
(19) United States 
US 20050O88558A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0088558A1 

(54) 

(75) 

(73) 

(21) 

(22) 

(62) 

Ohtsuru (43) Pub. Date: Apr. 28, 2005 

SOLID-STATE IMAGE PICKUP DEVICE FOR (30) Foreign Application Priority Data 
PRODUCING THINNED IMAGE 

Aug. 25, 1997 (JP).................................... HEI 9-228335 
Inventor: Yuzo Ohtsuru, Motosu-gun (JP) Aug. 25, 1997 (JP). ... HEI 9-228336 

Aug. 25, 1997 (JP).................................... HEI 9-228337 
Correspondence Address: O O 
HOGAN & HARTSON L.L.P. Publication Classification 

500 S. GRAND AVENUE (51) Int. Cl. ................................................. H04N 5/335 
SUTE 1900 (52) U.S. Cl. .............................................................. 348/311 
LOS ANGELES, CA 90071-2611 (US) 

(57) ABSTRACT 

Assignee: SANYO ELECTRIC CO., LTD. There is disclosed a Solid-State image pickup device in 
which light receiving elements of a light receiving region 

Appl. No.: 10/988,908 generates information charges in accordance with incident 
lights. The information charges are transferred to Storage 

Filed: Nov. 15, 2004 picture elements of a Storage region, and Subsequently 
emitted as image Signals. Here, the Storage region is formed 
Smaller than the light receiving region. Only the information 

Related U.S. Application Data charges of a Selected region are transferred from the light 
receiving elements of the light receiving region to the 

Division of application No. 09/135,180, filed on Aug. Storage region. Therefore, thinned-out image Signals can be 
17, 1998, now Pat. No. 6,847,401. obtained. 

m &% N 3S 2N N 

  



Patent Application Publication Apr. 28, 2005 Sheet 1 of 17 US 2005/0088558A1 

1 2 3 

D1 

SIGNAL 
PROCES 
SING 

D(n) 

Fig. 1 PRIOR ART 

1d/ in 

1i IMAGE PICK-UP 
SECTION 

on-ora R) 

1S STORAGE 
SECTION 

(v1 ~cbv3 c) 

Yo(t) 

Fig. 2 PRIOR ART 

  

  

    

  

  

  

  

  

  

    

    

    

  

  

    

    

    

  

  

  



Patent Application Publication Apr. 28, 2005 Sheet 2 of 17 US 2005/0088558A1 

vT - -r-, - 

HT UUUUUUUU;"UUUUUUUUUUUU s 

(v IIIDXLIII || || || || Li 

d h X X X X X X X X X X X X X X X X s ) EKKK KEKKK 



Patent Application Publication Apr. 28, 2005 Sheet 3 of 17 US 2005/0088558A1 

P2 P1 P2 P2 P1 

at: f2'. ar -----|--|--|--|--|- 15 
SŠSŠS 

Fig. 4 

P2 P1 P2 
Ho Hop Habs 

of1, f1 of 
If r 2fa IIILITIII. 

FIRST IMAGE PICKUP 
OPERATION leg . . 

(SELECTED PICTURE ELEMENT 
STORAGE) 

SECOND IMAGE PICKUP Or O 
OPERATION OOO 888 

(ALLPICTUREELEMENT 
STORAGE) 

Fig. 5 

  



Patent Application Publication Apr. 28, 2005 Sheet 4 of 17 US 2005/0088558A1 

EMBEDDEDLAYER 13 
NSULATING FILM 14 

TRANSFER DIFFUSION SEMCONDUCTOR 
ELECTRODE 15 REGION 12 SUBSTRATE 11 

. .3N 2N Š 

22222222222222232 
EEEEEEEEEEEEEEE2 

E3333333333333. 
2322222222222222222 . 

22:32:32:23:22232 
2222222 

L2-3:::::::::::::::: YE::::::::::::::: 
11---------------- 

(v1~ (bv3 -) 

N 
L1 

2Oi 
(12 LINES, 
16 COLUMNS) 

} 20s (4 LINES, 
16 COLUMNS) 

  



Patent Application Publication Apr. 28, 2005 Sheet 5 of 17 US 2005/0088558A1 

  



Patent Application Publication Apr. 28, 2005 Sheet 6 of 17 US 2005/0088558A1 

FIRST IMAGE PICKUP OPERATION 
ELECTRIC CHARGE STORAGE TIME ELECTRIC CHARGE TRANSFER TIME 

(PREVIOUS IMAGE-FRAME (NEXT IMAGE-FRAME 
ELECTRIC CHARGE STORAGE) ELECTRIC CHARGESTORAGE) 



Patent Application Publication Apr. 28, 2005 Sheet 7 of 17 US 2005/0088558 A1 

SECOND IMAGE PICKUP OPERATION 

ELECTRIC CHARGESTORAGE TIME ELECTRIC CHARGETRANSFER TIME 
(OPENOPTICAL SHUTTER) (CLOSE OPTICALSHUTTER) 

  



Patent Application Publication Apr. 28, 2005 Sheet 8 of 17 US 2005/0088558A1 

31 

. . . . st 22 

TIMING D1 
-- CONTROL 

m PC 

PROCES 
SING 

24 
D(n) 23 

Fig. 11 
FIRST IMAGE PICKUP SECONDIMAGE PICKUP 

OPERATION OPERATION 
(ANIMATED IMAGE PIKUP) (STATICIMAGE PIKUP) 

D 

ST 

Yo Oi Oi – H 
Yo(t) - yO(t) 

Fig. 12 

    

  

  



Patent Application Publication Apr. 28, 2005 Sheet 9 of 17 US 2005/0088558 A1 

FIRST IMAGE PICKUP OPERATION 

T1 T2 T3 

LINE TRANSFER 
() sub fl- FRAME TRANSFER - 

(bf2' X K - 
(bf3 X X 

(PREVIOUS IMAGE-FRAME ; ; ; 
ELECTRIC CHARGE TRANSFER): 

  



Patent Application Publication Apr. 28, 2005 Sheet 10 of 17 US 2005/0088558A1 

SECOND IMAGE PICKUP OPERATION 

Ti T2 T3 

sub 
  



Patent Application Publication Apr. 28, 2005 Sheet 11 of 17 US 2005/0088558A1 

P2 P1 P2 
a--a-mead-e- 

of1 of, of 

-IIILITIII. 
FIRST IMAGEPICKUP - ; ; . . 

OPERATION 989 1992 
(SELECTED PICTURE ELEMENT m 

STORAGE) 

SECONDMAGE PICKUP 
OPERATION O 368 388 

(ALLPICTURE ELEMENT 
STORAGE) 

  



Patent Application Publication Apr. 28, 2005 Sheet 12 of 17 US 2005/0088558A1 

EMBEDDEDLAYER 13 INSULATING FILM147 
TRANSFER Y DIFFUSION SEMCONDUCTOR 

ELECTRODE 15A REGION 12 SUBSTRATE 11 

W 

w 
' 

4. 
- W. 

p 

  



Patent Application Publication Apr. 28, 2005 Sheet 13 of 17 US 2005/0088558A1 

N NN 
w sts 
82 

IMA GE PICK U STORAGESECTION 

Fig. 17 

    

  



Patent Application Publication Apr. 28, 2005 Sheet 14 of 17 US 2005/0088558A1 

IMAGE PICKUP SECTION 20. 
of1-0 (3 =EH NEST - 
H 16 COLUMNS) . 

T 

5 stoRAGESECTION20s 
(bv1 ~ (v3 =His LINES, -----------16 COLUMNS) 
Yo(t) - 

? HORIZONTAL TRANSFER 
20d bhi, ph3 SECTION2Oh 

    

  
  

  

    

    

  

  

  

  

    

  



Patent Application Publication Apr. 28, 2005 Sheet 15 of 17 US 2005/0088558 A1 

FIRST OPERATION 

To T1 T2 T3 T4 Ts T6 T7 Te T9 T10 

Fig. 19 
SECOND OPERATION 

TO T T2 T3 . 

Fig. 20 

  





Patent Application Publication Apr. 28, 2005 Sheet 17 of 17 US 2005/0088558A1 



US 2005/0O88558 A1 

SOLID-STATE IMAGE PICKUP DEVICE FOR 
PRODUCING THINNED IMAGE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a frame transfer 
System CCD Solid-State image pickup device and an opera 
tion method of the Solid-State image pickup device. 
0003 2. Description of the Related Art 
0004 Electronic still cameras using Solid-state image 
pickup devices have been utilized as means for introducing 
image information into a computer device Such as a personal 
computer or a word processor. These electronic Still cameras 
are constituted So that an object image can be picked up as 
an animated image, i.e., the continuum of Static images and 
the image information of one desired image frame can be 
fetched from these images in the same manner as in a 
conventional image pickup device Such as a television 
camera. Usually, in the processing of the image information 
of Such an electronic Still camera, in order to Speed up the 
processing, the continuous images are reproduced with 
image Signals of information reduced by appropriately thin 
ning out the image information, and complete Signal pro 
cessing is conducted only for the image information of one 
image frame to be finally fetched. 
0005 FIG. 1 is a block diagram showing a constitution 
of a conventional electronic still camera. 

