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SOLID STATE IMAGE-SENSING DEVICE AND BARCODE
READING DEVICE EMPLOYING SAID DEVICE

'BACKGROUND OF THE INVENTION
1. Field Of The Invention:

The present invention relates to a solid-state
image sehsingzapparatus and more particularly to a
solid-state image-sensing device equipped with a
binary circuit for outputting an image-sense signal
as a binary signal and a barcode.reading device
using this solid—state.image—sensing apparatus to
read-out, convert to_binary signals and output
barcodes. '

2. Descrlptlon Of Related Art:

Barcodes are information concerning merchandise
codes etc. which are displayed usually as
combinations of lines of differing sizes on a
medium etc. These are then read-out at a XXX or POS
(point of sale) etc. and used in the analysis of,
for example, the total sales and circulation of
merchandise.

CCD image sensors are mainly used as the read-
out means for optically reading-out these barcodes.
wWith bafcode reading devices using these CCD—image
sensors, the output df the CCD image sensor.is sent

to a binary circuit, the combination of 1ihes of
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different sizes are taken out as binary information

and this binary information is then detected. A
method for obtaining the binary information where
the level (voltage) of an'image—sense signal is
compared with a threshold voltage at a comparator
is usually adopted in the case of this binary
processing.

However, while the image-sense signal from the
CCD image sensor is being binarized, it is
difficult to carry out binary processing for a
fixed threshold voltage because the barcode print
surface reflections are not uniform due to the
influence of depressions or rises in the surface on
which the barcode is printed and the ihfluence of
light coming from outside.

Because of this, with the barcode reading
apparatus of the related art, a circuit built
outside of the CCD image sensor chip is used to
invert the comparator in the case of a signal level
change just before the image—eense signal goes
above a fixed absolute value.

The following is a description based on FIG. 19
of a barcode reading dev1ce for the related art.

Flrst a CCD image sensor 100 comprises a

sensor row 102 having a plurality of light-
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i mge-sense signal is c a threshold voltage at _a_ Canarator IS

usual |y adopted in the case of this binary

receiving portions 101, for conw =fﬁg-¥néldent‘" -----
light into sighal charges corresponding to the
amount of incident light and accumulating the
charges, arrayed in a row, and a charge transfer
register 104 comprised of CCDs for transferring
signal charges read-out from each of the light-
receiving portions 101 of the sensor'rdw 102 by a
read-out gate 103 in one direction. B

A charge/voltage converter 105 made, for
example, by floating diffusioﬁ region, for
detecting the transferred signal charge and
converting this signal charge to a voltage is
provided at the final'stagé of the charge transfer
register 104. |

A buffer circuit 106 comprising, for example, a
source follower circuit for performing current

| amplification on the output of the charge/voltage

converter 105 is provided at the post stage of the
charge/voltage converter 105. This buffer 106 is
formed on the same substrate (chip) as the sensor
row 102, the read-out gate 103 and the charge
transfer fegister 104.

Then, a CCD output (image-sense signal) is
derived from the output of the buffer 106 and sent

to outside via an external terminal 107 to then be



processi ng. However, while the |nage sense S|gnal fromthe CCD i mage sensor

i S being binarized, it is lema%lt dout binary processing for a
fixed threshol d voltage becau print surface reflections are
not uniférmdue to the |nflue ons op_tises in the surface on

whi ch the barcode is printed and the |nfluence of
out si de. Because of this, with the barcode readi
art, a circuit built out si de of the OCD i mage se

sent to a binary circuit 109 after belng level—

amplified by an amplifier 108. A floating binary
circuit etc. employing diodes is used as the binary
circuit 109. |

This floating binary circuit comprises a
comparator 110 and diodes 111 and 112 connected in
reverse polarity across the input terminals of the
comparator 110. This structure is such that the
comparator 110 is inverted in the case of a signal
level change just before the image-sense signal
exceeds a fixed absolute value.

The input/output characteristics of the binary
circuit 109 posses a hysterisis characteristic
whereby, as shown in FIG. 20, in the case when the
input voltage Vin is, for example, 0V and the
output voltage Vout is, for example, 5V i.e. the

 power supply voltage, the.qutput voltage Vout is
inverted to 0V when the input voltage Vin rises
from about OV to 0.7V i.e. the level of the diode
voltage drop. Alternatively, when the input voltage
Vin is, for example, 5V and the output voltage Vout
is 0V, the output voltage-Vbut is inverted to 5V
when the input-voltage Vin falls by about 0.7V.
It therefore follows that the output of the

binary circuit 109 is inverted when the current



invert the cdmy §h®tlﬂu‘staﬁe};y§ .gase of a signal |evel change JUSt before the
| mge-sense si e a fixed absolute value. The following is a
description b (!ﬂ! Eﬂlg of a barcode reading device for the rel ated
art. First, or 100 conprises a sensor_row.102 having a
plurality of Ilght- receiving portions 101, for dpnverk;ng |nC|dent
light into signal charges corresponding to the ’{AGFS -“‘h

signal level of the image-sense signal changes by
+7— 0.7V or more with respect to the signal level
of the previous image-sense signal and this
inverted signal can then be taken out as binary
information. '

A characteristic of this floating binary.
circuit is that it is possible to carry out |
binarization using the relative degrees of light
and shade of a barcode by capturing éhanges in a
signal as binary.

However, when applications are made in barcode
reading devices, in solid-state image—sense devices
of the related art including the binary circuit, it
is necessary to use an amplifief providing a high
degree of amplification as the amplifier 108 for
noise countermeasures and a binary circuit 109
employing diodes 111 and 112, which makes the
circuit structure complicated and makes manufacture
on the same chip as the image sensor 100 i.e. an
on-chip structure, difficult to achieve.

Even if the circuit etc. can be made on-chip,
giving consideration to the progress in the current
situation of low voltage power supply operating
voltages for the CCD image sensor 100, for example,

3V, normal junction-type diodes have a dead-zone in



amount  of |nC|ddmkshmgm&B@ﬁﬂ1 ecegmul ating the charges, arrayed in a row,
.and a charge tran

. 104 conprised of CCDs for transferring
signal charges re ch of the light- receiving portions 101 of

the sensor row 10

regi on,

signal- charge to a voltage is provided at the fin

t gate 103 in one an__A

for detecting the transferred signal charge andgespXeghing t

char ge/ vol t age conyerter 105 made, for exanple, b ﬁh@ﬁé#ﬂgyd}itgshog
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transfer

rﬁ%éi%e%ysterlsls characteristics corresponding to a
drop in the voltage level of about 0.7V. A voltage
which is two to three volts larger than 0.7V or
greater is therefore necessary for signal

amplification within the sensor and handling this
kind of large signal amplification with a 3V power

supply CCD image sensor is extremely difficult.

SUMMARY OF THE INVENTION

As the present invention sets out to resolve
the aforementioned problems, it is an object of the
present invention to provide a solid-state image-
sensing device and a bar-code reading device
employing this solid-stage image-sensing device
capable of taking binary information without
putting a complicated circuit on-chip whilst being
compatible with low-voltage operating power supply
voltages.

In order to achieve the aforementioned object,
according to the present invention, a solid-state

image-sensor comprises a sensor, a charge transfer

- part, a plurality of charge/voltage converters, a

comparator and a detector. The sensor is
constructed from a plurality of arrayed light-

receiving portions, with each light-receiving
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converter 105 is post stage of the charge/voltage converter
105. Thi $ buffer

n the same substr (chip) as the sensor
row 102, the read out gate- 103 and the charge traafﬁgg gégfﬁfﬁt“feé~then
a CCD-out put (inmmge-sense signal) is derived from he og ngér_ Hoha Puffer
106 and sent to outside via an external term nal -h ;Ji

portion converting incident light into a sSignal

A buffer circuit rising, for exanple, a source follower circuit for
perform ng curren m ebn the out put of the charge/voltage

charge corrasponding to the amount of incident
light and accumulating the signal charges. The
charge transfer part is for distributing between at
least two systems the signal charge stored at one
light-receiving portion part of the sensor and
transferring the signal charge using different .
numbers of stages. The plurality of charge/vnltage
converters are for detecting and converting into
voltages the signal nharges of the at least two
systems transferred by the charge transfer part.
The comparator is for carrying out a level
conversion on each of the outputs of the plurality
of charge/voltage converters and the detector is
for detecting the level transition point of the
comparator output signal and generating a binary
signal. | ‘ ™
The charge transfer part has a common transfer
part for transferring signal qharge read-out from
the sensor, as is, in units for each light-
receiving pdrtion and first and -second transfer
‘parts for distributing between at least two systems
and transferring the signal charge of one receiver
transferred by the common transfer part.

The comparator has a hysterisis characteristic
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and the plurality of charge/yoltage converters are
set up in such a manner that at least one reset
potential differs from the remaining feset
potentials. Each reset potential of the plurality
of charge/voltage converters can be independently
adjusted.

The solid-state image-sensing device may also
be further equipped with a plurality of buffers
each having diifering input/output éharacteristics
for providing each of the output voltages of the
plurality of charge/voltage converters to the
comparator. Each of the plurality of buffers are
constructed using a source-follower circuit
construction with the buffer voltages being set-up
at mutually differing values.

Further, according to the present invention, a
bar code reading device comprises a light source
and an image sensor comprising a sensof, a charge
transfer part, a plurality of charge/voltaée
converters, a comparator and a detector. The sensor
is constructed from a plurality of arrayed light-
receiving portions, with each receiver converting
light, reflected when light is shone from the light
source onto a bar-code attached to a medium, into a

signal charge corresponding to the amount of




exceeds a fixed ahﬁscﬂhaataasmbnmmaifdde i nput / out put characteristics of the

bi nary circuit 109 risis characteristic whereby, as shown in
FIG 20, in the ca ut voltage Vinis, for exanple, OV and the
out put vol tage Vout

or exanpl e, .e. the
out put vol tage Vout |s I nverted to Ch’mhen the in -
about O/ to 0.7V i.e. the level of the diode voltadge dr@@nlALt&Fﬁat|Vely

~when the input voltage Vin is, for exanple, 5V and—tHe—outrput=—voeltagt \out
is OV, the output voltage Vout_is inverted,t %%_ .
reflected light and accumulatlng e signal

Ly..voltage, the
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charges. The charge transfer part is for
_distributing the signal charge stored at one
receiver part of the sensor between at least two
systems and transferring the signal charge using
different numbers of stages. The plurality of
charge/ﬁoltage converters are for detecting and
converting into voltages the signal charges of the
at least two systems transferred by the charge
transfer part. The comparator is for carrying out a
level conversion on each of the outputs of the
plurality of charge/voltage converters and the
detector is for detecting the level transition
point of Ehe comparator output signal and
generating a binary signal.

The charge transfer part has a common transfer
part for transfefring signal charge read-out from
the sensor, as is, in units for each light-
receiving portion and first and second transfer |
parts for distributing between at least two systems
and transferring the signal charge of one receiver
transferrgd by the common transfer part.

The comparator has a hysterisis characteristic
and the plurality of charge/voltage converters are

set up in such a manner that at least one reset
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when the input volt | _ y about 0.7V. It therefore foll ows that

t he out put of the. bi ! ﬂOQ I's inverted when the current si gnal
| evel of the inage-sense s anges by +/- 0.7V or nore with respect to
the signal level of the previous inage-sense signal and S5t d

signal can then be taken out as binary informati Off of

this floating binary
potential differs from the remaining reset
potentials. Each reset potential of the plurality
of charge/voltage converters can be independently
adjusted.

The bar-code reading device may also be further
equipped with a plurality of buffers each.héving
differing input/output characteristics for
providing each of the output voltages of the
plurality of charge/voltage converters to the
comparator. Each of the plurality of buffers. are
constructed using a source-follower circuit
construction with the buffer voltages being set-up
at mutually differing values. |

In the solid-state image-sensing apparatus of
the above construction, signal charge read-out from
the sensor part by the same light-receiving portion
is transferred in the charge transfer part as
signal charge for at least two systems, with there
being a differing-number of transfer stages in each
of ;he two systems. There is therefore a time
difference between the signal voltages for the at
least two systems outputted from the charge/voltage
converters corresponding to the difference in the
number of transfer stages. |

The signal voltages of the at least two systems

- 10 -
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circuit is that- arry out binarization using the relative
degrees of I|ight svk“ﬁ M“ﬁ [m!Earcode by capturing changes in a signal as
bi nary. However, s are made i n barcode readi ng devices, in
solid-state |nage sense devices of the related art including the blnary
circuit, it is necessary to use an anplifier providing a high degree of
anplification as the anplifier 108 for noise counter SLULes-—and-a-bimary
circuit 109 enploying diodes 111 and 112, which mak ph@ gtrcubt~§%rudture
conpl i cated and makes manufacture P acko

possessing a time difference are inputited £o- a_:;"”_;zﬁ

comparator and when the level change between the
 two signal voltageslis greater than a fixed level,
the comparator output is changed. A binary signal
is then generated by a detector detecting the level
transition_point of this comparator output.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural view showing a first
embodiment of the present invention;

FIG. 2 is a plane pattern view showing the
structure in the region of the branch part of the-
charge transfer register;

FIG. 3 is a cross-sectional view taken along
the line X1 - X2 of FIG. 2;

FIG. 4 is a potential view showing the
distribution of potential at the plane X1 - X2;

FIG. 5 is a signal waveform diagram for
describing the operation of a first embodiment of
the present invention; .

FIG. 6 is a structural view showing a first
modification of the first embodiment; |

FIG. 7 is a structural view showing a second
modification of the first embodiment ;

FIG. 8 is a circuit diagram showing a first

example of a comparator;

-11 -
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FIG. 9 is a circuit diagram sh g’a second
example of a comparator;

FIG. 10 is a.circuit diagram showing a third
example of a comparator;

FIG. 11 is a circuit diagram showing a fourth
example of a comparator:;

FIG. 12 is a structural view showing a second
embodiment of the present invention;

FIG. 13 is a view showing the potential of a
charge/voltage detector of the second embodiment;

FIG. 14 is a signal waveform diagram for
describing the operation of the second embodiment;

FIG. 15 is a structural view showing a third
embodiment of the present inventidn;

FIG. 16 is a circuit diagram showing an example
of a buffer circuit structure;

FIG. 17 is a characteristic diagram showing
buffer input/output characteristics;

FIG. 18 is a signal waveform diagram for
describing the operation of a third embodiment of
the present invention; '

FIG. 19 is a structural view showing an example
of a bar code reading device of the related art;

FIG. 20 is a characteristic diagram showing

hysterisis characteristics of a related art binary

- 12 ~



anplification Wi t hi n d handling this kind of large signa
anplification with a Iy CCD i mage sensor is extrenely
difficult. SUMVARY OF THE | NVENTI ON As t he present inventiom-setsour "
resol ve the aforenmentioned problens, IS an ObJeCH\QﬁU%BE “pf egerit Jt
invention to provide a solid-state |nage- sensi ng devlce and’ d*ﬁa} code-

readi ng device enplo t hi
J c1rcu£n1 Xn&? i's solid-stage inmage-sensi-ng=device |

drop in the voltag S 0B 7V. A voltage which is two to three
vol ts larger than ﬁﬁ . eeFEﬂ‘Mceés) therefore necessary for signal

FIG. 21 is a structural view showing an example
of a solid-state image-sensing device of the
present invention applied to barcode reading

device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
First Embodiment .

The following is a detailed description based
on the drawings of the embodiments of the present
invention.

FIG. 1 is a structural view of the first
embodiment of the present invention with, fof
example, a linear sensor being used as an imagé
sensor. |

The CCD image sensor 1 of the first embodiment
is constructed from a linear sensor (line sensor)
comprising a sensor row 3 of a multiplicity of
light—recei&ing portions (pixels) 2 arrayed in a
single row for converting incident light into an
amount of charge corrésponding to the amount of
light and accuﬁulating this charge, a read-out gate
4 for reading out signal charges accumulated at
each of the light-receiving portions 2 of the

sensor row 3 by applying a réad—out pulse ROG, and

- 13 -
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capabl e of taking ij etlH&iBéeﬁREﬁ]é}EH W thout putting a conplicated circuit

vol t ages.
pr esent
transfer

det ect or.

Invention, a soli

ge Sensor conpri ses a_Sensers
part, a pIurallty of charge/vol tage conver
The sensor is constructed froma pluralit

recei ving portions with each |ight-receiving e

a charge transfer register 5 comprising CCD's for
transferring signal charges read-out from the
sensor row 3 by the read-out gate 4 in one
direction. In this example, this is. the right-hand
side direction in the diagram.

The charge transfer register 5 is comprised of
a common transfer part 6 for transferring signal
charges outputted from the sensor row 3 as pixel
units without modification and two output side
transfer parts 7 and 8 provided on the output side
of the charge transfer register 5 which divide into
two and transfer signal charges of the same pixels.
The construction is two-phase driven by, for
example, two-phase transfer clocks clock ¢H1 and
OH2. |

The specific structure of the distributed
portion of the charge transfer register 5 is shown
in FIG. 2. As shown in FIG. 2, at the charge
transfer register 5, a two-layer polysilicon (1lPoly
Si, 2PolySi) accumﬁlating gate electrode 9 and
transfer gate electrode 10 comprising an electrode
pair are repeatedly arrayed, and transfer clocks
fH1 and fH2 are applied to these electrodes

At the common transfer part 6, the single

channel 11 forks within the region of the

- 14 -
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portlon converting incident light into a signal charge correspondlng to the
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lacehd accunul ati ng the signal charges. The charge
transfer p F rlbutlng bet ween at | east two systens the S|gna
char ge stor t-receiving portion part Of:th€—§6ﬂ$6r aﬂ
transferring e signal charge using different nunbgrBi6fSsta és’
plurality of charge/voltage converters are for detegting RAgh

into voltages the signal charges of the at |east t

Wﬁej
i ertlng

accumulating gate electrode 9 occurring on the
output side of the output of the charge transfer
register 5. i.e. the division part A into which the
channel 11 divides is positioned with the region of
the accumulating gate electrode 9.

FIG. 3 is a cross-sectional view taken along
line X1-X2 of FIG. 2 and FIG. 4 shows the potential
at this cross-section. |

In this embodiment, the division part A which
divides the channel 11 is set up so as to be
positioned qentrally with respect to the width of
the channel 11.

In this way, in the signal charge transfer
process using pixel units, as shown in FIG. 4, if
the same pixel signal charge is transferred within
the region of the accumulating gate electrode 9 at
which the division part A exists, this same pixel
signal charge is divided approximately equally by
the existence of the division part A and is
provided to the transfer parts 7 and 8 on each .

~output side.

Again in FIG. 1, the two output side transfer
parts 7 and 8 are constructed with differing
numbers of transfer stages and the same pixel

signal load can be transferred in synchronization

- 15 -



systens transferr ethis eetHﬁBéaﬂ{ Reeir ansfer part. The conparator is for
carrying out a Ieve n each of  the outputs of the plurality of
charge/ vol t age conv detector is for detecting the | eve
transition point of r out put signal -and _generating.a binpary

signal. The charge transfer part has a common trang %ﬁreoé\ﬁih'lﬂoﬁs BEEN '-55
transferring signal charge read-out fromthe sensor Egpth@ggnrts flor
each |ight- receiving portion and first and second -s=-fgr=

distributipg between at boast Luo SYStes yo gm and ¢H2 .

In the case in this embodiment, the number of

stages of the output side transfer part 8 is set up
to be, for example, two stages (two bits) larger
than that of the output side transfer part 7. In
this way,'the same pixel signal loads transferred
by the output side transfer parts 7 and 8 have a
time difference corresponding to two bits at the
final stage. |

Charge/voltage converters 12 and 13 for
detecting and converting to a voltage signal
charges which have been transferred are provided at

'_each of the final stages of the output side

transfer parts 7 and 8. Floating diffusion region
have been used as the load/voltage converters 12
and 13 in this embodiment. However, the present
invention is by no means limited in this respect,
and any structure such as a floating gate or
amplification detector etc. may be used as long as
the signal load is detected and converted to a
voltage.

The output voltage of the charge/voltage
converter 12 is provided to the binary circuit 16
as a first image—sense signal V1 via a buffer 14

and the output voltage of the charge/voltage

- 16 -
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and transferring the of one receiver transferred by the
common transfer part. r has a hysterisis characteristic 8
and the plurality of charge/voltage converters are set up in such a manner

that at |east one reset potential differs fromthe remining reset
potentials. Each reset potential of the plurality of ch
converters can be independently -nnssHEETHASBEEN*i

o CF
REPLACED |

—cTETRETE

as a second image-sense signal V2 via a buffer 15.

converter 13 is provided to the bi

The second image-sense signal V2 is delayed by
two bits with respect to the first image-sense
signal V1 i.e. a period of time corresponding to
two transfer clocks, because the number of tranéfer
stages of the output side transfer part 8 is set up
to be 2 stages (2 bits) larger than the output side
transfer part 7.

