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The present invention relates to an image sensor

BACKGROUND OF THE INVENTION |“I

Field of the Invention

chip, an image sensor using the same, and methods of
driving them and, moré particularly, to an image sensor
chip for reading an image by photoelectric conversion,
an image sensor having a plurality of arrayed image
sensor chips, an image sensor chip driving method used
therefor, and an image sensor dfiving method.
Related Background Art

Conventionally, a contact-type image sensor
(linear image sensor) constituted by arraying
light-receiving elements such as photodiodes on a line
to directiy read image information of an original or
the like is often used in an image reading apparatus
such as a facsimile apparatus, a digital copying
machine, or a scanner. A plurality of image sensor
chips serially arrayed in the contact-type image sensor
are formed from silicon wafers. For this reason, the
sensor length is limited by the wafer size, so an image
sensor chip having the same length as the read original
width can hardly be manufactured. Hence,
éonventionally, an imaging optical system is used to
form a reduced image of a read original and read the

image of the original. However, an apparatus using the
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reduction imaging optical system requires a space for
the optical system §nd can hardly be made compact. In
addition, it is difficult to obtain a sufficient
resolution.

To solve the above problems, a so-called contact-
type image sensor formed by linearly arraying a
plurality of image sensor chips is popularly used.
Conventional contact-type image sensors are disclosed
in, e.g., Japanese Laid-Open Patent Application
No. 2-210947, 2-210948, 2-210949, 2-210950, or
"High~-Speed, High-Gradation Contact-type Linear Sensor
(BASIS Type) Multi-chip Contact Sensor", Journal of
Televisién Society, Vol. 16, No. 58, September 25,
1992. |

Fig. 1 is a schematic view showing é conventionél
image senéor.

Referring to Fig. 1, each of image sensor chips
1-1 to 1-m has n light-receiving elements 2-1-1 to
2-1l-n arrayed on a line in the x direction. The chip
1-1 also has a selection circuit 3-1 for sequentially
selecting the outputs from the light-receiving elements
2-1-1 to 2-1-n, i.e., reading light signals by the -
light-receiving elements. The chip 1-1 also has a
delay circuit 11-1 forﬂdelaying-the start sibnal for
the read operation of the light-receiving elements.
The chip 1-1 also has a clamp circuit 4-1 for clamping

the output signal line of the selection circuit 3-1 to
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a reference potential Vref after the start signal is
input and until thefselection circuit 3-1 starts the
light signal.read operation by the light-receiving
elements 2-1-1 to 2~-1-n. The image sensor also has an
amplification circuit 12-1 which ié operated by the
start signal to amplify the output from the clamp
circuit 4-1. The output from the amplification circuit
is output from the chip through én output signal line
5-1.

The delay circuit 11-1 is driven by an external
driving circuit through an input signal iine 8-1.

A control circuit 6-1 for outputting an ON/OFF

switch control signal to the clamp circuit 4-1 is

driven by an external driving circuit through the input

signal line 8-1.
A control circuit 13-1 for outputting an ON/OFF

switch control signal to the amplification circuit 12-1

-is driven by an external driving circuit through the

input signal line 8-1.

The reference voltage Vref is supplied from an
external bias circuit through a reference voltage input
line 10-1.

The reference voltage input lines 10-1 to 10-m are
short-circuited oufside fhe chibs, so the common
reference voltage Vref is supplied to all chips.

Each of thelimage sensor chips 1-2 to 1-m has the

same arrangement as that of the image sensor chip 1-1,
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and the same reference numerals as in the image sensor
chip 1-1 denote the;same parts in these image sensor
chips. |

The image sensor chips.l-l to 1l-m are arrayed on a
line in the x direction, so a total of n x m
light-receiving elements are arrayed on a line in the x
direction to form a contact-type image sensor. In
reading an image, an original holding the read image is
conveyed in the y direction relative to the contact-
type image sensor while making the original correspond
to the'light-receiving elements in units of lines.

The outputs from all light-receiving eigments of
the image sensor chip 1l-1 are sequentially selected by
the selection circuit 3-1, and externally output from
the output signal line 5-1 through the clamp circuit

4-1 and aﬁplification circuit 12-1. Subsequently, the

‘outputs from all light-receiving elements of the chip

1-2 are sequentially selected by a selection circuit
3-2 and externally output from an output signal line
5-2. In this manner, outputs from all light-receiving
elements are time-serially output. |

In the conventional so-called contact-type image
sensor formed by arraying a plurality of image sensor
chips on a line, random noise is generated iﬁ the
section from each light-receiving element to the clamp
circuit of each chip, and a variation in clamp level in

units of linearly arréyed image sensor chips appears as
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shade on the image.
SUMMARY OF THE INVENTION

It is an'object of the present invention to
provide an image sensor capable of obtaining a high
image quality and an image sensor chip for forming the
image sensor.

It is another object of the present invention to
provide an image sensor for reducing random noise in an
image sensor chip of the image sensor and reducing
shade on an image due to a variation in clamp level in
'units of linearly arrayed image sensor chips, and an
image sensor chip for forming the image sensor.