0006 ACCD solid-state image pickup device 1 includes 
a plurality of light receiving elements arranged in matrix and 
shift registers associated with the light receiving elements. A 
plurality of light receiving elements generate information 
charges in response to light of the object image which is 
radiated to a light receiving Surface by a known lens 
mechanism, and these elements independently accumulate 
the information charges. The Shift register transferS and 
outputs the information charges accumulated in each light 
receiving element in a predetermined Sequence. Addition 
ally, in the Solid-State image pickup device 1, the output end 
of the shift register is provided with a capacity for accumu 
lating the information charge in a unit of picture element. 
The amount of the transferred and emitted information 
charges is converted to a Voltage value, which is fetched and 
emitted as an image signal Y0(t). 
0007 Adrive circuit 2 supplies multiphase vertical trans 
fer clock (pV and horizontal transfer clock (ph to the shift 
registers of the Solid-State image pickup device 1 to transfer 
and output the information charges accumulated in a plu 
rality of light receiving elements in the predetermined 
Sequence. Specifically, the information charges of each light 
receiving element is transferred to the shift register accord 
ing to a vertical Scanning timing and Subsequently trans 
ferred/output line by line according to a horizontal Scanning 
timing, So that the continuous image Signal Y0(t) in a line 
unit can be obtained. A timing control circuit 3 generates a 
horizontal Synchronous Signal HT and a vertical Synchro 
nous Signal VT based on a reference clock of a constant 
cycle, and Supplies the Signals to the drive circuit 2. The 
horizontal and vertical synchronous signals HT and VT 
determine the horizontal and Vertical Scanning timings of the 
Solid-State image pickup device 1, and are generated accord 
ing to a predetermined format. Simultaneously, a timing 
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Signal PC for Standardizing the image signal Y0(t) according 
to the horizontal and vertical Synchronous signals HT and 
VT is generated and Supplied to a signal processing circuit 
4 to be described later. Additionally, the timing control 
circuit 3 responds to an image defining instruction DI to Stop 
the drive circuit 2 from its continuous image pickup opera 
tion and to allow the Signal processing circuit 4 to output 
image data D(n) of one specific image frame corresponding 
to the image signal Y0(t). 
0008. The signal processing circuit 4 takes the image 
Signal Y0(t) output from the Solid-state image pickup device 
1, applies various processings Such as Sample holding, level 
correction and the like in accordance with the timing Signal 
PC, and Supplies an image signal Y1(t) according to the 
predetermined format to a display 5. The Signal processing 
circuit 4 includes an A/D converter and a D/A converter, in 
which the image signal Y0(t) is Subjected to a signal 
processing as digital data, reset to the analog-value image 
Signal Y1(t) after the predetermined signal processing is 
completed, and Supplied to the display 5. Furthermore, the 
digital image data D(n) for one image frame of the image 
signal Y0(t) when the timing control circuit 3 receives the 
image defining instruction DI is Supplied to the outside as a 
Static image output by the Signal processing circuit 4. The 
display 5 is constituted of, for example, an LCD panel for 
continuously displaying the image picked up by the Solid 
State image pickup device 1 in accordance with the image 
Signal Y1(t) Supplied from the signal processing circuit 4. 
Additionally, after the image defining instruction DI is 
received, a static image of the image data D(n) emitted as the 
Static image output is displayed. 

0009 FIG. 2 is a schematic diagram showing the con 
Stitution of the CCD Solid-State image pickup device 1 in a 
frame transfer system. In FIG. 2, for the sake of simplicity, 
the arrangement of light receiving elements is shown as a 
pattern of 12 lines by 16 columns. FIG. 3 is a timing chart 
showing the relationship of each transfer clock and each 
Synchronous signal for operating the Solid-State image 
pickup device 1. 

0010. The frame transfer system CCD solid-state image 
pickup device 1 comprises an image pickup Section 1i, a 
Storage Section is, a horizontal transfer Section 1 h and an 
output Section 1d. The image pickup Section 1i comprises a 
plurality of vertically continuous and mutually parallel CCD 
shift registers, and each bit of the shift registers constitutes 
each light receiving element. Frame transfer clocks (pf1 to 
(pf3 synchronous with the vertical synchronous signal VT are 
applied to the image pickup Section 1i, and the information 
charges accumulated in each light receiving element during 
the image pickup period are transferred to the Storage 
Section 1S at a high rate in a vertical-Scanning blanking 
period. 

0011. The storage section 1s continues from the shift 
registers of the image pickup Section 1i, and comprises a 
plurality of CCD shift registers coincident in bit number. 
Each bit of the shift registers constitutes a storage picture 
element, in which the information charges transferred/emit 
ted from each light receiving element of the image pickup 
Section 1i are temporarily accumulated. Vertical transfer 
clocks (pV1 to pv3 synchronous with the vertical and hori 
Zontal synchronous signals VT and HT are applied to the 
Storage Section 1S, So that the information charges for one 



US 2005/0O88558 A1 

image frame are taken from the image pickup Section 1 i. 
Additionally, the taken information charges are transferred 
by a unit of one line to the horizontal transfer section 1 h in 
a horizontal-Scanning blanking period. 

0012. The horizontal transfer section 1 h is constituted of 
a single CCD Shift register having each bit coupled to the 
output of each shift register of the Storage Section 1S, and 
each bit receives the information charges transferred/emitted 
from each shift register of the Storage Section 1 S. Horizontal 
transfer clockS (ph1 and ph2 Synchronous with the horizontal 
Synchronous signal HT are applied to the horizontal transfer 
Section 1h, So that the information charges transferred/ 
emitted from each shift register of the Storage Section 1S are 
Successively transferred by a unit of horizontal line to the 
output Section 1d. 
0013 The output section 1d is able to receive information 
charges on the output Side of the horizontal transfer Section 
1h, and Subsequently outputs a Voltage value corresponding 
to the amount of electric charge upon receipt of the infor 
mation charges transferred/emitted from the horizontal 
transfer Section 1h. A reset clock (pr is applied to the output 
Section id in accordance with the horizontal transfer clockS 
(ph1 and ph2. By discharging the information charges Suc 
cessively transferred/emitted from the horizontal transfer 
Section 1h by a unit of picture element, the Voltage value 
corresponding to the amount of the information charges for 
each picture element is fetched. Here, a change of the 
emitted Voltage value forms the image signal Y0(t). 
0.014. In the frame transfer system solid-state image 
pickup device 1, Since the Storage Section ls for temporarily 
accumulating the information charge which is obtained by 
picking up the image is apart from the light receiving 
elements of the image pickup Section 1i, there is only slight 
leakage of unnecessary electric charges from the light 
receiving elements. Therefore, the Solid-State image pickup 
device 1 is Suitable for an electronic still camera which reads 
information charges from the Solid-State image pickup 
device at arbitrary timings to obtain Static images. 
0.015. In the electronic still camera described above, an 
animated image is fetched by continuously operating the 
Solid-State image pickup device 1, and a desired Static image 
can be fetched while observing the animated image. At that 
time, Since the animated image forms only a confirming 
image frame, it need not be of high quality. Usually, by 
decreasing the information amount of the image signal Y0(t) 
beforehand, the Signal processing in the Signal processing 
circuit 4 is simplified. Specifically, by thinning out the image 
signal Y0(t) by a constant unit of column or line in the input 
Stage of the Signal processing circuit 4 to decrease the 
information amount, various Signal processings can be Sim 
plified and Speeded up. 

0016. However, the constitution for thinning out the 
image signal Y0(t) in the signal processing circuit 4 speeds 
up the circuit operation of the input Section to increase the 
power consumption, and also results in an increase of cost 
because the circuit itself easily becomes large-scaled. 

SUMMARY OF THE INVENTION 

0.017. An object of the present invention is to provide an 
inexpensive electronic Still camera with a high resolution in 
which an increase of power consumption is Suppressed to 
reduce costs. 
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0018. In one aspect of the present invention, in a first 
image pickup operation, an information charge generated in 
a first light receiving element (pixel: picture element) is 
Stored in the picture element as is, and an information charge 
generated in a Second light receiving element is discharged 
toward a Substrate. Subsequently, in a Second image pickup 
operation, the information charges generated in the first and 
Second light receiving elements are Stored unaltered in the 
picture elements. Therefore, a Solid-State image pickup 
device can be obtained in which it can be selected in 
operation whether to output an image Signal by reducing the 
number of picture elements or by reading the information 
charges from all the light receiving elements. 
0019 Moreover, in the first image pickup operation, the 
information charges are accumulated in only the first light 
receiving element, and a first image Signal continuously 
indicating an image frame with a low resolution can be 
obtained. Subsequently, in the Second image pickup opera 
tion, the information charges are accumulated in the first and 
Second light receiving elements, and a Second image Signal 
indicative of an image frame with a high resolution can be 
obtained. 

0020) Furthermore, according to another aspect of the 
present invention, the predetermined information charges 
are Stored in the first and Second light receiving elements in 
a first period, and in a Subsequent Second period, only the 
information charges accumulated in the Second light receiv 
ing element are discharged from a channel region toward a 
Substrate region with the information charges Stored in the 
first light receiving element held therein. Therefore, the 
information charges are thinned out in accordance with the 
arrangement interval of the first light receiving element, So 
that an image Signal with a reduced information amount can 
be obtained. 

0021 Additionally, information charges which are not 
taken into Storage elements are discharged from the channel 
region to a Semiconductor Substrate side in a boundary 
portion between a light receiving region and a storage region 
in accordance with a difference between first and Second 
transfer clock cycles. In this case, Since a transfer electrode 
with a long channel length formed therein is disposed in the 
boundary portion between the light receiving region and the 
Storage region, a portion of the light receiving region to 
which the information charges are discharged becomes apart 
from a portion of the Storage region in which the information 
charges are Stored. Therefore, the information charges dis 
charged from the light receiving region are hardly mixed 
into the information charges Stored in the Storage region. 
0022. Moreover, the information charges of a part of the 
light receiving elements in the light receiving region are 
Selected in accordance with a ratio of the first and Second 
transfer clock cycles and transferred to the Storage picture 
elements in the Storage region. In the process of transfer, 
Since the information charges of a part of the light receiving 
elements are discharged, the number of picture elements is 
reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a block diagram showing a structure of a 
conventional image pickup device. 
0024 FIG. 2 is a plan view diagrammatically showing a 
conventional frame transfer System Solid-state image pickup 
device. 
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0.025 FIG. 3 is a timing chart showing the operation of 
the frame transfer System Solid-state image pickup device. 
0.026 FIG. 4 is a sectional view showing a structure of an 
image pickup Section of a Solid-state image pickup device 
according to a first embodiment. 
0.027 FIG. 5 is a diagram showing potentials inside the 
image pickup Section of the Solid-State image pickup device 
of the first embodiment. 

0028 FIG. 6 is a profile view showing the potential state 
of the Solid-State image pickup device of the first embodi 
ment. 

0029 FIG. 7 is a plan view diagrammatically showing 
the Solid-State image pickup device of the first embodiment. 
0030 FIG. 8 is a plan view showing an example structure 
of a mosaic color filter. 

