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5'BACKGROUND OF THE INVENTION 1. Field of the Invention The present

i nventiion'relates to a nmethod of driving a solid-state imge pickup
apparatus that transfers 10 charges between registers. 2. Description of
the Prior Art Figure 1 shows a solid-state imge pickup apparatus that
transfers charges between registers accqfqigg to the 15 prior art. This
apparatus has a line of photosensors 101. © The photosensors 101 are
arranged in a main scanning direction and generate signal charges in
response to tAETLE OFTHE JNVENIIOMt |ight. Shift gates 111 and 112 are
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control the integration period of odd ones of the photosensors 101, and the
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arranged in parallel with the shift gates 111 and 112. The inner register
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1. Field of the Invention .
_ The present invention relates to a method of
driving a solid-state image pickup apparatus that transfers
10 charges between registers.

2. Description of the Prior Art
Figure 1 shows a solid-state lmage plckup apparatus
‘that transfers charges between registers according to the

15 prior arﬁ.

This apparatus has a line of'photosensors 101. The
photosehsors 101 are arranged in a main scanning direction
and generate signal charges in response to the intensity of
incident light. Shift gates 111 and 112 are alternately

20 arranged along the photosensors 101.. The shift gates 111
control the integration period of odd ones of the
photosensors 101, and the shift gates 112 control the
integration period of even ones 6f the photosensors 101.

Inner and outer analog shift registers 121 and 122

25 are arranged in parallel with the shift gates 111 and 112.
The fhner register 121 has transfer electrodes ¢ 1 adjacent
to the shift gates 111 and transfer electrodes¢ 2 adjacent
to the shift gates 112. . Similarly, the outer register 122
has transfer electrodes ¢ 1 and ¢ 2 that are alternated.

30 The electrodes ¢ 1 of the ihner and . outer registers 121 and
122 receive a drive pulse, and the electrodes ¢ 2 thereof
receive another drive pulse. Namely, they are driven in
two phases. _

Transfer gates 131 are arranged between the

35 electrodes ¢ 1 of the lnner and outer registers 121 and
122, for controlling the transfer of charges between the



to the shift gates 112. Simlarly, the outer register 122 has transfer
electrodes 0 1 and 0 2 that are alternated. 30 The electrodes [err] 1 of
the inner and outer registers 121 and 122 receive a drive pulse, and the

el ectrodes 0 2 thereof receive another drive pulse. Nanely, they are driven
In two phases. Transfer gates 131 are arranged between the 35 el ectrodes
[err] 1 of the inner and outer registers 121 and 122, for controlling the
transfer of charges between the -2- redisters 121 and 122. An out put
circuit 141 converts charges transferred by the inner register 121 into a
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are opened, i.e., time t1 to transfer -charges from
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register 131. At fhimethod of driving the apparatus of Fig. 1 will be
explained with reference to a timing ehart of Fig. 2.

An electrode SH1 of each shift gate 111 and each
electrode ¢ 1 are opened, l.e., set to HIGH at time tl1l to
transfer signal charges from the odd bhotosensors 101 to

10 the electrodes ¢ 1 of the inner register 121. At this
time, dark charges in the electrodes ¢ 1 are mixed with the

- signal charges. Since the electrodes ¢ 2 are set to LOW,
_dark charges in the electrodes ¢ 2 are transferred to the
electrodes ¢ 1, and these are mixed with each other.

15 An electrode TG of each transfer gate 131 is opened
at time t2, to transfer the signal charges mixed with the
dark charges of the electrodes ¢ 1 and ¢ 2 are transferred
from the inner register 121 to the electrodes ¢ 1 of the
outer register 122 at time t3. After all charges of the

20 inner register 121 are transferred to the outer register

122, an electrode SH2 of each shift gate 112 is opened'at
time t4, to transfer signal charges from the even
photosensors 101 to the electrodes ¢ 2 of the inner
register 121. i

25 After time t5, charges are transferred from the
electrodes ¢ 2 to ¢ 1 when the electrodes ¢ 1 are HIGH and
the electrodes ¢ 2 are LOW. When the electrodes ¢ 1 are
LOW and the electrodes ¢ 2 are HIGH; charges are .
.transferred from the electrodes ¢ 1 to the electrodes $ 2.

30 Thereafter, the charges are successively transferred to the
output circuits 141 and 142.

The problems of the prior art will be explained
with reference to Filg. 3, in which (a) shows a waveform of
the dark output of the inner register 121 provided through

35 the output circuit 141, and (b) shows a waveform of the
dark output of the outer register 122 provided through the



time, dark charges in the electrodes [err] 1 are m xed with the signa
charges. Since the el ectrodes 2 are set to LOWN dark charges in the

el ectrodes 0 2 are transferred to the electrodes [err] 1, and these are
m xed with each other. 15 An el ectrode TG of each transfer gate 131
s opened at tine t2, to transfer the signal charges m xed with the dark
charges of the electrodes 0 1 and 0 2 aregtransferred fromthe inner
register 121 to the electrodes 0 1 of the outer register 122 at tine t3.
After all charges of the 20 inner register 121 are transferred to the
out er registeoutpft aedreudtt idlde SEachfwexeﬁorMiﬂncgadGSIQZrbsismamataﬂ
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: number of electrodes ¢ 1 and ¢ 2 that are present between
one of the photosensors 101 and the output circuit 141 is

10 different from ﬁhotosensor to photosensor. Accordingly,
dark charges in the electrodes ¢ 1 and ¢ 2 are accumulated
to cause a shading, i.e., an inclination to the right in
the dark output (a). A total of the accumulated dark
‘charges of the. inner register 121 is P1.

15 Referring to the dark output (b) of the outer
register 122, dark charges in the inner register 121 are
added to dark charges in the outer register 122 in the
period K1 (corresponding to a period between t2 and t3 of
Fig. 2). If the dark charges in the inner register 121 are

20 mnot added, the dark charges in the outer register 122 will
be steady. Since the dark charges transferred from the
inner register 121 to the outer register 122 have a shading
to the left, the dark output (b) of the outer register 122
has a shading to the left. The dark charges in the outer

25 register 122 are represented with P2. .

Figure 4 shows a waveform (a) of the bright output
of the inner register 121 provided through the output
circuit 141, and a waveform (b) of the bright output of the
outer register 122 provided through the output circuit 142.

