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An image capture device includes a plurality of image capture 
elements for capturing an object image, a plurality of vertical 
output lines for reading signals out of the plurality of image 
capture elements, and a plurality of processing circuits. Each 
processing circuit includes a first capacitor element having a 
first electrode connected to one of the plurality of vertical 
output lines, a differential amplifier having a first input ter 
minal connected to a second electrode of the first capacitor 
element, a second capacitor element connected between the 
first input terminal and an output terminal of the differential 
amplifier, and a first Switch configured to control conduction 
between the first input terminal and the output terminal of the 
differential amplifier. The image capture device further 
includes a plurality of third capacitor elements configured to 
hold signals from the differential amplifiers of the plurality of 
processing circuits and to limit an output frequency band of 
each differential amplifier, and a horizontal output line for 
sequentially outputting signals from the plurality of third 
capacitor elements. 
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IMAGE CAPTURE DEVICE HAVING 
AMPLIFICATION CIRCUIT FOR 
AMPLIFYING SIGNAL FROM 

PHOTOELECTRIC CONVERSION PORTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 11/040,389, filed Jan. 21, 2005, which claims the 
benefit of Japanese Application No. 2004-021689 filed Jan. 
29, 2004, which are hereby incorporated by reference herein 
in their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an image capture 
device for use with a scanner, a video camera, a digital still 
Camera, etc. 
0004 2. Description of the Related Art 
0005 Image capture devices called “CMOS sensors” ulti 
lizing CMOS (complementary metal-oxide semiconductor) 
process have received attention in recent years. The CMOS 
sensors are expected to be especially useful in the field of 
portable information apparatuses because they can be easily 
loaded with peripheral circuits and they can be driven at 
relatively low voltages. 
0006 Japanese Laid-Open Patent Application No. 
2-296470 discloses a photoelectric converter that has an 
amplification stage between pixels and storage capacitors for 
the purpose of attaining an increased S/N (signal-to-noise) 
ratio of the CMOS sensor. FIG. 7 is a diagram showing an 
equivalent circuit of the photoelectric converter disclosed in 
Japanese Laid-Open Patent Application No. 2-296470. In 
FIG. 7, MOS transistors M1 and M2 constitute a grounded 
Source amplifier. The grounded-source amplifier amplifies 
pixel signals input to the gate of the MOS transistor M1 and 
Supplies the amplified pixel signals to storage capacitors CT1 
and CT2. The storage capacitors CT1 and CT2 temporarily 
store the amplified pixel signals. Thus, pixel signals are 
amplified before being stored in the storage capacitors CT1 
and CT2. Accordingly, the photoelectric converter can be 
prevented from being affected by circuit noise occurring at 
output lines S1 and S2 and subsequent stages. Therefore, the 
S/N ratio of the CMOS sensor can be improved. 
0007 For example, in a typical image capture device, an 
output amplifier is provided next to the output lines S1 and S2 
So as to drive an external load. In this case, the output ampli 
fier is required to exhibit wide bandwidth capability because 
it needs to follow high readout frequencies. Therefore, the 
output amplifier is a potential source of large noise. However, 
providing the grounded-source amplifier as described above 
can dramatically reduce the influence of noise generated at 
the output amplifier. 
0008. In Japanese Laid-Open Patent Application No. 
2-296470, the photoelectric converter has two storage capaci 
tors CT1 and CT2. Although not specifically described in 
Japanese Laid-Open Patent Application No. 2-296470, the 
two storage capacitors may be configured to store different 
outputs, as disclosed, for example, in Japanese Patent Publi 
cation No. 8-4127. More specifically, one storage capacitor 
stores an output corresponding to a reset state of every pixel, 
and the other storage capacitor stores an output correspond 
ing to a read-out photoelectric signal. Then, the two outputs 
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are subjected to difference processing at the Subsequent stage, 
so that noise caused by a dark signal error of every pixel can 
be removed to some extent. 
0009. In the above-described photoelectric converter dis 
closed in Japanese Laid-Open Patent Application No. 
2-296470, the stage subsequent to horizontal output lines 
obtains a difference between an output corresponding to a 
reset state of every pixel and an output corresponding to an 
image signal. Thus, a single final-stage circuit performs dif 
ference processing on signals from all pixels. This may 
decrease processing speed in Some cases. In addition, a prob 
lem arises in that it is impossible to employ a difference 
circuit requiring long processing time. 

