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Invention The present invention relatgs _to a sensor chip and a
phot oel ectric conversion apparatus using the same and, nore particularly,
to a multichip photoelectric 10 conversion apparatus using an array of a
plurality of sengor chips. Related Background Art Conventional ly, a
phot oel ectric conversion apparatus (linear inage sensor) in which 15
| i ght -recdi vi nCIEIENEOT THE CNMENDT in aline has been widely used in an
i'mage reading apparatus such as a facsimle, a digital copying nmachine, and
a scanner. Since a Serser Ship famd P tioe Iz dtimiea Canveys iven dppara tus
generally made froma silicon wafer, the 20 sensor length is Iinthgwby
the wafer size. Thélsdmgr &he Same -‘ '
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5 BACKGROUND OF THE INVENTION:

Field of the Invention

The present invention relates to a sensor éhip and
a photoelectric conversion apparatus using the same
and, more particularly, to a multichip photoelectric
10 conversion apparatus using an array of a plurality of
sensor chips.

;Related Background Art

Conventionally, a photoelectric conversion
apparatus (linear image sensor) in which
15 light-receiving elements are arranged in a line has
been widely used in an image reading.apparatus such as
a facsimile, a digital copying machine, and a scanner.
Since a sensor chip for use i; a linear image
# sensor is generally made from a silicon wafer, the
20 sensor length is limited by the wafer size. Therefore;
it is difficult to manufacture a linear image sensor
chip having a length identical t6 the width of an
original to be read having a general size. For this
reason, in order to use a single sensor chip, an
25 imaging optical system is used tb image an original to
be read on the sensor chi? in a reduced scale, thereby

reading an image carried by the original. An apparatus



“it#is difficult to manufacture a linear inmge sensor chip having a | ength
identical to the width of an original to be read having a general size. For
this reason, in order to use a singlé sensor chip, an 25 i magi ng opti cal
systemis used to image an original to be read on the sensor chip in a
reduced scal e, thereby reading an inmage carried by the original. An

appar at us -2- 1 utilizing such a reduction imging optical system

however, req”hft‘éil?ﬁega%‘ﬁcimo EQSu«Q,@EbﬁaLm?ﬁi §”EPIQS£\‘Ef ?{rgteiai, f:c cult to

dlffICU|t to apparatus conpac

iogga' nas h%%%‘i' e%qh@%@%.”%‘ Qg?cgo"foich’tﬁers §2Ba13s§0eMml I ed multichip
ge sensor iIn plurality l'i near 1 mage sensor chips are linearly
arranged has Qﬁ%&e&%&ehnﬁQ Rs2@iif¢2built to make the apparatus
compact. In addition, it is difficult to obtain a
5 sufficient resolution.

For this reason, a so-called multichip image
sensor in which a plurality of linear image sensor
chips are linearly arranged has been put into practical
use.

10 Fig. 1 is a block diagram showing an arrangement
of a conventional multichip image sensor.

Referring to Fig. 1, n light-receiving elements
2-1-1 to 2-1-n are formed in a line in the x direction
on a sensor chip 1-1. A circuit 3-1 for sequentially

15 selecting outputs from the light-receiving elements
2-1-1 to 2-1-n is formed on the chip 1-1. An amplifier
4-1 for amplifying an output from the circuit 3-1 is
also formed on the chip 1-1. An output from the_
amplifier 4-1 is output outside the chip from an output
20 . line 5-1 generally via a signal extracting section.

The circuit 3-1 is driven by an external driver
via an input 1ine~8—1.

Sensor chips 1-2 to 1l-m have the same a;;angement
as that of the sensor chip 1-1. 1In the sensor chips

.25 1-2 to 1-m, therefore,ﬁthe same reference numerals as

in the sensor chip 1-1 denote the same parts.



use: 10 . Fig. 1 is a block diagramshow ng an arrangenent of a
conventional multichip imge sensor. Referring to Fig. 1, n light-receiving
elements 2-1-1 to 2-1-n are fornmed i-n3adine in the x direction on a sensor
chip 1-1. Acircuit 3-1 for sequentially 15 sel ecting outputs fromthe
i ght-receiving elenents 2-1-1 to 2-1-n is fornmed on the chip 1-1. An
anplifier 4-1 for anplifying an output fromthe circuit 3-1 is also forned
on the chip 1-1. An output fromthe anplifier 4-1 is output_ outside the
chip fromAan out put The sensqr sshiRfederialtioy lvimg axesiagranged dactd dgne
section. The circuit 3-1 is drjiven by an external driver_ via an input |ine

8-1. Sensor chifs the % dhlr-erﬁtrfé?fb'. t HeEeforsr andofddt ofs ™ha& ™ the
Sonsor P b dy el I SRR SRR e Bkl T LSS e o2
: x'direction. Upon image reading, an original carrying
5 an image to be read and/or a photoelectric conversion
apparatus are conveyed in the y direction relative to
each other so that the original faces the
light-receiving elements.
Outputs from all light-receiving elements of the

10 chip 1-1 are sequentially selected by the circuit 3-1
and externally output from the output line 5-~-1.

Outputs from all light-receiving elemerits of the chip
1-2 are then sequentially selected by a circuit 3-2 and
externally output from an output line 5-2.

15 Subsequently, signals from light-receiving elements afe
similarly, sgquentially read. As a result, outputs
from all light-receiving elements are time-seriélly
output. R

In the conventional multichip image sensor as

20 described above, since an output signal from each
sensoy chip is independently extracted to an external
signal processor, the number of signal lines is
increased to complicate the wiring. In order to solve
this problem, a common signal line may be used to

25 extract signals to the external signal processor. If,
however, all sensor chips including those not_

externally outputting signals from light-receiving



"-3-" The sensor chips 1-1 to 1-mare arranged in a line in the x direction.
Therefore, a total of. (n x m light-receiving elenents are arranged in a
line in the x direction. Upon inmage feading, an original carrying 5 an
i mage to be read and/or a photoel ectric conversion apparatus are conveyed
in the y direction relative to each other so that the original faces the
light-receiving el enments. Qutputs fromall light-receiving el enents of the

10 hip 1-1 [ | d h | 1t 3 |1

out put 1 fom + RLcHeRES: EFb Sob¥eRCearkRl tRY, SHFRFE Fihe, %2e8G B8l erent s
of the chip 1p+Qbgnt BE8ngEQUENL] '¥céﬁggc&§dré&é@%c£ﬁ%‘}ﬁ Ba€idNs .
externally output from an out put ne 5-2. ubsequently, signals from

l'i ght-receivi ggrehg@nengaagre simlarly, sequentially read. As a result,
out puts

In addition, in the above conventional multichip
5 image sensor, an amplifier is in an operative state
even while light-emitting elements of each chip do not
externally output sighals. For this réason, if the
number of sensor chips is increased, unnecessary .-
consumption éower is increased or heat is generated to
10 increase the chip temperature, thereby degrading the
sensor characteristics.

SUMMARY OF THE INVENTION:

The present invention has been made in

consideration of the above conventional techniques and

15 has as its object to provide a multichip photoelectric
conversion apparatus in which a common signal line is
used to éxtract signals from a plurality of sensor
chips to an external signal processor and which causes
almost no reduction in an S/N ratio of a read signal,

20 and a sensor chip for constituting the photoelectric
conversion apparatus.

It is another object of the present invention to
provide a photoelectric conversion apparatus in which
consumption power of a multichip photoelectric

25 conversion apparatus %g reduced to prevent degradation

in sensor characteristics due to a temperature rise,
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1t ARPEHBVES tonvent i onal mul tichip
It is still another object of the present

I on

invention to provide a multichip photoelectric
conversion apparatus capable of increasing the
frequency of a clock signal to reduce a read time,
thereby performing high-speed read, without increasing
the cost by using an external cgmplicated circuit.

It is still another object of the present
invention to provide a sensor chip which can be used in
a multichip photoelectric conversion apparatus in which
a plurality of sensor chips each having a plurality of
light-receiving elements are arranged, comprising
output signal lines for outputting signals outside the
sensor chip from light-receiving elements of the sensor
chip, a switch for connecting/disconnecting the output
signal lines, and a controller for closing the switch
only for a duration including a time interval in which
signals are output outside the sensor chip from the
light-receiving elements, and opening the switch for a
duration except for the duration.

It is still another object of the present
invention to provide a multichip photoelectric
conversion apparatus in which a plurality of sensor
chips each having a p;grality of light-receiving
elements are arranged, comprising output signal lines,

connected to a common signal line, for outputting

In order to solve this problem a conmon signal

i ne
I f,

uttjng S|gnals



‘5 ¢ “image sensor, an anplifier is in an operative state even while
light-emtting elenents of each chip do not externally output signals. For
this reason, if the nunber of sensof €hips is increased, unnecessary
consunption power is increased or heat is generated to 10 i ncrease the
chip tenperature, thereby degrading the sensor characteristics. SUMVARY OF
THE I NVENTI ON: The present invention has been made in consideration of -the
mul 1 chi pLphotSERERLE | SULOHTEr SR brE SR R (T AR Sgnal |1 ne
SRR R T R MR S G TR A
o0l een € Précdsfiol Liuie! ARSI SR ey | ¢
provide a photggl eGhfhGt COIYREAE! PInEPPaUMd U5 ddhMLCler, provided in
5 each of the sensor chips, for closing the switch only
for a duration including a time interval in which
signals are output outside the sensor chip from the
light-receiving elements, and opening the switch-for a
duration except for the duration.
10 It is still another object of the present
invention to provide a sensor chip which can be used in
a multichip photoelectric conversion apparatus in which
a plurality of sensor chips each having a plurality of
light-receiving elements are arranged, comprising an
15 amplifier for amplifying output signals from
light-receiving elements of the sensor chip, and a
controller for enabling the amplifier only for a
duration including a time interval in which signals are
ocutput outsidefthe sensor chip from the light-receiving
20 elements, and disabling the amplifier for a duration
except'fo; the duration.
It is still another object of the present
invention to provide a multichip photoelectric
conversion apparatus in which a plurality of sensor
25 chips each having a plurality of light~-receiving
| elements are arranged, comprising an amplifier,

provided for each of the sensor chips, for amplifying



corisunption power of a nultichip photoelectric 25 conversion apparatus is
reduced to prevent degradation in sensor characteristics due to a

tenperature rise, -5- and a senser7chip for constituting the
phot oel ectric conversion apparatus. It is still another object of the
present invention to provide a nultichip photoelectric 5 conver si on

appar at us capabl e of increasing the frequency of a clock signal to reduce a
read tinme, thereby perforning high-speed read, wthout jncreasing the cost
by using dn exPeFRat eiwprleafeemctheulightrreceiying alpmertsodrt2of the
present 10 inventifn to provide a sensor ghi whi ch can be used in a

