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SOLID STATE IMAGING APPARATUS

.BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a solid state
imaging apparatus and particularly to a CCD solid state
imaging apparatus of so-called an "non-interlaced
scanning system" for reading signal charges read from
each pixel without mixing of these signal charges in a
vertical transfer register.
Description of Related Art
As a CCD-sqlid staté imaging apparatus, there
is providedla known apparatus constituted to more raise
resqlution'by providing, for example, two horizontal
trénéfer registers~and enanle read operation for all
npixels by simultaneous horizontal transfer of the signal
” éharges of odd-nuﬁbéred{lines and even-numbered lines
with rndrvrdual horl;ontal transfer reglsters and by
reading srgnal charges of two llnes wrthln 1 H (E means

a horizontal scannlng perlod)._.

Amount of charges to be processed by the

horlzontal transfer reglsters can, be 1ncreased
suff1c1ent1y by settlng a wider channel w1dth of the

horizontal'transfer.registers. It is because since
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amount of charges to be processed by the horizontal

transfer register is proportional to an area per bit of

the register when the amplitude of the clock pulse for
horizontal transfer is kept constant, amount of charges
to be processed can be increased by expanding channel
1ehgth and channel width corresponding to one bit but
since the channel length corresponding ‘to one bit of the
horizontal transfer register is restricted by a size of

image section, expansion is allowed only to the channel

width.

However, when the channel width is expanded,
field intensity generated in the register by the clock
pulse for horizontal transfer impressed to a transfer
electrode is lowered. Particularly, such field
intensity is lowered at the central area in the channel
width direction 6f the horizontal transfer register.
Such drop of transfer field intensity brings about a
fall of transfer efficiency of signal charges in the
vertical direction of the horizontal transfer register.
As a result, a part of the signal'charges is sometimes
left untransferred. That is, in the CCD solid state

imaging apparatus of the non~interlaced scanning system,

"the perfect transfer is disabled when the signal charges

corresponding to one line are transferred in parallel to
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the register in the opposite side from the register in
the image section side'among two horizontal transfer
registers and thereby resulting in a possibility of
deterioration of image quality.

Also known is the CCD solid state imaging
apparatus of the non-~-interlaced scanning system (for
example, refer to official gazette of the Japanese .
Patent Laid-open No. Hei 3-?2790), wherein a horizontal
transfer register in the image section side is formed of
a couple of transfer sections in order to increase the
amount of charges to be processed without deterioration
of the transfer efficiency in the horizontal transfer
register and the signal charges of the same pixel are .
shared with these transfer sections to realize the
horizontal transfer. Outline of constitution and
operations of such imaging apparatus will be explained
hereunder.

In FPig. 9, a CCD image section 3 of the
interline transfer system is composed of a plurality of
photosensors 1 arranged in two dimensions in the form of
matrix ahd a plurality of vertical transfer registers
which are arranged for each column of these photoéensors

for vertical transfer of the signal charges generated by

"the photosensors 1. Under this image section 3, a first

horizontal transfer register 4 is arranged and this
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first horizontal transfer register 4 is composed of a
couple of trénsfer sections 4a, 4b which share with each
othér the horizontal transfer of signal charges
corresponding to one line. These transfer sections 4a,
4b are arranged in parallel keeping a short distance
therebetween in almost the same éhannel width and are
integrated at the output section. A sum of the channell
widths of the traﬁsfer'sections 4a, 4b becomes equal to
the channel width of the first horizontal transfef
register 4 which is the vaiue to obtain sufficient
amount of charges to be processed.

In the fifst horizontal transfer register 4, a
control gate section 5 is provided between a couple of -
transfer sections 4a, 4b and this control gate section 5
shares the signal charges of the same pixel with the
transfer sections 4a, 4b. Under ﬁhe first horizontal
transfer register 4, a second horizontal transfer |
register 6 is arranged in parallel keeping a certain
distance therefrom. The channel width of the second
horizontal transfer register 6 is set almost equal to
the channel width of the first horizontal transfer
register 4. A transfer gate 7 is provided between the
first horizontal transfer register 4 and the second

horizontal transfer register 6 which control to further
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transfer, to the second horizontal transfer register 6,

the signal charges corresponding to one line transferred

to the first horizontal transfer register 4 from the

vertical transfer register 5. The signal charges

transferred horizontally by the first and second

horizontal transfer registers 4, 5 are converted to

signal voltages by output sections 8-1, 8-2 and are then

outputted as OUT1 and OUT2.

As explained, since the first horizontal
transfer register 4 is constituted of a Couple of
transfer sections 4a, 4b, individual channel width of
the transfer sections 4a, 4b can be narrowed even when
the first horizontal transfer register 4 as a whole has
a wider channel width. As a result, a transfer field

intensity is never lowered and thereby transfer

efficiency of the signal charges to the second

horizontal transfer register 6 through the first
horizontal transfer register 4 is never deteriorated.
In other words, the amount of charges to be processed
can be increased withdut deterioration of the transfer
efficiency in the vertical transfer direction in the
first horizontal transfer register 4.