The binary circuit 16 is constructed from two
comparators 17 and 18, an inverter 19 and a flip-
flop 20. |

With the binary circuit 16 of this embodiment,
the two comparators 17 and 18 are wired so that the
first image-sense signal V1 from the buffer 14 is
inputted to the "+" side input terminals and the
second image-sense signal V2 from the buffer 15 is
inputted to the "-" side input terminals. The
comparators 17 and 18 are constructed so as to only
work during the signal section of each of the pixel
signals and not respond during the reset period.

Weightings are given to the two inpuﬁs of the
comparators 17 and 18 so that a hysterisis
characteristic is present whereby the output

voltage VK goes low at the comparator 17 when a
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wth a plurality o doadvi ng di ffering input/output
characteristics for of t he output voltages of the plurality
of charge/vol'tage c e conparator. Each of the plurality of
buffers are constructed u5|ng a source-follower circuit construction with
the buffer voltages being set-up at nutually differir ﬁLues—wF&r%her

according to the present invention, a bar code re dhnggﬂeVTce~t0n9¥|$es a
i ght source \ o
signal of the same potentlal is inpy

adj usted. The SO|I Bgat nage sen5|ng device may al so be further eqU|pped

side input terminal and the "-" side 1nput terminal
and the outpﬁt voltage VJ goes high at the
comparator 18 when a signal of the same potential
is inputted to the "+" side.input terminal and the
“"-v gide input terminal. A detailed description of.
the specific circuit structure for providing this
weighting is given later.

This_weighting is used as a noise margin at the
time of binarization. i.e. if the weighting (Vx) is
set up so that the output voltage VK at the
comparator 17 only goes high when the first image-
sense-signal V1l rises above the second image-sense
signal V2 by just a constant voltage Vx and the
output voltage VJ at the comparator 18 only goes
low when the first image-sense signal V1 falls
below the second image—sense.signal V2 by just a
constant voltage Vx, the comparators 17 and 18 will
not respond to changes less than the fixed voltage
Vx (infinitesimal fluctuations due to noise) and
each of the output conditions will be maintained.

A JK flip-flop circuit with, for example, a
transfer clock ¢H1 (¢H2) provided to the clock
terminal CL is used as the flip-flop circuit 20.

The output VJ of the comparator 18 is inverted by

- 18 -




and an i mage sensor c |5| a.n pag , a charge transfer part, a
pl urality of charge/v S, a conparator and a detector.
I

sensor i s constructed f

portions’,

shone fromthe |ight: source onto a bar-code attached to
signal charge corresponding to the anount of r ef
accunulatlng t he signal

y of arrayed light- receiving

wi t'h each re ng light, reflected when Ilght
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the inverter 19 and inputted at the )
this JK flip-flop and the output VK of the

comparator 17 is wired so as to be directly

inputted to the terminal K. A binarized output Vout

is Fhen taken from the output terminal Qy (inversion
of Q) of the JK.flip-flop circuit 20.

The JK flip-flop circuit 20 may be constructed
mainly from, for éxample, CMOS transistors and may
also be formed on the same substrate (on-chip) as
the sensor row 3 of the CCD image sensor 1, the
read-out gate 4 and the charge transfer register 5.

FIG. 5 is a view showing the wave-shapes of the
first and second image-sense signals.V1 and V2,
each of the output voltages VK and VJ of the
comparators 17 and 18 and the binarized output
Vout.

Next, a description will be given, with
reference to the signal wave diagram of FIG. 5, of
the signal processing operation occurring at the
binary circuit 16 of the aforementioned
construction. ,

First, in FIG. 1,_the signal waveform of the
second image-sense signal V2 taken from the
charge/voltage converter 13 via the buffer 15 is a

signal waveform which is 2 bits, i.e. 2 transfer
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charges. The chargeTP
stored at one receive
transferring the sign
pLuraIity of ‘charge/voltage converters are for detecting
Into voltages the signal charges of the at |east
the charge transfer part. The conparator-is for ci@

tfHas Been Reﬁaced

s for distributing the 5|gnal
sen;or bet ween at | east two systens and
g different nunbers of stages. Th

conversion on each of the outputs of the plural it; é/—ﬂ-[—_@-j:—:@,—ag%

converters and the detector .is for detecting the

ever—d%an5|ti001

clocks, slower than the first Image-sense signa
taken from the charge/voltage converter 12 via the
buffer 14. With regards to these image-sense

signals V1 and V2, black information is shown in

"the section Tb and white information is shown in

the section Tw. _

With regards to the waveform for the output
voltage VJ outputted from the domparator 18, the
oﬁtput becomes low only when the signal lével-of
the first image¥sense signal V1 is more than a
fixed voltage Vx lower than the signal level of the
second image signal and goes high only when this
levél is equal to or greater than the signal level
of the second image signal. This is because the

comparator 18 is weighted, as already described,

.with a fixed voltage Vx. This output voltage VJ is

inverted by the inverter 19 and inputted to the J
terminal of the JK flip-flop 20.

On the other hand, with regards to the waveform
of the output voltage VK outputted from the
comparator 17, the output only goes high when the
signal level of the first image-sense signal V1
exceeds the signal level 6f the second image-sense
signal V2 by the fixed voltage Vx or greater and

goes low when the level is the same or lower. This

- -20 -
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poi nt of the conparator output sSignal and generating a binary signal. The
char ge transf efhi ﬁtHhﬂﬁﬂﬂR annn transfer part for transferring signal
char ge read- out (E as is, inunits for each light- receiving

between at
SlHRR¢ Hegretmer)
ratorg, -hysterf] si s

up in

east two systens a‘r:!!,trans erring the signal cha
transferred by the conmon transfer part. The conp
characteristic and the. plurality of charge/voltag

such a nmanner that | eas n .
output voltage fsrg%%ﬁtted-to the J terminal of

the JK flip-flop 20.

Fortlon and fir transfer parts for distrib

The signal waveform for the binary output Vout
present at the output Qu of the JK flip-flop 20 goes
high at the point in time when the output voltage
VK of the comparator 17 synchronized with the clock
CL goes high with the outpﬁt voltage VJ of the
comparator 18 being high and the J terminal input
being low, and goes low at the point in time when
the output voltage VJ of the comparator 18 goes low
and the J terminal input goes high.

The binary voltage Vout outputted from the JK
flip—flop 20 is a binarized version of the first |
image-sense signal V1, as becomes apparent when the
waveshapes V1 and Vout are compared. Black and
whlte correspondlng to 1nformat10n taken from the
sensor row 3 of the CCD image sensor 1 can

.therefore be discerned to a high degree of accuracy
based on this binary voltage Vout.

An inverted binary voltage Vouty can then be
obtained using the Q output of the JK flip-flop 20.

As described above, according to the structure
of the first embodiment, the transfer parts 7 and 8
can be made in places which are somewhat separated

on the pattern layout because the charge transfer
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: Thj |
10 potential diffé ‘W Hehﬂ{ef,ﬁéggl ning reset potentials. Each reset

potential of the p arge/ vol tage converters can be
|ndependently adj code readi ng device may al so be further

equi pped with a plurality o fers each haV|ng differing_i -adt.put
characteristics for providing each of the output ) 'Tig&gii |

register 5 branches into two on the output side so
as to split the pixel signal charge into two, with
the nuﬁber of transfer stages at the transfer parts
7 and ‘8 at the head of each branch being made to be
different. Circuit types such as the buffers 14 and
15 etc. can therefore easily positibned crosswise
with respect to the charge/voltage converters 12
and 13 so as to make an on-chip construction on the
same substrate as the CCD image sensor 1 a
possibility.

FIG. 6 is a structural view showing a first
modification of the aforementioned first
embodiment, with portions which are. the Same as
portions in FIG. 1 being given the same numerals.

In the CCD image sensor of the first '
modification, charge transfer registers 5a and 5b
are positioned on both sides 6f the sensor row 3.
Signal charges accumulated at the light-receiving
portions.2 for each one pixel of the sensor row 3
are read-out to the charge transfer registers 5a
and Sb via read-out gates 4a and 4b.

The charge transfer registers 5a and 5b come
together on the output side into a sihgle common
transfer part 6a.

In this way, signal charges read from the

- 22 -



plurality of chargehﬁgghgg%w onﬁprte S to the conparator. Each of the

plurality of buffers using a source-follower circuit
construction with t he']lm,m
values. Tn the solid nS|ng appar atus of the abo

T a—

es being set-up at nutually dlfferlng
construction, signal charge read-out fromthe sepser=pa

signal charge for at |east two systens, with thel B At e g number

of transfergshages ddlye8chid thE LA Fatr Dy anhh%:?f&ﬁa a tine
transferred as pixel units by the charge transfer
registers 5a and 5b are transferred in a sequence
corresponding to the arraying of the light-
receiving portions 2 of the sensor row 3 at the
common transfer part 6a. |

The output side of the common transfer part 6a
branches into two transfer parts 7 and 8 positioned
on the output side in the same way as the first
embodiment with these branched portions being
structured in the same way as those in the first
embodiment (refer to FIG. 2). The output side

'transfer parts 7 and 8 are structured so as to have
a different number of transfer stages with the
signal charge of the same pixél distributed between
the two systems being transferred in
synchronization.

In this modification, the number of transfer
stages in the output side transfer part 8 is set'up
to be, for example, two stages (two bits) more than
that of the output side transfer part 7.

In this way, the signal charges for the same
pixel transferred by the output side transfer parts
7 and 8 posses a time difference corresponding to

two bits at the final stage.
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out put t ed fronlthe converters corresponding to the

d|fference betmeenhkbmmﬂmgﬂah &k@ges for the at | east two systens
difference in the n dﬂ fer stages. The signal voltages of the at

| east tmb_systens posseSS| g atinme difference are inputted to a
conpar ator and when the | evel change between the two signal voltages is
greater than a fixed |evel, > —
| THIS SHEET HAS BEEN “
' Charge/voltage converters 12 and 13 fo REPLAGED }

detecting and converting into voltages the
transferred signal charges are provided at the
final stages of each of the output side transfer
parts 7 and 8 and are constructed by, for example,
floating diffusion region.

In this first modification it is also possible
to make the transfer parts 7 and 8 in places on the
pattern layout which are somewhat separated and_
therefore easily position circuits such as the
buffers 14 and 15 across the width of the charge
voltage converters 12 and 13. This is because, as
in the first embodiment, the output side charge
transfer register branches into two so that the
signal charge for the same pixel is split up and
then transferred. | |

Also, by adopting a read-out structure where
reading out of the signal charée for each of the
light-receiving portions 2 in the sensor row 3 is
carried out from both sides, the array pitch of the
light-receiving portions 2 can be set up to be 1/2
of the bit (transfer stage) pitch of the charge
transfer registers 5a and 5b. The pixel number can
therefore be doubled and the resélution improved.

FIG. 7 .is a structural view showing a second
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the conpar at or ouTﬂuMwa$h§ﬂ%99 dA bi nary signal is then generated by a
dét ect or detectlng RSition point of this conparator output.

BRI EF DESCRI PTI ON FIG 1 is a structural view show ng a
first embodi nent o nvention; FIG 2 is a plane pattern view
show ng the structure I n the regi on of the branch part of the. charge
transfer register; FIG 3 is a cross-sectional view taken al ong theﬂ“Lnﬂ.Xl

- X2 of FIG 2; FIG 4 is a potential view show ng the

modification of the aforementioned first
embodiment, with portions which are the same as
portions in FIG. 6 being given the same numerals.
With the CCD image sensor of this second
modification, charge transfer registers 5a and 5b
are provided on both sides of the Sensor row 3. The
structure is such that signal charges accumulated
for the same pixel at the light-receiving portions
2 of the sensor row 3 are read-out to the charge
trénsfer registers 5a and 5b via the read-out gates
4a and 4b by being divided approximately into two.
Here, in order to divide signal charge |
accumulated at the light-receiving portions.zlfor
the same pixel into approximately two at the time
of reading out, it is necessary to provide a device
for setting up, for example,.the potential at the
region for accumulating signal charge in such a
manner so as to be at it's most shallow at the
central portion of the read—eut direction i.e. the
vertical direction in the drawing, with the
potential then gradually becoming deeper as the
read-out gates 4a and 4b are approached.
| The charge transfer registers 5a and 5b are
made so as to have different transfer stage numbers

and signal charges for the same pixel read out via

- 25 -
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di stribution of p ehl ane X1 - X2; FIG 5 is a signal waveform
di agram for descri , H t|on of a flrst enbodi nent of the present
|nvent|on FI G 6 view showing a first nDdlflcatlon of the

first e odlnent FIG. 7 1is a structural vi ew sh e fi cation
of the first enbodlnent, FIG 8 is acircuit dia amHEBHEEﬁgﬂsFﬁnfst
exanpl e of a conparator; REPLACED L

P 5

the read-out gates 4a and 4b are transferred in
synchronization.

In this modification, the number of transfer
steges for the charge transfer register 5b is set
up to be 2 stages (two bits) more the that for the
charge transfer register 5a.

The signal charge for the same pixel
transferred by the charge transfer registers 5a and
5b posses a time difference corresponding to two
bits at the final stage.

Charge/voltage converters 12 and 13 for
detecting the transferred signal charge and
changing this signal charge to a voltage, made
using, for example, floating diffusion region, are
provided at each of the final stages for the charge
transfer registers 5a and 5b.

In the case of this second modification, as in
the case of the first embodiment, the construction
is such that signal charge accumulated for the same
pixel is distributed as signal charge for two
systems and then transferred by charge transfer
registers S5a and 5b having differing numbers of
transfer stages within each system. It is therefore
possible to make the charge transfer registers 5a

and 5b in places on the pattern layout which are
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12 FIG 9 is a ciThiulhte st o80,509W Ng a second exanpl e of a conparator;

FIG 10 is a circui ng a third exanple of a conparator; FIG
11 is a circuit di W ,l\gfourth exanple of a conparator; FIG 12
is a structural view's second enbodi nent of the present invention

FIG 13 is a view show ng the potential of a char

vof the
second enbodi ment ;

THIS SHEET HAS BEE".
REPLACED

somewhat separated and circuits such as the bufféfé
14 and 15 can easily be provided crosswise across
the charge/voltage converters 12 and 13.

In this second modification, the signal charge
for the same pixel is split-up between two systems
and read out using the stages for reading out
signal charges from the light-receiving portions 2.
It is therefore necessary for the pitch of the
sensor row 3 and the bit (transfer stage) pitch of
the charge transfer registers S5a ana 5b to be the
same so that the number of pixels cannot be
increased. However, as in the case of the first
modification, the signal charge distributed using
pixel units can be gathered together and as it is
not necessary to haﬁe a structure where the signal
charge for the same pixel is again distributed
between two systems and a charge transfer system
structure which is simpler than that of the first
modification is therefore possible.

Néxt, a description is given, with reference to
FIG. 8 to FIG. 11, of several typical examples of
specific circuit structures for providing weighting
at the comparators 18 (17).

First, the first example shown in FIG. 8 has

two n-channel MOSFET's (hereinafter referred to
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FIG 14 is a 5|gn m for describing the operation of the
skcond enbodi nent ; aﬁ H tructural view showing a third enbodi nent
of the present |nv is a circuit diagram show ng an exanpl e
of a buffer circuit structure; FIG 17 is a characteristic diagram show ng
buffer input/output characteristics; FIG 18 is a S|g_al _waveform-di-agram
for describing the operation of a th|rd enbodlnentf_ pregent'ﬂ=%

i
invention; FIG 19 is a structural view show ng an exarrplﬁq,, ACED 'l,'@

simply as the first and second MOS t ststors Tl
and Tr2), having their drain electrodes connected
in common and two n-channel MOSFET's (hereinafter
reférred to simply as the third and fourth MOS
transistors Tr3 and TR4) connected in series with
each of the MOS transistors Trl and Tr2.

The main part of the construction is an RS
flip-flop circuit where a Q terminal is derived
from a common connection point a; of the first and
third MOS transistors Trl and Tr3 to which the gate
electrode of the fourth MOS transistor Tr4 is
connected and a Qv terminal is derived from a common
connection point a; of the second and fourth MOS
transistors Tr2 and Tr4 to which the gate electrode
of the third MOS transistor Tr3 is connected.

A clock generating source 21 is connected |
between the point where the first and second MOS .
transistors Trl and Tr2 are connected in common and
éarth and each of the source electrodes of the
third and féurth MOS transistors Tr3 and Tr4 are
connected to earth. A capacitor C is connected

| between the common connection point a; of the second
and fourth MOS transistors Tr2 and Tr4 and earth.
The gate electrode of the first MOS transistor Trl

is derived as the "+" side input terminal "+IN" and
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of a bar gode.f PR ce of the related art; FIG 20 is a

characteri how ng hysterisis characteristics of a related art
bi nary _J I d FIG 21 is a structural view showi ng an exanple
of a soli =sensi ng device of the present invention applied to

bar code readi ng devi ce.

R .4‘,,_,._-—-—_.—\

'ﬂﬂSSHEETHASBEEN
REPLAGED \

the gate electrode of the second MOS transistor Tr2

Tm oot

is derived as the "-" side input terminal "-IN".

The threshold voltage of the second MOS
trensistor Tr2 in this first example of a circuit
structure becomes high depending on the charge
accumulated at the capacitor C.

In this way, the threshold voltages of the
first MOS transistor Trl into which the first
image-sense signal V1 is inputted and the second
MOS transistor Tr2 into which the second image
sense signal V2 is inputted become unbalanced. The
result of this is that the portion of the threshold
voltage edded at the second MOS traﬁsistor Tr2 is
equivalently added with respect to the signal level
inputted aﬁ the + side input terminal +IN.

A capacitor C is connected across the common
connection point al of the first and third MOS
transistors Trl and Tr3 in the case of the
comparator 17, although this is not shown in the
drawings, so that the threshold voltage of the
first MOS transistor Trl depends upon the cherge
accumulated at the capacitor C. According to the
same theory as for the above case, the added
portion of the threshold voltage of the first MOS

transistor Trl is equivalently added with respect
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PREFERRED EMBODI MENTS Fi rst Enbodi ment The
r|pt|on based on the draw ngs of the
enbodlnents invention. FIG 1 is a structural view of t
first enbodi sent invention with, for exanple, a linear
sensor being used as an | mage- sensor. The CCD i nmage

enbodi nent is constructed froma linear sensor (linel§
sensor row 3 of a multiplicity of

DETAI LED DE%%RéhP;I;

followng is

to the level of the signal inputted at the - s1de
input terminal -IN.

Next, as shown in FIG. 9, the structure for a
second example of the comparator 18 has a
construction which is basically almost the same as
‘that of the first example. However, the capacitor C
connected across.the conmon connection point a2 of
the second and fourth MOS transistors Tr2 and Tr4
has been removed and instead a resistance R has
been introduced across the source electrode of the
second MOS transistor Tr2 and the drain electrode
of the fourth MOS transistor Tr4.

The threshold voltage of the first MOS
transistor Trl into which the first image-sense
signal is inputted and the second MOS transistor
Tr2 into which the second image-sense signal V2 is
inputted are also effectively unbalanced in this
second example circuit structure due to the voltage
drop at the iesistance R. The threshold voltage
portion added at the second MOS transistor Tr2 is
therefore equivalently added with respect to the
level of the signal inputted at the + signal input
terminal IN. o

Now, although not shown in the drawings, in the

case of the comparator 17, the threshold voltages
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charge, a read-out gate 4 for readi ng out

I |ght-rece| ggleggagggﬂﬁﬁédxel s) 2 arrayed in a single row for converti ng
at each of the light-receiving portions 2 of the

I hcident |ig nt of charge corresponding to the anount of
| i ght and ac
si gnal charg

sensor row 3 by applylng a read-out pul se ROG and 1 :T‘ ﬁ@ﬁ
register 5 conprising CCD s for -nystL 5 ,@?ﬂ?

:-\lt Pl A‘. ‘- ”

. L_’”_::f:::__ el

wamepmaSeEs

of the first MOS transistor Trl into which the
first image-sense signal V1 is inputted and the
second MOS transistor Tr2 into which the second
image-sense signal V2 is inputted'are effectively
unbalanced by the introduction of a resistance R
across the source electrode of the first MOS
transistor Trl and the drain electrode of the third
MOS transistor Tr3. The a@ditional threshold
voltage portion added at the first MOS transistor
Trl is therefore equivalently added with respect to
the level of the signal inputted at the - side
input terminal -IN. _

Next, a structure for a third example of the
comparator 18 shown in FIG. 10 has almost the same
structure as the second example, but differs from
the second example in that the resistance R is
introduced on the drain side of the second MOS o
transistor Tr2.

