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SACFGRO'YND OF THE INVENTION

~

iField of the Invention

: The present invention generaliy relates to solid state image :
épickup devices and} more particularly, is directed to a solid
state image pickup device including a solid state image pickup
element having a pair of Qutput portions which simultaneously
derive.signals and an external circuit having a pair of circuit
sYstems for processing the signals from the'pair of output
portions.

Description of the Prior Art

Conventional solid state imagers, such as a charge-coupled
device (CCD) or the like are generally designed so as to read a
signal in the field read;out system. However, in order to
. increase resolution more, the solid state imager must be designed
so as to read wholé.picture elements (i.e., pixels).. If the
whole pixels are read, then signals of two horizoﬁtal lines must
be read during 1lH period (H is the horizontal period).

In order to read two horizontal line signals during 1H

period, it is proposed to double the frequency of a conventional

horizontal transfer clock which-drives a horizontal register.

This proposai cannot be substantially effected at least in the
present condition.

To solve the abbve.problem; another proposal is made, in '
~which a plurality of.horizontal registers ére provided and signal
charges of odd lines and signal charges of even lines are
simultaneously horizontally transferred by separate horizontal

registers.

FIG. 1 schematically shows a solid state image pickup

element of the above-described previously proposed solid state
imager.
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Referring ﬁo TIG. 1, it will be seen that an image unit a is
composed of a number of light receiving elements arranged in a
two-dimgnsional, i.e., a matrix shape and vertical shift
registers b, b, ..; disposed in accordance with every vertical
columns of the light receiving elements so as to transfer the
signal charges in the vertical direction. For simplicity; the
light receiving elements are not shown and therefore the image
unit a is illustrated. in FIG. 1l as if it were composed of only
the vertical registers b, b, .o

As shown iﬁ.FIG. 1, a fiﬁst horizbntal register c is
disposed beneath the image unit a and a second horizontal
register d is disposed in parallel to the first horizontal
registei c by a small distance from the first horizontal register
¢ in the under side. A control géte e is disposed between the
two horizontal registers ¢ and d so as to control the transfer of
signals charges between the first and second horizontal registers
c and d. Channel stoppers f are arianged on the semiconductor
substrate surface portion at its position corresponding to the
underside of the control gate e in the pitch of one pixel aﬁd
shown by solid rectangle blocks in FIG. 1..

A first output unit g. is adapted to derive the signal
charges transferred thereto from the first horizontal regisﬁer c -
and a second output unit h is adapted to derive signal charges
transferred thereto from the second horizontal register d. A
first correlation double sampliﬁg-cirCuit (CDS circuit) i is
adapted to reduce a noise of an output signal from the first
output unit g and a second CDS circuit j is adapted to reduce.a
noise of an cutput signal from the second output unit h. A first
automatic gain control (AGC) amplifier k is adapted to amplify an

output signal of the first CDS circuit i and a second AGC
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amplifier g is adapted to amplify an cutput s:ignal of the second
&Ds circuit j. A signal processor circuit m is adapted to derive
a luminance signal Y and red and blue color difference signals R-
Y and B-Y by sampling respective color signals from the AGC
amplifiers k and 3.

When the storége df signal charges in the respect;ve light
receiving elements is finished, then a signal charge of the first
line from the bottom of the image unit a is parallelly
fransferred to the first horizontal register c and then the
signal charge of the first line is transferred'to the second
horizontal register d by the control gate e. Then, a signal
charge of the second line from the bottom of the image unit a is
transferred to the first horizontal iegister c. Thereafter, the
signal charges of the first and second lines are simultaneously
transferred by the first and second-horizontal registers ¢, d,
whereby video signals are simultaneously output to the outside of
the solid state imager from the two output units g and h. A
series of these operations are repeated at every 1H period.

Japanese Laid-Open Patent Publication No. 62-92587, for
example, describes research results of the above solid state
imager having two horizéntal registers to derive two video
signals simultaneously.