Since the signal charges which are shared with

and transferred to a couple of transfer sections 4a, 4b



are combined again at the output section 8-1 in the
first horizontal transfer register 4, the amount of
charges per bit to be processed in the first horizontal
transfer register 4 is constant without relation to the
amount of charges to be transferred in a couple of
transfer sections 4a, 4b. However, since the amount of
charges per bit to be processed in a couple of transfer
sections 4a, 4b is determined depending on the channel
length and channel width corresponding to one bit, if
the signal charges shared with one transfer section have
exceeded the amount of charges to be processed of the
relevant transfer section when the signal charges are
shared with the transfer sections 4a, 4b, all signal
charges of one pixel cannot be transferred perfectly,
altﬁough the amount of charges to be processed in the
first horizontal transfer register 4 can be increased.
With this background, the inventors of the
Present invention have proposed (refer to the official
gazette of the Japanese Patent Laid-Open No. Hei 6-
105239) é CCD solid state imaging épparatus of the non-
interlaced scanning system which enables sharing of
signal charges considering the amount of charges to be
processed in the transfer sections 4a, 4b at the time of

sharing signal charges with a couple of transfer



sections 4a, 4b. Namely this CCD sblid state imaging
apparatus employs, as shown in Fig. 10, a constitution
that a potential barrier section 13 is formed along the
horizontal transfer direction within the channel of the
control gate section 5 between a couple of transfer
sections 4a, 4b.

Such CCD solid state imaging apparatus of the
non-interlaced scanning system has been previously
disclosed in the US Patent No. 5,387,935 (Issue daﬁe;
2/7/1995). The disclosure of the reference is hereby
incorporated herein.

Continuously, after the signal charges are
once accumulated in the control gate section 5 through
the transfer section 4a, a gate bulse ¢HHG to be
impressed to a gate electrode 16 of'the control gate
section 5 is set as a middle level, under the condition
that the clock pulse gH1 of the first phase is set as a
- low level, while the clock'pulse ¢H2 of the second phase
is set as a high level. 1In this case, the signal.
charges overflowing the potential Barrier section 13
return to the transfer section 4a. On the other hand,
the signal charges reméining in the control gate section
5 are transferred to the transfer section 4b when the

gate pulse ¢HHG turns to the low level. Thereby, the



signal charges are shafed with the transfer sections 4a,
4b in the first horizontal transfer register 4.

However, in the case of the conventional CCD
solid state imaging apparatus of the constitution
explained above, if the transfer section 4b is ready for
horizontal register transfer when the signal chargeé are
once transferred to the bits of the first phase (¢4H1) of
the transfer section 4b from the'control gate 5 during
the transient.period (during the period from the time T3
to the.time T4) where the clock pulse ¢H1 of the first
phase changes to the high 1e§e1 from the low level in
the timing dhart shown in Fig. 11, a part of the signal
charges is transferred, as shown in Fig. 12, to the bit
of the second phase (¢ﬁ2) provided at the forward
position in the horizontal transfer direction of the bit
of the first phase (¢Hl) by means of the transfer field
to the horizontal transfer direction (from right to lgft
in Fig. 10).

| In the pattern of transfer channel of Fig. 10,
the clock pulse gH2 of the second phase must be set to
the low level in order to collect the signal charges in
the tiansfer sectidn 4a and the transfer section 4b from
the same pixel to a pair of bits under. the:same gate.

In this timing, the signal charges transferred to the



bit of the second phase (4H2) in the forward direction
are further mixed with thé signal charges in the bit of
the first phase (¢H1l) in further forward direction
during the period from the time T4 to the time T5. -
Mixing of the signal charges in the horizontal direction
during apportiqnmené of signal charges is all generated
in the horizontal period when the amount of signals in
the display exceeds the predeterhined'amount, it appears
on the reproddced display as a fauit in the shape of a
vertical stripe.

Genefation of such fault of image can be
prevented by setting the condition that the horizontal
register transfer is impossible when the potential of
the potential barrier section 13 qf the control gate
section 5 is shallower than the potential of the bit of
the first phase (gH1l), that is, the condition that the
potential of the bit of.the second phase (¢H2) is
shallower than the potential of the bit of the first
phase (¢gHl). " However, in this case, the amount of
charges to be processed of the transfer section 4a is
restricted by the potential of the potential barrier
section 13 and is therefore reduced.

