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(57) ABSTRACT 
A solid-state image pickup device comprises for each pixel 
a photoelectric converter PD, an input terminal FD of a 
signal ampli?er and a transfer sWitch TX for transferring an 
optical signal from the photoelectric converter to the input 
terminal. The device additionally comprises means for reset 
ting the photoelectric converter by opening the transfer 
sWitch TX under a condition of holding the voltage of the 
input terminal FD to a ?xed high level before storing the 
optical signal in the photoelectric converter PD. With this 
arrangement, any residual electric charge in the photoelec 
tric converter can be eliminated Without paying the cost of 
reducing the manufacturing yield and degrading the chip 
performance. 
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SOLID-STATE IMAGE PICKUP DEVICE AND 
METHOD OF RESETTING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] This invention relates to a solid-state image pickup 
device to be used for an image input apparatus such as a 
digital camera, a video camera, an image scanner or an AF 
sensor and also to a method of resetting the same. 

[0003] 2. Related Background Art 

1. Field of the Invention 

[0004] Typical examples of solid-state image pickup 
device include the CCD image sensor and the non-CCD 
image sensor. The former comprises a photoelectric con 
verter having photodiodes and a CCD shift register, Whereas 
the latter comprises a photoelectric converter having pho 
todiodes or photo-transistors and a scanning circuit having 
MOS transistors. 

[0005] The APS (active pixel sensor) is a type of non-CCD 
image sensor comprising a photodiode and MOS transistors. 

[0006] More speci?cally, anAPS comprises combinations 
of a photodiode, a MOS sWitch and an ampli?er for ampli 
fying the signal from the photodiode, each combination 
being arranged in correspondence to a pixel, and provides a 
number of advantages including the capabilities of “XY 
addressing” and “realizing the sensor and the signal pro 
cessing circuit in a single chip”. On the other hand, it is 
rather di?icult for an APS to reduce the chip siZe that is a 
determinant of the dimensions of its optical system because 
of the large number of elements it has for each pixel. This 
is the reason Why the market for solid-state image pickup 
devices has been dominated by conventional CCD image 
sensors to date. 

[0007] HoWever, in recent years, due to the technological 
development for miniaturiZing MOS transistors and the 
strong demand for “realiZing the sensor and the signal 
processing circuit in a single chip” and “reducing the poWer 
consumption rate of the image sensor for the purpose of 
poWer saving”, the APS has been attracting attention as it is 
also called a CMOS sensor. 

[0008] FIG. 23 of the accompanying draWings schemati 
cally illustrates the pixel section of a knoWn APS and its 
operation. 
[0009] Referring to FIG. 23, photoelectric converter PD is 
a buried type photodiode similar to the one typically used in 
a CCD. With a buried type photodiode, the dark current that 
can be generated on the SiO2 surface can be suppressed by 
arranging a p+-layer containing an impurity to a high con 
centration level on the surface and the saturation charge of 
the photodiode can be raised by the junction capacitance 
generated betWeen the n-layer of the storage portion and the 
p+-layer of the surface. It operates in a manner as described 
beloW. Firstly, diffusion region FD is reset to a reference 
voltage by applying an on-pulse to gate RST. Thereafter, an 
off-pulse is applied to the gate RST to bring the diffusion 
region into a ?oating state in order to start storing data. After 
a certain period of time, another on-pulse is applied to gate 
TX to read the charge of the optical signal stored in the 
photoelectric converter PD to ?oating diffusion region FD, 
Which is the input terminal of the ampli?er of the APS, by 
Way of MOS transfer section TX. Then, the signal charge 
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QSig is converted into voltage QSig/CFD by means of the 
capacitance CFD of the ?oating diffusion region FD and the 
signal is red by Way of a source-folloWer circuit that uses the 
?oating diffusion region FD as its input terminal. 

[0010] When a reverse bias voltage is applied to a buried 
type photodiode, depletion layers extend from the PN junc 
tion at the interface With the surface p+-layer and from the 
PN junction at the interface With the P-type Well PWL 
perpendicularly into the n-layer. At this time, the number of 
electrons in the n-layer of the photodiode is substantially 
equal to that of the neutral region located betWeen the tWo 
depletion layers and it is reduced in proportion to the Width 
of the depletion layers. The number of electrons of said 
neutral region When the reverse bias voltage is 0 volt 
corresponds to the saturation charge Qsat. As the both 
depletion layers extend to contact each other by the reverse 
bias voltage, the inside of the photodiode is completely 
depleted to make the neutral region non-existent. The 
reverse bias voltage for making the neutral region non 
existent Will be referred to as depletion voltage Vdp in the 
folloWing description. 