[

mul ti chip photS%?EE? ook Yifded LBHpa?eR (_fi FhGnFeRsar pFatRft ¢ 5f sensor
chips each havéggbfigéuégélé&@f{fier only for a duration including a

time interval in which signals are output outside the
5 sensor chip from the light-receiviﬁg elements, and
disabling the amplifier for a duration except for the
duration.
It is still another object of the present
invention to provide a sensor chip which can be used in
10 a.-multichip photoelectric conversion apparatué in which
a plurality of sensor chips each having a
light-receiving element are arranged, comprising means
for delaying a start signal for a light signal read
operation performed by the light-receiving element, and
15 means for outputting a signal used as a start signal
for the next sensor chip before the light signal read
operation is finished.
It is still another object of the present
invention to provide a sensor chip having a plurality
20 of light-receiving elements, comprising a circuit
connected to each of the plurality of light-receiving
elements, a signal extracting portion electrically
connected to an output signal line for extracting a
signal from the circuit outside the sensor chip, a
25 controller for connecting/disconnecting a signal output

from the circuit and from the signal extracting



light-receiving el ements are arranged, conprising output signal lines for

outputting signals outside the 15 sensor chip fromlight-receiving

el enents of the sensor chip, a sw tcB® for connecting/di sconnecting the

out put signal lines, and a controller for closing the switch only for a
duration including a tine interval in which signals are output outside the
sensor chip fromthe 20 Iight-receiving el enents, and openLng thefsmLtch
for a duration exCe t for_the duratian. is still another object of the
present inhvent§Yn ‘t‘g"pr‘mﬂ Fe stanal ildmep fﬁ’i"otoé’éiré'@t%”igc t8&nversi on appar at us
I n which a,M|J&ﬂ f sensor 25 chi ps each having a plurality of
Iight-receiving éfeneﬁ%s are arranged conpri sing output signal I|ines,

connected to a conmpd S Analy 1 IR eHeY O%Lﬁte%l{:t df'¢he p_r%sent

invention to provide a photoelectric conversion
5 apparatus comprising a plurality of sensor chips
described above, the signal extracting portions of the
sensor chips being connected to a common signal line.
It is still another object of the present
invention to provide a reading apparatus comprising a
10 photoelectric conversion apparatus described above, a
signal processor for recei%ing an output signal from
the photoelectric conversion apparatus, and a driver
for driving the photoelectric conversion apparatus.
It is still another object of the present
15 . invention to provide a sensor chip having a plurality
of light-receiving elements, comprising a circuit
connected to each of the plurality of light-receiving
elements, a signal extracting portibn electrically
. connected to an output signal line for extracting an
20 output from the circuit outside the sensor chip, an
amplifier for amplifying the output from the circuit, a
controller for controlling an operation state of the
amplifier, and a signal line for operating the
controller.
25 It is still another object of the present

invention to provide a photoelectric conversion



1 . 'signals outside the sensor chip fromlight-receiving el ements of the
sensor chip, a switch, provided for each of the sensor chips, for
connecti ng/ di sconnecting the output-sggral |lines, and a controller,
provided in 5 each of the sensor chips, for closing the switch only for
a duration including a tine interval in which signals are output outside
the sensor chip fromthe light-receiving elenents, and opening the switch
for a duration except for the duration. 10 It is still another

obj ect of 4 he PPR3EALUENGERMPréRLing prBYryalityecafoserdPp WALBA can be used
in a multichip_photogelectric conversion apparatus in which a plurality of
sensor chi'ps ed€ACR&PPAgaROBRural ity of |ight-receiving el enments are
arranged, conprising. an 15 outﬁut signals from

light-receiving el emént§ SFigﬁggBéhgégre_S%F%QEEIQK%n 1ags Er for enabling
ARG AMC AR R S N ST S A T T
5 photoelectric conversion apparatus described above, a
signal processor for receiving an output signal from
the photoelectric conversion apparatus, and a driver
for driving the photoelectric conversion apparatus.
It is still another object of the present
i0 invention to provide a method of reading a
photoelectric conversion apparatus having a plurality
of light-receiving elements, an amplifier for receiving
outputs from the light-receiving elements, and a
controller for controlling an operation state of the
15 amplifier, comprising the steps of enabling at least an
amplifier of an nth (n is an integer of 1 or more)
sensor chip to be read, and enabling an amplifier of an
{(n+1) th sensor chip by a signal ouﬁput on the basis of

an operation of the nth sensor chip.

20 BRIEF DESCRIPTIOCN OF THE DRAWINGS

Fig. 1 is a block diagram showing an arrangement
of a conventional multichip image sensor:
Fig. 2 is a block diagram showing an arrangement
of an embodiment of a photoelectric qonversion
25 apparatus according tg ﬁhe present invention;
Figs. 3A, 3B and 3C are circuit diagrams

showing detailed érrangements of an analog switch;



-20-° elenments, and disabling the anplifier for a duration except for the
duration. It is still another object of the present invention to provide a
mul tichip photoel ectric conversion_aggaratus in which a plurality of sensor
25" chips each having a plurality of light-receiving elenents are
arranged, conprising an anplifier, provided for each of the sensor chips,
for anplifying -7- 1 out put signals fromthe light-receiving el enents,
and a controller, provided in each of the sensor chips, for enabling the
amplifierlonly for Biglurdatiisom itialiondi mdaatt ifor iextpdadalinign avhi ch signal s
are output outside the 5 sensor chip fromthe |ight-receiving el enents,
and di sabl i ng QReradrsin fqferthep empbofimentosheowsedn Fd9-t B¢ durati on.

Fig. 5 is a block diagram showing an arrangement

of another embodiment of a photoelectric conversion
5 apparatus according to the present invention;

Fig. 6 is a timing chart for explaining an
operation of the embodiment shown in Fig. 5;

Fig. 7 is a timing chart for explaining another
operation of the embodiment shown in Fig. 5;

10 Fig. 8 is a block diagram showing still another
embodiment of a photoelectric conversion apparatus
according to the present invention:;

Fig. 9 is a block diagram showing an arrangement
of a multichip image sensor;

15 Fig. 10 is a timing chart showing operation
waveforms of the sensor shown in Fig. 9;

Fig. 11 is a block diagram showing an arrangement
of a multichip image sensor as stiil another embodiment
of an image sensor chip and a photoelectric conversion

20 apparatus using the same according to the present
invention; and

Fig. 12 is a timing chart showing operation

waveforms of the embodiment shown in Fig. 11.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
25 The present invention provides a sensor chip and a

photoelectric conversion apparatus having the same



Tt s still another object of the present invention to provide a sensor
chip which can be used in 10 a mul tichip photoelectric conversion
apparatus in which a plurality of senspr-chips each having a _

| i ght -receiving el enent are arranged, conprising neans for del aying a start
signal for a light signal read operation performed by the light-receiving
el emrent, and 15 means for outputting a signal used as a start signal for
t he next sensor %B before the light signal read operation is finished. It
is still anotHe?P ?%C‘P of O itn$ e mbayr amakdiemso and Al ey isehsadre chi p
havi ng a plurallt light-receiving el ements, conprising a circuit
connected to e% fo?%%cé?Urality of Iight-receiving el enents, a signa

xtracting o si gnal TPEEnt e SHPEETRY ciA ditfe s el PRGN dore
control ler .foryg i&é‘@lg'ﬁl?@{g@féé&gi@ & eazlsz.%lﬁt %uptpafrra% Md ea\gnrngt
and fromthe S|gna extracting
5 no crosstalk between signals upon signal read, and

capable of performing signal read at a high S/N ratio

and reducing consumption power to prevent degradation

in sensor characteristics due to heat, thereby enébling

high-speed reading, and a sensor chip for use in the

10 apparatus.

Preferred embodiments of the present invention
will be described in detail below with reference to the
accompanying drawings.

Fig. 2 is a block diagram showing an arrangement

15 of an embodiment of a photoelectric conversion
apparatus according to the present invention.

Referring to Fig. 2, a sensor chip 1-1 consists of
a semiconductor such as silicon. ﬁ'light-receiving
elements 2-1-1 to 2-1-n are formed'in a line in the x

20 direction on the chip 1-1. The light-receiving
elements are of a type of storing optical pumping
carriers in a control electrode region of a transistor
and extracting an output corresponding to the stored
charge as needed. That is, optical pumping carriers

25 generated upon inputting of optical information are
stored in the base region of a transistor to store a

charge corresponding to the optical input information,



-8--1 portion, and a signal line for operating the - controller. It is
still another object of the present invention to provide a photoelectric
conversion 5 apparatus conprising.a plurality of sensor chips described
above, the signal extracting portions of the sensor chips being connected
to a common signal line. It is still another object of the present
I nvention to provide a readi ng apparatus conprising a 10 phot oel ectric
conver si on apparatus descri bed above, a signal processor for receiving an
out put si gnal &ndnanheuppot cedberespondiomyetsi dre appared uhaxgwl s driver for
driving the photoelectric conversion apparatus. It is still another object
of the presentexbractédvast anneliechr bvaHeoutpensaignal mahadeded. plinal ity
this type, the stored charge can be basically
nondestructively read. When the stored charge becomes
5 unnecessary, it is generally refreshed by a certain
means {(not shown). The light~receiving element need
not be of this type but may be of another type. A
circuit 3-1 (e.g., a shift register) for sequentially
selecting outputs from the light-receiving elements
10 2-1-1 to 2-1-m is formed on the chip 1-1. An amplifier
4-1 for amplifying an output from the circuit 3-1 is
.formed on the chip 1-1.
In this embodiment, an analog switch 6-1 for
connecting/disconnecting an output signal line 5-1 of
15 the amplifier 4-1 and a controller 7-1 for controlling
a switching operation of the switch are formed on the
chip 1~-1. The conﬁroller 7-1 outputs a control signal
on the basis of a signal from the circuit 3-1. The
circuit 3-1 is driven by an external driver via an
20 input line 8-1.
Figs. 3A, 3B and 3C are circuit diagrams
showing detailed arrangements of the analog switch 6-1.
- Referring to Fig. 3A, passing of a signal Vin as
an output from the amplifier 4-1 to Vout is controlled

25 by a control signal ¢c supplied from the controller 7-1

to the gate of an n-type MOS transistor Ql‘



of -li'ght-receiving el enents, conprising a circuit connected to each of the
plurality of light-receiving elenents, a signal extracting portion
electrically connected to an output. siggnal line for extracting an 20
output fromthe circuit outside the sensor chip, an anplifier for
anplifying the output fromthe circuit, a controller for controlling an
operation state of the anplifier, and a signal line for operating the
controller. 25 It is still another object of the present invention
to providk a phot oRetgriingdrvdtigi.on3B, pdssing ehparstgratdiinias ng a
plurality of sensor chips descriibed above. It is still another object of
the present imRMERE it arrldddiary 4apdpdcatiente dfpdontrglded
by a control signal ¢c supplied from the controller 7-1
to the gate of a p-type MOS transistor Q,.
5 Referring to Fig. 3C, the sources and the drains
of an n-tvpe MOS transistor Q1 and a p-type MOS
transistor Q2 are commonly connected. A controi
signal ¢c is directly supplied to the gate of the
transistor Qq while it is supplied to the gate of the
10 transistor Q, via an inverter, thereby controlling
passing of a signal Vin as an output from the amplifier
4-1 to Vout. This arrangement is a C-MOS type gate.
Although Figs. 3A to 3C show analog switches
using a MOS transistor, an analog switch having the
15 same function can be constituted by using a bipolar
transistor.
Referring to Fig. 2, sensor chips 1-2 to 1-m have
the same arrangement as that of thé sensor chip 1-1,
and the same reference numerals as in the sensor chip
20 1-1 denote the same parts in the sensor chips 1-2 to
l-mo
Output lines 5-1 to 5-m of the sensor chips are
connected to a common signal line 10 outside the chips
generally via a signal extracting portion. This sensor

25 chips are connected to:s an external signal processor via

.the signal line.