The threshold voltages of the first MOS
transistor Trl into which the first image-sense
signal V1 is inputted and the second MOS transistor
Tr2 into which the second image-sense signal V2 is
inputted are also effectively unbalanced in this
third example circuit structure and the threshold

voltage portion added at the second MOS transistor
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transferrlng 5|gnal “charges read-out fromthe sensor row 3 by the read-out

gate This; dﬁ@éﬁ&k@“ In this exanple, this is the right-hand side
di rect ‘E Mgram The charge transfer register 5 is corrprl sed of a

conmo 6 for transferring signal charges Qu
sensor row units w thout nodification and t W:EhégHEEBHdeBEEN
transfer parts 7 and 8 provided on the output side of tlhe chaﬁgnacﬁﬁhsfer
register 5 which divide into.two and transfer signal chaeges—et— amne

pixels. The $0Rgl rdintiG81cht NP - REARE WitkNrB¥pddt to the level
of the signal inputted at the + side input terminal

+IN.

Although not shown in the drawings, in the case
of the comparator 17, the threshold voltages of the
first MOS transistor Trl into which the first
image-sense signél Vvl is inputted and the second
MOS transistor Tr2 into which the second image-
sense signal is inputted are effectively unbalanced
by introducing the resistor R on the drain side of
the first MOS transistor Trl. The threshold voltage
portion added at the first MOS tramsistor Trl is
therefore added equivalently with respect to the
level of the signal inputted at the - side input
terminal -IN.

Next, a fourth example of the éomparators 17
and 18 has almost the same construction as the
first example. However, the capacitor C connected
across the common connection point a; of the first
and\fourth MOS transistors Tr2 and Tr4 is removed
and instead the ratio W1/Ll of the channel width W1
and the channel length Ll at the first MOS
transistor Trl and the ratio W2/L2 of the channel
width W2 and the channel length L2 of the second

MOS transistor Tr2 are intentionally made so as to
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structure ted portion of the charge transfer register 5 is
shown in ., Fl in.FIG 2, at the charge transfer register 5, a

t wo- | ayer Iy Si, 2PonSi) accunul ating gate el ectrode 9 and
transfer gate electrode 10 conprising an electrode pair are repeatedly
arrayed, and transfer clocks fHL and fH2 are appli ?H.ocfhese electrbdes

At the common transfer part 6, the single channel ({1 ogkgl }hln the

regjon(ﬁ be di fferent.
The threshold voltages of the first MOS

exanpl e, alﬁgﬁ é@ﬁéﬁ@& cl ocks clock [err]HL and‘[err]HZ The specific

transistor Trl into which the first image-sense
.signal V1 is inputted and the second MOS transistor
Tr2 into which the second image-sense signal V2 is
inputted are also unbalanced in the fourth example
structure. The threshold voltage portion added at

. the second MOS transistor Tr2.or the first MOS
transistor Tr2 transistor is therefore added
equivalently with respect to the + side input
terminal +IN or the - side input terminal -IN.

As a modification of the fourth example, a
structure may also be adopted where the ratio W3/L3
of the channel width W3 and the channel length L3
of the third MOS transistor Tr3 and the ratio W4/L4
of the channel width W4 and channel length L4 of
the fourth MOS transistor Trd are intentionelly
made so as to differ.

The threshold voltages of the first MOS
transistor Trl into which the first image-sense
signal V1 is inputted and the second MOS transistor
Tr2.into which the second image-sense signal V2 is
inputted are also unbalanced in this modification.
The threshold voltage portion added at the second

MOS. transistor Tr2 or the first MOS transistor Tr2
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15 accunulatlng ate electrode 9 occurrlng on the output side of the output
of the cha dster 5. i.e. the division part Ainto which the
channel 11 tloned with the region of the accunul ating gate
el ectrode 9 ross-sectional view taken along lipne X1-X2 of
FIG 2 and FIG. 4 shoms the potential at this cro Sﬂﬁggﬁk%@kﬂva__N

o e SR

RS By A\:‘ 5,4

transistor is therefore added equivalently with
respect to the + side input terminal +IN or the -
"side input terminal -IN.

Second Embodiment

FIG. 12 is a structural view showing a second
embodiment of the preéent inveﬁtion, with portions
in the drawings which are equivalent to portions in
FIG. 1 being given the same numerals.

In this second embodiment, the charge transfer
register 5 comprises a common tfahsfer part 6 for
transferrihg signal charge read from the sensor row
3 as is in pixel units, and three output side
transfer parts 22, 23 and 24 for distributing
signal chatge for the same pixel between three
systems by splitting up the charge transfer
register 5 into three on the output side and then
transferring the charges. |

At the output side transfer parts 22, 23 and
24, the number.of ﬁransfer stages of the output
side transfer part 22 and the output side transfer
part 24 are set up to be the same and the number of
stages in the output side transfer part 23 is set
up to be, for example, two stages (two bits) léss
than the number of stages of the output side
transfer parts 22 and 24.
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In thls BB BRI, L he division part A which divides the channel 11 is set
up so as eed centrally with respect to the width of the
channel Mlmﬁi , in the signal charge transfer process using pixel
units, - 4, if the sane pixel signal charge is transferred
wi'thin the region of the accunul ating gate electro K '

division part A exists, this sane pixel signal charg&HiSsSqt
approxi mately equally by the existence of the divisgjon

prOV'ded to the ¢RAPgEO PR ASe’ ARV R 08r§3%%, 26 and 27 for

detecting transferred signal charge and converting

" this signal charge to a voltage constructed using,
for example, floating diffusion region, are
provided at each of the last stages of the output
side transfer parts 22, 23 and 24.

The output voltages of the charge/voltage
converters 25, 26 and 27 are outputted to the
binary circuit 16 as first; second and third image-
sense signals V1, V2 and V3 via the buffers 28, 29
and 30, respectively.

The first and third image signals V1 and V3 are
delayed by a period of time corresponding to two
bits i.e.' two transfer clocks with respect to the
second image-sense signal V2 which is taken as a
reference because the number of transfer stages of
the output side transfer part 23 is set up to be
two bit portions less than the number of transfer
stages of the output side transfer parts 22 and 24.

The binary circuit 16 comprises two comparators
17 and 18 having the same characteristics, an
inverter 19 and a flip-flop 20.

The wiring of the binary circuit 16 of this
embodiment is such that the second image-sense

signal V2 from the buffer 29 is inputted to the +
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outpuf si de, ain i 1, the two output side transfer parté 7 and 8
a}e coné?? eh A e ﬁkﬁ% ering nunbers of transfer stages and the sane
pi xel sig M % transferred i n synchronization 16 by applying

the trans J]HL and [err]H2. In the case in this e nt,
t he nunber of stages of the output side transfer

THIS SHER! M
T REDLACED

the first image-sense signal V1 from the buffer 28
is inputted to.the.— side input terminal of the
comparator 17 and the third image-sense signal V3
from the buffer 30 is inputted to the - side input
terminal of the comparator 18..The two comparators
17 and 18 are constructed so as to only operate
during the signal sections of each of the pixel
signals and noﬁ respond during the reset period.

A JK flip-flop circuit with, for example, a
transfer clock ¢H1 (¢H2) provided to the clock
terminal CL is used as the flip-flop circuit 20.
The output VJ of the comparator 18 is inverted by
the inverter 19 and inputted at the J terminal of
this JK flip-flop and the output VK of the |
comparator 17 is wired so as to be directly
inputted to the terminal K. A binariied output Vout
is then taken from the output terminal Qy(inversion
of Q) of the JK flip-flop circuit 20.

- In this embodiment, the respective reset drains
RD1, RD2 and RD3 of the charge/voltage converters
25, 26 and 27 of a floating diffusion region
structure are set up to have differing reset
potentials VRD1l, VRD2 and VRD3 (VRD1l > VRD2 >
VRDB). Specifically, the reset potential VRD2 is
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to be, fer—exanﬁle two stages (two bits) Iarger than that of.the out put

si de transferhgg enR h Is way, the sane pixel signal |oads transferred
by the out 2r parts 7 and 8 have a tinme difference

correspond at t he final stage. ChargengLLage_anyeLLers 12
and 13 for and converting to a voltage srgnaﬂsqhangegcmﬁrc@|have

been transferred are provided at each of the final gtage -éﬁ;;@@poutpd
side transfer parts 7 and 8. Floating diffusion regilephave-beep—yused

the | oad/ vehkege £9N4eeFerddce and setting-up is carried out
so that, when the weighting is taken to be Vx,

VRD1=VRD2 + Vx and VRD3=VRD2 - Vx. The potential
distribution of the charge/voltage converters 25,
26 and 27 in this case is shown in FIG. 13.

In this way, an operation equivalent to the
giving of a weighting using the comparators 17 and
18 of the first embodiment can be obtained because
the offset levels, for example, the reset levels
VRD1', VRD2' and VRD3' after the buffering, of the
respective output voltages are different.

As described above, according to the structure
of the second embodiment, signal charge for the
same pixel is distributed.between three systems aqd
transferred, converted to Voltages by three
charge/voltage converters 25, 26 and 27 and the
reset potential of at least one of the respective
reset potentials VRD1, VRD2 and VRD3 of the three
charge/voltage converters 25, 26 and 27 is made to
differ from the remaining reset potentials. It is
therefore no longer necessary for the comparators
17 and 18 including the buffers 28 to 30 to be
unbalanced. |

The two-cemparators 17 and 18 and the three

buffers 28 to 30 may therefore have the same
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and 13 I n thls enbodlnf ver, the present invention is by no neans

limited in thi ny structure such as a floating gate or
anplification dH
detected and co ol tage. The out put V0|taq3_£¢*llm#~ . -~

y be used as long as the signal load is
charge/vol tage converter 12 is provided to the binary |chiglsticdbHAS BEEN [|st
| mge-sense signal V1 via a buffer 14 and the out put Vbl t agersh AJFED
charge/ vol t age -

characteristics and the characteristics of the

overall circuit can be stabilized.

The weighting process may also be carried out
by intentionally making the characteristics of the
circuit unbalanced when viewed from the + side
input terminal and the - side input terminal of the
comparators 17 and 18 as described based on FIG. 8
to FIG. 11. However, in this case, it is difficult
to set-up the weighting Vx accurately due to
variations in the wafer process, making the
weightings Vx between the devices different.

However, in this second embodiment, weighting
where variations are almost non-existent can be
achieved by limiting variations due to the wafer
process etc. by making at least one of the

.respective reset voltages VRD1l, VRD2 and VRD3 of"
the three charge/voltage converters 25, 26 and 27
different.

Also, if the wiring for the reset drains RD1,
RD2 and RD3 is derived as RD external terminals 31,
32 and 33, the value of the weighting Vx can easily
be externally controlled and binary sensitivity
adjustments can be carried out.

Next, the operation of the construction of the

second embodiment is described with reference to
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17 converter h&ms&xpngykgﬁg the binary circuit 16 as a second

i ‘mage- sense S|g fer 15. The second i mage-sense signal V2 is
del ayed by tmo ect to the first inmage-sense signal V1 i.e. a

period of tine c to two transfer clocks, because the nunber of

transfer stages of the output side transfer part 8 is set u

(2 bits)

is constructed fromtwo

| arger than the output side transfer part Zaice=ert

the signal wave diagrams in FIG. 14. gtjﬂib

First, in FIG. 12, the signal waveform of the
second image-sense signal V2 read from ‘the
charge/voltage converter 26 via the buffer 29 is
delayed by two bits (i.e. two transfer clocks) with
respect to the waveforms for the first image-sense
signal V1 read from the charge voltage converter 25
via the buffer 28_and the third image signal V3
read from the charge/voltage eonﬁerter 27 via the
buffer 30. The sections Tb of these image-sense
signals V1, V2 and V3 show black information and
the sections Tw show white information.

Here, the waveform of the output voltage VK of
the comparator 17 goes high only when'the signal
level of the second image-sense signal V2 falls
below the signal level of the first image-sense
sighal V1l by an amount greater than the weighting
Vx, and goes low at times other than this. This is
because, in this second embodiment, setting-up is
carried out so that VRD1 (= VRD2 + Vx) > VRD2 >
VRD3 (= VRD2-Vx). This output voltage VK is
inputted to the K terminal of the JK flip-flop 20.

On the other hand, the waveform of the output

voltage VJ of the comparator 18 only goes low when -

the signal level of the second image-sense signal
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conparators 17 and 18, an |nverter 19 and a flip- flop 20. Wth the binary

circuit 16 of {Thp8&h laced he two conparators 17 and 18 are wired so
that thesfirst i naI V1 fromthe buffer 14 is inputt 4 he
"+" side input t he second i mage-sense { %Qé %éff”ggbphq

buffer 15 is inputted to the "-" side input term nal pgp@nators
and 18 are constructed so as to only work during the S|qna b O
of the pixel signals and not respond during the reset perlod VE|ght|ngs

are given yg e 18obelen tloé shenal level of the image-sense

signal V3 by an amount greater than the weighting
vx, ahd goes high at other times. This output
voltage VJ is inverted by the inverter 19 and
inputted to the J terminal of the JK flip-flop
circuit 20.

In this example, the output is unsettled when
the + side input term1na1 and the - side 1nput
terminal are of the same potential because the
comparators 17 and 18 posses the same
characteristics.

With the output voltage VJ of the comparator 18
being high so that the J terminal input is low,
when the output voltage VK of the comparator 17
goes high, the binary output Vbut present at the
output On of the JK flip-flop 20 goes high, and when
the output voltage VJ of the comparator 18 goes low
and the J terminal input goes high, the binary
output Vout goes low.

As becomes clear by comparing the waveforms V1.
and V3 and the waveform Vout of FIG. 14, the binary
voltage Vout outputted from the JK flip-flop
circuit 20 is a binarized version of the first and
third image-sense signals V1 and V3. Information

corresponding to black and white information read
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conparators 17 ‘ﬂﬁs(bhl&}ﬁ@d‘eﬁl&éﬁla&dhyst erisis characteristic is present

mhereby the outp oes |l ow at the conparator 17 when a 18
signal of thessa inputted to the "+" side input term nal and
the "-" side inp g 0

t he out put voltage gEt
conparator 18 when a signal of the sane potential isTQQQWMERHQ%BFHQ h+"
side input termnal and the pEPLACED

from the sensor row 3 of the CCD image sensor 1 can
therefore bé discerned with a high degree of
precision based on this binary voltage Vout.

Third embodiment

FIG. 15 is a structural view showing a third
embodiment of the present invention with portions
equivalent to portions in FIG. 1 being given the
same numerals.

In fhis third.embodiment, the charge transfer
register 5 divides into two on the output side so
as to distribute signal charge for the same pixel.
‘Transfer parts 7 and 8 having transfer stage
numbers which differ as in the structure in the
first embodiment at the head of each branch. Three
buffer 28, 29 and 30 are provided for thé
charge)voltage converters 12 and 13. The output
voltage of the charge/voltage converter 12 is taken
out via.the buffer 29 as the second image-sense
signal V2 to be taken as a reference, with the
output voltage of the charge/voltage converter 13
being taken out via the buffer 28Ias the first
image-sense signal Vl,and'being taken out via the
buffer 30 as the third image-sense signal V3.

FIG. 16 is a circuit diagram showing an example

of the buffers 28, 29 and 30. As shown in the
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si de i nput tern1na| A deté*r“ﬁ“descrlptlon of the specific circuit

structure for pro 59 ting is given later. This weighting is
used as a noi se na of binarization. i.e. if the weighting
(VWx) is set up so voltage VK at the conparator_17.9nly goes
hi gh when the flrst |nag signal V1 rises QX‘_;hﬁ ﬁ@ﬁandm P

| mge-sense signal V2 by JUSt a constant voltageiivx dnd -bl\Re:put put yol t age
VJ at the conparator 18-only goes | ow when the fi —-ABge= senSE"srgnal V1

falls bel owxtawingsonsuf flage 2P neempraeds 2 S¥ured Follower
circuit 34 comsisting of two n-channel MOSFET's
(hereinafter referred to simply as MOS transistors
Trll and Trl2) connected in series across a power
supply and earth, buffer 29 comprises a source
follower circuit 35 consisting of two n-channel
MOSFET's (hereinafter referred to simply as MOS
transistors Tr2l and Tr22) connected in series
across the power supply and earth and buffer 30
comprises a source follower circuit 36 consisting
of two n-channel MDSFET's.(héreinafter referred to
simply as MOS transistors Tr3l and Tr32) connected
in series across the power'supply and earth.

Two source follower circuits 37 and 38 are
provided at the pre-stages of the source follower
circuits 34, 35 and 36. |

The source follower circuit 37 is constructed
from two n-channel MOSFET's (hereinafter referred
to simply as MOS transistors Tr4l and Tr42)
connected in series across the power supply and
earth and the source folloWer circuit 38 is
constructed from two n-channel MOSFET's
(hereinafter referred to simply as MOS transistors
Tr51 and Tr52) connected in series across the power

supply and earth.
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| ess than the fix (rnfinitesimal fluctuations due to noise)
and each,of the o ns will be maintained. A JK flip-flop
circuit with, for ansfer clock [err]HL ([err]H2) provided to
the clock termnal CL is used as the flip-flop ci VJ of
-the conparator 18 is inverted by 19

constant vol tagerh}ﬁihee; m/ﬁ@éhors 17 and 18 will not respond to changes

THIS SHEET HAS BEE
PEDLACGED

The gate of the MOS transistor Tr4l of the pre-
stage source follower circuit 37 is connected to
the FD1 (floating diffusion region) of the charge
voltage converter 12 and the gate of the MOS
transistor 51 of the source follower circuit 38 is
connected to the FD2 of the charge/voltage
converter 13.

The output terminal of the source follower
circuit 37 is connected to the gate of the MOS
transistor Tr2l1l of the source follower circuit 35.
The output terminal of the source follower circuit
38 is connected to the gates of the MOS transistor
Trll of the source follower 34 and the MOS
transistor Tr31l of the source follower circuit 36.

A bias voltage Vggl is applied to the gate of
the MOS transistor Trl2 of the source follower
circuit 34. A bias voltage Vg2 is applied to the
gates of fhe MOS transistor Tr22 of the source
follower circuit 35, the MOS transistor Tr42 of the
source follower circuit 37 and the MOS transistor
Tr52 of the source follower circuit 38. Also, a
bias voltage Vgg is applied to the gate of the MOS
transistor Tr32 of the source follower circuit 36.

_The first.image—sense signal V1, second imege—

sense signal V2 and third image-sense signal V3 are
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the inverter and |nputted “at the J ternminal of this JK flip-flop and the

out put VK of t a&mRe' ed S Wred so as to be directly inputted to
t he ternmnal : tput Vout is then taken fromthe out put
term nal (|n f the JK flip-flop circuit. 20 .The JK

flip-flop circuit 20 nay be nstructed mainly frpm§enexan escCVOS

transistors and may also be formed on the same sufstratgzsioq:schi p) as the
sensor row 3 of the CCD i nage sensor 1, the read-tut—gate-A—and-tFre=char ge

transfer regiett tfalkenFbit ad Sthevooi o Wsigridles vefe tiwmpesurtd he

follower circuit 34, the source follower circuit 35
and the source follower circuit 36 respectively.

Bias voltages Vggl, Vgg2 and Vgg3 of differing
values may be given to the source follower circuits
34, 35 and 36 in the buffer circuits 28, 29 and 30
of the aforementioned structure so that the bias
current flowing through each of the source follower
circuits 34, 35 and 36 differ. The input
characteristics (operating characteristics) of each
of the buffers may therefore be changed, as shown
in FIG. 17.

In this embodiment, the bias voltages Vggl,
Vgg2 and Vgg3 are set up so as to give a
relationship where, for example, V11 > V12 > V13

when the offset levels of each-of the outputs of

the buffers 28, 29.and 30 have been made to be V11,

V12 and V13.

Specifically, setting up is carried out so that
VIl = V12 + Vx and V13 = V12 - Vx when taking the
offset level V12 as a reference and taking the
weighting as Vx.

The signal levels of each of the first to third
image-sense signals V1 to V3 can be changed by
using the setting-up of the offset levels V11, V12
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first and second | Seﬁ§§&ﬁ nals V1 and V2, each of the output voltages
VK and VJ of the co ¥ 18 and the binarized out put Vout. Next,
a description.wll reference to the signal wave di_agram of

FIG 5, of the signal pro operation occurri | lJir cui t
16 of the aforenentioned constructlon First, in “ﬁéSh EQ%\Q%QEI\F
wavef orm of the second i nage-sense signal V2 taken} fromh hat

converter 13 via the buffer 15 is a

and V13. It is therefore no longer necessary for

Itage

“the comparators 17 and 18 to be unbalanced in the
way that'was necessary in the first embodiment.