It i§ still another object of tﬁe present
invention to provide an image sensor or image sensor
chip driving method optimum to obtain a high image
quality.

In order to achieve the above objects, according
to an aspect of the present invention, there is
provided én image sensor chip used in an image sensor
formed by arraying a plurality of image sensor chips
each having a plurality of 1ight-recei§ing elements,
comprising a noise reduction circuit for reducing
random noise contained in an output signal from the
iight-receiving element in an ON state and outputting
the random noise contained in the output signal from

the light-receiving element without any proceséing in
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an OFF state, a first control circuit for controlling
the ON/OFF state offfhe noise reduction circuit, a
clamp circuit for clamping an output signal output
through the noise reduction circuit to a reference
potential, and a second control circuit for controlling
an ON/OFF state of the clamp circuit.

According to another aspect, there is provided an
image sensor formed by arraying a plurality of image
sensor chips each having a plurality of light-receiving
elements, comprising a noise reduction circuit for
feducing random noise contained in an output signal
from the light-receiving element in an ON state and
outputting the random noise contained in the output
signal from the light-receiving element without any-
processing in an OFF state, a first contrql circuit for
controlling the ON/OFF state of the noise reduction
circuit, a clamp circuit for clamping an output signal
output through the noise reduction circuit to a
reference potential, and a second control circuit for
controlling an ON/OFF state of the clamp circuit,

According to still another aspect, there is
provided a method of driving an image sensor chip
having a plurality of light-receiving elements
comprising a noise reduction circuit for redﬁcing

random noise contained in an output signal from the

‘light-receiving element in an ON state and outputting

the random noise contained in the output signal from
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the light-receiving element without any processing in
an OFF stafe, ) |

a first control circuit for controlling the ON/OFF
state of the noise reduction circuit,

a clamp circuit for clamping an output signal
output through the noise reduction circuit to a
reference potential, and_

a second control circuit for controlling an ON/OFF
state of the clamp circuit,

comprising the steps of:

setting the noise reduction circuit in the ON
state during only a period except a period when the
light-receiving elements read a light signal and
setting the noise reduction cifcuit in the OFF state
during the period when the light;receiving elements
read the iight signal; and

setting the clamp circuit in the ON state during
only an ON period of the noise reduction circuit and
setting the clamp circuit in the OfF state during a.
periéd except the ON period of the noise reduction
circuit. |

According to stiil another aspect, there is
provided a method of driving an image sensor formed by
arraying a plurality of image sensor chips each having
a plurality of light-receiving elements,

the image sensor comprising

a noise reduction circuit for reducing random
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noise contained in an output signal from the
light-receiving element in an ON state and outputting
the random noise contained in the output signal from
the 1ight-receiving element without any processing in
an OFF state, |

a fiist control circuit for controlling the ON/OFF
state of the noise reduction circuit,

a clamp circuit for clamping an output signal
output through the noise reduction circuit to a
referehce potential, and

a second control circuit for'controlling an ON/OFF
state of the clamp circuit,

comprising the steps of:

setting the noise redﬁction circuit in the ON
state duripg only a period except a period when the
light-recéiving elements read a light signal and
setting the noise reduction circuit in the OFF state
during the period when the light-receiving elements
reéd the light signal; and

setting the clamp circuit in the ON state during
only an ON period of the noise reduction circuit and
setting the clamp circuit in the OFF state during a
period except the ON period of the noise reduction
circuit. -

According to still another aspect, there is
provided an image sensor formed by arraying a plurality

of image sensor chips each having a plurality of
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light-receiving elements, compfising:
a noise reduction circuit for reducing random
noise contained in an output signal from the

light-receiving element using a low-pass filter in an

- ON state and passing through the random noise contained

in the output signal from the light-receiving element
without any processing in an OFF state;

first switch means for switching between the ON
state and the OFF state;

a clamp circuit for clamping an output signal -
output through the.noise reduction circuit to‘a
reference potential common to the plurality of image
sensor chips; and

second switch means for switching between an ON
state wherein the reference voltage is supplied to the
clamp circuit and an OFF state wherein a supply péth_of
the reference voltage is cut.

According to still another aspect, there is
provided an image sensor chip comprising:

a plurality of light-receiving elements:;

a noise reduction circuit for reducing random
noise contained in an output signal  from the
light-receiving element; and

a clamp circuit for clamping a signal to a
pfedetermined reference potential,

wherein the output signal from the light-receiving

element has an input path leading to the clamp circuit
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through the reduction circuit and an input path leading
to_the clamp circuiE without the mediacy of the
reduction circuit.
According td still another aséect, there is
provided an image input apparatus comprising:
(A) an image sensor formed by arraying a plurality
of image sensor chips,
each image sensor chip including:
(a) a plurality of light-receiving elements:
(b) a noise reduction circuit for reducing
random noise contained in an output signal from
the light-receiving element; and
(c) a clamp circuit for clamping a signal to
a predetermined reference potential,
wherein the output signal fréﬁ'the
lighf-receiving element has an input path leading
to the clamp circuit through the reduction circuit
and an input path leading to the clamp circuit
without the mediacy of the reduction circuit;
(B) a light source for irradiating an object with
light; and
(C) a lens array for focusing the light reflected
by the object and forming an image of light on the
plurality of light-receiving elements in the-image
éensor.
Other objects, features, and advantages of the

present invention will be appareﬁt'from the following
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specification and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing a conventional
image sensor;