[0011] If a reverse bias voltage greater than the depletion 
voltage is applied, the electron concentration of the n-layer 
of the photodiode decreases as an exponential function of 
the reverse bias voltage. 

[0012] When the n-layer of the photodiode of an APS 
having a con?guration as described above is depleted, the 
electric charge generated by light is almost totally trans 
ferred to the ?oating di?‘usion region FD to reset the electron 
state in the photodiode. Amode of transferring almost all the 
electric charge of the photodiode is referred to as depletion 
transfer hereinafter. 

[0013] FIG. 24 of the accompanying draWings shoWs the 
relationship betWeen the saturation charge of a photodiode 
and the voltage of the ?oating di?‘usion region FD upon 
reading the saturation charge and also the relationship 
betWeen the saturation charge of the photodiode and the 
depletion voltage Z. Then, the voltage VFDSat of the ?oating 
diffusion region FD is expressed by the formula beloW: 

Where Vres is the reset voltage, QSat is the saturation charge 
of the photodiode and CFD is the capacitance of the ?oating 
diffusion region. 

[0014] Generally, the saturation charge of a photodiode 
has to be higher than the level of realiZing a desired 
sensitivity,.Which may be A in FIG. 24. For realiZing a 
depletion transfer, on the other hand, the requirement of 

has to be met, provided that Vdp is the depletion voltage of 
the photodiode, Which is indicated by B in FIG. 24. If 
VFDsat<Vdp, the reverse bias voltage of the photodiode Will 
become the voltage of the ?oating diffusion region to leave 
a neutral region Within the photodiode and hence the signal 
voltage Will be read out in accordance With the capacitance 
division betWeen the capacitance attributable to the both 
depletion layers and the capacitance of the ?oating diffusion 
region. At the same time, electrons Will remain in the 
photodiode by an amount equal to the saturation charge QSat 
after the reading operation so that they can give rise to a 
residual image and a noise. 
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[0015] As described above, in the known APS, the satu 
ration charge QSat of the photodiode is made to meet the 
requirement of A<QSat<B so as to be found Within the 
interval of C in FIG. 24. 

[0016] However, the saturation charge QSat or the deple 
tion voltage Vdp is apt to be affected by variances of the 
manufacturing process. For instance, the depletion voltage 
can be shifted by 0.4 volt When the dose of ion implantation 
for forming the n-layer of the photodiode is varied by 10%. 

[0017] Then, the net result is a loW manufacturing yield. 

SUMMARY OF THE INVENTION 

[0018] Therefore, it is an object of the present invention to 
provide a solid-state image pickup device that can effec 
tively reduce the residual charge in the photoelectric con 
verter and operate effectively and ef?ciently for photoelec 
tric conversion and also a method of resetting the same. 

[0019] Another object of the present invention is to 
expand the process tolerance for manufacturing a solid-state 
image pickup device that is adapted to be reset in a desired 
manner. 

[0020] According to the invention, the above objects and 
other objects of the invention are achieved by providing a 
solid-state image pickup device comprising a photoelectric 
converter, an input terminal for signal ampli?er, a transfer 
sWitch for transferring an electric charge from the photo 
electric converter to the input terminal and a reset sWitch for 
applying a reset voltage to the input terminal, Wherein said 
device is adapted to input a pulse signal to the reset sWitch 
and the transfer sWitch in order to turn on said reset sWitch 
and said transfer sWitch simultaneously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a schematic circuit diagram of a preferred 
embodiment of solid-state image pickup device according to 
the invention. 

[0022] FIG. 2 is a drive timing chart illustrating the 
operation of the preferred embodiment of solid-state image 
pickup device according to the invention. 

[0023] FIG. 3 is a schematic cross sectional vieW of a 
principal portion of the preferred embodiment of solid-state 
image pickup device according to the invention. 

[0024] FIG. 4 is a schematic illustration of changes that 
can take place in the potential pro?les of principal sections 
of the preferred embodiment of solid-state image pickup 
device according to the invention. 