30 These waveforms are formed by adding given output signals

to the waveforms (a) and (b) of Fig. 3.

In Fig. 4, a reference mark P11l represents the
output of the inner register 121 due to light, and P12 and
P13 represent dark charges in the inner register 121. A

35 reference mark P14 represents dark charges in the outer
register 122, P15 represents the output of the outer



the dark output of the inner register 121 provided through 35 the output
circuit 141, and (b) shows a waveform of the dark output of the outer

regi ster 122 provi ded through the -3- output circuit 142. Each waveform
includes a register-to- register transfer period K1, an output period K2 of
the photosensors 101, and a transfer margin period k3. The waveform (a) is
zero in the period K1 5 (corresponding to,a_period between t2 and t3 of
Fig. 2) because all dark charges of the inner register 121 are transferred
to the outer register 122 in this period. The nunber of electrodes 0 1 and

0 2 that are pre&ahemdi2educte diato wns Fdéndsryesentamdanie chaygas
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shading that causes uneven brightness in an image.

SUMMARY OF THE INVENTION

10 An object of the present invention is to provide a
" method of driving a solid-state image pickup apparatus,
capable of suppressing a shading in a dark output.
Another object of the present invention is to
"provide a method of driving a solid-state image pickup
15 apparatus, capable of suppressing a shading in a dark
output and shortening a register-to-register transfer
period.
' Still another object of the present invention is to
provide a method of driving a solid-state image pickup
20 apparatus, capable of suppressing a shading in a dark
output and minimizing a difference in integration start
time between odd and even pixel lines due to a registef-to-
register transfer operation.
In order to accomplish the objects, a method of the
25 present invention is applied to a solid—state image pickup
apparatus having a line of photosensofs for generating
signal charges in response to the intensity of incident
-1ight, first horizontal transfer registers arranged side by
side to face the photosensors with shift gates interposing
30 between them, second horizontal transfer registers
corresponding to the first registers, respectively, with
transfer gates interposing between them, and output
circults for recelving signal charges horilzontally
transferred through the first and second registers and
35 providing them outside. The method includes the steps of
providing the first reglsters with a signal to transfer



added to dark charges in the outer register 122 in the period Kl
(corresponding to a period between t2 and t3 of Fig. 2). If the dark
charges in the inner register 121 are 20 not added, the dark charges in the
outer register 122 will be steady. Since the dark charges transferred from
the inner register 121 to the outer register 122 have a shading to the
left, the dark output (b) of the outer register 122 has a shading to the
left. The dark charges in the outer 25 register 122 are represented with
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P14 represents dark charges in the outer register 122, P15 represents the
out put of the tygpsferred to the even first registers to even ones of the
second registers; providing odd ones of the shift gates
with a signal to transfer signal charges from odd ones of
the photosensors to the odd first registers; providing the
10 first and second registers with a signal to horizontally
transfer the signal charges transferred to the first and
second registers; and successively providing the signal
charges horizontally transferred through the first and
"second registers outside from the output circuits.
15 The présent invention may simultaneously provide
the even shift gates with the signal to transfer signal
charges from the even photosensors to the even ffrst
reglsters, and the fransfer gates with the signal to
transfer the signal charges transferred to the even first
20 registers to the even second registers.
When providing the transfer gates with the signal.
to transfer the signal charges transferred to the even
first registers to the even second registers, the present
invention may provide the even and odd first registers with
25 a signal opposite to the signal applied to the transfer
gates. ) :
The present invention may provide the even and odd
first registers with opposite~phase signals, respectively, .
to horizontally transfer the signal charges, and the even
30 and odd second registers with opposite-phase signals,
respectively, to horizontally transfer the signal charges.
A method of another aspect of the present invention
is applied to a solid-state image pickup apparatus having a
line of photosensors for generating signal charges in
35 response to the Intensity of ilncident light, first
horizontal transfer reglsters arranged side by side to face



-4- register 122 due to light, and P16 represents dark charges transferred
fromthe inner register 121. As is apparent in Fig. 4, a bright output
waveformis formed by adding a given output signal to a dark output 5

wavef orm Namely, the bright output waveformincludes a shading that causes
uneven brightness in an i mage. SUMVARY OF THE | NVENTI ON 10 An obj ect
of the present invention is to provide & fethod of driving a solid-state

i mage pi ckup apparatus, capable of suppressing a shading in a dark output.
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In order to accQnplish ﬁ kects a nmethod, of t
and second regis ers and providing t em outside. The
method includes the steps of providing the first registers
with a signal to transfer dark charges from ones of the
first registers corresponding to even ones of the
10 photosensors to hdjacent ones of the first registers;
providing the shift gates with a signal to transfer signal
charges from the even photosensors to the first registers;
providing the transfer gates with-a signal to transfer the
-signal charges transferred from the even photosensors to
15 the first registers to the second registers; providing the
shift gates with a signal to transfer signal charges from
odd ones of the photosensors to the first registers;
providing the first and second registers with a signal to
horizontally transfer the signal charges transferred to the
20 first and second registers; and successively providing the
. signal charges horizontally transferred through the first
and second registers outside from the output circuits.
Still another method of the present invention is
applied to a solid-state image pickup apparatus having an
25 array of photosensors for generating signal charges in
response to the intensity of incident 11ght, vertical
transfer registers arranged adjacent to the columns of the
photosensor array, respectively, first horizontal transfer
registers arranged side by side adjacent to one ends of the
30 vertical transfer registers with shift gates interposing
between them, second horizontal transfer registers
corresponding to the first registers, respectively, with
transfer gates interposing between them, and output
circuits for receiving signal'charges horizontally
35 transferred through the first and second horizontal
registers and providing them outside. The method includes



25 present invention is applied to a solid-state i mage pi ckup appar at us
having a |ine of photosensors for generating signal charges in response to
the intensity of incident light, first horizontal transfer registers
arranged side by side to face the photosensors with shift gates interposing
30 between them second horizontal transfer registers corresponding to the
first registers, respectively, with transffer gates interposing between
them and output circuits for receiving signal charges -horizontally
transferred through the first and second registers and 35 providing them
out f]i de. TheI Imfeh@d:eipmfcIdfdgs-otfhdigltgem:e)ffipfsn/irﬁinIngMH irrepfl srtegiss welrth
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the even first horizontal registers; providing the transfer
gates with a signal to transfer the Signal charges
transferred to the even first horizontal regiéters to even
ones of the second horizontal registers; providing odd ones

