
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2015/0237285 A1 

Tanaka et al. 

US 20150237285A1 

(43) Pub. Date: Aug. 20, 2015 

(54) COMPARATOR, SOLID-STATE IMAGING 
DEVICE, ELECTRONIC APPARATUS, AND 
DRIVING METHOD 

(71) Applicant: Sony Corporation, Tokyo (JP) 

(72) Inventors: Hideki Tanaka, Fukuoka (JP); 

(21) Appl. No.: 

(22) Filed: 

14/699,414 

Apr. 29, 2015 

Shizunori Matsumoto, Kanagawa (JP); 
Haruhisa Naganokawa, Kanagawa (JP); 
Yuuichi Kaji, Kanagawa (JP) 

Related U.S. Application Data 
(63) Continuation of application No. 14/208,789, filed on 

Mar. 13, 2014, now Pat. No. 9,041,583. 

(30) Foreign Application Priority Data 

Mar. 29, 2013 (JP) ................................. 2013-O72325 

15 

H 
a 
C 
c 
2 
a. 
- 
& 
C) 
O 

s 
O 
Y 

Publication Classification 

(51) Int. Cl. 
H04N 5/378 (2006.01) 
H04N 5/376 (2006.01) 

(52) U.S. Cl. 
CPC ............. H04N 5/378 (2013.01); H04N 5/3765 

(2013.01) 
(57) ABSTRACT 
A solid-state imaging device that outputs a pixel signal hav 
ing a signal level corresponding to charges generated by a 
photoelectric conversion includes a comparator. The com 
parator has a first amplifying unit with first and second tran 
sistors configured as a differential pair and provides a signal 
output by amplifying a difference of signals input to the gate 
electrodes of the first and second transistors. It also has a 
second amplifying unit that amplifies the signal output, a first 
condenser disposed between the gate electrode of the first 
transistor and a reference signal Supply, a second condenser 
disposed between the gate electrode of the second transistor 
and pixel signal wiring that reads out the pixel signal, and a 
Switching circuit that connects the reference signal Supply to 
the pixel signal wiring. 
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COMPARATOR, SOLID-STATE IMAGING 
DEVICE, ELECTRONIC APPARATUS, AND 

DRIVING METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a Continuation application Ser. No. 14/208, 
789, filed Mar. 13, 2015, which in turn claims the benefit of 
Japanese Priority Patent Application No.: 2013-072325 filed 
Mar. 29, 2013, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND 

0002 The present disclosure relates to a comparator, a 
Solid-state imaging device, an electronic apparatus, and a 
driving method, and particularly to a comparator, a Solid-state 
imaging device, an electronic apparatus, and a driving 
method with which low power consumption and a decrease in 
size can be achieved. 

0003. In the related art, in an electronic apparatus that 
includes an imaging function Such as a digital still camera and 
a digital video camera, for example, a Solid-state imaging 
device Such as a complementary metal oxide semiconductor 
(CMOS) image sensor or a charge coupled device (CCD) is 
used. The solid-state imaging device includes a pixel in which 
a photo diode that performs a photoelectric conversion and a 
plurality of transistors are combined, and an image is built 
based on pixel signals output from the plurality of pixels 
disposed in a plane. 
0004 For example, in the solid-state imaging device, 
charges accumulated in the photo diode are transferred to a 
floating diffusion (FD) unit that has a predetermined capaci 
tance and is provided on the connection unit between the 
photo diode and a gate electrode of an amplifier transistor. 
Then, a signal corresponding to a level of the charges kept in 
the FD unit is read out from the pixel, and is analog digital 
(AD) converted by an AD conversion circuit which has a 
comparator, and then, is output. 
0005. In the solid-state imaging device, as a signal pro 
cessing for removing a pixel-specific noise, for example, a 
correlated double sampling processing is performed with 
respect to the pixel signal output from the pixel. In the corre 
lated double sampling processing, a signal (P-phase) with a 
level in which the charges accumulated in the FD unit is reset 
and a signal (D-phase) with a level in which the charges 
generated in the photo diode are kept in the FD unit, are 
sampled. Then, the noise can be removed by obtaining a 
difference of each sampled value. 
0006. In the CMOS image sensor, in a case where simul 
taneity of a shutter closing is retained, the charges are trans 
ferred in full batch from the photo diode to the FD unit, and 
thereafter, the pixel signal is sequentially read out. In this 
case, a driving of reading the D-phase (signal level) first and 
the P-phase (reset level) next (hereafter, appropriately 
referred to as a D-phase first-read drive) is performed (for 
example, refer to Japanese Unexamined Patent Application 
Publication No. 2001-238132). 
0007 For example, in Japanese Unexamined Patent 
Application Publication No. 2011-229120, in a comparator 
circuit which performs the D-phase first-read drive, a solid 
state imaging device having a configuration in which an exter 
nal initial Voltage is applied for setting (adjusting) an internal 
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node such that the comparator can operate in accordance with 
the D-phase signal level, is disclosed. 

SUMMARY 

0008. However, as a solid-state imaging device disclosed 
in Japanese Unexamined Patent Application Publication No. 
2011-229120, in a configuration in which an initial voltage 
for setting an internal node is applied externally, since a 
circuit for Supplying the Voltage is necessary, power con 
Sumption and a circuit size of the Solid-state imaging device 
increase. 
0009. In the present disclosure, it is desirable to decrease 
the power consumption and a circuit size. 
0010. According to an embodiment of the present disclo 
Sure, there is provided a comparator that includes: a first 
amplifying unit that includes a differential pair configured 
with a pair of transistors which are first and second transis 
tors, and amplifies a difference of signals input into each of 
the gate electrodes of the first and second transistors, to be 
output; a second amplifying unit that amplifies the signal 
output from the first amplifying unit; a first condenser that is 
disposed between a gate electrode of the first transistor and a 
reference signal Supply unit which Supplies a reference signal 
the Voltage value of which drops at a constant gradient; a 
second condenser that is disposed between a gate electrode of 
the second transistor and a pixel signal wiring which reads out 
a pixel signal from a pixel that outputs the pixel signal having 
a signal level corresponding to charges generated by a pho 
toelectric conversion; a third transistor that connects a con 
nection point of the gate electrode of the first transistor and 
the first condenser to the pixel signal wiring; and a fourth 
transistor that connects a connection point of the gate elec 
trode of the second transistor and the second condenser to the 
pixel signal wiring. 
0011. According to another embodiment of the present 
disclosure, there is provided a solid-state imaging device that 
includes a pixel that outputs a pixel signal having a signal 
level corresponding to charges generated by a photoelectric 
conversion; and a column processing unit in which conver 
sion units that convert the pixel signal output from the pixel to 
a digital signal are arrayed in parallel corresponding to the 
number of columns of the pixels. A comparator included in 
the conversion unit includes: a first amplifying unit that 
includes a differential pair configured with a pair of transis 
tors which are first and second transistors, and amplifies a 
difference of signals input to each of the gate electrodes of the 
first and second transistors, to output; a second amplifying 
unit that amplifies the signal output from the first amplifying 
unit; a first condenser that is disposed between a gate elec 
trode of the first transistor and a reference signal Supply unit 
which Supplies a reference signal the Voltage value of which 
drops at a constant gradient; a second condenser that is dis 
posed between a gate electrode of the second transistor and a 
pixel signal wiring which reads out a pixel signal from a pixel; 
a third transistor that connects a connection point of the gate 
electrode of the first transistor and the first condenser to the 
pixel signal wiring; and a fourth transistor that connects a 
connection point of the gate electrode of the second transistor 
and the second condenser to the pixel signal wiring. 
0012. According to still another embodiment of the 
present disclosure, there is provided an electronic apparatus 
that includes a solid-state imaging device that includes: a 
pixel that outputs a pixel signal having a signal level corre 
sponding to charges generated by a photoelectric conversion, 
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a column processing unit in which conversion units that con 
Vert the pixel signal output from the pixel to a digital signal 
are arrayed in parallel corresponding to the number of col 
umns of the pixels. A comparator included in the conversion 
unit includes a first amplifying unit that includes a differential 
pair configured with a pair of transistors which are first and 
second transistors, and amplifies a difference of signals input 
to each of the gate electrodes of the first and second transis 
tors, to output; a second amplifying unit that amplifies the 
signal output from the first amplifying unit; a first condenser 
that is disposed between a gate electrode of the first transistor 
and a reference signal Supply unit which Supplies a reference 
signal the Voltage value of which drops at a constant gradient; 
a second condenser that is disposed between a gate electrode 
of the second transistor and a pixel signal wiring which reads 
out a pixel signal from a pixel; a third transistor that connects 
a connection point of the gate electrode of the first transistor 
and the first condenser to the pixel signal wiring; and a fourth 
transistor that connects a connection point of the gate elec 
trode of the second transistor and the second condenser to the 
pixel signal wiring. 
0013. According to still another embodiment of the 
present disclosure, there is provided a driving method of a 
comparator that includes a first amplifying unit that includes 
a differential pair configured with a pair of transistors which 
are first and second transistors, and amplifies a difference of 
signals input to each of the gate electrodes of the first and 
second transistors, to output; a second amplifying unit that 
amplifies the signal output from the first amplifying unit; a 
first condenser that is disposed between a gate electrode of the 
first transistor and a reference signal Supply unit which Sup 
plies a reference signal the Voltage value of which drops at a 
constant gradient; a second condenser that is disposed 
between a gate electrode of the second transistor and a pixel 
signal wiring which reads out a pixel signal from a pixel that 
outputs the pixel signal having a signal level corresponding to 
charges generated by a photoelectric conversion; a third tran 
sistor that connects a connection point of the gate electrode of 
the first transistor and the first condenser to the pixel signal 
wiring; and a fourth transistor that connects a connection 
point of the gate electrode of the second transistor and the 
second condenser to the pixel signal wiring, and the method 
includes Supplying a Voltage of a pixel signal Supplied via the 
pixel signal wiring to each of the gate electrodes of the first 
transistor and the second transistor, with the third transistor 
and the fourth transistor being in an ON state, in a case where 
a drive of reading out a pixel signal having a reset level in 
which the charges are reset is performed after firstly the 
reading out the pixel signal having the signal level from the 
pixel when the auto-Zero operation of the first amplifying unit 
for setting an initial Voltage in the first amplifying unit circuit 
is performed. 
0014. In the embodiments of the present disclosure, a 
comparator includes a first amplifying unit that has a differ 
ential pair configured with a pair of transistors which are first 
and second transistors and amplifies a difference of signals 
input to each of the gate electrodes of the first and second 
transistors, to output; and a second amplifying unit that 
amplifies the signal output from the first amplifying unit. A 
first condenser is disposed between a gate electrode of the first 
transistor and a reference signal Supply unit which supplies a 
reference signal the Voltage value of which drops at a constant 
gradient, and a second condenser is disposed between a gate 
electrode of the second transistor and a pixel signal wiring 
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which reads out a pixel signal from a pixel that outputs the 
pixel signal having a signal level corresponding to charges 
generated by a photoelectric conversion. A third transistor 
connects a connection point of the gate electrode of the first 
transistor and the first condenser to the pixel signal wiring, 
and a fourth transistor connects a connection point of the gate 
electrode of the second transistor and the second condenser to 
the pixel signal wiring. 
0015. According to the embodiments the present disclo 
Sure, the decrease in power consumption and circuit size can 
be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a block diagram illustrating a configuration 
example of a solid-state imaging device to which the present 
technology is adapted according to an embodiment; 
0017 FIG. 2 is a diagram explaining a configuration of a 
pixel; 
0018 FIG. 3 is a diagram explaining a D-phase first-read 
drive; 
0019 FIG. 4 is a circuit diagram illustrating a configura 
tion example of a comparator to which the present technology 
is adapted according to a first embodiment; 
0020 FIG. 5 is a diagram illustrating a timing chart in a 