SUMMARY OF THE INVENTION 

0010. The present invention is directed to an image cap 
ture device in which a rate of removal of noise resulting from 
variations of pixels is improved and a high S/N ratio is 
attained at the time of setting of high sensitivity. 
0011. In an aspect of the present invention, an image cap 
ture device comprises a plurality of image capture elements 
for capturing an object image, a plurality of Vertical output 
lines for reading signals out of the plurality of image capture 
elements, a plurality of processing circuits, each processing 
circuit including a first capacitor element having a first elec 
trode connected to one of the plurality of vertical output lines, 
a differential amplifier having a first input terminal connected 
to a second electrode of the first capacitor element, a second 
capacitor element connected between the first input terminal 
and an output terminal of the differential amplifier, and a first 
switch configured to control conduction between the first 
input terminal and the output terminal of the differential 
amplifier, a plurality of third capacitor elements configured to 
hold signals from the differential amplifiers of the plurality of 
processing circuits and to limit an output frequency band of 
each differential amplifier, and a horizontal output line for 
sequentially outputting signals from the plurality of third 
capacitor elements. 
0012. The above and further features and advantages of 
the present invention will become apparent to those skilled in 
the art upon reading of the following detailed description of 
embodiments thereof when taken in conjunction with the 
accompanying drawings, in which like reference characters 
designate the same or similar parts throughout the figures 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the descrip 
tion, serve to explain the principles of the invention. 
0014 FIG. 1 is a diagram showing an equivalent circuit of 
an image capture device according to a first embodiment of 
the invention. 
0015 FIG. 2 is a timing chart illustrating driving pulses for 
use in the image capture device according to the first embodi 
ment. 

0016 FIG. 3 is a diagram showing an equivalent circuit of 
an operational amplifier included in the image capture device 
according to the first embodiment. 
0017 FIG. 4 is a diagram showing an equivalent circuit of 
an image capture device according to a second embodiment 
of the invention. 
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0018 FIG. 5 is a diagram showing an equivalent circuit of 
an operational amplifier included in the image capture device 
according to the second embodiment. 
0019 FIG. 6 is a block diagram showing an image capture 
system according to a third embodiment of the invention. 
0020 FIG. 7 is a diagram showing an equivalent circuit of 
a conventional image capture device. 
0021 FIG. 8 is a diagram showing an equivalent circuit of 
a bias generating circuit that Supplies a bias Voltage to the 
operational amplifier included in the image capture device 
according to the first embodiment. 
0022 FIG. 9 is a diagram showing a typical two-stage 
operational amplifier. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0023 Embodiments of the invention will be described in 
detail below with reference to the drawings. 