Since the solid state image pickup element includes two
output units and two circuit systems in the above solid state
imager shown in FIé. 1, there is then the problem that a
horizontal stripe and a flicker will take place due to a gain
difference between the t&o circuit éystems.

Particularly, when the signal is read in the interlace-
system, a signal from the same light receiving element (pixel) is

transferred by the different horizontal registers c, d at odd and
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even fields and thenr outpu* frnm the difrevent 6utput units g, h.
As a consequence, a gain difference becween the cwo circuit
systems cannot be neglected. Referring to FIG; 2, let us now
describe in detailnthe above phenomenon such that the signal from
the same light receiving glement is transferred through the
different circuit systems at odd and even fields.

FIG. 2 shows how the signal charges, accumulated in light
receiving elements (BO, A0, Bl, Al, B2, A2) of one vertical
column, are transférred.at odd and even fields in a comparing
fashion.

As shown in FIG. 2, at the odd field, the light receiving
elements B0 and A0, Bl and Al, and B2 and A2 form pairs and the
paired signalé are simultaneously read by the two horizontal
registers ¢, d. Of the siénals of the paired two horizontal
lines, signals of the upper light receiving elements A0, Al, A2,
.;. are transferred by the first horizontal register c. The flow
of the signals transferred by the first horizontal register c is
represented by an open arrow in FIG. 2. Of the signals of the
paired two horizontal lines, signals of the lower light receiving
elements B0, B1, B2, ... are transferred by the second horizontal
register d. The flow of the signals transferred by the second.
horizontal register d is represented by a solid arrow in FIG. 2.
In this case, the open arrow and the solid arrow in FIG. 2 do not
mean the difference of signal charge amounts or the like.

At the even field, the light receiving, elements A0 and Bl1,
Al and B2 are paired and thé paired signals are simultaneously
read by the two horizontal registers ¢, d. Of the signals of the
paired two horizontal lines, the signals of the upper light
receiving elements Bl, B2, ... are transferred by the first

horizontal register ¢, while the signals of the lower light
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receiving elements AG, Al. ... are iraasferred by tie second
horizontal registes d.

Accordingly, the signals of the respective light receiving
elements are transferred by the different horizontal registers
during the odd field or during the even field. More
specifically, the signalé of the light receiving elements A0, Al,
A2, ... are transferred by the fiist horizontal register ¢ during
the odd field and transferred by the second horizontal #égister d
during the even field. Further, the signals of the light

receiving elements B0, Bl, B2, ... are transferred by-the second
horizontal register d during the@odd field and transferred by the
first horizontal register ¢ during the even field. As a
consequence, the same éignal is processed by different circuit
systems (channels) during the odd field or during the even field.
Accordingly, a gain difference between the two circuit systems
causes noises, such as horizontal stripe, flicker and so on to

occur.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an-object of the present invention to
provide an improved solid state imager in which the
aforepentioned shortcomings and disadvantages of the prior art
can be eliminated. |

More specifically, it is an iject of the present invention
to provide a solid state imager in which a solid state image
pickup eiement has two output units and which can prevent a
horizontal stripe and a flicker from taking place due.ﬁo a gain
difference between two circuit systems (channels) thereof.

Another object of the present invention is to provide a
solid state image pickup element in which pilot signals for_

detecting gains of two circuit systems, which process signals
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_ from two output units of 2 colic state irage pickup element, can
be inserted into a viaeo signal without modifying a rule with
respect to a signal timing. |

As a first asbect of the solid state imager of the present
invention, a pilot signal generating means is provided within a
solid state image pickup.element so as to permit two output units
to derive pilot signals of the same level and a gain correcting
circuit is provided outside of thé solid state image pickﬁp
element for comparing levels of the pilot signals.passed through
two circuit systems and correcting gains of the two circuit
systems so as to remove a level difference if the two circuit
systems have any level difference. 1If the two circuit systems .
havé any level difference therebetween, then such level
difference apéears as a level difference of pilot signals of the
same level supplied thereto from the pilot signal generating
means fhrough the two circuit systems. fﬁus, the level
difference is detected by the gain correcting circuit and the
gains of the circuit systems are controlled so as to remove such
level difference.