first driving method of the comparator; 
0021 FIG. 6 is a diagram explaining a voltage waveform 
in the comparator; 
0022 FIG. 7 is a diagram explaining a voltage waveform 
in the comparator in the related art; 
0023 FIG. 8 is a diagram explaining an external apply 
Voltage generation circuit necessary for the comparator in the 
related art; 
0024 FIG. 9 is a circuit diagram illustrating a configura 
tion example of the comparator in the related art; 
0025 FIG. 10 is a diagram explaining a voltage waveform 
in the comparator in the related art that uses the external apply 
Voltage generation circuit; 
0026 FIG. 11 is a diagram illustrating a timing chart in a 
second driving method of the comparator, 
0027 FIG. 12A and FIG. 12B are diagrams explaining a 
difference between the first driving method and the second 
driving method of the comparator, 
0028 FIG. 13 is a circuit diagram illustrating a configu 
ration example of a comparator to which the present technol 
ogy is adapted according to a second embodiment; 
0029 FIG. 14 is a diagram illustrating a timing chart of the 
comparator, 
0030 FIG. 15 is a circuit diagram illustrating a configu 
ration example of a comparator to which the present technol 
ogy is adapted according to a third embodiment; 
0031 FIG. 16 is a circuit diagram illustrating a configu 
ration example of a comparator to which the present technol 
ogy is adapted according to a fourth embodiment; 
0032 FIG. 17 is a diagram illustrating an internal voltage 
waveform of the comparator in a case where a P-phase first 
read drive is performed; and 
0033 FIG. 18 is a block diagram illustrating a configura 
tion example of an imaging apparatus that is mounted on an 
electronic apparatus. 



US 2015/0237285 A1 

DETAILED DESCRIPTION OF EMBODIMENTS 

0034. Hereinafter, a specific embodiment to which the 
present disclosure is adapted will be described in detail with 
reference to drawings. 
0035 FIG. 1 is a block diagram illustrating a configuration 
example of a Solid-state imaging device to which the present 
technology is adapted according to an embodiment. 
0036. As illustrated in FIG. 1, the solid-state imaging 
device 11 is a CMOS image sensor, and is configured to 
include a pixel array unit 12, a timing control unit 13, a 
reference signal generation circuit 14, a row scanning unit 15, 
a column scanning unit 16, and a column processing unit 17. 
0037. In the pixel array unit 12, a plurality of pixels 21 is 
arrayed. In the example in FIG. 1, the pixels 21 to 21, in 
row mx.column n are arrayed in a matrix shape, and the pixels 
21 in each row are connected to the row scanning unit 15 via 
m horizontal signal lines 22 to 22, and are connected to the 
column processing unit 17 via in Vertical signal lines 23 to 
23. In the pixel array unit 12, the pixels 21 to 21 operate 
according to a control signal Supplied from the row scanning 
unit 15 via the horizontal signal lines 22 to 22, and output 
a pixel signal having a level corresponding to an amount of 
received light via the vertical signal lines 23 to 23. 
0038. The timing control unit 13 generates a signal based 
on a master clock signal MCK, and controls the operation 
timing of the reference signal generation circuit 14, the row 
scanning unit 15, the column scanning unit 16, and the col 
umn processing unit 17. For example, the timing control unit 
13 generates a clock signal CLK which is a reference for the 
operations of the reference signal generation circuit 14 and 
column processing unit 17, and Supplies the clock signal CLK 
to the reference signal generation circuit 14 and column pro 
cessing unit 17. The timing control unit 13 generates a control 
signal CS1 that controls the operation of the reference signal 
generation circuit 14 and Supplies the control signal CS1 to 
the reference signal generation circuit 14, and generates con 
trol signals CS2 and CS3 that control the operation of the 
column processing unit 17 and Supplies the control signals 
CS2 and CS3 to the column processing unit 17. 
0039. The reference signal generation circuit 14 generates 
a reference signal Vramp (so-called ramp signal) of which the 
Voltage drops at a certain gradient according to the clock 
signal CLK and the Voltage value starts to drop at the timing 
depending on the control signal CS1, and Supplies the refer 
ence signal Vramp to the column processing unit 17 via a 
reference signal wiring. 
0040. The row scanning unit 15 supplies a control signal 
(for example, a transfer signal, a selection signal, a reset 
signal, or the like) that controls the driving of the pixels 21 
to 21 of the pixel array unit 12 for each row, to the pixels 
21 to 21, at the timing depending on the control from the 
timing control unit 13. 
0041. The column scanning unit 16 supplies a control 
signal that outputs the pixel signal which is AD converted by 
the column processing unit 17 to the horizontal output line in 
an order of each row from the pixels 21 to 21 to the 
column processing unit 17 at the timing depending on the 
control from the timing control unit 13. 
0042. The column processing unit 17 includes in AD con 
version circuits 30 to 30, corresponding to the number of 
columns of the pixels 21 to 21, that are arrayed in the pixel 
array unit 12. The pixels 21 to 21, are connected to the 
column processing unit 17 via the vertical signal line 23 to 
23. Then, in the column processing unit 17, the AD conver 
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sion circuits 30 to 30, AD convert and output the pixel signal 
output from the pixels 21 to 21, for each row of the pixels 
21 to 21, in parallel. 
0043. The AD conversion circuits 30 to 30, are config 
ured to include comparators 31 to 31 counters 32 to 32, 
switches 33 to 33, and memories 34 to 34, respectively. 
The AD conversion circuits 30 to 30, are configured to be the 
same. Thus, hereinafter, in a case where they are not distin 
guished from each other, the AD conversion circuits 30 to 
30, will be referred to as AD conversion circuit 30. The above 
description will also be applied to each part of the AD con 
version circuit 30. 
0044. In the comparator 31, one input terminal is con 
nected to the pixel 21 via the vertical signal line 23, the other 
input terminal is connected to the reference signal generation 
circuit 14 via the reference signal wiring, and the output 
terminal is connected to the counter32. Then, the comparator 
31 compares the Voltage of the pixel signal input via the 
Vertical signal line 23 and the Voltage of the reference signal 
Vramp Supplied from the reference signal generation circuit 
14, for example, in a case where the voltage of the reference 
signal Vramp is higher than the Voltage of the pixel signal, 
then outputs the high level signal, and in a case where the 
reference signal Vramp is equal to or lower than the Voltage of 
the pixel signal, then outputs the low level signal. 
0045. The counter 32 performs the counting in synchroni 
Zation with the clock signal CLK Supplied from the timing 
control unit 13 according to the control signal CS2 supplied 
from the timing control unit 13. For example, the counter 32 
measures a comparing duration from the starting of the com 
paring operation in the comparator 31 to the end of the com 
paring operation (for example, D-phase inversion time and 
P-phase inversion time described below in FIG. 6) by per 
forming the down counting or up counting in Synchronization 
with the clock signal CLK. 
0046. The switch 33 is in an ON state (closed) at the time 
point when the counting operation of the counter 32 regarding 
the pixel 21 in the predetermined row is completed, according 
to the control signal CS3 supplied from the timing control unit 
13. Then, the Switch 33 transfers the counted result of the 
counter 32, that is, the pixel signal which is converted to a 
digital signal from an analog signal, to the memory 34. 
0047. The memory 34 outputs the kept pixel signal to the 
horizontal output line according to the control signal Supplied 
from the column scanning unit 16. 
0048 Next, the configuration of the pixel 21 will be 
described with reference to FIG. 2. 
0049. As illustrated in FIG. 2, the pixel 21 is configured to 
include a photo diode 41, a transfer transistor 42, an electric 
charge accumulation unit 43, an FD unit 44, an amplifier 
transistor 45, a selection transistor 46, and a reset transistor 
47. 
0050. The photo diode 41 is a photoelectric conversion 
unit that converts a light to an electric charge, and generates 
and accumulates the charges according to the amount of the 
received light. An anode electrode of the photo diode 41 is 
grounded, and the cathode electrode of the photo diode 41 is 
connected to a gate electrode of the amplifier transistor 45 via 
the transfer transistor 42. 
0051. The transfer transistor 42 drives according to a 
transfer signal TX Supplied from the row scanning unit 15 in 
FIG. 1. When the transfer signal Tx supplied to the gate 
electrode of the transfer transistor 42 is at a high level, the 
transfer transistor 42 is in the ON state, and the charges 
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accumulated in the photo diode 41 are transferred to the FD 
unit 44 via the transfer transistor 42. 
0052. The electric charge accumulation unit 43 is a capaci 
tance provided between the FD unit 44 and the ground level, 
and accumulates the charges transferred from the photo diode 
41 to the FD unit 44 via the transfer transistor 42. 
0053. The FD unit 44 is an electric charge detection unit 
that converts the charges to the Voltage; the charges kept in the 
FD unit 44 are converted into the voltage in the amplifier 
transistor 45. 
0054 The amplifier transistor 45 is an input unit of a 
source follower that is a read-out circuit which reads out the 
signal obtained by the photoelectric conversion in the photo 
diode 41, and outputs the pixel signal having the level corre 
sponding to the charges accumulated in the FD unit 44 to the 
vertical signal line 23. That is, the amplifier transistor 45 
configures a current source which is connected to one end of 
the vertical signal line 23 and the source follower by the 
source electrode of the amplifier transistor 45 being con 
nected to the vertical signal line 23 via the selection transistor 
46. 
0055. The selection transistor 46 drives according to a 
selection signal SEL supplied from the row scanning unit 15 
in FIG. 1. For example, when the selection signal SEL Sup 
plied to the gate electrode of the selection transistor 46 is at 
the high level, the selection transistor 46 is in the ON state and 
connects the amplifier transistor 45 and the vertical signal line 
23, and then, makes the output signal VSL output from the 
amplifier transistor 45 be in a state that can be output to the 
vertical signal line 23. 
0056. The reset transistor 47 operates according to a reset 
signal RST supplied from the row scanning unit 15 in FIG. 1. 
For example, when the reset signal RST supplied to the gate 
electrode of the reset transistor 47 is at the high level, the reset 
transistor 47 is in the ON state and discharges the charges 
accumulated in the FD unit 44 to the power source voltage 
VDD, and then resets the FD unit 44. 
0057 The vertical signal line 23 is connected to one input 
terminal of the comparator 31 via a condenser 51-2, and the 
other input terminal of the comparator 31 is connected to the 
reference signal generation circuit 14 that Supplies the refer 
ence signal Vramp via the condenser 51-1. 
0058. In the solid-state imaging device 11 configured in 