Fig. 2 is a schematic view showing an image sensor
according to the.first embodimeht of the present
invention;

Fig. 3 is a timing chart for explaining the
operation of the first embodiment;

Fig. 4 is a circuit diagram showing an image
sensor and, more particulérly, a noise reduction
circuit and cLamp circuit according to the second
embodiment of the present invention;

Fig. 5 is a timing chart for explaining the
operétion'of the second embodiment; |

Fig. 6 is a block diagram showing an image sensor.'
and, more particularly, a noise reduction circuit and
clamp circuit according to the third embodiment of the
presenf invention:;

Fig. 7 is a timing chart for explaining the
operation of the third embodiment; and

fig. 8 is a view showing an image input apparatus

using an image sensor.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 2 is a scpematic view showing an image sensor
according to the first embodiment of the present
invention. Referring to Fig. 2, an image sensor chip
1-1 has n light-receiving elements 2-1-1 to 2~l-n as
photoelectric conversion elemenfs such as photodiodes
or phototransistors arrayed on one line in the x
direction. The'chip 1-1 also has a selection circuit
3-1 for sequéntially time-serially selecting the
outputs from the light-receiving elements 2-1-1 to
2-1-n, i.e., reading light signals by the
light-receiving elements. A transfer switch for
transferring optical charges detected by a
light-receiving element, a source follower
amplification circuit for converting the transferred
optical charges into a voltage and outputting the
voltage to the selection circuit, and a selection
switch for activating the amplification circuit and

selectively outputting the voltage may be inserted into

~the path from the light-receiving element to the

selection circuit to output a signal voltage
corresponding to the optical charges from the
light-receiving element. A capacitor for temporarily
storing the signal voltage is useé for the éélection
circuit 3-1, so a time-serieé signal voltage can be
obtained by a scanning switch for outputting the

voltage to the signal output line using a shift
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register (not shown).

| The image sensor chip 1-1 has a delay circuit 11-1
for delaying the start signal for the read operation by
the light-receiving elements. The delay time of the
start signal corresponds to the time until noise is
reduced and a level to be clamped is detected. The
chip 1-1 also has a noise reductioh circuit 7-1 for
reducing random noise contained in the output signal
line of the selection circuit 3-1 after the start
signal is input and until the selection éircuit 3-1
starts lighf signal reading by the light-receiving
elements. Also, a clamp dircuit 4-1 is formed to clamp
the signai voltage from the output signal line
connected to the noise reduction circuit 7-1 to a
reference potential Vref supplied from an external
circuit of the chip during the operation of the noise .
reduction circuit 7-1.

An amplification circuit 12-1 which is activated
by the start signal to amplify the output from the
clémp circuit 4-1 is also formed. The output from the
amplification circuit 12-1 is output from the chip
through an output signal line 5-1.

The delay circuit 11-1 is driven by an extgrnal
Qriving circuit through'ah input signal line B-il A
control circuit 9-1 for outputting an ON/OFF switch
control signal to the.noise'reduction circuit 7-1 is

driven by an external driving circuit through the input
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signal line 8-1.

A dontrol circuit 6-1 for outputting an ON/OFF
switch control signéi to the clamp circuit 4-1 is
driven by an external driving circuit through the input
signal line 8-1. A control circuit 13-1 for outputting
an ON/OFF switch control signal to. the amplificatidn
circuit 12-1 is driven by an external driving circuit
through the input signal line 8-1.

The reference voitage Vref is supplied from an
external bias circuit through a reference voltage input
line 10-1. The reference voltage input lines 10-1 to
10-m to which the reference voltage Vref is supplied
are short-circuited outside the chips, so the common
reference voltége Vref is supplied to all chips.

Each of the image sensor chips 1-2 to 1-m has the
same arrangement as that of the image seﬁsor chip 1-1,
and the same reference numerals as in the image sensor
chip 1-1 denote the same parts in these image sensor
chips.

The image sensor chips 1-1 to 1l-m are arrayed on a
line in the x direction, so a total of n x m
light-receiving elements are arrayed on a line in the x
direction. In reading an image, an original bearing
the read image is conveyed in the y direction_relatiﬁe
fo the image sensor while making the original

correspond to the light-receiving elements in units of

: lines; Assume that one line corresponds to the A4
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width of 210 mm, the image read resolution is 600 dpi,
and the number of c@ips is 15. One light-receiving
element is present in a width of 42.3 um, so about 333
light-receiving elements are arrayed in a one chip
width of 14 mm. |

‘The outputs from all light-receiving elements of
the image sensor chip 1l-1 are sequentially selected by
the selection circuit 3-~1 one by one in units of
light-receiving elements and output from the chip
through the output signal line 5-1. Subsequently, the
outputs from all light-receiving elements of the next
chip 1-2 are sequentially selected by a selection
circuit 3-2 one by one in units of light-receivihg
elements and output from the chip through an output
signal line 5-2. In this manner, the outputs from all
light-recéiving elements of one line are time-serially _
output.