In accordance with a second aspecf of the solid state imaée
pickup element of the present invention, the dummy_bit output
period is provided only in order to adjust the timing so that a
signal within that period is neither a video signal nor is
processed as a video signal. Accordingly, if the pilot signal is
output during that period, then a gain difference between the two
circuit systems due to the pilot signals can be detected without
ﬁbdifying the rule with iespect to'the timing of the output
signal of the solid state image pickup element. Therefore, it is
possible to'perfqrm the control operation for removing such gain

difference on the basis of the detected result.
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The above and other objecus, featuces. and advantages of the
present invention will becowe appareni frouam the folluwing
detailed description of an illustrative embodiment thereof to be

read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a.schematie diagram showing an example of a solid
state imager according to .the prior art;

FIG. 2 is a schematic diagram showing the étream of signals,
and to which referéncés will be made in explaining the example of
the prior-art solid state imager shown in FIG. 1;

FIGS. 3 and 4 are used to explain the embodiment of a solid
state imager according to the present iﬁvention, wherein;

FIG. 3 is a schematic diagram showing an embodiment of a
charge~coupled device having a pair of horizontal registers
according to the present invention;

FIG. 4 is a schematic diagram showing a structure of a pilot
signal generating means used in the embodiment of the present
invention;

FIGS. 5A to 5C and FIGS. 6A to 6D are respectively timing
charts of the.respectivg examples of a timing at which a pilot
signal is generated, wheréin;

FIGS..SA to 5C are respectively timiné charts of signals to
which references will be made in explaining tihings at which a
pilot signal is generated_during'bne horizontal period; and

FIGS. 6A through 6D are respectively timing charts of
signals to which references will be made in explaining timings-at
 which the pilot signal is generated during one vertical period.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Before describing an embodiment of the solid state imager

according to the present invention, a principle of the present
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.;.nventa.on will be described below.

i In general the exlstlng rule with respect to the timing of
Jthe output signal must be prevented from being varied even by the
'injection of the pilot signals into the output signals of the
qplid state image pickup element. Accordingly, having studied a
method for inserting the pilot signals into the output signal
‘without varying the above rule with'respect to the output signal,
the present invention utilizes the fact that a timing can be

' corrected by dummy bits provided at the transfer side of the
"horizontal register in the solid state image pickup element,

_ though not shown in FIG. 1.

The embo@iment of the chdrge—coupled device having a pair of
horizontal registers according to the present invention will now
be described with reference to the drawings.

FIGS. 3 and 4 are respectively schematic diagrams used to
explain the embodiment of the charge-coupled device having a pair
6f horizontal registers according to the present invention. FIG.
3 schematically shows a stfucture of the solid state imager of
the present invention. . .

Referring to FIG.- 3, it will be seen that an image unit 1 is
.composed of a large number of light receiving elements (several
hundreds of thousands of light i‘eceiving elements to several
millions of light receiving elements) and vertical registers ﬁ,
2, ... disposed in accordance with the respective vertical
columns of the light receiving elements. For simplicity, the
light receiving elements are not shown and the image unit 1 is
illustrated in FIG. 3 as if it was composed of oniy the verticél
registers 2, 2, ...

As shown in FIG. 3, a first horizontal register 3a is

dlsposed beneath the image unit 1 and a second horizontal
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registexr 3b is disposed in pavrallel to the first horizontal
register 3a by a small discance from the first norizontal
register 3a in its under side. A control gate 4 is disposed
between the two horizontal registers 3a and 3b so as to control
the transfer of signals charges between the first and second
horizontal registers 3a and 3b. Channel stoppers 5, 5, ... are
arranged on the semiconductor substrate surface portion at its
position corresponding to the underside'of the control gate 4 in
the pitch of one pixel and shown by solid rectangle blocksain
FIG. 3.

