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(54) Solid-state imaging apparatus and sampling circuit

(57) A solid-state imaging apparatus which prevents
fixed pattern noise from occurring is provided, the fixed
pattern noise having a correlation in a column direction
(or a row direction) caused by non-uniformity of a sam-
pling circuit itself. The solid state imaging apparatus com-
prises a sampling circuit in which a signal from a photo-
diode PD is sampled. And, the sampling circuit includes:
a sampling capacitor CSH for holding the signal from the
photodiode PD; a sampling MOS switch M12 which (i)
transmits the signal from the photodiode PD to the sam-
pling capacitor CSH, or (ii) blocks the transmission; and
a damping capacitor CDS connected to (i) one of a source
electrode and a drain electrode of the sampling MOS
switch M12 which is located closer to the sampling ca-
pacitor CSH and (ii) a gate electrode of the sampling MOS
switch M12.
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Description

BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0001] The present invention relates to a solid-state imaging apparatus which is suitable for an image input apparatus
such as a video camera and a digital still camera, in particular, to a sampling circuit which reads out a signal from a
Metal Oxide Semiconductor (MOS) imaging apparatus or Complementary Metal Oxide Semiconductor (CMOS) imaging
apparatus.

(2) Description of the Related Art

[0002] Due to the widespread use of image input devices such as video cameras and digital still cameras, various
types of solid-state imaging apparatuses have been suggested (for example, refer to Japanese Laid-Open Patent ap-
plication No. H-10-173997).
[0003] FIG. 1 is a circuit diagram of a conventional solid-state imaging apparatus. A unit pixel (photodiode) includes:
a photodiode PD; a read-out MOS transistor M1; a floating diffusion FD; a reset MOS switch M2; an amplified MOS
switch M3; and a row-selecting MOS switch M4. And, a vertical shift register 90 controls the operation in the pixel per
row. A Correlated Double Sampling circuit (hereinafter referred to as CDS circuit) which includes a sampling MOS switch
M12, a clamp capacitor capacity CCL, a sampling capacitor capacity CSH and a clamp MOS switch M16 is connected
to each of column signal lines VSIGn and VSIGn+1. A signal whose fixed pattern noise of the pixel has been suppressed
in the CDS circuit is outputted to a horizontal signal line HSIG, via a column-selecting MOS switch M14 controlled by a
horizontal shift register 91, so as to be outputted as an image signal, via an amplifier AMP92 and a CDS93. Here, a
VHB application circuit for applying a bias voltage VHB synchronized with a horizontal signal line reset pulse φ HR to
the horizontal signal line HSIG is connected to the horizontal signal line HSIG, the circuit including a horizontal signal
line reset MOS switch M15 and a constant voltage source VHB.
[0004] FIG. 2 is a timing chart showing operations of the conventional solid-state imaging apparatus as shown in FIG.
1. The concrete operation of the unit pixel is as follows. As shown in FIG. 2, during certain horizontal blanking period
HBLK, in the pixel row of the corresponding horizontal scanning line (for example, mth row), first, the floating diffusion
FD is reset to a supply voltage VDD, using a row-resetting pulse φ VRSTm outputted from the vertical shift register 90.
Immediately, a row-selecting pulse φ VSLm is raised so that the reset level of the pixel is outputted to the column signal
line VSIGn, floating diffusion FD of the pixel being in the reset state.
[0005] Using the above mentioned reset level of the pixel, the CDS circuit connected to the column signal line VSIGn
executes the first sampling operation (hereinafter referred to as clamp). In the clamp, while (i) via the sampling MOS
switch M12, the reset level of the pixel (the first pixel signal) is provided to the first electrode of the clamp capacitor CCL
(the electrode connected to the sampling MOS switch M12), and (ii) via the clamp MOS switch M16, a clamp voltage
VCL is applied to the second electrode of the clamp capacitor CCL (the electrode connected to the clamp MOS switch
M16), a clamp pulse φ CL applied to a control electrode (hereinafter referred to as a gate electrode) of the clamp MOS
switch M16 is reduced, so as to hold the clamp voltage VCL at the node between the clamp capacitor CCL and the
sampling capacitor CSH (from t=t1 to t=t2).
[0006] Then, a row read-out pulse φ VRDm is raised in the middle of the same horizontal blanking period HBLK, and
a signal charge is transferred from the photodiode PD to the floating diffusion FD. Since the change associated with the
signal charge appears as a signal level (the second pixel signal) in the column signal line VSIGn, the CDS circuit executes
the second sampling operation (hereinafter referred to as sampling), using the above mentioned signal level. In the
sampling, (i) a sample pulse φ SH is changed to low level, and (ii) the voltage change (difference between the signal
level and the reset level) in the column signal line VSIGn is held at the node between the clamp capacitor CCL and the
sampling capacitor CSH (from t=t3 to t=t4). Here, the voltage held at the node has the value which has changed, from
the clamp voltage VCL, by the dividing ratio of the capacity of the clamp capacitor CCL to the sampling capacitor CSH
that is the difference between the signal level and the reset level. Thus, unevenness of the threshold voltages of the
amplified MOS switch M3 in the unit pixel is deducted, and the fixed pattern noise of the pixel is suppressed.
[0007] The held voltage as described above sequentially appears per column in the horizontal signal line HSIG, via
the column-selecting MOS switch M14 controlled by the horizontal shift register 91 (from t=t5 to t=t6). Here, due to the
capacity division between the sampling capacitor CSH and the capacity CH of the horizontal signal line HISG, the voltage
of the horizontal signal line HSIG changes, and the changed voltage is outputted as a pixel signal.
[0008] However, according to the conventional sampling circuit as described above, there is a problem that fixed
pattern noise is generated, due to unevenness of the threshold voltages (unevenness among each column signal) of
the MOS switch included in the CDS circuit connected to each column signal line.
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[0009] The predominant mechanism in which unevenness occurs in respective sampling voltage in each of a plurality
of sampling circuits, is as follows.
[0010] As shown in FIG. 3A, the sampling circuit basically includes a MOS switch and a capacitor CSH, and operates
by changing a gate voltage φ SH so that the MOS switch becomes OFF state from ON state. Such equivalent circuit
becomes (i) a circuit as shown in FIG. 3B when the MOS switch has ON state, and (ii) a circuit as shown in FIG. 3C
when the MOS switch has OFF state. As shown in the equivalent circuit in FIG. 3B, in the ON state, an input signal VIN
and the sampling capacitor capacity CSH are in conduction state in which a sampling pulse φ SH is capacitively coupled
with a gate capacitor CG of the MOS switch. Here, the gate capacitor CG has a total sum of (i) a gate-source capacity
CGS, (ii) a gate-drain capacity CGD and (iii) a gate oxide film capacity CGO (between channels) when the MOS switch is
in the operation point of the linear area. On the other hand, as shown in the equivalent circuit of FIG. 3C, as the capacitor
model changes in the OFF state, (i) the input signal VIN is capacitively coupled to the sampling pulse φ SH via the
gate-drain capacity CGD, (ii) the sampling capacitor capacity CSH is capacitively connected to the sampling pulse φSH
via the gate-source capacity CGS, and (iii) the input signal VIN and the sampling capacitor capacity CSH are in non-con-
duction state.
[0011] Using the capacitor model of the MOS switch as described above, as shown in FIG. 4A, in the case where two
same sampling circuits are structured by a MOS switch which has different threshold voltages Vth1 and Vth2, due to the
difference (unevenness) Q Vth of the threshold voltages as shown in FIG. 4B, the difference (unevenness) Q SH of the
sampled voltages occurs, as shown in the following equations. 