this way, by the charges accumulated in the photo diode 41 
being batch transferred to the FD unit 44, and being read out 
sequentially for each column, the simultaneity of a shutter 
closing is retained. 
0059. In the solid-state imaging device 11, the D-phase 
first-read drive is performed, in which the signal level 
(D-phase) in a state in which the charges generated in the 
photo diode 41 are kept in the FD unit 44 is read out first, and 
then the reset level (P-phase) in a state in which the charges in 
the FD unit 44 are discharged via the reset transistor 47 is read 
Out. 

0060. The D-phase first-read drive will be described with 
reference to FIG. 3. In FIG.3, from top to bottom in an order, 
the reset signal RST, the transfer signal TX, the selection 
signal SEL, the reference signal Vramp, and the output signal 
VSL are illustrated. 
0061 First, at the point in time t1, by the reset signal RST 
and the transfer signal TX being at the high level, the shutter 
operation is performed, in which the charges of the photo 
diode 41 are discharged. At this time, by performing the 
shutter operation in all of the pixels 21 arrayed in the pixel 
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array unit 12 simultaneously, a global shutter is realized, in 
which accumulation duration is to be in the same timing for 
all of the pixels 21. 
0062 Next, at the point in time t2, when the reset signal 
RST and the transfer signal Tx are at a low level, the shutter 
operation is completed, and the accumulation duration starts, 
in which the charges generated by the photoelectric conver 
sion in the photo diode 41 are accumulated. 
0063. Then, at the point in time t3, by the transfer signal Tx 
being at the high level, the accumulation duration ends, and 
the transfer operation is performed, in which the charges 
accumulated in the photo diode 41 are transferred to the FD 
unit 44. Before the accumulation duration ends, by the reset 
signal RST being at the high level inapulse shape, the charges 
accumulated in the FD unit 44 during the accumulation dura 
tion are discharged. In order to realize the global shutter, the 
full-batch transfer is performed, during which the transfer 
operation is performed simultaneously in all of the pixels 21 
arrayed in the pixel array unit 12. At the point in timeta, when 
the transfer signal TX is in the low level, the transfer operation 
is completed. 
0064. Then, the AD conversion is performed in an order 
from the pixels 21 of the first row. First, at the point in time t5. 
by the selection signal SEL of the pixels 21 of the first row 
being at the high level, the pixels 21 of the first row are 
selected, and then the amplifier transistors 45 are connected to 
the vertical signal lines 23. After the point in time t5, in a state 
in which the level of the output signal VSL output via the 
vertical signal line 23 is stable, the signal level (D-phase) 
corresponding to the charges generated in the photo diode 41 
is read out. 
0065. Next, from the point in time to to t7, the rest signal 
RST is at the high level, the charges accumulated in the FD 
unit 44 are discharged via the reset transistor 47, and then the 
FD unit 44 is reset. Then, after the point in time t7, in a state 
in which the level of the output signal VSL is stable, the reset 
level (P-phase) in the state in which the charges of the FD unit 
44 are discharged is read out. Then, in the point in time t8, by 
the selection signal SEL of the pixels 21 of the first row being 
in the low level, the selection of the pixels 21 of the first row 
is released, and then the AD conversion processing of the 
pixels 21 of the first row is completed. 
0066. Then, in the point in time t9 to t12, similar to the case 
in the point in time ts to t3, the AD conversion processing of 
the pixels 21 of the second row is performed, and thereafter, 
the AD conversion processing of the pixels 21 of each row up 
to an m, row is sequentially and repeatedly performed. 
0067 Next, FIG. 4 is a circuit diagram illustrating a con 
figuration example of a comparator 31 to which the present 
technology is adapted according to the first embodiment. 
0068. As illustrated in FIG. 4, the comparator 31 is con 
figured in combination of condensers 51-1 to 51-3, transistors 
61-1 to 61-11, and a current source 62. 
0069. In the comparator 31, the source electrodes of the 
transistors 61-6 and 61-7 are connected in common and con 
figure a differential pair, and the current source 62 is con 
nected between the common source electrodes. 
0070 The gate electrode of the transistor 61-6 is con 
nected to the reference signal generation circuit 14 (FIG. 1) 
that Supplies the reference signal Vramp via the condenser 
51-1, and an internal node Vramp i in the gate electrode of the 
transistor 61-6 is the Voltage corresponding to the reference 
signal Vramp. The gate electrode of the transistor 61-7 is 
connected to the vertical signal line 23 (FIG. 1) that supplies 
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the output signal VSL via the condenser 51-2, and an internal 
node VSL i in the gate electrode of the transistor 61-7 is the 
Voltage corresponding to the output signal VSL. 
0071. The transistor 61-8 is connected between the drain 
electrode of the transistor 61-6 and the power source voltage 
VDD in a diode connection configuration, that is, in a con 
figuration in which the gate electrode and the drain electrode 
become common. The transistor 61-9 is connected between 
the drain electrode of the transistor 61-7 and the power source 
voltage VDD. The gate electrode of the transistor 61-8 and the 
gate electrode of the transistor 61-9 are commonly connected 
to each other. 
0072 The transistor 61-1 is connected between the gate 
electrode and the drain electrode of the transistor 61-6, and a 
control signal x(p1 from the row scanning unit 15 (FIG. 1) is 
supplied to the gate electrode of the transistor 61-1. The 
transistor 61-2 is connected between the gate electrode and 
drain electrode of the transistor 61-7, and a control signal Xp2 
from the row scanning unit 15 is Supplied to the gate electrode 
of the transistor 61-2. 
0073. The transistor 61-3 is connected between gate elec 
trode of the transistor 61-6 and the vertical signal line 23, and 
a control signal X(p3 from the row scanning unit 15 is Supplied 
to the gate electrode of the transistor 61-3. The transistor 61-4 
is connected between gate electrode of the transistor 61-7 and 
the vertical signal line 23, and a control signal X(p4 from the 
row scanning unit 15 is Supplied to the gate electrode of the 
transistor 61-4. That is, the source electrode of the transistors 
61-3 and 61-4 are commonly connected to the vertical signal 
line 23. 
0.074 The transistor 61-11 is connected between the out 
put terminal of the comparator 31 and the power source 
voltage VDD, and the gate electrode of the transistor 61-11 is 
connected to the connection point of the transistors 61-7 and 
61-9. 