[0025] FIG. 5 is a graph shoWing the dependency of the 
voltage of the ?oating diffusion region on the saturation 
charge, illustrating the reset voltage necessary for depleting 
the photoelectric converter of the preferred embodiment of 
solid-state image pickup device according to the invention. 

[0026] FIG. 6 is a schematic cross sectional vieW of a 
principal portion of another preferred embodiment of solid 
state image pickup device according to the invention. 

[0027] FIG. 7 is a schematic illustration of changes that 
can take place in the potential pro?les of principal sections 
of the preferred embodiment of solid-state image pickup 
device according to the invention. 

Mar. 30, 2006 

[0028] FIG. 8 is a drive timing chart illustrating the 
operation of the preferred embodiment of solid-state image 
pickup device according to the invention. 

[0029] FIG. 9 is a schematic circuit diagram of a pixel of 
still another preferred embodiment of solid-state image 
pickup device according to the invention. 

[0030] FIG. 10 is a schematic circuit diagram of the 
preferred embodiment of solid-state image pickup device 
according to the invention. 

[0031] FIG. 11 is a drive timing chart illustrating the 
operation of the preferred embodiment of solid-state image 
pickup device according to the invention. 

[0032] FIG. 12 is another drive timing chart that can be 
used for the operation of the preferred embodiment of 
solid-state image pickup device according to the invention. 

[0033] FIG. 13 is a schematic illustration of an image 
input apparatus that can be realiZed by using a solid-state 
image pickup device according to the invention. 

[0034] FIG. 14 is a drive timing chart illustrating the 
operation of the image input apparatus. 

[0035] FIG. 15 is a schematic circuit diagram of still 
another preferred embodiment of solid-state image pickup 
device according to the invention. 

[0036] FIG. 16 is a drive timing chart illustrating the 
operation of the preferred embodiment of solid-state image 
pickup device according to the invention. 

[0037] FIG. 17 is a schematic circuit diagram of still 
another preferred embodiment of solid-state image pickup 
device according to the invention. 

[0038] FIG. 18 is a drive timing chart illustrating the 
operation of the preferred embodiment of solid-state image 
pickup device according to the invention. 

[0039] FIG. 19 is another drive timing chart that can be 
used for the operation of the preferred embodiment of 
solid-state image pickup device according to the invention. 

[0040] FIG. 20 is a graph illustrating the dependency of 
the output of the preferred embodiment of solid-state image 
pickup device according to the invention on the quantity of 
incident light. 

[0041] FIG. 21 is a schematic cross sectional vieW of a 
principal portion of the preferred embodiment of solid-state 
image pickup device according to the invention. 

[0042] FIG. 22 is a schematic illustration of changes that 
can take place in the potential pro?les of principal sections 
of the preferred embodiment of solid-state image pickup 
device according to the invention. 

[0043] FIG. 23 is a schematic cross sectional vieW of the 
preferred embodiment of solid-state image pickup device 
according to the invention, illustrating a depletion transfer 
thereof. 

[0044] FIG. 24 is a graph illustrating the dependency of 
the voltage necessary for depletion transfer on the saturation 
charge of the preferred embodiment of solid-state image 
pickup device according to the invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0045] NoW, the present invention Will be described in 
greater detail by referring to the accompanying drawings 
that illustrate preferred embodiments of the invention. 

Embodiment l 

[0046] FIG. 1 is a schematic circuit diagram of a pixel of 
a preferred embodiment of solid-state image pickup device 
according to the invention and FIG. 2 is a drive timing chart 
illustrating the operation of the preferred embodiment of 
solid-state image pickup device according to the invention. 
Note that the basic con?guration of this embodiment is 
commonly applicable to the remaining embodiments as Will 
be described hereinafter. 

[0047] The photoelectric converter PD typically com 
prises a photodiode having a PN junction or a PIN junction. 
One of the terminals of the photoelectric converter is held to 
a reference potential for applying a reverse bias voltage, 
While the other terminal thereof is connected to a transfer 
sWitch Q1. From FIG. 1, it Will be seen that the cathode is 
connected to the transfer sWitch O1 to transfer electrons. 

[0048] In FIG. 1, Q2 denotes a reset sWitch having one of 
its terminals connected to reference voltage source VDD for 
applying a resetting voltage. 