[0012] According to the above mentioned mechanism, in the conventional solid-state imaging apparatus as shown in
FIG. 1, unevenness occurs in the following operation phase.

(Clamp phase; from t=t1 to t=t2 in FIG. 2)

[0013] FIG. 5A is a circuit diagram showing only the part related to the clamp phase in the conventional circuit, in
relation to the above mentioned phase, that is, the operation in which the first pixel signal is sampled. Here, the threshold
value unevenness of the clamp MOS switch M16 in which a clamp pulse φ CL is applied is ∆ Vth-clamp. The gate-source
capacity of the clamp MOS switch M16 is CGS.
The sampling capacitor capacity is CSH, and the clamp capacitor capacity CCL. The unevenness of the electric charge
∆ QCSH-clamp (conversion of the threshold unevenness into electric charge) accumulated into the sampling capacitor can
be shown in the following equation. 

(Sample phase; from t=t3 to t=t4 in FIG. 2)

[0014] FIG. 5B is a circuit diagram showing only the part related to the sample phase in the conventional circuit, in
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relation to the above mentioned phase, that is, the operation in which the second pixel signal is sampled. Here, the
threshold unevenness of the sampling MOS switch M12 in which the sample pulse φ SH is applied is ∆ Vth-sample. The
gate-source capacity of the MOS switch is CGS. The sampling capacitor capacity is CSH, and the clamp capacitor capacity
is CCL. The unevenness of the electric charge ∆ QCSH-sample accumulated into the sampling capacitor capacity can be
shown in the following equation.

 

(Horizontal output phase; from t=t5 to t=t6 in FIG. 2)

[0015] FIG. 5C is a circuit diagram showing only the part related to the horizontal output phase in the conventional
circuit, in relation to the above mentioned phase, that is, the operation in which the signal voltage stored in the sampling
capacitor is outputted to the horizontal signal line. Here, the threshold value unevenness of the column-selecting MOS
switch M14 in which the column-selecting pulse φ Hn is applied is ∆Vth-HSW. The gate-source capacity of the MOS switch
is CGS. The gate-drain capacity is CGD. And, the total sum of the CGS, CGD and the capacity of the gate oxide film is CG.
The unevenness of the electric charge quantity ∆ QCSHCH-Hout which appears in the horizontal signal line that has the
sampling capacitor and the horizontal signal line capacity CH can be shown in the following equation. 

[0016] In the above mentioned three phases, due to the threshold value unevenness of the individually independent
MOS switch, the electric charge unevenness occurs. Thus, the unevenness occurring in all of the phases is added, and
becomes a longitudinal fixed pattern noise. If such longitudinal fixed pattern noise is converted into unevenness of signal
voltages appearing in the horizontal signal line, the value can be shown in the following equation. 

[0017] In other words, due to the unevenness of the threshold voltages (non-uniformity among each CDS circuit)
among (i) the clamp MOS switch M16 structuring the CDS circuit connected to each column signal, (ii) the sampling
MOS switch M12 and (iii) the column-selecting MOS switch M14, even with the same input signal, a different voltage is
generated for each column. As a result, according to the conventional circuit structure, unless the threshold value
unevenness of the MOS switch is removed, the longitudinal fixed pattern noise cannot be controlled.
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SUMMARY OF THE INVENTION