"5 - photoel ectric conversion apparatus descri bed above, a signal processor
for receiving an output signal fromthe photoel ectric conversion apparatus,
and a driver for driving the photoel actr4 ¢ conversion apparatus. It is
sti'll another object of the present 10 i nvention to provide a nethod of
readi ng a photoel ectric conversion apparatus having a plurality of
light-receiving elements, an anplifier for receiving outputs fromthe

| i ght-receiving elements, and a controller for controlling an operation
state of the 15  JFHf i9905°r (BHRS dimlg thd 5t &Fe Frangad dq & Yioest an

anplifier of an nth (n s an jnteger of or nore) sensor, chip to be read,
and enabl i ng af* dift i i EFSFELAR | nﬂr)ec”'r?éb??s'ora ctﬁ%tﬁlb)? @ §hd out put on
e haste o RS ALL N Bl I S0 S o T RPN
;Sp‘;ﬁg;@gf" W 41 L0403 SAPIRPESH ‘sdidbr TP AL U U AL DA 1OW NG an
5 fixed on a substrate (not shown). Upon image reading,
an original carrying an image to be read and/or the
light-receiving elements are conveyed relative to each
other in the y direction so that the original faces the
light-receiving elenents.
10 An operation of this embodiment will be described
below.
Fig. 4 is a timing chart for explaining an
operation of fhe above embodiment.
Referring to Fig. 4, an output control signal ¢1
15 is supplied from the controller 7-1 of the sensor chip
1-1, an output control signal ¢2 is supplied from the
controller 7-2 of the sensor chip 1-2, and outputs
Vout1 and Vout2 are supplied from the switches 6-1 and
6~-2 of the sensor chips 1-1 and 1-2, respectively.
20 The signal ¢1 is synchronized with an operation of
the circuit 3-1 driven by the input line 8-1. That is,
the signal ¢1 is output only for a specific duration
including a time interval in which the outputs from all
the light-receiving elements of the chip 1-1 are
25 sequentially selected by the circuit 3-1. Only for

is

this duration, the switch 6-1 is closed, and Vout1



-of -ah enbodi nent of a photoel ectric conversion 25 apparatus according tO
the present invention; Figs. 3A, 3B and 3C are circuit diagranms show ng
detail ed arrangenents of an anal og-swst ch; - 10 - 1 Fig. 4is a
timng chart for explaining an operation of the enbodi nent shown in Fig. 2;
Fig. 5 is a block diagramshow ng an arrangenent of another enbodi ment of a
phot oel ectric conversion 5 apparatus according to the present invention;
Fig. 6 is atimng chart for explaining an operation of the enbodi nent
~shown in Fig. ostemty 7Thes ontpud Nguthainclydeexshai ArRBuERoERER dbtration
Showi ng St 111 ot R CEEGENTRRE SASReBlis: 661 Eber PEnEBRVERLPoh hppar at S
Similarly, the signal ¢2 is synchronized with an
operation of the circuit 3-2 driven by the input line
5 8-2. That is, the signal ¢2 is output only for a
specific duration including a time interval in which
outputs from all the light-receiving elements of the
chip 1-2 are sequentially selected by the circuit 3-2.
Only for this duration, the switch 6-2 is closed, and
10 Vout, is output. The output Vout, includes the outputs
from all the light-receiving elements of the sensor
chip 1-2,
As shown in Fig. 4, the duration of the signal ¢2
starts at the same time as the duration of the
15 signal ¢1 ends.
Output control signals are similarly generated
from the controllers 6-3 to 6-m of the third and
subsequent sensor chips 1-3 to 1l-m, respectively,
As described above, signals are sequentially read
20 from the light-receiving elements, and outputs from the
light~receiving elements are time-serially output from
the common output line 10.
S In this embodiment, in each sensor chip, an output
from the amplifier is connected to the common output
25 line 10 only for the duiation substantially

corresponding to the time interval in which signals are

output from the light-receiving elements, and is



according to the present invention; Fig. 9 is a bl ock diagram show ng an
arrangenent of a nultichip i mage sensor; 15 Fig. 10 is a timng
chart show ng operation waveforns of Xthe-sensor shown in Fig. 9; Fig. 11 is
a bl ock diagram showi ng an arrangenent of a nultichip i mage sensor as stil
anot her enbodi nent of an image sensor chip and a photoel ectric conversion
20 apparatus using the sanme according to the present invention; and Fig.

Fro 10, DETAREL R Pt GhEEst e e r e Bt 55 e © The
D o SIS S FERoR. RGN, S SRS S R,
achieving the gignal reading to reduce the S/N ratio of the read

signal.

5 According to this embodiment, since switching can
be automatically set and no wiring is provided for the
contréller or the switch of each chip from an external
driver, an external circuit can be simplified.

Another embodiment of the present invention will

10 be described in detail below with reference to the
accompanying drawings. )

Fig. 5 is a block diagram showing an arrangement
of another embodiment of a photoelectric conversion
apparatus of the present invention.

15 Referring to Fig. 5, a sensor chip 1-1 consists of
a semiconductor such as silicon. N light-receiving
elements 2-1-1 to 2-1-n are formed in a line in the x
direction on the chip. The light-receiving elements
are of a type of storing optical pumping carriers in a

20 control electrode region of a transistor and extracting
an output corresponding to the stored charge as needed.
That is, the type used in the first embodiment is
adopted. A circuit 3-1 such as a shift register for
sequentially selecting outputs from the light-receiving

25 elements 2-1-1 to 2-1-n is formed on the chip 1-1. An
amplifier 4-1 for amplifying an output from the circuit

3-1 is formed on the chip 1-1. An cutput from the



above objects. That is, according to the present invention, there is
provided a photoel ectric conversion apparatus having 5 no crosstalk
between signals upon signal read, andizapable of performng signal read at
a high S/Nratio and reduci ng consunption power to prevent degradation in
sensor characteristics due to heat, thereby enabling high-speed reading,
and a sensor chip for use in the 10 apparatus. Preferred embodinents of
the present invention will be described in detail below with reference to
the acconpanyi #PH+ &#PFg8-1Fig. eptesnally cewtrittagizon showukpwn kinengenent
15 of an.enbpdj nent of photoel ectric conversion apparatus according to
the present inve t?%ﬂ?rﬁéigrYFﬁgat61?$iﬂ Xt RAGIRG P PN 1 BHFSi sts of a
sem conductor sugh _gs.silicon. g light-receiving elenents 2-1-1 to 2-1-n
are formed in 3HﬁPﬁg R PRRERALLY sg@?%ﬁ%@i%ﬁn%NF%9ﬂ§$39ﬁ9Q9%§°r'ﬁﬂ§
light-receiving, ,cessed as needed.

S In this embodiment, a controller 506-1 for
outputting a switching control signal for switching
operative and nonoperative states of the amplifier 4-1
is formed on the chip 1-1. The controller 506-1 -is
driven by an external driver via an input line 507-1.

10 The circuit 3-1 is also driven by an external driver
via an input line 508-1.

Sensor chips 1-2 to l1-m have the same arrangement
as that of the sensor chip 1-1, and the same reference
numerals as in the sensor chip 1-1 denote the same

15 parts in the sensor chips 1-2 to 1-m.

The sensor chips 1-1 to l-m are arranged in a line
in the x direction. Therefore, a total of (n x m)
light-receiving elements are arranéed in a line in the
X direction. All the sensor chips are arranged and

20 fixed on a substrate (not shown). Upon image reading,
an original carrying an image to be read and/or the
photoelectric conversion apparatus are conveyed
relative to each other in the y direction so that the
original faces the light-receiving elements.

25 An operation of this embodiment will be described

below.



elements are of a type of storing optical punping carriers in a control

el ectrode region of a transistor and extracting an output corresponding to

the stored charge as needed. That is, jgptical punping carriers 25

generated upon inputting of optical information are stored in the base

region of a transistor to store a charge corresponding to the optical input

I nformati on, - 12 - 1 and an output corresponding to the stored charge

is extracted as an el ectrical output signal as needed. In this type, the

stored chakge can b&igasifcdld ya ridmdaesy raaxty dor rexpdaitfiewy t&ne st or ed
charge becomes 5 unnecessary, it is generally refreshed by a certain
means (not shoPeratien iQfhtthe adiopengriicsimentneed not be of this type but
may be of another type. Acircuit 3-1 (e.g., a shift register) for-
sequential |y eferring to Fig. 6, an output control signal ¢501
is supplied from the controller 506-1 of the sensor
5 chip 1-1, an output control signal ¢502 is supplied
from the controller 506-2 of the sensor chip 1-2, and
outputs Vout1 and Vout2 are supplied from the
amplifiers 4-1 and 4-2 of the sensor chips 1-1 and 1-2,
respectively.
10 The signal ¢501 is synchronized with an operation
of the circuit 3-1 driven by the input line 508-1.
That is, the signal 6501 is output only for a specific
duration including a time interval in which outputs
from all the light-receiving elements of the chip 1-1
15 are sequentially selected by the circuit 3-1. Only for
this duration, the amplifier 4-1 is operated, and Vout1
is output. The ocutput Vout1 includes the-outputs from
all the light-receiving elements of the sensor chip
1-1,

20 Similarly, the signal ¢502 is synchronized with an
operation of the circuit 3-2 driven by the input line
508-2. That is, the signal ¢502 is output only for a
specific duration including a time interval in which
outputs from all the light-receiving elements of the

25 chip 1-2 are sequentially selected by the circuit 3-2.

Only for this duration, the amplifier 4-2 is operated,

and Vout2 is output. The output Vout2 includes the



"selecting outputs fromthe light-receiving el ements 10 2-1-1to 2-1-mis
formed on the chip 1-1. An anplifier 4-1 for anplifying an output fromthe
circuit 3-1 is forned on the chip + 19 kn this enbodi nent, an analog switch
6-1 for connecting/disconnecting an output signal line 5-1 of 15 t he

anplifier 4-1 and a controller 7-1 for controlling a swtching operation of
the switch are fornmed on the chip 1-1. The controller 7-1 outputs a control

signal onythe basis of_ a signal frogmthe circuiit 3-1. The circuit 3-1 is

driven byl an é%&q"ﬁ"}ﬁﬁ %ﬁqr‘(/@gﬂvité‘eaﬁlﬁ%‘t’ref:ﬁﬁﬂﬁlnﬁi ﬁéeg‘ﬁi‘.%SFPﬁs% §A, 3B and
3C are circuit_di show ng detail ed arrangenents of the anal og swtch
6-1. Referri ngsetq{()s‘a%'lr gé;%r{%sPArl \gdssi ng of a signal Vin as an, output fromthe

O e om e SO B0 o ong BcBeigh 2 aorl [errle
signal $502 starts at the same time as the duration of
S the signal ¢..,, ends.

Output control signals are similarly generated
from the controllers 506-3 to 506-m of the third and
subsequent sensor chips 1-3 to 1-m, respectively.

- As described above, signals are sequentially read

10 from the light-receiving elements, and outputs from all
the light-receiving elements are time-serially output.

In this embodiment, in each sensor chip, the
amplifier is operated only for the duration
substantially corresponding to the time interval in

15 which signals are output from the light-receiving
elements and is not operated for a duration except for
the above duration. Therefore, consumption power of
the amplifiers 4-1 to 4-m is reduced to be 1/m
conventional consumption power.

20 Fig. 7 is a timing chart for explaining another
operation of the above embodiment. In Fig. 7, the same
reference numerals as in Fig. 6 are used.

As shown in Fig. 7, a control signal ¢501 of the
first sensor chip and a control signal ¢502 of the

25 second sensor chip overlap each other by a time t. ‘The
signals ¢501 and ¢502 are activated slightly before (by

the time t) the first light-receiving element is



- 13 -1 Referring to Fig. 3B, passing of a signal Vin as an out put
fromthe anplifier 4-1 to Vout is controlled by a control signal [err]c
supplied fromthe controller 7-1 to t3fe gate of a p-type MOS transi stor
Qerr]. 5 Referring to Fig. 3C, the sources and the drains of an
n-type MOS transistor QL and a p-type MOS transistor 2 are conmonly
connected. A control signal [err]c is directly supplied to the gate of the

t i st , ile it i | fo th al f the 10 t | st
viaan i vert S Tt ERkgol O PRI Bt ot 4 A AR P out put
f th | il £1 - t Thi | - te.

Al thougn £ s, Y55 A1sh Shriitde A0 Al ORI Abbaedd D RET o

anal og smﬁtché&&@gy the 15 sanme function can be constituted by using a
bi pol ar transi stor. -

As described above, the control signal is started

S slightly before the first light-receiving element of
each sensor chip is read. Therefore, a time required
for starting and stabilizing an operation of each
amplifier is assured, and signals from all the
light-receiving elements including the first

10 light-receiving element can be stably output with high
precision in each sensor chip. In addition, since the
overlap time of the control signals is sufficiently
short with respect to the total time, the consumption
power is not much increased than that of the operation

15 shown in Fig. 6.