[0049] Q3 denotes a transistor operating as ampli?er for 
outputting a signal obtained by amplifying the signal input 
to the gate that operates as input terminal. 

[0050] Q4 denotes a selection sWitch for selecting a pixel 
from Which a signal is to be read out. 

[0051] A pulse signal as shoWn in FIG. 2 is applied to the 
gate of each of the sWitches from a control circuit SCC. 

[0052] FIG. 3 is a schematic cross sectional vieW of the 
semiconductor chip incorporating part of the circuit of FIG. 
1 and FIG. 4 is a schematic illustration of changes that can 
take place in the potential pro?les of principal sections of the 
embodiment. In FIGS. 3 and 4, TX denotes the potential 
energy under the gate of the transfer sWitch and RST denotes 
the potential energy under the gate of the reset sWitch. 

[0053] The n-type semiconductor layer of the photoelec 
tric converter PD is held in common With one of the main 
electrodes of the MOS transistor of the transfer sWitch Q1 
and the other main electrode of the transfer sWitch Q1 also 
operates as ?oating diffusion region FD, Which Will operate 
as input terminal of the ampli?er. 

[0054] The reset sWitch Q2 comprises a MOS transistor 
having a pair of main electrodes, Which are the ?oating 
diffusion region FD and the semiconductor region to Which 
the reference voltage VDD is applied for resetting. 

[0055] The ?oating diffusion region FD is connected to the 
gate of the transistor Q3, although the transistors Q3 and the 
selection sWitch Q4 are not shoWn in FIG. 3. 

[0056] FIG. 2 and FIG. 4 illustrate hoW the embodiment 
of FIG. 1 operates. Firstly, the diffusion region. FD is reset 
to the reference voltage by inputting a high level pulse such 
as <|>RST to the gate of the reset sWitch Q2. P1 in FIG. 4 
shoWs the potential pro?le that Will be observed at this time. 
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[0057] Then, the photoelectric converter PD is reset by 
inputting a high level pulse such as ¢TX to the gate of the 
transfer sWitch Q1. Since the reset sWitch O2 is held on at 
this time, the potential pro?le Will be such as the one 
indicated by P2 at this time so that the electric charge Will 
be completely transferred to the diffusion region FD. 

[0058] Subsequently, the transfer sWitch O1 is turned off 
to isolate the photoelectric converter PD and the diffusion 
region FD from each other. Then, since any residual electric 
charge of the photoelectric converter PD has been com 
pletely transferred to the diffusion region FD, the n-layer of 
the photoelectric converter PD Will be completely depleted. 

[0059] As the transfer sWitch O1 is turned off, the photo 
electric converter PD starts storing a photoelectric charge. 

[0060] Thereafter, the reset sWitch O2 is turned off. Then, 
the potential pro?le Will be such as the one indicated by P3 
in FIG. 4. 

[0061] After storing the electric charge for a certain period 
of time, the transfer sWitch O1 is turned on once again to 
transfer the electric charge stored in the photoelectric con 
verter to the ?oating diffusion region FD. P4 in FIG. 4 
indicates the potential pro?le that Will be observed at this 
time. 

[0062] Then, after turning off the transfer sWitch Q1, 
selection pulse <|>T is input to the gate of the selection sWitch 
Q4 and the signal ampli?ed by the transistor O3 is read out. 

[0063] P5 in FIG. 4 indicates the potential pro?le that Will 
be observed after turning off the transfer sWitch Q1. 

[0064] Any residual electric charge remaining in the pho 
toelectric converter PD Will be removed by carrying out the 
above resetting operation for another time. 

[0065] In this embodiment, a reverse bias voltage higher 
than the depletion voltage is selected as reference voltage 
VDD to be used for resetting operations and the transfer 
sWitch O1 is turned on While applying this voltage to the 
diffusion region FD by Way of the reset sWitch Q2. 

[0066] In this Way, a reverse bias voltage higher than the 
depletion voltage is applied to the photodiode to su?iciently 
reduce the residual electric charge in the photodiode. If the 
saturation charge QSat of the photodiode is found betWeen B 
and F in FIG. 5 and the transfer sWitch of the prior art is 
turned on While an electric charge corresponding to the 
saturation charge is stored in the photodiode, a large electric 
charge exists in the photodiode because VFDsat<Vdp. If the 
transfer sWitch O1 is turned off to enter the next storage 
period and the signal charge is read out under this condition, 
the residual electric charge that is not read out in the last 
reading period Will be added to the signal charge read out 
this time. 