10 of the shift gates with a signal to transfer signal charges
from odd ones of the vertical registers to the odd first
horizontal registers; providing the first and second
horizontal registers with a signal to horizontally transfer
the signal charges transferred to the first and second

15 horizontal registers; and successively providing the signal
charges horizontally transferred through the first and
second horizontal registers outside from the output
circuits. '

20 BRIEF DESCRIPTION OF THE DRAWINGS

The aforementioned and other features and objects
of the present invention and the manner of attaining them
will become more apparent and the inventlon itself will be
25 Dbest understood by reference to the following description
of a preferred embodiment taken in conjunction with the
accompanying drawings, wherein:
Fig. 1 shows a solid-state image pickup apparatus
driven according to a prior art;
30 Fig. 2 is a timing chart showing the prior art for
driving the apparatus of Fig. 1;
Fig. 3 shows waveforms of dark outputs according to
the prior art;
Flig. 4 shows waveforms of bright outputs according
35 to the prilor art;
Fig. 5 is a timing chart showing a method of



with a signal to transfer signal charges from-odd ones of the photosensors
te the odd first registers; providing the 10 first and second registers
with a signal to horizontally transfer the signal charges transferred to
the first and second regi sters; and successively providing the signal
charges horizontally transferred through the first and second registers
outside fromthe output circuits. 15 - 8 The present invention nmay

si mul t aneously provide the even shift gates with the signal to transfer
signal charges fromthe even photosensors to the even first registers, and

the transfer gates with t signal to transfer the siqgnal charge
transferred t &Fifd & & SO -s%@%:er é&aﬁeerpi D PP "?e@é:rﬁ?q?‘gdﬁ%t@ &
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regi sters wtlaczdraigigyta thepddinsd tembaddmentital applied to the transfer
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wi t h opposite-phase signals, respectiv orizontally trans
si gnal char gegheadfd nsfe empad13®0d3d odd second registers with

opposi te-phase signalegs, 8 is a timing chart showing a method of
driving a solid-state image pickup apparatus according to a
second embodiment of the present invention;
10 Fig. 9 1s a timing chart showing a method of
driving a solid-state image pickup apparatus according to a
third embodiment of the present invention; )
Fig. 10 shows a solid-state image pickup apparatus
driven according to a fourth embodiment of the present
15 invention;
Fig. 11 is a timing chart according to the fourth
embodiment; and '
Fig. 12 shows an array sensor according to the
present invention.
20
DETAILED DESCRIPTION OF THE EMBODIMENTS

Figure 5 is a timing chart showing a method of
driving a solld-state image pickup apparatus.according to
25 the first embodiment of the present invention, and Fig. 6
shows the structure of the apparatus. This apparatus is a
line sensor used for a digital copier.
The structure of the line sensor is substantially
the same as that of the prior art of Fig. 1. Like parts
30 are represented with like reference marks in Fig. 1 and 6.
The line sensor of Fig. 6 has a line of
photosensors 101. The photosensors 101 are arranged in a
main scanning direction and generate signal charges in
response to the intensity of incident light. Shift gates
35 111 and 112 are alternately arranged along the photosensors
101. 'The shift gates 111 control the integration period of



respectively, to horizontally transfer the signal charges. A nmethod of
arrot her aspect of the present invention is applied to a solid-state inmage
pi ckup apparatus having a |line of photosensors for generating signal
charges in 35 response to the intensity of incident light, first

hori zontal transfer registers arranged side by side to face -6- the
phot osensors with shift gates interposing%etween them second horizontal
transfer registers corresponding to the first registers, respectively, with
transfer gates interposing between them and output circuits for receiving
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transfer the register 121 has transfer electrodes b 1l adjacent to the
shift gates 111 and transfer gates ¢ 2 adjacent to the
shift gates 112. Similarly, the outer register 122 has
transfer electrodes ¢ 1 and ¢ 2. The electrodes ¢ 1 of the
10 inner and outer registers 121 and 122 receive a drive
pulse, and the electrodes ¢ 2 thereof receive another drive
pulse. Namely, they are driven in two phases.
_ Transfer gates 131 are arranged between the
electrodes ¢ 1 of the inner register 121 and the electrodes -
15 ¢ 1 of the outer register 122, for controlling the transfer
of charges between the registers 121 and 122. An output
circuit 141 converts charges transferred by the inner
register 121 into a voltage, and an outpﬁt-circuit 142
converts charges transferred by the outer register 122 into
20 a voltage. o
A control circuit 10 provides these elements with
control signals at proper timing. The control signals and
the driving method of the present invention will be
explained with reference to Fig. 5.
25 What is different from the prior art of Fig. 2 is
that the present invention transfers all dark charges to
the electrodes ¢ 2 at time Ta before an electrode SH1 of
each shift gate 111 and the electrodes ¢ 1 are opened at
time T1, and applies the same voltage to the electrodes ¢ 1
30 and ¢ 2 up to time T3 when a register-to-register transfer
operation ends, so that no dark charges may enter the
electrodes ¢ 1.
More precisely, a signal of LOW is applied to the
electrodes ¢ 1 and a signal of HIGH to the electrodes ¢ 2
35 at time Ta, to transfer all dark charges from the
electrodes ¢ 1 to the electrodes ¢ 2. At time T1, the



signal charges transferred fromthe even photosensors to 15 the first
registers to the second registers; providing the shift gates with a signal
to transfer signal charges from odd ones of the photosensors to the first
registers; providing the first and second registers with a signal to
horizontally transfer the signal charges transferred to the 20 first and
second registers; and successively provi-ditg the signal charges
horizontally transferred through the first and second registers outside
fromthe output circuits. Still another nethod of the present invention is
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According to the prior art, the dark charges in the
10 electrodes ¢ 1 are mixed with the signal charges, and in
addition, dark charges in the electrodes ¢ 2 are
transferred to the electrodes ¢ 1. According to the
present invention, the electrodes ¢ 1 have no dark charges,
"and ﬁo dark charges are transferred from the electrodes ¢ 2
15 to the electrodes ¢ 1 because the electrodes ¢ 2 are kept
at HIGH like the electrodes ¢ 1. '
At time T2, an electrode TG of each transfer gate
131 is set to HIGH, to transfer the signal charges from the
electrodes ¢ 1 of the inner register 121 to the electrodes
20 ¢ 1 of the outer register 122 through the transfer gates
'~ 181. This is the register-to-register transfer. Until
time T3 where the register-to-register transfer ends, the
electrodes ¢ 2 are kept at HIGH like the electrodes ¢ 1.
As a result, only the signal charges of the odd
25 photosensors are transferred to the outer register 122 by
the register-to-register transfer. These signal charges
are mixed with dark charges present in the outer register
122, to provide a constant output irrespective of the
positions of the electrodes in the outer register 122.
30 After time T4, an electrode SH2 of each shift gate
112 is set to HIGH to transfer signal charges from even
ones of the photosensors 101 to the electrodes ¢ 2 of the
inﬂer register 121. After time TS5, the inner and outer
registers 121 and 122 successively transfer the charges to
35 the output circults 141 and 142, respectively. When the
inner register 121 transfers the charges, the charges are



