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SPECIFICATION 

1. Title of the Invention 

  Method for Driving a Solid-State Image Pickup Element  

2. Claims 

(1) A method for driving, using two or more modes, a solid-

state image pickup element which comprises photoelectric 

conversion elements formed in a matrix, a plurality of first 

charge transfer elements which accumulate charges formed 

in the photoelectric conversion elements and transfer these 

in a column direction, a second charge transfer element 

which is connected to ends of the first charge transfer 

elements, accumulates the charges which have been 

transferred, and transfers these in a row direction, and a 

device which is connected to an end of the second charge 

transfer element, accumulates the charges which have been 

transferred, and outputs them as an image signal, wherein 

  in a first mode, a plurality of pixels’ worth of charges 

accumulated in the first charge transfer elements in each 

column are transferred, and the sums thereof are 

accumulated in the second charge transfer element and 

transferred in sequence in the column direction, thereby 

obtaining one row’s worth of image signal, and this 

operation is repeated to form one screen’s worth of image 

signal, and 

  in a second mode, a number of pixels’ worth, the number 

being smaller than the aforementioned plurality of pixels and 

corresponding to a ratio of the length of all rows in the 

photoelectric conversion device to the length of all 

continuous columns, of charges accumulated in the first 

charge transfer elements in each row for some predetermined 

continuous rows is transferred and accumulated in the 

second charge transfer element and then transferred in 

sequence in the row direction, thereby obtaining one row’s 

worth of image signal, and this operation is repeated a 

number of times equal to the number of continuous rows to 

form one screen’s worth of image signal. 

(2) A method for driving, using two or more modes, a solid-

state image pickup element which comprises photoelectric 

conversion elements formed in a matrix, a plurality of first 

charge transfer elements which accumulate charges formed 

in the photoelectric conversion elements and transfer these 

in a row direction, a second charge transfer element which is 

connected to ends of the first charge transfer elements, 

accumulates the charges which have been transferred, and 

transfers these in a row direction, and a device which is 

connected to an end of the second charge transfer element, 
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accumulates the charges which have been transferred, 

detects them, and outputs them as an image signal, wherein 

  in a first mode, a charge transfer period of the second 

charge transfer element is made to be an integer factor of a 

period of accumulated charge detection in the output device 

such that the charges adjacently accumulated by the second 

charge transfer element are added together by the output 

device and then detected, and 

  in a second mode, the charge transfer period of the second 

charge transfer element is an integer factor, which is smaller 

than in the first mode, of the period of accumulated charge 

detection in the output device.  

3. Detailed Description of the Invention 

[Object of the Invention] 

(Industrial Field of Use) 

  The present invention relates to a method for driving a 

solid-state image pickup element such as a CCD, and more 

particularly relates to a method for driving a solid-state 

image pickup element which can realize a digital zoom.  

(Prior Art) 

  Current home video cameras mainly have CCD-type 

solid-state image pickup devices with 300,000 to 400,000 

pixels, and high-performance products with digital shutters 

sell well. Solid-state image pickup elements are smaller than 

image pickup tubes and feature light weight and good 

reliability, for which reasons they have been developed for 

next-generation high-definition (HD) television cameras. 

They also have more pixels: 1.3 to 2 million pixels.  

(Problem to be Solved by the Invention) 

  In the above solid-state image pickup elements, the only 

way to realize a zoom function which enlarges part of the 

screen was to enlarge the image signal from the solid-state 

image pickup elements, making a device for processing 

enlargement of the image signal necessary.  

  When adding a digital zoom function to the solid-state 

image pickup elements themselves, there did not exist a 

driving method which did not involve a digital zoom, or 

specific methods for reading an enlarged area during digital 

zooming or processing the enlarged area, etc.  

  An object of the present invention is to provide a method 

for driving a solid-state image pickup element capable of 

realizing a digital zoom using solid-state image pickup 

elements with a greater number of pixels.  

[Configuration of the Invention] 

(Means for Solving the Problem) 

  A feature of the present invention is in providing a driving 

method which has the following modes in driving a solid-

state image pickup element having, on a semiconductor 

substrate, a plurality of signal charge accumulation units 

which accumulate signal charges obtained through 

photoelectric conversion, a plurality of columns of vertical 

transfer units which read signal charges from the signal 

charge accumulation units, and a horizontal transfer unit 

which reads the signal charges from the vertical transfer 

units. Specifically, one mode is a high-sensitivity or standard 

mode, in which at least two pixels of signal charges in the 

vertical transfer units are read into the horizontal transfer 

unit during the horizontal blanking period of a video signal. 

