plurality of
photoelectric conversion sections,

wherein the second accumulation section includes a sec-
ond capacitor disposed in correspondence with each of
the plurality of photoelectric conversion sections,

wherein the second transfer section includes a second tran-
sistor disposed in correspondence with each of the plu-
rality of photoelectric conversion sections,

wherein the reset section includes a third transistor dis-
posed in correspondence with each of the plurality of
photoelectric conversion sections, and

wherein the output section includes a fourth transistor dis-
posed in correspondence with each of the plurality of
photoelectric conversion sections.

3. The solid-state imaging apparatus according to claim 1,

wherein the first accumulation section includes a first
capacitor disposed in correspondence with each of the
plurality of photoelectric conversion sections,

wherein the first transfer section includes a first transistor
disposed in correspondence with each of the plurality of
photoelectric conversion sections,

wherein the second accumulation section includes a sec-
ond capacitor commonly disposed in correspondence
with two photoelectric conversion sections adjacent in a
row direction of the array among the plurality of photo-
electric conversion sections,

wherein the second transfer section includes a second tran-
sistor disposed in correspondence with each of the plu-
rality of photoelectric conversion sections,

wherein the reset section includes a third transistor com-
monly disposed in correspondence with the two photo-
electric conversion sections adjacent in the row direction
of'the array among the plurality of photoelectric conver-
sion sections, and

wherein the output section includes a fourth transistor
commonly disposed in correspondence with the two
photoelectric conversion sections adjacent in the row
direction of the array among the plurality of photoelec-
tric conversion sections.

4. The solid-state imaging apparatus according to claim 1,

wherein the first transfer section includes a first transistor
disposed in correspondence with each of the plurality of
photoelectric conversion sections,

wherein the second accumulation section includes a sec-
ond capacitor commonly disposed in correspondence
with two photoelectric conversion sections adjacent in a
column direction of the array among the plurality of
photoelectric conversion sections,

wherein the reset section includes a third transistor com-
monly disposed in correspondence with the two photo-
electric conversion sections adjacent in the column
direction of the array among the plurality of photoelec-
tric conversion sections, and

wherein the output section includes a fourth transistor
commonly disposed in correspondence with the two
photoelectric conversion sections adjacent in the col-
umn direction of the array among the plurality of pho-
toelectric conversion sections.
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5. The solid-state imaging apparatus according to claim 4,

wherein the first accumulation section includes a first
capacitor disposed in correspondence with each of the
plurality of photoelectric conversion sections, and

wherein the second transfer section includes a second tran-
sistor disposed in correspondence with each of the plu-
rality of photoelectric conversion sections.

6. The solid-state imaging apparatus according to claim 4,

wherein the first accumulation section includes a first

capacitor commonly disposed in correspondence with
the two photoelectric conversion sections adjacent in the
column direction of the array among the plurality of
photoelectric conversion sections, and

wherein the second transfer section includes a second tran-

sistor commonly disposed in correspondence with the
two photoelectric conversion sections adjacent in the
column direction of the array among the plurality of
photoelectric conversion sections.

7. The solid-state imaging apparatus according to claim 2,
wherein the signal charge related to the second column adja-
cent to the first column is reset simultaneously when the first
signal related to the first column of the array is output, and
subsequently the first signal and the second signal related to
the second column are output after the second signal related to
the first column is output.

8. The solid-state imaging apparatus according to claim 5,
wherein the signal charge related to the second column adja-
cent to the first column is reset simultaneously when the first
signal related to the first column of the array is output, and
subsequently the first signal and the second signal related to
the second column are output after the second signal related to
the first column is output.

9. The solid-state imaging apparatus according to claim 6,
wherein the signal charge related to the second column adja-
cent to the first column is reset simultaneously when the first
signal related to the first column of the array is output, and
subsequently the first signal and the second signal related to
the second column are output after the second signal related to
the first column is output.

10. The solid-state imaging apparatus according to claim 1,

wherein the first accumulation section has a first capacitor

disposed in correspondence with each of the plurality of
photoelectric conversion sections,

wherein the first transfer section has a first transistor dis-

posed in correspondence with each of the plurality of
photoelectric conversion sections,

wherein the second accumulation section has a second

capacitor commonly disposed in correspondence with
four photoelectric conversion sections adjacent in row
and column directions of the array among the plurality
of photoelectric conversion sections,

wherein the second transfer section has a second transistor

disposed in correspondence with each of the plurality of
photoelectric conversion sections,

wherein the reset section has a third transistor commonly

disposed in correspondence with the four photoelectric
conversion sections adjacent in the row and column
directions of the array among the plurality of photoelec-
tric conversion sections, and

wherein the output section has a fourth transistor com-

monly disposed in correspondence with the four photo-
electric conversion sections adjacent in the row and col-
umn directions of the array among the plurality of
photoelectric conversion sections.
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11. The solid-state imaging apparatus according to claim 3,
wherein, after the first signal and the second signal related to
the first column of the array are output, the first signal and the
second signal related to a second column adjacent to the first
column are output.

12. The solid-state imaging apparatus according to claim 8,
wherein, after the first signal and the second signal related to
the first column of the array are output, the first signal and the
second signal related to a second column adjacent to the first
column are output.

13. The solid-state imaging apparatus according to claim 3,
wherein, after the signal charge related to the first column
which is one of an even-numbered column and an odd-num-
bered column of the array and the signal charge related to the
second column which is the other of the even-numbered col-
umn and the odd-numbered column are simultaneously reset,
the first signal and the second signal related to the first column
are output and subsequently the first signal and the second
signal related to the second column are output.

14. The solid-state imaging apparatus according to claim 8,
wherein, after the signal charge related to the first column
which is one of an even-numbered column and an odd-num-
bered column of the array and the signal charge related to the
second column which is the other of the even-numbered col-
umn and the odd-numbered column are simultaneously reset,
the first signal and the second signal related to the first column
are output and subsequently the first signal and the second
signal related to the second column are output.

15. An endoscope apparatus comprising: the solid-state
imaging apparatus according to claim 1.
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