0075. The transistor 61-10 is connected between the 
source electrode of the transistor 61-11 and the ground, and 
the gate electrode of the transistor 61-10 is connected to the 
connection point of the transistors 61-5 and 51-3. 
0076. The drain electrode of the transistor 61-5 is con 
nected to the output terminal of the comparator 31, and the 
source electrode of the transistor 61-5 is grounded via the 
condenser 51-3, and a control signal (p5 from the row scan 
ning unit 15 is supplied to the gate electrode of the transistor 
61-5. 
0077. The comparator 31 is configured in this way. 
Accordingly, by a differential amplifier in which the transis 
tors 61-6 and 61-7 are configured to be a pair, a difference 
between the reference signal Vramp input to the gate elec 
trode of the transistor 61-6 and the output signal VSL input to 
the gate electrode of the transistor 61-7 is amplified and 
output. The output from the differential amplifier is amplified 
by a source-grounded amplifier configured with the transis 
tors 61-10 and 61-11, and is output from the output terminal 
of the comparator 31. 
0078 Hereinafter, the source-ground amplifier configured 
with the transistors 61-6 to 61-9 and the current source 62 is 
called a first-stage amplifier81, and the output of the first 
stage amplifier 81 is set to amplifier output VOUT1. The 
differential amplifier configured with the transistors 61-10 to 
61-11 is called a post-stage amplifier82, and the output of the 
post-stage amplifier 82 is set to amplifier output Vout2. The 
transistors 61-1 to 61-5 are used for operation of setting the 
initial voltage in the comparator 31 circuit (hereafter referred 
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to as auto-Zero operation). The condensers 51-1 to 51-3 are 
capacitance devices for keeping the internal Voltage (operat 
ing point) of the amplifier. 
0079. In FIG. 5, a timing chart in a first driving method of 
the comparator 31 is illustrated. 
0080. In FIG. 5, from top to bottom in an order, the control 
signal Xp1 for controlling the transistor 61-1, the control 
signal Xp2 for controlling the transistor 61-2, the control 
signal x(p3 for controlling the transistor 61-3, the control 
signal X(p4 for controlling the transistor 61-4, the control 
signal (p5 for controlling the transistor 61-5, the reference 
signal Vramp for the reference in comparing the Voltage level. 
and the output signal VSL output from the pixel 21 to the 
vertical signal line 23 are illustrated. 
I0081 First, at the point in time t21, the control signals Xp1 
and x(p2 are shifted to the low level from the high level, and the 
control signal (p5 is shifted to the high level from the low level. 
At this time, the control signals X3 and X(p4 remain at the high 
level. Accordingly, since an inverted control signal is input to 
the transistors 61-1 and 61-2, the transistors 61-1 and 61-2 are 
in the ON state according to the control signals X(p1 and Xp2. 
respectively, and the transistor 61-5 is in the ON state accord 
ing to the control signal (p5. In this way, the auto-Zero opera 
tion of the post-stage amplifier 82 starts. 
I0082 That is, in the auto-Zero operation of the post-stage 
amplifier82, the initial voltage set by the transistors 61-1 and 
61-2 being in the ON state is kept as the internal node 
Vramp i in the gate electrode of the transistor 61-6 and is kept 
as the internal node VSL i in the gate electrode of the tran 
sistor 61-7. At the same time, in the post-stage amplifier82, 
by the transistor 61-5 being in the ON state, the current 
corresponding to the amplifier output VOUT1 of the first 
stage amplifier 81 flows in the transistor 61-10 and 61-11. 
Then, at the time point (t22) when the transistor 61-5 is in an 
OFF state, the voltage value corresponding to the amount of 
current in the transistor 61-10 is kept in the condenser 51-3. 
I0083. At the point in time t22, by the control signal (p5 
being shifted to low level and the transistor 61-5 being in the 
OFF state, the auto-Zero operation of the post-stage amplifier 
82 is completed. Subsequently, the control signals X(p1 and 
x(p2 are shifted to the high level and the transistors 61-1 and 
61-2 are in the OFF state. 
I0084. Next, at the point in time t23, the control signals x(p3 
and x(p4 are shifted to the low level from the high level. 
Accordingly, since an inverted control signal is input to the 
transistors 61-3 and 61-4, the transistors 61-3 and 61-4 are in 
the ON state according to the control signals Xp3 and X(p4. 
respectively. In this way, the auto-Zero operation of the first 
stage amplifier 81 starts. 
I0085 That is, in the auto-Zero operation of the first-stage 
amplifier 81, the signal level of the output signal VSL Sup 
plied via the vertical signal line 23 is directly input to the gate 
electrode of the transistors 61-6 and 61-7. In this way, the 
signal level of the output signal VSL is set as initial Voltages 
of the internal node Vramp i in the gate electrode of the 
transistor 61-6 and the internal node VSL i in the gate elec 
trode of the transistor 61-7. 
I0086. At the point in time t24, the control signals x(p3 and 
x(p4 being shifted to the high leveland the transistors 61-3 and 
61-4 being in the OFF state, the auto-Zero operation of the 
first-stage amplifier81 is completed. 
I0087 Subsequently, the reference signal Vramp drops at a 
constant gradient during the period of the time from t25 to 
t26, and AD conversion for D-phase is performed. Then, as 
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described with reference to FIG.3, after the FD unit 44 being 
reset, the reference signal Vramp drops at a constant gradient 
during the period of the time from t27 to t28, and AD conver 
sion for P-phase is performed. 
0088. In this way, in the auto-Zero operation of the first 
stage amplifier 81 in the comparator 31, it is possible to 
automatically set (adjust) the signal level of the output signal 
VSL as the initial voltage of the internal node Vramp i in the 
gate electrode of the transistor 61-6 and the internal node 
VSL i in the gate electrode of the transistor 61-7. 
0089 Next, in FIG. 6, a voltage waveform in the compara 
tor 31 is illustrated. 

0090. As described with reference to FIG. 5, by the auto 
Zero operation of the first-stage amplifier81, the initial volt 
ages of the internal node Vramp i and the internal node 
VSL i are set as the signal level of the output signal VSL 
supplied via the vertical signal line 23. 
0091 At this time, since the output signal VSL corre 
sponds to the level of the charges kept in the FD unit 44, that 
is, the level of charges generated in the photo diode 41, the 
electric potential level of the output signal VSL depends upon 
the illuminance of the light irradiated to the photo diode 41. 
Therefore, as illustrated in FIG. 6, in the auto-Zero operation 
of the first-stage amplifier 81, the electric potential level is 
low in a case where the illuminance of the light irradiated to 
the photo diode 41 is high, and the electric potential level is 
high in a case where the illuminance of the light irradiated to 
the photo diode 41 is low. 
0092. In this way, after the initial voltages of the internal 
node Vramp i and the internal node VSL i are set as the 
signal level of the output signal VSL supplied via the vertical 
signal line 23, the internal node Vramp i drops according to 
the reference signal Vramp which drops at a constant gradi 
ent. Then, at the voltage where the internal node Vramp i in 
the gate electrode of the transistor 61-6 and the internal node 
VSL i in the gate electrode of the transistor 61-7 are matched, 
the amplifier outputs VOUT1 and VOUT2 are inverted, and 
the D-phase conversion is performed. 
0093 Subsequently, in accordance with resetting of the 
FD unit 44 of the pixel 21, the reference signal Vramp is reset 
to a high Voltage level, and the reference signal Vramp is 
dropped again. Then, at the Voltage where the internal node 
Vramp i in the gate electrode of the transistor 61-6 and the 
internal node VSL i in the gate electrode of the transistor 
61-7 are matched again, the amplifier outputs VOUT1 and 
VOUT2 are inverted, and the P-phase conversion is per 
formed. 