Fig. 3 is a timing chart for explaining the
operation of this embodiment. Referring to Fig. 3,
¢8-1 is a start signal of the input signal line 8-1,
$1-1 is an output control signal from the delay circuit
11-1 in the image sensor chip 1-1, ¢2-1 is an output
control signal from the first control circuit 9-1 in
the image sensor chip 1-1, ¢3-1 is an output control
signal from the second control circuit 6-1 in the image
sensor chip 1-1, ¢4-1 is an output control signal from

the third control circuit 13-1 in the image sensor chip
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1-1, and Voutl is an output from the noise reduction
circuit 7-1 in the image sensor chip 1-1.

The output control signal ¢1-1 is generated by the
delay circuit 11-1 driven by the input signal line 8-1,
i.é., output with a predetermined delay time after the
input of the start signal. - During only this period,
light signals are read by the light-receiving elements;

The output control signal ¢2-1 from the first
control circuit 9-1 is outpﬁt in synchronism with the
start signal of the input signal line 8-1, i.e., output
during only a spgcific period after the start signal is
input and until the selection circuit 3-1 starts light
signal reading by the light-receiving elements. During
only this period, the noise.reduction circuit 7-1 is
activated to output Voutl whosg noise is reduced by,
e.g., a nbise filter for removing high-frequency noise.

The output control signal ¢3-1 from the second
control circuit 6-1 is output in synchronism with the
start signal of the input signal line 8-1 or in
synéhronism with the start signal with a short delay,
i.e., dﬁring only a specific period in the ON period of
the noise reduction circuif 7-1. During only this
period, ﬁhe clamp circuit 4-1 is activated to clamp the
qutput Voutl after noise reduction to the réference
potential Vref. When the output Voutl is clamped to
the reference potential Vref, a light reception voltage

is read from each light-receiving element in the chip
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on the.basis of the sum of the output Voutl and
reference potentiél/Vref.

The output control signal ¢4—1lfrom the third
control circuit 13-1 is output in synchronism with the
start signal of the input signal line 8-1. That is,
the amplification circuit 12-1 is activated .
simultaneously with input of the start signal;

As shown in Fig. 3, output of the signal ¢3-1 is
ended when or before output of the signal ¢2-1 is
ended.

Subsequently, in the image sensor chips 1-2 to
1-m, output control signals ¢$2-2 to ¢2-m from first
control circuits 9-2 to 9-m and output control signals
$3-2 to 3-m from second control circuit 6f2 to 6-m are
output in synchronism with the start signals of input
signal lines 8-2 to 8-m, respectively, clamp circuité
4-2 to 4-m are activated during the ON period of noise
reduction circuits 7-2 to 7-m, respectively, and
outputs Vout2 to Voutm after noise reduction are
clamped to the reference potential Vref.l

The operation qf each noise reduction circuit and.
clamp.voltage detection are completed before the read
of the final light-receiving element in the preceding
image sensor chip is ended.l Subsequent to the read of
the final light-receiving element in the preceding
chip, the first light—receivihg element in the next

image sensor chip is read using the clamp voltage of
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this chip. Hence, the read timings for a series of
light-receiving ele@ents suffer no delay.

In the above-descrihed manner, in‘each image
sensor chip, the noise reduction cirguit is activated
during a specific period after the start signal is
input and until the light-receiving elements start

reading light signals, and the output signal after

-noise reduction is clamped to the reference voltage by

the clamp circuit. With this operation, a variation in

clamp level in units of linearly arrayed image sensor

chips due to random noise contained in the section from
each light-receiving element to the clamp circuit is
reduced, so shade differences in light amount between
the chips can be decreased.

Fig. 4 is a circuit diagram showing an ;page
sensor and, more particularly, a noise reducéion
circuit and clamp circuit according to the second
embodiment of the present invention. Thié embodiment
is different from the first embodiment in a block A
represented by a dotted line in the first embodiment,

and Fig. 4 shows only a corresponding block of the

. second embodiment.

Referring to Fig. 4, a noise reduction circuit 7-1
is constructed by a low-pass filter circuit i4—1 |
comprising a first analog switch circuit SW1, a
resistor R1, a capacitor Cl, and an output buffer

circuit Bl, and second and third analog switches SW2
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and SW3. The transfer path, in the noise reduction
circuit, of the siggal time-serially output from each
light-receiving element through a selection circuit 3-1
is controlled by the second and third analog switches;
More specifically, when the first and second analdg
switches are in a conducting state (ON), and the third
analog switch is in an unconducting state (OFF), the

output signal from the selection circuit 3-1 is output

"from the noise reduction circuit through the low-pass

filter circuit. On the other hand, when the first and
second analog switches are OFF, and the third analog
sﬁitch is ON, the output signal from the selection
circuit is output from the noise reduction circuit
through the third analog switch without any processing.
A clamp circuit 4-1 is comprised of a coupling
capacitor‘CZ, a fourth analog switch circuit SW4, and
an output buffer circuit B2. The output signal from
the noise reduction circuié is input to one terminal
(point A) of the coupling capacitor C2 of the clamp
circuit 4-1, so only the AC component of the output.
signal is output from the-othgr terminal (point B).
The fourth analog switch circuit is connected between
the point B and a reference potential input line 10-1.
When the fourth analog switch is ON, the potential at
the point B is short-circuited to a reference potential

Vref. When the fourth analog switch is OFF, the point

_ B is open to the reference potential Vref. That is,
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the potential at the point B can be clamped to the
reference potential Vref by turning on the fourth
analog switch and then turning off the fourth analog
switch.