0.031 FIG. 9 is a diagram showing the waveform of each 
transfer clock in a first image pickup operation. 
0.032 FIG. 10 is a diagram showing the waveform of 
each transfer clock in a Second image pickup operation. 
0.033 FIG. 11 is a block diagram showing a structure of 
an image pickup device in which a Solid-State image pickup 
device according to the present invention is used. 
0034 FIG. 12 is a timing chart showing the operation of 
the image pickup device shown in FIG. 11. 
0.035 FIG. 13 is a timing chart showing a first image 
pickup operation in an operation method of a Solid-State 
image pickup device according to a Second embodiment. 
0.036 FIG. 14 is a timing chart showing a second image 
pickup operation in the operation method of the Solid-State 
image pickup device of the Second embodiment. 
0037 FIG. 15 is a diagram showing potentials inside the 
image pickup Section of the Solid-State image pickup device 
of the second embodiment. 

0038 FIG. 16 is a potential profile view in a depth 
direction inside the image pickup Section of the Solid-State 
image pickup device of the Second embodiment. 
0039 FIG. 17 is a sectional view showing a structure of 
an image pickup Section of a Solid-State image pickup device 
according to a third embodiment. 
0040 FIG. 18 is a plan view diagrammatically showing 
the Solid-State image pickup device of the third embodiment. 
0041 FIG. 19 is a diagram showing waveforms of trans 
fer clocks for realizing a first operation method of the 
Solid-State image pickup device according to the third 
embodiment. 

0.042 FIG. 20 is a diagram showing waveforms of trans 
fer clocks for realizing a Second operation method of the 
Solid-State image pickup device according to the third 
embodiment. 

0.043 FIG. 21 is a diagram showing potentials in a first 
operation of the operation method of the third embodiment. 
0044 FIG. 22 is a diagram showing potentials in a 
Second operation of the operation method of the third 
embodiment. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0045 First Embodiment 
0046 FIG. 4 is a sectional view showing a structure of a 
Solid-State image pickup device according to the present 
invention, and FIG. 5 is a diagram Showing potentials inside 
the Solid-State image pickup device. Additionally, the Solid 
State image pickup device of the present invention is of a 
frame transfer System, and FIG. 4 shows its image pickup 
Section. 

0047 A P-type diffusion region 12 is formed on one 
principal face of an N-type Semiconductor Substrate 11, and 
a plurality of channel regions extending in one direction 
(horizontal direction of FIG. 4) are formed parallel with one 
another in the diffusion region 12. Each channel region 
forms a transfer route of information charges, and has an 
N-type embedded layer 13 in the vicinity of its surface, 
which forms an embedded channel structure. Furthermore, 
the Semiconductor Substrate 11 Serves as an overflow drain 
for absorbing the information charges leaking from the 
channel regions, to which predetermined fixed potentials are 
applied in accumulating, transfer and discharge periods of 
the information charges, respectively. A plurality of transfer 
electrodes 15 extend in a direction interSecting the channel 
regions and arranged parallel with one another via an 
insulating film 14 on the channel regions with the embedded 
layer 13 formed thereon. The transfer electrodes 15 may be 
formed in a double-layer structure in which clearances in the 
first-layer transfer electrodes 15 are covered with second 
layer transfer electrodes. In a three-phase operation, first and 
second light receiving elements P1 and P2 each formed of 
three transfer electrodes 15 are Set in the channel regions. In 
a channel region 16 in which the first light receiving element 
P1 is Set, an N-type doped region 16 having a higher 
impurity concentration than the embedded layer 13 is 
formed opposite to the central transfer electrode 15. The 
injection region 16 is formed to prevent the information 
charge from escaping from the embedded layer 13 toward 
the Semiconductor Substrate 11, but may be unnecessary if 
the information charge can be Securely held by only the 
transfer electrode 15. 

0048. The first light receiving element P1 accumulates 
the information charges in both first and Second image 
pickup operations, while the Second light receiving element 
P2 accumulates the information charges only in the Second 
image pickup operation. In the embodiment, by disposing 
two second light receiving elements P2 between the first 
light receiving elements P1 to reduce the number of vertical 
picture elements to one-third, a first image signal Y0(t) is 
obtained. Three transfer electrodes 15 are allocated to one 
picture element. 
0049. Three phase transfer clocks (pf1, pf2 and pf3 or pf1, 

(pf2' and pf3 are applied to the transfer electrodes 15 to 
control potentials in the channel regions. The transfer clockS 
(pf1 and pf3 inactivate the transfer electrodes 15 positioned 
on both ends of each light receiving element P1 or P2 and 
form potential barriers for electrically Separating adjoining 
light receiving elements in the first and Second image pickup 
operations. The transfer clock (pf2 turns on the transfer 
electrode 15 positioned in the center of the first light 
receiving element P1 and forms a potential well for accu 
mulating the information charges in the first and Second 
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image pickup operations. The transfer clock (pf2' turns off the 
transfer electrode 15 positioned in the center of the first light 
receiving element P1 and fails to form the potential well in 
the first image pickup operation, but turns on the same 
transfer electrode 15 and forms the potential well in the 
Second image pickup operation. Therefore, the Second light 
receiving element P2 accumulates the information charges 
only in the Second transfer operation. Such a State is shown 
in FIG. 5. 

0050. In a CCD Solid-state image pickup device of a 
Vertical Overflow drain Structure, a potential profile shown 
by a solid line in FIG. 6 is formed in a depth direction of the 
Semiconductor Substrate 11. The potential becomes deeper 
as further away from the transfer electrodes 15, at one point 
indicates a minimum value in the embedded layer 13 and a 
maximum value in the diffusion layer 12, and becomes 
deeper as it advances from the diffusion layer 12 to the depth 
of the Semiconductor Substrate 11. Such a potential can be 
controlled by the potentials applied to the Semiconductor 
substrate 11 and the transfer electrodes 15. If the potential is 
raised, the potential is formed deep. Conversely, if the 
potential is lowered, the potential is formed shallow. 

0051 When the information charges are accumulated in 
the channel regions, the transfer electrodes 15 are activated. 
Specifically, by raising the electric potential applied to the 
transfer electrode 15, a potential profile shown by a curve a 
is formed. Therefore, the information charges can be accu 
mulated only to make up a difference between the minimum 
value of the embedded layer 13 and the maximum value of 
the diffusion layer 12. On the other hand, when the infor 
mation charges are discharged toward the Semiconductor 
Substrate 11 instead of being accumulated in the channel 
regions, the transfer electrodes 15 are inactivated. Specifi 
cally, by lowering the electric potentials applied to the 
transfer electrodes 15, a potential profile as shown by a 
curve b is formed. Therefore, the information charges gen 
erated in the channel regions are discharged toward the 
Semiconductor Substrate 11 along a potential gradient. In the 
first image pickup operation, the transfer clock (pf2 forms the 
potential shown by the curve a of FIG. 3, while the transfer 
clocks (pf1, pf2' and pf3 form potentials shown by the curve 
b of FIG. 3. Additionally, in the second image pickup 
operation, the transfer clocks (pf2 and (pf2 form the poten 
tials shown by the curve a of FIG. 3, while the transfer 
clocks (pf1 and pf3 form potentials shown by the curve b of 
FIG. 3. The potential on the side of the semiconductor 
Substrate 11 hardly changes because the electric potential 
applied to the Semiconductor Substrate 11 is not altered 
between the first and Second image pickup operations. 

0.052 FIG. 7 is a schematic diagram showing the struc 
ture of the frame transfer system CCD solid-state image 
pickup device according to the present invention. In FIG. 7, 
for the Sake of Simplicity, the arrangement of the first and 
second light receiving elements P1 and P2 is shown in 12 
lines by 16 columns. 
0.053 A frame transfer system CCD solid-state image 
pickup device 20 is constituted of an image pickup Section 
20i, a storage section 20s, a horizontal transfer section 20h 
and an output Section 20d. The image pickup Section 20i is 
constituted of a plurality of Vertically continuous, mutually 
parallel CCD shift registers, and each bit of the shift 
registers constitutes the first or Second light receiving ele 
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ment P1 or P2. The first light receiving element P1 for 
accumulating the information charges in the first and Second 
image pickup operations and the Second light receiving 
element P2 for accumulating the information charges only in 
the Second image pickup operation are continuous in lines, 
and form first and second lines L1 and L2, respectively. First 
lines L1 are disposed at a constant interval, while the 
appropriate number of Second lines L2 are disposed between 
these first lines. In this embodiment, two Second lines L2 are 
disposed between each first lines L1. The transfer clocks 
(pf1, pf2 and pf3 are applied to the first lines, while the 
transfer clocks (pf1, (pf2' and pf3 are applied to the Second 
lines L2. When the information charges accumulated in the 
light receiving elements P1 and P2 are transferred, by 
making the transfer clock (pf2 coincident with the transfer 
clock (pf2', the information charges are transferred to the 
Storage Section 20S (frame transfer). In the first image pickup 
operation, the information charges are transferred at a high 
rate in a timing Synchronous with the vertical Synchronous 
Signal VT in the same manner as the image pickup Section 
1i of the solid-state image pickup device 1 shown in FIG. 2. 
On the other hand, in the Second image pickup operation, 
high-rate transfer is not performed, with the transfer instead 
being performed line by line in a cycle in accordance with 
the horizontal Scanning in the same manner as the Storage 
Section 1S of the Solid-state image pickup Section 1 Shown in 
FG, 2. 