According to the structure of the third
embodiment as described above, by giving each of
the buffers 28 to 30 different input/output
characteristics, it is no longer necessary to make
the comparators 17 and 18 unbalanced so that
comparators 17 and 18 having the same
characteristics may be used and the characteristics
of the circuit overall may be stabilized.

Further, the input/output characteristics of
each of the buffers 28 to 30 may be changed by
adjusting the bias voltages Vggl, Vgg2 and V§g3:
Binary sensitivity may therefore be adjusted
because the value of the weighting Vx éan easily be
externally controlled. o ) i

Next, the operation of the structure of the
third embodiment will be described with reference
to the signal waveform diagrams in FIG. 18.

First, in FIG. 15, the signal waveform of the
second image-sense signal V2 taken from the |
charge/voltage converter 12 via the buffer 29 is
delayed by two bits (i.e. two transfer clocks) with

respect to the signal waveforms of the first and
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si gnal Waveformv\,m (’,{hlsSbeeﬁ'IdSIBE&Repla&d 2 transfer 20 cl ocks, slower than

the first inmage- sense en fromthe charge/voltage converter 12
via the buffer 14. VV these image-sense signals V1 and V2, '
bl ack information is s o nf.

in the section Tw. Wth regards to the maveforn1quffﬁéfpuﬁpubux:-.

DT

"ﬁnlAaf B |

i
I
H-

- third image-sense slgnals V1l and V3 taken from the

-
H
%

charge/voltage converter 13 via the buffer 28 and
the buffer 30, respectively. The section Tb of
these image—sense signals V1, V2 and V3 shows black
information and the section Tw shows white
information.

In this third embodiment, the output offset .
levels of each of the buffers 28, 29.-and 30 are set
up so that V11 (=V12 + Vx) > V12 > V13 (=V12 - Vx).
The waveform of the output voltage VK of the
comparator 17 therefore goes high only when the
signal level of the second imege—sense signal V2
falls below the signal level of the first image-
sense signal V1 by an amount greater than the
weighting Vx, and goes low at times other than
this. This output voltage VK is inputted to the K
terminal of the JK flip-flop 20.

On the other hand, the waveform of the output |
voltage VJ of the comparator 18 only goes low when
the signal level of the second image-sense signal
V2 falls below the signal level of the_image—sense
signal V3 by an amount greater than the weighting
vx, and goes high at other times. This output
voltage VJ is inverted by the inverter 19 and

inputted to the J terminal of the JK flip-flop
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when t he signal IeVBl e signal- V1 is nore than a

fi xed volitage-Vx Io nal level of the second image signal and
goes high only mhen qual to or greater than the signal '|eve
of the second i nmage S|gnal ThIS I S because the : ght ed,
as already described, with a fixed voltage Vx. TIli fy@uip
inverted by the inverter 19 and inputted to the J terngp 4@5
flip-flop @9rcit hgoother hand, with regards to waset nrnkn-—wﬁ

voltage VJ outputted fron1the conpar.at or t he out put becones | ow only
nﬁefimage sens

In this example, the output is unsettled when
the + side input tefminal and the - side input
terminal are of the same potential because the
comparators 17 and 18 posses the same
characteristics.

With the output voltage VJ of the comparator 18
being high so that the J terminal input is low,
when the output voltage VK of the comparator 17
goes high, the binary output Vout present at the
output Qv of the JK flip-flop. 20 goés high, and when
the output voltage VJ of the comparator 18 goes low
and the J terminal input goes High, the binary
output Vout goes low.

As becomes clear by comparing the waveform V2
and the waveform Vout of FIG. 14, the binary
voltage Vout outputted from the JK flip-flop
circuit 20 is a binarized version of the second
image-sense signal V2. Information corresponding to
black and white read from the sensor row 3 of the
CCD image sensor 1 can therefore be discerned to a
high degree. of precision based on this binary
voltage Vout.

In this third embodiment, the giving of the

weighting is carried out by changing the operating
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the signal level of t e-sense signal V2 by the fixed voltage
VX or greater and goe | evel is the
out put voltage VK is inputted to the J term nal d“inmé~3K Tlvp-ﬂrap 20
i § :’l At f
L—

I -

of the out put voltaqimgg t utted fromthe conparator 17, the output only
goes hi gh when the si W ' lagefho fjr st | mge-sense signhal V1 exceeds

= - FhRES, 21

characteristics of each of the buffers 28, 29 and
30 by giving the source-follower circuits 34, 35
and 36 bias voltages Vggl, Vgg2 and Vgg3 of
different values. However, an equivalent weighting
may also be attached by changing the size (W/L
etc.) of the MOS transistors of the source follower
circuits 34, 35 and 36 or providing amplifiers
within the buffers 28, 29 or 30 and changing the
operating point of each amplifier.

In each of the above embodiments, descriptions
have been given for the case of application in a
linear sensor. However, because the present
invention involves charge transfer registers,
charge/voltage converters, buffers and binary
circuit comparators, the present invention is not
limited to linear sensors and can also be applied
to area sensors. Further, the present invention is
not limited to solid-state image-sensing devices
and may also be applied in the same way to delay
elements of charge transfer devices. |

Further, in each of the aforementioned
embodiments, in the case where signal charge for
the same pixel is split up between, for example,
two systems, this has been carried out at a

distribution ratio of 1:1, but it is by no means
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The signa
the JK fli
VK of the
out put vol
being | ow,

t he conparator 18 goes Iom/and the J termnal in
vol tage Vout outputted fromthe JK flip-flop 20

the first

_—
wavef orm for the binary output Vout present at the output QN of
p- fm?ﬁm Beh R lé}bd at the point in time when the output voltage
co hroni zed with the clock CL goes high with the
tag 7 !Zf arator 18 being hig : 1 I nput
and goes he point in time when| the sutpursSGEENgE VI of
ut goesPhiagh.* The binary
‘5= bi hafi zed versi on of

LERG SRS e P rylou?s tIRE 8RS LR EMon BBy and

an arbitrary distribution ratio may be set up.

Also, with regards to the delay time
difference, a time period corresponding to two bits
has been adopted in each embodiment but a time
period corresponding to one bit or three bits is
also possible. |

The solid-state image-sensing.device of the
present invention as structured in each of the
aforementioned embodiments is applied to barcode
reading devices for reading barcode information
attached to mediums euch as, for example, goods,
and outputting this information as binary
information. | |

An example of the structure of a barcode
reading device is shown in FIG. 21. In this
drawing, a barcode (not shown in the drawing) AN
attached to a medium 41 is illuminated by a light
source 42 and then read by guiding the reflected
light into an image sensor 1 via an optical system
43 such as a lens etc.

The structure described in each of the
aforementioned embodiments may be used as the image
sensor 1. i.e. a structure is adopted where signal

charge accumulated at the same 1ight.receiving
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_—/_— )
waveshapes V1 and Oﬁ&a@ﬁggﬁm d. Black and white corresponding to

=0

i=nf ormati on taken row 3 of the CCD i nage sensor 1 can:
therefore be di scerﬁg&m degree of accuracy based on this bi nary

vol tage Vout. An i

the Q output of the JK flip-flop 20. As descrrbedl oven @c cird
structure of the first enbodi nent, the transfer p

ry voltage VoutN caff fhenr, B, thatngd‘u5|ng
b the
7 and. ;eanmbefnade

in places which are sonewhat separated on the pattern Iayout because the

charge trapai®¥s (pixels) 2.of the sensor part_(sensor row 3)
is taken as the'signal qharge for at least two
systems and is transferred with there being a
different number of transfer stages between each
system so as to give a time difference between
signal charges for the same pixel. These signal
charges for_at least two systems are then converted
to voltages and outputted. This image sensor 1 is
controllably driven by a driver circuit 44.

The output voltages of the at least two systems
of the image sensor l'are provided to the binary
circuit 16 and binarized. The structure described
for each of the aforementioned embodiments may also
be used here as the binary circuit 16. i.e. the
binary circuit may comprise comparators
(comparators 17 and 18 and an inverter 19) for
performing level comparisons on each of the output
voltages from the image sensor 1'and a detector
(the JK flip-flop 20) for detecting the transition
points of the levels outputted by.each of the
comparators. _

This binary signal is then decoded by a decoder
45 and finally outputted as read-out information.

In this way, by using the solid-state image-

‘sensing apparatus of the present invention, it is
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22 register 5 br"%‘H Hasrﬁeaxnep@ce@n the output side so as to split the pi xel

signal charge int e nunber of transfer stages at the transfer
parts 7 and 8. at ch branch bei ng nade to be di
Crcuit types such-as t rs 14 and 15 etc. ¢ T EE OLeS {

and

i mge sensor 1 a
possible to provide a bar-code reading device where

the circuit structure of the solid-state image-
sensing device in itself is simple, exterﬁal parts

" are few, power consumption is low, the structure is
highly noise resistant, compact and 1ightﬁeight and
moreover is capable of reading.barcodes accurately.

Still further, the solid—state image-sensing
apparatus of the present invention is by no means
limited to applications in barcode reading devices
and applications in, for example, simple facsimile
machines etc. are also possible.

As described above, according to.the present
invention, by adopting a structure where signal
charge for the same pixel is taken as signal charge

for at least two systems and then transferred, with
the number of trénsfer'stages-in each system being
different and each signal charge being converted to
a voltage at a charge/voltage converter and then
being outputted, circuit systems of the
charge/voltage eonverters can easily be positioned
crosswise with respect to the charge/voltage
converters and can therefore be formed "on-chip" on
the same substrate as the image sensor.

A reducing of the numbef of parts and a

lowering of the power consumption can be achieved
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possibility, FLG LS eq&npctural view showing a first nodification of
the af or emment pliee eebodi nent, with portions which are the sane as
portions :in F‘I I E u ven the sane nunerals. In the CCD i mage sensor
of the first sMicharge transfer registers 5a and 5b are, .

positioned on both sides of the sensor row 3. Sig aCCIm ted at
the light-receiving portions 2 for each one pi xel FHGQSH§§ES%E, ow 3 are
read-out to the charge transfer registers 5a and 5} vi a ®R&Rd™d 5 4a

TFormation

can be obtained using a circuit simple in structure

and 4b. because the image-sense signal bina

and compatibility can be achieved when.the-
operating power supply voltage is a low voltage -
because the circuit structure can be made
sufficiently resistant to noise without using

diodes.
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The isters 5a and 5b cone-together on the output side

vnto transtMsﬂﬁéihﬁ@mn ph |s way, signal charges read
fro J l rom13 gates 4a and 4b and

transierre ansfer i=st-er-s--Ha . and 5b are
transferred in a sequence co the ar‘aymkxﬁ&grﬁJya Lgﬂth
nanLA§£~w:==:ﬂ
WHAT IS CLAIMED IS:
1. A solid-state image-sensing device

comprising:

a sensor having a plurality of light—reeeiving
portions arrayed, each light-receiving portion
converting incident light into a signal charge
corresponding to the amount of incident light and
accumulating the signal charges;

a charge transfer part for distributing between
at least two systems the signal charge stored at
one light-receiving portion part of the sensor and
transferring the signal charge using different
numbers of stages;

a plurallty of charge/voltage converters for
detecting and converting into voltages the 51gnal
charges of the at least two systems transferred by
the charge transfer part; -

a comparator for carrying out a level
conversion on each of the Qutputs of the plurality
of charge/voltage converters; and

a detector for detecting the level transition
point of the comparator output signal and
generating a binary signal.

| 2. A solid-state image-sensing device

according to claim 1, wherein the charge transfer
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—_— .
recei vi ons of the sensor row 3 at the common transfer part 6a.
The OUMQME@m&l’l"Eﬂucomn Be a@é branches into two transfer
parts 7= d onth |n the sane way as the first
enbodi ment with t hése *branched g stru Eﬂtedzrﬂ=¥#EF§%ﬁ§:ﬂay as
those in the first enbodinent (refer to FIG 2). TTTBI&BﬁHEEEhGéEtEtEﬁln Hf er

r

parts 7 and 8 are structured so as to have a diffe Ent nRAFAAGEP fer

stages with the signal charge of the sane pixel distFtbuted bertween the two

systens bei ng . transf .
y % 'hag eré%%ﬁéh transfer part for transferring

signal charge read-out from the sensor, as is, in
units for each light-receiving portion and first
and second transfer parts for distributing between
at least two systems and transferring the signal |
charge of one receiver transferred by the common
transfer part. | _ |

3. A solid-state image-sensing device
according to claim 1, wherein the comparator has a
hystgrisis characteristic.

4. A solid-state image-sensing device
according to claim 1, wherein the plurality of
charge/voltage converters are set up in such a
manner that at least one reset potential differs
from the remaining reset potentials.

5. A solid-state image-sensing'device
according to claim 1, whérein each reset potential
of the plurality of charge/voltage convérters can
be independently adjusted.

6. A solid-state image—sensing device
according to claim 1, further equipped with a
plurality of buffers each having differing
input/output characteristics for providing each of
the output voltages of the plurality of .

charge/voltage converters to the comparator[
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synchro
out put

bits) nore thah that® of* the out

si gnal

charges for the sane pix by t he uﬁﬁ E? [lde G
parts 7 and 8 posses a tine difference correspondi ng %&géﬁ ;%
final stage.

3N RRLRN N DA "5 < aﬁ Wm%ﬁlf% exampl 6. two 3tages (1w

part 7. In this way, the

7. A solid-state image-sensing device
according to claim 6, wherein each of the plurality

of buffers are constructed using a source-follower

circuit construction with the buffer voltages being

set-up at mutually differing values.
8. A bar code reading device comprising:
a light source; and

‘an image sensor comprising;

a sensor having a plurality light-
receiving portions arrayed, with each light-
receiving portion converting light, reflected when
light is shone from the light SOﬁrce onto a bar-
code attached to a medium, into a signal charge
corresponding to the amount of reflected light and
accumulating the signal charges;

a charge transfer part for distributing the
signal charge stored at one light-receiving portion i
of the sensor between at least two systems and
transferring the signal charge using different
numbers of stages;

a plurali;y of charée/voltage converters for
detecting and converting into voitages the signal
charges of the at least two systems transferred by
the charge transfer part;

a comparator for carrying out a level

- 55 -



24 Char /voltage conv ers lghand 13 for detectlng and convertlng into

Vol tag mlm" si gnal SBanR Qi ded at the final stages of
each of uﬁ ﬂ’ transfe ﬁ and are (

exanpl e, floaflng d$ f fausi on reg rst modi fij qatg sREET HS BHERD
possi bl e to make the transfer parts 7 an pl aces dh t he RERLASER | ayout
whi ch are sonewhat separated and therefore easily positier—etrtreaurts such as
the buffers 14 and 15 across the width of the charge - ' :

conversion on each of the outputs of the plurality

of charge/voltage converters; and

a detector for detecting the level transition
point of the comparator output signal and
generating a binary signal.

9. A bar-code reading device according to
claim 8, wherein the charge transfer part has a
common transfer part for transferring signal charge
read-out from the sensor, as is, in units for each
light-receiving portion and first and second
transfer parts for distributing between at least
two systems and transferring the signal charge of
one light-receiving portion transferred by the
common transfer part.

101 A bar-code reading device according'to
claim 8, wherein the comparator has a hysterisis
characteristic.

11. A bar-code reading device according to
claim 8, wherein the plurality of charge/voltage

- converters are set up in such a manner that at
least one reset potential differs from the
remaining reset potentials.

12. A bar-code reading device according to
claim 8, wherein each reset potential of the

plurality of charge/voltage converters can be

- B¢ -



13. ThIS |s because, as in the first enbodi ment

the ou ut SI transfe ee ffles into two so that the 1
si gnal @ “ ane pi x nd then transferred. Al so, by
adopt i ucture t of the=signal_-charge_for

each of the Ilght-rece|V|ng portlons 2 |n the sensor rGWﬁSkalﬁa;Ered out
fromboth sides, the array pitch of the * light-receilving pemtiaQes 2 cafy be
set up to be 1/2 of the bit (transfer stage) pitch of-=the—charges=transter

e t
regi sters Sanggn entfy gd)ﬁ%lst u&r‘oer can

13. A bar-code reading device according to
claim 8, further equipped with a plurality of
buffers each having differing input/output
characteristics for providing each of the output
voltages of the plurality of charge/voltage
converters to the comparator.

14. A bar-code reading device according to
claim 13, wherein each of the plurality of buffers
are constructed uéing a source-follower circuit
construction with the buffer voltages being set-up

at mutually differing values.
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enbodi ment, wi'th portions mhlc as portions in FIG 6 belng
given the sanme nunerals. Wth sensor of pehs—second .

nodi fication, charge transfer reglsters 5a and 5b are pWU&i%@@th“%gFﬁN
si des of the sensor row 3. The

therefore be doubled and the'ﬁ1 on |nproved FIG 7 is a structural
vi ew showi ng a second ,& laQeHe af orenenti oned first

_.__,_—--

ABSTRACT OF THE DISCLOSURE

SOLID STATE ‘IMAGE—SENSING DEVICE AND BARCODE
READING DEVICE EMPLOYING SAID DEVICE

A solid-state image-sensor comprises a sensor, a
charge transfer part, a plurality of charge/voltage
converters, a comparator and a detector. The sensor
has a plurality of arrayed light-receiving
portions, with each light-receiving portion
converting incident light into a signal charge
lcorresponding to the amount of incident light and
accumulating the signal chafgés. The charge
transfer part distributes between at least two
systems the signal charge stored at one' light-
receiving portion part of the sensor and
transferring the signal charge using different
numbers of stages. The pluraiity of charge/voltgge
converters detect and convert inte voltages the
signal charges of the at least two systems
transferred by the charge transfer part. The
comparator carries out a level conversion on each
of the outputs of the plurality of charge/voltage
converters and the detector detects the level
transition point of the comparator output signal

and generates a binary signal.

- 58 -~



structure S such that 5| r ges accunmul ated for the same pixel at the
| i ght-receivi ng e sensor row 3 are read-out to the charge
transfer -regi ste “ﬁ t he read-out gates 4a and 4b by being

di vi ded appr oxi rrat Here, ih order to di V|w—-b+g++a|—-ﬂefhat'ge—-f--
accunul ated at the Ilght-recel ving portions 2 for thelis@n® Spt-;t'el ‘Arpbo=
approximately two at the tine of reading out, it is neaLge_s_gqrgft_Qﬁ_ia*’OV| dey

device for setting up, for exanple, the pavential at the regron for
accurul ati ng signal charge in such a rrann§ so as to be at it's nost
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central portion ©fsSheeHssan,
the drawing, with

and 5b are nmde Sowlmﬂﬂly

Ek]@e o irection i.e. the vertical direction in
] hen gradually becom ng deeper as the

read- out -gates 4 proached. The charge transfer registers b5a
ifferent transfer stage_nunbers and signal
charges for the sane pixel read out via 26 the reag (65 74 I~4b
are transferred in His %@iﬁw@l?’%%ﬂ
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the charge transfer S set up to be 2 stages (two bits) nore
the that -for the ch regl ster 5a. The signal charge for the -
sanme pi xel transfer rge.transfer registers 5a and 5b posses a
time difference correspondl ng to two bits at the final SIS

'syn(':hroni zation. Iﬂlsgmeﬁim@ﬁg QJerO” the nunber of transfer stages for

dH2 ¢ Hi
10 9

L1 D

(N TN TN [ N TNJ
P-well

FlG.4

¢ H2 ¢ HI
\ / ol /
TN | N ] N |N]
P-well

potential

\,
b X

i signal charge

transfer direcﬁon
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hsihg, for exanple, floating diffusion region, are provided at each of the
final stages frﬁi’ssﬁdaﬂ{a@haern%‘lic@@nsfer regi sters 5a and 5b. In the case of

this secend nodj in the case of the first enbodi nent, the
construction |s |HBU’E nal “charge accumul ated for the same pi er is
di stributed as sign for two systens and the 39?5?5 #E _____ rge
transfer registers 5a and 5b having differing nunberg ’qég% E

Wi thin each system It is therefore possible to nake Panq '
regi sters 5a and 5b in places on the pattern | ayout WhICh are '

FIG.5

—-‘—.-UJ—

nohEhhanthhhl

Tb Tw O Tb Tw

VZMW_H_

vy | _ I

VK

Vout
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27 somewhat separated and circuits such as the buffers 14 and 15 can easily
be provi dedhisSbesbiasBeencieplaes t he charge/vol tage converters 12 and 13. In

this secend [ ' t he signal charge for the s up
bet ween two 4 ad out using the stages for| regadigrgeowHsSSBEENI
charges fromthe light-receiving portions 2. It is th reforiergwmmziry'for

the pitch of the

F16.6 2-bi;c tine 15
differelnce V2
4b 3 5b 2 g"’"’}

\ / 1l / ] - ! ] 1
T I ; [I
VAR ' /06 DR

“ iIJ Vi
_ 'lwi , : g . :OG RG 14
/ .r ' ‘ |‘ ' :‘ ’ 7 /1 D ®
da 50 U bit 2
FIG.7
Sharance
-45 3 _5b\ | — ve
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sensor row 3 and the bit (transmssm&agﬂ)eepkgpqgg f the charge transfer

registers 5a and 5b to be the sa nunber of pixels cannot be
i ncreased. However, as in the Ca lmmﬂ’m modi'fication, the. ,mgna.!
charge distributed using pixel uni hered t-pgetder-rand gﬁrmt S
not necessary to have a structure V\/nere the signal charge gi%,g%sam i

pi xel is again dFt/ﬁm a bet ween t stens and a.ahag&—iraa&fear—ﬁybtem
structure which t han t hat he first nodification is therefore
possi ble. Next, a description is given,|with reference to
21
+IN °_‘|E"T” Tr2 N:H___o -IN
@ az
Q o ’o] QN
TrSﬂ . ETM:: C
' Yz
777
FIG.9
AN\

o QN
Tr3~] }—><—{ —Tr4

e
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FIG 8 to FIG 11, of several ty |caI exanpl es of specific circuit
structures for providi.ng weighti S%tteetiﬁbasee %tors 18 (17). First, the
first exanple shown in FIG 8 has ﬁ FET' s (_herei naft er

n co

referred to. 28 sinply as the fj d
Tr2), having their drain el ectrodes conn IBUISH EETWDIAS- BEENINE] |
REPLACED !