A control circuit 9-1 for outputting an ON/OFF
switch control signal to the first, second, and third
analog switches in the noise reduction circuit 7-1 is

driven by an external driving circuit through an input

signal line 8-1.

A control circuit 6-1 for outputting an ON/QFF
switch control signal to the fourth analog switch in
the clamp circuit 4-1 is driven by an external driving
circuit through the input signal'line 8-1.

The reference voltage Vref is supplied from an
external bias circuit through the reference voltage
input line 10-1. | "

The reference voltage input lines 10-1 to 10-m are
short-circuited outside the dhips, so the common
reference voltage Vref is supplied to all chips.

Fig. 5 is a timing chart for explaining are
example of the operation of the second embodiment.
Referring to Fig. 5, ¢l1-1 is an output control signal
output from the first control circuit 9-1 in an image
sensor chip 1-1 to control the ON/OFF state ;f the

first and second analog switches, ¢2-1 is an output

control signal output from the first control circuit

9-1 in the image sensor chip 1-1 to control the ON/OFF
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state of the third analog switch, ¢3-1 is an output
control signal outpqt from the second control circuit
6-1 in the image sensor chip 1-1 to control the fourth
analog switch, and Voutl is an output from the nbise
reduction circuit 7-1 in the image sensor chip 1-1.

The signals ¢1-1 and ¢2-1 are output in
synchronism with the start signal of the input line
8-1, i.e., output during only a specific period except
a period when the light-receiving eiements of the chip
1-1 read light signals. The first and second analog
switches are turned on, and the third analog switch is
turned off. The noise reduction circuit 7-1 is
activated to obtain an output Voutl whose noise is
reduced.

The signal ¢3-1 is output in synchronism with the
start sigﬁal of the input line 8-1 or in synchronism
Qitﬁ fhe.éié;ﬁ'éignal with a short delay, i.e., during

only a specific period in the ON period of the noise

‘reduction circuit 7-1. When the fourth analog switch

is turned on and then turned off, the outpnt Voutl

after noise reduction is clamped to the reference

'potential Vref.

As described above, when the low-pass filter

- circuit 14-1 built by a resistor and a capacitor is

used in the noise reduction circuit 7-1, the band of
the output signal from the selection circuit 3-1 is

limited. When the output signal after noise reduction
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is clamped to the reference potential by the clamp
circuit, a variatiog in clamp level in units of
linearly arrayed image sensor chips due to random noise
contained in the section from each light-receiving
alement to the élamp circuit can be reduced.

In this embodiment as well, the operétion of each

‘noise reduction circuit and clamp voltage detection are

completed before the read of the final light-receiving
element in the preceding image sensor chip is ended.
Subsequent to the read of the final light-receiving
element in the preceding chip, the first
light-receiviné element in the next image sensor chip
is read using the clamp voltage of this chip. Hence,
the read timings for a series of light-receiving
elements have no delay.

.Fig.'ﬁ is a circuit diagram showing an image
sensor and, more particularly, a noise reduction
circuit.and clamp circuit according to the third
embodiment.of the present invention.

This embodiment is different from the first
embodiment in a block A represented by a dotted line in
the first embodiment, and Fig. 6 shows_only a
corresponding block of the third embodiment.

Referring to Fig. 6, a noise reduction éircuit 7-1
is constituted by an averaging circuit 15-1 comprising
first and second analog switch ci:cuits SW1 and SW2,

first and second capacitors Cl and C2, and an output
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buffer circuit Bl, and third and fourth analog switch
circuits SW3 and SW4. In the averaging circuit 15-1,

first, the first and second analog switches are

. simultaneously turned on to send the output signal from

a selection circuit 3-1 to the first and second
capacitors. Then, the first and second analog switches
are turned off to store a potential V1 of the output
signal in the first and second capacitors. After this,
the first analog switch is turned on, and the second
analog switch is turned off to send the output signal
from the selection circuit to the first capacitor.
Subsequently, the first analog switch is turned off to
store a potential V2 of the output signal in the first
capacitor.

. Next, the first analog switch is turned off, and
the second analog switch is turned on to short-circuit

the first and second capacitors, so the potential V2 of

the output signal stored in- the first capacitor and the

potential V1 of the output signal stored in the second
capacitor are averaged. Finally, the second analog
switch is turned off to store the average value of the
potentials V1 and V2 of the output signals in the first
and second capacitors.