0054 The storage section 20s comprises a plurality of 
CCD shift registers continued from the shift registers of the 
image pickup Section 20i, and each bit of the shift registers 
constitutes a storage picture element S. The Storage Section 
20S is optically shielded and temporarily accumulates the 
information charges transferred/emitted from the first light 
receiving elements P1 of the image pickup section 20i. The 
number of Vertically arranged Storage picture elements S of 
the storage section 20s is equal to the number of the first 
lines L1 of the image pickup Section 20i, i.e., the number of 
the first light receiving elements P1 of the image pickup 
section 20i. In this embodiment, the storage section 20s is 
formed in lines one-third of the lines of the image pickup 
section 20i (4 lines by 16 columns). The vertical transfer 
clocks (pV1 to pv3 synchronous with the vertical or horizon 
tal synchronous signal VT or HT are applied to the lines of 
the Storage Section 20s. In the first image pickup operation, 
the information charges are taken in from the first light 
receiving elements P1 of the image pickup Section 20i at 
frequencies which are one third of the frequencies of the 
transfer clocks (pf1 to p?3 and pf2', and the taken information 
charges are transferred to the horizontal transfer Section 20h 
line by line in each horizontal Scanning time. In the Second 
image pickup operation, by making the Vertical transfer 
clocks (pV1 to pV3 coincide with the transfer clocks (pf1 to 
(pf3 and (pf2, the Storage Section 20S is operated as an 
extended Section of each shift register of the image pickup 
Section 20i, and the information charges from the first and 
Second light receiving elements P1 and P2 are Successively 
transferred to the horizontal transfer section 20h. 

0055. The horizontal transfer section 20h comprises a 
Single CCD shift register having each bit coupled to the 
output of each shift register of the Storage Section 20s, and 
each bit receives the information charge transferred/emitted 
from each shift register of the storage section 20s. The 
output Section 20d includes a capacity for receiving the 
information charges on the output Side of the horizontal 
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transfer Section 20h, and emits a Voltage value correspond 
ing to the amount of the electric charges upon receipt of the 
information charges transferred/emitted from the horizontal 
transfer section 20h. The horizontal transfer section 20h and 
the output section 20d correspond to the horizontal transfer 
Section 1 h and the output Section 1d of the Solid-state image 
pickup device 1 shown in FIG. 2. Specifically, the infor 
mation charges in the horizontal transfer Section 20h are 
transferred to the output Section 20d in response to horizon 
tal transfer clocks (ph1 and ph2 synchronous with the hori 
Zontal Synchronous Signal HT, and the information charges 
accumulated in the capacity of the output Section 20d are 
Successively discharged in response to a reset clock (pr. 
Subsequently, a change in electric potential of the capacity 
of the output section 20d is emitted as an image signal Y0(t). 
0056. When the solid-state image pickup device 20 is 
used for picking up color images, a color filter is attached to 
the light receiving Section 20i to associate the first and 
second light receiving elements P1 and P2 with specific 
color components. For example, as shown in FIG. 8, cyan 
(Cy) and yellow (Ye) are alternately arranged in odd lines, 
while white (W) and green (G) are alternately arranged in 
even lines. When Such a color filter is attached to the image 
pickup Section 20i, Six picture elements in the Vertical 
direction are used as one unit, and different color compo 
nents are fetched from two of the picture elements. In FIG. 
8, the picture elements to be fetched are surrounded with 
Squares. Therefore, even in the first image pickup operation 
for performing an image pickup of a low resolution, all color 
components can be fetched independently in the same 
manner as in the Second image pickup operation for reading 
the information charges from all light receiving elements. 

0057 FIGS. 9 and 10 are diagrams of waveforms of 
transfer clocks for realizing the operation method of the 
Solid-State image pickup device of the present invention, and 
respectively show the first and Second image-pickup opera 
tions. 

0.058. In this embodiment, each transfer clock has three 
phases. In Such a three-phase operation, three transfer elec 
trodes 15 for one picture element are arranged in each light 
receiving element P1 or P2 of the image pickup section 20i 
as shown in FIG. 4. As shown in FIG. 6, each transfer 
electrode 15 forms the potential profile deep to accumulate 
the information charges when the applied electric potentials 
are high, and forms the potential profile shallow to discharge 
the information charges when the applied electric potentials 
are low. 

0059) As shown in FIG. 9, in the first image pickup 
operation, the transfer clocks (pf1, pf2' and pf3 are fixed at 
low levels in an electric charge Storage time, and have 
high-frequency reading pulses at the Start of an electric 
charge transfer time Subsequent to the electric charge Storage 
time. Moreover, the transfer clock (pf2 is fixed at a high level 
in the electric charge Storage time, and has a reading pulse 
of a phase equal to the phase of the transfer clock (pf2 at the 
Start of the electric charge transfer time. Therefore, in the 
image pickup Section 20i, the information charges are accu 
mulated only in the first light receiving element P1 for 
receiving the transfer clock (pf2 during the electric charge 
Storage time, and the information charges accumulated in the 
light receiving element P1 are transferred toward the Storage 
Section 20S at a high rate at the Start of the electric charge 
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transfer time. At this point, Since the information charges are 
accumulated only in the first light receiving element P1, the 
information charges for one picture element are emitted 
every time three picture elements are transferred in the 
image pickup Section 20i in which two Second light receiv 
ing elements are disposed between the vertically arranged 
first light receiving elements P1. Additionally, in the first 
image pickup operation, Since the same operation is repeated 
in a constant cycle, the transfer of the information charges on 
the present image frame overlaps the Storage of the infor 
mation charges for the next image-frame. Specifically, while 
the information charges are accumulated by the image 
pickup Section 20i, the information charges for the previous 
image frame are transferred by the Storage Section 20s. 
0060. The vertical transfer clocks (pV1 to (pV3 have read 
ing pulses with frequencies one third of those of the transfer 
clocks (pf1 to pf3, and further have line feeding pulses 
having cycles longer than those of the Vertical transfer 
clocks (pV1 to (pV3, Subsequent to the reading pulses. Addi 
tionally, the horizontal transfer clocks (ph1 and ph2 have 
high-frequency output pulses in the interval of the transfer 
operation of the vertical transfer clocks (pV1 to pV3. The 
operations by the vertical transfer clocks (pV1 to (pV3 and the 
horizontal transfer clocks (ph1 and ph2 are the same as those 
of the CCD solid-state image pickup device 1 shown in FIG. 
2 except the frequencies. Therefore, the information charges 
intermittently emitted from the image pickup Section 20i are 
Successively taken into the Storage Section 20s, temporarily 
held by the storage picture elements S, and transferred line 
by line to the horizontal transfer section 20h from the storage 
Section 20s, all in a constant cycle. Subsequently, the infor 
mation charges taken into the horizontal transfer Section 20h 
are Successively transferred/emitted toward the output Sec 
tion 20d by a unit of one picture element. 
0061 According to the first image pickup operation, the 
information charges accumulated in the first light receiving 
elements P1 of the image pickup Section 20i are repeatedly 
read in a predetermined cycle, So that the image Signal 
indicative of an animated image with a low resolution can be 
obtained. 

0062. As shown in FIG. 10, in the second image pickup 
operation, the transfer clocks (pf1 and (pf3 are fixed at low 
levels in the electric charge Storage time, and have line 
feeding pulses of constant cycles in the Subsequent electric 
charge transfer time. Moreover, the transfer clocks (pf2 and 
(pf2' are fixed at high levels in the electric charge Storage 
time, and have line feeding pulses of the same cycles as 
those of the transfer clocks (pf1 and pf3 in the electric charge 
transfer time. Therefore, in the image pickup Section 20i, the 
information charges are accumulated in the first and Second 
light receiving elements P1 and P2 during the electric charge 
Storage time, and the information charges accumulated in the 
light receiving elements P1 and P2 are transferred line by 
line toward the Storage Section 20S in the electric charge 
transfer time. The vertical transfer clocks (pV1 to (pV3 are 
fixed at low levels during the electric charge Storage time, 
and have line feeding pulses coincident with those of the 
transfer clocks (pf1 to (pf3 during the Subsequent electric 
charge transfer time. Therefore, the Storage Section 20S 
repeats the same operation as the image pickup Section 20i, 
and transferS the information charges Successively trans 
ferred/emitted from the image pickup section 20i line by line 
to the horizontal transfer section 20h, in the same cycle. The 
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horizontal transfer clockS (ph1 and ph2 are the same as those 
in the first image pickup operation, and have high-frequency 
output pulses in the interval of the transfer operation of the 
vertical transfer clocks (pV1 to pV3. Therefore, the informa 
tion charges accumulated in the light receiving elements P1 
and P2 of the image pickup section 20i are transferred line 
by line to the horizontal transfer section 20h through the 
Storage Section 20S from the image pickup Section 20i in a 
constant cycle, and transferred/emitted toward the output 
Section 20al from the horizontal transfer section 20h in a unit 
of one picture element. 
0.063. In the second image pickup operation, since the 
Static image for one image frame is obtained, the informa 
tion charges do not need to be repeatedly Stored in the image 
pickup section 20i, and a sufficient time is allotted for the 
reading of the information charges accumulated in the image 
pickup Section 20i. However, in the Second image pickup 
operation performed by the Solid-State image pickup device 
20, Since all information charges accumulated in the light 
receiving elements P1 and P2 of the image pickup Section 
20i cannot be taken into the Storage Section 20s as they are, 
most of the information charges are held in a position where 
photoelectric conversion operation can be performed even 
during the electric charge transfer time. To Solve this prob 
lem, the generation of Smearing electric charges is prevented 
by providing a shutter mechanism to cover the Solid-State 
image pickup device 20 and closing the Shutter mechanism 
to Shield the image pickup Section 20i against light upon 
completion of the electric charge storage time. 
0064. In the second image pickup operation, the infor 
mation charges accumulated in the first and Second light 
receiving elements P1 and P2 of the image pickup Section 
20i are Successively read, with the image pickup Section 20i 
being Shielded against light, So that an image Signal indica 
tive of a Static image with a high resolution can be obtained. 
0065 FIG. 11 is a block diagram showing a structure of 
an electronic Still camera in which image Signals indicative 
of animated and Static images can be obtained by using the 
solid-state image pickup device 20 shown in FIG. 4, and 
FIG. 12 is a timing chart showing its operation. 