MOSFET' s ( her ei naFe, G ,0

21

Qo ° Qn
. Tr3~:]|—><—{ETr4
777
FIG, 1!
21
wou | w2,/L2

HNo—][~m  Tr2—~]|}l—o -

Qo . -0 QN
| Tr3~3}-><-\ETr4 |

Wi/LisW2,/L2
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referred to sinply as i d.fourth MOS transistors Tr3 and TR4)
“connected in senlgag,eWHtas['uBeach of the MOS transistors Trl and Tr2. The nmin

part of the cons ‘ﬂSfIlprop circuit where a Qtermnal is
derived froma c ’m n point [err] of the first and =)
transistors Trl h the gate el ectrode of t lg-_k.;lirjl\m BEEN \

transistor Tr4 is connected and a ON term¥al is derived t
connection point a2 of the second and four MOS transi stlors—
which the gate electrode of the third MOS gransistor Tr3 is connect ed.
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—

A cl ock generaﬁ,}s@gee§gurce 21 is connected between the poi nt

where the first

and each'of th odes of the third and fourth
Tr3 and Tr4 ar earth. A capacitor Cis conne

and second I\/DSg W efladed and Tr2 are connected in conmobn and earth

A % __§:P.__-O.-_F._§.:_ .y

comon connection point [err|] of the second and fourth MOS

and Tr4 and earth. The gate el ectrode of the first MOS trar
derived as the "+" side input termnal "+l N a>nd

N

SN

RG off le
RG on level

L L
N INF] iVRDS

S NN
[ RS .
oz )
8— || |

a
1
T iVRDZ

|
NN

FlIG. 13
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REPLACEMENT SHEET Dat e 1995 29 the gate el ectrode of the second MOS

transi stdﬂns‘BhéétH:%Eé&{Re ﬁgdas the "-" side-input termnal "-IN'. The
threshold wﬂﬂm second MOS transistor Tr2 in this first exanple of

acircuit mes hi gh dependi ng on the charge—accumr-a‘l*gd—a‘t—-‘ he
capacitor C the threshol d vol tages of tHp ¥ SHERDESS BEEN

transi stor Trl into whi ch the first REPLACED

FIG. 14

Tb TW 1 Tb { Tw
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Tb w4 Tb Tw

ve LML LT M J—U—m_rm _ﬂ;”“”’

Tb Tw Tb , Tw

: . —| --VRD3’
oL [ LT

VJ

VK

Vout
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'inage-sehse signal Vi |s |nputted and the second MOS transistor Tr2 into

whi ch the secoris lacthinal V2 is inputted becone unbal anced. The
result of this | | tion of the threshold voltage added at the
second MOS tran quival ently added w th respect to the _signal

| evel inputted at the + side input termnal +IN A ca €T 5 CONN cLed
across the common connection point al of thasfirst an trh+$ar&csf’~ o
transistors Trl and Tr3 in the case of the @nparator {7, aﬁﬁﬁﬂdﬁﬁ t.hi-s: i.s

not shown in the drawi ngs, so that the thresgfiold voltag “the"
o
Q o S T
Q| N s i
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e=xs
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fi rst MOS Uhx‘asﬁeleg_}agb Trl e ends upon the charge accunul ated at the

capaci tor C e sanme theory as for the above case, the added
portion of t oltage of the first MOS transistor Trl is

equi valently" spect REPLACEMENT SHEET 30 Date . 7 _NOV
1995 to the level of the signal inputted at the - side i pll‘l_.hstsg‘%ﬁ@%ls sEeN
- ' T REPLACED
FIG. 16
o 28
j2 charge /voltage . O
= converter L
ETrn : ~~ 34 source follower
| o
: v
FD1 L :
RG Irl Tri2
—| L ro | o
L N o 29
Vgg2 o——H | = -
| I [
L77__|f Tro1 1 ~--35 source follower
[ |
| oV
| |
—[Tre2| -
# | !
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l |
| I oy
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—| 1L ro | 0 B
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13 charge /voltage
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of the fiirst exanple. However, C connected across the common

connection point a2 of the seco MOS transi T4
has been rermv%-g;@tl ngt«aad a resi stance R has . been i otk SHEEREASEET
source electro cond MOS transistor Tr2 and tlhe dr HEPLNES r o

Next, as shown in FIG 9, the giiHG} a second exanpl e of the
conparator 18 has a constructio M‘ﬁm C}% Ged ally al nost the sane as that

of the fourth MOS tranS|st‘Pr Tr4. The threshol d vol tage=of—the fir st
[ he first inage-sense

transistor Trl into which

output
voltage

(vl

—— source follower 34
— source follower 35
----- source follower 36

input voltage [V]

FlG. 18

Tb Tw [ Tb | Tw
| 1 I
vi [L l l l l | l LML l I [ l [‘]
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Tb i_ Tw - Tb- i_ Tw
U Y Y YL
vJ
VK
Vout
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| mge- sen¥as I nputted are also effectively unbalanced in this
second exa ructure due to the voltage drop at the resistance
R The thre ge portion added at the second MOS[fEFaRsTstor=-F2-i-5
t herefore equivalently added with respect to the |evel o, tHHE SiEghalas REEN
inputted at the + signal input termnal IN. Now al t hough not HOWACEIN t he
drawi ngs, in the case of the conparator, 17, :the t hr eshol

signal is |nﬁut ﬁéﬂﬁe tah?é second M3S transistor Tr2 into which the second

x-vp—o-l—rag.-e-s_ [rhtvaininty dnmireatioitmmnd |

r

109 binarizer
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n/ - 512
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REPLAGHEiHa " Date : 7 NOV 1995 of the first MOS

trans which the first inmage-sense signal V1 is inputted and
the s istor Tr2 into which the second inage-sense signal V2
S |np are effectively unbal anced by the introduction of a resistance

el ectrode of the third MOS transistor Tr3. The additio

s F16.20

R across the source electrode of the first MOS trans! sﬁyo,rm%r%hé&éf%@:é”v n

5V - ,
|
t
l

0.7 - 0.7

0= = ‘ =y Vin (Va)

FlG6.21

| tight | —42
/" source|
' ] 6 45
N . S S
- g\ si‘gr?sggr binarizer decoder
4] 43
drive |
circuit
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voltage portion, added at the first MOS transistor Trl is therefore
equi'val ently added with respect to the |evel of the si.gQn fted at the

- side input terminal -IN Next, a structure for § exank he
conparator 18 shown in FIG 10 has al nost the sans %f%ﬁ%ﬁ?@%@%gﬁfﬁ Egcond
exanpl e, but differs fromthe second exanple in tfag,the F d{\s1egece R is
#ntroduced on the drain side of the second MOS tré s#éi;#l:ﬁullf%gg'f
threshekd voltages of the first MOS transistor Trl into which the first
Iﬂage-sense - SOLID STATE IMAGE-SENSING DEVICE AND BARCODE

READING DEVICE EMPLOYING SAID DEVICE

EACKGROUND OF THE INVENTION
1. Field Of The Invention:

The present invention relates to a solid¥staté
image sensing apparatus and more particularly to a
solid-staté image-sensing device eguipped with a
binary circuit for outputting an image-sense signal
as a binary signal and a barcode reading device
using this solid-state image-sensing apparatus té
read-out, convert to binary signals and output
barcodes.

2. Description Of Related Art:

Barcodes are information concérning merchandise
codes etc. which are displayed usually as
combinations of lines of differing sizes on a
medium etc. These are then read-out at a XXX or POS.
(point of sale) etc. and used in the énalysis of,
for example, the total sales and circulation of |
merchandise.

CCD image sénsors are mainly used as the read-
out means for optically reading-out these barcodes.
Wwith barcode reading devices using these CCD image
sensors, the output of the CCD image sensor is sent

to a binary circuit, the combination of lines of



signal V1 is inputted and the second MOS transistor Tr2 into which the
second i mage-sense signal V2 is inputted are al so eff

this third exanple circuit structure and the thre quVQ#M§mﬁ£mﬁﬁﬁi
added at the second MOS transi stor 32 Tr2 is. equiva enhl¥ ddgd

respect to the level of the signal |nputtg9 at th 6&e§Lgé _____ hﬁuf “f-erimi na
+I N.

_——4——-—‘"

:w'-aifferent sizes are taken out as binary information
and this binary information is then detected. A
method for obtaining the binary information where
the level (voltage) of an image-sense signal is
compared with a threshold voltage at a comparator
is usually adopted in the case of this binary
processing.

However, while the image-sense signal from the
CCD image sensor is being binarized, it is |
difficult to carry out. binary processing for a
fixed threshold voltage because the barcode print
surface reflections are not uniform due to the
influence of depressions or rises in the surface on
which the barcode is printed and the influence of
light coming from outside.

- Because of this, with the barcode reading-
apparatus of the related art, a circuit built
outside of the CCD image sensor chip is used to
invert the comparator in the case of a signal level
change just before the image-sense signal goes
above a fixed absolute value. _ |

The following is a description based on FIG. 19
of a barcode reading device for the related art.
First, a CCD image sensor 100 cdmprises a

sensor row 102 having a plurality of light-



Al t hough not shown in the drawi ngs, in the case of the conparator 17, the
threshol d voltages of the first MOS transistor Trl into which the first

| mage- sense signal V1 is inputted and the secq_~~A£§g£ﬁansF§f§fw r2 into
whi ch the second i nmage- sense signal is input;eﬁE@[ﬁc§m£®%$Hv§Fy‘unbalanced
by introducing the resistor R on the drain si of t eh&&Jﬁﬁﬁwcg transi st or
Trl. The threshold voltage portion added at t pbder:St... ~transi gtor Trl is
therefqre added equivalently with respect to t =gf—tne si gnal

i nputted atyidheivihgepottiohsr 1018] £6 converting incident

light into signal charges corresponding to the
amount of incident light and accumulating the
charges, arrayed in a row, and a charge transfer
register 104 comprised of CCDs for transferring
signal charges read-out from each of the light-
receiving portions 101 of the sensor row 102 by a
read-out gate 103 in one direction. '

A charge/voltage converter 105 made, for
example, by floating diffusion region, for
detecting the transferred signal charge and

| converting this signal charge to a vbltage is
provided at the final 'stage of the charge transfer
register 104.

A buffer circuit 106 comprising, for example, a
source follower circuit for performing current |
amplification on the output of the charge/voltage
coﬁverter 105 is provided at the post stage of the
charge/ﬁoltage converter 105. This buffer 106 is
formed on the same substrate (chip) as the sensor
row 102, the read-out gate 103 and the charge
transfer register 104.

Then, a CCD output (imége—sense signal) is
derived from the output of the buffer 106 and sent

to outside via an external terminal 107 to then be



Next, a. fourth exanple of the conparators 17 and 18 has al nost the sane
construction as the first exanple. However, the capacitor C connected
across the common connection point a2 of the fi .
transistors Tr2 and Tr4 is renoved and i nstead
channel width WL and the channel length L1 at t _
and the ratio W2/ L2 of the channel w dtH W and ttaee channel-tengt i L2 of
the seeend MOS transistor Tr2 are intentionally O as to

Sent to a binary circuit 109 after being level-

IREPLACEWEWE/AHESST |t he
e fi'rsd NOY 198Bnsiistor Trl

amplified'by an amplifier 108. A floating binary
circuit etc. employing diodes is used as the binary
circuit 109.

This floating binary circuit comprises a
comparator 110 and diodes 111 and 112 connected in
reverse polarity across the input terminals of the
comparator 110. This structure is such that the
comparator 110 is inverted in the case of a signal
level change just before the image-sense signal
exceeds a fixéd absolute value.

The input/output characteristics of the binary
circuit 109 posses a hysterisis characteristic
whereby, as shown in FIG. 20, in the case when the
input voltage Vin is, for example, 0V and the
output voltage Vout is, for example, 5V i.e. the
power supply voltage, the output voltage Vbut is
inverted to 0V when the input voltage Vin- rises
from about 0V to 0.7V i.e. the level of the diode
voltage drop. Alternatively, when the ipput voltage
Vin is, for example, 5V and the output voltage Vout
is 0V, the output voltage Vout is ihverted to 5v
when the input voltage Vin falls by about 0.7V.

It therefore follows that the output of the

binary circuit 109 is inverted when the current



REPLACEMENT SHEET 33 Date : 7 NOV 1995 be different. The threshold
vol tages of the first MOS transistor Trl into ' the first inmmge-sense
signal V1 is inputted and the second MOS transi St @iplf 2.1 0T O W t he
second i mage-sense signal V2 is inputted are al Eﬁ%éé%#c@g%ﬂ¥ fourth
exanpl e structure. The threshold voltage portio 'ngeﬂfﬁﬁLﬁﬁﬁt_éco'd MOS
transistor Tr2 or the first MOS transi sPor Tr2 tleansis e} L ‘herefore
added -~ | T

- éignal level of the image-sense signal changes by

+7— 0.7V or more with respect to the signal level
of the previous image-sense signal and this
inverted signal can then be taken out as binary
information.

A characteristic of this floating binary
circuit is that it is possible to carry out
binarization using the relative degrees of light
and shade of a barcode by capturinglchanges in a
signal as binary.

However, when applications are made in barcode
reading devices, in solid-state image-sense devices
of the related art including the binary circuit, it
is necessary to use an amplifier providing a high
degree of amplification as the amplifier 108 for
noise countermeasures and a binary circuit 109
employing diodes 111 and 112, which makes the
circuit structure complicated and makes manufacture
on the same chip as the image sensor 100 i.e. an
on-chip structure, difficult to achieve.

Even if the circuit etc. can be made on-chip,
giving consideration to ﬁhe-progress in the current
situation of low voltage power supply operating
voltages for the CCD image sensor 100, for example,

3V, normal junétion-type diodes have a dead-zone in



equivalently with respect to the + side input termnal +INor the - side
input termnal. -IN. As a nodification of the fourth exanple, a structure
may al so be adopted where the ratio WB/L3 of the

ﬁg v dtva—eg)d t he
channel length L3 of the third MOS transistor Tr3) @“'5?@@“VI/I4 of
t he channel width W& and channel length L4 of the Bourrﬁ an5|$tor Tr4

are intentionally made so as to differ.6The thre £y voltaqes of the first
MOS tgansi stor Trl into which the first inmge-sense signal VI 1§~ i fiput t ed

and the segphd MEB LRSI $18" characteristics corresponding to a

drop in the voltage level of about 0.7V. A voltage

which is two to three volts larger than 0.7V or
greater is thereforé necessary for signal
amplification within the sensor and handling this
kind of large signal amplification with a 3V power

supply CCD image sensor is extremely difficult.

SUMMARY OF THE iNVENTION

As the present invention sets out to resolve
the aforementioned problems, it is an object of the
present invention to provide a solid-state image-
sensing device and a bar-code reading device
employing this sdlid—stage image-sensing device
capable of taking binary information without
putting a complicated circuit on—chip whilst being
compatible with low-voltage operating power supply
voltages. ‘ '

In order to achieve the aforementioned object,
according to the present invention, a solid-state
image-sensor comprises a sensor, a charge transfer
part, a plﬁraiity of charge/voltage converters, a
comparator and a detector. The sensor is
constructed from a plurality of arrayed light-

receiving portions,; with each light-receiving



Tr2 into which the second i mage-sense signal V2 is inputted are al so
unbal anced in this nodification. The threshol ortion added at the

—

second MOS transistor Tr2 or the first MOS tr ﬂsbgAgEMI&Ejj LACEMENT
SHEET 34 Date:. 7 NOV 1995 transi|stor i,s?t dded
equivalently with respect to the + side input| Dgeni nal ¥ tihe - side
i nput termnal -IN : 7 —

¥

ﬁortion converting incident light into a signal
charge corresponding to the amount of incident
light and accﬁmulating the signal charges. The
charge transfer'part is for distributing between at
least two systems the signai charge stored at one
light-receiving portion part of the sensor and
transferring the signal charge using different
numbers of stages. The plurality of charge/voltage
converters are for detecting and'converting into
voltages the signal charges of the at least two
systems transferred by the charge transfer part.
The comparator is for carrying out a level
conversion on each of the outputs of the plurality
of charge/voltage converters and the detector is
for detecting the 1evé1 transition point of the
comparator'output signal and Qenerating a binary
signal.

The charge transfer part has a common transfer
part for transferring signal charge read—out from
the sensor, as is, in units for each light-
receiving portion and first and second transfer
parts for distributing between at least two systems
and transferring the signal charge of one receiver
transferred by the commoh transfer part.

The comparator has a hysterisis characteristic



Second Enbodinment FIG 12 is a structural view show ng a second enbodi nent
of the present invention, with portions in the drawi ngs which are

‘equi valent to portions.in FIG 1 being given tﬂ EB nUHELQHLwT n this
second enbodi ment, the charge transfer register § '? confron
transfer part 6 for transferring signal chargeir fﬁ mr row 3
as is in pixel units, and three output &ide tran er“ﬁéfraf7?”"9q and 24
for dgstrlbutlng S|gnal charge for the sane pixel bet ween t hr ee systens by
splitring y d|¥EChaigréi % charge/voltage converters are

set up in such a manner that at least one reset
potential differs from the remaining reset
potentials. Each reset potential of the plurality
of charge/voltage converters can be independently
adjusted. |

' The solid-state image-sensing device may alsoc
be further equipped with a plurality of buffers
each having differing input/output characteristics
for providing each of the output voltages of the
plurality of charge/voltage converters to the
comparator. Each of the plurality of buffers are
constructed using a source-follower circuit
construction with the buffer voltages being set-up
at mutually differing values.

- Further, according to the present invention, a
bar code reading device comprises a light source
and_an image sensor comprising a sensor, a charge
transfer part, a plurality of charge/voltage _
converters, a éomparator and a.detector. The sensor
is constructed from a plurality of arrayed light-
receiving portions, with each receiver converting
light, reflecfed when light is shone from the light
source onto a bar-code attached to a medium, into a

signal charge corresponding to the amount of



register 5 into three on the dutput side and then transférring t he charges.
At the output side transfer parts 22; 23 and 24, the 1) —=pf-=t-r-ansi-er
stages of the output side transfer part 22 and the ot BEti4Gdéssr ansterl

part 24 are set up to be the same and the nunber of gtageg 9 LUt put
side transfer part 23 is set up to be, for exanple, Eﬂbﬁﬁtéﬁ@gﬁgﬁ%%”blts)
| ess than the number of stages of the Qutput side transfér parts 22 and 24.

B

-

Eeflected light and agcumulating the signal
charges. The charge transfer part is for
distributing the signal charge stored at one
receiver part of the sensor between'at least two
systems and transferring the signal charge_using
different numbers of stages. The plurality of
charge/voltage converters are for detecting and
converting into voltages the signal charges of the
at least two systems transferred by the charge
transfer part. The comparator is for carrying out a
level conversion on each of the outputs of the
plurality of charge/voltage converters and the
detector is for detecting the level transition
point of the comparator output signal and
generating a binary signal.