Fig. 8 is a block diagram showing an arrangement
of still another embodiment of a photoelectric
conversion apparatus of the present invention. In
Fig. 8, the same reference numerals as in Fig. 5 denote

20 the same parts.

This embodiment is the same as that shown in
Fig. 5 except that controllers 506-1 to 506-m are
controlled by control signals from circuits 3-1 to 3-m,
respectively, in sensor chips.

25 That is, in corres?ondence with a time interval in
which an operation command signal for sequentially

selecting outputs from all thenlight-receiving elements



"Referring to Fig. 2, sensor chips 1-2 to 1-m have the sanme arrangenent as
that of the sensor chip 1-1, and the sane reference nunerals as in the
sensor chip 20 1-1 denote the sam@lparts in the sensor chips 1-2 to 1-m
Qutput lines 5-1 to 5-mof the sensor chips are connected to a common
signal line 10 outside the chips generally via a signal extracting portion.
Thi s sensor 25 chips are connected to an external signal processor via
the signal line - The sensor_chips 1-1 to 1- n1are arran ed in a

ine i o the x Of 929k ghis TroriRRplded framong qf Lomyt 15igRs Ad8silyi ng

ol ereni s B ARG o %A% bR 2 et e AUl PO o P

readi ng, 3-m, the circuit supplies a signal to the controller;
thereby switching operative and nonoperative states of

5 the amplifier as in the embodiment shown in Fig. 5.
According to this embodiment, unlike the
embodiment shown in Fig. 5, the operative and
nonoperative states of the amplifier can be
automatically switched, and no external driver having

10 an output for the amplifier need be used. In addition,
unlike the first embodiment, no wirings 507-1 to 507-m
need be provided from the external driver to the
controllers of the respective chips. As a result, the
external circuit can be simplified.

15 Switching between the operative and nonoperative
states of the amplifier and connection/disconnection of
the outputs can be simultaneocusly pérformed.

In this case, crosstalk and tﬁe consumption power
can be further reduced.

20 Fig. 9 shows an arrangement of a multichip image
sensor using an image sensor chip, and Fig. 10 shows
operation waveforms (timing chart) thereof. |

Referring to Fig. 9, image sensor chips (to be
sometimes referred to as merely “"chips" hereinafter)

25 1-1, 1-2, ..., l-m are éonnected to constitute a
multichip image sensor. Light-receiving elements 2-1-1

to 2-1-n are formed on the image sensoxr chip 1-1 and



"an-original carrying an image to be read and/or the |ight-receiving

el ements are conveyed relative to each other in the x direction so that the
original faces the light-receiving -elxmnts. 10 An operation of
this enbodinment will be described below. Fig. 4 is a timng chart for

expl ai ni ng an operation of the above enbodinent. Referring to Fig. 4, an
out put control signal [err]l 15 I's supplied fromthe controller 7-1 of

the sensor chip 1-1, an output control signal [err]2 is supplied fromthe
control | el 7- FVVate Npiorlight signals dnkr piectnel SHEN 2 are
supplied fromgthe sw 1 and. 6-2 of_the se

6- hi - d 1-2,
respectively. ce tﬁecr]]?’?%t?‘ag?‘%’rv’f'ég r?%@?‘%%gﬁ“&ﬁi%?'\]ﬁ%ha%? '
ti f th ' it 3-1 dri by the. i t, 4 8 1. That is. th
oper et on o e e oty e it s STl
interval i neWt@ é&?s&f"tf’éﬁétﬁ r&F ﬁjxistﬂt?aéé gﬁﬁé’oezceﬂs\’il%flmﬁ of the

chip 1-1 ar
5 to correspond to a large original size.

This multichip sensor starts its operation when a
start signal is supplied from a start terminal 908 to
the first chip 1l-1 in synchronism with a clock signal
from a clock terminal 909. Upon reception of this

10 start siénal, shift registers 904-1-1 to 904-1-n
sequentially turn on MOS switches $03-1-1 to 903-1l-mn to
activate the light-receiving elements 2~1-1 to 2-1-n
connected to the MOS switches, thereby reading a light
signal.

15 This light signal is amplified by a light signal
output amplifier 906-~1 and output to an output terminal
907 as an optical output signal.

A controller 905-1 switches oéerative and
nonoperative states of a constant current circuit of

20 the light signal output amplifier 906-1. The
controller 905-1 activates the constant current cifcuit
substantially ét the same time as the first shift
register 4-1-1 receives the start signal, thereby
activating the light signal output amplifier 906-1.

25 An output from the last shift register 904-1-n of
the chip 1-1 turns on the last MOS switch 903-1-n and

is externally output to be supplied as a start signal



"25°  sequentially selected by the circuit 3-1. Only for this duration,
the swwtch 6-1 is closed, and Voutl is - 15 - | out put. The out put
Vout includes the outputs fromall-t38 4 ight-receiving el enents of the
sensor chip 1-1. Simlarly, the signal [err]2 is synchronized with an
operation of the circuit 3-2 driven by the input line 5 8-2. That is,
the signal [err]2 is output only for a specific duration including a tine
interval in which outputs fromall the light-receiving elenments of the chip
1-2 are séquentq &ty S By remiahiec AO4-23 obniter gextn z‘lﬁur ati on,
the switch 6- éh' closed, and 10 Vout2 is output. The output Vout2

I ncl udes the %Uts fronlall the light-receiving elenents of the sensor

t
chip 1-2. As shown jn Flg ndke WARFYH, WhLlsdll® HetiRidfa dn the
chip 1-1 described above is performed, and a start
5 signal is output to the next chip 1-~-3 (not shown). 1In
this manner, the start signal is sequentially output to
the next chip to execute a reading operation of a light
signal having the sensor length.
Fig. 10 shows operation waveforms (timing chart)
10 of the above multichip image sensor. Referring to
Fig. 10, a light signal of the light-receiving element
2-2~1 is read a time S after a start signal is output
to the chip 1-2. Therefo;e, the chip 1-2 must activate
the constant current circuit of the amplifier within
15 the time S. In addition, since the time S8 is shortened
when a clock frequency is increased, the constant
current circuit must be activated within a short time
period. | -
As described above, light signal read from the
20 light-receiving element 2-1-~1 upon inputting of. the
start signal and activation of the constant current
circuit of the light signal output amplifier 906-1 are
performed at substantially the same time. Therefore,
in order to read the light signal after the constant
25 current circuit is completely activated, the frequency

6f a block signal must be decreased to sufficiently



‘starts at the sane tine as the duration of the 15 signal [err]1l ends.
Qutput control signals are simlarly generated fromthe controllers 6-3 to
6-m of the third and subsequent sens@# ehips 1-3 to 1-m respectively. As
descri bed above, signals are sequentially read 20 fromthe
light-receiving elenments, and outputs fromthe light-receiving elenents are
tinme-serially output fromthe conmmon output line 10. In this enbodinent, in
each sensor th an oyt put from.the lifier is conpne¢cted to the commopn
out put 2§- efﬁe %&? F@PdtﬁémﬁuPzggBﬁ digBtaReretyyngofleesBhding to
the tine integggl-lgéwhlch signals are output fromthe |light-receiving

el enents, and -1 di sconnected therefromfor a duration except

for the When the frequency of a clock signal is increased

to reduce the read time to achieve high-speed
5 processing, the constant current circuit sometimes
cannot be perfectly activated. That is, a light signal
from the light-receiving element is output before the
light signal output amplifier 906-1 is perfectly set in
the operative state, and accurate signal amplification
10 is disabled.

In order to solve this problem, the frequency of a
clock signal for the first light-receiving element of
each chip may be reduced. 1In this case, however, a
complicated circuit must be externally provided £o

15 increase the cost.

Therefore, even if the frequency of a clock signal
is increased in order to reduce the read time of a
light signal of the multichip imagé sensor to achieve
high-speed read, this increase is limited by the

20 activation time of the constant current circuit.

Still another embodiment in which a constant
current circuit of a light signal amplifier is
activated beforehand to solve this problem will be
described below with reference to the accompanying

25 drawings. This method:- can be applied to the above

embodiment.



‘above duration. Therefore, no crosstalk occurs during signal reading to
reduce the SINratio of the read signal. 5 According to this

enbodi ment, since switching can be -alomatically set and no wiring is
provided for the controller or the switch of each chip froman external
driver, an external circuit can be sinplified. Another enbodi nent of the
present invention wll 10 be described in detail belowwith reference to

t he acconpanyi ng draw n Fi 0. i bl ock di.agr.am showi_ng_an arrangenent
of anot hgP enbodi rreﬁ%gb?f]a bhot okg]r%‘%i ?qlca‘-{:r@r%ec’rhglg’dﬁ‘gaﬁﬁa NI

present inventypn, gy ey hipsﬁréf:%;e:gé é%fia%- oA TR AP 1-1

consists of a sem conductor Si'11con. ITght-Tecel ving el ements

2-1-1 10 21Nl f QLAEGY | 8nfp | ddboididd o the SRR dRRLARP:. The
ght-receiving efTenents are of a type of storindg optical punping carriers
ina20 - condf@l a BpREESOTECE LI WorBfers iidn RYperdt v sty add NY
5 same.
Referring to Fig. 11, in image sensor chips 1-1,
1-2, ..., 1l-m, the same reference numerals as in Fig. 9
denote the same parts. First (from the left in
Fig. 11) shift registers 904-1-i, 904-1-3j, 904-2-i,
10 904~2-3j, ..., 904-m-i, and 904-m-j of the respective
chips delay start signals.
A sensor operation of the multichip image sensor
according to this embodiment is performed as follows.
That is, after light signals are stored, a clock signal
15 is supplied from a clock terminal 909 to each chip, and
a start signal is supplied from a start terminal 908 to
the first chip 1-1. This start signal is supplied to a
controller 905-1 via a delay shift register 4-1-i. The
controller 905-1 turns on a constant current circuit
20 (not shown) of a light signal output amplifier 906-1.
As a result, the light signal output amplifier 906-1 is
enabled. ' The start signal is also supplied to the |
shift register 904-1-1 via the delay shift register
904~1-3 and turns on a light~receiving element
25 switching MOS switch 903-1-1. As a result, a light
signal is read from the light-receiving element 2-1-1,

amplified by the light signal output amplifier 906-1,



"an out put corresponding to the stored charge as needed. That is, the type
used in the first enbodinent is adopted. A circuit 3-1 such as a shift
regi ster for sequentially selecting a#tputs fromthe |ight-receiving 25
elements 2-1-1 to 2-1-,n is fornmed on the chip 1-1. An anplifier 4-1 for
anplifying an output fromthe circuit 3-1 is fornmed on the chip 1-1. An

out put fromthe - 17 - 1 anplifier 4-1 is externally output from an
out put |ine 5-1dgenerally via a signal extracting portion. This output is
gener al | ! supfie WP YA &erming 1, 90des s Spbsenestdy . 5

In this enbodinent,. controllc?:r 06-1 for. outputtin 3.3 .t ching control
si gnal for SW%I%&%M#G FETSFeran vé ﬁegtugél 6P tHe anplifier 4-1
i's formed on tﬂ?ﬁ:'f%%dl_ujp t-léhei‘:h%orl&rgﬂtl-gec%(%.@_':}xcj 2lement 2-1-n in

synchronism with the clock signal via the shift

5 registers.
During this read operation to be sequentially

executed, an output signal from the shift register

-904-1-2 is externally ocutput from the chip 1-1 and used

as a start signal for the next chip 1-2 at the same

10 time the light-receiving element 2-1-2 is read.