In the above-described manner, potentials V3 to Vk
of output signals are stored in the first capacitor at
the OFF timing of the first analog switch, and the

average value of each potential and the potential of
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the second capacitor is stored. With this operation,

the average value of the potentials stored in the first

'capacitor at the respective timings is stored in the

second capacitor. The transfer path, in the noise
reduction circuit, of the signal output from the
selection circuit is gontrolled by the.third and fourth
analog switches. More specifically, when the_third
analog switch is ON; and the fourth analog switch is
OFF, the output signal from the seléction circuit.is
output from the noise reduction circuit through the
averaging circuit. |

On the other hand, when the third analog switch is
OFF, and the fourth analog switch is ON, the output
signal from the selection circuit is output from the
noise reduction circuit through the fourth analog
switch wifhout any processing. A clamp circuit 4-1 is
composed of a coupling capacitor C3, a fifth analog
switch circuit SW5, and an output buffer circuit B2.
The output signal from the noise reduction circuit is
input to one terminal (point A) of the coupling

capacitor of the clamp circuit, so only the AC

- component of the output signal is output from the other

terminal (point.B). The fifth analog switch circuit is
conne¢ted between the point B and a'referencé potential
input line 10-1. When the fifth analog switch is ON,
the potential at the point B is short-circuited to a

reference potential Vref. When the fifth analog switch
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is OFF, the point B is open to the reference potential
Vref. That.is,_the/potential at the point B can be
clamped to the reference potential Vref by turning oh
the fifth analog switch and then turning off the fifth -
analog switch.

A control circuit 9—i for outputting an ON/QOFF
switch control signal to the first, second, third, and
fourth analog switches in the noise reduction circuit
7-1 is driven by an external driving circuit through an
input signal line 8-1.

A control circuit 6-1 for outputting an ON/OFF
switch control signal to the fifth analog switch in the
clamp circuit 4-1 is driven by an external driving
gir&uit through the input signal line 8-1.

The reférence voitage Vref is supplied from an
external bias circuit through the reference voltage
input line 10-1.

The reference voltage input lines 10-1 to 10-m are
short-circuited oﬁtside the chips, so the common
reference voltage Vref is supplied to all chips.

Fig. 7 is a timing chart for explaining one
example of the operation of the third embodiment.
Referring to Fig. 7, ¢1-1 is an output control signal
output from the first control circuit 9-1 in an image
sensor chip 1-1 to control the ON/OFF state of the
first analog switch, ¢2-1 is an output control signal

output from the first control circuit 9-1 in the image'
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sensor chip 1-1 to control the ON/OFF state of tﬁe
second analog switch, ¢3-1 is an output control signal
output from the first contfol circuit 9-1 in the image
sensor- chip 1-1 to control the ON/OFF state of the
third analog switch, ¢4-1 is an output control signal
output from the first control circuit 9-1 in the image
sensor chip 1-1 to control the ON/OFF state of the
fourth analog switch, ¢$5-1 is an output control signal
output from the second control circuit 6-1 in the image
sensor chib 1-1 to control the ON/OFF state of the
fifth analog switch, Vin is an input to the‘noise
reduction circuit 7-1 in the image sensor chip 1-1, V,
is a potentia} of the second capacitor of the noise
reduction circuit 7-1 in the image sensor chip 1-1, and
Voutl is an output from the noise reduction circuit 7-1
in the imége sensor chip 1-1.

The signals ¢l1-1 and ¢2-i are output in
synchronism with the start signal of the input signal
line 8-1, i.e., output during only a specific period
except a period when the light-receiving elements of
the chip 1-1 read light signals, to operate the
averaging ciicuit. The potentials V1 to Vk of the
output signals are stored in the first caéacitor at the
QFF tiﬁing of the first analog switch. The éverage
value of each of thg potentials V1 to Vk stored in the
first capacitor at the respective timing and the

potential of the second capacitor is input, so the
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averége value of the pofentials stored in the first
capacitor at the fe§pective timings is stored in the
second capacitor. |

The signals ¢3-1 and ¢4-1 are output in
synchronism with the start signal of the input signal
line 8-1, i.e., output durihg only a specific period
except a period when the light-receiving elements of
the chip 1-1 read light signéls. The third analog
switch is turned on, and the fourth analog switch is
turned off. The noise reduction circuit 7-1 is
activated to obtain an output Voutl whose noise is
reduced.

The signal ¢5-1 is output in synchronism with the
start signal of the input signal line 8-1, i.e., during
only a specific period in the ON period of the noise
reductionlci;cuit 7-1. When the fifth analog switch is
turned on and then turned off, the output Voutl after
noise reduction is clamped to the reference potenfial
Vref.

In this way, the averaging circuit built by the
first and second analog switch circuits, first and
second capacitors, and the output buffer circuit is

used to sample the potential of the output signal from

the selection circuit 3-1 a plurality of number of

times. The average value of the sample values is

calculated to reduce noise of the output signal{ When

the output signal after noise reduction is clamped to
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the reference potential by the clamp circuit, a
variation in clamp level in units of linearly arrayed
image sensor chips due to random noise contained in the
section from each light—receiving element to the clamp
circuit can be reduced. Shade differences in image
signal amount between the chips can be decreased, and a
uniform image signal can be obtained for one line.
Hence, a high-~quality image signal without any
variations can be obtained as an entire two-dimensional
image by the image sensor.