The charge transfer part has a common transfer
part for transferring signal charge réad-out from
the sensor, as'is, in units for each light-
réceiving portion and first and second transfer
parts for distributing between at least two systems
and transferring the signal charge of one receiver
transferred by the common transfer part.

The comparator has a hysterisis characteristic
and the plurality of charge/voltaée converters are

set up in such a manner that at least one reset
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converters 25, 26 and 27 for detecting transferre ' and,
converting this signal charge to a voltage constrydREdAsCsMEYT fiarsTe

floating diffusion region, are provided at each o the | ast st ages

charge/ vol tage converters 25, 26 and 2719re out p

botential differs frOm the remaining reset
potentials. Each reset potential of the plurality
of charge/voltage converters can be independently
adjusted.

The bar-code reading device may also be further
equipped with a plurality of buffers each having
differing input/output characteristics for
providing each of the output voltages of the
plurality of charge/voltage converters Eo the
comparator. Each of the plurality of buffers are
constructed using a .source-follower circuit
construction with the buffer voltaggs.being set-up
at mutually differing valﬁes.

In the solid-state image-sensing apparatus of
the above constructiqn, signal charge read-out from
the sensor part by the same ligh;-receiving portion
is transferred in the charge transfer part as
signal charge for at least two systems, with there
being a differing number of transfer stages in each
of the two systems. There is therefore a time
difference between the signal voltages for the at
least two systems outputted from the charge/voltage
converters corresponding'to the difference iﬁ the
number of transfer stages.

The signal voltages of the at least two systems



binary circuit 16 as first,

and V3 via the buffers 28, 29 and 30, respectivel y.—Fhe-first_appd-—thi

i mage signhals V1 and V3 are del ayed by a period of

two bits

t REPLGOEESPGREENQ

.e. two transfer clocks with respect to tlhe second i nmage-se
signal V2 which is taken as a reference because the ngmbewigﬁ@Vﬁ@@&te
stages of the output side transfer part 123 is set to—be~two=bi+—p0

second and third i mage- sense signals V1, V2

d
to
se

tions

| ess than the nunber of transfer stages of the output side transfer parts

22 and 24.

5g§%gégTﬁ§cﬁrE§Hé]'iffggéﬁ%gséFQ {ARAELY o a
comparator and when the level change between the

two signal voltages is greater than a fixed level,

the comparator output is changed. A binary signal

is then generated by a detector detecting the level

transition.point of this comparator output.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural view showing a first
embodiment of the present invention;

FIG. 2 is a plane pattern view showing the
structure in the region of the branqh part of the
charge transfer register;

FIG. 3 is a cross-sectional view taken along
the line X1 - X2 of FIG. 2;

FIG. 4 is a potential view showing the
distribution of potential at the plane X1 - X2;

FIG. 5 is a signal waveform diégram for
desciibing the operation of a first embodiment of
the present invention; |

FIG. 6 is a structural view showing a first
modification.of the first embodiment;

FIG. 7 is a structural view showing a second
modification of the first embodiment;

FIG. 8 is a circuit diagram showing a first

example of a comparator;



17 and 18 having the same characteristics, an inverter 19 and a flip-flop
20. The wiring of the binary circuit 16 of this enbodinent is such that the
second i mage-sense signal V2 fromthe buffer 29 is |nppt%§g,tq LNe T

Date: 7 NOV 1995 36 side input term nals of the conpar tHé
first image-sense signal V1 fromthe buffer # 7aﬂﬂvlﬁg5

12 ‘ l c——
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FIG; 9 is a circuit diagram showing a second
example of a comparator,

FIG. 10 is a circuit diagram showing a thlrd
example of a comparator;

FIG. 11 is a circuit diagram showing a fourth
example of a comparator;

FIG. 12 is a structural view showing a second
embodiment of the present invention;

FIG. 13 is_a view showing the potential of a
charge/voltage detector of the second embodiment;
FIG. 14 is a signal waveform diagram for
describing the operation of the second embodiment ;

FIG. 15 is a structural view showing a third
embodiment of the present invention;. |

FIG. 16 is a circuit diagram show1ng an example
of a buffer circuit structure;

FIG. 17 is a characteristic diagram showing
buffer input/output characteristics;

FIG. 18 is a signal waveform diagram for
describing the operation of a third embodiment of
‘the present invention;

FIG. 19 is a structural view showing an example
of a bar code reading device of the related art;
FIG. 20 is a characteristic diagram showing

hysterisis characteristics of a related art binary



Is inputted to the - side input termnal of the conpar
| mge-sense signal V3 fromthe buffer 30 is inputted t
term nal of the conparator 18. The two conparators 17
constructed so as to only operate during the signal se
pi xel signals and not respond during the reset period. A o
circuit with, for exanple, a transfer cléck [err]HL ([err] H2) prOV|ded to
t he clock terminal CL is used as the flip-flop circuit 20. The output VJ of

Egremcgglpagfaéﬂrcﬁg_es éﬂaerted by the inverter 19 and inputted at the J

~t-he_ third
BLécéwds*kmpug

""""""""""""

FIG. 21 is a structural view showing an example
of a solid-state image-sensing device of the

present invention applied to barcode reading

device.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
First Embodlmggt
The following is a detailed description based
- on the drawings of the embodiments of the present
invention. |

FIG. 1 is a structural view of the first
embodiment of the present invention with, for
example, a linear sensor being used as an image
sensor.

The CCD image sensor 1 of the first embodiment
is constructed from a linear sensor (line sensor)
comprising a sensor row 3-of a multiplicity of |

| light-receiving portions (pixels) 2. arrayed in a
single row for ¢onverting in¢cident light into an
amount of charge corrésponding to the amount of
light and accﬁmulating this charge, a read-out gate
4 for reading out signal charges accumulated at
each of the light-receiving portions 2 of the

sensor row 3 by applying a read-out pulse'ROG, and



this JK flip-flop and the output VK of the conparator 17 is wired so as to
be directly inputted to the terminal K A binarized output Vout is then

taken fromthe output termnal ON (inversion of C»Fg&rlme,ghrrlp'Trmp

circuit 20. In this enbodinent, the respective res t ararng RO RD2 iland
RD3 of the charge/voltage converters 2544 26 and 2 a.fbpjhgp | f fiusi on
region structure are set up to have dif erlng res meotenil 1, ' VRD2
and VRD3 (VRD1 > VRD2 > VRD3). Specifically, the reset potentlal VRD2 s

a charge transfer register 5 comprising CCD's for

'transferring signal charges read-out from the
sensor row 3 by the read-out gate 4 in one
direction. In this example, this is the right-hand
side direction in the diagram.

The charge transfer register 5 is comprised of
a common transfer part 6 for transferring signal
charges outputted'fram the sensor row 3 as pixel
units without modification and two output side
transfer parts 7 and 8 provided on the output side
of the charge transfer register 5 which divide into
two and transfer signal charges of the same pixels.
The construction is two—phase driven by, for
example, two-phase transfer clocks clock ¢H1 and
oH2 .

The specific structure of the distributed
portion of the charge transfer register 5 is shown
in FIG. 2. As shown in FIG. 2, at the chatrge |
transfer register 5, a two-layer polysilicon (1Poly
'Si, 2PolySi) accumulating gate electrode 9 and
transfer gate electrode 10 comprising an electrode
pair are repeatedly arrayed, and transfer clocks
fH1 and fH2 are applied to these electrodes.

At the common transfer part 6, the single

channel 11 forks within the region of the
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setting-up is carried out so that, when the wei ghti pg==s—taken-tgo-he \X,
VRD1=VRD2 + Vx and VRD3=VRD2 - Vx. The potenti al dlinﬁﬁ@wCEmeﬁpuigi
charge/ vol tage convertérs 25, 26 and 27 in this cas agp v 13.
In this way, an operatlon equi valent to the giving tua\ émh uslng t he
conparators 17 and 15

:

gccumulating gate electrode 9 occurring on the
output side of the output of the charge transfer
register 5. i.e. the divisioﬁ-part A into which the
channel 11 divides is positioned with the region of
the accumulating gate electrode 9.

FIG. 3 is a cross-sectional view taken along
line X1-X2 of FIG. 2 and FIG. 4 shows the potential
at this cross-section.

In this embodiment, the division part A which
divides the channel 11 is set up so as to be
positioned qentrally with respect to the width of
the channel 11.

In this way, in the signal charge transfer
process using pixel units, as shown in FIG. 4, if
the same pixel signal charge is transferred within
the region of the accumulating gate electrode 9 at
which the division part A exists, this same pixel
signal charge is divided approximately equally by
the existence of the division part A and is
provided to the transfer parts 7 and 8 on each
output side.

Again in FIG. 1, the two output side transfer
parts 7 and 8 are constructed with differing
numbers of_transfer stages and the same pixel

signal load can be transferred in synchronization



18 of the first enbodi nent can be obtai ned because the +evels——fof-

exanpl e,

the reset levels VRDL', VRD2' and VRD3' -after ﬂhabmiiﬂr}ng gk &

the respective output voltages are different. As descr bed akdy VA di ng
to the structure of the second enbodi nent, signal char% %Lﬁgg%

eDftor.” th i xel

is distributed between three systens ang transferred, converted=te=veltages
by three charge/voltage converters 25, 26.and 27 and the reset potential of
at Iqast qne of the respective reset potentials VRDL, VRD2 and VRD3 of the

three chatge/ ¥BINAMhGORKY ¥ andter? e PAEKS ioL NBHE ¢h2.

In the case in this embodiment, the number of
stagés of the ocutput side tranéfer part 8 is set up
to be, for example, two stages (two bits) larger
than that of the output side transfer part 7. In
this way, the same pixel signal loads transferred
by the output side transfer parts 7 and 8 have a
time difference corresponding to two bits at the
final stage.

Charge/Voltage converters 12 and 13 for
detecting and converting to a voltage signal
charges which have been transferred are provided at.
each 6f the final stages of the output side
transfer parts 7 and 8. Floating diffusion region
have been used as the load/voltage convefters 12
and 13 in this embodiment. However, the present

invention is by no means limited in this respect,

. and any structure such as a floating gate’ or

amplification detector etc. may be used as long as
the signal load is detected and converted to a
voltage.

The output voltage of the charge/voltage
converter 12 is provided to the binary circuit 16
as a first image-sense signal V1 via a buffer 14

and the output voltage of the charge/voltage



differ fromthe remaining reset potentials. It is th
necessary for the conparators 17 and 18 including th
be unbal anced. The two conparators 17 and 18 and theijt
may t herefore have the sane REPLACEMENT  SHEET

trf’#éeéwgﬁ ) ;
ree buffers A5ET
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converter 13 is provided to the binary circuit 16
as a second image-sense signal V2 wvia a buffer 15.

The second image-sense signal V2 is delayed by
two bits with respect to the first image-sense
signal V1 i.e. a period of time corresponding to
two transfer clocks, because the number of transfer
stages of the‘output side transfer part 8 is set up
to be 2 stages (2 bits) larger than the ouﬁput side
transfer part 7.

The binary circuit 16 is constructed from two
comparators 17 and 18, an inverter 19 and a flip-
flop 20. |

With the binary circuit 16 of this embodiment,
the two comparators 17 and 18 are wired so that the
first image-sense signal V1 from the buffer 14 is
inputted to the "+" 51de 1nput terminals and the
second image-sense 51gnal V2 from the buffer 15 is
inputted to the "-" side input terminals: The
comparators 17 and 18 are constructed so as to only
work during the signal section of each‘df the pixel
signals and not respond during the reset period.

Weightings are given to the two inputs of the
comparators 17 and 18 so that a hysterisis
characteristic is present whereby the output

voltage VK goes low at the comparator 17 when a



characteristics and the characteristics of the overall _circuit _can.be.

stabilized. The wei ghting process nay also be carrie gpryryaLemiy@ﬁfuly
maki ng the characteristics of the circuit unbal anced |phen VIGZB@ @gﬁ e +
side input terminal and the - side input terninal of |I hg.conpard QEHM““7 ‘and
18 as described based on FIG 8 to FIG 11. However, Lﬂ'th+s .case;

difficult to set-up the weighting Vx acd$rately due to variations |n the
waf er process, making the weightings Vx between the devices different.

Fb“BVér"réighéls%¥”§5€"g%% DSt MEiUY ' 18 inputted to the "+°

side input terminal and the "-" side input terminal

and the output voltage VJ goes high at the
comparator'lS when a signal of the same potential
is inputted to the "+" side input terminal and the
"-" side input terminal. A detailed description of
the~spécific circuit structure for providing this
weighting is given later.

This weighting is used as a noise margin at the
time of binarization. i.e. if the weighting (Vx) is
set up so that the output voltage VK at the
comparator 17 only goes high when the first image-
sense signal V1 rises above the second image-sense
signal V2 by just a constant voltage Vx and the
output voltage VJ at the comparator 18 only goes
low when the first iﬁage—sense signal V1 falls
below the second iﬁage—sense signal V2 by just a
éonstant voltage Vx, the comparators-17 and 18 will
not respond to changes less than the fixed voltage
Vx (infinitesimal fluctuations due to noise) and
each of the output conditions will be maintained.

A JK flip-flop circuit with, for example, a
transfer clock ¢H1 (¢H2) provided to the clock
terminal CL is used as the flip-flop circuit 20.

The output VJ of the comparator 18 is inverted by



where variations are al nost non-existent can be _achieved by limting
variations due to the wafer process etc. by makjj ar—teast t he
respective reset voltages VRD1l, VRD2 and VRD3 o éﬁﬁﬁ”ﬁﬁ%ﬁ%ﬁ@%/ ol t age

converters 25, 26 and 27 different. Also, if th | = q e raset
drains RD1, RD2 and RD3 is derived as RD externﬁﬁ%%ﬁ[ﬂ%ﬁgﬁ;ﬁgﬂymB= and 33,

the value of the weighting Vx can easi Y be external Iy controlled and
bi nary sensitivity adjustnents can be carried out. Next, the operation of

the construgti 90, Al 88 19 and inputted at the J terminal of
this JK flip-flop and the output VK of the

comparator 17 is wired so as to be directly
“inputted to the terminal K. A binarized output Vout
is then taken from the output terminal Qy (inversion
of Q) of the JK flip-flop circuit 20. |

'The JK flip-flop circuit 20 may be constructed
mainly from, for example, CMOS transistors and nay
also be formed on the same substrate (on-chip) as
the sensor row 3 of the CCD image sensor 1, the |
read-out gate 4 and the charge transfer register 5..

FIG. 5 is a view showing the wave-shapes of the
first and second image-sense signals V1 and V2,
each of the output voltages VK and VJ of the
comparators 17 and 18 and the binarized output
Vout.

Next, a description will be given, with
reference to the signal wave diagram of FIG. 5, of
the signal processing operation occurring at the
binary circuit 16 of the aforementioned
. construction.

First, in FIG. l; the signal waveforﬁ of the
second image-sense signal V2 taken from the

- charge/voltage converter 13 via the buffer 15 is a

signal waveform which is 2 bits, i.e. 2 transfer



second enbodi nent is described with reference to 39 the signal_wave
diagrams in FIG 14. First, in FIG 12, the sign F’ﬁﬁveforaLof t=he $§econd

I mage- sense signal V2 read fromthe charge/voltag ac@nﬁerfer Zﬁhyla‘the
buffer 29 is del ayed by two bits (i.e. two transfgr cl gék reﬁpect to

the waveforns for the first image-sense signal Vl'ﬂkﬁﬂ_fronthe-ehaﬂge
voltage converter 25 20 ==

<

'clocks, slower than the first image-sense signal V1
taken from the charge/voltage converter 12 via the
buffer 14. With regards to these image-sense
signals V1 and V2, black information is shown in
the section Tb and white information is shown in
the section Tw. |

With regards to the waveform for the output
voltage VJ outputted from the comparator 18, the
output becomes low only when the signal level of
the first image-sense signal V1 is moré than a
fixed voltage Vx lower than the signal level of the
second image signal and goes high only when this
level is equal to or greater than the signal level
of the second image signal. This is because the
comparator 18 is weighted, as already described,

-with a fixed voltage Vx. This output voltage VJ is
inverted by the inverter 19 and inputted to the J .
terminal of the JK flip-flop 20.

On the other hand, with regards to the waveform
of thé output voltage VK outputted from the
comparator 17, the output only goes high when the
signal level of the first image-sense signal V1
exceeds the signal level of the second image-sense
signal V2 by the fixed voltage Vx or greater and

goes low when the level is the same or lower. This



via the buffer 28 and the third imge signal V3 read fromthe.

charge/ vol tage converter 27 via the buffer 30. The o MSY A=t hese

i mge-sense signals V1, V2 and V3 show bl ack i ntjog ' HﬁéTﬁ-ctions
Tw show white information. Here, the waveform of ag VK of
the conparator 17 goes high only when the signal ofhd

| mge-sense signal V2 falls bel ow the gﬂgnal | e Tage- sense
signal V1 by an ampunt greater than the weighting Vx, and goes |low at times

other” tharg i ihse T PrhgeP/ARUES 1hpudt adseeorhe POLbIRRnaBebE Ng-UP i's
the JK flip-flop 20.

The signal waveform for the binary output Vout
present at the output Qy of the JK flip-flop 20 goes
high at Ehe point in time when the output wvoltage
VK of the comparator 17 synchronized with the clock
CL goes high with the output voltage VJ of the
comparator 18 béing high and the J terminal input
being 1ow, and goes low at the point in time when
the output voltage VJ of the cdmparator 18 goes low
and the J terminal input goes high.’ _

The binary voltage Vout outputted from the JK
flip-flop 20 is a binarized version of the first
image-sense signal V1, as becomes apparent when the
waveshapes V1 and Vout are compared. Black and
white corresponding to information taken from the
sensor row 3 of the CCD image sensor 1 can

.therefore be discerned to a high degree of accuracy
based on this binary voltaée Vout.

An inverted binary voltage Vouty can then be
obtained using the Q output of the JK flip-flop 20.

As described above, according to the structure
of the first embodiment, the transfer parts 7 and 8
can be made in places which are somewhat separated

on the pattern layout because the charge transfer



carried out so that VRDL (= VRD2 + Vx) > VRD2 > VRD3 (— VRD2- Vx). This

output voltage VK is inputted to the K term nal of t ~ffp= ftep=20. On
the other hand, the waveform of the output voltage JRE?’%%évcbnﬁarator 18
only goes | ow when t he signal level of the second i e i

se nal
V2 -falls below the signal |evel of the inage-sense i@%apuwg g@SanuUnt
greater than the weighting 22 e e

éegister 5 branches into' two on the output side so
as to split the pixel signal charge into two, with
the number of transfer stages at the transfer parts
7 and ‘8 at the head of each branch being made to be
different. Circuit types such as the buffers 14 and
15 etc. can therefore easily positioned crosswise
with respect to the charge/voltage converters 12
and 13 so as to make an on-chip construction on the
same substrate as the CCD image sensor 1 a
possibility. | '

FIG. 6 is a structural view showing a-first
modification of the aforementioned first
embodiment, with portions which are the same as
portions in FIG. 1 being given the same numerals.

In the CCD image sensor of the first
modification,_chérge transfer registers 5a and 5b
are positioned on both sides 6f the sensor row 3.
Signal charges accumulated at the light-receiving
portions 2 for each one pixel of the sensor row 3
are read-out to the charge transfer registers 5a
‘and 5b via read-out gates 4a and 4b.

The charge transfer registers 5a and 5b come
together on the output side into a single common
transfer part 6a.

In this way, signal charges read from the



Vx, and goes high at other times. This output voltage VJ is inverted by the

i nverter

19 and inputted to the J termnal of the JK fffip=FIrop ciTCU
In this exanple, the output is unsettled when the + sid%ng¥U§W¥¥ﬁﬁ*

‘s, -1 |

the - side input termnal are of the sane potenti al because«ﬁhﬁ
17 and 18 posses the sane characteristics. Wth the oLt%ﬂ?"vortaqe“VGMOf
t he conparator 18 being high so that the3) termnal input 1s Tow, when the
out put. vol tage VK of the conparator 17 :

L
()t

na nd
ratiprs

sensor row 3 via the read-out gates 4a and 4b and
transferred as pixel units by the charge transfer
registers 5a and 5b are transferred in a sequence
corresponding to the arraying of the light-
receiving portibns 2 of the sensor row 3 at the
common transfer part 6a.

The output side of the common transfer part 6a
branches into two transfer parts 7 and 8 positioned
on the output side in the same way as the first
embodiment with these branched portions being
structured in the same way as those in the first
embodiment (refer to FIG. 2). The output side
transfer parts 7 and 8 are structured so as to have
a different number of transfer stages with the
signal charge of the same pixel distributed between
the two systems being transferred in
synchronization.