[0018] An object of the present invention, in view of the above mentioned problems, is to provide a solid-state imaging
apparatus and the like which prevent fixed pattern noise that has a column-direction (or a row-direction) correlation
caused by non-uniformity of a sampling circuit itself.
[0019] In order to achieve the above mentioned object, the solid-state imaging apparatus according to the present
invention comprises a sampling circuit in which a signal from a photodiode is sampled, wherein said sampling circuit
includes: a sampling capacitor for holding the signal; a sampling Metal Oxide Semiconductor (MOS) switch which (i)
transmits the signal to said sampling capacitor, or (ii) blocks the transmission; and a first damping capacitor connected
to (i) one of a source electrode and a drain electrode of said sampling MOS switch which is located closer to said sampling
capacitor and (ii) a gate electrode of said sampling MOS switch. Here, a capacity of said first damping capacitor is
expressed by (i) a capacity between the source electrode of said sampling MOS switch and a reference potential, (ii) a
capacity between the drain electrode and the reference potential, and (iii) said sampling MOS switch specific capacity.
[0020] Thus, in a plurality of sampling circuits, even if there is unevenness among the threshold voltages which are
applied to the sampling MOS switches, the electric charge flowing into the sampling capacitors are not affected by the
unevenness. Thereby, the signal unevenness is prevented in the sampling phase. And, the fixed pattern noise that has
a column-direction (or a row-direction) correlation caused by non-uniformity of the sampling circuit itself can be prevented.
[0021] Said sampling circuit may further include: a column-selecting MOS switch which is a MOS switch that turns on
or off a connection between said sampling capacitor and an output line; and a second damping capacitor which is a
capacitor connected to (i) an electrode that is located closer to said sampling capacitor between a source electrode and
a drain electrode of said column-selecting MOS switch, and (ii) a gate electrode of said column-selecting MOS switch.
Here, a capacity of said second damping capacitor is expressed by (i) a capacity between the source electrode of said
column-selecting MOS switch and a reference potential, (ii) a capacity between the drain electrode and the reference
potential, (iii) said column-selecting MOS switch specific capacity, and (iv) said sampling MOS switch specific capacity.
[0022] Thus, even if there is unevenness among the threshold voltages applied to the column-selecting MOS switches
in the plurality of sampling circuits, the signals outputted from the sampling capacitors to the output line are not affected
by the unevenness. Thereby, the signal unevenness in the horizontal output phase is prevented. And, the fixed pattern
noise that has a column-direction (or a row-direction) correlation caused by non-uniformity of the sampling circuit itself
can be prevented. Here, the output line is, for example, a horizontal signal line which sequentially outputs pixel signals
of one row according to the column-selecting signals from the horizontal shift register.
[0023] Said sampling circuit may further include a bias voltage application circuit in which a bias voltage is applied to
the output line, and in said bias voltage application circuit, the bias voltage to be applied to the output line may be
changed in synchronization with a control signal that turns off said column-selecting MOS switch.
[0024] Thus, (a) in the case where said sampling circuit further includes: a clamp capacitor which is a capacitor
connected between (i) a column signal line that transmits the signal from the photodiode and (ii) said sampling MOS
switch; and a clamp voltage application circuit in which a clamp voltage is applied to said clamp capacitor, and the signal
transmitted from the photodiode is correlated double sampled, and (b) in the case where said sampling circuit further
includes: a clamp capacitor which is a capacitor connected between said sampling MOS switch and said sampling
capacitor; and a clamp voltage application circuit in which a clamp voltage is applied to said clamp capacitor, and the
signal transmitted from said photodiode is correlated double sampled, the bias voltage applied to the output line is
changed in synchronization with the clamp pulse. Thereby, the signal unevenness in the clamp phase is prevented. And,
the fixed pattern noise that has a column-direction (or a row-direction) correlation caused by non-uniformity of the
sampling circuit itself can be prevented.
[0025] The solid-state imaging apparatus may comprise two of said sampling circuits per the one column of photodi-
odes, and the two sampling circuits may be connected to each other in parallel so that one column signal line can be
used for a common input, said column signal line transmitting a signal from the one column of photodiodes. Thereby,
in the method in which two sampling circuits are used for one column signal line (or row signal line), that is, in the
sampling method that differs from the correlated double sampling, the fixed pattern noise that has a column-direction
(or a row-direction) correlation caused by non-uniformity of the sampling circuit itself can be prevented.
[0026] Said sampling circuit may further include a column-selecting MOS switch which is a MOS switch that turns on
or off the connection between said sampling capacitor and the output line, and when the signal held in said sampling
capacitor is outputted to the output line, said column-selecting MOS switch may be brought into a conduction state from
a non-conduction state, then brought into the non-conduction state again. Thereby, the fixed pattern noise occurring
from the column-selecting MOS switch can be removed.
[0027] Said first or second damping capacitor may be made up of (i) an electrode that is located closer to said sampling
capacitor between a source electrode and a drain electrode of said sampling MOS switch, (ii) a gate electrode of said
sampling MOS switch, and (iii) a gate oxide film of the sampling MOS switch sandwiched between said two electrodes.
In other words, the first and second damping capacitors may be integrated with the MOS switch. Thus, the circuit size
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can be reduced.
[0028] The present invention can not only be realized as the above mentioned solid-state imaging apparatus, but also
as a sampling circuit unit which the solid-state imaging apparatus comprises. As long as the sampling circuit uses the
MOS switch and sampling capacitor, the sampling circuit may be used not only for the solid-state imaging apparatus,
but also applied as the sampling circuit for other apparatuses.
[0029] According to the present invention, in the MOS or CMOS imaging device including a column sampling circuit,
the longitudinal fixed pattern noise which collaterally occurs from the column sampling circuit (or row sampling circuit)
connected to each column signal line (or each horizontal signal line) can be effectively removed.
[0030] Furthermore, in the solid-state imaging apparatus which uses a column CDS circuit according to the conventional
method, the longitudinal fixed pattern noise cannot be reduced unless the sampling capacitor or clamp capacitor is
enlarged so as not to be affected by the capacity of each unit held by the MOS switch. However, in the solid-state imaging
apparatus which uses a column CDS circuit according to the present invention, the minimum capacity for the sampling
capacitor or the clamp capacitor can be used. As a result, the solid-state imaging apparatus can be miniaturized.