The start signal received by the next chip 1-2 is
supplied to a controller 905-2 via the delay register
904-2-i. As a result, the controller 905-2 turns on a
constant current circuit of a light signal output

1is amplifier 906-2 beforehand.

Thereafter, in the chip 1-~1, shift registe;s
904-1-(2 + 1) to 904-1-n are activated by a clock
signal to read the remaining liéht;receiving elenments
2-1-(% + 1) to 2~1-n, respectively.

20 At the same time, in the chip 1-2, a read
operation for the light~receiving element 2-2-1 is
delayed by the delay shift registers 904-2-i and
904-2-j. This delay operation ends at the same time as
the read operation of the chip 1;1 ends. The MOS

25 switch 903-2-1 is turned on by the shift register
904-2-1, and reading of a light signal of the

light-receiving element 2-2-1 is started. At this



driven by an external driver via an input line 507-1. 10 The circuit 3-1
Is also driven by an external driver via an input line 508-1. Sensor chips
1-2.to 1-m have the sane arrangenent g that of the sensor chip 1-1, and
the sane reference nunerals as in the sensor chip 1-1 denote the same 15
parts in the sensor chips 1-2 to 1-m The sensor chips 1-1 to 1-mare
arranged in aline in the x direction. Therefore, a total of (n x m
I|ght-rece|V|ng el enents are arranged in aline in the x direction. Al the
sensor chitps a émﬁrréhgﬁﬁ anfopatant feyerenh @leebit ref etiieckigiown).  Upon

di ng, to b ad and/or the
phot ocl cct i o BRDAFSPORPUEAPRLLELaF o0ET dybdhel kiR e TH e of her in

o oerat on SPeEREHE kAT baRED, LESSIcATS ALY SRSt R EL ST = 20
can be executed. ‘

5 In this embodiment as described above, an
operation time from the shift registers 904-1-% to
904~-1-n of the chip 1-1 and an operation time from the
delay shift registers 904-2-i to 904-2-j of the chip
1-2 are adjusted such that the read operation of the

10 chip 1-2 is started immediately after the read
operation of the chip 1-1 is ended. In addition, a
time enough for activating the constant current circuit
of the chip 1-2 is assured.

Fig. 12 shows operation waveforms (timing chart)

15 for explaining the above operation of this embodiment.
Referring to Fig. 12, the start signal for the chip 1-2

- is output simultaneously with the output signal from
the shift register 904-1-% of the éhip i-1, thereby
activating the constant current ciicuit of the chip 1-2

20 (not shown). The start signal is delayed by a time T
by the shift register 904-2-i and the shift register
904-2~j (not shown). Thereafter, the shift register
904-2-1 reads a light signal output from the
light-receiving element 2-2-1. Even if the clock

25 frequency is increased, accurate light signal

amplification can be performed since the time T is



- I8 - Fig. 6 is a timng chart for explaining an operation of the above
enbodi nent. Referring to Fig. 6, an output control signal [err]501 is
supplied fromthe controll er 506-1-0of28t ke sensor 5 chip 1-1, an output
control signal [err]502 is supplied fromthe controller 506-2 of the sensor
chip 1-2, and outputs Voutl and Vout2 are supplied fromthe anplifiers 4-1
and 4-2 of the sensor chips 1-1 and 1-2, respectively 10 The

si gnal r]5 1 .S nchroni zed . with _an atio he rcuit 3-1 driven
by t he i a9 gﬁé % %ﬁ %mqﬂﬁ?95g oxr §&F %%ﬁtput only for a
specific duraglggt%gg TTo TRl %n?hga@%ulgterval in mhlch outputs fromall the

Ilght-rece|V|ng elenents 0 I-1 15 are sequentlally sel ected by

the circuit 3-1. ¥ bR itend!,| Phe I8 AMIGfils®erd- LAreS operated,

and Vout
arranged in a line in correspondence with the

5 light-receiving elements. The shift registers,
however, can be arranged in any place of the chip as
long as the wiring can be made.

As has been described above, according to the
Ppresent invention, there is provided a multichip

10 photoelectric conversion apparatus in which a common
signal line is used to extract signals from a plurality
of sensor chips to an external signal procéssor without
generating crosstalk or reducing an S/N ratio of a read
signal. In addition, switching can be effectively,

i5 automatically set to simplify an external circuit.

-Acéording to the present invention, consumption
power of a multichip photoelectric conversion apparatus
can be largely reduced without extérnally providing a
specific circuit. 1In addition, heat generated on the

20 basis of the consumption power can be reduced to
prevent degradation in characteristics.

Furthermore, according to the present invention,
each chip constituting a multichip image sensor
comprises means for outputting a start signal to the

25 next chip during a read operation of a light signal,
and means for activating a light signal amplifier

(e.g., a constant current circuit) upon inputting of



'is'dutput. The output Voutl includes the outputs fromall the

|l i ght-receiving el enents of the sensor chip 1-1. 20 Simlarly, the
signal [err]502 is synchronized w th28n-operation of the circuit 3-2 driven
by the input Iine 508-2. That is, the signal [err]502 is output only for a
specific duration including a tine interval in which outputs fromall the
Iight-receiving elenents of the 25 chip 1-2 are sequentially selected by
the circ : for, this ration, the anplifier 4-2.is o ted, and
Vout | < but pife Fhe &F&&f‘a%&f‘é Bripdies The Tead ?@eraBaPBuPEtF om 4l |
the light-recetyv I nsor _chip 1s Fig. 6,
the duration o tﬁeag §n§ %&gP]Q ot an?véPthghggnéstPﬁﬁgggkgﬁe duration

of finished. Therefore, even if a clock frequency is

increased, the amplifier of each chip can be activated
5 beforehand. B&as a'result, a high-speed reading

operation and an accurate light signal output can be

obtained.

Moreover, since a shift register is used as the

delay means, no complicated circuit need be externally
10 arranged. Therefore, a compact phétoelectric

conversion apparatus as a multichip image sensor can be

realized with high reliability and low cost up.

15

20

25 £



' naI er 01 ends. Qutput control signals are simlarly
gener troIIers 506-3 to 506-mof the third and subsequent
sensory respectivel 30 As descri bed above, signals are

sequentlally read 10 fron1the | ight-receiving el ements, and outputs from

all the light-receiving elenents are tine-serially output. In this
enbodi nent, in each sensor chip, the anplifier is operated only for the

duration fubstantlall corres%onding to the time interval in 15 whi ch
signals are o&ﬂﬁgplﬁpéﬁﬁéﬁégLLéh -rece|V|ng elements and is not operated
for a duration except for the aboy r:a her ef gonsy Qn power
of the anplifiers ﬁ *1 PbsfnﬁPFécﬁéghgﬁ cﬁ@ FnPéSﬁvéﬁt IE'g‘ghg‘l?rrptlon
power . i S expl g.a I ration
B he above photoe 1%cthc c%nve@.?&%{h%?%ra%s 1Rl 3h3lchd 4 %91 L34 i

ment . ref érence I’lUITE sasrn Fig.

6-are used. AQ RN c'ﬁllg;s Loch ARLRY o5paAda1lieyr b301 of the

5 light~-receiving elements are arranged, comprising:

output signal lines for outputting signals outside
said sensor chip from light-receiving elements of said
sensor chip;

a switch for connecting/disconnecting said output

10 signal lines; and

a controller for closing said switch only for a
duration including a time interval in which signals are
output outside said sensor chip from said
light-receiving elements, and opening said switch for a

15 duration except for said duration.

2. A chip according to claim 1, wherein said
light-receiving element is of a tyﬁe of storing optical
pumping carriers in a control electrode region of a

20 transistor.

3. A chip according to claim 1, further
comprising a selector for sequentially selecting output
signals from said light-receiving elements,

25 wherein said contréller is operated by a signal

from said selector.
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first sen orugﬁip and a control signal [err]502 of the 25 second sensor
chip oveiﬁﬂ', Hﬂ atimet. The signals [err]501 and [err]502 are
activat ed' Lmuﬂ,um(by the tingyt) the first light-receiving el enent

S - 20 -1 skl écted by the selecting circuit in each sensor chip.
This also applies to the third and subsequent sensor chips. As described
above, the control signal is started 5 slightly before the first

l'ight-receiving el enent of each sensor chip is read. Therefore, a tine
required for startifig ahdcBimbatterdinantepelainoh, ofhexein aupl ddtputi s
assured, and signals fromall the light-receiving elenments including the
first 10 | i §hemr ERifvPRLCEteRehe eupPbiedi |y @%mmm anphi fileh,

. : . ke nce the .
prectsion in eggg gegggécﬁhig'pégvgggétkg?’aglgﬁfput signal line of

said amplifier.

5. A multichip photoelectric convérsiqn apparatus
in which a plurality of sensor chips each havinq a
plurality of light-receiving elements are arranged,
comprising:

10 output signal lines, connected to a common signal
line, for outputting signals outside said sensor chip
from 'light~receiving elements of said sensor chip;

a switch, provided for each of said sensor chips,
for connecting/disconnecting said output signal lines;

15 and

a controller, provided in each of said sensor
chips, for clésing said switch only for a duration
including a time interval in whichusignals are output
outside said sensor chip from said light~receiving

20 elements, and opening said switch for a duration except

for said dQuration.

6. An apparatus according to claim 5, wherein a

plurality of said light-receiving elements are linearly

25 arranged in each of said sensor chips, and said sensor
chips are arranged in an arranging direction of said

light-receiving elements.
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'ovérllﬁ[ﬂ,m ntrol signals is sufficiently short with respect to
the t 5/' %Iggnsurrptlon power is not nuch increased than that of

t he operatlbn n own in Fig. 6. 3Eig. 8 is a block diagram show ng an

arrangenment of still another enbodi nent of a photoel ectric conversion
apparatus of the present invention. In Fig. 8, the same reference nunerals
as in Fig. 5 denote 20 the sanme parts. This enbodi nent is the sane as

that shown in Fig. 5 except that control ers 506-1 tg 506-m a e,controlled
by contrat signals’frofh EEPERFELS 391WP6°§ ﬁ?nrggpéﬁ? vihy2 TH §éﬁ§6? chi ps.
25 n corresgonde

Sperati on conﬁ§ﬁ&°sr‘-§ﬁ§fuﬁof° OB SR oSk arbE! PR BEER s PLRLE Y he

Ilght-receIVIQQ % %@%Qt%hlps each having a plurality of
'iight-receiving elements are arranged, comprising:
5 an amplifier for amplifying output signals from
light-receiving elements of said sensor chip; and
a controller for enabling said amplifie: oﬁly for
a duration including a time interval in which signals
are output outside said sensor chip from said
10 light-receiving elements, and disabling said amplifier

for a duration except for said duration.

8. A chip according to claim 7, wherein said
light-receiving element is of a type of storing optical

i5 pumping carriers in a control electrode region of a

transistor.

9. A chip accerding to claimlﬁ, further
comprising a selector for sequentially selecting output
20 signals from said light-receiving elements and
supplying the signals to a common amplifier,
wherein said controller is operated by a signal

from said selector.

25 10. A chip according to claim 7, wherein a start

timing of said duration is slightly before a timing at
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- 21 H fp is supplied fromone of input lines 508-1 to 508-m
to a Um“ummmﬁﬁmﬂm of the circuits 3-1 to 3-m the circuit supplies a
signal *tc tHe &ontrofler, thereby-s@8tehing operative and nonoperative
states of 5 the anplifier as in the enbodi mrent shown in Fig. 5.
According to this enbodi nent, unlike the enbodi nent shown in Fig. 5, the

operative and nonoperative states of the anplifier can be automatically
swi t ched, and, no ext%tnal driver havin n, utg%t for the lifier
[

10 .
need be bsed“PiP 4adiEron S iaRRLkeSt RETPRFsPuERLSRI RERE, STBORF r PREE 507- 1
to 507-m need he grggiigghgggglthgi xternal driver to the controllers of
518 AISmtTEShrd ViR SAxterre

the respecti Ve Chi e external circuit can be sinplified.
15 Swi t chi ng between the operative and nonoperative states of the

anplifier and connection/disconnection of the outputs can be simultaneously
performed. In thhg cagenmyt9eplipl khaRdeibEtE PASHARYELSi BAVEpparatus

5 in which a plurality of sensor chips each having a
plurality of light-receiving elements are arranged,
comprising:

an amplifier, provided for each of said sensor
chips, for amplifying output signals from said
10 light-receiving elements; and
a controller, provided in each of said sensor
chips, for enabling said amplifier only for a duration
including a time interval in which signals are output
outside said sensor chip.from said light~-receiving
15 elements, and disabling said amplifier for a duration

except for said duration.