Y

SUMMARY OF THE INVENTION
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It is therefore an object of the present
invention to provide a solid state imaging apparatus
which has enabled sharing of signal charges without-
geheration'of a fault in the form of a vertical stripe
due to the defective sharing of the'signal charges in a
horiz&ntal transfer register consisting of a couple of
transfer sections for horizontally transferring the
shared signal charges of the same pixel.

Accérding to 6ne aspect of the present
invention, a solid state imaging apparatus comprises a
first horizontal transfer register for horizontally
transferring signal'chérges transferred from an image
section and a second horizéntal transfer register for
horizontaily transferring the signal charges transferred
from the imaging sectioﬁ through the first horizontal
transfer register, wherein the first horizontal transfer
register comprises a couple of transfer sections where a
pair of bits for processing the signal charges of the
same pikel are arranged in the horizontal transfer
direction and the signal charges from the same pixel are
transferred horizontally after these signal charges are
respectively shared therewith, a control gate section
where a transfer channel is formed between the bit of

- the transfer section in the image section side of these
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two transfer sections and the bit located backward in
the horizontal transfer direction of the bit, forming a
pair with above bit, of the transfer section in the side
of the second horizontal transfer register and a
potential barrier section formed along the horizontal
transfer direction in a part of the region of the
control gate section, thereby after the signal éharges
are accumulated in the control gate section, the signal
charges are sﬁared by controlling a relative potential
difference of the control gate section and transfer
section. |

According to another aspect of the present
invention, a solid state imaging apparatus comprises a
first horizontal transfer register for horizontally
transferring signal charges transferred from the image
section and a second horizontal transfer register for
horizontally transferring the signal charges transferred
from the image section through the first horizontal
transfer section, wherein the first horizontal transfer
register comprises a couple of transfer sections for
horizontally transferring the signal charées from the
same pixel after these are shared respectively
therewith, a control gate section for sharing the signal

charges between these two transfer sections, a first
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potential-barrier section formed along the horizontal
transfer direction in a part of the region of the
control gate section and a second potential barrier
section formed along the horizontal transfer direction
in the control gate side of the transfer section in the
side of the second horizontal transfer register among
two transfer sections, whereby after the signal charges
are accumulated in the control gate secéion, the signal
charges can be shared by controlling a relative
potential difference of the control gate section and
transfer section.

In the solid state imaging apparatus according
to one aspect of the present invention, at the time of
sharing the signal charges in the first horizontal
transfer register, the signal charges transferred from
the image section are once stored in the control gate
section through the bit of the second phase of the
charge transfer section in the image section side. When
the gate pulse impressed to the gate electrode of the
control gate section is set to a middle 1e§e1-under the
condition that the clock pulse of the first phase is set
Eo the low level, while the clock pulse of the second
phase to the high level, the signal charges overflowing

the potential barrier section of the control gate
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section return to the bit of the second phase of the
charge transfer section in the image section side.

Meanwhile, the signal charges remaining in the
control gate section are transferred through the
transfer channel of the control gate section, when the
gate pulse is changed to the low level, to the bi£ of
the first phase one bit after the bit of the second
phase for processing the signal éharges of the same
pixel of the irahsfer section in the side of the second
horizontal transfer register. Thereby, the signal
charges'of the same pixel are shared with a couple of
transfer sections. When the signal chérges transferred
to the first phase bit are transferred to the preceding
second phase bit, the signal charges of two transfer
sections are collectéd in the pair bits under the same
gate electrode. 1In this timing, since only the signal
charges transferred to the bit of the first phase
located after one bit are only transferred to the bit of
the second phase located one bit before the above bit,.
the signal charges are never mixed in the horizontal
direction.

In the solid state imaging apparatus according
to another aspect of the present invention, the

operations until the overflow signal charges of the
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potential barrier section of the control gate section
return to the second phase bit of the charge transfer
section in the image section side after the signal
charges transferred from the image section are once
stored in the control gate section are similar to the
operations explained previously. On the other hand,
since the potential barrier section is formed along the
' ﬁorizontal transfer direction in the control gate
section side of the transfer section in the second
horizontal transfer register side, a voltage which is
'higher as much as the potential.of the potential barriér
section is applied to the first phase bit at the time of
sharing the signal charges remaining in the control gate
section with the transfer section in the second

- horizontal transfer register side. Thereby, when
transfer of the signal charges remaining ip the control
gate section is started, the potential of the second
phase bit becomes shaliower than the potential of the
first phase bit, disabling the horizontal register
transfer. Therefore, since the signal charges
transferred to the first phase bit is never transferred
to the preceding second phase bit, mixing of the signal

charges in the horizontal direction is never generated.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of the pattern
indicating a first embodiment of the present invention.
Fig. 2 is a timing chért for.explaining

sharing operation of signal chafges in the first
embodiment.

Fig. 3 is a potential diagram at the cross-
section along the line A-A' in Fig. 1.