A dummy bit unit 6 is formed by extending the first and
second horizontal registers 3a, 3b from the portions
corresponding to the image unit 1 to the side to which the signal
charge is transferred. The dummy bit unit 6 is provided in order
to correct the timing or the like and the bit number thereof
falls within a range of from several bit to.several tens of bits
depending upon the type of the dummy bit unit 6.

A pilot signal insertion unit 7 is formed by extending the
horizontal registers 3a, 3b and the control gate 4 from the
portions corresponding to the image unit 1 toward the side
opposite to the dummy bit unit 6 by the bit number substantially
the same as that of the dummy bit unit 6. A pilot signal
generating unit 8 is adapted to supply the signal charge, which
is served as a pilot signal, to the pilot signal insertion unit
7. This pilot signal generating unit 8 is comprised of an input
squrce region 9; a first input gatq 10a and a second input gate
10b as shown in FIG. 4.

While the input source region 9 .is illustrated in the form
of the unitary b%t body whose bit number is the same as that of

the pilot signal insertion unit 8 in FIG. 4, the input source
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region 9 is composea 0¥, in Actual practice, indeperdent bits so
as to generate signal charges or more than a predetermined
amount, to be more concrete, signal charges of more than the
level of the necessary pilot signal at a predetermined timing.
The input gates 10a and 10b are supplied with transfer pulses and
transfer signals, served as the pilot signals within the input
source region 9, to the horizontal registers 3a and 3b. At that
time, the input gates 10a and 10b are adapted to restrict the
amount of the signal charges to_thé constant amount by the.
?otential difference based on the supplied voltage difference.
The timings at which the pilot signal is generated will be
described more in detail later.

First and second output units lla, 11b are adapted to
éonvert the signal charges transferred from the first and second
horizontal registers 3a and 3b into voltages and output the same.
First and second CDS circuits 12a, 12b are adépted to remove a

noise (reset noise) from the signals of the first and second
output units lla, 1l1lb, and amplifiers 13a, 13b whose gain can be
controlled are adapted to amplify the output signals of the first
and second CDS circuits 12a, 12b. At least one of the two
amplifiers 13, 13b, for‘'example, the amplifier 13a must be
designed so as to be able to control its gain. The output un;t
-ila within the solid state imager, the CDS circuit 12a and the
amplifier 13a both of which are located outside the solid state
imager constitute a first circuit system (first channel), and the
ocutput unit 1l1lb within the solid state imager, the CDS circﬁit
12b and the amplifier 13b both of which are-located outside the

solid state imager constitute a second circuit system (second

channel).

A signal processing circuit 14 samples respective color

3

- d
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.signals output frow the awaplifiers 13a, 13b aud further processes
the sampled color signals to thereby provide'the luminance signal
Y and the red and blue color difference signals R-Y and B-Y.

A gain correcﬁing circuit 15 is comprised of first and
second sample and ﬁold circuits 1l6a, -16b for sampling pilot
signals from the output signals of the firxrst and second
amplifiers 13a, 13b and a comparing circuit 17 for comparing the
outputs of the first and second sample and hold circuits 16a,
16b. An output signal of the comparing circuit 17 is supplied to
one amplifier whose gain can be controlled, for example, the
amplifier 13a as a gain control signal. If the level of the
pilot signal sampled from the output signal from the first
amplifier 13a is lower than that of the pilot signal sampled from
the output signal from the second amplifier 13b, then the gain.
control signal goes, for example, high to increase the gain of
the first amplifie£ 13a. Conversely, if the former level is lower
_than the latter level, then the gain control signal goes, for
example, low to decrease the gain of the first amplifier 13a.