0094. In this way, since the initial voltages of the internal 
node Vramp i and the internal node VSL i are set as the 
signal level of the output signal VSL supplied via the vertical 
signal line 23, the operation point (a point illustrated by o in 
Figure) of the comparator 31 in the D-phase conversion 
changes according to the Voltage level of the vertical signal 
line 23. In contrast, since the reset level of the vertical signal 
line 23 for each pixel 21 is substantially the same having some 
variations, the operating point (the point illustrated by o in 
Figure) of the comparator 31 in the P-phase conversion is 
Substantially the same. 
0095 For this reason, by designing the comparator 31 in 
such a manner that the reset level (the voltage level of 
P-phase) fits within the operable input range, the initial volt 
age is automatically determined according to the Voltage level 
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of D-phase. Therefore, the comparator 31 can perform the AD 
conversion without performing the adjustment of initial Volt 
age. 
0096. In the comparator 31, by setting the initial voltages 
of the internal node Vramp i and the internal node VSL i to 
the signal level of the output signal VSL supplied via the 
Vertical signal line 23, the external power source for setting 
those initial Voltages is not necessary, and thus, it is possible 
to achieve a reduction in power consumption and in size. 
(0097. The comparator in the related art will be described 
with reference to FIG. 7 to FIG. 9. 
0098. For example, in the D-phase first-read drive as 
described with reference to FIG. 3, in a case where the AD 
conversion is performed in the post-stage comparator circuit 
having the auto-Zero function, in the related art, the auto-Zero 
operation is performed with reference to the D-phase which is 
read out first, and thus the operating point is set inside the 
circuit. 
0099. In FIG. 7, a voltage waveform inside the comparator 
circuit in Such case is illustrated. 
0100. As illustrated in FIG. 7, the voltage level of the 
Vertical signal line that connects the pixel and the comparator 
circuit is low at the time of D-phase conversion, and is high at 
the time of P-phase conversion due to the FD unit 44 of the 
pixel 21 being reset. For this reason, if the auto-Zero operation 
is performed with reference to the D-phase, the internal volt 
age of the comparator circuit (that is, the internal node 
Vramp i and the internal node VSL i) exceeds the operable 
Voltage range of the first-stage amplifier81. As a result, it is 
difficult to perform the AD conversion processing as normal. 
0101. As disclosed in Japanese Unexamined Patent Appli 
cation Publication No. 2011-229120 described above, it has 
been necessary for an initial Voltage to be externally applied 
from the outside for setting (adjusting) the internal node Such 
that the comparator is operable in accordance with the signal 
level of the D-phase signal. 
0102 That is, as illustrated in FIG. 8, in order to operate 
the comparator 31A as normal in the related art, an external 
apply Voltage generation circuit 71 has been necessary to 
generate an arbitrary external apply Voltage Vext and Supply 
the arbitrary external apply Voltage Vext to the comparator 
31A via the reference signal wiring. 
0103 FIG. 9 is a circuit diagram illustrating a configura 
tion of the comparator 31A in the related art. In the compara 
tor 31A in FIG. 9, the configurations in common with the 
comparator 31 in FIG. 4 will be referenced by the same 
numerals, and the descriptions will not be repeated. 
0104. As illustrated in FIG. 9, the comparator 31A in the 
related art has a configuration different from the comparator 
31 in FIG. 4 in the point that the external apply voltage Vext 
is applied to the source electrodes of the transistors 61-3 and 
61-4. That is, the source electrodes of the transistors 61-3 and 
61-4 are connected to the external apply Voltage generation 
circuit 71 (FIG. 8) in the comparator 31A in the related art 
while the source electrodes of the transistors 61-3 and 61-4 
are commonly connected to the vertical signal line 23 in the 
comparator 31 in FIG. 4. 
0105. In the comparator 31A in the related art, in the 
auto-Zero operation of the first-stage amplifier81, the arbi 
trary external apply Voltage Vext generated in the external 
apply Voltage generation circuit 71 is directly input to the gate 
electrodes of the transistors 61-6 and 61-7 that configure the 
first-stage amplifier81. In this way, the initial voltages of the 
internal node Vramp i and the internal node VSL i are set. 
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0106. In FIG. 10, the voltage waveform in the comparator 
31A that uses the external apply voltage generation circuit 71 
is illustrated. The operation timing chart of the comparator 
31A is similar to the timing chart of the comparator 31 
described with reference to FIG. 5. 
0107 First, by the auto-Zero operation of the first-stage 
amplifier81, after the internal node Vramp i and the internal 
node VSL i being set to apply voltage Vext, the internal node 
Vramp i in the gate electrode of the transistor 61-6 drops 
according to the changing reference signal Vramp as illus 
trated in FIG. 5. Then, at the voltage where the internal node 
Vramp iand the internal node VSL i are matched, the ampli 
fier outputs VOUT1 and VOUT2 are inverted, and the 
D-phase conversion is performed. 
0108 Subsequently, in accordance with resetting of the 
FD unit 44 of the pixel 21, the reference signal Vramp is reset 
to the high Voltage level, and the reference signal Vramp is 
dropped again. Then, at the Voltage where the internal node 
Vramp i and the internal node VSL i are matched again, the 
amplifier outputs VOUT1 and VOUT2 are inverted, and the 
P-phase conversion is performed. 
0109. As illustrated in FIG. 10, in the comparator 31A in 
the related art, the initial voltages of the internal node 
Vramp i and the internal node VSL i are set by the external 
apply Voltage Vext in Such a manner that the operating point 
in the D-phase conversion and the operating point in the 
P-phase conversionata high illuminance and low illuminance 
are within the operating range of the comparator. That is, in 
the comparator 31A in the related art, by appropriately setting 
the external apply voltage Vext, the internal voltage of the 
comparator circuit exceeding the operable Voltage range of 
the first-stage amplifier81 described with reference to FIG. 7 
has been avoided. 
0110. However, in the imaging device, generally, the volt 
age applied from the outside is the power source Voltage and 
the control signal for driving. For this reason, in order to set 
the initial voltages of the internal node Vramp i and the 
internal node VSL i by the external apply voltage Vext, the 
external apply voltage generation circuit 71 (FIG. 8) for gen 
erating the external apply Voltage Vext is necessary in the 
imaging device. Furthermore, since it is necessary that the 
external apply Voltage Vext is set (adjust) according to the 
output signal of the pixel 21 in Such a manner that the internal 
Voltage fits within the operable Voltage range, a control circuit 
for performing Such a setting is necessary. Therefore, the 
power consumption in the imaging device increases and the 
size of the imaging device increases. 
0111. In contrast, in the comparator 31 to which the 
present technology is applied, it is possible to set the initial 
Voltages of the internal node Vramp i and the internal node 
VSL i to the signal level of output signal VSL supplied via 
the vertical signal line 23 as described above. In this way, 
since it is not necessary to provide the external apply Voltage 
generation circuit 71, it is possible to achieve a reduction in 
power consumption and a size. 
0112. In the comparator 31 to which the present technol 
ogy is applied, the initial Voltages of the internal node 
Vramp i and the internal node VSL i are automatically 
determined to be in the operable voltage range of the first 
stage amplifier 81. Therefore, since it is not necessary to 
provide the control circuit for setting the initial voltage, the 
simple configuration of the comparator 31 can be realized. 
0113 Incidentally, in the driving illustrated in FIG. 6, the 
output signal VSL is input via vertical signal line 23 to the 
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transistors 61-6 and 61-7 that configure the first-stage ampli 
fier81, and the internal node Vramp i and the internal node 
VSL i are set to the same initial Voltages. For this reason, a 
mismatch in the differential amplifier is output as it is as the 
inversion error of the comparator 31. As the column process 
ing unit 17 in FIG. 1, in the configuration in which a number 
of comparators 31 are disposed in parallel, the value of mis 
match in the differential amplifier becomes difficult to ignore 
as the resolution of the AD conversion decreases. Therefore, 
it is necessary to solve the problem of mismatch in the differ 
ential amplifier. 
0114. In FIG. 11, a timing chart in a second driving 
method of the comparator 31 is illustrated. 
0115 First, at the point in time t31, the control signals Xp1 
and x(p2 are shifted to the low level from the high level, and the 
control signal (p5 is shifted to the high level from the low level. 
At this time, the control signals X(p3 and X(p4 remain at the 
high level. Accordingly, since an inverted control signal is 
input to the transistors 61-1 and 61-2, the transistors 61-1 and 
61-2 are in the ON state according to the control signals x(p1 
and x(p2, respectively, and the transistor 61-5 is in the ON state 
according to the control signal (p5. In this way, the auto-Zero 
operation of the post-stage amplifier 82 starts. 
0116. At the point in time t32, by the control signal (p5 
being shifted to the low level and the transistor 61-5 being in 
the OFF state, the auto-Zero operation of the post-stage ampli 
fier 82 is completed. Subsequently, only the control signals 
xcp1 are shifted to the high leveland the transistor 61-1 is in the 
OFF state, and the control signal Xp2 remains at the low level. 
0117 Subsequently, at the point in time t33, the control 
signal x(p3 is shifted to the low level from the high level. 
Accordingly, since an inverted control signal is input to the 
transistors 61-3, the transistors 61-3 is in the ON state accord 
ing to the control signal X(p3. At this time, since the control 
signal Xp2 remains in the state of the low level, the transistor 
61-2 remains in the ON state. Accordingly, the auto-Zero 
operation of the first-stage amplifier 81 starts. At the point in 
time t34, the control signals Xp2 and x(p3 being shifted to the 
high level and the transistors 61-2 and 61-3 being in the OFF 
state, and thus, the auto-Zero operation of the first-stage 
amplifier81 is completed. Subsequently, during the period of 
the time from t35 to t36, D-phase conversion is performed, 
and during the period of the time from t37 to t38, P-phase 
conversion is performed. 
0118. In this way, in the auto-Zero operation of the com 
parator 31 in the second driving method, at the time of the 
auto-Zero operation of the first-stage amplifier81 configured 
from transistors 61-6 to 61-9, the transistors 61-2 and 61-3 are 
in the ON state and transistors 61-1 and 61-4 are in the OFF 
state. Therefore, the first-stage amplifier 81 comes to have a 
Voltage follower configuration in which the amplifier output 
VOUT1 and the output signal VSL are in a feedback loop only 
during the auto-Zero operation of the first-stage amplifier81. 
For this reason, a Voltage that compensates for the mismatch 
of the first-stage amplifier 81 is kept in the condenser 51-2, 
and thus, it is possible to suppress the inversion error in the 
comparator 31 due to the mismatch such that the inversion 
error is decreased. 