Fig; 4 is a potential diagram in the
horizontalltransfer direction of the transfer section
4b.

Fig. 5 is a plan view of the pattern
ihdicating a second embodiment of the present invention.

Fig. 6 is a timing chart for explaining
sharing operation of signal charges in the second
embodiment.

FPig. 7 is a potential diagram at the cross-
section along the line B-B' in Pig. 5.

Fig. 8 is a potential diagram in the
horizontal transfer direction of a potential barrier

section 18 in the transient period where ¢H1 changes to

high level from low level.
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Fig. 9 is a plan view indicating an example of
a constitution of a CCD solid state imaging apparatus of
the non-interlaced scanning system.

Fig. 10 is a plan view of the éattern
indicating a prior art.

Fig. 11 is a timing chart for explaining
operation of the prior art.

Fig. 12 is a potential drawing for explaining

the problem of the prior art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present
invention will be explained hereunder in detail with
reference to the accompanying drawings.

Fig. 1 is a plan view of the pattern
indicating a first embodiment of the present invention
wherein only a part of the first hori;ontal transfer
register 4 of Fig. 9 is illustrated. In Fig. 1, a first
horizontal transfer registef 4 is constituted of a pair
of transfer sections 4a, 4b for horizontally
transferring, by sharing, the signal charges of one line
transferred from an image section 3 (refer to Fig. 9).

These transfer sections 4a, 4b are arranged in parallel
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keeping short distance therebetween with almost equal
chahnel width.

In this first horizontal transfer register 4,
an accumulation gate electrode 1l indicated by a one-
point~chain line in the figure and a transfer gate
eléctrode 12 indicated by a two-point-chain line are
alternately arranged in the horizontal transfer
direction on a substrate forming a pair and these are 2-
phase driven By the clock pulses ¢H1l, 4H2 for horizontal
transfer to be applied to these gate electrodes pair.

In the channel of the transfer sections 4a, 4b, a pair
of bits for processing the signal charges of the same
pikel are formed under the same accumulation gate
electrode 11 and‘transfer gate electrode 12.

A control gate section 5 is provided between
the transfer sections 4a, 4b to share the signal charges
of the same pixel transferred from the imége.section 3
- with the transfer sections 4a, 4b. 1In this control gaté
5, a transfer channel 17 is formed between the bit ($H2)
of the transfer section 4a and the bit (¢H1l) one bit
after, in the horizontal transfer direction, the bit
(¢H2) of the transfer section 4b forming a pair with
such bit (¢H2) of the transfer section 4a. Moreover, a

potential barrier section 13 is formed along the
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“horizontal transfer direction in the side of the
transfer section 4a of this transfer channel 17.

This potential barrier section 13 can be
formed by implanting, to its forming position, an
impurity of the conductivity type inverted from that of
an impurity to form the transfer channel 17 or
implanting, to the region of the control gate section 5
other than its forming position, an impurity of the same
conductivity ﬁype as that of the transfer channel 17.
Moreover, the potential barrier section 13 can also be
formed by changing thickness of a gate oxide film (not
illustrated) of the control gate section 5 in the region
to form the potential barrier section 13 and in the
other region. In Fig. 1, the shaded areas 14 indicate
the channel stop sections. As is obvious from the
figure, the channel stop section 14 is formed so that
that the signal charges transferred to the bit of the
first phase'(¢Hlj of the transfer section 4b from the
control gate section 5 do not enter the bit of the
second phase (¢H2).

Next, the signal charge sharing operation in
the first horizontal transfer register 4 in relation to
the first embodiment in the constitution explained above

will be explained with reference to the timing chart of
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Fig. 2 and the potential diagram of Fig. 3. 1In Fig. 2,
¢VH2 is a gate pulse impressed to the gate electrode 15
of the output section of the vertical transfer fegister
2, while ¢H1 is a clock pulse for horizontal transfer of
the first phase and ¢HHG is a gate pulse impressed to
the gate electrode 16 of the control gate section 5.
The clock pulse ¢H2 for horizontal transfer of the
second phase is not indicated because it is a1waYs in
the high levei in such a timing as sharing signal
charges. Fig. 3 shows potential distribution at the
crogss-section along the line A-A' in Fig. 1 and the
times Tl - T5 in this figure correspond to the ﬁimes T1
~ T5 of Fig. 2.