-7- the steps of providing the first horizontal registers with a signal to
transfer dark charges fromeven ones of the first horizontal registers to
odd ones thereof; providing even ones of the shift gates with a signal to
transfer 5 signal charges fromeven ones of the vertical registers to the
even first horizontal registers; providing the transfer gates with a signal
to transfer the signal charges transferredlto the even first horizontal
registers to even ones of the second horizontal registers; providing odd
ones 10 of the shift gates with a signal to transfer signal charges from
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DRAWNGS 5 the inner register 121 provided through the output circuit
141, and a waveform (b) of the dark ohtput of the outer
register 122 provided through the output circuit 142. Each
waveform includes a register-to-register transfer period
K1, an output operation period K2 of the photosensors 101,
10 and a transfer margin period K3. _
As 1is apparent in the figure, the dark charges Q1
of the inner register 121 and the dark charges Q2 of the
~outer register 122 are constant to cause no shading in the

dark outputs.

5 As mentioned above, the present invention transfers
all dark charges from the electrodes ¢ 1 to the electrodes
¢ 2 before signal charges are transferred from the odd
photosensors to the electrodes ¢ 1. Until time T3 when the
register-to-register transfer ends, the present invention

20 applies the same voltage to the electrodes 4 1 and ¢ 2 so
that no dark charges enter the electrodes ¢ 1 from the
electrodes ¢ 2. Accordingly, the signal charges are
transferred only from the odd photosensors to the outer
register 122 during the register-to-register transfer.

25 This prevents a shading in the dark output without changing
the structure of the apparatus.

Figure 8 is a timing chart showing a method of
driving a line sensor according to the second embodiment of
the present invention.

30 The line sensor driven by the second embodiment is
the same as that of Fig. 6.

What is different from the first embodiment is that
the second embodiment opens the electrode TG of each
transfer gate 131 at time T1 when the electrode SH1 of each

35 shift gate 111 and the electrodes ¢ 1 are opened.

The first embodiment first transfers signal charges



The aforenentioned and ot her features and objects of the present invention
and the manner of attaining themw || becone nore apparent and the
invention itself will be 25 best understood by reference to the follow ng
description of a preferred enbodi nent taken in conjunction with the
acconpanyi ng drawi ngs, wherein: Fig. 1 shows a solid-state inage pickup
apparatus driven according to a prior artt2 30 Fig. 2 is atimng
chart showing the prior art for driving the apparatus of Fig. 1; Fig. 3
shows maveforns of dark outputs according to the prior art Fig 4 shows

paverorms oF Brohutl i BpAShReasnts tel Rt S ka5 8t B i,
appar at us accdndemgrb@i&tkrriﬂleahOMdmenwlofamﬂetbeegemmarnvammnafeﬂég) 6
shows the i magq  PlopliedPRAT 2his tdhhLPRr2GaYed 131! At! Ranld T, CTROENEN:
other hand, the second embodiment quickly transfers the
5 signal charges from the odd photosensors to the transfer
gates 131 through the electrodes ¢ 1 of the inner register
121 at time T1. ;
This results in shortening the register-to-register
transfer period X1. The other timing of the second
10 embodiment is the same as that of the first embodiment.
Accordingly, the dark outputs of the second embodiment are
the same as those of the first embodiment of Filg. 7. The
. second embodiment, therefore, is capable of preventing a
shading in the dark outputs without changing the structure
15 of the apparatus.
Figure 9 1s a timing chart showing a method of
driving a line sensor according to the third embodiment of
the present invention.
The method of the third embodiment is applied to
20 the line sensor of Fig. 6. '
Similar to the second embodiment, the third
~embodiment quickly transfers signal charges from the odd
photosensors to the transfer gates 131 through the
electrodes ¢ 1 of the inner register 121 at time T1. The
25 third embodiment changes the elegtrodés ¢ 1 to LOW at time
Tb when the electrodes TG are open. This results in
increasing a transfer voltage margin from the electrodes
¢ 1 to the transfer gates 131. At the same time, the third.
‘embodiment sets the electrodes ¢ 2 to LOW to prevent
30 charges from moving from the electrodes ¢ 1 to the
eiectrodes ¢ 2.
The other timing of the third embodiment 1s the
same as that of the second embodiment. Accordingly, the
dark outputs of the third embodiment are the same as those
35 of Fig. 7. The third embodiment, therefore, is capable of
preventing a shading in the dark outputs without changing



5 Fig. 7 shows waveforns of dark outputs according to the first
enrbodi nent; Fig. 8 is a timng chart showing a nethod of driving a
solid-state i mage pi ckup apparatus according to a second enbodi ment of the
present invention; 10 Fig. 9is atimng chart showi ng a nethod of
driving a solid-state inmage pickup apparatus according to a third

enbodi nent of the present invention; Fig.14@ shows a solid-state inmage

pi ckup apparatus driven according to a fourth enbodi mrent of the present 15
invention; Fig. 11 is a timng chart according to the fourth enbodi nent;
and Fig. 12 s%bﬁsséﬁuﬁﬂﬂdf odndhe aPPAraAtWS-to the present invention.: 20