12. An apparatus according to claim 11, wherein a
plurality of said light-receiving elements are linearly
20 arranged in each of said sensor chips, and said sensor
chips are arranged in an arranging direction of said

light-receiving elements.

13. A sensor chip which can be used in a
25 multichip photoelectric. conversion apparatus in which a
plurality of sensor chips each having a light-receiving

element are arranged, comprising:

This Sheet Has Been Replaced

ARG




ﬁ?J?ﬂlllM[lHWMlﬂﬂ?{]ﬁd using an i mage sensor ohi p, and Fig. 10 Shovs

operdti 6n waveforne (tining chart) -t 3ar eof . Referrlng to Flg 9, image

sensor chips (to be sonmetimes referred to as nmerely "chips" hereinafter) 25

1-1, 1-2, ..., 1-mare connected to constitute a multichip inmage sensor.

Light-receiving elenents 2-1-1 to 2-1-n are fornmed on the image sensor chip
| i ght signgls into electrical signals.

S nce thell i ght - eAVTHGH ARibang 2 Ftay ) Atgred 34 fatdsbiand
ensor 15 | ong g B el SR Formel” n B0 e Bese v &
mul tichip sensOiesdidt Saidd S operation mhen a
means for outputting a signal used as a start
5 signal for the nekt sensor chip before the light signal

read operation is finished.

14. A chip according to claim 13, wherein said
sensor chip has a plurality of'said”iight-receiving

10 elements.

15. A chip according to claim 13, wherein said
light~receiving element is arranged such that optical
pumping carriers can be stored in a control electrode

15 region of a transistor.

l6. A chip éccording to claim 13, wherein said
means for delayiné the start signaiiemploys a shift

register circuit.

20
17. A multichip photoelectric conversion
apparatus’ in which a plurality of sensor chips each
having a light-receiving element are arranged, wherein
said sensor chip comprises:
25 means for delaying a start signal for a light

signal read operation performed by said light-receiving

element; and
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star ' ' jed froma start termnal 908 to the first chip 1-1 in
sync&ﬂi“ﬂgm “lﬂm‘ﬁﬂ“}ck signal froma clock term nal 909. Upon reception
of -t hiy L sitart signal, shift Tetdsters 904-1-1 to 904-1-n sequentially
turn on MOS switches 903-1-1 to 903-1-n to activate the |ight-receiving

el ements 2-1-1 to 2-1-n connected to the MOS switches, thereby reading a

light signal. 15 This light signal is anplified by a |light signa

out put a@I i fier QQQ%&Sa?eFO%%té%fkg%it%{%l t‘ggg r?g d,:\90571__6{';&3!: an optical

out put signal. A control peratl ve and nonoperative

states of a Congha{!l 64" ERO néxf CoidsH Alip pdfrd MY Sigals YLut

anplifier 906-17 The controller 905-1 acti'vates the constant current

circuit substpahfabpiratibheisapbnidsn@gas the first shift register 4-1-1
receives the start signal, thereby activating the |ight signal output

anplifier 906-1. 25 An output fromthe |ast shift register 904-1-n
of
5 18. An apparatus according to claim 17, wherein
said sensor chip has a plurality of said

light-receiving elements.

19. An apparatus according to claim 17, wherein
10 said light-receiving element is arranged such that
optical pumping carriers can be stored in a control

electrode region of a transistor.

20. BAn apparatus according to claim 17, wherein
15 said means for delaying the start signal employs a

shift register circuit.

21. An apparatus according to claim 17, wherein a
constant current circuit of a light signal amplifier is

20 activated beforehand by the start signal.

22. A sensor chip having a plurality of
light-receiving elements, comprising:
a circuit connected to each of said plurality of

25 light-receiving elements;
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the ch|  1-1 turns on the last MOS switch 903-1-n and is external |y output
to be sﬂmmmuﬁumﬂﬂ t S|gnal - 23 -1 tothe first shift register
904- 2- 1 In the 3ext chip 1-2, the sane operation as
in the chip11 ¢ escrlf)ed above is perforned, and a start 5 signal is
output to the next chip 1-3 (not shown). |In this manner, the start signal
Is sequentially output to the next chip to execute a reading operation of a
| i ght signal having the se sor Ih Fi 10 shows %ratlon wavef or
(tinming cart) 10 aoﬁl‘i Wcﬁ’ﬁfgﬂr ; d(o Fi g.
10, a light signal t he I| EIVI elenent 2-1 is 1 aq%%1t|ne S
after a start ﬁ%?@%ﬁ’ﬁ %%??q%%ﬁ% ﬂa -
must activate said circuit outside said sensor chip;

a controller for connecting/disconnecting a signal
5 ocutput from said circuit and from said signal

extracting portion; and

a signal line for operating said controller.

23. A chip according to claim 22, wherein said
10 circuit is a circuit for sequentially selecting output
signals from said plurality of light-receiving

elements.

24, A chip according to claim 22, wherein said

15 signal line is connected to said circuit.

25. A chip according to claim 22, further
comprising an amplifier provided between said circuit

and said signal extracting portion.

20
26. A chip according to claim 22, wherein said
circuit is connected to an input line for inputting an
external signal.
25 27. A chip according to claim 22, wherein an
output from said controller is supplied to a switch
This Sheet Has Been Rep
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“the circuit of the anplifier within 15 the tinme S. In
addi ﬂm"mmmgrﬂ!@Emp me S is shortened when a clock frequency is
I ncreased nt current cif+cBPt-nust be activated within a short
time period. As described above, light signal read fromthe 20

i ght-receiving el enent 2-1-1 upon inputting of the start signal and
activation of the constant current circuit of the light signal output

anplifier, 906-1 are perfornmed at ,substantially the s me tine. Jherefore in
or der to]readpfﬂglfiﬁghf’e§?”8ﬁ§| Saifeliuht-Eenet uARY 28 omeRtF AR PALGI ¢ | s

conpl etel y. actlvatg & %he Lreguencx of a block signal nust be decreased to
sufficiently ASECYACEARYBRE IAB read tine of the Ilght-rece|V|ng
el enent per pixel.

28. A chip according to claim 22, wherein said
5 light-receiving element is an element for storing
optical pumping carriers generated in accordance with

optical information.

29. A chip according to claim 28, wherein said
10 carriers are stored in a control electrode region of

said light-receiving element.

30. A photoelectric conversion apparatus
comprising a plurality of sensor chips according to
15 claim 22, said signal extracting portions of said

sensoxr chips being connected to a common signal line.

31. An apparatus according to claim 30, wherein
said plurality of sensor chips are arranged such that

20 light~receiving elements thereof are arranged in a

line.

32. A reading apparatus comprising:
a photoelectric conversion apparatus according to

25 claim 30; <
~ a signal processor for receiving an output signal

from said photoelectric conversion apparatus; and
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‘Wien the frequency of a clock signal is increased to reduce the read tine

to a processing, the constant current circuit
somamﬂm*mmgmﬂ‘arfect |y activatgd. That is, a light signal fromthe

i ght-recel i ng efenent is output before the Ilght signal output anplifier
906-1 is perfectly set in the operative state, and accurate signal
anplification 10 Is disabled. In order to solve this problem the
frequency of a clock signal for the first light-receiving el enent of each
chip may be reducea dwiwver faxasiiviimgeserid phodmelieciirdd consnairtsimmst be
external ly provided to 15 I ncrease the cost. Therefore, even if the
frequency of @PHa¥@usi-gnal is increased in order to reduce the read tine
of a light signal of the nultichip inage sensor to achi eve hi gh-speed read,

this increase is |imted by the 20 activation tinme of the constant
current circuit. f%lll anot her enhodi nment |n ich_a constant
sensor chip having a urallty
5 light-receiving elements, comprising:

a circuit connected to each of said plurality of
light-receiving elements;

a signal extracting portion electrically connected
to an output signal line for extracting an output from

10 said circuit ocutside said sensor chip;

an amplifier for amplifying the output from said
circuit;

a controller for controlling an operation state of
-said amplifier; and

15 a signal line for operating said controller.

34. A'chip according to claim 33, wherein said
circuit is a circuit for sequentially selecting output
signals from said plurality of light-receiving

20 elements.

35. A chip according to claim 33, wherein said

signal line is connected to said circuit.

25 36. A chip according to claim 33, wherein said
amplifier is provided between said circuit and said

signal extracting portion.
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’ rent circuit of a light signal anplifier is activated beforehand to

soI ve m“tmﬂﬂg‘“ﬂﬂmu be described below with reference to the

acco w ngs. This_-nmgghod can be applied to the above
enbodi nent . Fig. 11 is a block diagram show ng an
arrangenment of a- nultlchlp | mage sensor as an enbodi nent of an inage sensor
chip according to the present invention and a photoel ectric conversion
apparatus using the 5 same. Referring to Fig. 11, in inage sensor chips
1-1, 1-2,1 ..., 1-37-.thd chip aeferdivg hanelaim 33, i whe&irginOsaibdote the
sane parts First (fromthe left in Fig. 11) shift registers 904-1-i,

904-1-j, 904-9ifcuip is gounected to apojupit linpe H0Y- HPPubkipgean

respective .
external signal.

5 38. A chip according to claim 33, wherein said
light-receiving element is an element for storing
optical pumping carriers generated in accordance'with

optical information.

10 39. A chip according to claim 38, wherein said
carriers are stored in a control electrode region of

said light-receiving element.

40. A photoeléctric conversion apparatus
15 comprising a plurality of sensor chips according to

claim 33.

41. An apparatus according to claim 40, whegrein
said sensor chips are arranged such that
20 light-receiving elements of said sensor chips are

arranged in a line.

42. A reading apparatus comprising:

a photoelectric conversion apparatus according to
25 claim 41; s

a signal processor for receiving an output signal

from said photoelectric conversion apparatus; and
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“chip rt signals. A sensor operation of the nultichip i mage sensor
accoiﬂ ﬁmkﬂﬂ u ﬁ"ﬁodinent Is perforned as follows. That is, after |ight
si gnals L )8 cl ock signal 15 is supplied froma clock term na

909 to each chip, and a start signél4ps‘supplied froma start term nal 908
to the first chip 1-1. This start signal is supplied to a controller 905-1
via a delay shift register 4-1-i. The controller 905-1 turns on a constant
current circuit 20 (not shown) of a light signal output anplifier 906-1.

As a resujt, the 'iag_fatri%ie‘&”%roli%ﬁ!%ng”%k&i ?Bg%gélécitﬁ‘é”é%%grlsime start
signal is -also supplied to the shift registefr 904-1-1 via the delay shift
regi ster 904- bgpadadulsirns on a light-receiving el®ement 25 swi tching MOS
switch 903-1-1. As a result, alight signal is read fromthe ’
light-receiving element 2-1-1, anplified by the Iight signal output
anplifier 906-1,
' 43. A wmethod of reading a photoelectric conversion
5 apparatus having:
a plurality of light-receiving elements;
an amplifier for receiving outputs from said
light-receiving elements; and
a controller for controlling an operation state of
10 said amplifier, comprising the steps of:
enabling at least an amplifier of an nth sensor
chip to be read; and
enabling an amplifier of an (n+l)th sensor chip by

a signal output on the basis of an operation of said

15 nth sensor chip.