FURTHER INFORMATION ABOUT TECHNICAL BACKGROUND TO THIS APPLICATION

[0031] The disclosure of Japanese Patent Application No. 2004-212182 filed on July 20, 2004 including specification,
drawings and claims is incorporated herein by reference in its entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and other objects, advantages and features of the invention will become apparent from the following
description thereof taken in conjunction with the accompanying drawings that illustrate a specific embodiment of the
invention. In the Drawings:

FIG. 1 is a circuit diagram of a conventional solid-state imaging apparatus;
FIG. 2 is a timing chart showing operations of a conventional solid-state imaging apparatus;
FIG. 3A, FIG. 3B and FIG. 3C are diagrams respectively showing conventional sampling circuits;
FIG. 4A and FIG. 4B are diagrams showing the mechanism in which unevenness occurs in the sampling voltage in
a plurality of conventional sampling circuits;
FIG. 5A, FIG. 5B and FIG. 5C are diagrams showing each operational phase in a conventional sampling circuit;
FIG. 6 is a circuit diagram of the solid-state imaging apparatus according to the first embodiment of the present
invention;
FIG. 7 is a timing chart showing operations of the solid-state imaging apparatus according to the first embodiment
of the present invention;
FIG. 8A, FIG. 8B, FIG. 8C and FIG. 8D are diagrams respectively showing sampling circuits of the solid-state imaging
apparatus according to the first embodiment of the present invention;
FIG. 9A and FIG. 9B are diagrams showing the operation in the clamp phase in the sampling circuit of the solid-state
imaging apparatus according to the first embodiment of the present invention;
FIG. 10A and FIG. 10B are diagrams showing the operation in the horizontal output phase in the sampling circuit
of the solid-state imaging apparatus according to the first embodiment of the present invention;
FIG. 11 is a circuit diagram of the solid-state imaging apparatus according to the second embodiment of the present
invention;
FIG. 12 is a timing chart showing operations of the solid-state imaging apparatus according to the second embodiment
of the present invention;
FIG. 13 is a circuit diagram of the solid-state imaging apparatus according to the third embodiment of the present
invention;
FIG. 14 is a timing chart showing operations of the solid-state imaging apparatus according to the third embodiment
of the present invention;
FIG. 15A is a diagram showing the structure of the MOS transistor (switch) according to the fourth embodiment of
the present invention; and
FIG. 15B is a diagram showing the structure of a regular MOS transistor.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

(First Embodiment)

[0033] FIG. 6 is a circuit diagram of the solid-state imaging apparatus according to the first embodiment of the present
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invention. Compared to the conventional circuit as shown in FIG. 1, the characteristic features which have been changed
are: a CDS circuit (column CDS circuit) connected to each of column signal lines VSIGn and VSIGn+1; and the element
structure of the column CDS circuit. The above mentioned column CDS circuit includes: a clamp capacitor CCL; a
sampling MOS switch M12; a sampling capacitor CSH; a column-selecting MOS switch M14; an additional capacitor for
increasing the gate-source capacity of the sampling MOS switch M12 (hereinafter referred to as a damping capacitor)
CDS; a damping capacitor CDC of the column-selecting MOS switch M14; a VHB modulation circuit (including: a horizontal
signal line reset MOS switch M15; a constant voltage source V0; resistors R1 and R2) which applies, to a horizontal
signal line HSIG, a bias voltage VHB synchronized to a clamp pulse φ CL; and a control specific gate circuit (including
MOS switches G1 and G2 attached to the gate) for the column selecting MOS switch M14.
[0034] FIG. 7 is a timing chart showing operations of the solid-state imaging apparatus as shown in FIG. 1. The
operation in the pixel of the mth row is as follows. First, at the beginning of the horizontal blanking period HBLK, a row
reset pulse φ VRSTm is generated from a vertical shift register 90. Then, in the pixel of the mth row, a floating diffusion
FD which converts, into a signal voltage, a signal charge that has been photoelectrically converted in a photodiode PD
is reset to a source voltage VDD.
[0035] Next, in the clamp phase (t� t1), a row-selecting pulse φ VSLm, a sample pulse φ SH, a clamp pulse φ CL, a
clamp and horizontal signal line reset pulse φ CL-HR are raised. Here, to each column signal line
(VSIG1,...,VSIGn,...VSIGN), from the pixel of the mth row, the first pixel signal which has reset the floating diffusion FD
is outputted. And, under the state where the voltage of the column signal line VSIGn is the first pixel signal, a bias voltage
VHB is applied to the electrode on the side of the sampling MOS switch M12 of the sampling capacitor CSH. Here, the
value of the bias voltage VHB is the total sum of (i) the voltage of the clamp pulse φ CL in High state, divided by the
resistors R1 and R2, and (ii) a constant voltage V0.
[0036] After that, the clamp pulse φ CL is changed to low level. The clamp pulse φ CL turns the column-selecting MOS
switch M14 into OFF state, via the MOS switch G1 having a gate. Thus, the sampling capacitor CSH is clamped to the
bias voltage VHB (from t=t1 to t=t2). Here, the bias voltage VHB, in synchronization with the trailing of the clamp pulse
φ CL, decreases by a constant voltage (voltage expressed by the voltage of the clamp pulse φ CL and the resistors R1
and R2). If it is not necessary to apply the bias voltage VHB to the sampling capacitor CSH, the clamp and horizontal
signal line reset pulse φ CL-HR is lauched, and the clamp phase is completed.
[0037] Next, before the sample phase, in order to transfer, to the floating diffusion FD, the signal charge which has
been photoelectrically converted in the photodiode PD, a column read-out pulse φ VRDm is generated from the vertical
shift register 90. Then, the electric potential of the floating diffusion FD changes according to the amount of the signal
charge that have been photoelectrically converted in the photodiode PD, and the second pixel signal is outputted from
the pixel of the mth row.
[0038] After that, in the sample phase, since the second pixel signal is already outputted into the column signal line
VSIGn, the difference between the first and second pixel signals based on the bias voltage VHB, that is, the voltage
appears depending on only the charge quantity of the photoelectric conversion, in which threshold unevenness (fixed
pattern noise of the pixel) of the amplified MOS switch M3 in the pixel is deducted, in the electrode on the side of the
sampling MOS switch M12 of the sampling capacitor CSH due to the capacitive coupling. In the sample phase (from t=t4
to t=t5), the operation for trailing the sample pulse φ SH is executed, so as to have the sampling capacitor CSH hold the
signal, and the phase is completed.
[0039] From the operation for resetting the floating diffusion FD of the pixel, the sample phase is executed during the
horizontal blanking period HBLK. After that, during the horizontal display period, in the horizontal outputting phase (from
t=t6 to t=t7), the pixel signals held in the sampling capacitor CSH appear in the horizontal signal line HSIG sequentially
from the end of the pixel in the mth row, due to the column-selecting pulse φ Hn sequentially generated in horizontal
direction from the horizontal shift register 91. Before each pixel signal appears, the horizontal signal line HSIG needs
to be reset. Thus, at the beginning of one pixel period, the clamp and horizontal signal line reset pulse φ CL-HR is
generated. In the latter half of the one pixel period, (i) the column-selecting pulse φ Hn is generated, (ii) the pixel signal
held in the sampling capacitor CSH is outputted to the horizontal signal line HSIG, (iii) the voltage change during the one
pixel period is detected in the CDS circuit 93 connected to the output of the amplifier AMP 92, so as to be outputted as
a pixel signal. The control specific gate circuit (including the MOS switches attached to the gate, G1 and G2) for the
column-selecting MOS switch M14 switches the operations so that the column-selecting MOS switch M14 is controlled
(i) by the clamp pulse φ CL during the horizontal blanking period HBLK, and (ii) by the column-selecting pulse φ Hn
during the horizontal display period.
[0040] Next, according to the solid-state imaging apparatus of the present embodiment, the mechanism in which
individual column CDS circuit connected to each column does not generate fixed pattern noise will be explained.
[0041] FIG. 8A, FIG. 8B, FIG. 8C and FIG. 8D are circuit diagrams for explaining the mechanism. FIG. 8A shows a
sampling circuit according to the present embodiment. Here, a capacitative signal source called CI is included on the
input signal side, and connected to the drain of the sampling MOS switch Q1. A sampling capacitor Cs is connected to
the source side of the sampling MOS switch Q1, and a dumping capacitor CD is connected between the gate and the
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source. As shown in FIG. 8A, by adding the dumping capacitor CD between the gate and the source of the sampling
MOS switch Q1, even if there is unevenness in the threshold values of the MOS switches in a plurality of sampling
circuits, unevenness of the voltages to be sampled can be prevented from occurring.
[0042] FIG. 8B and FIG. 8C show equivalent circuits (capacitor models) respectively with the sampling MOS switch
Q1 in ON state and in OFF state. The gate capacitor CG has a total sum of (i) a gate-source capacity CGS, (ii) a gate-drain
capacity CGD and (iii) a gate oxide film capacity CGO, as shown in the following equation. 