DETAI LED DESCRI PTI @Y gdrellip BHBWS MENIRMis@iisdrd drd ven! ia@ded diitd tthd0w ng

ot 00, O S el Spb B o, RSl e Ppor o fo 28
structure of the amhatatiss dififieremipframithes ldne sensorsaf el forisa
digital CO%i ertha-{:hq:hsét rllﬁlteu rs(aén%fort %ef lﬁi%e. 19"1%Ys ia§1 sl'ﬁl?lsérra'}teigailgt%r 121A
and an outer register 122A each haviné transfer electrodes
¢ 1 and ¢ 2. Only the electrodes ¢ 1 of the inner reglster
121A are adjacent to shift gates 111 and 112. The shift
gates 111 control the integration time of odd ones of
10 photosensors 101, and shift gates 112 control the
integration time of even ones of the photosensors 101.
Figure 11 is a time chart showing a method of
driving the line sensor of Fig. 10.
, Unlike the second embodiment that opens the
15 electrode SH2 of each shift gate 112 at time T4, the fourth
embodiment opens the electrode SH2 of each shift gate 112
at time Tc before time T4.
The fourth embodiment narrows a period A between
the open timing of the electrode SH1 and that of the
20 electrode SH2, to minimize a discrepancy 1in integration
start time between the odd and even photosensors.
The other timing of the fourth embodiment is the
same as that of the second embodiment, and therefore, the
dark outputs of the fourth embodiment are the same as those
25 of Flg. 7. The fourth embodiment is capable of preventing
a shading in the dark outputs without'changing the
structure of the apparatusl
Although the present invention has been explained
"with reference to line sensors, the present invention is
30 also applicable to two-dimensional array sensors used for,
for example, television cameras. In this case,
photosensors are arranged in a two-dimensional matrix, and
a vertical transfer register is arranged at each column of
the matrix. Figure 12 shows an example of the two-
35 dimensional array sensor. Each photosensor 101 of Fig. 6
is replaced with a column 151 of vertically arranged



the sane as that of the prior art of Fig. 1. Like parts 30 are represented
w=th |ike reference marks in Fig. 1 and 6. The line sensor of Fig. 6 has a
| i ne of photosensors 101. The photosensors 101 are arranged in a main
“scanning direction and generate signal charges in response to the intensity
of incident light. Shift gates 35 111 and 112 are alternately arranged

al ong the photosensors 101. The shift gat¥s-111 control the integration
period of -9- odd ones of the photosensors 101, and the shift gates 112
control the integration period of even ones of the photosensors 101. |nner
and outer analog shift registers 121 and 122 5 are arranged al ong the shift
gates 111 ancpHdRosdisorsnendregverticdPlthansfennségtistérciBaddfer0 1

hi Tt gates 1apasroby BFkUE did COBRTEPR R ERRPAYEE fir e PGROSERROIT o

[err] 1 and [eokyme. 18he electrodes [err] 1 of the 10 inner and outer
registers 121 and #2¢ pRGEbYEndof hitr 4! $6rndnd alGtrivEtigCsel err] 2
t her eof recelve anot drive
charges corresponding to a two-dimensional image at once.
All charges are simultaneously transferred to the vertical
transfer registers 153, from which the charges are
transferred to horizontal transfer registers 121 and 122
(Fig. 6) column'By column. Thereafter, the same processes
10 mentioned above are carried out. Due to the two horizontal
transfer registers 121 and 122, a transfer operation
carried out with a 20-MHz clock signal will effect a
-transfer operation with a 40-MHz clock signal. This is
proper for image pickup apparatuses of high-vision cameras.
15 The foregoing description of preferred embodiments
has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to
limit the invention to the precise form described, and
obviously many modifications and variations are possible in
20 1light of the above teaching. The embodiments were chosen
in order to explain most clearly the principles of the
invention and its practical application thereby to enable
others in the art to utilize most effectively the invention
in various embodiments and with various modifications as
25 are ‘sulted to the'particular use contehplated.
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pul se. Nanely, they are driven in two phases. Transf are
arranged between the electrodes 0 1 of the inner regi 21 and the

el ectrodes 15 J[err] 1 of the outer register 122, for ﬁ[m% ! g"l,"mll
transfer of charges between the registers 121 and 122. t
141 converts charges transferred by the inner register 121 |nto a voltage
and an output circuit 142 converts charged85t+ansferred by the outer
register 122 into 20 a voltage. A control circuit 10 provides these

el ements with control signals at proper timng. The control signals and the
driving net hosypafr tiye cquaMEYy 1grvention wll-be explained with reference to
Fig. 5. 25 VWhat s different fromthe prior art of Fig. 2 is that the
present invention transfers all dark charges to the electrodes 0 2 at tine
Ta before an dl.ect rAodsetIidld aff &adhrisrm fd sl ad-sitia tendinidye gl leltumwdes - [err]

Lerr] 1750 anpReayus naVing B Sy ¢ REQIldRE 4k [ EhELEHEIC, o,
operati on éndssi&nalt rehtangesidirk nedepayse ey the elrntgnsidtsemﬁ oiesident | 1.
More preci se to 3 h@lajl Pfhdgﬁgdxfbﬁppéﬂzzﬁ%f& W GAtd Asslgdd Isfadnsy @

si gnal of HI ect
side to face the photosensors with shift gates interposing
between them, second horizontal transfer registers

corresponding_to.the first registers, respectively, with

10 transfer gates interposing between them, and output
circuits for receiving signal charges horizontally
transferred through the first and second registers and
_providing them outside, comprising the steps of:

providing the first registers with a signal to

15 transfer dark charges from even ones of the first registers
to odd ones thereof; '

providing even ones of the shift gates with a
signal to transfer signal charges from even ones of the
photosensors to the even first registers;

20 providing the transfer gates with a signal to
transfer the signal charges transferred to the even first

. registers to even ones of the second registers;
providing odd ones of the shift gates with a signal
to transfer signal charges from odd ones of the

25 photosensors to the odd first registers;

providing the first and second registers with a
signal to horizontally transfer the sighal charges
transferred to the first and second registers; and

successively providing the signal charges

30 horizontally transferred through the first and second
registers outside from the output circuits.