At the time T1l, the signal charges are now
going to be transferred to the first horizontal transfer
rggiéter 4 from the vertical transfer register 2. At
the time T2 where the gate pulse ¢VH2 is in the high
1evé1, the signal charges are transferred to the first
horizontal transfer register 4 from the vertical
transfer register 2; Since the clock pulse ¢Hl is in
the low level at Fhe time T2, the potential of the
transfer secfion 4b is shallow and morébver since the
clock pulse ¢H2 is in the hiéh level as explained above

and thg_gate pulse ¢HHG is also in the high level, the



20

potential of the transfer section 4a and control gate 5
- is deep. | |
Therefore, the signal charges are transferred

to the control gate 5 from the vertical transfer
register 2 through the bit of the second phase (¢H2) of
the transfer section 4a and a large amount of signal
charges is accumulated in the region other than the
potential barrier section 13 because it is provided
particulafly in the control gate section 5. 1In the case .
where after the signal charges are once stored in the
control gate section 5, the poteﬁtial of the potential
barrier section 13 becomes the middle level of the
allowable variation range at the time T3 when the
potential .of the gate pulse ¢HHG becomes middle
(intermediate) level, the signal charges are accumulated
in the region of the control gate section 5 where the- |
poténtial barrier section 13 is not provided as much as
the amount of charges depending on the éréa of such
region and the potential (height) of the potential
barrier section 13.

| Bmount of this signal charge is determined,
considering the signal charges processed by the transfer
section 4b,—depending on the area of the reéion 65 the.

control gate section 5 where the potential barrier
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section 13 is nﬁt provided and the potential of the
botential barrier 13 and this signal charge is
transferred in direct. to the transfer éection éb., 1In
this case, the potential of the potential barrier
section 13 is set equal to or deeper than the potential
of the transfer section 4b. Since the amount.of charges
which can be accumulated in the control gate section 5
is limited, the charges which cannot be accumulated in
the control géte section 5 to overflow from the
potential barrier section 13 return to the bit of'the
second phase (¢H2) of the transfer section 4a and are
also accumulated thereih. That is, amount of charges
horizontally transferred by the transfer section 4a is
obtained by subtracting thé amount of charges
horizontally transferred by the,trahsfer'section 4b from
the total amount of charges transferred from the
vertical transfer register 2.

At the time T4 where the clock pulse (gH1l) is
in the high level, the potential of the transfer section
4b becomes deep causing the signal charges accumulated
in the control gaté section 5 to be transferred to the
transfer section 4b. 1In this timing, the signal charges
are transferred, through the transfer channel 17, to the

bit of the first phase (4Hl1) one bit after, in the
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transfer direction of the transfer section 45, the bit
of the second phase (¢H2) of the transfer section 4a
where the signal chargés.of the same pixel are
accumulated. At the time TS5 where the gate pulse ¢HHG
is in the low level, the potential of the control gate
section § becomes.shallowest, completing the transfer qf
the signal charges to the bit of the first phase (gH1)
of the transfer section 4b. At the time T6 where the
clock pulse.¢ﬁl is in the low level, the signal charges
of the bié of the first phase (¢H1l) are transferred to
the preceding bit of the second phase (¢H2). The
potential distribution in the horizontal transfer
direction of the transfer section 4b at the times T5, T6
is shown in Fig. 4.

With a cycle of the operations explained
above, the signal charges of the same pixel transferred
to the first horizontal transfer register 4 from the
vertical transfer register 2 are shared with the
transfer sections 4a and 4b depending on the amount of
charges to be processed in the transfer section 4b.
Moreovei, since the trénsfer channel 17 is formed, in
the control gate section 5, between the bit of the
transfer section.d4a and the bit one bit after, in the

horizontal transfer direction, the bit of the transfer
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section 4b forming a pair with the bit of the transfer
section 4a and the signal charges of the same pixel are
transferred to the bit of the first phase (¢H1) one bit
after, in the transfer direction in the transfer section
4b, the bit of the second phase (¢H2) of the transfer
section 4a, the signal charges shared with the two
transfer sections 4a, 4b are surely transferred to a
pair of bits of the transfer sections 4a, 4b not

generating an& mixing of the signal charges in the

~transfer section 4b and thereby a fault like a vertical

stripe resulting from mixin§ signal charges is never
generated. Meanwhile, since.it is no longer necessary
to make éhallow the potential of the transfer section 4a
in order to eliminate such a fault of image, amount of
charges proceSSed by the transfer section 4a is
determined depending on a structure of the transfer
section 4a without any limitation by the control gate
section 5 and thereby amount of charges to be processed
can be improved.