0119 The difference between the first driving method and 
the second driving method of the comparator 31 will be 
described with reference to FIG. 12A and FIG. 12B. 
I0120 In FIG. 12A, a state of performing the auto-Zero 
operation of the first-stage amplifier 81 in the first driving 
method of the comparator 31 is illustrated, and in FIG. 12B, 
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a state of performing the auto-Zero operation of the first-stage 
amplifier81 in the second driving method of the comparator 
31 is illustrated. 
0121. As illustrated in FIG. 12A, in the auto-Zero opera 
tion of the first-stage amplifier81 of the comparator 31 in the 
first driving method, the transistors 61-3 and 61-4 are in the 
ON state. For this reason, the mismatch AVth of the differen 
tial amplifier appears as the inversion error AVt in the output 
Vout of the comparator 31. 
0122) Meanwhile, as illustrated in FIG. 12B, in the auto 
Zero operation of the first-stage amplifier 81 of the compara 
tor 31 in the second driving method, the transistors 61-2 and 
61-3 are in the ON state, and the voltage that compensates for 
the mismatch AVth of the first-stage amplifier81 is kept in the 
condenser 51-2. Therefore, it is possible to avoid the influ 
ence of the mismatch AVth of the first-stage amplifier 81 to 
the output Vout of the comparator 31. 
0123. Next, FIG. 13 is a circuit diagram illustrating a 
configuration example of the comparator 31 to which the 
present technology is adapted according to the second 
embodiment. In the comparator 31B illustrated in FIG. 13, the 
configurations in common with the comparator 31 in FIG. 4 
will be referenced by the same numerals, and the detailed 
descriptions will not be repeated. 
0.124. That is, the comparator 31B has a configuration in 
common with the comparator 31 in FIG. 4 in the point that the 
comparator 31B includes the condensers 51-1 to 51-3, the 
transistors 61-1 to 61-11, and the current source 62. The 
comparator 31B has a different configuration from that of the 
comparator 31 in FIG. 4 in the point that transistors 61-12 and 
61-13 are added and the external apply voltage Vext is sup 
plied to the source electrodes of the transistors 61-3 and 61-4. 
That is, in driving the comparator 31B, the external apply 
voltage generation circuit 71 illustrated in FIG. 8 is used. 
0.125. The transistor 61-12 is connected between the gate 
electrode and the drain electrode of the transistor 61-8 and a 
control signal x(p6 from the row scanning unit 15 (FIG. 1) is 
supplied to the gate electrode of the transistor 61-12. The 
transistor 61-13 is connected between the gate electrode and 
drain electrode of the transistor 61-9, and a control signal x(p7 
from the row scanning unit 15 is Supplied to the gate electrode 
of the transistor 61-13. 
0126. In the comparator 31B configured in this way, it is 
possible to switch the connection of the gate electrodes of the 
transistors 61-8 and 61-9 which are active loads of the first 
stage amplifier81 to either of the drain electrode on both sides 
of the differential amplifier by the transistors 61-12 and 
61-13. That is, it is possible to perform the driving of switch 
ing the connection by the transistors 61-12 and 61-13 during 
the auto-Zero operation and during the D-phase conversion 
and P-phase conversion. 
0127. In FIG. 14, a diagram illustrating a timing chart of 
the comparator 31B is illustrated. 
0128. In FIG. 14, from top to bottom in an order, the 
control signal Xp1 for controlling the transistor 61-1, the 
control signal Xp2 for controlling the transistor 61-2, the 
control signal x(p3 for controlling the transistor 61-3, the 
control signal X(p4 for controlling the transistor 61-4, the 
control signal (p5 for controlling the transistor 61-5, the con 
trol signal (p6 for controlling the transistor 61-12, the control 
signal (p7 for controlling the transistor 61-13, the reference 
signal Vramp for the reference in comparing the Voltage level. 
and the output signal VSL output from the pixel 21 to the 
vertical signal line 23 are illustrated. 

Aug. 20, 2015 

I0129. First, at the point in time ta1 before performing the 
auto-Zero operation, the control signal (p6 is shifted to the high 
level from the low level and the control signal (p7 is shifted to 
the low level from the high level. Accordingly, since an 
inverted control signal is input to the transistors 61-12 and 
61-13, the transistors 61-12 is in the OFF state according to 
the control signals xcp6 and the transistor 61-13 is in the ON 
state according to the control signals X(p7. In this way, the gate 
electrodes of the transistors 61-8 and 61-9 are connected to 
the drain electrode of the transistor 61-9. Therefore, the 
amplifier output VOUT1 output to the post-stage amplifier82 
is supplied to the gate electrode of the transistors 61-8 and 
61-9 which are the active follower of the first-stage amplifier 
81 via the transistor 61-13. 
0.130. At the point in time ta2, the control signal x(p1 and 
x(p4 are shifted to the low level from the high level, and the 
control signal (p5 is shifted to the high level from the low level. 
At this time, the control signals Xp2 and X(p4 remain at the 
high level. Accordingly, since an inverted control signal is 
input to the transistors 61-1 and 61-4, the transistors 61-2 and 
61-3 are in the ON state according to the control signals x(p1 
and x(p4, respectively, and the transistor 61-5 is in the ON state 
according to the control signal (p5. In this way, the auto-Zero 
operations of the post-stage amplifier 82 and the first-stage 
amplifier 81 simultaneously start. 
I0131 That is, the first-stage amplifier81 comes to have the 
Voltage follower configuration in which the amplifier output 
VOUTO by the transistors 61-6 and 61-8, and the internal 
node Vramp i in the gate electrode of the transistor 61-6 are 
in the feedback loop. Here, since the connection of the tran 
sistor 61-9 which is the active load of the first-stage amplifier 
81 becomes a diode connection, the amplifier output VOUT1 
has a value in which the threshold voltage Vthp of the PMOS 
transistor and the over drive voltage AV of the PMOS tran 
sistor are subtracted from the power source voltage VDD, that 
is, VOUT1=VDD-Vthp-AV. 
0.132. Since the amplifier output VOUT1 here has a sub 
stantially constant Voltage without depending on the internal 
node VSL i (=VSL) of the first-stage amplifier81, a voltage 
Suitable for performing the auto-Zero operation of the post 
stage amplifier 82 is supplied to the gate electrode of the 
transistor 61-11. Therefore, it becomes possible that the auto 
Zero operation of the post-stage amplifier 82 can be per 
formed in parallel with the auto-Zero operation of the first 
stage amplifier 81. 
I0133. At the point in time ta3, by the control signal (p5 
being shifted to low level and the transistor 61-5 being in the 
OFF state, the auto-Zero operation of the post-stage amplifier 
82 is completed. At the point in timeta4, by the control signal 
xcp1 and x(p4 being shifted to the high level and the transistors 
61-1 and 61-4 being in the OFF state, the auto-Zero operation 
of the first-stage amplifier81 is completed. During the points 
in time ta3 to ta5, the control signal (p6 is shifted to the low 
level from the high level, and the control signal (p7 is shifted 
to the high level from the low level. Accordingly, the gate 
electrode of the transistors 61-8 and 61-9 are switched so as to 
be connected to the drain electrode of the transistor 61-8. 
Thereafter, during the points in time ta5 to ta6, D-phase 
conversion is performed, and during the period of the points 
in time ta7 to ta8, P-phase conversion is performed. 
I0134. In this way, in the comparator 31B, the auto-Zero 
operation of the first-stage amplifier 81 and the auto-Zero 
operation of the post-stage amplifier 82 are performed in 
parallel, and thus it is possible to complete the auto-Zero 
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operations at one time. Therefore, it is possible for compara 
tor 31B to increase the speed of processing compared to the 
configuration in which it is necessary to perform the auto 
Zero operation two times: the auto-Zero operation in the first 
stage amplifier81 and then in the post-stage amplifier 82 as 
described with reference to FIG. 11, for example. 
0135) Next, FIG. 15 is a circuit diagram illustrating a 
configuration example of the comparator 31 to which the 
present technology is adapted according to the third embodi 
ment. In the comparator 31C illustrated in FIG. 15, the con 
figurations in common with the comparator 31B in FIG. 13 
will be referenced by the same numerals, and the detailed 
descriptions will not be repeated. 
0.136 That is, the comparator 31C has a configuration in 
common with the comparator 31B in FIG. 13 in the point that 
the comparator 31C includes the condensers 51-1 to 51-3, the 
transistors 61-1 to 61-13, and the current source 62. The 
comparator 31C has a different configuration from that of the 
comparator 31B in FIG. 13 in the point that the source elec 
trode of the transistors 61-3 and 61-4 are connected to the 
Vertical signal line 23, and has a configuration in common 
with the comparator 31 in FIG. 4. 
0.137 In this way, in the comparator 31C, the signal level 
of the output signal VSL supplied via the vertical signal line 
23 can be set as the initial voltages of the internal node 
Vramp i and the internal node VSL i in the D-phase first 
read drive, as similar to the comparator 31 in FIG. 4. That is, 
it is possible to configure the comparator 31C So as to have a 
configuration in which the external apply voltage generation 
circuit 71 (FIG. 8) is not necessary while the comparator 31B 
in FIG. 13 has a configuration in which the external apply 
Voltage generation circuit 71 is necessary. 
0.138. The comparator 31C, as similar to the comparator 
31B in FIG. 13, can operate according to the timing chart 
illustrated in FIG. 14. That is, the comparator 31C has a 
configuration to include the transistors 61-12 and 61-13, and 
thus can perform the auto-Zero operations of the first-stage 
amplifier 81 and the auto-Zero operation of the post-stage 
amplifier 82 in parallel, as similar to the comparator 31B in 
FIG. 13. 