[0043] As shown in FIG. 8D, assuming that (i) the time spent when the sampling pulse φS reaches from the source
voltage VDD to the threshold value Vth of the sampling MOS switch Q1 is A period, and (ii) the time spent when the
sampling pulse φS reaches from the threshold value Vth to GND is B period, in the A period, the sampling circuit is the
equivalent circuit as shown in FIG. 8B, and in the B period, the sampling circuit is the equivalent circuit as shown in FIG.
8C. According to the above mentioned equivalent circuits, in each of the A period and B period, the electric charge
quantities QCS-A(Vth) and QCS-B(Vth) flowing into the sampling capacitor CS can be shown in the following equation. 

[0044] As a result, in the sampling capacitor CS of the two sampling circuits structured by the sampling MOS switches
which have different threshold values (Vth1 and Vth2), the total sum of (i) the electric charge quantity difference A QCS
(the electric charge quantity difference (QA(Vth1)- QA(Vth2)) in A period and (ii) the electric charge quantity difference
(QB(Vth1)- QA(Vth2)) in the B period can be shown in the following equation.

 

[0045] Using (i) a conditional equation for making the electric charge quantity difference A QCS zero, and (ii) the above
mentioned relational equation of the gate capacitor CG, the dumping capacitor CD can be shown in the following equation. 
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[0046] As described above, by making the dumping capacitor CD the value as shown in the above equation, the electric
charge quantity difference ∆ QCS becomes zero, thus the difference between the voltages sampled in the two sampling
circuits disappears.
[0047] By applying the above mentioned relational equation to the present embodiment, the capacity values of the
dumping capacitors CDS and CDC as shown in FIG. 6 can be determined.
[0048] First, the dumping capacitor CDS for removing the fixed pattern noise generated in the sampling phase (from
t=t4 to t=t5), as shown in FIG. 1, can be shown in the following equation. 

[0049] Here, the approximation in the above equation uses the following relation. 

[0050] Also, CG, CGS, CGD and CGO are respectively a gate capacity, a gate-source capacity, a gate-drain capacity,
and a gate oxide film capacity of the sampling MOS switch M12. And, CGSH is a gate-source capacity of the column-se-
lecting MOS switch M14.
[0051] Next, in the clamp phase (from t=t1 to t=t2) and in the horizontal output phase (from t=t6 to t=t7), since the
clamp and the horizontal output are executed using the same MOS switch (the column-selecting MOS switch M14), by
(i) connecting the dumping capacitor CDC of the constant capacity between the gate and the source of the column-selecting
MOS switch M14, and (ii) modulating the bias voltage VHB as the clamp bias, so as to be synchronized with the trailing
of the clamp pulse φ CL, the fixed pattern noise of both phases can be removed.
[0052] The concrete condition is to make the voltage change Q VHB of the bias voltage VHB and the capacity of the
dumping capacitor CDC respectively as shown in the following equations. 