First Embodiment 

0024 FIG. 1 is a diagram showing an equivalent circuit of 
an image capture device according to a first embodiment of 
the invention. In particular, FIG. 1 illustrates a portion of the 
image capture device associated with 2x2 pixels (image cap 
ture elements) among a plurality of two-dimensionally 
arranged pixels. 
0025. In FIG. 1, a unit pixel includes a photodiode 101, a 
pixel transfer switch 102, a reset switch 103, an amplification 
MOSFET (metal-oxide semiconductor field-effect transistor) 
104, and a row selection switch 105. 
0026. The photodiode 101 serves a photoelectric conver 
sion element. The amplification MOSFET 104 amplifies a 
signal generated by the photodiode 101. The reset switch 103 
resets, to a predetermined Voltage, an input to the amplifica 
tion MOSFET 104. The row selection Switch 105 controls 
conduction between a source electrode of the amplification 
MOSFET 104 and a vertical output line 106. The pixel trans 
fer switch 102 controls conduction between the photodiode 
101 and a gate electrode of the amplification MOSFET 104. 
0027. Each column of pixels is provided with a clamping 
capacitor 108, an operational amplifier 120, a feedback 
capacitor 121, a clamping switch 109, and a transfer gate 110. 
In the first embodiment, the clamping capacitor 108, the 
operational amplifier 120 and the clamping switch 109 con 
stitute a correction circuit. The clamping capacitor 108, the 
operational amplifier 120 and the feedback capacitor 121 
constitute an amplification circuit. Thus, the clamping 
capacitor 108 and the operational amplifier 120, which are 
parts of the correction circuit and the amplification circuit, are 
shared by these circuits. 
0028 Operation of the image capture device is described 
in detail below with reference to FIG. 2. FIG. 2 is a timing 
chart illustrating driving pulses for use in the image capture 
device according to the first embodiment. Prior to a readout 
operation, photoelectric charge is accumulated at the photo 
diode 101 for a predetermined exposure period. With respect 
to a row of pixels selected by a vertical scanning circuit 123, 
a pixel reset pulse PRES (PRES1 in FIGS. 1 and 2) applied to 
the reset circuit 103 first changes from a high-level state to a 
low-level state, so that a reset state of the gate electrode of the 
amplification MOSFET 104 is cancelled. In this instance, a 
Voltage corresponding to a dark condition (dark signal) is held 
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at a parasitic capacitance (hereinafter referred to as “CFD) of 
every pixel including the gate electrode of the amplification 
MOSFET 104. 
(0029 When a row selection pulse PSEL (PSEL1 in FIGS. 
1 and 2) applied to the row selection switch 105 changes from 
a low-level state to a high-level state, a dark signal is gener 
ated on the vertical output line 106. In this instance, the 
operational amplifier 120, which serves as an amplification 
device, is in a voltage-follower state, so that the output of the 
operational amplifier 120 is approximately equal to a refer 
ence voltage VREF. 
0030. After a predetermined period of time has elapsed, a 
clamping pulse PCOR applied to the clamping switch 109 
changes from a high-level state to a low-level state, so that the 
dark signal output on the vertical output line 106 is clamped 
as a reference. Subsequently, the pixel transfer switch 102 is 
kept at a high-level state for a predetermined period of time in 
response to a pulse PTX (PTX1 in FIGS. 1 and 2). Accord 
ingly, photoelectric charge accumulated in the photodiode 
101 is transferred to the gate electrode of the amplification 
MOSFET 104. 

0031. In this condition, the transferred charge is caused by 
electrons. Let Q be the absolute value of the amount of trans 
ferred charge. Then, the gate potential of the amplification 
MOSFET 104 decreases by “Q/CFD. Correspondingly with 
this change, a Voltage corresponding to an illuminated con 
dition (illuminated-condition signal) is generated on the Ver 
tical output line 106. Let Gsfbe the source-follower gain of 
the amplification MOSFET 104. Then, the amount of change 
AV v1 of the potential VV1 of the vertical output line 106 from 
the dark signal is expressed by the following equation (1): 

0032. This potential change is amplified by an inverting 
amplifier circuit that is composed of the operational amplifier 
120, the clamping capacitor 108 and the feedback capacitor 
121. The output Vct of the inverting amplifier circuit is 
expressed by the following equation (2) in combination with 
the equation (1): 