2. The method as claimed in claim 1, wherein the

signal to the even shift gates, to transfer signal charges
35 from the even photosensors to the even first registers is

simultaneously provided with the signal to the transfer



35 at tinme Ta, to transfer all dark charges fromthe electrodes [err] 1 to
the electrodes [err] 2. At tine T1, the - 10 - el ectrode SHI of each
shift gate 111 and the electrodes [err] 1 are set to H ﬂl

signal charges from odd ones of the photosensors 101 tclmmﬂmuwm m"l
[err] 1. At this time, the electrodes [err] 2 are kept at M GH t® t¥artsfer
no 5 charges fromthe electrodes [err] 2 46 4he electrodes [err] 1.
Accordingly, the signal charges are transferred to the electrodes [err] 1
from whi ch dark charges have been renoved in advance. According to the

pri orI arL , theataisk _Q:'&aﬂzg'g%ts!f%rt ﬁgxel(%i%‘r?ﬁat %@?%e{sﬁﬁ:&‘]alnjsf?rr&gﬂ >11[édﬁ!!]et2 t he
signal charges, and.,in_additiqn, r arges in el egtrodes [err are
transferred tBVFHe%3F§EtF@@3§%F§Pr]°1t%ﬂb€%PEiﬁ&cPB%tﬁggﬁﬁéﬁﬁﬂf i nventi on
the electrodes [err] 1 have no dark charges, and no dark charges are
transferred fromt e r t ct er because

t he el ect rodesEa'[ err ezkngfttéxo%g%% g:tiaélnléi }ilglkgligﬁgll g‘l'eé"?’%%%&é”ogv]fe}%t time
T2, an el ebtr she tTeapisfexcigatesngrer pypvdded with the signal to transfer

the signal charges transferred to the even first registers
to the even second registers, the even and odd_first
registers are provided with a signal opposite.to the signal
applied to the transfer gates.

10
4. The method as claimed in claim 1, wherein the
even and odd first registers are provided with opposite-
phase signals, respectively, to horizontally transfer the
.signal charges, and the even and odd second registers with
15 opposite-phase signals, respectively, to horizontally
transfer the signal charges.

5. A method of driving a solid-state image pickup
apparatus having a line of photosensors for generating
20 signal charges in response to the intensity of incident
light, first horizontal transfer registers -arranged side by
side to face the photosensors with shift gates interposing
between them, second horizontal transfer registers
corresponding to the first registers, resgspectively, with
25 transfer gates 1nterposing between them, and output
circuits for receiving signal charges horizontally
transferred through the first and second registers and
providing them outside, comprising the steps of:
providing the first registers with a signal to
30 transfer dark charges from ones of the first registers
corresponding to even ones of the photosensors to adjacent
ones of the first registers;
providing the shift gates with a signal to transfer
signal charges from the even photosensors to the first
35 registers;
providing the transfer gates with a signal to



131 is set to HHGH, to transfer the signal charges fromthe electrodes 0 1
of the inner register 121 to the el ectrodes 20 [ eTTT T ofthe—outer

regi ster 122 through the transfer gates 131. This
register-to-register transfer. Until time T3 where Mm!"lﬂ& N” negi ster
transfer ends, the electrodes [err] 2 are kept at H trodes
0-1. As aresult, only the signal charges zf the odd 25 photosensors are

transferred to the outer register 122 by the register-to- regi ster transfer.

These signal charges are m xed with dark charges present in the outer

register 122, th@niff@4 dhed sq%%tla% thﬂdﬁw oo tHEe sl tions of

t he electrodes in the outer re d@gr tinme T4, an:
el ectrode SH2PHotoseRsors (toy ﬁfslts reglsteng &9 the Sgromd s gnal
charges from eeglsteass;of the photosensors 101 to the el ectrodes [err] 2 of

e el odSter pokey Ao Thakt (iSd WS ALOHE CPLRad?!,
142, respeé6ti sdlgnalWoharges ifroar odegioniesr off2 ther pixftersernsvrshiar gidse t he
charges are figggalégfg¥éyy$:charges present in the inner register 121,
providing the first and second registers with a
signal to horizontally transfer the signal charges
transferred to the'first'and second registers; and
10 successively providing the signal charges
horizontally transferred through the first and second
registgrs outside from the output circuits.

.6._ A method of driving'a solid-state image pickup
15 apparatus having an array of photosensors for generating
signal charges in response to the intensity of incident
light, vertical transfer registers arranged adjacent to the
columns of the photosensor array, respectively, first
horizontal transfer registers arranged side by side
20 adjacent to one ends of the vertical transfer registers
with shift gates interposing between them, second )
horizontal transfer registers corresponding to the first
registers, respectively, with transfer gates interposing
between them, and output circuits for receiving signal
25 charges horizontally transferred through the first and
' second horizontal registers and providing them outside,
comprising the steps of:
providing the first horizontal registers with a
slignal to transfer dark charges from even ones of the first
30 horizontal registers to odd ones thereof;
providing even ones of the shift gates with a
signal to transfer signal charges from even ones of the
vertical registers to the even first horizontal registers;
providing the transfer gates with a signal to
35 transfer the signal charges transferred to the even first
horizontal registers to even ones of the second horizontal



to provide a constant output irrespective of the positions of the

€l ectrodes in the inner register 121. Figure 7 shows a waveform (a) of the
dark output of 5 the inner register 121 provided thrﬂmmwuﬁ rcuit
141, and a waveform (b) of the dark output of the ou "mm[ﬂ!m
provided through the output circuit 142. Each wavef or i ficl bde &

regi ster-to-register transfer period Kl,- a8 -output operation period K2 of

t he photosensors 101, 10 and a transfer margin period K3. As is apparent in

the figure, the dark charges QL of the inner register 121 and the dark
charges Q2 of rb,lgqsq'qu, regi ster 122 are constant to cause no shading in

t he dark t put t

ransfers all dark ERHHRS 2OR ARs Tt g eniy & rR Mal o Keghds,
bef ore si gnal tohargesfere sigmadf ehargels dnonhedud enetsotods dieorventd aale
el ectrodes [err 1kt l{:gtldo 'h%eo'{ﬁ ‘Q‘l%tl I?l%l:&%[ﬁ:ta r rtege A Ler transfer

ends, the prese |nvent|o t he "'sane vo le el ectrodes 0

1 and [errP 2 so t PROVHd ing I&h@hé’rig'ééi @mde s edende hanizantaly reghshianse
el ectrodes [ eyti?-a AAGRIAI RY horthortalny 1Ghaldas alR tsfi%ﬁlerd}%i-gfé’ﬁ y

fromthe odd photosensors to the outer register 122 durin
register-to- r(%@%sg@qr%%rthe first and second Hor zontgal registers;

and

successively providing the signal charges
10 horizontally transferred through the first and second
horizontal registers outside from the output circuits.
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25 This prevents a shading in the dark output wi t hout changl,ngﬁ¥éH ET BEEN '
structure of the apparatus. Figure 8 is a timng chart show fjg a nRkBp Cﬁ%
driving a line sensor according to the second enbodi nent of thp—&ﬁe%ﬂnh—-

i nvention. 30 The |ine sensor driven by the second enbodi ment is the
sane as that of Fig. 6. What is different fromthe first enbodinent is that

the second enb%’:gn@rogﬁngﬂth@l%@@gﬂ@ge TG of each transfer gate 131 at
time Tl when t 5 shift gate 111 and the el ectrodes
[err] 1 are opened. The flrst enbodi ment first transfers signal charges