Alternatively, two output signals of opposite phases may be
supplied from the comparing circuit 17 to the first and second
"amplifiers 13a, 13b as the gain control signals. 1In that case,
if the level of the pilot siggal sampled from the output signal
of the first émplifier 13a is lower than that of the pilot signal
sampled from the output signal of the second amplifier 13b, then
the gain of the first amplifier 13a is increased, while the gain
of the second amplifier 13b is decreased. Conversely, if the
former level is higher than the latte; level, then the gain of
the first amplifier 13a is decreased, while the gain of the
second amplifier_iBb is inéreased.

FIGS. 5A, 5B and 5C are respectively timing charts
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illustrating an example of the way cf how the pilot signal is
generated. |

In this embodiment, the pilot SLgnal is generated at every
horizontal period durlng the horlzontal blanking period. As
shown in FIGS. 5A through S5C, in synghronlsm with a horizontal
synchronizing signal HD, in other words, during the horizontal
bianking period, a signal charge of a constant amount is injected
from the input.source region 9 to the horizontal registers 3a, 3b
as a pilot signal by means of the input gates 10a, 10b. Then, a
pilot signal is generated in the output signals of the solid
state image pickup element (two output signals are generated but
only one output signal is shown for simplicity) with a delay time
slightly longer than one horizontal period after the signal
charge is inserted into the horizontal registeré 3a, 3b. The
pilot.signal in ﬁhe output signal from the first output unit lla
and the pilot signal in the output signal from the second output
unit 11b are both the same in level because the amounts of the
signal charges transferred from the input source region 9 to the
horizontal registers 3a, %b are restricted by the input gates
10a, 10b. The timings.at which the pilot signals are generated
in the output signals are made coincident with that of the dummy
bit (however, with the delay time of one horizontal period after
the signal_chgrge is iﬁgerted into to the horizontal registers
~3a, 3b). Further, the duration of the period in which the pilot
signal is generated is selected to be substantially the same as
that of the dummy bit period because the change of the rule
{change of the timings of the respective signals in the output
signal or the like) with respect to the output signal of the
solid state imagg pickup element mﬁst be prevented from taking

place due to the insertion of the pilot signal into the output
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signal. Incidentally, the daration of peiiod in which the pilot
signal is generated (i.e.; pulse width of the pilot signal) may
be shorter than the duration of the dummy bit period.

Further, the bilot signal may be generated at every vertical
period as shown in FIGS. 6A through 6D, in which reference symbol
VD denotes a vertical synchronizing signal.

According to the above-mentioned solid state imager of the
present invention, if the two circuit'systems (channels), that
is, the circuit syétem composed of the output unit 1lla, the CDS
12a and the amplifier 13a and the circuit system composed of the
output unit 11ib, the CDS 12b and tﬁe amplifier 13b have a gain
difference-therebetween, then such gain difference takes place as
a level difﬁefence between the pilot signals in the output
signals of the amplifiers 13a, 13b. This level difference is
detected by the comparing circuit 17 which compares the output
signals of the sample and hold circuits 16a, 16b. The detected
signal from the comparing circuit 17 is used to control either of
or both of the gains of the amplifiers 13a, 13b so as to remove
the above level difference. Accordingly, the gains of the
amplifiers 13a, 13b are controlled so as to remove the gain
difference therebetween; thereby keeping the circuit condition
such that no gain difference exists between the two circuit
systems constantly.

Therefore, the troubles, such as the horizontal stripe and
flicker caused by the gain difference between the two circuit
systems can Se avoiﬁed.

As described above, the present invention is directed to the
solid state imager which is comprised of the solid state image
pickup element having two output units to simultaﬂeously derive

the signals from the two output units and the extermnal circuit
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having the two cirzuit systems fox prccsscing the signals output
from the above outpu£ units. In this case, the solid state
imager of the present inveﬂtion is provided with the pilot signal
generating means férmed within the solid state image pickup
element for generating the signals of the same level to the two
output units as the pilot signals and the gain correcting circuit
for comparing the levels of the pilot signals supplied thiough
the two circuit systems and contrdlling'the gains of the two
circuit systems such that the level difference between the: two
circuits is removed.