In this modification, the number of transfer
stages in the output side transfer part 8 is set up
to be, for example, two stages (two bits) more than
that of the.output side transfer part 7.

In this way, the signal charges for the same
pixel transferred by the output side transfer parts
7 and 8 posses a time difference corresponding to

two bits at the final stage.



goes high, the binary output Vout present at the out put QN of the JK
flip-flop 20 goes high, and when the output voltage \p
goes low and the J terninal input goes high, the blnorﬁEngSEW"Vgﬁﬁﬁéﬁe

| ow. As becones clear by conparing the waveforms V1 3 ﬁ?VB &0# ve orm
Vout of FIG 14, the binary voltage Vout outputted fr et ﬁ@

circuit 20 is a binarized version of théfirst and third i nage- sense
signals V1 and V3. Information corresponding to black and white information

Tead ' Charge/voltage converters 12 and 13 for

18

detecting and converting into voltages the
transferred signal charges are provided at the
final stages of each of the output side transfer
parts 7 and 8 and are constructed by, for example,
floating diffusion region. '

In this first modification it is also possible
to make the transfer parts 7 and 8 in places on thé
‘pattern layout which are somewhat separated and
therefore easily position circuits such as the
buffers 14'and 15 across the width of the charge
voltage converters 12 and 13. This is because, as
in the first embodiment, the output side charge
transfer register branches into two so that the
signal charge for the same pixel is split up and
then transferred.

Also, by adopting a read-out structure where
reading out of the signal charge for eachh of the
1ight—receiving portions 2 in the sensor row 3 is
carried out from both sides, the array pitch of the
light-receiving portions 2 can be set up to be 1/2
of the bit (transfer stage) pitch of the charge
transfer registers 5a and 5b. The pixel number cah
therefore be doubled and the resolution improved.

FIG. 7 .is a structural view showing a second



41 fromthe sensor row 3 of the CCD inmage sensor l..can-therefore be .

di scerned with a high degree of precision based o ﬁéwgady&gyysgp&fabe
Vout. Third enbodiment . FIG 15 is a structural vigw showing a.thirdy

embodi ment of the present invention with portions| qmg&yaLgﬂh{ﬂﬁﬁ%gxdfons in
FIG 1 being given the sane nunerals. Eg this thi kd=esbedi-rent—thelchar ge
transfer

ﬁodification of the aforementioned first
embodiment, with portions which are the same as
portions in FIG. 6 being given the same numerals.

With the CCD image sensor of this second
modification, charge transfer registers 5a and 5b
are provided on both sides of the sensor row 3. The
structure ié such that signal charges accumulated
for the same pikel at the light-receiving portions
2 of the sensor row 3 are read-out to the charge
transfer registers 5a and 5b via the read-out gates
4a and 4b by being divided approximately into two.

Here, in order to divide signal charge
aceumulated at the light-receiving portions 2 for
the same pixel into approximately two at the time
of reading out, it is necessary to provide a device
for setting up, for example, the potential at the
region for accumulating signal charge in such a
manner so as to be at it's most shallow at the
central portion of the read-out direction i.e. the
vertical direction in the drawing, with the
potential then gradually becoming deeper as the
read-out gates 4a and 4b are approached.

The charge transfer registers 5a and 5b are
made so as to have different transfer stage numbers

and signal charges for the same pixel read out via



register 5 divides into'two on the output side so as to dlstrlbute si gnal
charge for the same pixel. Transfer parts 7 an st age
nunbers which differ as in the structure in th EPLOCEMBYTISHERT 4t t he
head of each branch. Three buffer 28, 29 and 3 @re provi ded for fhe
charge/vol tage converters 12 and 13. The out putiL Bt age -of-t-he--

charge/vol tage converter 12 is taken’ 08f via the buffer 29 as—t second
|nage sense signal V2 to be taken as a reference, with the output voltage

?f tPe ChQﬂﬂ§/fé@d%ﬁh@ogéﬁﬁé”4é3aﬁ@'Kbtﬁﬁénﬂﬁ&ngférk@at&ﬁfer 28 as the
irs

synchronization.

In this modification, the number of transfer
stages for the charge transfer register 5b is set
up to be 2 stages (two bits) more the that for the
charge transfer register Sa.

‘The signal charge for the same pixel
transferred by the charge transfer ;egisters S5a and
5b posses a time difference corresponding to two
bits at the final stage.

Charge/voltage converters 12 and 13 for
.detecting the transferred signal charge and
changing this signal charge.to a voltage, made
using, for example(.floating diffﬁsion regidn, are
provided at each of the final stages for the charge
transfer registers 5a and 5b. |

In the case of this second modification, as.in’
the case of the first embodiment, the construction
is such that signai charge accumulated for the same
pixel is distributed as signal charge for two
systems and then transferred by charge transfer
registers éa and 5b having differing numbers of
" transfer stages within each system. It is therefore
possible to make the charge transfer registers 5a

and 5b in places on the pattern layout which are



i mage- sense signal V1 and being taken out via the buffer 30 as the third
i mage-sense signal V3. .FIG 16 is a circuit diagr shawi ng _an exaane of

the buffers 28, 29 and 30. As shown in the 42 df @@pﬂgcgﬁg
conprises a source follower circuit 34 consisting han

............ NW 2‘99 0

pf =M
(hereinafter referred to sinply as MOS graHSIStorc 55%1 antl NoU
in series across a power v T

somewhat separated and circuits such as the buffers
14 and 15 can easily be provided crosswise across
the charge/voltage converters 12 and 13.

In this second modification, the signal charge
for the same pixel is split-up between two systems

- and read out using the stages for reading out

signal charges from the light-receiving portions 2.
It is therefore necessary for the pitch of the
sensor row 3 and the bit (transfer stage) pitch of
the charge transfer registers 5a and 5b to be the
same so that the number of pixels cannot be
increased. However, as in the case of the first
modification, the signal charge distributed using
pixel units can be gathered together and as it is
not necessary to haﬁe a structure where the signal
charge for'the same pixel is again distributed
between two systems and a charge transfer system
structure-which is simpler than that of the first
modification is therefore possible. |

Next, a description is given, with reference to
FIG. 8 to FIG. 11, of several typical examples of
specific circuit structures for providing weighting
at the comparators 18 (17).

First, the first example shown ih FIG. 8 has
two n-channel MOSFET's (hereinafter referred to

FET' s
nect ed



supply and earth, buffer 29 conprises a source follower circuit 35 '
consi sting of two n-channel MOSFET's (hereinafter referred to-sippby—as MOS
transistors Tr21 and Tr22) connected in series acrqsgazbhecpaner ssipply and
earth and buffer 30 conprises a source follower circuit 34 skt i ng; of

two n-channel MOSFET' s (hereinafter reégrred t o sinphyieds,. MX5. ] transistors
Tr31 and Tr32) connected in series acrdSs the powerltsupply-and-eartir= Two
source follower circuits 37 and 38_are provided at the pre-stages of the
sour ce follism@lycascithe 8irsts amd second MOS transistors Trl

and Tr2), having their drain electrodes connected
in common and two n-channel MOSFET's (hereinafter
referred to simply as the third and fourth MOS
transistors Tr3 and TR4) connected in series with
each of the MOS transistors Trl and Tr2.

The main part of the'construction is an RS
flip-flop circuit where a Q terminal is derived
from a common connection point a; of the first and
third MOS tragsistors Trl and Tr3 to which the gate
electrode of the fourth MOS transistor Tr4 is
connected and a Qv terminal is derived from a comﬁon
connection point a; of the second and fourth MOS

- transistors Tr2 and Tr4 to which the gate electrode
of the third MOS transistor Tr3 is connected.

A clock generating source 21 is comnected
between the point where the first and second MOS
transistors Trl and Tr2 are connected in common and
earth and each of the source electrodes of the
third and fourth MOS transistors Tr3 and Tr4 are
connected to earth. A capacitor C is'connected
between the common connection point a; of the second
and fourth MOS transistors Tr2 and Tré and earth.
The gate electrode of the first MOS transistor Trl

is derived as the "+" side input terminal "+IN" and



The source follower circuit 37 is constructed fromtwo n-channel NCSFET S
(hereinafter referred to sinply as MOS transistors
in series across the power supply and earth and the S%ﬁﬁkﬁ?ﬁwﬁﬁﬁ) FEL|
38 is constructed fromtwo n-channel MOSFET' s (here nafter..?e[(][wr'[g@ﬁt

sinply as MOS transistors Tr51 and Tr52% connect ed %%r1esmacr0SS"t
power supply and earth. 9

éhe gate electrode of the second MOS transistor Tr2
is derived as the "-" side input terminal "-IN".

The threshold voltage of the second MOS
transistor Tr2 in this first example of a circuit
structure becomes high depending on the charge

., accumulated at the capacitor C.

In this way, the threshold voltages of the
first MOS transistor Trl into which the first
image-sense signal V1 is inputted and the second
MOS transistor Tr2 into which the second image
sense signal V2 is inputted become unbalanced. The
result of this is that the portion of the threshqld
voltage added at the second MOS transistor Tr2 is
equivalently added with respect to the signal level
inputted aﬁ the + side input terminal +IN.

A capacitor C is connected across the common
conneétion point al of the first and third MOS
transistors Trl and Tr3 in the case of the
comparator 17, élthough this is not shown in the
drawings, so that the threshold wvoltage of the
first MOS transistor Trl depends upon the charge
accumulated at the capacitor C. According to the
same theory as for the above case, the added
portion of the threshold voltage of the first MOS

transistor Trl is equivalently added with respect



REPLACEMENT SHEET Date:... 7 Nov.. 1995 43 The gate of the MOS transistor
Tr41 of the pre- stage source follower circuit 37 is ected to the FD1
(floating diffusion region) of the charge voltage con
of the MOS transistor 51 of the source follower circu
the FD2 of the charge/voltage converter_13. The outpu v
source follower circuit 37 is connected3?o the gate o NG e

Eo the level of the signal inputted at the - side
input terminal -IN.

Next, as shown in FIG. 9, the structure for a
second example of the comparator 18 has a
construction which is basically almost the same as
that of the'first example. However, the capacitor C
connected across the common connection point a2 of
the second and fourth MOS transistors Tr2 and Tr4
has been removed and instead a resistance R has
been introduced across the source electrode of the
second MOS transistor Tr2 and the drain electrode
of the.fourth MOS transistor Tr4.

The threshold voitage of the first MOS
transistor Trl into which the first image-sense
signal is inputted and the second MOS transistor
Tr2 into which the second image-sense signal V2 is
inputted are also effectively unbalanced in this
second example circult structure due to the voltage
drop at the resistance R. The threshold voltage
portion added at the second MOS transistor Tr2 is
therefore equivalently added with respect to the
level of the signal inputted at the + signal input
terminal IN. '

Now, although not shown in.the drawings, in the

case of the comparator 17, the threshold voltages



transistor Tr21 of the source follower circuit 35. The output termnal of
the source follower circuit 38 is connected to the gates of the MOS
transistor Trll of the source follower 34 and the of
the source follower circuit 36. A bias voltage Vgg RBPE&QEM@%TPHFg e|lgate |
of the MOS transistor Tr12 of the source foll ower ircuine VA

voltage Vg2 is applied to the gates of 8Bhe MOS transbDstor ﬁg% gxﬁhd
source follower circuit 35, the MOS transistor Tr4 Source fol | ower

G ourt 3T'3RAhRe MBSt M Y hndiRESE 1T IMES WhICHP el TOUT L 38

a

first image-sense signal V1 is inputted and the
second MOS transistor Tr2 into which the second
image-sehse signai V2 is inputted are effectively
unbalanced by the introduction of a.resistance R
across the source electrode of the first MOS
transistor Trl and the drain electrode of the third
MOS transistor Tr3. The additional threshold
voltage portion added at the first MOS transistor
Trl is therefore equivalently added with respect to
the level of the signal iﬁputted at the - side
input terminal -IN.

Next, a structure for a third example of the
comparator 18 shown in FIG. 10 has almost the same
structure as the second example, but differs from
the second example in that the resistance R is
introduced on the drain side of the second MOS
transisﬁor Tr2.

The threshold voltages of the first MOS
transistof Trl into which the first image-sense
signal V1 is inputted and the second MOS transistor
Tr2 into which the second image-sense signal V2 is
inputted are also effectively unbalanced in this
third example circuit structure and the threshold

voltage portion added at the second MOS transistor



bias voltage Vgg is applied to the gate of the MXS tran5|stor Tr32 of the
source follower circuit 36. The first inmage-sense signa }
sense signal V2 and third i nage-sense signal V3 are REFMACENERE T ok
the output signals of the source follower circuit 34, the sour.gi\ld)gé
circuit 35 and the source follower circuit 36 respecti vglaie Bi i @ES
Vggl, Vgg2 and Vgg3 of differing 32

Tr2 is equivalently added with respect to the level
of the signal inputted at the + side input terminal
+IN.

Although not shown in the drawings, in the case
of the comparator 17, the thfeshold voltages of the
first MOS transistor Trl into which the first
image-sense signal V1 is inputted and the second
MOS transistqr Tr2 into which the second image-
sense signal is inputted are effectively unbalanced
by introducing the resistor R on the drain side of
the first MOS transistor Trl. The threshold Qoltage

- portion added at the first MOS transistor Trl is
therefore added equivalently with respect to the
level of the signal inputted at the - side input
terminal -IN.

Next, a fourth example of the comparators 17
and 18 has almost the same construction as the
first example. However, thé capacitor C connected
across the common connection point a; of the first
and fourth MOS transistors Tr2 and Tr4 is removed
and instead the ratio W1/Ll of the channel width Wl
and the chamnel length L1l at the first MOS
transistor Trl and the ratio W2/L2 of the channel
width W2 and the channel length L2 of the second

MOS transistor Tr2 are intentionally made so as to




.values may be given to the source follower circuits 34, 35 and 36 in the
buffer circuits 28, 29 and 30 of the aforenentioned _structure so that the
bi as current flowi ng through each of the source foll i

and 36 differ. The input characteristics (operating’gﬁgﬁégﬁ T of
each of the buffers may therefore be changed, as sh WBQ_W~#IN@V1W§JInfthis
enbodi nent, the bias vol tages Vggl, vgg§3and Vgg3 Set’uprsoas-toflgi ve
a relationship where, for exanple, V11 > V12 > V13 when the offset Tevels
of each of beheloffeveatof '

The threshold voltages of the first MOS
transistor Trl into which the first image-sense
signal V1 is inputted and the second MOS transistor
Tr2 into which the second image-sense signal V2 is
inputted are also unbalanced in the fourth exampie
structure. The threshold voltage portion added at

. the second MOS transistor Tr2 or the first MOS
transistor Tr2 transistor is therefore added
equivalently with respect to the + side iﬁput
terminal +IN or the - side input terminal -IN.

As a modification of the fourth example, a
structure may also be adopted‘whére the ratio W3/L3
of the channel width W3 and the channel length L3
of the third MOS transistor Tr3 and the ratio W4/L4
of the channel width W4 and channel length 1.4 of
the fourth MOS transistor Tr4 are intentionally
made so as to differ. ,

The threshold voltages of the first MOS
transistor Trl into which the first image-sense
signal V1 is inputted and the second MOS transistor
Tr2 into which the second image-sense signal V2 is
inputted are also unbalanced in this modification.
The threshold voltage portion added at the second.

MOS transistor Tr2 or the first MOS transistor Tr2



the buffers 28, 29 and 30 have been nade to be V11, V12 and V13.

Specifically, setting up is carried out so that V11 = V12 + Vx _and V13 =

V12 - Vx when taking the offset level V12 as a refer
wei ghting as Vx. The signal |evels of each of the fir

i mage- sense signals V1 to V3 can be changed by using
of fset levels V11, V12 _ 34

he,Seel NgVuIBest
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Eransistor is therefore added equivalently with
respect to the + side input terminal +IN or the -
side input terminal -IN.

Second Embodiment

FIG. 12 is a structural view showing a second
embodiment of the preéeht invention, with portions
in the drawings which are equivalent'to portions in
FIG. 1 being given the same numerals.

In this second embodiment, the charge transfer
register 5 comprises a common transfer_part.6 for
transferring signal charge read from the sensor row
3 as is in pixel units, and three output side
transfer parts 22, 23 and 24 for distributing
"signal charge for the same pixel between three
éystems by splitting up the charge transfer
register 5 into three on the output side and then
transferring the charges.

At the output side transfer parts 22; 23 and
24, the number of\transfer stages of the output
side transfer.part 22 and the output side transfer
part 24 are set up to be the same and the number of
stages in the output side transfer part 23" is set
up to be, for example, two stages (two bits) less
than the number of stages of the output side

transfer parts 22 and 24.

j

he



45 and V13. It is therefore no |onger necessary for the conparators_ 17 and

18 to be unbalanced in the way that was necessary in 5 leﬁéﬁgggggkgpq&.
IiCS,

According to the structure of the third enbodi nent as JRERA OVE,

gi ving each of the buffers 28 to-30 different input/odtput characteristi:
it is no |longer necessary to make the conparators 17 @n ale & 1A AnCed 50
that conparators 17 and 18 having the sd%e characteristics may be used and
the characteristics of the circuit overall may be stabilized.

Charge/voltage converters 25, 26 and 27 for

detecting transferred signal charge and converting
this signal charge to a voltage constructed using,
for example, floating diffusion region, are
provided at each of the last stages of the output
side transfer parts 22, 23 and 24. | _

The output voltages of the charge/voltage

- converters 25, 26 and 27 are outputted to the
binary circuit ;6 as first, second and third image-
sense signals V1, V2 and V3 wvia the buffers 28, 29
and 30, respectively.

The first and third-image signals V1 and V3 are
delayed by a period of time corresponding to two
bits i.e. two transfer clocks with respect to the
second image-sense signal V2 which is taken as a
reference because the number of transfer. stages of
the output side transfer part 23 is set up to be
two bit portions less than the number of transfer
stages of the output side transfer parts 22 and 24.

The binary circuit 16 comprises two comparators
17 and 18 having the same characteristics, an
inverter 19 and a flip-flop 20.

The wiring of the binary circuit 16 of this
embodiment is such that the second image-sense

signal V2 from the buffer 29 is ihputted to the +



Further, the input/output characteristics of each of
may be changed by adjusting the bias voltages Vggl,

sensitivity may therefore be adjusted because the val fle of the wei
can easily be externally controlled. Next, the operathm@pr NOVs t ure
of the third enmbodi ment will be described with refer +a-the Sl ghal:

waveformdiagranms in FIG 18. First, in3®1 G 15, the signal mavefornlof the
second i mage-sense signal V2 taken fromthe charge/voltage converter 12 via

the buffer gdqis input terminals of the comparators 17 and 18,

he buffers 28 59 30

ng
!

the first image-sense signal V1 from the buffer 28
is inputted to the - side input terminal of the
comparator 17 and.the third image-sense signal V3
from the buffer 30 is inputted to the - side input
terminal of the comparator 18. The two comparators
17 and 18 are cbnstructed so as to only operate
during the signal sections of each of the pixel

| signals and not respond during the reset period.

A JK flip-flop circuit with, for example, a
transfer clock ¢H1 (¢H2) provided to the clock
terminal CL is used as the flip-flop circuit 20.
The output VJ of the comparator 18 is inverted by
the inverter 19 and inputted at the J terminal of
this JK flip-flop and the output VK of the
comparator 17 is wired so as to be directly
inputted to the terminal K. A binarized output Vout
is then taken from the output terminal Qy{(inversion
of Q) of the JK flip-flop circuit 20.

In this embodiment, the respective reset drains
RD1, RD2 and RD3 of the charge/voltage converters
25, 26 and 27 of a floating diffusion region
structure are set up to have differing reset
potentials VRD1l, VRD2 and VRD3 (VRD1l > VRD2 >
VRD3) . Specifically, the reset potential VRD2 is



del ayed by two bits (i.e. two transfer clocks) with respect to the signal
wavefornms of the first and 46 third i mage-sense
fromthe charge/voltage converter 13 via the buffer
respectively. The section Tb of these inage-sense sjgnal s Vl V2 nd
shows bl ack information and the sectioquM/shoms whij t ¢h¥

7

taken as a reference and setting-up is carried out
so that, when the weighting is taken to be Vx,
VRD1=VRD2 + Vx and VRD3=VRD2 - Vx. The potential
distribution of the charge/voltage converters 25,
26 and 27 in.this case is shown in FIG. 13.