[0067] To the contrary, according to the invention, the 
electric potential of the diffusion region FD is held to a level 
that is su?iciently high for applying a reverse bias voltage 
higher than the depletion voltage Vdp to the photodiode and 
then any electric charge remaining in the photodiode is 
eliminated to reset the latter by turning on the transfer 
sWitch. 

[0068] As a result, no depletion transfer operation is 
required for the electric charge of the photodiode at the time 
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of signal transfer so that, unlike the prior art, no problem of 
residual image occurs under the condition of 

[0069] Therefore, the saturation charge QSat of the photo 
diode only has to meet the requirement of A<QSat<F. This 
means that a greater tolerance is alloWed for variances in 
designing and manufacturing photodiodes and hence the 
manufacturing yield Will be improved. 

[0070] MeanWhile, the margin of the saturation charge 
Q53‘ for realiZing VFDSat>Vdp may be Widened by raising the 
reset voltage Vres. In other Words, the margin of the satu 
ration charge QSat can be Widened from interval AB to 
interval AE by raising the reset voltage Vres of the ?oating 
diffusion region from Vresl to Vr652 in FIG. 5. Then, hoW 
ever, the supply voltage has to be raised at least by more than 
5 volt. This entails a higher poWer consumption rate and the 
need of arranging an additional poWer source for the sensor 
chip along With other problems that can degrade the perfor 
mance of the chip. 

Embodiment 2 

[0071] NoW, another embodiment of the present invention 
Will be described by referring to FIGS. 6, 7 and 8. 

[0072] FIG. 6 is a schematic cross sectional vieW of the 
second embodiment of solid-state image pickup device 
according to the invention. FIG. 7 is a schematic illustration 
of changes that can take place in the potential pro?les of 
principal sections of the embodiment of solid-state image 
pickup device of FIG. 6. FIG. 8 is a drive timing chart 
illustrating the operation of the preferred embodiment of 
solid-state image pickup device of FIG. 6. Note that the 
embodiment of solid-state image pickup device of FIG. 6 
has a basic circuit con?guration same as the embodiment of 
FIG. 1. 

[0073] Referring to FIG. 6, the photodiode of the photo 
electric converter of this embodiment is a buried type 
photodiode comprising a P-type Well 101 formed in the 
substrate surface, a N-type region 105 and a surface p-region 
104. As described above, With a buried type photodiode, the 
dark current that can be generated at the interface With the 
oxide ?lm 106 of SiO2 can be suppressed by arranging a 
p+-layer containing an impurity to a high concentration level 
at the surface. Additionally, the saturation charge of the 
photodiode can be raised by the junction capacitance gen 
erated betWeen the n-layer of the storage section and the 
p+-layer of the surface. In FIG. 6, there are also shoWn the 
gate electrode 102 of transfer sWitch Q1, an n-type semi 
conductor region 103 Which Will operate as ?oating diffu 
sion region FD and the gate electrode 107 of reset sWitch Q2. 

[0074] FIG. 7 illustrates changes of potential pro?le, and 
PD denotes the photodiode, While TX denotes the portion 
under the gate of the transfer sWitch and RST denotes the 
portion under the gate of the reset sWitch. 

[0075] The embodiment of solid-state image pickup 
device operates in a manner as described beloW. 

[0076] Referring to FIG. 8, after the photodiode and the 
?oating diffusion region 103 are reset, the noise is read out 
from output terminal Vout by means of a read circuit as 
shoWn in FIG. 1. 
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[0077] Then, as shoWn in FIG. 8, the transfer sWitch Q1 
is turned on by applying a high level signal (transfer signal 
¢TX) to the gate 102 of the transfer sWitch Q1 and the 
optical signal charge stored in the photodiode is read out to 
the ?oating diffusion region 103 (FD) by Way of the transfer 
sWitch. PP1 in FIG. 7 shoWs the potential pro?le that Will be 
observed at this time. 

[0078] Then, as shoWn in FIG. 8, the transfer sWitch Q1 
is turned off by applying a loW level signal to the gate 102 
of the transfer sWitch Q1 and the sensor signal is read out by 
applying a read signal to a source folloWer circuit. The 
sensor signal is read out by transforming the signal charge 
QSig into voltage QSig/CFD by means of the capacitance CFD 
of the ?oating diffusion region FD. PP2 in FIG. 7 shoWs the 
potential pro?le that Will be observed at this time. 