O CO (2) 
Vct = VREF + . . GSf. CFD Cf 

where C0 represents the capacitance of the clamping capaci 
tor 108, and Cf represents the capacitance of the feedback 
capacitor 121. 
0033. In the equation (2), the second term represents a 
photoelectric signal component. The clamping operation of 
the clamping capacitor 108 prevents pixel-to-pixel dark sig 
nal errors from affecting the output Vct. In the case of a 
conventional image capture device disclosed in Japanese 
Laid-Open Patent Application No. 2-296470, the rate of 
removal of noise resulting from dark signal errors is limited 
by the relative precision of two storage capacitors. On the 
other hand, in the image capture device according to the first 
embodiment of the invention, a very high rate of removal can 
be attained by the above-described clamping operation. 
0034. The voltage expressed by the equation (2) is stored 
in a storage capacitor 112, which is provided for each column 
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of pixels. After that, horizontal transfer switches 114 are 
sequentially selected in response to scanning pulses H1, H2. 
... that are generated by a horizontal shift register 119. Accord 
ingly, signals stored in the storage capacitors 112 are sequen 
tially read out to a horizontal output line 116 and are then 
supplied to an output amplifier 118. The output amplifier 118 
amplifies and outputs these signals. While, in the first 
embodiment, the output amplifier 118 acts as a voltage fol 
lower, its Voltage amplification factor may be set to an appro 
priate value to adjust the amplitude of output signals. 
0035 FIG.3 is a diagram showing an equivalent circuit of 
the operational amplifier 120. The operational amplifier 120 
has a single-stage differential amplification circuit structure 
and includes a noninverting input terminal in-, an inverting 
input terminal in-, an output terminal OUT, a constant current 
bias terminal VB tail, and a terminal PSAVE for an on/off 
changeover Switch. The on/off changeover Switch is used to 
set the operational amplifier 120 to an active state or a non 
active state. One advantage of the operational amplifier 120 
configured as described above is that, since the storage 
capacitor 112 directly severs as a capacitance for determining 
a frequency band of the operational amplifier 120, it is unnec 
essary to additionally provide a phase compensation capaci 
tor. This point is discussed in detail below. 
0036. The amplification MOSFET 104, which serves as a 
pixel driver, is provided inside a pixel and is, therefore, usu 
ally relatively Small in size. Accordingly, the amplification 
MOSFET 104 allows only a current of several LA (microam 
pere) to several dozen LA to flow. In addition, the vertical 
output line 106 has a capacitance of approximately several pF 
(picofarad). Accordingly, a pixel output signal read out onto 
the vertical output line 106 usually converges in a period of 
the order of us (microsecond). Therefore, the required gain 
bandwidth product of the operational amplifier 120 is only 
several MHZ at most (for example, 10 MHz or less). 
0037. If the gain-bandwidth product of the operational 
amplifier 120 is large and the frequency bandwidth thereof is 
wide at the time of operation, a bandwidth corresponding to 
noise generated by the operational amplifier 120 also 
becomes wide, thereby lowering the S/N ratio of the image 
capture device. 
0038. In addition, if a phase margin obtained when the 
closed-loop gain of the operational amplifier 120 becomes 
“1” is less than 45 degrees, there is a high possibility of 
oscillation occurring. Therefore, a phase compensation 
capacitor is usually added to the circuit configuration so as to 
lower the frequency of a main pole and stabilize operation. 
For the above-described reason, in order to implement an 
image capture device having a high S/N ratio and operational 
stability, it is very important to additionally provide a phase 
compensation capacitor So as to appropriately limit a fre 
quency band of the operational amplifier 120. 
0039. The main pole of the operational amplifier 120 of 
the first embodiment, which is composed of a single-stage 
differential amplifier, is defined by a reciprocal of the product 
of a load capacitance and output resistance of the output 
terminal. The output resistance is a value of resistance 
obtained by parallel-connected output resistances of a 
pMOSFET and an nMOSFET which are connected to the 
output terminal. With regard to the load capacitance, since a 
pulse signal PTS is in a high-level state for a period from the 
beginning of clamping of a dark signal to the end of storing of 
a signal into the storage capacitor 112, as shown in the timing 
chart of FIG. 2, the storage capacitor 112 is connected to the 
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output of the operational amplifier 120 for that period, 
thereby acting as a phase compensation capacitor. It is espe 
cially significant that the storage capacitor 112 is connected 
to the output of the operational amplifier 120 at the moment of 
the beginning of clamping of a dark signal and at the moment 
of the end of storing of a signal. The reason for this is that the 
amount of noise to be finally applied to the storage capacitor 
112 is determined by frequency bands obtained at those 
momentS. 