- 12 - from t hgepgsh Sséﬂxﬁbﬁ'rmcimdﬂspiem APpARATTESi nner

regi ster 121 at trne 1 t ereafter, transfers the charges to the
transfer gates 131 at tlne T2 On the ot her hand, the second enbodi nment
qui ckly transfers the 5 signal charges fromthe odd phot osensors to the

Lransfer gates 131 Aioughat g GLEShhgIosbiihlstatt LliSsb BRlisY Ster 121

apparatus suppresses a shading in the dark output of the
apparatus. .The apparatus has a line pf photosensors to
produce signal charges in response to the intensity of
incident light, and parallel lines of analog shift
registers to suecessively transfer the signal charges from
the photosensors. When the charges are transferred from an
inner one of the shift register lines to an outer one
thereof, dark charges in the inner shift register line are
kept as they are.

is Sheet Has Been Replaced "
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~ This results in shortening the register-to-register transfer period -K1.

~-The other timng of the second 10 enbodinent is the same as that of the
“first enbodi ment. Accordingly, the dark outputs of the second enbodi nent
are the sane as those of the first enbodinent of Fig. 7. The second
“enbodi ment, therefore, is capable of preventing a shading in the dark
out puts wi thout changing the structurel/f5 of the apparatus. Figure 9 is a
timng chart showing a method of driving a |ine sensor according to the
third enbodi ment of the present invention. The nmethod of the third
enbodi nent is applied to 20 the line sensor of Fig. 6. Simlar to the
second enbodi nent, the third enbodi nent quickly transfers signal charges
fromthe odd photosensors to the transfer gates 131 through the el ectrodes
[err] 1 of the inner register 121 at tinme T1l. The 25 third enbodi nent
changes the electrodes [err] 1 to LOWVat tine Th when the el ectrodes TG are
open. This results in increasing a transfer_yvoltagegmargin fromthe _
el ectrodes [err] 1 to the transfer gates 138 At th® sanme tine, the third.
enbodi ment sets the electrodes. [err] 2 to LQNtO prﬁgent 30 charges from

noving fromthe electrodes [err] 1 to thg\l ~
|
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electrodes [err] 2. The other timng of the third enbodi ment is the sane as
‘st hat of the second enbodi ment. Accordingly, the dark outputs of the third
enbodi ment are the sane as those 35 of Fig. 7. The third enbodi nent,
therefore, is capable of preventing a shading in the dark outputs mﬁthout
changi ng - 13 - the structure of th pparatus. Figure 10 shows a line
sensor driven according the fourth enb ment of the present invention.

What is different fromthe line sensor of Fig. 6 is 5 that the |ine sensor

of Fig. 10 has an inner register 121 nQuter register 122A each
having transfer electrodes [err] 1 an :2. Only the electrodes [err]
1 of the inner register 121A are ad t 0 t gates 111 and 112.- The
shift gates 111 control the |ntegra§ﬁg32ﬁlkmﬂgji dd ones of 10 phot osensors

101, and shift gates 112 control the integration tine of even ones of the

phot osensors 101. Figure 11 |s a tjme chart ,showing a,nethod of driving the
| ine sensor of Fig. 10.
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Unli ke the second enbodi nent that opens the 15 el ectrode SH2 of each shift
gate 112 at time T4, the fourth enbodi nent opens the el ectrode SH2 of each
shift gate 112 at time Tc before tinme T4. The fourth enbodi ment narrows a

period A between the open timng of the electrode SH1 and that of the 20

el ectrode SH2, to mnimze a discrepancy in integration start tinme between
the odd and even photosensors. - The oB8fer tim.ng of the fourth enbodi nent
is the sane as that of the second enbodi ment, and therefore, the - dark

- outputs of the fourth enbodi ment are the sane as those 25 of Fig. 7. The
fourth enbodi nent is capable of preventing a shading in the dark outputs

w t hout changing the structure of the apparatus. Although the present

i nvention has been explained with reference to line sensors, the present
invention is 30 also applicable to two-di na array sensors used for,
for exanple, television caneras. In this iﬁ (t; tosensors are arranged in
a two-dinensional matrix, and a vertical Trans |ster | s arranged at
each colum of the matrix. Figure 12 shEﬂRIéIR@xAﬂﬁ e of the two- 35

di mensi onal array sensor. Each photosensor 101 of Fig. 6 is replaced with a
colum 151 of vertically arranged
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- 14 - photosensors and a vertical transfer register 153 for transferring
signal charges generated by the photosensor colum 151. The phot osensor
matrix fornms a distribution of 5 charges corresponding to a two-di nensi onal
i mge at once. Al charges are sinultaneously transferred to the vertical
transfer registers 153, from which the charges are transferred to

hori zontal transfer registers 121 and 42 (Fig. 6) col unm by col um.
Thereafter, the same processes 10 nenti oned above are carried out. Due to
the two horizontal transfer registers 121 and 122, a transfer operation
carried out with a 20-MHz cl ock signal WIF]HEET t a transfer operation
with a 40-MHz clock signal. This is prop sJage pi ckup apparatuses of
hi gh-vi si on caneras. 15 The foregoing description of preferred

enbodi mnents has been presented for purposes of illustration and
description. I't is not intended to be exhaustive or to linmt the invention
to the precise formdescribed, and obvi pugly ymany hodificati ons and