As described above, according to the first to
third embodiments, while the clamp circuit for clamping
the output signal from a light-receiving element in
each image sensor chip is in operation, the noise
reduction circuit for reducing random noise contained

in the output signal from the light-receiving element

is activated. With this arrangement, any shade on the

image due to a variation in clamp level in units of
linearly arrayed image sensor chips can be reduced.

In addition, shade differences in image signal
amount between the chips can be decreased, and a
uniform image signal can be obtained for one line from
the image sensor chip striﬁg formed by linearly
;rraying a plurality of chips. Hence, a high-qgality
image signal without any variations can be obtained as
an entire two-dimensional image by the image sensor;

In the first to third embodiments, instead of
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forming the first control circuit 9-1, second control
circuit 6-1, and third control circuit 13-1 in the
image sensor chip, the noise reduction circuit 7-1,
clamp circuit 4-1, and control circuit 13-1 may be
controlled by external control signals.

The noise reduction circuit is not limited to the
circuit arrangement of the second or third embodiment
and may have another circuit arrangement capable of
reducing random noise.

An image input apparatus using the image senéor
described in any one of the first to third embodiments
will be described as the fourth embodiment of the
present invention.

An image input apparatus shown ih Fig. 8 comprises
a transparent supporter 36, an LED light source 35 for.
irradiatiﬁg the supporter 36 with red, green, and blue
light beams, a lens array 34 for focusing the light
reflected by an original and forming the image of light
on the surface of a light-receiving glement, an image
sensor 31 arranged on a ceramic éﬁﬁstrate 32 to
photoelectrically convert the ;eflected light focused
by the. lens array 34, a chip coat agent 33 such as
silicone resin for protecting the image sensor 31, and
a case 37. These members are assembled into an image
input apparatus.

When the LED light source 35 emits only red light,

the image sensor 31 is driven to read red information.
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Subsequently, green and blue information are read.

When the pieces of color information of the original.
are synthesized by image processing, the color original
can be read without using any color filters.

In this embodiment, as a signal for controlling
the start of emission of the LED light source 35, the
start signal fdr the first chip of the image sensor
described in any one of the first to third embodiments
is used. As a signal for controlling the end of
émission of the LED light source 55, a signal output
from a selection circuit 3-m for reading a signal from
the fihal light-receiving element of the mth chip is
used. With this arrangement, only when all image
sensor_chips 1-1 to 1-m on the mounting substrate 32
are in operation, the LED light source 35 is turned on.

Many.widely different embodiments of the present
invention may be constructed without departing from the
spirit and scope of the present invention. It should
be undgrstood that the present inventioﬁ is not limited
to the specific embodiments described in the
specification, except as defined in the appended

claims.
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WHAT IS CLAIMED IS:

1. An image sensor chip having a plurality of
light-receiving elements, comprising:

' a noise reduction circuit for reducing random
noise contained in an output signal from said
light-receiving'element in an ON state and outputting
the random noise contained in the output signal froﬁ
said light-receiving element without any processing in
an OFF state;

a first control circuit for controlling the ON/OFF
state of said noise reduction circuit;

a clamp circuit for'clamping an output signal
output through said noise reduction circuit to a
reference potential; and

.a second control circuit for controlling an ON/OFF

state of said clamp circuit.

2. A chip according to claim 1, further
comprising a selection circuit for sequentially
selecting output signals from said plurality of
light-receiving elements and inputting the signals to

said noise reduction circuit.

3. A chip according to claim 1, wherein said

noise reduction circuit comprises means for limiting a

.frequency band of the output signal from said

light-receiving element.

* [ L M S *
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4. A chip according to claim 1, wherein said
noise reduction circuit comprises:

sampling means for sémpling_the output signal from
said light-receiving elemént a pluralitf of number of
times, and

averaging means for outputting-an average value of

sample values obtained by said sampling means.

5. An image sensor formed by arraying a plurality
of image sensor chips each having a plurality of
light-receiving elements, coﬁprising:

a noise reduction circuit for reducing random
noise contained in an output'signal from said
light-receiving element in an ON state and outputting
the random noise contained in the output signal from
said 1ighf-receiving element without ény processing in
an OFF state; |

a first control circuit for controlling the ON/OFF
state of said noise reduction circuit;

a clamp circuit for clamping an output signal
output through said noise reduction circuit to a
reference potential; and |

a second control circuit for controlling an ON/bFF

state of said clamp circuit.

6. A sensor according to claim 5, further

comprising a selection circuit for sequentially..

RS RO 1
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selecting output signals from said plurality of
light-receiving elements and inputting the signals to

said noise reduction qircuit.

7. A sensor according to claim 5, wherein said
noise reduction circuit comprises means for limiting a
frequency band of the output signal from said

light-receiving element.

8. A sensor according to claim 5, wherein said
noise reduction circuit comprises:

sampling means for sampling the output signal from
said light~-receiving element a blurality of number of
times, and

averaging means for outputting an average value of

sample values obtained by said sampling means.