0.066 The CCD solid-state image pickup device 20 is 
shown in FIG. 4 and comprises the storage section 20s, 
whose label is omitted, to one third relative to the image 
pickup Section 20i, and is operated by various clockS Sup 
plied from a drive circuit 21 to output an image signal Y0(t). 
0067. A shutter mechanism 30 is disposed on an optical 
path where an object image is projected to the image pickup 
Section 20i of the Solid-State image pickup device 20 through 
a known lens mechanism, and shields the image pickup 
Section 20i against light if necessary. The Shutter mechanism 
30 may be of any material that can control light transmis 
Sion, and can be constituted using a liquid crystal panel, a 
Shielding plate, or the like. A shutter drive circuit 31 gen 
erates a drive clock (pdbased on a shutter control Signal ST 
Supplied from a timing control circuit 22 described later to 
open/close the shutter mechanism 30. For example, while 
the shutter control Signal ST is raised, the Shutter mechanism 
30 is opened. While the shutter control signal ST falls, the 
shutter mechanism 30 is closed. 

0068 The drive circuit 21 Supplies the transfer clocks (pf1 
to p?3 and pf2', the vertical transfer clocks (pV1 to pV3, and 
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the horizontal transfer clocks (ph1 and ph2 to the shift 
registers of the Solid-State image pickup device 20, to 
transfer/output the information charges accumulated in a 
plurality of light receiving elements P1 and P2 in a prede 
termined Sequence. Specifically, the information charges 
accumulated in the light receiving elements P1 and P2 of the 
image pickup Section 20i in the constant electric charge 
Storage time are transferred/emitted for each picture element 
in the predetermined Sequence, to obtain the image Signal 
Y0(t) which is continuous in a line unit. The information 
charge transfer operation in the Solid-State image pickup 
device 20 follows the first image pickup operation shown in 
FIG. 9 and the second image pickup operation shown in 
FIG 10. 

0069. In the timing control circuit 22, a first image signal 
Y0(t) indicative of an animated image is obtained by con 
tinuously operating the Solid-State image pickup device 20 in 
the first image pickup operation, and a Second image Signal 
y0(t) indicative of a static image is obtained by operating the 
Solid-State image pickup device 20 only once in the Second 
image pickup operation. Additionally, instructions are given 
to the shutter drive circuit 31 for operating the shutter 
mechanism 30 to shield the image pickup section 20i of the 
Solid-State image pickup device 20 against light in Such a 
manner that the shutter mechanism 30 is opened by the first 
image pickup operation and closed after a fixed time by the 
Second image pickup operation to Shield the image pickup 
Section 20i of the Solid-state image pickup device 20 against 
light. 
0070. In the first image pickup operation, the horizontal 
Synchronous signal HT and the vertical Scanning Signal VT 
are generated based on reference clocks of constant cycles 
and Supplied to the drive circuit 21, thereby periodically 
operating the drive circuit 21. Therefore, the Solid-State 
image pickup device 20 repeats the image pickup only by the 
first light receiving elements P1 of the image pickup Section 
20i to output from the image pickup section 20i the first 
image signal Y0(t) whose line number is reduced to one 
third. At this time, the shutter control signal ST remains 
raised, and the Shutter drive circuit 31 keeps open the Shutter 
mechanism 30. Additionally, a timing signal PC for stan 
dardizing the image signal Y0(t) is simultaneously generated 
and Supplied to the Signal processing circuit 23 during the 
first image pickup operation. 
0071. When an image defining instruction DI is input 
while the first image pickup operation is continued, the first 
image pickup operation is completed to shift to the Second 
image pickup operation. In the Second image pickup opera 
tion, the Shutter control Signal ST is first raised to close the 
Shutter mechanism 30 once, So that the image pickup Section 
20i of the solid-state image pickup device 20 is shielded 
against light. In this condition the frame transfer operation 
is performed to discharge the information charges accumu 
lated in each light receiving element of the image pickup 
Section 20i. In the discharge operation, after the Shutter 
mechanism 30 is closed, the same operation as the first 
image pickup operation may be repeated once. After the 
discharge operation of unnecessary electric charges is com 
pleted, the Shutter control Signal ST is raised only for a 
predetermined time, and the Shutter mechanism 30 is opened 
to accumulate the information charges in all light receiving 
elements of the image pickup Section 20i of the Solid-State 
image pickup device 20. The open time of the Shutter 
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mechanism 30 is Set in accordance with the luminance of an 
object in Such a manner that the average of the amount of the 
information charges accumulated in the image pickup Sec 
tion 20i of the solid-state image pickup device 20 falls 
within a predetermined range. Here, the optimum shutter 
open time may be set based on the average level of the first 
image signal Y0(t) obtained in the first image pickup opera 
tion, by directly measuring the luminance of the object, or 
otherwise. In the Second image pickup operation, the Solid 
State image pickup device 20 is not accompanied by the 
frame transfer operation, but the shielding of the image 
pickup section 20i by the shutter mechanism 30 is necessary 
instead. In the image pickup Section 20i Shielded against 
light by the shutter mechanism 30, the information charges 
accumulated in the light receiving elements having more 
line number than that of the storage section 20s are read by 
a unit of line. Therefore, the Solid-State image pickup device 
20 outputs the Second image signal y0(t) indicative of the 
picture element corresponding to each light receiving ele 
ment P1 or P2 of the image pickup section 20i. 
0.072 The signal processing circuit 23 takes the first 
image signal Y0(t) emitted from the Solid-state image pickup 
device 20, applies various-processingS Such-as Sample hold 
ing, level correction and the like in accordance with the 
timing Signal PC, and Supplies an image Signal Y1(t) accord 
ing to the predetermined format to a display 24. The Signal 
processing circuit 23 includes an A/D converter and a D/A 
converter, in which the first image signal Y0(t) is subjected 
to a signal processing as digital data, resets to the analog 
value image signal Y1(t) after the predetermined signal 
processing is completed, and Supplied to the display 24. The 
Signal processing circuit 23 repeats the aforementioned 
Signal processing as the first image pickup operation until 
the timing control circuit 22 receives the image defining 
instruction DI. After the image defining instruction DI is 
received, digital image data D(n) corresponding to the 
Second image Signal y0(t) indicative of the information 
charges from all the light receiving elements of the image 
pickup Section 20i of the Solid-State image pickup device 20 
is Supplied to the outside as a Static image output. At this 
time, the image signal Y1(t) whose picture element number 
is reduced is also Supplied to the display 24 corresponding 
to the Static image output. The display 24 is constituted of an 
LCD panel or the like for continuously displaying images 
picked up by the Solid-state image pickup device 20 in 
response to the image Signal Y1(t) Supplied from the signal 
processing circuit 23. 

0073. As aforementioned, since the substantial number of 
light receiving elements of the Solid-State image pickup 
device 20 is changed between the first and Second image 
pickup operations, the Signal processing of the Signal pro 
cessing circuit 23 can be simplified in the first image pickup 
operation to obtain the image Signal indicative of the low 
resolution animated image. 

0.074. In the above-mentioned embodiment, the number 
of lines of the Storage picture elements in the Storage Section 
20s of the solid-state image pickup device 20 is reduced to 
one third of the number of lines in the image pickup Section 
20i, but the reduction ratio may be 1/2 or 1/4 or less. 

0075 AS aforementioned, according to the first embodi 
ment, by Switching the Substantial number of light receiving 
elements, the first image Signal indicating the low-resolution 
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animated image and the Second image Signal indicating the 
high-resolution Static image can be obtained, respectively. 
Furthermore, Since the chip Size of the Solid-State image 
pickup device can be reduced, the manufacture cost of the 
Solid-State image pickup device can be cut down. Addition 
ally, the Signal processing of the first image Signal obtained 
in the first image pickup operation can be simplified. There 
fore, while the cost of the Solid-State image pickup device is 
reduced, a high-quality Static image can be obtained. 

0076) Second Embodiment 
0077. The structure of a second embodiment of the 
present invention is basically the same as that of the first 
embodiment, but, in the Second embodiment, the electric 
potentials of the Semiconductor Substrate 11 are positively 
controlled. 

0078 FIGS. 13 and 14 are timing charts of an operation 
method of a Solid-state image pickup device according to the 
Second embodiment, and show a first image pickup opera 
tion for fetching only the information charges of the first 
light receiving elements P1 and a Second image pickup 
operation for fetching all the information charges of the first 
and Second light receiving elements P1 and P2, respectively. 

0079. In this embodiment, three-phase transfer clocks (pf1 
to pf3, three-phase Vertical transfer clocks (pV1 to (pV3, and 
two-phase horizontal transfer clockS (ph1 and ph2 are used. 
In this case, in the image pickup Section 20i, as shown in 
FIG. 4 described above, three transfer electrodes 15 per 
picture element are disposed for each light receiving element 
P1 or P2. Moreover, the transfer clocks (pf1 and pf3 are 
applied to both-end transfer electrodes 15 of each light 
receiving element P1 or P2, the transfer clock (pf2 is applied 
to the center transfer electrode 15 of the first light receiving 
element P1 and the transfer clock (pf2' is applied to the center 
transfer electrode 15 of the Second light receiving element 
P2. Furthermore, a substrate clock (psub synchronous with 
the transfer clocks (pf1 to p?3 and pf2' is applied to the 
Semiconductor Substrate 11. 

0080. As shown in FIG. 13, in the first image pickup 
operation, the information charges are accumulated at a first 
time T1, and the accumulated amount of the information 
charges is regulated in the Subsequent Second time T2. 
Subsequently, the information charges are transferred in a 
third time T3 subsequent to the second time T2. The transfer 
of the information charges in the third time T3 is performed 
in two stages: a frame transfer in which the information 
charges for one image frame whose picture element number 
is reduced are read from the image pickup Section 20i to the 
Storage Section 20S at a high rate; and a line transfer in which 
the information charges are read line by line from the Storage 
Section 20s to the horizontal transfer section 20h. 

0081. The transfer clocks (pf1 to pf3 and pf2' include 
high-frequency discharge pulses immediately before the first 
time T1 and high-frequency reading pulses at the Start of the 
third time T3 (frame transfer time). The transfer clock (pf2 is 
fixed at a high level in the first and second time T1 and T2, 
and the transfer clocks (pf1 and pf3 are fixed at low levels 
during the first to third time T1-T3 except the frame transfer 
time. The transfer clock (pf2' is fixed at a high level together 
with the transfer clock (pf2 in the first time T1, and to a low 
level together with the transfer clocks (pf1 and pf3 in the 
Second time T2. Additionally, the Substrate clock (pSub is 
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raised and fixed at a high level in the time of the discharge 
pulses of the transfer clocks (pf1 to p?3 and pf2' and the 
Second time T2, and fixed at a low level in the other times 
T1 and T3. 