Therefore, according to the solid state imager according to
the present invention, if the two circuit systems have the gain
differencé therebetween, then such level difference appears as
the level difference between the pilot signals of the same level
supplied from the pilot signal generating means through the
circuit systems. Thus, the level difference is detected by the
gain correcting circuit and the gains of the circuit systems can
be controlled by the gain correcting circuit so as to remove the
level difference. Accordingly, the gain diffefence between the
two circuit systems can be removed and also the occurrence of the
horizontal stripe and fliéker due to the above gain difference
can be prevenfed. |

Further, in the solid state image pickup element of the

present invention, the solid state image pickup element is

comprised of the two horizontal registers having the dummy bits

provided at the transfer side, in which the two signals are

. simultaneously output from the two horizontal registers through

g

the output units. In this case, the solid state image pickup
element includes the pilot signal generating means for supplying

the signal charges of the same amount to the two horizontal
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registers as the pilot signels, wherein the sigral charges are
supplied from the pilot signal'generating means to the respective
horizontal registers so that the pllot signals are output during
the dummy bit output period.

Therefore, according to the image pickup element of the
present invention, the dummy bit output period is provided only
in order to adjust the timing. Thus, the signal during that
period is neither the video signal nor processed as the video
signal. Accordingly, if the pilot signals are output during that
period, then the gain difference between the two horizontal
registers can be removed by the pilot signals without modifying
the rule wigh respect to the timing at whiéh the solid state
image pickup element derives the output signal.

Having described the preferred embodiment of the invention
with reference to the. accompanying drawings, it is to be
understood that the invention is not limited to that precise
embodiment and that various changes and modifications thereof
could be effected by one skilled in the art without departing
from the spirit or scope of the novel concepts of the invention

as defined in the appended claims.

I 4
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1. A solid state imager in which a solid state image pickup

WHAT 1S ClaIM<D IS:

element is provided with two output units to simultaneously
generate signals from said two output units and an external
circuit is formed of two eircuit systems for processing the
signals from said two outbut units, eomprisingz

pilot signal generating means provided within said solid
stete image pickup element for geneiating signals of the same
level to said two output units as pilot signals; and ‘

a gain correcting circuit for comparing the levels of said
pilot signal passed through said two circuit systems and
controlling gains of saia two circuit systems so as to remove a
level difference between said two circuit systems.

2. A solid state imager according to claim 1, wherein said
solid state.image pickup element is comprised of:

a plurality of light receiving elements arranged in a matrix
fashion;

vertical transfer registers for transferring charges of said
light receiving elements in the vertical direction;

first and second hqrizontal-transfer registers for
separately transferring ithe charge of one horizontal line
supplied from said verticai regieters; and

a control gate provided between said first and seeond
horizontal transfer registers, wherein said pilot signal
generating means simultaneously inserts pilot signals into said
first and second horizontal transfer registeIE. |
3. A solid state imager according to claim 2, wherein the
charges of said piurality of light receiving elements arranged in
a matrix fashion are read independently.

.

4, A solid state imager according to claim 1, wherein each of
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said two circuit sI'stems ~ncliudes a ccrrzlation doudble sampling
Hcircuit and a gain control amplifier sﬁpplied with an output
signal of said correlation double sampling circuit, whereby a
pair of pilot signéls involved in said two circuit systems are
sampled and held and a gain of said gain control amplifier of one
circuit system can be vafied by an oﬁtput which results from
comparing the sampled and held outputs by a comparator.

5. A solid state imager according to claim 1, wherein said
solid stafe image éickup element in which two horizontal
registers having dummy bits provided at the transfer side are
provided and two signals are simultaneously output from said
horizontal registers through said output units includes pilot
signél generating means for supplying signal charges of the same
amount to said horizontal registers as pilot signals, wherein
signal charges are supplied from said pilot signal generating
means to said horizontal registers such that said pilot éignals

are output during a dummy bit output period.
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