0040. In addition, with regard to the size of the storage 
capacitor 112, it is desirable that, as described above, the 
frequency band of the operational amplifier 120 is limited up 
to several MHz. Therefore, the storage capacitor 112 should 
have a capacitance value of the order of 0.1 to 10 pF, which 
can vary depending on output resistance characteristics of an 
MOS device in the employed manufacturing process. 
0041. In cases where the operational amplifier 120 has a 
single-stage configuration as in the present embodiment, the 
storage capacitor 112 itself can function as a phase compen 
sation capacitor. On the other hand, in a typical operational 
amplifier having a two-stage configuration Such as that shown 
in FIG. 9, it is necessary to additionally provide a phase 
compensation capacitor Ce separately from a storage capaci 
tor. This results in an increase in chip area, which is disad 
Vantageous in terms of cost. 
0042. Furthermore, in the operational amplifier 120 of the 

first embodiment, a consumption current is constant regard 
less of operating points, and the rate of removal of a power 
source Voltage is high owing to the feedback action of the 
operational amplifier 120. Accordingly, a problem with the 
conventional image capture device with respect to signal 
crosstalk occurring on a horizontal signal output line can be 
solved. 
0043 Moreover, driving the terminal PSAVE with timing 
shown in FIG. 2 allows the operational amplifier 120 to be 
turned on only for a necessary horizontal blanking period. 
This allows for not only decrease of power consumption but 
also reduction of heat generation caused by the action of the 
operational amplifier 120, hot carrier generation, and light 
emission caused by recombination thereof. Accordingly, it is 
possible to prevent noise from increasing due to the above 
causes, particularly, in the case of a shooting operation having 
along integration period, so that image quality can be remark 
ably improved. 
0044) More specifically, in the first embodiment, the 
operational amplifier 120 is provided in a stage before the 
horizontal output line 116 and is, therefore, near the pixel as 
compared with a case where an operational amplifier is pro 
vided in a stage after the horizontal output line 116. Accord 
ingly, the influence of noise may occur. However, since the 
operational amplifier 120 is turned on only for a necessary 
horizontal blanking period, the influence of noise can be 
reduced. 
0045 FIG. 8 is a diagram showing an equivalent circuit of 
a bias generating circuit that Supplies a bias Voltage to the 
operational amplifier 120. The bias generating circuit itself 
can also be the cause of the above-mentioned heat generation, 
hot carrier generation and light emission caused by recombi 
nation thereof. Therefore, turning on and off the bias gener 
ating circuit in accordance with control signals PSAVE as 
shown in FIG. 8 is more effective in reducing the influence of 
noise. In this case, if it is necessary to keep the stability of 
bias, a control signal different from the control signals 
PSAVE may be used. 
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0046. A conventional photoelectric converter (shown in 
FIG. 7) disclosed in Japanese Laid-Open Patent Application 
No. 2-296470, in which an amplification stage is provided 
between pixels and storage capacitors, has low-noise charac 
teristics but has the following problems in addition to the 
above-described problem with processing speed. 
0047. The first problem is that the performance for 
removal of noise caused by dark signal errorin pixels is not so 
high. Signals stored in the storage capacitors CT1 and CT2 
are read out to the output lines S1 and S2 at capacitance split 
ratios CT1/(CT1+CH1) and CT2/(CT2+CH2), respectively, 
where CH1 is the parasitic capacitance of the output line S1 
and CH2 is the parasitic capacitance of the output line S2. It 
is difficult to make the capacitances CT1 and CT2 or the 
capacitances CH1 and CH2 absolutely equal to each other, 
because of manufacture variations and layout limitations. 
Accordingly, errors may occur in the capacitance split ratio, 
thereby limiting noise removal performance. 
0048. The second problem is that, since a consumption 
current in an amplifier composed of the MOS transistors M1 
and M2 varies depending on operating points, Voltage drop 
occurring on wiring lines for power Supply Voltages Vcc and 
VVS varies depending on operating points. Accordingly, the 
power Supply Voltages Vcc and VVS that are Supplied to the 
amplifier for each column are affected by the level of a pho 
toelectric signal that is generated in another column. In addi 
tion, in the case of this circuit configuration, the performance 
for removal of a power Supply Voltage is poor. Accordingly, 
signal crosstalk is apt to occur on a horizontal signal output 
line. 