0082) When the substrate clock (psub is raised to the high 
level and the discharge pulses of the transfer clocks (pf1 to 
(pf3 and pf2' are applied immediately before the first time T1, 
the potential on the Semiconductor Substrate 11 becomes 
deep, while the potential on the Side of the transfer elec 
trodes 15 periodically becomes shallow. At this time, since 
the potential profile which becomes deeper toward the depth 
of the semiconductor substrate 11 is formed under each light 
receiving element P1 or P2, the previously accumulated 
information charges in each light receiving element P1 or P2 
are all discharged toward the Semiconductor Substrate 11. 
0083) When the transfer clocks (pf1 and pf3 are fixed at 
low levels in the first and second time T1 and T2, as shown 
in FIG. 15, potential barriers for separating picture elements 
are formed on both ends of each light receiving element P1 
or P2. 

0084. When the substrate clock (psub is fixed at the low 
level and the transfer clocks (pf2 and pf2' are fixed at high 
levels in the first time T1, the potential profile as shown by 
a curve a of FIG. 16 is formed in a depth direction in the 
center of each light receiving element P1 or P2. Specifically, 
the potential profile becomes deeper as it is apart from the 
transfer electrodes 15, indicates a minimum value in the 
embedded layer 13 and a maximum value in the diffusion 
region 12 and becomes deeper again as it advances from the 
diffusion region 12 to the depth of the semiconductor 
Substrate 11. Therefore, the information charges equivalent 
to a difference between the minimum value in the embedded 
layer 13 and the maximum value in the diffusion region 12 
can be accumulated in each light receiving element P1 or P2. 
0085. When the clock (psub is raised to the high level, 
with the transfer clock (pf2 being kept at the high level in the 
Second time T2, the depth-direction potential profile in the 
center of the first light receiving element P1 changes as 
shown by a curve b of FIG. 16. Specifically, the potential on 
the Side of the Semiconductor Substrate 11 becomes deep, 
and the maximum value in the diffusion region 12 is lowered 
accordingly. Therefore, the difference between the minimum 
value in the embedded layer 13 and the maximum value in 
the diffusion region 12 is reduced to reduce the Storage 
capacity of the information charges, and the information 
charges exceeding the Storage capacity and accumulated in 
the first time T1 are discharged toward the semiconductor 
Substrate 11. Furthermore, in the second time T2, when the 
clock (psub rises to the high level while the transfer clock 
(pf2' falls to the low level, the depth-direction potential 
profile in the center of the Second light receiving element P2 
changes as shown by a curve c of FIG. 16. Specifically, the 
potential on the side of transfer electrodes 15 becomes 
shallow at the same point that the potential on the Side of the 
Semiconductor Substrate 11 becomes deep, and the minimum 
value in the embedded layer 13 and the maximum value in 
the diffusion region 12 are reversed. The potential barrier in 
the diffusion region 12 is then extinct, and the information 
charges accumulated in the first time T1 are all discharged 
toward the semiconductor Substrate 11. Therefore, at the 
completion of the Second time T2 of the first image pickup 
operation, as shown in FIG. 15, the information charges are 
accumulated only by the first light receiving element P1. 
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0086. In the image pickup section 20i, the storage capac 
ity of the information charges in the channel region is 
reduced by a delay of potential variation in the channel 
region relative to the electric potential variation of the 
transfer electrodes 15 or the like in the third time T3 when 
high frequencies are applied, rather than in the first time T1 
when the electric potentials of the transfer electrodes 15, are 
fixed. For this reason, when an amount close to the Satura 
tion amount of information charges are accumulated in the 
first time T1, a part of the information charges may be left 
in the channel region instead of being transferred in the third 
time T3. To prevent the information charges from remaining 
to be transferred, in the Second time T2, the Storage capacity 
of the information charges in the channel region is regulated. 
The discharging of the information charges of the Second 
light receiving element P2 and the regulation of the Storage 
capacity are simultaneously performed in the Second time 
T2. 

0087. At the third time T3, when the reading pulses of the 
transfer clocks (pf1 to p?3 and pf2' are applied, with the 
Substrate clock (pSub being kept at the low level, the infor 
mation charges accumulated in the first light receiving 
element P1 are transferred/emitted to the storage section20s 
from the image pickup Section 20i along the extending 
direction of the channel region. At this time, Since the 
information charges are accumulated only in the first light 
receiving element P1, the information charges for one pic 
ture element are emitted every time three picture elements 
are transferred in the image pickup section 20i in which two 
Second light receiving elements P2 are disposed between the 
Vertically arranged first light receiving elements P1. 
0088. The vertical transfer clocks (pV1 to (pV3 have read 
ing pulses with frequencies one third those of the transfer 
clocks (pf1 to (pf3 at the Start of the electric charge transfer 
time, and have line feeding pulses of constant cycles, 
Subsequent to the reading pulses. Additionally, the horizon 
tal transfer clockS (ph1 and ph2 have high-frequency output 
pulses corresponding to the line feeding pulses of the 
vertical transfer clocks (pV1 to pV3. The operation by the 
vertical transfer clocks (pV1 to pV3 and the horizontal transfer 
clocks (ph1 and ph2 is the same as in the above-mentioned 
first embodiment, and the information charges are trans 
ferred in the same manner. 

0089. According to the first image pickup operation, the 
information charges accumulated in the first light receiving 
element P1 are repeatedly read in a predetermined time, So 
that the image Signal having a low resolution and indicating 
an animated image can be obtained. 
0090. As shown in FIG. 14, in the second image pickup 
operation, the information charges are accumulated in the 
first time T1, and the Storage amount of the information 
charges is restricted in the Subsequent Second time T2. 
Subsequently, the information charges are transferred in the 
third time T3 subsequent to the second time T2. The transfer 
of the information charges in the third time T3 is performed 
only by the line transfer in which the information charges are 
read line by line from the image pickup Section 20i through 
the Storage Section 20s. 
0091. The transfer clocks (pf1 to p?3 and pf2 have high 
frequency discharge pulses immediately before the first time 
T1 and line feeding pulses of constant cycles in the third 
time T3. The transfer clocks (pf2 and pf2' are coincident with 
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each other and fixed at low levels in the first and second time 
T1 and T2. The transfer clocks (p1 and pf3 are fixed at low 
levels in the first and second time T1 and T2. Additionally, 
the Substrate clock (pSub is raised and fixed at a high level in 
the time of the discharge pulses of the transfer clocks (pf1 to 
(pf3 and pf2' and the second time T2, and fixed at a low level 
in the other times T1 and T3. 

0092. When the Substrate clock (psub is raised to a high 
level and the discharge pulses of the transfer clocks (pf1 to 
(pf3 and pf2' are applied immediately before the first time T1, 
the potential on the side of the semiconductor substrate 11 
becomes deep, while the potential on the Side of the transfer 
electrodes 15 periodically becomes shallow. The operation is 
the same as the first image pickup operation. 

0093. When the transfer clocks (pf1 and pf3 are fixed at 
low levels in the first and second time T1 and T2, as shown 
in FIG. 15, potential barriers for separating picture elements 
are formed on both ends of each light receiving element P1 
or P2. 

0094. When the substrate clock (psub is fixed at a low 
level and the transfer clocks (pf2 and pf2' are fixed at high 
levels in the first time T1, the potential profile as shown by 
the curve a of FIG. 16 is formed in a depth direction in the 
center of each light receiving element P1 or P2 in the same 
manner as in the first image pickup operation. Therefore, the 
information charges equivalent to a difference between the 
minimum value in the embedded layer 13 and the maximum 
value in the diffusion region 12 can be accumulated in each 
light receiving element P1 or P2. 

0.095 When the clock (psub is raised to high level, with 
the transfer clocks (pf2 and (pf2' being kept at high levels in 
the Second time T2, in the same manner as in the first image 
pickup operation, the depth-direction potential profile of the 
center of the each light receiving element P1 or P2 changes 
as shown by the curve b of FIG. 16. Therefore, the differ 
ence between the minimum value in the embedded layer 13 
and the maximum value in the diffusion region 12 is reduced 
to reduce the Storage capacity of the information charges, 
and the information charges exceeding the Storage capacity 
and accumulated in the first time T1 are discharged toward 
the Semiconductor Substrate 11. In the Second image pickup 
operation, at the completion of the Second time T2, as shown 
in FIG. 15, the information charges are accumulated in each 
light receiving element P1 or P2. The restriction of the 
Storage capacity of the information charges in the Second 
time T2 is the same as in the first image pickup operation. 

0096. When the line feeding pulses of the transfer clocks 
(pf1 to p?3 and pf2' are applied, with the substrate clock (psub 
being kept at a low level in the third time T3, the information 
charges accumulated in each light receiving element P1 or 
P2 are transferred to the Storage Section line by line along the 
extending direction of the channel region. 