Two or more pixels of signal charges added up in the 

horizontal transfer unit are read in the horizontal direction 

by the final electrode in the horizontal transfer unit or by the 

signal charge detection unit. 

  The other mode is a high-resolution or enlargement mode, 

in which the enlargement area is at the center of the pixels 

and the number of pixels of signal charges in the vertical 

transfer units read into the horizontal transfer unit during the 

horizontal blanking period is smaller than in the standard 

mode. At this point, the signal charges before and after the 

enlargement area which are not transferred during the 

vertical valid period of the video signal are read overlapping 

in front and behind by a rapid transfer pulse during the 

vertical blanking period. Furthermore, reading of the signal 

charges in the horizontal transfer unit allows detection by the 

signal charge detection unit of signal charges for fewer 

pixels than in the standard mode. At this point, the signal 

charges before and after the enlargement area which cannot 

be transferred during the horizontal valid period are read 

overlapping in front and behind by applying a rapid 

horizontal transfer pulse during the horizontal blanking 

period. A zoom function can be realized by appropriately 

selecting these modes.  

(Operation) 

  With the method for driving a solid-state image pickup 

element according to the present invention, a novel zoom 

function is realized, which differs from computational 
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processing zooming which uses a special memory, and from 

optical zooming which uses a lens.  

(Embodiments) 

  Embodiments of the present invention are described 

below.  

  FIG. 1 is a view showing an interline transfer CCD (IT-

CCD) image pickup element, for explaining a first drive 

mode according to the present invention.  

  In the drawing, 11 indicates an interline transfer CCD 

image pickup element with 982 vertical pixels and 1300 

horizontal pixels, having photoelectric conversion units 12 

formed in a 1300 × 982 matrix, vertical CCDs 13 which are 

provided in each column, a horizontal CCD 14 which is 

connected to the terminals of each of the vertical CCDs 13, 

a reset register 15, and an output amp 16. These are all 

formed integrally on a silicon chip.  

  This element is driven using four clock pulse phases φV1, 

φV2, φV3, φV4 in the vertical CCDs 13. The horizontal CCD 

14 is driven using two clock pulse phases φH1, φH2, and the 

final electrode φH* is driven independently.  

  In the first mode, the signal charges which have 

undergone photoelectric conversion during one field period 

by the photoelectric conversion unit 12 are transferred to the 

vertical CCDs 13 in the A field. Two pixels, SigA1 and 

SigA2, of the transferred signal charges are transferred 

during the horizontal blanking period to the horizontal CCD 

14, becoming the signal SigA1 + SigA2. The signal charges 

are read as SigA3 + SigA4 during the next horizontal 

blanking period. All of the A field is read in this way. Signals 

are read this way during the next B field as well, but because 

the vertical resolution is increased by the interlace operation, 

the signal addition combinations become misaligned with 

the A field. For example, SigB2 + SgbB3 are added during 

the horizontal blanking period and read by the horizontal 

CCD 14. 

  Transferring by the horizontal CCD 14 is done at 24 MHz, 

while the final electrode φH* and the reset electrode RS are 

driven at 1/2 of that, i.e., 14 MHz. Accordingly, the charges 

transferred from adjacent A fields or B fields are added using 

φH*. In other words, the signals SigH1 and SigH2 which 

have been transferred at 24 MHz as shown in the figure are 

added by the final electrode and become SigH1 + SigH2 and 

are output as a voltage by the output amp 16. Using this first 

drive mode essentially results in an image pickup element 

having 491 vertical pixels and 650 horizontal pixels, or 

approximately 320,000 pixels. FIGs. 2 and 3 show timing 

charts. The signal charges in the photoelectric conversion 

units 12 are read into the vertical CCDs 13 by applying VFS 

to φV1 and φV3 during the vertical blanking period. Two 

pixels’ worth of signal charges in the vertical CCDs 13 are 

transferred to the horizontal CCD 14 by carrying out line 

shifts twice during the horizontal blanking period. During 

the horizontal valid period in FIG. 3, φH1 and φH2 are driven 

at 24 MHz, and φH* and RS are driven at 1/2 of that, i.e., 12 

MHz. The φV1, φV2, φV3, and φV4 of the vertical CCDs 13 

are line shifted twice during the horizontal blanking period. 