The signal charges shared with the transfer
sections 4a and 4b in thé first horizontal transfer
registér 4 are recovered to the signal charges of one
pixel after the horizontal transfer. Recovery to signal

charges of one pixel can be realized by providing again
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a lump of separated signal charges during the horizontal
transfer by linking the channels of the transfer
sections 4a, 4b, for example, in the final stage of the
first horizontal transfer.register 4, that is, in thé
area where the relevant register 4 is not required to be
divided into two stages. Here, the area where the first
horizontal transfer register 4 is not required to be
divided into two stages means, for example, the area
where the sigﬁal charges are not required to be
transferred to the second horizontal transfer register 6
from the first horizontal transfer register 4 in the
constitution of Fig. 9, in more practical, the
horizontal dummy bit where the effective pixel signals
are not transferred to the first horizontal transfer |
fegister 4 from the vertical transfer register 2._

In the embodiment explained above, the clock
pulse ¢H1 is set to the high level when the signal
charges are shared, but it may be remained in the low
level as is indicated as the clock pulse gHL' in Fig. 2.
In this case, since the shared signal charges are
transferréd to the bit of the second phase (gH2) passing
the area under the accumulation gate electrode 11 of the

first phase (¢H1l), the result obtained is same as that
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obtained when the clock pulse gHl is set to.the high
level and is then set to the low level.

Fig. 5 is a plan view of the pattern'
indicating the second embodiment of the present
invention. 1In this figure, the elements like those of
Fig. 1 are designated by the like reference numerals or
symbols. 1In this second embodiment, in the plan view of
the pattern structure like that of the prior art shown
in Fig. 10, a'potential barrier section 18 is formed
along'the horizontal transfer direction in the side bf
the control gate section 5 of the transfer section 4b.
This potential barrier section 18 is formed, as in thé
case of the potential barrier section 13 in the previous
embodiment, by controlling film thickness of a gate
insulating £ilm (gate oxide £ilm) in the region of the
potential barrier section 18 or controlling an impurity
concentration. )

In more practical, for example, in the case of
controlling thickness of an oxide film with a burying
channel, the potential barrier section 18 cah be formed
by making thinner the thickness of a gate oxide f£ilm.
Moreover, in the case of controlling impurity
concentration, such potential barrier 18 can be formed

by implanting an impurity of the conductivity type
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inverted from that of the impurity to form a channel of
the transfer section 4b or by implanting an impurity of
the same conductivity type as the impurity explained
above in the region of the transfer section 4b other
than the area where the potential barrier 18 is fbrmed.
Here, the potential barrier section 13 is formed in such
a mannei that the potential of the bit of the first
phase (gH1) in the transfer section 4b becomes deeper
than the poteﬁtial of the bit of the second phase (gH2)
when the potential of the potential barrier section 18
becomes equal to the potential of the potential barrier
section 13 of the control gate section 5.

Next, shéring operation of the signal charges
in the first horizontal transfer register 4' in relation
to the second embodiment in the constitution explained |
:above will be explained with reference to the timing
chart of Fig. 6 and the potential diagram of Fig. 7. 1In
Fig. 6, ¢VH2 is a gate pulse impressed to a gate
electrode 15 of the output section of the vertical
transfer register 2, ¢Hl is a horizontal transfer clock
. pulse of the first phase, ¢HHG is a gate pulse impressed
to a gate’electrode 16 of the_control gate section 5.
Here, the horizontal transfer clock pulse ¢Hé of the

second phase is not illustrated because it is always set
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to the high level in the timing of sharing the signal-
charges. Fig. 7 shows a potential distribution of the
cross—section along the line B-B' in Fig. 5. 1In this

figure, the times Tl - T5 correspond to the times T1 -
T5 of Pig. 6.

At the time T1, the signal charges are going
to be transferred to the first horizontal transfer
register 4' from the vertical transfer register 2. At
the time T2'wﬁere the gate pulse ¢VH2 is in the high
level, the signal charges are transferred to the first
horizontal transfer register 4' from the vertical
transfer register 2. Since the clock pulse gH1 is in
the low level at the time T2, the potential of the
transfer section 4b is shallow and moreover since the
clock pulse ¢H2 and gate pulse gHHG are in the high
level, the potential of the transfer section 4a and
control gate section 5 is deep.

Therefore, the signal charges from the
vertical transfer register 2 are transferred to the
control gate section 5 through the bit of the second
phase (¢H2) of the transfer section 4a and particularly
since the pbtential bar?ier'section 13 is provided in
the control gate section 5, such signal charges are

accumulated in larger amount in the tegion other than
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the potential barrier section 13. At the time T3 where
the potential of the gate pulse $HHG is in the middle
level after the signal charges are accumulated in the
control gate section 5, the potential of the poteniial
bafrier section 13 is in the middle level within its
variable range. Thereby the éignal charges are
accumulated, in the region where there is no potential
barrier section 13 of the control gate section 5, in
such amount of charges depending on the area of such
region énd the potential of the pétential barrier
section 13.

In this case, the potential of the potential
barrier section 13 is set to become equal to the
potential of the potential barrier section 18 of the
transfer section.4b or to become deeper than such
potential. Since the amount of charges to be
accumulated in the control gate section 5 is limited,
the charges thch cannot be accumulated in the control
gate section 5 and overflows from the potential barrier
seétion 13 are then accumulated in the bit of the second
phase (¢H2) to the transfer section 4a. At the time T4
where the clock pulse gHl1 is in the high level, since
the potential of the transfer section 4b becomes deep,

the signal charges accumulated in the control gate
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section 5 are transferred to the bit of the first phase
(¢H1) of the transfer section 4b exceeding the potential
barrier section 18.