[0053] Here, the following equation must be fulfilled.
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[0054] In addition, the condition for the resistors R1 and R2 in the VHB modulation circuit is as follows. 

[0055] The derivation method for the conditional equations of the above mentioned clamp phase and horizontal output
phase will be concretely explained as following.
[0056] First, unevenness of the electric charge quantity in the clamp phase is calculated. FIG. 9A and FIG. 9B are
diagrams showing the unevenness of the electric charge quantity in the clamp phase. FIG. 9A is a circuit diagram of the
part which affects the electric charge quantity flowing into the sampling capacitor CSH in the clamp phase. And, FIG. 9B
is a diagram showing a waveform of the clamp pulse φ CL in the clamp phase.
[0057] In each of the A period and B period as shown in FIG. 9B, the electric charges flowing into the sample capacitor
CSH, QA(Vth) and QB(Vth) can be shown in the following equation.

 

[0058] However, in order to show the effect that when the clamp pulse φ CL is inputted, the horizontal signal line HSIG
becomes capacitative (becoming the capacity CI as shown in FIG. 8A), from the viewpoint of the column-selecting MOS
switch M14, the bias voltage VHB is modulated, in synchronization with the clamp pulse φ CL from the A period until the
B period. 



EP 1 619 879 A2

11

5

10

15

20

25

30

35

40

45

50

55

[0059] According to the above mentioned equation of the electric charge, unevenness of the electric charge quantity
Q Qclamp in the clamp phase, due to the different threshold voltages, Vth1 and Vth2, of the column-selecting MOS switch
14 can be shown in the following equation.

 

[0060] Next, unevenness of the electric charge quantity in the horizontal output phase will be calculated. FIG. 10A
and FIG. 10B are diagrams showing the unevenness of the electric charge quantity in the horizontal output phase. FIG.
10A is a circuit diagram of the part which affects the electric charge quantity that flows into the sampling capacitor CSH
in the horizontal output phase. FIG. 10B is a diagram showing the waveform of the column-selecting pulse φ H in the
horizontal output phase.
[0061] The electric charges QA (Vth) and QB (Vth) which flow into the sampling capacitor CSH respectively in A period
and B period as shown in FIG. 10B can be shown in the following equations. 

[0062] According to the above equations of the electric charge, the unevenness of the electric charge quantity ∆ QHOUT
in the horizontal output phase caused by the different threshold voltages Vth1 and Vth2 in the column-selecting MOS
switch M14 can be shown in the following equation. 
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[0063] The unevenness of the electric charge quantity ∆ Q which is combined unevenness of the electric charge
quantity in the clamp phase and the horizontal output phase should be zero, thus can be shown in the following equation. 

[0064] As a condition for making the value of the above ∆ Q zero, the following CDC or α (combination) can be derived.

 

[0065] As described above, according to the present embodiment, (i) the dumping capacitor CDS of a constant capacity
is connected between the gate and the source of the sampling MOS switch M12 in the column CDS circuit, (ii) the
dumping capacitor CDC of a constant capacity is connected between the gate and the source of the column-selecting
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MOS switch M14, and (iii) the bias voltage VHB applied to the horizontal signal line is changed in synchronization with
the clamp pulse φ CL, so as to effectively remove or control the longitudinal fixed pattern noise caused by the non-uniformity
of the column CDS circuit.
[0066] According to the present embodiment, the bias voltage VHB applied to the horizontal signal line is changed in
synchronization with the clamp pulse φ CL. In the case where during the horizontal blanking period HBLK, the column-se-
lecting pulse φ Hn is outputted in the same timing as the clamp pulse φ CL, the bias voltage VHB may be changed in
synchronization with the column-selecting pulse φ Hn outputted during the horizontal blanking period HBLK. In other
words, if the bias voltage can be changed in synchronization with the signal which controls the column-selecting MOS
switch M14 from ON state to OFF state in the clamp phase, the changing signal may be either the clamp pulse φ CL or
the column-selecting pulse φ Hn.

(Second Embodiment)