Note that in FIG. 2, φH1, φH2, φH*, and RS are displayed 

with hash marks only in those segments where signals are 

present, for the sake of simplicity. Details of the signals in 

each segment are apparent in FIG. 3.  

  FIG. 4 is a view for explaining a second drive mode of the 

present embodiment.  

  In this mode, only 491 vertical pixels and 650 horizontal 

pixels in the enlargement area are read during the valid 

period, while rapid line shift (LS) area 1 and area 2 are read 

during the vertical blanking period and rapid horizontal 

transfer area 1 and area 2 are read during the horizontal 

blanking period. The signal charges which have undergone 

photoelectric conversion in the photoelectric conversion 

units 12 are read into the vertical CCDs 13 during the vertical 

blanking period. φV1, φV2, φV3, φV4 are driven by the rapid 

line shift pulse and 246 pixels’ worth of signal charges in the 

rapid LS area 1 are read by the horizontal CCD. The signal 

charges from the 491 pixels in the enlargement area are read 

during the valid period. In the A field, the one pixel’s worth 

of SigA1, for example, is transferred to the horizontal CCD 

14 during the horizontal blanking period. In the B field, the 

one pixel’s worth of SigB1 is transferred to the horizontal 

CCD 14 during the horizontal blanking period. For the signal 

charges transferred to the horizontal CCD 14, 325 pixels of 

the signal in the rapid transfer area 1 are read at a fast rate of 

30 MHz to 60 MHz during the horizontal blanking period 

first. Unneeded charges are discarded via the reset register 

RS as appropriate. Next, 650 pixels in the enlargement area 

are read by driving φH1, φH2, φH*, and RS at 12 MHz, 

which is the horizontal transfer pulse, during the valid period. 
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No horizontal addition is done at this point. When the 

enlargement area is read during the valid period the rapid 

horizontal transfer area 2 overlaps with the area 1 and is read 

overlapping with the next rapid horizontal transfer area 2. 

Once the 491 pixels in the enlargement area are read during 

the vertical valid period, the rapid LS area 2 is the same as 

the rapid LS area 1, and the signal charges are read during 

the vertical blanking period concurrently with the next rapid 

LS area 1. Using the second driving method makes it 

possible to enlarge the central screen area two-fold. The 

resolution is the same as the first driving method, with 491 

vertical pixels and 650 horizontal pixels for a total of around 

320,000 pixels.  

  FIGs. 5 and 6 show timing charts. The signal charges in 

the photoelectric conversion units 12 are read into the 

vertical CCDs 13 by applying VFS to φV1 and φV3 during the 

vertical blanking period. The 246 pixels’ worth of signal 

charges overlapping between the rapid LS area 1 and the 

rapid LS area 2 of the previous cycle are continuously line-

shifted 123 times and read by the horizontal CCD 14. During 

the horizontal blanking period in FIG. 6, first, the line shift 

operation φV1, φV2, φV3, and φV4 is done once and one 

line’s worth of signal charges is transferred to the horizontal 

CCD 14. Next, the horizontal transfer pulses φH1 and φH2 

are driven at 40 to 60 MHz, and the signal charges where the 

rapid horizontal transfer area 1 + area 2 have overlapped are 

read. Next, 650 pixels of the enlargement area are read at 12 

MHz.  

  FIG. 7 shows a second embodiment using an 

approximately two-million-pixel IT-CCD for high-

definition television. In this element, the final electrode in 

the vertical CCDs is provided with one horizontal period 

accumulation gate BG and a two-horizontal-CCD-reading 

horizontal division gate HG.  