44. A method according to claim 43, wherein the
signal output on the basis of the operation of said nth
sensor chip is an output from said light-receiving

20 element in said nth sensor chip or an output signal

according to the output.

25
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“728 - and output to an output terninal 907. Subsequently, the |ight b;{
signal read operation is sequentially perforned up to the |Iight-receiving

el ement 2-1-n in synchronismwth theclock signal via the shift 5
registers. During this read operation to be sequentially executed, an

out put signal fromthe shift register 904-1-[err] is externally output from
the chip 1-1 and used as a start signal for the next chip 1-2 at the sane

10 time the light-receiving elenent 2-1-[err] is read. The start signa
recei ved by tImBSERACTOD HuR DISCIQHUREX to a controller 905-2 via the
del ay register 904-2-1. As a result, the controller 905-2 turns on a

constant current cikcsensaxf chip ghtickidgmlowimyputsilnal laimgs ffar 906- 2
bef orehand. Thereafter, in the chip 1-1, shift registers 904-1-([err] + 1)
to 904-1-n ar oukputiing pignaks cuikside the sensor chip from
light-receiving elements of the sensor chip, a switch
5 for connecting/diéconnecting the output signal lines,
and a controller for closing the switch only for a
duration including a time interval in which sigﬁals are
output outside the sensor chip from the light-receiving
elements, and opening the switch for a duration except
10 for the duration. A multichip photoelectric conversion
apparatus in which a plurality of sensor chips each
having a plurality of light-receiving elements are
arranged, includes output signal lines, connected to a
common signal line, for outputting signals outside the
15 sensor chip from light-receiving elements of the sensor
chip, a switch, provided for each of ihe sensor chips,
for connecting/disconnecting the oufput signal lines,
and a controller, provided in each of the sensor..chips,
for closing the switch only for a duration including a
20 time interval in which signals are.output outside the
sensor chip. from the light-receiving elements, and
opening’%he switch for a duration except for the

duration.

25
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signal to read the remaining light-receiving elenents 2-1-([err] + 1) to C§
2-1=n, respectively. 20 At the sane tine, in the chip 1-2, a read
operation for the light-receiving element 2-2-1 is del ayed by the del ay
shift registers 904-2-i and 904-2-j. Ey?s del ay operation ends at the sane
time as the read operation of the chi -1 ends. The MOS 25 swi tch
903-2-1 is turned on by the shift register 904-2-1, and reading of a |light
signal of the light-receiving element 2-2-1 is started. At this - 27 - 1
time, since a constant current circuit of the light signal output anplifier
906-2 of the chip 1-2 can satisfactorily operate, accurate signal
amplification can be executed. 5, I'n this enbodi ment as described

above, an ! 0 ]
T | E e
— ] O\ —3p
43 N (= o N
7y —_| e -
) V.
o ! i [~
~t ! & (
{ m T { m
l 'E ~ { t
€ ] &% = " S
m — 1~ E- i 4l Ve~
m N L= iy M- — 4
q') —;-_/-~N'E 'E [~ —'%\_/—-N
[
N il e~ < —H —~
o— ' o
| !
| I
| I
| F ~ | =
o~
' o~
N — ,.' (Vs o~ i
) 1oy ) — .1~
L n | \~ t~ i“
i N Ny
05— - ™~ | N -
'Y b 2and - t ~ N
WA || 5 | ® T
|
LT; = 11 ™™ o~ N
] ™~ 'J\ (g i ('\l
1oy
| o~ ~ { bov
o~ | o~
~ N T P o~ — -
) N~ YN ! Ny
[+e) :—- <'\] - "‘ m—\ = -3/ N
- 1 I
\ T L — o —1:~‘/\'N
o J - pl
been] 3 L
X N \;l: \ T _\.a‘:_
— 1IN V) [
[ | - ~—
~ : } 3 .
11 By Hl ™
! & ]
T 11 P "l
m~L L HL p - ] -
— — ‘L‘l— i ] “‘».aNT-F
) I N M =y oD
@ -3 — T ~ HE—4&
\ T bt} . ﬁE‘
o- J % ; ll »



operation tinme fromthe shift registers 904-1-[err] to 904-1-n of the chip
1-1 and an operation tinme fromthe delay shift registers 904-2-i to 904-2-]
of the chip 1-2 are adjusted such that the read operation of the 10 chip
1-2 is started imediately after the read operation of the chip 1-1 is
ended. In addition, a tinme enough f@yﬁﬂnivating t he constant current
circuit of the chip 1-2 is assured. Fig. 12 shows operation wavef orns
(timng chart) 15 for explaining the above operation of this enbodi nment.
Referring to Fig. 12, the start signal for tig chip 1-2 is output

si mul t aneously wi th the output signal fron1thz hift register 904-1-[err]

of the chip 1-1, thereby activating the const current circuit of the

chip 1-2 20 /éEPtZE? ). The starLe;nggrfgg'delayed by a tine T by the
shift registlerf 904- nd the shi Mineoegistier Lo04—2—oYoult shown).
Thereafter, the shift register 904-2-1 reads a light signal output fromthe
light-receiving element 2-2-1. Even if the clock :

®c
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25 frequency. is increased, accurate light signal anplification can be
performed since the time T is - 28 -1 designed to be a tinme enough
for-activating the constant current circuit. In this enbodinent, the shift
registers are arranged in a line in correspondence with the 5
light-receiving elements. The shift 3/ I sters, however, can be arranged in
any place of the chip as long as the wiring can be made. As has been
descri bed above, according to the present invention, there is provided a
mul tichip 10 phot oel ectric conversion apparatus in which a common signal
line is used to-extract signals froma plurality of sensor chips to an
external signal processor withouf generating crosstalk or reducing an S/'N
E

ratio of a read '
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signal. In addition, switching can be effectively, 15 automatically set
to.sinplify an external circuit. According to the present invention,
consunption power of a nultichip photoelectric conversion apparatus can be
| argely reduced wi thout externally pz;ééding a specific circuit. In
addition, heat generated on the 20 I's of the consunption power can be
reduced to prevent degradation in characteristics. Furthernore, according
to the present invention, each chip constituting a nmultichip inmge sensor
conprises neans for outputting a start signal to the 25 next chip during
a read operation of a |light signal, and neans_for activating a |light signal
anplifier (e.g., a constant current circuit) %pon | nputting of é - 29 -1

the start signal and del aying the read operaFng unti | Wtk
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the read operation of the previous chip is perfectly finished. Therefore,
even if a clock frequency is increased, the anplifier of each chip can be
activated 5 bef orehand. As a result, a high-speed readi ng operation and
an accurate |ight signal output can_bg obtained. Mreover, since a shift
register is used as the del ay neans; conplicated circuit need be
externally 10 arranged. Therefgore, a conpact photoel ectric conversion
apparatus as a nmultichip i mage sefnisor can be realized\Mtlfkﬂgh reliability
and | ow cost up. 15 20 25 - 3@;- Cl ai ms - €
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1.-A sensor chip for use in a multichip photoelectric conversion apparatus,
which sensor chip (1-1;1 -2;.; 1-m conprlses an array of light receiving

el enents (2-1-1to 2-1 -n; 2-2-1to 2-2- ..; 2-ml1lto 2-mn); an out put
signal line (5-1;, 5-2; ..; 5-nm) common to said array of light receiving
el enents (2-1-1 to 2- 1- n); a selectlﬁﬂBCerU|t (3-1;3-2: ..; 3-m, for
sel ecting sequentially each of said light re- ceiving elenents (2-1-1 to
2-1-n; 2-2-1to0 2-2-n;..; 2-m1 to 2-mn) and for connecting themto said
out put signal line (5-1; 5-2; ..; 5-4); and an anplifier (4-1; 4-2;.{.; 4-m
I nt er posed be- tween sald output signal line (5-1; 5-2; ..; 5-m ang_said
selection circuit (3-1; 3-2; ...: 3-m): which sensor chip is characferised
by: a switch (6-1; 6-2; ..; 6-m interposed between said output sighkél line
(5-1; 5-2;...; 5-m an@l, &
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sard anplifier (4-1, 4-2; ..; 4-m; and a controller (7-1; 7-2; .., 7-m
which is respon- sive to said selection circuit (3-1; 3-2; ..; 3-m) and is
operable to close said switch (6-1; 6-2; .; 6-m) only for atine interva
during which said light receiving elements (2-1-1 to 2-1-n; 2-2-1 to 2-2-n
.; 2-m1l to 2-mn) are selected se-74gentially and to open said switch

(6-1; 6-2; 6-m at other tines. -31- 2. A sensor chip for use in a
mul ti chi p photoel ectric conversion apparatus, which sensor chip (1-1;1-2;
1-m conprises: an array of light reteiving elements (2-1-1 to 2-1 -n;

2-2-1to 2-2-n;. ..; 2-m1lto 2-mﬂﬁ;§eu10utput sHppal line (5-1; 5-2; ..
5-m comon & g‘\E:_: A <
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to said array of light receiving elenents (2-1-1 to 2-1-n); a selection
circuit (3- 1:3-2;..; 3-m, for selecting sequentially each of said |ight
re-~ ceiving el ement s (2-1-1to 2-1-1to 2-1 -n: 2-2-11t0 2-2-n; ..; 2-m
to 2-mn) and for connecting t'hemto sai d output signal line (5-1; 5-2:
5-4); and an anplifier (4-1; 4-2; 4}381) I nt er posed be- tween sald outp
signal line (5-1; 5-2: ..; 5-m and said selection circuit (3-1; 3-2; ..
3-m; which sensor chip is characterised by: a controller (506-1;, 50& 2;
506-m, which is responsive to said selection circuit (3-1; 3-2; O.

3-m), and is operable to enable said anplifier (4-1; 4-2; ...; 4-m y
for a tinme interval during which said |ight receiving el errents (2-1- o
2-1 -n; 2-2-1to 2-2-n; ..; 2-m1to 2-mn) are se- Iected_sequentlatga/_
to disable said anplifjer (4-1; 4-2; .., 4-m) at other tin€s. §E
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3. —~A sensor chip as claimed in claim2 wherein said controller ?W???”V-Z;
.., 7-m and said selection cir-.cuit (3-1. 3-2; ..; 3-n) co-operate to
enable said am plifier (4-1; 4-2; ..; 4-m in advance of selection of a
first one (2-1-1; 2-2-1; ...; 2- n}l) of said light receiv- ing elenents
(2-1-1to 2-1-n; 2-2-1 to 2-2-n; ..; 2-m 1 to 2-mn) by a sufficient tinme
to start and stablllse operatlon of said anplifier (4-1; 4-2; 4-m .
- 32 - 4. A sensor chip as clalnedd nclains 2 or 3 wherein said sel ection
circuit (3-1; 3-2:.. 3-m) conprises 4 Shift register (904-1-1 to 904-1 -n:
904-2-1 to 904SINGQR CHIPOAADTPHOTQEDOATRYG; COAYERSTIONOO4-1-j, 904-1 -1 to
904- 1-n; 904- 2- APPABATPS| USI®BL- THE SAMEO4-2-n; ..; 904-mi, 904-mj,
904-m1 to 904-mn) for selecting sequentially said |ight receiving ele-
AB_f_serACT OF THE DISCLOSURE:

A sensor chip includes output signal lines for
outputting signals outside the sensor chip from
light-receiving elements of the sensor chip, a switch
for connecting/diéconnecting the output signal lines,
and a controller for'closing the switch only for a
duration including a time interval in which signals are
output outside the sensor chip from the light-receiving
elements, and opening the switch for a duration except
for the duration. A multichip photoelectric conversion
apparatus in which a plurality of sensor chips each
having a plurality of light-receiving elements are
arranged, includes output signal lines, connected to a
common signal line, for outputting signals outside the
sensor chip from light-receiving elements of the sensor
chip, a switch, provided for each of the sensor chips,

- for connecting/disconnecting the output signal lines,
and a controller, provided in each of the sensor..chips,
for closing the switch only for a duration including a
time interval in which signals are ocutput outside the
sensor chip* from the light~receiving elements, and.
opening the switch for a duration except for the

duration.-

FIGURE 2
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to 904-mn) selecting the first one (2-1-1; 2-2-1;

recei vi

said co

ng el e- nment

rrents 2 2-1t0 2-2-n;..; 2-m1to 2-mn) and Saipereea el
’-Controlm, m,@l,wm .; 905-m |s connected to a stage (904-1-1;
904- 2- 1% . i; 904-2-i; ..; 904-mi) of said shift register.
5. A sensor chip as clai rred in cIaim4 depending fromclaim2, wherein
said controller (905-1; 905-2; -m) is connected to that stage
(904-1-1; 904-2-1; ..; 904- ml) of said shift register (904-1-1 to 904-1-n;
904-2-1 to 904-1-n; ...; 904-m1 to 904-mn; 904-1-i, 904-1-j, 904-1-1to
904- 1- n; 9043[8!!113904 2-j, 904-2-1 to 904-2-n;.. 904-mi, 904-mj, 904-m 1.