0049. The image capture device according to the first 
embodiment allows for an improved rate of removal of noise 
resulting from dark signal errors, thereby preventing occur 
rence of signal crosstalk. Since the number of elements is 
larger than that in the conventional image capture device, a 
chip area has a tendency to qualitatively increase. However, 
considering that the clamping capacitor 108 also serves as a 
capacitor for defining gain and that the storage capacitor 112 
also serves as a phase compensation capacitor, the efficiency 
of utilization of a chip area is high. Accordingly, a low-cost, 
high-performance image capture device can be implemented. 

Second Embodiment 

0050 FIG. 4 is a diagram showing an equivalent circuit of 
an image capture device according to a second embodiment 
of the invention. In particular, FIG. 4 illustrates a portion of 
the image capture device associated with 2x2 pixels (image 
capture elements) among a plurality of two-dimensionally 
arranged pixels. The pixel portion is the same as in the image 
capture device of the first embodiment. The image capture 
device according to the second embodiment is capable of 
Switching sensitivity according to brightness of an object, 
thereby achieving a wide dynamic range. More specifically, 
different amplification factors can be set by changing a feed 
back capacitance value of an amplification stage provided for 
each column via sensitivity changeover Switches 122a and 
122b. 

0051. In the image capture device according to the second 
embodiment, capacitance values Cfa, Cfb and Cfc of feed 
back capacitors 121a, 121b and 121c, respectively, are set as 
follows: 
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The sensitivity changeover switches 122a and 122b are con 
trolled according to sensitivity control pulses PGC1 and 
PGC2, respectively. With this configuration, one of voltage 
amplification factors of 1, 2 and 4 can be accurately selected 
and set. As the Voltage amplification factor increases, the 
influence of noise generated at a wide-band output amplifier 
118, which is provided in a rear stage, can be relatively 
alleviated. Accordingly, an S/N ratio can be prevented from 
deteriorating when an object is dark. 
0.052 On the other hand, as the voltage amplification fac 
tor increases, a high open-loop gain is required for the opera 
tional amplifier 120. Therefore, the operational amplifier 120 
of the second embodiment is configured as a high-gain ampli 
fier circuit of the cascode type such as that shown in FIG. 5. 
The operational amplifier 120 shown in FIG. 5 includes a 
noninverting input terminal in-, an inverting input terminal 
in-, an output terminal OUT, a constant current bias terminal 
VB tail, a terminal PSAVE for an on/off changeover switch, 
a terminal VB H for a bias voltage to be applied to a 
grounded-gate pMOSFET, and a terminal VB L for a bias 
voltage to be applied to a grounded-gate nMOSFET. While, in 
the second embodiment, the operational amplifier 120 is a 
telescopic cascode operational amplifier, it may be a folded 
cascode operational amplifier in cases where a power Supply 
voltage is low. In the second embodiment, two nMOSFETs 
and two pMOSFETs are additionally included in the opera 
tional amplifier 120 as compared with the first embodiment. 
However, with regard to a capacitor element occupying a 
large area, the storage capacitor 112 also serves as a phase 
compensation capacitor as in the first embodiment. Accord 
ingly, the efficiency of utilization of chip area is high. 
0053. The image capture device according to the second 
embodiment can be applied to an image capture section of a 
digital camera. In this case, the sensitivity control pulses 
PGC1 and PGC2 are supplied in association with setting of 
ISO sensitivity of the digital camera, thereby serving assen 
sitivity adjustment means. In that event, if gain setting steps 
are configured to include at least powers of 2, which are 
commonly used in film cameras, operationality as in film 
cameras can be obtained. While, in the second embodiment, 
feedback capacitance values are Switched, clamping capaci 
tance values or both feedback capacitance values and clamp 
ing capacitance values may be switched. 