  HD-TV elements have slightly more vertical scan lines 

since the aspect ratio is vertical:horizontal = 9:16, so if 

NTSC is used, the aspect ratio is 3:4, meaning that 

approximately 1.5 million pixels, being 982 vertical pixels 

and 1500 horizontal pixels, are used. The extra 500,000 

pixels are read during the vertical and horizontal blanking 

periods. In the first drive mode, the signal charges which 

have undergone photoelectric conversion in the 

photoelectric conversion units 12 are transferred to the 

vertical CCDs 13 during the vertical blanking period, and the 

35 pixels in the rapid LS area 1 are transferred and read into 

the horizontal CCDs 141 and 142. The A field signal is added 

by the BG gate in two line-shift operations during the 

horizontal blanking period, and after being accumulated for 

one horizontal period, is read by the horizontal CCDs 141 

and 142. Next, the signal is similarly read by the horizontal 

CCDs 141 and 142, via the BG gate. In the B field, the signal 

is read in order to perform interlacing. The vertical direction 

is equivalent to the 491 pixels after two-pixel addition. 

Transfer of the horizontal CCDS 141 and 142 is such that 

after the line-shift operation during the horizontal blanking 

period, the rapid horizontal transfer area 1 is read at 28 MHz 

to 60 MHz, 1500 pixels in the normal transfer area are 

transferred at 14 MHz during the horizontal valid period, the 

final electrodes φH*, φH2
＊, RSA, and RSB are driven at 7 

MHz, and two pixels in the horizontal direction are added 

and read by the final electrodes φH1* and φH2*. The rapid 

horizontal transfer area 2 is read overlapping with the rapid 

transfer area 2 during the next horizontal transfer.  

  FIG. 8 shows the second drive mode of the HD-TV 

element.  

  In the second drive mode, only the 491 vertical pixels and 

750 pixels in the enlargement area are read during the valid 

period, and the rapid LS area 1 and area 2 are overlapped 

during the vertical blanking period and a rapid line-shift 

operation is read. The horizontal transfer pulses φH1 and φH2 

are driven and read at 28 MHz to 60 MHz. Thereafter, the 

rapid horizontal transfer area 1 and area 2 are overlapped 

during the horizontal blanking period and 750 pixels are read 

at 7 MHz during the horizontal valid period.  

  FIG. 9 shows a third embodiment.  

  In this drawing, 11 indicates an interline transfer CCD 

image pickup element having 738 vertical pixels and 1302 

horizontal pixels, and the vertical CCDs are image pickup 

elements which can perform independent read-out of one 

pixel per one level.  

  In the first drive mode, the signal charges which have 

undergone photoelectric conversion by the photoelectric 

conversion units 12 are read into the vertical CCDs 13 during 

the vertical blanking period. For the transferred signal 

charges, SigA1, SigA2, and SigA3 are transferred to the 

horizontal CCD 14 during the horizontal blanking period for 
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the A field cycle. During the B field period, SigB2, SigB3, 

and SigB4 are transferred to the horizontal CCD 14 and three 

vertical pixels are added in order to perform interlacing. 

Three pixels in the horizontal direction are added and read 

by the final electrode φH* in the horizontal CCD 14. In other 

words, φH* and RS are driven at a frequency of 8 MHz, 

which is 1/3 of the frequency of φH1 and φH2, i.e., 24 MHz.  

  FIG. 10 shows an embodiment of a 2X (2.25X) zoom, 

which is the second drive mode. Only 492 vertical pixels and 

868 horizontal pixels in the enlargement area are read during 

the valid period, and 123 pixels in the rapid LS area 1 and 

123 pixels in area 2 are overlapped and read during the 

vertical blanking period. The rapid horizontal transfer area 1 

(217 pixels) and area 2 (217 pixels) are overlapped and read 

at 30 to 60 MHz during the horizontal blanking period. The 

signal charges in the vertical CCDs 13 in the enlargement 

area are such that SigA1 and SigA2 are transferred in the A 

field during the horizontal blanking period and read as 

SigA1 + SigA2 by the horizontal CCD 14. In the B field, 

SigB2 and SigB3 are transferred to and read by the 

horizontal CCD 14 in order to perform interlacing. Transfer 

in the horizontal CCD 14 is done at 16 MHz, the final 

electrode φH* is driven at 8 MHz, and two pixels in the 

horizontal direction are added by φH* and read. 2X zooming 

is made possible by this driving.  