0097. The vertical transfer clocks (pV1 to pv3 have line 
feeding pulses coincident with the transfer clocks (pf1 to (pf3 
in the third time T3. In the third time T3, the transfer 
operation by the vertical transfer clocks (pV1 to pv3 is the 
Same as the transfer operation by the transfer clocks (pf1 to 
(pf3, and the information charges are transferred to the 
horizontal transfer Section 20h from the image pickup Sec 
tion 20i through the storage section 20s in a unit of line. The 
horizontal transfer clocks (ph1 and ph2 have high-frequency 
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output pulses corresponding to the line feeding pulses of the 
vertical transfer clocks (pV1 to pV3 in the third time T3. The 
horizontal transfer clocks (ph1 and ph2 are the same as those 
in the first image pickup operation, and the information 
charges transferred/emitted to the horizontal transfer Section 
20h from the image pickup Section 20i through the Storage 
Section 20s in a unit of line are transferred/emitted from the 
horizontal transfer Section 20h in picture element units. 
0098. In the second image pickup operation, since the 
Static image for one image frame is obtained, the informa 
tion charges need not be repeatedly Stored in the image 
pickup section 20i, and a sufficient time is allotted for the 
reading of the information charges accumulated in the image 
pickup Section 20i. However, in the Second image pickup 
operation, Since all information charges accumulated in the 
light receiving elements P1 and P2 of the image pickup 
Section 20i cannot be taken into the Storage picture elements 
of the Storage Section 20S as they are, most of the informa 
tion charges are held in a position where photoelectric 
conversion operation can be performed even during the 
electric charge transfer time. To Solve the problem, by 
providing a shutter mechanism to cover the Solid-state image 
pickup device 20 and closing the Shutter mechanism to 
Shield the image pickup Section 20i against light upon 
completion of the electric charge Storage time, the genera 
tion of Smearing electric charges is prevented. 
0099. According to the second image pickup operation, 
the information charges accumulated in the first and Second 
light receiving elements P1 and P2 of the image pickup 
Section 20i are Successively read with the image pickup 
Section 20i being Shielded against light, So that an image 
Signal having a high resolution and indicating a Static image 
can be obtained. 

0100. The structure of an electronic still camera in which 
the first image Signal indicating an animated image and the 
Second image Signal indicating a Static image are obtained 
by using the operation method of the Second embodiment is 
the same as the structure shown in FIG. 11, and its entire 
operation is the same as illustrated. 
0101 Third Embodiment 
0102 FIG. 17 is a sectional view showing a structure of 
a Solid-State image pickup device according to a third 
embodiment of the present invention. The Solid-state image 
pickup device of the present embodiment is of a frame 
transfer system, and FIG. 17 shows a vicinity of a boundary 
between an image pickup Section and a storage Section. 

0103) The structure is the same as that of the second 
embodiment, except that a portion of the transfer electrodes 
15" defining one light receiving element. P' adjacent to the 
Storage Section among a plurality of light receiving elements 
P and one Storage picture element S' adjacent to the image 
pickup Section among a plurality of Storage picture elements 
S are formed broader in an electric charge transfer direction 
than the other transfer electrodes 15, and have their channel 
lengths lengthened. 

0104 Three-phase frame transfer clocks (pf1 to p?3 are 
applied to the transfer electrodes 15 and 15" of the image 
pickup Section, and three-phase vertical transfer clocks (pV1 
to pv3 are applied to the transfer electrodes 15 and 15" of the 
Storage Section, to control potentials in channel regions. In 
the image pickup operation, the frame transfer clocks (pf1 
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and pf3 inactivate the transfer electrodes 15 positioned on 
both ends of each light receiving element P, and form 
potential barriers for electrically Separating adjoining light 
receiving elements P. Additionally, the frame transfer clock 
(pf2 turns on the transfer electrode 15 positioned in the center 
of the light receiving element P, and forms a potential well 
for accumulating the information charges. Furthermore, in 
the transfer operation, the frame transfer clocks (pf1 to pf3 
and the Vertical transfer clock (pV1 to (pV3 repeatedly acti 
vate/off each transfer electrode 15 at a high rate to move the 
potential well in Such a manner that the information charges 
accumulated in the potential well are transferred in one 
direction. Here, by Setting cycles of the vertical transfer 
clocks (pV1 to (pV3 an integer number of times longer than 
those of the frame transfer clocks (pf1 to pf3, the number of 
picture elements can be reduced in the process of transfer of 
information charges from the image pickup Section to the 
Storage Section. Specifically, by Setting the cycles of the 
vertical transfer clocks (pV1 to pV3 n-times (n: integer) longer 
than the cycles of the frame transfer clocks (pf1 to pf3, the 
information charges transferred/emitted from the image 
pickup Section are taken into the Storage Section only for one 
picture element among n-picture elements. 
0105. In the CCD solid-state image pickup device having 
a vertical Overflow drain Structure, the potential profiles as 
shown in FIG. 6 are formed in the depth direction of the 
Semiconductor Substrate 11. 

0106 When the transfer electrodes 15 and 15' are acti 
Vated, i.e., when the electric potentials applied to the transfer 
electrodes 15 and 15" are raised, the potential profile is 
formed deep in the embedded layer 13 (channel region) as 
shown by the curve a. Therefore, the information charges 
can be accumulated only to compensate for the difference 
between the minimum value in the embedded layer 13 and 
the maximum value in the diffusion layer 12. On the other 
hand, when the transfer electrodes 15 and 15' are inactivated, 
i.e., when the electric potentials applied to the transfer 
electrodes 15 and 15" are lowered, the potential profile is 
formed shallow in the embedded layer 13 (channel region) 
as shown by the curve b. Therefore, the potential barriers in 
the diffusion region 12 are extinct, and the information 
charges generated in the channel region are discharged 
toward the Semiconductor Substrate 11 along the potential 
gradient. 

0107 The frame transfer clocks (pf1 to pf3 and the 
vertical transfer clocks (pV1 to pV3 activate the transfer 
electrodes 15 and 15" in a sequential transfer direction, with 
the transfer electrodes being overlapped for a predetermined 
time. At this time, if the timing at which the transfer 
electrodes 15 and 15" are continuously activated is delayed, 
the information charges which are being transferred are 
discharged toward the semiconductor Substrate 11. To solve 
the problem, by lengthening the cycles of the vertical 
transfer clocks (pV1 to (pV3 and intentionally delaying the 
timing when the transfer electrodes 15' of the Storage Section 
are activated, only a part of the information charges of the 
light receiving elements can be taken into the Storage picture 
element S while being transferred from the image pickup 
Section to the Storage Section. At this time, the information 
charges which are not taken into the Storage picture element 
S are discharged from the output end of the image pickup 
Section, i.e., the light receiving element P1 adjacent to the 
Storage Section. For this reason, by forming longer channel 
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lengths of the transfer electrodes 15' in the boundary of the 
image pickup Section and the Storage Section, the informa 
tion charges discharged toward the Semiconductor Substrate 
11 are prevented from being mixed in the information 
charges held in the Storage picture element S'. 

0.108 FIG. 18 is a schematic diagram showing the struc 
ture of the frame transfer system CCD solid-state image 
pickup device according to the third embodiment. In FIG. 
18, for Simplicity of understanding, the arrangement of the 
light receiving elements P is shown in 12 lines by 16 
columns. In the third embodiment, in order to transfer the 
information charges accumulated in each light receiving 
element P, the frame transfer clocks (pf1 to pf3 are clocked 
on high frequencies, before the information charges are 
transferred to the storage Section 20S (frame transfer). 
0109 FIGS. 19 and 20 show waveforms of transfer 
clocks for realizing the operation method of the Solid-State 
image pickup device according to the present invention: 
FIG. 19 shows a first operation for reducing the number of 
picture elements to read information charges; and FIG. 20 
shows a Second operation for reading the information 
charges of all the picture elements. In this embodiment, the 
number of picture elements is reduced to one third in the first 
operation. Additionally, the cycles of the transfer clocks in 
the Second operation are Sufficiently longer (usually, several 
hundred times) than the cycles of the transfer clocks in the 
first operation, and FIG. 20 is reduced in size in a time axis 
direction as compared with FIG. 19. 
0110. After the solid-state image pickup device accumu 
lates the information charges generated through photoelec 
tric conversion in the first time (Storage time) into each light 
receiving element P, the information charges are transferred/ 
emitted from each light receiving elements P via the Storage 
picture element S in the Second time (transfer time). During 
the Storage time, one of the frame transfer clocks (pf1 to pf3, 
e.g., the frame transfer clock (pf3 is fixed at a high level, 
while the other frame transfer clocks (pf1 and pf2 are fixed 
at low levels. Therefore, the information charges generated 
by the photoelectric conversion are accumulated under the 
transfer electrode 15 to which the frame transfer clock (pf3 
is applied. The operation in the Storage time in the first 
operation is coincident with that in the Second operation. 

0111. In the transfer time, in the first operation, the frame 
transfer clocks (pf1 to (pf3 alternately repeat rising and falling 
in constant cycles, So that a mutual phase difference is Set to 
/3 cycle. At this point, the vertical transfer clocks (pV1 to (pV3 
repeat rising and falling in cycles three times longer than 
those of the frame transfer clocks (pf1 to f3, so that a mutual 
phase difference is Set to "/6 cycle. Furthermore, the rising of 
the vertical transfer clock (pV is delayed by % cycle, and 
periods when the vertical transfer clocks (pV1 to (pV3 are 
raised are mutually overlapped only by /18 cycle. The first 
operation includes a transfer operation in which the infor 
mation charges taken from the light receiving element Pinto 
the Storage picture element S are transferred/emitted by each 
picture element according to a horizontal Scanning timing. 
On the other hand, in the Second operation, the frame 
transfer clocks (pf1 to p?3 and the vertical transfer clocks (pV1 
to (pV3 are coincident with one another and alternately repeat 
rising and falling in constant cycles, and a mutual phase 
difference is Set to /3 cycle. In the Second embodiment, the 
information charges are taken from the light receiving 
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element P of the image pickup Section into the Storage 
picture element S of the Storage Section according to the 
horizontal Scanning timing, and continuously transferred/ 
emitted by each picture element from the Storage picture 
element S. 

0112 FIG. 21 is a diagram showing potentials in the first 
operation. FIG. 21 corresponds to FIG. 19, and shows the 
same portion as FIG. 17. 

0113 At a time T0 when the frame transfer clock (pf3 and 
the vertical transfer clock (pV3 rise and the transfer clocks 
(pf1 and pf2 and the vertical transfer clocks (pV1 and (pV2 fall, 
the potential well is formed under the transfer electrode 15 
to which the frame transfer clock (pf3 or the vertical transfer 
clock (pV3 is applied. The information charges are Stored in 
the potential well. At time T1 to T3, the frame transfer clocks 
(pf1 to p?3 are successively reversed with a time difference 
of /3 cycle, and the information charges accumulated under 
the transfer electrode 15 to which the frame transfer clock 
(pf3 is applied are transferred till the light receiving element 
P of one picture element ahead. Additionally, the vertical 
transfer clocks (pV1 to pV3 are Successively reversed with a 
time difference of /6 cycle, and the information charges 
accumulated under the transfer electrode 15 to which the 
vertical transfer clock (pV3 is applied are transferred till the 
Storage picture element S of one picture element ahead. 