[0079] Then, the reset sWitch Q2 is turned on by applying 
a high level signal (reset signal ¢RST) to the reset sWitch Q2 
in order to reset the ?oating diffusion region 103 as shoWn 
in FIG. 8. Additionally, the transfer sWitch Q1 is also turned 
on to reset the photodiode. PP3 in FIG. 7 shoWs the potential 
pro?le that Will be observed at this time. 

[0080] Then, after turning off the transfer sWitch Q1, the 
reset sWitch Q2 is also turned off to terminate the resetting 
operation. PP4 in FIG. 7 shoWs the potential pro?le that Will 
be observed after terminating the resetting operation. 

[0081] As described above, a resetting operation can be 
carried out to deplete the photodiode prior to a storage 
operation Without additionally arranging an over?oW-drain 
element or a reset element for the photodiode, by holding the 
voltage of the ?oating diffusion region to a level that is 
su?iciently high for applying a reverse bias voltage higher 
than the depletion voltage to the photodiode before opening 
the transfer sWitch. Then, a greater tolerance is alloWed for 
variances in manufacturing photodiodes and hence the 
manufacturing yield Will be improved. 

Embodiment 3 

[0082] FIG. 9 is an equivalent circuit diagram of a pixel 
of the solid-state image pickup device according to the 
invention. In FIG. 9, the photodiode PD is a buried type 
photodiode as in the case of the preceding embodiments. 
Otherwise, there are shoWn a MOS transistor Q1 operating 
as transfer sWitch for transferring a photoelectric charge to 
?oating diffusion region FD, a MOS transistor Q2 operating 
as reset sWitch for resetting the ?oating diffusion region FD, 
an input MOS transistor Q3 of a source folloWer for out 
putting the voltage of the ?oating diffusion region FD and a 
MOS transistor Q4 operating as selection sWitch for select 
ing a pixel. The input MOS transistor Q3 of the source 
folloWer takes the role of a signal ampli?er and the ?oating 
diffusion region FD operates as the input terminal of this 
signal ampli?er. 
[0083] FIG. 10 is a schematic circuit diagram of a solid 
state image pickup device comprising a matrix of 2x2 pixels 
PX, each having a circuit con?guration as shoWn in FIG. 9. 

[0084] The pixels PX1 and PX2 of the ?rst roW have a 
common selection signal line 503 for receiving pulse signal 
<|>T1 as input from control circuit SCC. Similarly, the pixels 
PX3 and PX4 of the second roW have a common selection 
signal line 503 for receiving pulse signal ¢T2 as input from 
the control circuit SCC. 
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[0085] Additionally, the pixels PX1 and PX3 of the ?rst 
column have a common signal output line 504, Which is 
connected to a load array 511 and a memory 512. Similarly, 
the pixels PX2 and PX4 of the second column have a 
common signal output line 504, Which is also connected to 
the load array 511 and the memory 512. The memory 512 
has a capacitance for storing a noise component and a 
capacitance for storing a signal component and is adapted to 
store an output signal in these capacitances upon receiving 
a sampling pulse as input. Reset lines 502 and transfer 
control lines 506 are connected to the control circuit SCC so 
as to input a pulse signal to all the pixels or on a roW by roW 
basis in order to turn on a target transistor. 

[0086] The signal read out from the memory 512 is 
scanned by scanning circuit 513, Which may be a shift 
register, and output by Way of output terminal SG. 

[0087] FIG. 11 is a drive timing chart illustrating drive 
pulses to be used for reading a pixel. 

[0088] Before starting a storing operation, the transfer 
sWitch Q1 is turned on by inputting a pulse ¢TX to the 
corresponding transfer control line 506 as indicated by T1, 
While keeping the reset sWitch Q2 in an on-state, to reset and 
deplete the photodiode. 

[0089] For instance, When the voltage VDD of the poWer 
supply line 501 is 5 volts and the reset sWitch Q2 is on, the 
?oating di?usion region is made to shoW a voltage of about 
3.5 volts. The depletion voltage Vdp of the photodiode under 
this condition Will be about 2.5 volts. As the photodiode is 
reset, the inside of the photodiode Will be depleted. The 
depleted condition of the photodiode can be evidenced by 
means of a residual image experiment. 