0.139. Therefore, in the comparator 31C, it is possible to 
achieve a reduction in power consumption and a size since the 
external power source is necessary, and to increase the speed 
by completing the auto-Zero operations at one time. 
0140. The comparator 31C has a configuration suitable for 
the purpose of Suppressing again error in the AD conversion 
processing. Here, if the capacitance of the condenser 51-1 is 
C1 and the parasitic capacitance (a parasitic capacitance on 
wiring, a gate capacitance of the transistor 61-6, a diffusion 
layer capacitance of the transistor 61-1, and the like) to the 
internal node Vramp i of the first-stage amplifier81 is Cp1, 
the amplitude of the internal node Vramp i attenuates at the 
rate of C1/(C1+Cp1) with respect to the reference voltage 
Vramp (the amplitude decreases). Similarly, if the capaci 
tance of the condenser 51-2 is C2 and the parasitic capaci 
tance to the internal node VSL i of the first-stage amplifier81 
is Cp2, the attenuation rate of the output signal VSL is C2/ 
(C2+Cp2). 
0141. The capacitance C1 of the condenser 51-1, the 
capacitance C2 of the condenser 51-2, the parasitic capaci 
tance Cp1 to the internal node Vramp i of the first-stage 
amplifier81, and the parasitic capacitance Cp2 to the internal 
node VSL i of the first-stage amplifier 81 depend on the film 
thickness of the gate oxide film of the transistor 61, the 
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inter-layer film thickness of the metal layer, and the like. 
Therefore, since the attenuation rate of the reference signal 
Vramp and the output signal VSL has a uniform distribution 
in the chip or in the wafer surface, if a difference between the 
internal node Vramp i and the internal node VSL i in one 
comparator occurs, then the difference becomes the gain error 
of the comparator. Particularly, in the structure of the column 
processing unit 17 (FIG. 1) in which a multiple number of 
comparators are arrayed in parallel, the difference causes a 
shading of the image in the horizontal direction. 
0142. In contrast, the configuration of the comparator 31C 
adopts a circuit configuration Such that the configuration of 
the internal node Vramp i and the internal node VSL i in the 
gate electrode of the transistors 61-6 and 61-7 that configure 
the first-stage amplifier81 becomes bilaterally symmetrical. 
In this way, even if the capacitance C1 of the condenser 51-1, 
the capacitance C2 of the condenser 51-2, the parasitic 
capacitance Cp1 to the internal node Vramp i of the first 
stage amplifier81, and the parasitic capacitance Cp2 to the 
internal node VSL i of the first-stage amplifier 81 have a 
uniform distribution on the surface, the difference in local (in 
the same comparator) attenuation rate between the reference 
signal Vramp and the output signal VSL is a component of 
mismatch of each capacitance. Therefore, it is possible to 
decrease the gain error of the comparator 31C in the column 
processing unit 17. 
0143. In this way, in the comparator 31C, it is possible to 
Suppress the gain error in the AD conversion processing. 
0144) Next, FIG. 16 is a circuit diagram illustrating a 
configuration example of a comparator 31 to which the 
present technology is adapted according to the fourth 
embodiment. In the comparator 31D illustrated in FIG. 16, 
the configurations in common with the comparator 31C in 
FIG. 15 will be referenced by the same numerals, and the 
detailed descriptions will not be repeated. 
0145 That is, the comparator 31D has a configuration in 
common with the comparator 31C in FIG. 15 in the point that 
the comparator 31D includes the condensers 51-1 and 51-3, 
the transistors 61-1 and 61-5 to 61-13, and the current source 
62. That is, the comparator 31D has a configuration in which 
the condenser 51-2 and transistors 61-2 to 61-4 are removed 
from the comparator 31C in FIG. 15. 
0146 In the comparator 31D configured in this way, the 
output signal VSL is directly supplied to the transistor 61-7 
via the vertical signal line 23. Therefore, it is possible to 
configure the comparator 31D So as to have a configuration in 
which the external apply Voltage generation circuit 71 is not 
necessary in the D-phase first-read drive, as similar to the 
comparator 31 in FIG. 4. 
0147 The comparator 31D, as similar to the comparator 
31B in FIG. 13, can drive according to the timing chart 
illustrated in FIG. 14. That is, the comparator 31D has a 
configuration including the transistors 61-12 and 61-13, and 
thus can perform the auto-Zero operations of the first-stage 
amplifier 81 and the auto-Zero operation of the post-stage 
amplifier82 in parallel, as similar to the comparator 31B in 
FIG. 13. 
0.148. Therefore, in the comparator 31D, it is possible to 
achieve a reduction in power consumption and a size since the 
external power source is necessary, and to increase the speed 
by completing the auto-Zero operations at one time. 
014.9 The comparator 31D has a configuration suitable for 
the purpose of decreasing the circuit area. That is, the com 
parator 31D, as described above, has a configuration in which 



US 2015/0237285 A1 

the condenser 51-2 and transistors 61-2 to 61-4 are removed 
from the configuration of the comparator 31C. 
0150. In the configuration of the column processing unit 
17 in which a plural number of comparators 31 are arrayed in 
parallel, and particularly, the ratio of the area occupied by the 
condenser 51-1 and 51-2 connected to the input terminal of 
the comparator 31 becomes comparatively large in the entire 
circuit of the column processing unit 17. Therefore, by adopt 
ing configuration of the comparator 31D to remove the con 
denser 51-2, it is possible to contribute greatly to reducing the 
overall area of the Solid-state imaging device 11. 
0151. The comparator 31C in FIG. 15 and the comparator 
31D in FIG. 16 can perform not only the D-phase first-read 
drive as described above with reference to FIG.3, but also the 
drive of reading the D-phase (signal level) after reading the 
P-phase (reset level) first (hereinafter, appropriately referred 
to as P-phase first-read drive). 
0152. In FIG. 17, an internal voltage waveform of the 
comparator 31C or the comparator 31D in a case where the 
P-phase first-read drive is performed is illustrated. 
0153. As illustrated in FIG. 17, in the P-phase first-read 
drive, the initial voltages of the internal node Vramp iand the 
internal node VSL i of the comparator 31C or the comparator 
31D are automatically determined according to the signal 
level of the output signal VSL supplied via the vertical signal 
line 23. Therefore, the range of the output signal VSL Sup 
plied via the vertical signal line 23 automatically fits the 
operable range of the comparator 31C or the comparator 31D, 
and the AD conversion can be performed as normal. 
0154) In this way, in the comparator 31C or the comparator 
31D, the AD conversion can be performed by the same drive 
with respect to both the D-phase first-read drive and the 
P-phase first-read drive. Therefore, it is possible to simplify 
the drive control of the comparator 31C or the comparator 
31D. 
0155 The solid-state imaging device 11 as described 
above can be adapted to various electronic apparatuses 
including, for example, an imaging system Such as a digital 
still camera and a digital video camera, a mobile phone hav 
ing an imaging function, or another apparatus having an 
imaging function. 
0156 FIG. 18 is a block diagram illustrating a configura 
tion example of the imaging apparatus that is mounted on the 
electronic apparatus. 
0157. As illustrated in FIG. 18, an imaging apparatus 101 

is configured to include an optical system 102, an imaging 
device 103, a signal processing circuit 104, a monitor 105, 
and a memory 106, and can capture a still image and a moving 
image. 
0158. The optical system 102 is configured to have one or 
a plurality of lenses, and guides an image light (incident light) 
from the subject to the imaging device 103, and forms an 
image on the light receiving Surface (sensor unit) of the imag 
ing device 103. 
0159. As the imaging device 103, the solid-state imaging 
device 11 described above is adapted. In the imaging device 
103, electrons are accumulated according to the image 
formed on the light receiving Surface via the optical system 
102 for a certain period. Then, a signal according to the 
electrons accumulated in the imaging device 103 is Supplied 
to the signal processing circuit 104. 
0160 The signal processing circuit 104 implements vari 
ous signal processing with respect to the pixel signals output 
from the imaging device 103. An image (image data) obtained 