  FIG. 11 shows an embodiment of a 9X zoom, which is a 

third drive mode. Only 246 vertical pixels and 432 horizontal 

pixels in the enlargement area are read during the valid 

period, and the rapid LS area 1 (246 pixels) and area 2 (246 

pixels) are overlapped and read during the vertical blanking 

period. The rapid horizontal transfer area 1 (432 pixels) and 

area 2 (432 pixels) are overlapped and read at 3 to 60 MHz 

during the horizontal blanking period. The signal charges in 

the vertical CCDs 13 in the enlargement area are such that 

only SigA1 is transferred to the horizontal CCD 14 in the A 

field during the horizontal blanking period. In the B field, 

too, the same signal SigB1 is transferred to the horizontal 

CCD. Transferring in the horizontal CCD 14 is done at 8 

MHz. The final electrode φH* and RS are also driven at 8 

MHz, and no horizontal addition is done. 9X zooming is 

made possible by this driving.  

  Several preferable embodiments have been described 

above, but many other embodiments and variations are 

conceivable. Some are given below.  

  (1) In the embodiments, an interline transfer CCD image 

pickup element was described, but the present invention can 

be applied to any solid-state image pickup element having a 

two-dimensional transfer unit, be it a frame transfer CCD or 

a layered type.  

  (2) In the embodiments, the zoom was set the same for 

vertical and horizontal and the zoom ratio was the same, but 

vertical-only zoom and horizontal-only zoom are possible, 

and the zoom ratio can also be changed.  

  (3) It is possible to display all signals using NTSC by 

compressing the aspect ratio to 3:4 using the HD-TV 

element.  

  (4) In the embodiments, everything other than the 

enlargement area was read during the blanking area, but it is 

also possible to use part of the valid period. In doing so, the 

signals read during the valid period make it necessary to 

create a broad blanking to avoid display on the monitor.  

[Effects of the Invention] 

  As described above, using the driving method according 

to the present invention, a high-functionality digital zoom 

can be realized in a solid-state image pickup element. 

Accordingly, with the present invention, high-sensitivity 

mode and high-resolution mode using pixel addition can be 

selected depending on the subject. Enlargement can be done 

with a zoom lens for even greater enlargement with the 

digital zoom. And unlike zooms that rely on image 

processing, this one can be executed in real time, the 

resolution is maintained even when zooming, and zooming 

can be done without using a processing device such as a 

memory. Therefore, an inexpensive camera for 

measurement or monitoring purposes can be made. And 

unlike lens zooms, the aspect ratio can be changed and 

enlarged in just the desired direction.  

 

4. [Brief Description of the Drawings] 

FIG. 1 is a device configuration view for explaining a first 

drive method according to the present invention.  

FIGs. 2 and 3 are timing charts for explaining the first 

driving mode.  
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FIG. 4 is a device configuration view for explaining a second 

drive method according to the present invention.  

FIGs. 5 and 6 are timing charts for explaining the second 

driving mode.  

FIGs. 7 and 8 are views showing examples of the present 

invention applied to an HD-TV element.  

FIGs. 9, 10, and 11 are descriptive views of a third 

embodiment of the present invention.  

11 … CCD image pickup element, 12 … photoelectric 

conversion units 

13 … vertical CCDs,     14 … horizontal 

CCD 

15 … reset register 

16 … output amp

 
  Hidekazu Miyoshi, patent attorney 
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(2) 特開平３－１１７９８５
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· lfll,"Jj, "*I'J 70)1lfl0)-\l'l'.)"Jj'5, A'*l'l'i'.i 

nsJJo,:,.?-r;;. 
*R~QJ~~l;l~ii-1tlll*KS•r~m~T 

•TX-~~~-·~~.!::(l)~~~W~ma•r 
Q)allnl'i~119ttl>~ c"l'il!i{I. 
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lli:nT:ithlll'f • .:.ns0t- i--••rrm~ l,T 

ffl •' {I .:. I::. C ~ ? , • X - J.. Ill II ff. ~ II r! ti l> • 
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(3) 特開平３－１１７９８５
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::,,-ma~•~wv.~a7'=7;,,*:,,'-'mai.:~ 
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(4) 特開平３－１１７９８５
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MHZ "(.'lli!IIJl,, ffJ&*ljlfijliI 1J71 +I97 

20mt.t~r.:m~•M~a1,.wv.~i.:&J.I9 
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,, . • :l:f::, *1¥077::,*/?'llfllli,:l',l)l*ljifii 
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(5) 特開平３－１１７９８５
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