[0067] Next, the second embodiment of the present invention will be explained.
[0068] FIG. 11 is a circuit diagram of the solid-state imaging apparatus according to the second embodiment. As well
as the first embodiment, the solid-state imaging apparatus according to the present embodiment basically comprises
an imaging device and a column CDS circuit. However, the connection of the column CDS circuit is different from the
first embodiment. The different features from the first embodiment will be mainly explained as follows.
[0069] The input terminal of the column CDS circuit is the drain of the sampling MOS switch M12, and the clamp
capacitor CCL is connected to the source. The sampling capacitor CSH is serially connected to the clamp capacitor CCL,
and the source of the column-selecting MOS switch is connected to the node. The drain of the column-selecting MOS
switch is equivalent to the output of the column CDS circuit, and connected to the horizontal signal line HSIG. A clamp
and horizontal signal line reset bias circuit is connected to the horizontal signal line HSIG. The clamp and horizontal
signal line reset bias circuit includes a bias voltage VHB and a clamp and horizontal signal line reset MOS switch.
[0070] FIG. 12 is a timing chart showing the operations of the solid-state imaging apparatus as shown in FIG. 11. The
operational difference from the first embodiment is that from the viewpoint of the sampling MOS switch M12, the column
signal line VSIGn is not capacitative, and the signal output (voltage source) from the pixel can be seen directly. Thus,
in order to create the effect of the capacitor CI as shown in FIG. 8A, the column signal line VSIGn is put into a floating
state in the sampling phase, and the parasitic capacity of the column signal line VSIGn is used as the capacity CI.
Therefore, unlike the first embodiment, as shown in FIG. 12, before the sampling pulse φ SH is changed to low level in
the sampling phase (t=t4-t5), in order to electrically float the column signal line VSIGn, (i) the row-selecting pulse φ VSLm
and (ii) the gate voltage φ VG of the MOS transistor M5 which is the pixel load are changed to low level (t=t3-t4). The
other operations are the same as the first embodiment.
[0071] The circuit structure and operations of the column CDS circuit according to the second embodiment are slightly
different from the first embodiment. Thereby, (i) the equation for providing an appropriate value of the dumping capacitor,
and (ii) the coefficient α for providing the voltage change of the bias voltage in the clamp phase (t=t1-t2) can be shown
as following. Here, the derivation methods for the above mentioned values are the same as the first embodiment. 
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[0072] Here, Cv indicates the capacity of column signal line.
[0073] As described above, according to the present embodiment, (i) the dumping capacitor CDS of a constant capacity
is connected between the gate and the source of the sampling MOS switch M12 in the column CDS circuit, (ii) the column
signal line VSIGn is electrically floated in the sampling phase, (iii) the dumping capacitor CDC of a constant capacity is
connected between the gate and the source of the MOS switch M14, (iv) the bias voltage VHB applied to the horizontal
signal line is changed in synchronization with the clamp pulse φ CL, so as to effectively remove or control the longitudinal
fixed pattern noise caused by the non-uniformity of the column CDS circuit.

(Third Embodiment)

[0074] Next, the third embodiment according to the present invention will be explained.
[0075] FIG. 13 is a circuit diagram of the solid-state imaging apparatus according to the third embodiment of the
present invention. The solid-state imaging apparatus according to the third embodiment comprises, per column signal
line VSIGn, in addition to the CDS circuit according to the first embodiment, two sampling circuits ((i) a sampling circuit
including a sampling MOS switch M6, a column-selecting MOS switch M8, a dumping capacitor CD1 and a sampling
capacitor CSH1, and (ii) a sampling circuit including a sampling MOS switch M7, a column-selecting MOS switch M9, a
dumping capacitor CD2 and a sampling capacitor CSH2). Also, in stead of the output circuits 92 and 93 according to the
first embodiment, a differential AMP 94 connected to two horizontal signal lines, HSIG1 and HSIG2 is included.
[0076] The present solid-state imaging apparatus is different from the correlational double sampling in which the first
pixel signal (signal from the reset floating diffusion FD) and the second pixel signal (signal from the floating diffusion FD
after the electric charge of the photodiode PD is transferred) are sampled in the same sampling circuit. The present
solid-state imaging apparatus is a circuit which realizes a method for removing the fixed pattern noise of the pixel by (i)
sampling the first and second pixel signals in different sampling circuits, (ii) outputting the sampled first and second pixel
signals respectively into the independent two horizontal signal lines HSIG1 and HSIG2, and (iii) providing the sampled
first and second pixel signals to the inversion input and non-inversion input of the differential AMP 94.
[0077] FIG. 14 is a timing chart showing operations of the solid-state imaging apparatus as shown in FIG. 13. In the
sampling phase (t=t1-t2 and t3-t4), using the same method as the second embodiment, the unevenness of the electric
charge quantity in the sampling capacitor can be removed. In other words, (i) the value of the dumping capacitors CD1
and CD2 connected between the gate and the source of the sampling MOS switches M6 and M7 can be determined in
the same way as the second embodiment, (ii) the column signal line VSIGn is floated in the sampling phase, so as to
execute the operation as the capacitive input.
[0078] The clamp phase does not exist in the present solid-state imaging apparatus. Thus, in the horizontal output
phase, as shown in the timing chart in FIG. 14, in order to superficially remove the electric charge flowing in from the
column-selecting MOS switches M8 and M9, after the horizontal signal lines HSIG1 and HSIG2 are reset by the horizontal
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signal line reset signal φ HRST in the head of the one pixel period, the column-selecting pulse φ Hn is outputted in the
middle of one pixel period, so as to temporarily turn on the column-selecting MOS switches M8 and M9. Immediately
after the column-selecting MOS switches M8 and M9 are turned off, the signals in the horizontal signal lines HSIG1 and
HSIG2 are used as image signals. Thereby, the secondary longitudinal fixed pattern noise generated in the column-se-
lecting MOS switch can be removed.
[0079] As described above, according to the present embodiment, (i) the dumping capacitors CD1 and CD2 of a constant
capacity are connected between the gate and the source of the sampling MOS switches M6 and M7, (ii) the column
signal line VSIGn is electrically floated in the sampling phase, (iii) after the horizontal signal line is reset during one pixel
period, the column-selecting MOS switch is temporarily turned on, and (iv) the signals in the horizontal signal line
immediately after the OFF state are outputted as image signals, so as to effectively remove or control the longitudinal
fixed pattern noise caused by the non-uniformity of the sampling circuit.

(Fourth Embodiment)

[0080] Next, the fourth embodiment according to the present invention will be explained. In the fourth embodiment,
the dumping capacitor used in the sampling circuit of the solid-state imaging apparatus according to the first, second
and third embodiments is incorporated in the MOS transistor.
[0081] FIG. 15A is a diagram showing the structure of the MOS transistor (switch) according to the present embodiment.
As evident in comparison to the regular MOS transistor as shown in FIG. 15B, in the MOS transistor according to the
present embodiment, gate electrodes and source diffusion are overlapped, sandwiching the gate oxide film. Thus, the
parasitic capacity generated in the overlapping part functions as the dumping capacitor CD, and the dumping capacitor
additionally connected between the gate and the source of the MOS transistor as described in the first, second and third
embodiments is not necessary.
[0082] Although only some exemplary embodiments of this invention have been described in detail above, those
skilled in the art will readily appreciate that many modifications are possible in the exemplary embodiments without
materially departing from the novel teachings and advantages of this invention. Accordingly, all such modifications are
intended to be included within the scope of this invention.