Aug. 20, 2015 

by the signal processing implemented by the signal process 
ing circuit 104 is supplied to the monitor 105 to be displayed 
or supplied to the memory 106 to be stored (recorded). 
0.161 In the imaging apparatus 101 configured in this way, 
by adapting the configuration of the Solid-state imaging 
device 11, the decrease in power consumption and in the 
circuit size can be achieved. 
0162 The present technology may also have a configura 
tion as follows. 
0163 (1) A comparator including: a first amplifying unit 
that includes a differential pair configured with a pair of 
transistors which are first and second transistors, and ampli 
fies a difference of signals input to each of the gate electrodes 
of the first and second transistors, to output; a second ampli 
fying unit that amplifies the signal output from the first ampli 
fying unit; a first condenser that is disposed between a gate 
electrode of the first transistor and a reference signal Supply 
unit which Supplies a reference signal the Voltage value of 
which drops at a constant gradient; a second condenser that is 
disposed between a gate electrode of the second transistorand 
a pixel signal wiring which reads out a pixel signal from a 
pixel that outputs the pixel signal having a signal level corre 
sponding to charges generated by a photoelectric conversion; 
a third transistor that connects a connection point of the gate 
electrode of the first transistor and the first condenser to the 
pixel signal wiring; and a fourth transistor that connects a 
connection point of the gate electrode of the second transistor 
and the second condenser to the pixel signal wiring. 
0164 (2) The comparator according to (1), in which, in a 
case where a drive of reading out a pixel signal having a reset 
level is performed, in which the charges are reset after the 
reading out of the pixel signal having the signal level from the 
pixel first, when the auto-Zero operation of the first amplify 
ing unit for setting an initial Voltage in the first amplifying 
unit circuit is performed, a Voltage of a pixel signal Supplied 
via the pixel signal wiring is Supplied to each of the gate 
electrodes of the first and the second transistors, with the third 
and the fourth transistors being in the ON state. 
0.165 (3) The comparator according to any one of (1) or 
(2), further including: a fifth transistor that connects the first 
transistor to a power source Voltage; a sixth transistor that 
connects the second transistor to the power source Voltage; a 
seventh transistor that connects the gate electrode of the first 
transistor to a connection point of the first transistor and the 
fifth transistor, and an eighth transistor that connects the gate 
electrode of the second transistor to a connection point of the 
second transistor and the sixth transistor, in which, in a case 
where a drive of reading out a pixel signal having a reset level 
in which the charges are reset is performed after firstly the 
reading out the pixel signal having the signal level from the 
pixel first, when the auto-Zero operation by the first amplify 
ing unit is performed, the Voltage of the pixel signal Supplied 
via the pixel signal wiring is Supplied to each gate of the gate 
electrodes of the first and the second transistors, with the third 
and the eighth transistors being in the ON state. 
0166 (4) The comparator according to any one of (1) to 
(3), further including: a fifth transistor that connects the first 
transistor to a power source Voltage; a sixth transistor that 
connects the second transistor to the power source Voltage; a 
ninth transistor that connects a connection point of gate elec 
trodes of the fifth transistor and the sixth transistor to a drain 
of the fifth transistor; and a tenth transistor that connects a 
connection point of gate electrodes of the fifth transistor and 
the sixth transistor to a drain of the sixth transistor. 
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0167 (5) The comparator according to (4), in which auto 
Zero operations of the first amplifying unit and the second 
amplifying unit are performed in parallel. 
0168 (6) The comparator according to (4), in which the 
connection by the ninth transistor and the tenth transistor is 
switched to any of the connections to the drain of the fifth 
transistor or to a drain of the sixth transistor, during a period 
of performing the auto-Zero operations of the first amplifying 
unit and the second amplifying in parallel and during a period 
of converting the pixel signal having the signal level to a 
digital signal and converting the pixel signal having the reset 
level to the digital signal. 
0169. It should be understood by those skilled in the art 
that various modifications, combinations, Sub-combinations 
and alterations may occur depending on design requirements 
and other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof. 
What is claimed is: 
1. A solid-state imaging device comprising: 
a pixel that outputs a pixel signal having a signal level 

corresponding to charges generated by a photoelectric 
conversion; 

a pixel signal wiring that reads out the pixel signal; and 
a comparator including: 

a first amplifying unit that includes first and second 
transistors configured as a differential pair, and ampli 
fies a difference of signals input to each of the gate 
electrodes of the first and second transistors to pro 
vide a signal output; 

a second amplifying unit that amplifies the signal output 
from the first amplifying unit; 

a first condenser that is disposed between the gate elec 
trode of the first transistor and a reference signal Sup 
ply unit which Supplies a reference signal; 

a second condenser that is disposed between the gate 
electrode of the second transistor and the pixel signal 
wiring which reads out the pixel signal; 

a Switching circuit that connects the reference signal 
Supply unit to the pixel signal wiring. 

2. The Solid-state imaging device according to claim 1, 
wherein the first amplifying unit includes a third transistor 
that is connected between the gate electrode of the first tran 
sistor and the drain of the first transistor. 

3. The Solid-state imaging device according to claim 2, 
wherein the first amplifying unit includes a fourth transistor 
that is connected between the gate electrode of the second 
transistor and the drain of the second transistor. 

4. The Solid-state imaging device according to claim 3, 
wherein the second amplifying unit includes a fifth transistor 
whose gate electrode is connected to the first amplifying unit. 

5. The Solid-state imaging device according to claim 4. 
wherein the second amplifying unit includes a sixth transistor 
whose drain is connected to a drain of the fifth transistor and 
a source is connected to a predetermined Voltage. 

6. The Solid-state imaging device according to claim 5. 
wherein the second amplifying unit includes a seventh tran 
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sistor that is connected between a gate electrode of the sixth 
transistor and the drain of the sixth transistor. 

7. The solid-state imaging device according to claim 6. 
wherein the second amplifying unit includes a third con 
denser that is connected a connection point of the gate elec 
trode of the sixth transistor and a source of seventh transistor 
to the predetermined Voltage. 

8. An electronic apparatus comprising: 
a solid-state imaging device including: 
a pixel that outputs a pixel signal having a signal level 

corresponding to charges generated by a photoelectric 
conversion, 

a pixel signal wiring that reads out the pixel signal, and 
a comparator, the comparator including: 

a first amplifying unit that includes first and second 
transistors configured as a differential pair, and ampli 
fies a difference of signals input to each of the gate 
electrodes of the first and second transistors to pro 
vide a signal output; 

a second amplifying unit that amplifies the signal output 
from the first amplifying unit; 

a first condenser that is disposed between the gate elec 
trode of the first transistor and a reference signal Sup 
ply unit which Supplies a reference signal; 

a second condenser that is disposed between the gate 
electrode of the second transistor and the pixel signal 
wiring which reads out the pixel signal; and 

a Switching circuit that connects the reference signal 
Supply unit to the pixel signal wiring. 

9. The electronic apparatus according to claim 8, wherein 
the first amplifying unit includes a third transistor that is 
connected between the gate electrode of the first transistor 
and the drain of the first transistor. 

10. The electronic apparatus according to claim 9, wherein 
the first amplifying unit includes a fourth transistor that is 
connected between the gate electrode of the second transistor 
and the drain of the second transistor. 

11. The electronic apparatus according to claim 10, 
wherein the second amplifying unit includes a fifth transistor 
whose gate electrode is connected to the first amplifying unit. 

12. The electronic apparatus according to claim 11, 
wherein the second amplifying unit includes a sixth transistor 
whose drain is connected to a drain of the fifth transistor and 
a source is connected to a predetermined Voltage. 

13. The electronic apparatus according to claim 12, 
wherein the second amplifying unit includes a seventh tran 
sistor that is connected between a gate electrode of the sixth 
transistor and the drain of the sixth transistor. 

14. The electronic apparatus according to claim 13, 
wherein the second amplifying unit includes a third con 
denser that is connected a connection point of the gate elec 
trode of the sixth transistor and a source of seventh transistor 
to the predetermined Voltage. 
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