9. A method of driving an image sensor chip
having a plurality of light-receiving elements said
image sensor chip coﬁprising a noise reduction circuit
for reducing random noise contained in an output signal
from said light-receiving element in an ON state and
outputting the random noise contained in the output
signal from said light-receiving element without any
processing in an OFF state,

a first control circuit for controlling the ON/OFF
_ I —

| URE A |

state of said noise reduction circuit,
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a clamp circuit for clamping an output signal
output through said noise reduction circuit to a
reference potential, and

a second control circuit for controlling an ON/OFF
state of said clamp circuit,

said method comprising the steps of:

setting said noise reduction circuit in.the ON
state during a period except a pe;iod when said
light-receiving elements read a light signal and
setting said noise reduction circuit in the OFF state
during the period when said light-receiving elements
read the light signal: and |

setting said clamp circuit in the ON state during
an ON period of said noise reduction circuit and
setting said clamp circuit in the:OFF staﬁe during a
period exéept the ON period of said noise reduction

circuit.

10. A method according to claim 9, wherein said
image sensor chip further comprises a selection circuit
for sequentially selecting output signals from said
plurality of light-receiving elements and inputting the

signals to said noise reduction circuit.

11. A method according to claim 9, wherein said
noise reduction circuit comprises means for limiting a

frequency band of the output signal from said
- \

N 0
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light-receiving element.

12. A method according to claim 9, wherein said
noise reduction.circuit comprises:

sampling means for sampling the output signal from
said light-receiving element a plurality of number of
times, and

averaging means for outputting an average value of

sample values obtained by said sampling means.

13. A method of driving an image sensor formed by
arraying a plurélity of image sensor chips each having
a plurality of light-receiving elements, said image
sensor comprising a noise reduction circuit for
reducing random noise contained in an output signal
from said.light-receiving element in an ON state and
outputting the random noise contained in the output
signal from said light-receiving element without any
processing in an OFF state,

a first control circuit for controlling the ON/OFF
stafe of said noise reduction circuit,

a clamp circuit for clamping an output signal
output through said noise reduction circuit to a
;eference potential, and

a second control circuit for controlling an ON/OFF

state of said clamp circuit,

satd method comprising the steps of | NN W) RN INRA A
. * c L [ s *
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setting said noise reduction circuit in the ON
state during a perigd except a period when said
light-receiving elements read a light signal and
setting said.noise reduction circuit in the OFF state
during the period when said light-receiving elements
read the light signal; and

setting said clamp circuit in the ON state during
an ON period of said noise reduction circuit and
setting said clamp circuit in the OFF state during a
period except the ON period of said noise reduction

circuit.

14. A method accordihg to claim 13, wherein said
image sensor further comprises a selection circuit for
sequentially selecting output signals from said
plurality.of light-receiving elements and inputting the

signals to said noise reduction circuit.

15. A method according to claim 13, wherein said
noise reduction circuit comprises means for limiting a
frequency band of the output signal from said

light-receiving element.

16. A method according to claim 13, wherein said
noise reduction circuit comprises:

sampling means for sampling the output signal from

'said light-receiving element a plurality of number of

RRR Y RO
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times, and
averaging means for outputting an average value of

sample values obtained by said sampling means.

17. An image sensor formed by arraying a plurality
of image sensor chips each having a plurality of
light-receiving elements, comprising:

a noise reduction circuit for reducing random
noise contained in an output signal from said
light-receiving element using a low-pass filter in-an
ON state and passing through the random noise contained
in the output signal from said light-receiving element
without any processing in an OFF state;

first switch means for switching between the ON
state and the OFF state;

a clémp circuit for clamping an output signal
output through said noise reduction circuit to a
reference potential common to said plurality of image
sensor chips; and
| second switch means for switching between an ON
state wherein the reference voltage is supplied to said

clamp circuit and an OFF étate wherein a supply path of

the reference voltage is cut.

18. An image sensor chip comprising:

%* c L M S *

a plurality of light-receiving elements:;

a noise reduction circuit for reducing random
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noise contained in an output signal from said
light-receiving elemgnt; and

a clamp circuit for clamping a signal to a
predeterﬁiﬁed reference_potential,

wherein the output signal from said
light-receiving element has an input path leading to
said clamp circuit through said reduction circuit and
an input path leading to said'clamp circuit without the

mediacy of said reduction circuit.

19. An image input apparatus comprising:
(A) an image sensor formed by arraying a plurality
of image sensor dhips, .

each image sensor chip including:

(a) a plurality of light-receiving elements:

.(b) a noise reduction circuit for reducing
:andom noise contained in an output signal from
said light-receiving element; and

(c) a clamp circuit for clamping a signal to
a predetermihed reference potential,

wherein the output signal from said
light-receiving element has an input path leading
to said ciamp circuit through said reduction
circuit and an input path leading to said clamp
circuit without the mediacy.of said reduction
circuit;

(B) a light source for irradiating an object with

L
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light; and

(C) a lens array for focusing the light reflected
by the object and forming an image of light on séid
plurality of light-receiving elements in said image

sensor.
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