In the transient period where this clock pulse
¢H1 changes to the high level from the low level (during
period from the time T3 to the time T4), when the
potential of the potential barrier section 18 of the
transfer section 4b becomes deeper than the potential of
the potential‘barrier section 13 of the control gate
seétion 5, transfer of the signal charges accumulated in
the control gate section 5 to the transfer section 4 is
started. Here, as explained previously, the potential
barrier section 18 of the transfer section 4b is formed
so that when the potential thereof becomes equal to the
poténtial of the potential barrier section 13 of the
‘control gate section 5, the potential of the bit of the
first phase (gHl) in the transfer section 4b becomes
déeper than the potential of the bit of the second phase
(¢H2).

Thereby, when the signal charges accumulated
in the control gate-section 5 is transferred to the bit
of the fi:st phase of the transfer section 4b, the
signal charges transferred are then transferred, in the

case of the structure of the prior art, to the bit of
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the second phase, as is obvious from Fig. 12, resulting
in the mixing of signal charges in the horizontal
direction because the transfer section 4b ié ready for
the horizontal reéister transfer, while, in the casé of
the structure of this embodiment, since a barrier is
formed to the.bit of the‘second phase from the bit of
the first phase due to the relationship of potentials as
shown in Fig. 8, disabling the horizontal register
transfer, transfer of the signal charges to the bit of
the second phase is never carried out.

With a cycle of the operations explained
above, since the signal charges of the same pixel
transferred to the first horizontal transfer'register 4
from the vertical transfer registef 2 are shared with
the transfer sections 4a, 4b depending on the amount of
charges processed by the transfer section 4b and a
potential barrier 18 is formed along the horizontal
transfer direction to the side of the control gate
section 5 of the transfer section 4b, the transfer
section 4b can no longer transfer signal charges at the
time of sharing the signal charges and thereby the
nmixing of signal charges is not generated in the
transfer section 4b. As a result, a fault due to a

vertical stripe in the image is never generated.
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Moreover, since it is not required to make shallow the
potential of the transfer section 4a in order to
eliminate such fault of image, amount of charges

processed by the transfer section 4a is determined by

-the structure of the transfer section 4a and it is not

limited by the control gate section 5, thereby improving
the amount of charges to be processed.
In each embodiment explained above, a

constitution éhat a clock which takes three levels is

" used as the gate pulse $HHG and the signal charges are

shared in its middle level has been explained, but the

clock which takes three levels is not always required

‘and it is also possible to share the signal charges by

sufficiently lowering the falling speed of the gate
pulse ¢HHG using a delay circuit.
Moreover, when it is not required to share the

signal charges considering the amount of charges to be

- processed by the transfer sections 4a, 4b, the signal

charges can also be shated by shallowing the potential
of the control gate section 5 without changing the

potential of the transfer sections 4a, 4b after

accumulating the signal charges transferred from the

vertical transfer register 2 into the entire part of the

first horizontal transfer register 4 including the
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control gate section 5. In this case, since the
potential barrier section 13 exists in the control gate.
section 5, the high potential is formed in the side
(side of the image section 3) of the first horiiontal
transfer register 4 in the control gate section 5 and
low potential is formed in the opposite side.
Therefore, the transfer can be realized smoothly for the
vertical transfer of the signal charges to the second
horizontal transfer register 6 from the first horizontal
transfer registér 4.

As explained previously, according to one
aspect of the present invention, there is provided a
solid'state'imaging apparatus comprising a first andla
second horizontal transfer register to execube the
horizontal transfer in the first horizontal transfer
register in the side of the image section by sharing the
signal charges of the same pixel with a pair of transfer
sections, wherein the signal charges are never mixed in
ﬁhe transfer section in the side of the second

horizontal transfer register because a transfer channel

is formed between the bit of the transfer section in the

side of the image section and the bit one bit after, in
the horizontal transfer direction, the bit of the

transfer section in the side of the second horizontal
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transfer register in thé relation of forming a pair with
above bit of the transfer section in the side of the
image section and the signal charges are shared with a
pair of transfer sections through this transfer channel.
Thereby, the signal charges can be shared with a pair of
transfer sections without generating a fault of image
like a vertical stripe resulting from defective sharing
of the signal charges. Moreover, since it is no longer
required to make shallow the potential of the transfer
section in the side of the image section, amount of
chargés to be processed in the transfer section is
determined by the structure of the transfer section and
is not limited by the control gate section, improving
the amount of charges to be processed.

