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TITLE OF THE INVENTION
METHOD OF DRIVING SOLID-STATE IMAGE PICKUP APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention )
The present invention relates to a method of

-driving a solid-state image pickup apparatus that transfers

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

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
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
are- arranged in parallel with the shift gates 111 and 11i2.
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.
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
electrodes ¢ 1 of the inner and outer registers 121 and
122, for controlling the transfer of charges between the
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registers 121 and 122. An output circuit 141 converts
charges transferred by the inner register 121 into a
voltage, and an output circuit 142 converts charges
transferred by the outer register 122 into a voltage.

A method of driving the apparatus of Fig. 1 will be
explained with reference to a timing bhart 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
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.

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
inner register 121 are transferred to the outer register

_ 122, an electrode SH2 of each shift gate 112 1is opened'at

time t4, to transfer signal charges from the even
photosensors 101 to the electrodes ¢ 2 of the inner
register 121. i

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.

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
the output circuit 141, and (b) shows a waveform of the
dark output of the outer register 122 provided through the
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output circuit 142. Each waveform includes a register-to-
reglister transfer period K1, an output period K2 of the
rhotosensors 101, and a transfer margin period K3.

The waveform (a) is zero in the period K1
(corresponding to a period between tz‘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
number of electrodes ¢ 1 and ¢ 2 that are preéént between
one of the photosensors 101 and the output circuit 141 is
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.

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
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
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.
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
reference mark P14 represents dark charges in the outer
register 122, P15 represents the output of the outer
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register 122 due to light, and P16 represents dark charges
transferred from the lnner register 121.

As 1s apparent in Fig. 4, a bright output waveform
is formed by adding a given output signal to a dark output
waveform. Namely, the bright output waveform includes a
shading that causes uneven brightness‘in an image.

SUMMARY OF THE INVENTION

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

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
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
present invention is applied to a sol;d—state image pickup
apparatus having a line of photosensofs 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
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
providing them outside. The method includes the steps of
providing the first reglsters with a signal to transfer
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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 registefs; providing the
transfer gates with a signal to transfer the signal charges
transferred to the even first registe}s 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
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.

The present 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
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
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
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
response to the intenslty of incident light, first
horizontal transfer reglsters arranged side by side to face
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the photosensors 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 transferred through the first
and second registers and providing thém 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
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

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
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
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
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
transferred through the first and second horizontal
registers and providing them outside. The method includes
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the steps of providing the first horizontal registers with
a signal to transfer dark charges from even ones of the
first 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; broviding 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
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

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

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
best 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;

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
to the prior art;

Fig. 5 is a timing chart showing a method of
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first embodiment of the present invention;

Fig. 6 shows the image pickup apparatus driven
according to the flrst embodiment;

Fig. 7 shows waveforms of dark outputs according to
the first embodiment; ‘

Fig. 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;

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
invention;

Fig. 11 is a timing chart according to the fourth
embodiment; and '

Fig. 12 shows an array sensor according to the
present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Figure 5 is a timing chart showing a method of
driving a solld-state image pickup apparatus.according to
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
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
111 and 112 are alternately arranged along the photosensors
101. 'The shift gates 111 control the integration period of
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odd ones of the photosensors 101, and the shift gates 112
control the integration period of even ones of the
photosensors 101.

Inner and outer analog shift registers 121 and 122
are arranged along the shift gates 111 and 112. The inner
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
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 .

¢ 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 lnner
register 121 into a voltage, and an outpﬁt-circuit 142
converts charges transferred by the outer register 122 into
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.

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
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
at time Ta, to transfer all dark charges from the
electrodes ¢ 1 to the electrodes ¢ 2. At time T1, the
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electrode SH1 of each shift gate 111 and the electrodes ¢ 1
are set to HIGH, to transfer signal charges from odd ones
of the photosensors 101 to the electrodes ¢ 1. At this
time, the electrodes ¢ 2 are kept at HIGH to transfer no
charges from the electrodes ¢ 2 to the electrodes ¢ 1.
Accordingly, the signal charges are transferred to the
electrodes ¢ 1 from which dark charges have been removed in
advance. ' J

According to the prior art, the dark charges in the
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

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
¢ 1 of the outer register 122 through the transfer gates
131. 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
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.

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
the output circuits 141 and 142, respectively. When the
inner register 121 transfers the charges, the charges are
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mixed with dark charges present in the inner register 121,
to provide a constant output irrespective of the positions
of the electrodes in the inner register 121.

Figure 7 shows a waveform (a) of the dark output of
the inner register 121 provided through the output circuilt
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,
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.

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
applies the same voltage to the electrodes $ 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.

- This prevents a shading in the dark oyutput 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.

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
shift gate 111 and the electrodes ¢ 1 are opened.

The first embodiment first transfers signal charges
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from the odd photosensors to the electrodes ¢ 1 of the
inner register 121 at time T1, and thereafter, transfers
the charges to the transfer gates 131 at time T2. On the
other hand, the second embodiment quickly transfers the
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

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
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
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
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

charges from moving from the electrodes ¢ 1 to the
eiectrodes ¢ 2.

The other timing of the third embodiment is the
same as that of the second embodiment. Accordingly, the
dark outputs of the third embodiment are the same as those
of Fig. 7. The third embodiment, therefore, 1s capable of
preventing a shading in the dark outputs without changing
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the structure of the apparatus.

Figure 10 shows a lline sensor driven according the
fourth -embodiment of the present invention.

What is different from the line sensor of Fig. 8 is
that the line sensor of Fig. 10 has an inner register 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
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
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
electrode SH2, to minimize a discrepancy in 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
of Fig. 7. The fourth embodiment 1s 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

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-
dimensional array sensor. Each photosensor 101 of Fig. 6
is replaced with a column 151 of vertically arranged
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photosensors and a vertical transfer register 153 for
transferring signal charges generated by the photosensor
column 151.

The photosensor matrix forms a distribution of
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
mentloned 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.
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
light 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
are 'suited to the'particular use contehplated.
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WHAT IS CLAIMED IS:

1. A method of driving a solid-state image pickup
apparatus having a line of photosensors for generating
signal charges in response to the intensity of incident
light, first horizontal transfer regiéters arranged side by
side to face the photosehsors with shift gates interposing
between them, second horizontal transfer registers
corresponding to. the first registers, respectively, with
transfer gateé 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
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;

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

- reglsters 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 first and second registers with a
signal to horizontally transfer the signhal 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.

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

signal to the even shift gates, to transfer signal charges
from the even photosensors to the even first registers is
simultaneously provided with the signal to the transfer
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gates, to transfer the signal charges transferred to the
even first registers to the even second reglsters.

3. The method as claimed in claim 1, wherein, when

the transfer gates are provided with the signal to transfer
the signal charges transferred to theyeven first reglisters
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.

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 reglsters with
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
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
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
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
registers;

providing the transfer gates with a signal to
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transfer the signal charges transferred from the even
photosensors to 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'first'and second registers; and

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

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
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
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
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
transfer the signal charges transferred to the even first
horizontal registers to even ones of the second horizontal
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reglsters;

providing odd ones of the shift gates with a signal
to transfer signai charges from odd ones of the vertical
reglsters to the odd first horizontal registers;

providing the first and second hprizontal registers
with a signal to horizontally transfer the signal charges
transferred to the first and second horizonta; registers;
and .

successively providing the signal charges
horizontally transtrred through the first and second
horizontal registers outside from the output circuits.