vari ations are ngfible in i v ;
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20-1ight of the above teaching. The enbodi nrents were chosen in order to
-explain nost clearly the principles of the invention and its practical
- application thereby to enable others in the art to utilize nost effectively
the Invention in various enbodi nents and with various nodifications as 25
are suited to the particular use contenplated. 30 35 - 15 - WHAT IS
CLAIMED I'S: 1. A nmethod of driving a5lid-state i mage pickup apparatus
having a |ine of photosensors for generating 5 signal charges in response
to the intensity of incident light, first horizontal transfer registers
arranged side by side to face the photosensors wth shift gates interposing
bet ween them second horizontal transfer registers corresponding to the
first registers, respectively, with 10 transfer gates interposing between

them and output circuits for receiving Sj-gRal—charges—hori zontal |y
transferred through the first and second Jegisters and
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provi di ng them outside, conprising the steps of: providing the first
‘vegisters wwth a signal to 15 transfer dark charges from even ones of the
first registers to odd ones thereof; providing even ones of the shift gates
with a signal to transfer signal charges fromeven ones of the photosensors
to the even first registers; 20 providing the transfer gates with a
signal to transfer the signal charges 6fnsferred to the even first
registers to even ones of the second registers; providing odd ones of the
shift gates with a signal to transfer signal charges fromodd ones of the
25 photosensors to the odd first regi oviding the first and second
registers with a signal to horlzontaI];TRESngger t he signal charges
transferred to the first and second registers; and successively providing
t he signal charges 30 horizontally transferred through the first and second
regi sters outside fromthe outpyt circuitgs. 2. The met hod as clained in
claim1l1, wherein the S|gnal H even shlft'gates to transfer signa
charges. 35 fro§Hle even phot@sqngors to the-evenflrst regi sters |s

h

si mul t aneousl y pI‘OVId srgrar—tb the—tTamnsteT
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- 16 - gates, to transfer the signal charges transferred to the even first
‘vegisters to the even second registers. 3. The nmethod as clained in claim
1, wherein, when 5 the transfer gates are provided with the signal to
transfer the signal charges transferred to the even first registers to the
even second registers, the even and odd first registers are provided with a
signal opposite to the signal applied f/#@the transfer gates. 10 4. The
nmethod as clainmed in claiml1, wherein the even and odd first registers are
provi ded with opposite- phase signals, respectively, to horizontally _
transfer the signal charges, and the even and odd second registers with 15
opposi te- phase signals, respectively, to horizontally transfer the signal
charges. 5. A nmet hod of driving a solid-state inmage pickup apparatus
having a |ine of photosensors for generating 20 signal charges in response
to the intensity-of incident light, first rmiézonfal transfer registers
arranged side by -

12

101
112

o
il =

AL AT ACAAALALALE <1224

QeSS
==
QRS
S @]z |=
- OsS
@, —
= ==
L o O
ﬁbﬂl_—_l
{ T
o=
QoS
QusS<.
Q




side to face the photosensors with shift gates interposing between them
-second horizontal transfer registers corresponding to the first registers,
respectively, with 25 transfer gates interposing between them and out put
circuits for receiving signal charges horizontally transferred.through the
first and second registers and providing them outside, conprising the steps
of: providing the first registers with809signal to 30 transfer dark
charges fromones of the first registers corresponding to even ones of the
phot osensors to adjacent ones of the first registers; providing the shift
gates with a signal to transfer signal charges fromthe even photosensors
to the first 35 registers; providing the transfer gates with a signal to

- 17 - transfer the signal charges transferred fromthe even photosensors
to the first registers to the second registers; providing the shift gates.
with a signal to transfer )
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5 signal charges from odd ones of the photosensors to the first registers;
providing the first and second registers with a signal to horizontally
transfer the signal charges transferred to the first and second registers;

and 10 successively providing the signal charges horizontally
transferred through the first and seco regi sters outside fromthe out put
circuits. 6. A nethod of driving a s d-state image pi ckup 15 appar at us

having an array of photosensors for generating signal charges in response
to the intensity of incident light, vertical transfer registers arranged
adj acent to the colums of the photosensor array, respectively, first

hori zontal transfer registers arranged side by side 20 adjacent to one ends
of the vertical transfer regrsters |ft ates interposing between
them second horizontal transfer étéi‘zg r esponding to the first
registers, respectively, with transfer &s Tnterposing between them and
output circuits for receiving signal 25 charges horizontally transferred
through the first and second horizontal registers and providing them

out side, conprising the steps of: providing the first]ﬁ?iizontal regi sters
with a _

153

000000000

- 000000000




signal to transfer dark charges from even ones of the first

regi sters to odd ones thereof; providing even! : the sh Fi
a signal to transfer signal charges fromeven ones of the vdj a
registers to the even first horizontal registers; providi ng {LI€ 1 ragsfer

gates with a signal to 35 transfer the signal charges transferred fo the

even first horig®SMmAcT' 681 BHE'SrdLeyerones of the second horizontal -
18 - registers, providing odd ones of the shift gates with a signal to

transfer signal charges fromodd ones of the vertical registers to the odd

first horizonhgbrg@9 6 BHRIVIENG SOLIBLQYAPENEMAGE PICRUPAAPPARATUS

hori zontal registers wth a signal to horizontally transfer the signal
charges transferred to the first and second horizontal registers; and
successively providing the signal charges 10 horizontally transferred

Lhrough the first apd,SeReRdoPoutfolhe' o" S81ThCEEa 24" hilge PRALGE OVP!
apparatus suppresses a shading in the dark output of the
apparatus. _The apparatus has a line gf rhotosensors to
produce signal charges in response to the intensity of
incident light, and parallel lines of analog shift
registers to successively transfer the signal charges from
the photosensors. When the charges are transferred from an
inner one of the shift register lines to an outer one

thereof, dark charges in the inner shift register line are
kept as they are.

" (Figure 6 should accompany the abstract when it is published)
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Substitute sheet - 3 June 1997

ABSTRACT OF THE DISCLOSURE

METHOD OF DRIVING SOLID-STATE IMAGE PICKUP APPARATUS

A method of driving a solid-state image pickup
apparatus suppresses a shading in the dark output of the
apparatus. The apparatus has a line pf photosensors to
produce signal charges in response to the intensity of
incident light, and parallel lines of analog shift
registers to successively transfer the signal charges from
the photosensors. When the charges are transferred from an
inner one of the shift register lines to an outer one

thereof, dark charges in the inner shift register line are
kept as they are.

(Figure 6 should accompany the abstract when it is published)

et s o boodsn e+

REMACEMENT SHEET

03 JUN 1997

Date :....... .