Third Embodiment 

0054 FIG. 6 is a block diagram showing an image capture 
system according to a third embodiment of the invention, in 
which the image capture device according to the first or 
second embodiment is employed. The image capture system 
includes a barrier 1, a lens 2, a diaphragm 3, a solid-state 
image sensor 4, an image signal processing circuit 5, an A/D 
converter 6, a signal processing portion 7 and a timing gen 
erating portion 8. 
0055. The barrier 1 is used both as a protector for the lens 
2 and a main Switch. The lens 2 forms an optical image of an 
object on the Solid-state image sensor 4. The diaphragm 3 
varies the amount of light having passed through the lens 2. 
The Solid-state image sensor 4, which corresponds to the 
image capture device described in the first or second embodi 
ment, converts an object image formed by the lens 2 into an 
image signal. The image signal processing circuit 5 applies 
Various processing. Such as image correction, clamping, etc., 
to the image signal output from the solid-state image sensor 4. 
The A/D converter 6 performs analog-to-digital conversion to 
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convert the image signal output from the image signal pro 
cessing circuit 5 into digital image data. The signal process 
ing portion 7 performs various correction processing and data 
compression on the digital image data output from the A/D 
converter 6. The timing generating portion 8 Supplies various 
timing signals to the Solid-state image sensor 4, the image 
signal processing circuit 5, the A/D converter 6 and the signal 
processing portion 7. It should be noted that the circuit ele 
ments 5 to 8 can be integrated into one chip with the solid 
state image sensor 4. 
0056. The image capture system further includes an over 

all control and computing portion 9, a memory portion 10, a 
recording-medium control I/F (interface) portion 11, a 
detachable recording medium 12 and an external I/F portion 
13. The overall control and computing portion 9 performs 
various computing operations and controls the whole of the 
image capture system. The memory portion 10 temporarily 
stores image data. The recording-medium control I/F portion 
11 controls recording on and reading from the recording 
medium 12. The recording medium 12 is, for example, a 
semiconductor memory to be used for recording and reading 
of image data. The external I/F portion 13 is configured to 
communicate with an external computer, etc. 
0057 Operation of the image capture system shown in 
FIG. 6 is described below. When the barrier 1 is opened, the 
main power Supply is turned on. Then, a power Supply for 
control-related circuits is tuned on and a power Supply for 
image-capture-related circuits, such as the A/D converter 6, is 
turned on. In order to control the amount of exposure, the 
overall control and computing portion 9 sets the diaphragm3 
fully open. A signal output from the Solid-state image sensor 
4 is supplied to the A/D converter 6 without being processed 
by the image signal processing circuit 5. The A/D converter 6 
digitizes the signal and Supplies the digitized signal to the 
signal processing portion 7. The overall control and comput 
ing portion 9 performs a computing operation on exposure 
based on data Supplied from the signal processing portion 7. 
0058. The overall control and computing portion 9 deter 
mines brightness of an object based on a result of the above 
described light metering, and controls the diaphragm 3 in 
accordance with the object brightness. Then, the overall con 
trol and computing portion.9 performs a computing operation 
on the distance to the object by using a high-frequency com 
ponent extracted from the signal output from the Solid-state 
image sensor 4. After that, the overall control and computing 
portion 9 drives the lens 2 to determine if the lens 2 is in focus. 
If it is determined that the lens 2 is not in focus, the overall 
control and computing portion 9 drives the lens 2 again to 
perform distance metering. 
0059. After it is determined that the lens 2 is in focus, the 
overall control and computing portion 9 causes the image 
capture system to start main exposure. When the main expo 
Sure is completed, an image signal output from the Solid-state 
image sensor 4 is subjected to correction processing, etc., at 
the image signal processing circuit 5. The image signal output 
from the image signal processing circuit 5 is converted into 
digital image data by the A/D converter 6. The digital image 
data is Supplied to the signal processing portion 7. The image 
data processed by the signal processing portion 7 is tempo 
rarily stored in the memory portion 10 under the control of the 
overall control and computing portion 9. After that, image 
data stored in the memory portion 10 is recorded on the 
detachable recording medium 12 via the recording-medium 
control I/F portion 11 under the control of the overall control 
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and computing portion 9. In addition, image data stored in the 
memory portion 10 can be transmitted to an external com 
puter or the like via the external I/F portion 13 for further 
image processing. 
0060. While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed embodiments. 
On the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of the 
following claims is to be accorded the broadest interpretation 
So as to encompass all Such modifications and equivalent 
structures and functions. 