0114. At a time T4, the frame transfer clocks (pf1 and pf3 
are reversed, with the vertical transfer clocks (pV1 to pV3 
being fixed, and the information charges accumulated under 
the transfer electrode 15 to which the frame transfer clock 
(pf3 is applied are transferred to below the transfer electrode 
15 to which the vertical transfer clock (pV1 is applied. At this 
time, in the light receiving element P1 adjacent to the 
Storage Section, Since the transfer electrode 15', to which the 
Vertical transfer clock (pV1 is applied ahead of the transfer 
electrode 15' to which the frame transfer clock (pf3 is 
applied, remains off, all the information charges of the 
picture element are discharged toward the Semiconductor 
Substrate 11. At this point, in the Storage picture element S1 
adjacent to the light receiving element P', the information 
charges are held in a position farthest from the light receiv 
ing element P', i.e., under the transfer electrode 15 to which 
the Vertical transfer clock (pV3 is applied. In addition, the 
transfer electrodes 15' on opposite sides of the transfer 
electrode 15' to which the frame transfer clock (pf3 is applied 
are formed with lengthened channel lengths. For this reason, 
even when the information charges are discharged toward 
the Semiconductor Substrate 11 in the channel region under 
the transfer electrode 15' to which the frame transfer clock 
(pf3 is applied, a part of the information charges can be 
prevented from being mixed into the information charges 
held by the Storage picture element S'. 

0115) In time T5 and T6, in the same manner as for time 
T2 and T3, the frame transfer clocks (pf1 to p?3 are succes 
Sively reversed, and the information charges accumulated 
under the transfer electrode 15 to which the frame transfer 
clock (pf1 is applied are transferred to below the next transfer 
electrode 15 to which the frame transfer clock (pf3 is applied. 
At time T7, in the same manner as at time T4, the frame 
transfer clocks (pf1 and (pf3 are reversed, and the information 
charges accumulated under the transfer electrode 15 to 
which the frame transfer clock (pf3 is applied are transferred 
to below the transfer electrode 15 to which the frame transfer 
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clock (pf1 is applied. Additionally, in the light receiving 
element P' the information charges for one picture element 
are discharged toward the Semiconductor Substrate 11. The 
transfer operation in time T8 and T9 is coincident with the 
transfer operation in time T5 and T6. Additionally, in the 
time T5 till T9, in the same manner as in the time T3 and T4, 
the vertical transfer clocks (pV1 to (pV3 are continuously 
fixed. 

0.116) Subsequently, at time T10, in the same manner as 
at time T1, the frame transfer clocks (pf1 and pf3 together 
with the vertical transfer clocks (pV1 and (pV3 are reversed, 
and the information charges accumulated under the transfer 
electrode 15 to which the frame transfer clock (pf3 or the 
vertical transfer clock (pV3 is applied are transferred to below 
the transfer electrode 15 to which the frame transfer clock 
(pf1 or the vertical transfer clock (pV1 is applied. At time T10, 
in the light receiving element P' the information charges are 
not discharged toward the Semiconductor Substrate 11, but 
transferred to the Storage picture element S'. 
0117 By repeating the above-mentioned operation from 
time T1 till T10, the discharge of the information charges for 
two picture elements and the output of the information 
charges for one picture element are repeated, So that one 
third of the information charges accumulated in a plurality 
of light receiving elements P are taken into the Storage 
picture element S. The information charges once taken into 
the Storage picture element S are transferred/emitted in a 
unit of picture element, when the vertical transfer clocks (pV1 
to (pV3 repeat rising and falling according to the horizontal 
Scanning cycle. 

0118 FIG. 22 is a diagram showing potentials in the 
second operation. FIG. 22 corresponds to FIG. 10, and 
shows the same portion as FIG. 17. 
0119) At a time T0, the frame transfer clock (pf3 and the 
vertical transfer clock (pV3 rise, the frame transfer clocks (pf1 
and (pf2 and the vertical transfer clocks (pV1 and (pV2 fall, and 
the potential well is formed under the transfer electrode 15 
to which the frame transfer clock (pf3 or the vertical transfer 
clock (pV3 is applied, So that the information charges are 
stored in the potential well. 

0120) At time T1 till T3, the frame transfer clocks (pf1 to 
(pf3 and the vertical transfer clocks (pV1 to (pV3 are succes 
sively reversed. The transfer operation in time T1 till T3 is 
coincident with the operation in time T1 till T3 of the first 
operation shown in FIG. 21. However, the operation cycle 
is Set coincident with the horizontal Scanning cycle, and is 
sufficiently (about 900 times at maximum) longer than that 
of the first operation. 
0121 By repeating the above-mentioned operation of 
time T1 till T3, the information charges accumulated in a 
plurality of light receiving elements P are transferred/emit 
ted via the Storage picture element S by each picture element 
at the timing following the horizontal Scanning cycle. In the 
Second operation, however, during the transfer time, most of 
the information charges are held in the light receiving 
element P in which photoelectric conversion is continued. 
Therefore, by providing a shutter mechanism to cover each 
light receiving element P and closing the Shutter mechanism 
to Shield the light receiving element P from light during the 
transfer time, the generation of Smearing electric charges 
must be prevented. 
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0122) According to the third embodiment, in the process 
of transfer from the image pickup Section to the Storage 
Section of the Solid-state image pickup device, the informa 
tion charges can be read only from the Specific picture 
element to reduce the number of picture elements. Since the 
information charges to be discharged to thin out the picture 
elements are discharged toward the Substrate in the transfer 
electrodes whose channel lengths are formed long, the 
mixing of a portion of the discharged charges with the 
information charges held in the Storage picture element can 
be prevented. Therefore, the processing of the image signal 
can be Simplified, the image Signal can be prevented from 
being deteriorated, and the reduction of circuit Scale and cost 
can be expected. Moreover, Since the chip Size of the 
Solid-State image pickup device can be reduced due to the 
reduction of the Storage Section, the manufacturing cost of 
the Solid-State image pickup device itself can also be 
reduced. 

1-15. (canceled) 
16. A Solid-State image pickup device for generating 

image Signals in accordance with incident light, comprising: 
a Semiconductor Substrate having one conductive type; 
a Semiconductor region formed on one Surface of Said 

Semiconductor Substrate and having a conductive type 
opposite to Said Semiconductor Substrate; 

a plurality of channel regions extending in a column 
direction in Said Semiconductor region; 

a plurality of picture elements in which electric charges 
are accumulated defined in each portion of Said plural 
ity of channel regions, 

a plurality of transfer electrodes, extending in a row 
direction on Said Semiconductor region, for transferring 
the electric charges accumulated in Said picture ele 
ments, 

wherein Said plurality of channel regions include: 
light receiving regions in which the electric charges are 

accumulated in accordance with the incident light and 
Storage regions in which the electric charges transferred 
from Said light receiving elements are accumulated; 
and wherein: 

at least two of the plurality of transfer electrodes are 
disposed So as to Sandwich a boundary portion between 
a light receiving region and a storage region, 

at least two of the plurality of transfer electrodes are 
formed So as to have channel lengths longer than the 
other channel lengths, and 

at least two of the plurality of transfer electrodes apply a 
first transfer clock having a constant cycle to the 
plurality of transfer electrodes arranged in the light 
receiving region and applying a Second transfer clock 
having a cycle longer than the cycle of the transfer 
clock to the transfer electrodes arranged in the Storage 
region. 

17. The Solid-state image pickup device according to 
claim 16 wherein the number of picture elements arranged 
in Said Storage region is Set to a value of 1/n, where n is an 
integer of 2 or more, of the number of Said picture elements 
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Set in Said light receiving region, and the cycle of Said 
Second transfer clock is n times longer than the cycle of Said 
first transfer clock. 

18. A Solid-State image pickup device for generating 
image Signals in accordance with incident lights, compris 
Ing: 

a Semiconductor Substrate having one conductive type; 
a Semiconductor region formed on one Surface of Said 

Semiconductor Substrate and having a conductive type 
opposite to Said Semiconductor Substrate; 

a plurality of channel regions extending in a column 
direction respectively in Said Semiconductor region; 

a plurality of picture elements in which electric charges 
are accumulated defined in each portion of Said plural 
ity of channel regions, 

a plurality of transfer electrodes, extending in a row 
direction on Said Semiconductor region, for transferring 
the electric charges accumulated in Said plurality of 
channel regions, and wherein 

Said plurality of channel regions include: 
light receiving regions which the electric charges in 

accordance with the incident lights are accumulated; 
Storage regions in which the electric charges transferred 

from the light receiving regions are accumulated; 
wherein 

Said Solid-State image pickup device further comprises: 
a drive circuit for applying a first transfer clock having a 

constant cycle to a plurality of transfer electrodes 
arranged in Said light receiving region to transfer the 
information charges accumulated in Said light region 
arranged in Said picture elements every element to Said 
Storage region, for applying a Second transfer clock 
having a cycle longer than the cycle of Said first transfer 
clock to a plurality of transfer electrodes arranged in 
the Storage region to Selectively receive, in the Storage 
region, Some of the information charges transferred 
from the light receiving region, and for Subsequently 
applying a third transfer clock having a cycle longer 
than the cycle of the Second transfer clock to transfer 
and output the information charges of the Storage 
region. 

19. The Solid-State image pickup device according to 
claim 18 wherein Said Second transfer clock has clocks of at 
least two types of duty ratios, and the clock with the Smallest 
duty ratio is allocated to the transfer electrode close to Said 
light receiving region among the plurality of transfer elec 
trodes. 

20. The Solid-state image pickup device according to 
claim 18 wherein, in a Second image pickup operation 
different from Said image pickup operation, Said drive circuit 
applies said third transfer clock to a plurality of transfer 
electrodes arranged in the light receiving region and the 
Storage region to transfer and output the information charges 
accumulated in the plurality of light receiving elements 
regions every element region through Said Storage region. 