[0090] Subsequently, a signal is stored for 1/30 seconds. 
The reset sWitch Q2 is held on mostly during the signal 
storing period. Thereafter, the reset sWitch Q2 is turned off 
by applying a pulse as indicated by T3 to bring the diffusion 
region FD into a ?oating state. Then, the selection sWitch Q4 
is turned on to read out the stored signal by applying a pulse 
as indicated by T4. Thus, the voltage corresponding to the 
voltage of the ?oating diffusion region is output from the 
corresponding signal output line 504 by means of the source 
folloWer comprising the load array 511 connected to the 
MOS transistor Q3 and the corresponding signal output line 
504. This output is sampled by the memory 512. 

[0091] In this instance, the noise component of the pixel 
can be read out by turning off the reset sWitch Q2 from an 
on-state and subsequently turning on the selection sWitch Q4 
While keeping the transfer sWitch Q1 in an o?“-state during 
the reading period TR. For this purpose, the noise compo 
nent is stored in the noise storage capacitance of the memory 
512 by means of a sampling pulse T5. After turning on the 
transfer sWitch Q1 by means of a pulse T6, the signal 
component is stored in the signal storage capacitance of the 
memory 512 by applying a sampling pulse T7 also during 
the reading period. 

[0092] Then, an output signal With a reduce noise level can 
be obtained by outputting the di?‘erence of the signal com 
ponent and the noise component obtained in this Way by 
means of a subtracter, Which is typically a differential 
ampli?er. 
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[0093] Since the diffusion region FD is in a ?oating state 
When sampling the signal component, the voltage VFD of the 
diffusion region FD is expressed by subtracting Q/CFD from 
the reset voltage V or res’ 

VFD=V —Q/CFD (Where Q is the transferred electric res 

charge). 

[0094] A signal corresponding to the voltage is output 
from the signal output line 504 and sampled. 

[0095] Then, the inside of the photodiode is depleted 
before entering a subsequent storage period by turning on 
the reset sWitch Q2 and opening the transfer sWitch Q1 by 
means of a pulse T2. 

[0096] In an-experiment, the photoelectric conversion per 
formance of the embodiment Was evaluated by using the 
signal obtained as a result of the above operation to evidence 
a good linearity of the performance. The voltage of the 
?oating diffusion region fell to 1.5 volts When the output Was 
saturated. 

[0097] For the purpose of comparison, the residual image 
Was observed While constantly keeping the pulse (PTX to the 
transfer sWitch Q1 at a loW level to ?nd a residual image of 
about 20 to 30%. 

[0098] Table beloW summarily shoWs the obtained results. 

light dark 

15‘ output 2nd output 3rd output 

operation for 2.0 V 0.45 V 0.2 mV 
comparison or less 
operation of 2.0 V 0.2 mV 0.2 mV 
embodiment or less or less 

Embodiment 4 

[0099] An operation of the embodiment of solid-state 
image pickup device as shoWn in FIG. 10 using another 
drive timing chart Will be discussed beloW, although the 
reset phase of this operation is same as the above described 
one. 

[0100] While FIG. 10 shoWs a matrix of 2x2 pixels, FIG. 
12 shoWs a drive timing chart for the pixels of given three 
roWs of a matrix having three or more than three roWs. 

[0101] In FIG. 12, each of the periods 7a, 7b and 7c 
correspond to the reading period TR in FIG. 11. On the other 
hand, periods 7A, 7B and 7C are horiZontal scanning periods 
of sequentially outputting the signals of the respective roWs 
stored in the memory 512 on a time series basis by means of 
scanning circuit 513. More speci?cally, in the reading period 
7a, the signals of the pixels of the (n—l)-th roW ares read out 
and Written in the line memory 512 for the roW as the noise 
component and the optical signal component. Then, in the 
horiZontal scanning period 7A, the signals Written in the line 
memory 512 are sequentially read out on a time series basis. 
All the photodiodes are storing signals at least during the 
horiZontal scanning period 7A. Subsequently, the signals of 
the pixels of the n-th roW are read out in the reading period 
7b and the signals in the line memory 512 are read out in the 
horiZontal scanning period 7B. Thus, the operation of read 
ing out the signals from the pixels and then from the line 