According to another aspect of the present
invention, there is provided a solid state imaging
apparatus comprising a first and a second horizontal
transfer registers to execute the horizontal transfer by
sharing the signal charges of the same pixel with a pair
of transfer sections in the first horizonEaI transfef
register in the side of the image section, wherein éhe

signal charges are never mixed in the relevant transfer

section because since a potential barrier section is

formed along the horizontal transfer direction in the
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side of the control gate section of the transfer section
in the side of the second horizontal transfer register,
the relevant transfer section is disabled to execute the
horizontal register transfer at the time of transferring
the signal charges accumulated in the controi gate
section to the transfer section in the side of tﬁe
second horizontal transfer registei. Thereby, thé
signal charges can be shared with a pair of transfer
sections withdut generation of a fault of image like a
vertical stripe resulting from defective sharing of the
signal charges. Moreover, since it is unnecessary to-
make shallow the potential of the transfer section in
the side of the image section to eliminate a fault of
image, amount of charges to be processed by the relevant
transfer section is determined by-the constitution
thereof and is not limited by the control gate section,

improving the amount of charges to be processed.;
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WHAT IS CLAIMED IS:

1. A solid state imaging apparatus
comprisin§=

an image section for producing a signal charge
and having a plurality of pixels arranged in matrix;

a first horizontal transfer register for
horizontally transferring signal charges transferred
from said image section;

said first horizontal transfer register
comprising:

a first and a second transfer sections where a
pair of bits are arranged, in the horizontal direction,

- to horizontally transfer the signal charges of the same
.pixel shared therewith;

a control gate section formed between said
first and second transfer sections to once accumulate
the signal charges transferred from said image section
and thereafter share said signal charges with said first
ana second transfer sections;

a potential barrier formed along the
horizontal transfer direction in a part of the region of
said control gate section; and

a channel stop section formed in said control

gate section to form a transfer channel between the bit
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of said first transfer section and the bit one bit
after, in the horizontal transfer direction, the bit of
said second transfer section forming a pair with the bit
of said fifst fransfer section; and

a second horizontal transfer register for
horizontally transferring the signal charges transferred
through said first horizontal transfer register.

2. A solid state imaging apparatus according
to claim 1, wherein said first transfer section is
formed in the side of said image section and said second
transfer section is formed in thé side of said second
horizontal transfer register.

3. A solid state imaging apparatus according
to claim 1, wherein said potential barrier section is
formed by implantation of an impurity of the
conductivity type inverted from that of the impurity to
form said transfer channel.

4. A solid state imaging apparatus according
to claim 1, wherein said potential barrier section is
formed by implantation of an impurity of the'same |
conductivity type to the region of the control gate

section other than the potential barrier section forming

position.
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5. A solid state imaging apparatus according
to claim 1, wherein said potential barrier section is
formed in such a manner that thickness of a gate oxide
film is different in the potential barrier forming
region and the other region.

6. A solid state imaging apparatus according
to claim 2, wherein said transfer channel is formed
between the bit of said first transfer section and the
bit half bit 5fter, in the horizon£a1 direction, the bit
of said second transfer section forming a pair with the
bit of said first transfer section.

7. A solid state imaging apparatus
comprising:
| an image section-for producing a signal charge
and having a plurality of pixels arfanged in matrix;

a first horizontal transfer register for
horizontally transferring signal charges transferred
from said iﬁagé section;

said first horizontal transfer register
comprising:

a first and a second transfer sections
respectively for transferring horizontally the signal

charges of the same pixel;
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a control gate section formed between said
first and second transfer sections to accumulate the
signal charges transferred from said image section and
thereafter share these signal charges with said first
and second transfer sections; and

a first potential barrier section formed along
the horizontal transfer directibn in a part of the
region of said control gate section;

a sécond horizontal transfer register for
horizbntally transferring the signal charges transferred
through said first horizontal transfer register; and

a second potential barrier section formed
along the horizontal transfer direction in the side of
said control gate section of the transfer section in the
side 6f.said second horizontal transfer register among
said first and second transfer sections.

8. A solid state imaging apparatus according
to claim 7, wherein said first potential barrier section
is formed by iﬁplantation of an impurity of the
conductivity type inverted from that of the impurity to
form said transfer channel.

9. A solid state imaging apparatus according
to claim 7, wherein said first potential barrier section

is formed by implantation of an impurity of the same
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conductivity type to the region of the control gate
section other than the potential barrier section forming
position.

10. A solid state-imagigg appatatus according
to claim 7, wherein said second potential barrier
section is formed so that the potential of the bit of
the first phase in the transfer section in the side of
the second horizontal transfer register becomes deeper
than that of the bit of the second phase when the
‘potential 'of said second potential barrier section

becomes equal to that of said first potential barrier

section.