What is claimed is: 
1. An image capture device comprising: 
a plurality of image capture elements for capturing an 

object image: 
a plurality of vertical output lines for reading signals out of 

the plurality of image capture elements; 
a plurality of processing circuits, each processing circuit 

including: 
a first capacitor element having a first electrode con 

nected to one of the plurality of vertical output lines: 
a differential amplifier having a first input terminal con 

nected to a second electrode of the first capacitor 
element; 

a second capacitor element connected between the first 
input terminal and an output terminal of the differen 
tial amplifier, and 

a first Switch configured to control conduction between 
the first input terminal and the output terminal of the 
differential amplifier; 

a plurality of third capacitor elements configured to hold 
signals from the differential amplifiers of the plurality of 
processing circuits and to limitan output frequency band 
of each differential amplifier; and 

a horizontal output line for sequentially outputting signals 
from the plurality of third capacitor elements. 

2. An image capture device according to claim 1, further 
comprising amplification factor changing means for chang 
ing an amplification factor of the differential amplifier. 

3. An image capture device according to claim 1, wherein 
again-bandwidth product of the differential amplifier is 10 
MHZ or less. 

4. An image capture device according to claim 1, wherein 
each of the plurality of third capacitor elements has a capaci 
tance value of 0.1 to 10 pF. 

5. An image capture device according to claim 1, wherein 
the differential amplifier is comprised of a single-stage dif 
ferential amplification circuit. 

6. An image capture device according to claim 1, wherein 
the first switch sets the differential amplifier to an active state 
or an inactive state according to a control signal. 

7. An image capture system comprising: 
a plurality of image capture elements for capturing an 

object image: 
a plurality of vertical output lines for reading signals out of 

the plurality of image capture elements; 
a plurality of processing circuits, each processing circuit 

including: 



US 2008/O 174672 A1 Jul. 24, 2008 
6 

a first capacitor element having a first electrode con- processing circuits and to limitan output frequency band 
nected to one of the plurality of vertical output lines: of each differential amplifier; and 

a differential amplifier having a first input terminal con- a horizontal output line for sequentially outputting signals 
nected to a second electrode of the first capacitor from the plurality of third capacitor elements; 
element; a lens configured to forman image on the plurality of image 

a second capacitor element connected between the first capture elements; 
input terminal and an output terminal of the differen- an A/D converter configured to digitize a signal read out of 
tial amplifier; and the plurality of image capture elements; and 

a first Switch configured to control conduction between a control portion configured to provide control to cause the 
the first input terminal and the output terminal of the signal digitized by the A/D converter to be stored in a 
differential amplifier; memory. 

a plurality of third capacitor elements configured to hold 
signals from the differential amplifiers of the plurality of ck 