2-mn) of said |ight

S (2-1-1 to 2-1-n; 221t022n, .., 2-ml1lto 2-mn).
6. A sensorl.chif sensoaiotdp for usa m@dmﬂhdhrmp‘hmtmeleb@mm?» wher ei n

1-m) comprises:

an array of light receiving elements (2-1-1 to
2-1-n; 2-2-1 to 2-2-n; ..; 2-m-1 to 2-m-n);

an output signal line (5 1; 5-2; ..; 5-m) common
to said array of light receiving elements (2-1-1
to 2-1-n); a selection circuit (3-1;3-2; ..; 3-m),
for selecting sequentially each of said light re-
ceiving elements (2-1-1 to 2-1-n; 2-2-1 to
2-2-n; ..; 2-m-1 to 2-m-n) and for connecting
them to said output signal line (5-1; 5-2; ..; 5-4);
and

an amplifier (4-1; 4-2; ..; 4-m) interposed be-
tween said output signal line (5-1; 5-2; ..; 5-m)
and said selection circuit (3-1; 3-2; ...; 3-m);
which sensor chip is characterised by:

a switch (6-1; 6-2; ..; 6-m) interposed between
said output signal hne (5-1; 5-2; ...; 5-m) and
said amplifier (4-1; 4-2; ..; 4-m); and

a controller (7-1; 7-2; .., 7-m), which is respon-
sive to said selection circuit (3-1; 3-2; ..; 3-m)
and is operable to close said switch (6-1;6-2; ..;

- 6-m) only for a time interval during which said

This is the rep\acement sheet

Date:

light receiving elements (2-1-1 to 2-1-n; 2-2-1
to 2-2-n; ..; 2-m-1 to 2-m-n) are selected se-
quentially and to open said switch (6-1; 6-2; ..;
6-m) at other times.
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Q904-n{7) precedi ng that stage (904-1-1; 904-2-1

“regi ste mn T 01; 904-mn) selecting t hé' f irst one (2-1-1; 2-2-1; = °
s 2-n” ' IH“ | receiving elements (2-1-1 to - 33 - 2-1-n:
2-2 oM s2-m

-1 to*2-2-nt

904-m 1) of said shift .- -

1to2-mn). 7. A sensor chip as clained in any

precedi ng clai mwherein each |light receiving element (2-1-1 to 2-1 -n:
2-2-1to 2-2-n; ...; 2-m1 to 2=mdh)-has a tran- sistor structure for

storing photoexcited carriers in a control

transistor i UA seHser chipohUselifca "rUGERIF

an array of sensor chips

the preceding Ccpgr,wrg,rs%qh pparatus, which sernsor chip

el ectrode

a

region of said

\Otbelpegfiat us conpri sing:

?19{%kgﬁd in any one of

1-m) comprises:

~an array of light receiving elements (2-1-1 to

2-1-n; 2-2-110 2-2-n; ..; 2-m-1 to 2-m-n);

an output signal line (5-1; 5-2; ..; 5-m) common
to said array of light receiving elements (2-1-1
to 2-1-n); a selection circuit (3-1;3-2; ..; 3-m),
for selecting sequentially each of said light re-
ceiving elements (2-1-1to 2-1-1 {0 2-1-n; 2-2-1
1o 2-2-n; ..; 2-m-1 10 2-m-n) and for connecting
them to said output signal line (5-1; 5-2: ..; 5-4);
and

an amplifier (4-1; 4-2; ..: 4-m) interposed be-
tween said output signal line (5-1; 5-2. ..; 5-m)
and said selection circuit (3-1; 3-2; ...; 3-m);
which sensor chip is characterised by:

a controller (506-1; 506-2; ..; 506-m), which is
responsive to said selection circuit (3-1; 3-2; ..;
3-m), and is operable to enable said ampilifier
(4-1; 4-2; ...; 4-m) only for a time interval during
which said light receiving elements (2-1-1 to
2-1-n; 2-2-1t0 2-2n; ..; 2-m-1 t0 2-m-n) are se-
lected sequentially and to disabie said amplifier
(4-1; 4-2; ..; 4-m) at other times.

3. A sensor chip as claimed in claim 2 wherein said
controller (7-1; 7-2; ..; 7-m) and said selection cir-
cuit (3-1; 3-2; ..; 3-m) co-operate to enable said am-
plifier (4-1; 4-2; ..; 4-m) in advance of selection of a
firstone (2-1-1; 2-2-1; ...; 2-m-1) of said light receiv-
ing elements (2-1-1to 2-1-n; 2-2-1 to 2-2-n; ..; 2-m-
1 to 2-m-n) by a sufficient time to start and stabilise
operation of said amplifier (4-1; 4-2; ...; 4-m).
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a commdn output—t+t+Ae—(10) connected to the out- put signal line (5-1, 5-2,.'-}‘_ ;

sor chip (1-1, 1-2, .., 1-m. 9. A photoelectric

conversmﬂmm cI aimed in claim8 wherein said sensor chips (1 -1,
: sclalrredln claim5 and the | ast stage (904-1 -n,

904-2-n, .., 904-(m1) n) of the shift reg- ister of each sensor chip
(2-1, 1-2. .., 1-(m1)) is connected82cthe first stage (904-2-i,
904-3-i,.. 904-n-i) of the next sensor chip (1 -2, 1-3, .., 1-n) of said
array. 10. A photoelectric conversion apparat us as clainmed in claim38
wherein said sensor chips (1-1, 1-2, ..; 1- are each as clainmed in claim

(9041 -, a%SJ@"“/’**m%%‘cﬁ#f diﬂﬂétﬁf Fﬁe%' ik 2GCIWRRRRF T 50
sensor chipis comﬁ@deﬂeiaﬂlpmcagwlbf(?:theasﬁlft rfé'dl@@mpmeﬂ% next chip
precedi ng the st ag%kﬁﬂnr}eecé,gpe,t 0 g@g {i{stg! igha- 1_@9e|g0392_ell efgnt of that
© 904-1-n: ... 904-m-1 to 904-m-n; 904-1-i, 904-1j,

904-1-1 to 904-1-n; 904-2-i, 804-2-j, 504-2-1 to

804-2-n; ..; 804-m-i, 804-m-j, 804-m-1 to 804-m-n)

for selecting sequentially said light receiving ele-

ments (2-1-1 to 2-1-n; 2-2-1 to 2-2-n; ..; 2-m-1 to

2-m-n) and said controller (905-1; 905-2; .., 905-m)

is connected to a stage (904-1-1; 904-2-1; .;

804-m-1; 904-1-i; 904-2-i; ..; 904-m-i) of said shift

register.

5. Asensorchip as claimed in claim 4, depending from
claim 2, wherein said controller (905-1; 805-2; . ;
805-m) is connected to that stage (804-1-1;
804-2-1; ..; 904-m-1) of said shift register (904-1-1
to 904-1-n; 904-2-1 to 904-1-n;...; 904-m-1 to
904-m-n; 904-1-i, 904-1-j, 804-1-1 to S04-1-n;
904-2-i, 904-2-j, 904-2-1 to 904-2-n; ..; 904-m-i,
804-m-j, 904-m-1 to 904-m-n) selecting the first one
(2-1-1; 2-2-1; ..; 2-m-n) of said light receiving ele-

- ments (2-1-1 to 2-1-n; 2-2-1 to 2-2-n; ..; 2-m-1 1O
2-m:n).

6. Asensorchip as claimed in claim 4 depending from
claim 3, wherein said controller (805-1; 905-2; .;
805-m) is connected to a stage (904-1-i; 904-2-i; ..;
904-m-i) preceding that stage (904-1-1; 804-2-1; ..;
904-m-1) of said shift register (904-1-i, 8040201;
904-m-n) selecting the first one (2-1-1; 2-2-1; .;
2-m-n) of said light receiving elements (2-1-1 to

This is the replacement sheet
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2-1-n; 2-2-1 10 2-2-n; ..; 2-m-1 to 2-m-n).

7. A sensor chip as claimed in any preceding claim

wherein each light receiving element (2-1-1 to

+ 2-1-n;2-2-1102-2-n; ...; 2-m-1 t0 2-m-n) has a tran-

sistor structure for storing photoexcited carriers in

a control electrode region of said transistor struc-
ture.

8. A photoelectric conversion apparatus comprising:

an array of sensor chips (1-1; 1-2; .., 1-m) each
as claimed in any one of the preceding claims;
and

a common output line (10) connected to the out-
put signal line (5-1, 5-2, ..., 5-m) of each sensor
chip (1-1, 1-2, .., 1-m).

9. A photoelectric conversion apparatus as claimed in
claim 8 wherein said sensor chips (1-1, 1-2, ..; 1-m)
are each as claimed in claim 5 and the last stage
(904-1-n, 904-2-n, .., 904-(m-1)-n) of the shift reg-
ister of each sensor chip (1-1, 1-2, .., 1-(m-1)) is
connected to the first stage (904-2-i, 904-3-, ..
904-n-i) of the next sensor chip (1-2, 1-3, .., 1-m) of
said array.

10. A photoelectric conversion apparatus as claimed in
claim 8 wherein said sensor chips (1-1, 1-2, ..; 1-m)
are each as claimed in claim 6 and a stage (904-1-1,
004-2-1, .., 904-(m-1)-1) preceding the last stage
(904-1-n, 804-2-n, .., 804-(m-1)-n} of the shift reg-
ister of each sensor chip is connected to a stage of
the shift register of the next chip preceding the stage
connected to the first light receiving element of that
next chip of said array. This is the replacement sheet

pate: 08 AUB m?
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ABSTRACT

SENSOR CHIP AND PHOTOQELECTRIC CONVERSION
APPARATUS USING THE SAME

A sensor chip includes output signal lines for
outputting signals outside the sensor chip from
light-receiving elements of the sensor chip, a switch
for connecting/digconnecting the output signal lines,.
and a controller for.closing the switch only for a
duration including a time interval in which signals are
output outside the sensor chip from the light-receiving
elements, and opening the switch for a duration except
for the duration. A multichip photoelectric conversion
apparatus in which a plurality of sensor chips each
having a plurality of light-receiving elements are
arranged, includes output signal lines, connected to a
common signal line, for outputting signals outside the
sensoxr chip from light-receiving elements of the sensor
chip, a switch, provided for each of the sensor chips,
for connecting/disconnecting the output signal lines,
and a controller, provided in each of the sensor..chips,
for closing the switch only for a duration including a
time interval in which signals are output outside the
sensor chip* from the light-receiving elements, and
opening the switch for a duration except for the

duration.

FIGURE 2
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