INDUSTRIAL APPLICABILITY

[0083] The present invention can be utilized as a solid-state imaging apparatus used for an image input apparatus
such as a video camera and a digital still camera, in particular, as a solid-state imaging apparatus comprising a sampling
circuit which reads out signals from a MOS or CMOS imaging device.

Claims

1. A solid-state imaging apparatus comprising a sampling circuit in which a signal from a photodiode is sampled,
wherein said sampling circuit includes:

a sampling capacitor for holding the signal;
a sampling Metal Oxide Semiconductor (MOS) switch which is a MOS transistor that (i) transmits the signal to
said sampling capacitor, or (ii) blocks the transmission; and
a first damping capacitor connected to (i) one of a source electrode and a drain electrode of said sampling MOS
switch, the one electrode being located closer to said sampling capacitor and (ii) a gate electrode of said sampling
MOS switch.

2. The solid-state imaging apparatus according to Claim 1,
wherein a capacity of said first damping capacitor is expressed by (i) a capacity between the source electrode of
said sampling MOS switch and a reference potential, (ii) a capacity between the drain electrode and the reference
potential, and (iii) said sampling MOS switch specific capacity.

3. The solid-state imaging apparatus according to Claim 1,
wherein said sampling circuit further includes:

a column-selecting MOS switch which turns on or off a connection between said sampling capacitor and an
output line; and
a second damping capacitor which is a capacitor connected to (i) one of a source electrode and a drain electrode



EP 1 619 879 A2

16

5

10

15

20

25

30

35

40

45

50

55

of said column-selecting MOS switch, the one electrode being located closer to said sampling capacitor and
(ii) a gate electrode of said column-selecting MOS switch.

4. The solid-state imaging apparatus according to Claim 3,
wherein a capacity of said second damping capacitor is expressed by (i) a capacity between the source electrode
of said column-selecting MOS switch and a reference potential, (ii) a capacity between the drain electrode and the
reference potential, (iii) said column-selecting MOS switch specific capacity, and (iv) said sampling MOS switch
specific capacity.

5. The solid-state imaging apparatus according to Claim 3,
wherein said sampling circuit further includes a bias voltage application circuit in which a bias voltage is applied to
the output line, and
in said bias voltage application circuit, the bias voltage to be applied to the output line is changed in synchronization
with a control signal that turns off said column-selecting MOS switch.

6. The solid-state imaging apparatus according to Claim 1,
wherein said sampling circuit further includes: a clamp capacitor which is a capacitor connected between (i) a column
signal line that transmits the signal from the photodiode and (ii) said sampling MOS switch; and
a clamp voltage application circuit in which a clamp voltage is applied to said clamp capacitor, and
the signal transmitted from the photodiode is correlated double sampled.

7. The solid-state imaging apparatus according to Claim 1,
wherein said sampling circuit further includes:

a clamp capacitor which is a capacitor connected between said sampling MOS switch and said sampling ca-
pacitor; and
a clamp voltage application circuit in which a clamp voltage is applied to said clamp capacitor, and
the signal transmitted from said photodiode is correlated double sampled.

8. The solid-state imaging apparatus according to Claim 1, comprising two of said sampling circuits per one column
of photodiodes, and
the two sampling circuits are connected to each other in parallel so that one column signal line can be used for a
common input, said column signal line transmitting a signal from the one column of photodiodes.

9. The solid-state imaging apparatus according to Claim 8,
wherein said sampling circuit further includes a column-selecting MOS switch which is a MOS switch that turns on
or off the connection between said sampling capacitor and the output line, and
when the signal held in said sampling capacitor is outputted to the output line, said column-selecting MOS switch
is brought into a conduction state from a non-conduction state, then brought into the non-conduction state again.

10. The solid-state imaging apparatus according to Claim 1,
wherein said first damping capacitor is made up of (i) one of a source electrode and a drain electrode of said sampling
MOS switch, the one electrode being located closer to said sampling capacitor, (ii) a gate electrode of said sampling
MOS switch and (iii) a gate oxide film of the sampling MOS switch sandwiched between said two electrodes.

11. A sampling circuit in which a signal from a solid-state imaging device is sampled, the circuit including:

a sampling capacitor which is a capacitor for holding the signal;
a sampling MOS switch which is a MOS transistor that (i) transmits the signal to said sampling capacitor, or (ii)
blocks the transmission; and
a first damping capacitor which is a capacitor connected to (i) one of a source electrode and a drain electrode
of said sampling MOS switch, the one electrode being located closer to said sampling capacitor and (ii) a gate
electrode of said sampling MOS switch.

12. The sampling circuit according to Claim 11, further including:

a column-selecting MOS switch which is a MOS switch that turns on or off a connection between said sampling
capacitor and an output line; and
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a second damping capacitor which is a capacitor connected to (i) one of a source electrode and a drain electrode
of said sampling MOS switch, the one electrode being located closer to said sampling capacitor and (ii) a gate
electrode of said column-selecting MOS switch.



EP 1 619 879 A2

18



EP 1 619 879 A2

19



EP 1 619 879 A2

20



EP 1 619 879 A2

21



EP 1 619 879 A2

22



EP 1 619 879 A2

23



EP 1 619 879 A2

24



EP 1 619 879 A2

25



EP 1 619 879 A2

26



EP 1 619 879 A2

27



EP 1 619 879 A2

28



EP 1 619 879 A2

29



EP 1 619 879 A2

30



EP 1 619 879 A2

31


	bibliography
	description
	claims
	drawings