In this way, an operation equivalent to the
giving of a weighting using the comparators 17 and
18 of the first embodiment can be obtained because
the offset levels, for example, the reset levels
VRD1', VRD2' and VRD3' after the buffering, of the
respective output voltages are different. '

As described above, according to the structure
of the second embodiment, signal charge for the
same pixel is distributed between three systems and
transferred, converted to voltages by three
charge/voltage converters 25, 26 and 27 and the
reset pqtential of at least one of the respective
reset potentials VRD1l, VRD2 and VRD3 of the three
charge/voltage converters 25, 26 and 27 is made to
differ from the remaining reset potentials. It is
therefore no longer neéessary for the comparators -
17 and 18 including the buffers 28 to 30 to be
unbalanced. .

The two comparators 17 and 18 and the three

buffers 28 to 30 may therefore have the same



In this third enbodi nent, the output offset |evels of each of the buffers
28, 29 and 30 are set up so that V11 (=V12 + W) > V1

2 =]
The waveform of the output voltage VK of the conparatg Fﬁ7’fé£#é?ﬁhéféde

hi gh only when the signal |evel of the second inage-sdhse SI V.
bel ow the signal level of the first inmage- sense sign % ?ilﬂva@iﬁ

greater than the weighting Vx, and goes3Bow at tines other “tham ths::$ﬁ1
output voltage VK is inputted to the Ktermnal of the JK flip-flop:20. On

the other hagrabtereye] 8EMRid tEBeOdRiffacteristics of the
overall circuit can be stabilized.

The weighting pfocess may also be carried out
by intentionally making the characteristics of the
circuit unbalanced when viewed from the + side
input terminal and the - side input terminal of the
comparators 17 and 18 as described based on FIG. 8
to FIG. 11. However, in this case, it is difficult
to set-up the weighting Vx accurately due to
variations in the wafer process, making the
weightings Vx between the devices different.

However, in this second embodiment, weighting
where variations are almost non-existent can be
achieved by limiting variations due to the wafer
process etc. by making at least one of the
respective reset voltages VRD1l, VRD2 and VRD3 of
the thrée chargé/voltage converters 25, 26 and 27
different.

Also, if the wiring for the reset drains RD1,
RD2 and RD3 is derived as RD external terminals 31,
32 and 33, the value of the weighting Vx can easily
‘be externally controlled and binary sensitivity
adjustments can be carried out.

| Next, the operation of the construction of the

second embodiment is described with reference to



voltage VJ of the conparator 18 only goes | ow when the signal |evel of the
second i mage-sense signal V2 falls below the signal |eve
i mge-sense signal V3 by an anount greater than the gg @QWNN*S&ﬁETg es
high at other times. This output voltage VJ is invert g the inverterill9

and inputted to the J terminal of the JK flip-flo 5.
p Kilip P || Phtet M

&he.signal wave diagrams in FIG. 14.

First, in FIG. 12, the signal waveform of the
second image-sense signal V2 read from the
charge/voltage converter 26 via the buffer 29 is
delayed by two bits (i.e. two transfer clocks) with
respect to the waveforms for the first image-sense
signal V1 read from thelcharge voltage converter 25
via the buffer 28 and the third image signal V3
read from the charge/voltage converter 27 via the
buffer 30. The sections Tb of these image-sense
signals V1, V2 and V3 show black information and
the sections Tw show white information.

Here, the waveform of the output voltage VK of
the comparator 17 goes high only when the signal
level of the second image-sense signal V2 falls
below the signal level of the first image-sense
signal V1 by an amount greater than the weighting
Vx, and goes low at times other than this. This is
because, in this second embodiment, setting-up is
carried out so that VRDl1 (= VRD2 + Vx) > VRD2 >
VRD3 (= VRD2-Vx). This output voltage VK is
inputted to the K terminal of the JK flip-flop 20.

on the other hand, the waveform of the output

--voltage VJ of the comparator 18 only goes low when

the signal level of the second image-sense signal



In this exanple, the output is unsettled when the + side input termnal and
the - side input termnal are of the sane potenti al se-t-he.. conpara#ors
17 and 18 posses the same characteristics. Wth the putgrutzovaltage ¥y oOf

t he conparator 18 being high so that the J term nal |input i wﬁfl%¥hen the
out put voltage VK of the conparator %es hi gh, t hi Oaitear.y. b

present at the output QN of the JK f||p | op 20 goesthighs=and- mheﬂ-the
out put voltage VJ of the conparator 18 goes |ow and the J terminal input

goes hi gh, W2efhlilm ybelow the signal level of the image-sense

signal V3 by an amount greater than the weighting
Vx, and goes high at other times. This output '
voltage VJ is inverted by the inverter 19 and
inputted to the J terminal of the JK flip-flop
circuit 20.

In this example, the output is unsettled when
the + side input terminal and the - side input
terminal are of the same potential because the
comparators 17 and 18 posses the same
characteristics. _

With the output voltage VJ'of_the comparator 18
being high so that the J terminal input is low,
when the output voltage VK of the.comparator 17
goes high, the binary output Vout present at the
output Qv of the JK flinflop 20 goes high, and when
the output voltage VJ of the comparator 18 goes low
and the J terminal input goes high, the binary
output Vout goes low.

As becomes clear by comparing the waveforms V1
and V3 and the waveform Vout of FIG. 14, the binary
voltage Vout outputted from the JK flip—fldp
circuit 20 is a binarized version of the first and
third image-sense signals V1 and V3. Information

corresponding to black and white information read



out put Vout goes |low. As becones clear by conparing the waveform V2 and the .
waveform Vout of FIG 14, the binary voltage Vout outputted
flip-flop circuit 20 is a binarized version of t he
signal V2. Information corresponding to bl ack and whj & é; -
sensor row 3 of the CCD i mage sensor 1 can therefore be dus@e“ﬁ gké .a

degree of precision based on this blnar91voltage Voutl.Pa'% LhL s thitpgs==
enbodi ment, the giving of the weighting is carried ou y changing the

operafing fram the sensor row 3 of the CCD image sensor 1 can

therefore be discerned with a high degree of
precision based on this binary voltage Vout.
Third embodiment

FIG. 15 is a structural view showing a third
embodiment of the present invention with portions
equivalent to portions in FIG. 1 being given the
same numerals. |

In this third embodiment, the charge transfer
register 5 divides into two on the output side so
as to distribute signal charge for the same pixel.
Transfer parts 7 and 8 having transfer stage
numbers which differ as in the structure in the
first embodiment at the head of each branch. Three
buffer 28, 29 and 30 are provided for the
charge/voltage converters 12 and 13. The output

voltage of the charge/voltage converter 12 is taken

out via the buffer 29 as the second image-sense
signal V2 to be taken as a reference, with the
output voltage of the charge/voltage converter 13
being taken out via the buffer 28 as the first
image-sense signal V1 and being taken out wvia the
buffer 30 as the third image-sense signal V3.

FIG. 16 is.a circuit diagram showing an example

of the.buffers 28, 29 and 30. As shown in the



48 characteristics of each of the buffers 28, 29 and 30 by giving the
source-follower circuits 34, 35 and 36 bi as vol t agesjVgg=—Ngg2-and-\Vgg3 of
di fferent val ues. However, an equival ent wei ghting WERLsOEH&NaQngghe1 by

changing the size (WL etc.) of the MOS transistorslpf the_zo éﬁe || gwer
circuits 34, 35 and 36 or providing anplifiers wthijnDeke. b L..uﬁgnuk 29 or
30 and chan g in g t he 42 Lo s e

‘drawing, buffer 28 comprises a source follower
circuit 34 consisting of two n-channel MOSFET's
(hereinafter-referred to simply as MOS transistors
Trll and Trl2) connected in series across a power
supply and earth, buffer 29 comprises a source
follower circuit 35 consisting of two n-channel

- MOSFET's (hereinafter referred to simply as MOS
transistors Tr2l and Tr22) connected in series
across the power supply and earth and buffer 30
comprises a source follower circuit 36 consisting
of two n-channel MOSFET's (hereinafter referred to
simplx as MOS transistors Tr31 and Tr32) comnected
in series across the power supply and earth.

Two source follower circuits 37 and 38 are
'provided at the pre-stages of the source follower
circuits_34, 35 and 36.

' The source follower circuit 37 is constructed
from two n-channel MOSFET's (hereinafter referred
to simply as MOS transistors Tr4l and Tr42)
connected in series across the power supply and
earth and the source follower circuit 38 is
constructed from two n-channel MOSFET's
(hereinafter referred to simply as MOS transistors
TrSl'and Tr52) connected in series across the power

supply and earth.



operating point of each amplifier. In each of the aboye enbodi nents,

descriptions have been given for the case of applicat

sensor. However, because the present invention involv§

regi sters, charge/voltage converters, buffers and bin
conparators, the present invention is not limted to
al so be applied to area sensors. Furthed3 the present

g T AT
HE ) ) B

i nvention i s not

can

Iinitgd to'solid-state i mge- sensing devices and nmay also be applied in the
sane way t0 del aphe! gaRR o P! thBaAMIDES (FPaRkAstSY i Pe4]l of the pre-

stage source follower circuit 37 is connected to

the FD1 (floating diffusion region) of

the charge

voltage converter 12 and the gate of the MOS

transistor 51 of the source follower circuit 38 is

connected to the FD2 of the charge/voltage

converter 13.
The output terminal of the source
circuit 37 is connected to the gate of

‘transistor Tr2l of the source follower

follower
the MOS

circuit 35.

The output terminal of the source follower circuit

38 is connected to the gates of the MOS transistor

Trll of the source folloWer 34 and the
transistor Tr3l of the source follower

A bias voltage Vggl is applied to

MOS
circuit 36.

the gate of

~the MOS transistor Trl2 of the source follower

circuit 34. A bias voltage Vg2 is applied to the

gates of the MOS transistor Tr22 of the source

follower circuit 35, the MOS transistor Tr42 of the

source follower circuit 37 and the MOS

Tr52 of the source follower circuit 38

transistor

. Also, a

bias voltage Vgg is applied to the gate of the MOS

transistor Tr32 of the source follower

circuit 36.

The first image-sense signal V1, second image-

sense signal V2 and third image-sense signal V3 are



Further, in each of the aforenentioned enbodi nents, in the case mhére
signal charge for the sane pixel is split up between, for exanple,

systens, this has been carried out at a distribution r§tio HEETt
i s by no neans 49 necessary to carry out the distri Lﬁ?cﬁﬁqgvéy V n
arbitrary distribution ratio may be set up. Also, with re%ard gﬁﬁel y
time T e T T T DA et

44 e

then taken out as the output signals of the source
follower circuit 34, the source follower circuit 35
and the source follower circuit 36 respectively.

Bias voltages Vggl, Vgg2 and Vgg3 of differing
valueé may be giﬁen to the source follower circuits
34, 35 and 36 in the buffer circuits 28, 29 and 30
of the aforementioned structure so that the bias
current flowing through each of the source follower
circuits 34, 35 and 36 differ. The input
characteristics (operating characteristics) of each

| of the buffers may therefore be changed, as shown

in FIG. 17. |

In this embodiment, the bias voltages Vggl,
'Vgg2 and Vgg3 are set up so as to give a
relationship where, for example, V11 > V12 > V13
when the offset levels of each of the outputs of
the buffers 28, 29 and 30 have been made to be V11,
V12 and Vi3.

Specifically, setting up is carried out so that
Vil = V12 + Vx and V13 = V12 - Vx when taking the
offset level V12 as a reference aﬁd taking the
weighting as Vx.

The signal levels of each of the first to third
image-sense signals V1 to V3 can be changed by

using the setting-up of the offset levels V11, V12



difference, a tinme period corresponding to two bits has been adopted in
each enbodi nent ‘but a tinme period correspondi ng to ondrbri—ofr _three— ﬁfr
al so possible. The solid-state inmage-sensing device of|] fRELHFEYERE SHEET
fnvention as structured in each of the aforenentioned |enbodi weptygyy 9540 t
applied to barcode readi ng devices for readi ng barcod Pﬁ?ornat|0ﬂ attached
to medi unms such as, for exanple, goods45and outputting this informati on as
binary information. An exanple of the structure of a barcode

- and V13. It is therefore no longer necessary for

the comparators 17 and 18 to be unbalanced in the
way that was necessary in the first embodiment.

According to the structure of the third
embodiment as described above, by giving each of
the buffers 28 to 30 different input/output
characteristics, it is no longer necessary to make
the comparators 17 and 18 unbalanced so that
comparators 17 and 18 having the same
characteristics may be used and the characteristics
of the circuit overall may be stabilized.

Further, the input/output characteristics of
each of the buffers 28 to 30 may be changed by
adjusting the bias vbltages Voggl, Vgg2 and Vgg3-.
Binary sensitivity may therefore be adjusted
because the value of the weighting Vx can easily be
externally controlled. '

Next, the operation of the structure of the
third embodiment will be described with reference
to the éignal waveform diagrams in FIG. 18.

First, in FIG. 15, the signal waveform of the
second image-sense signal V2 taken from the
charge/voltage converter 12 via the buffer 29 is
delayed by two bits (i.e. two transfer clocks) with

respect to the signal waveforms of the first and



readi ng device is shown in FIG 21. In this drawing, a barcode (not shown

in the drawi ng) attached to a nmedium 41 is illum natpe-hy—atight—sourge 42
and then read by guiding the reflected |ight into ar]| RERgRCEREBEOISHERTI & an
optical system43 such as a lens etc. The structure |descriifeqgyiggich gf
t he aforenenti oned enbodi mrents may be used as the inp@etesensor..l....l...e. jfa
structure is adopted where signal chargét accunul at ec—ast=—=te=Sarre—t-Fgt-
receiving

’ third image-sense signals V1 and V3 taken from the

charge/voltage converter 13 via the buffer 28 and
the buffer 30, respectively. The section Tb of
these image-sense signals V1, V2 and V3 shows black
information and the section Tw shows white
information.

In this third embodiment, the output offset
levels of each of the buffers 28, 29 and 30 are set
up so that V11l (=V12 + Vx) > V12 > V13 (=V12 - Vx).
The waveform of the output voltage VK 6f the
comparator 17 therefore goes high only when the
signal level of the second image-sense signal V2

+ falls below the signal level of the first image-
sense signal V1 by an amount greater than the
weighting Vx, and goes low at times other than
this. This output voltage VK is inputted to the K
terminal of the JK f}ip—flop 20.

On the other hand, the waveform of the output
voltage VJ of the comparator 18 only goes low when
the signal level of the second image-sense signal
V2 falls below the signal level of the image—sense
signal V3 by an amount greater than the weighting
Vx, and goes high at other times. This output
voltage VJ is invertea by the inverter 19 and

inputted to the J terminal of the JK flip-flop



50 parts (pixels) 2 of the sensor part (sensor row 3) is taken as the :
signal charge for at |east two systenms and is transferred-w-th=there=béing
a different nunber of transfer stages between each sy&&gﬂkgqaagrﬂﬁﬁgiﬁ%ib
Charges. for at 1 oast two susiems ar o then converted L e faiNa i |
outputted. This image sensor 1 is contrddl|ably drivenﬂby:éﬁdFFVéFzéfoﬁﬁﬂ
44. The out put voltages of the at |east two systens
: Ttircuit 20. '
In this example, the output is unsettled when
the + side input terminal and the - side input
terminal are of the same potential because the
comparators 17 and 18 posses the.same
characteristics.
With the output voltage VJ of the comparator 18
being high so that the J terminal input is low,
when the output voltage VK of the.comparator 17
goes high, the binary output Vout present at the
output On of the JK flip-flop 20 goes high, and when
thé output voltagé VJ of the comparator 18 goes low
and the J terminal input goes high, the binary
output Vout goes low.
As becomes clear by comparing the Waveform V2
and the waveform Vout of FIG. 14, the binary
voltage Vout outputted from the JK flip-flop
circuit 20 is a binarized version of the second
imagé—senée signal V2. Information cdrresponding to
biack and white fead from the sensor row 3 of the
CCD image sensor 1 can therefore be discerned to a
high degree of precision based on this binary
voltage Vout.
In this third embodiment, the giving of the

weighting'is carried out by changing the operating



of the imge sensor 1 are provided to the binary cir gu=t=t6—and-binarized.
The structure described for each of the aforenenti ongdrRepbuctiment sy Rl SO
be used here as the binary circuit 16. i.e. the binafy cirouft npifi se
conparators (conparators 17 and 18 and an inverter 1%)Dﬁetnpen¥g? ..... g§“|rVE|
conpari sons on each of the output voltaggs fromthe Fﬁagezsensﬂf_4~ﬂﬂdJa
detector (the JK flip-flop 20) for detecting the transition points of the

| evel s outputted by each of the conparators. This binary SE?naI i s then
decoded by'ehasesteristics of each of the buffers 23, 29 and

30 by giving the source-follower circuits 34, 35
and 36 bias voltages Vggl, Vgg2 and Vgg3 of
different values. However, an equivalent weighting
may also be attached by changing the size (W/L
etc.) of the MOS transistors of the source follower
circuits 34, 35 and 36 or providing amplifiers
within the buffers 28, 29 or 30 and changing the
operating point of each amplifier.

In each of the above embodiments, descriptions
have been given for the case of application in a
linear sensor. However, because the present
invention involves charge transfer registers,
charge/voltage converters, buffers and binary
circuit comparators, the present invention is not
limited to linear sensors and can also be applied
to area sensors. Furthér, the present invention is
not limited to solid-state image-sensing .devices
and may also be applied in the same way to delay
elements of charge transfer devices.

Further, in each of the aforementioned
embodiments, in the case where signal charge for
the same pixel is split up between, for éxample,
two systems, this has been carried out at a

distribution ratio of 1:1, but it is by no means



45 and finally outputted as read-out information. In this way, by using the
solid-state i mage- sensing apparatus of the present-[favention, S F 51
possibl e to provide a bar-code reading device where ﬁépéﬁPeJrﬂ’ struct {re
of the solid-state inmage- sensing device in itself-i S|np¥k[mpyﬂ@ﬁmal'
parts are few, power consunption is |low, the struct @ afeg - s—highty  noi’se
resi stant, conpact and |ightwei ght andag T

U7

‘necessary to carry out the distribution equally and
- an arbitrary distribution ratio may be set up.

Also, with regards to the delay time
differénce, a time period corresponding to two bits
has been adopted in each embodiment but a time
period corresponding to one bit or three bits is_
also possible.

The solid-state image-sensing device of the
present invention as structured in each of the
aforementioned embodiments is applied to barcode
reading devices for reading barcode information'
attached to mediums éuch as, for example, goods,
and outputting this information as binary
information.

An example of the structure of a barcode
reading device is shown in FIG. 21. In this
drawing, a barcode (not shown in the drawing)
attached to a medium 41 is illuminated by a light
source 42 and then read by guiding the reflected
light into an image sensor 1 via an optical system
43 such as a lens etc.

The structure described in each of the
aforementioned embodiments may be used as the image
sensor 1. i.e. a structure is adopted where signal

charge accumulated at the same light receiving



noreover is capable of reading barcodes accurately. St ==ttt
sol i d-state image-sensing apparatus of the present invRrRERUACEMENT SRELE
limted to applications in barcode readi ng devi ces andjjappki atggngggn, f

clrdhed.

exanpl e, sinple facsimle machines etc. are also possi fjlEate™ N i
above, according to the present inventigﬁ, by adopt i ng-estreeture=where=
signal charge for the sane pixel is tak as signal ch?rge for atlleasthtmn
systens and then transferred, with the nunber of transfer stages_in eac
syst em bei IRABFEr dRd¥elfd a9t sthrasansereraaithg(2ensen awo3)

is taken as the signal charge for at least two

systems and is transferred with there being a
different number of transfer stages between each
system so as to give a time difference between
signal charges for the same pixel. These signal

- charges for at least two systems are then converted
to voltages And outputted. This image sensor 1 is
contfollably.driven by a driver circuitl44.

The output voltages of the at least two systems
of the image sensor 1 are provided to the binary
‘circuit 16 and binarized. The structure described
for each of the aforementioned embodiments may also
- be used here as the binary circuit 16. i.e. the
binary circuit may comprise comparators
(comparators 17 and 18 and an inverter 19) for
performing level comparisons on each of the output
voltages from the image sensor 1 and a detector
(the JK flip-flop 20) for detecting the transition
points of the levels outputted by each of the
comparators. |

This binary signal is then decoded by a decoder
45 and finally outputted as read-out information.

In this way, by using the solid-state image-

sensing apparatus of the present invention, it is



a voltage at a charge/ vol tage converter and then being outputted, circuit

systens of the charge/voltage converters can easily b¢ ol se
) tﬁgﬁf¥ﬂﬂﬁﬁ#§HQ§§W

mnth respect to the charge/voltage converters and can F
"on-chi p" on the sane substrate as the inage sensor. f\ﬁegucln 19&#

nunber of parts and a | owering of the pomer consunptl1”_raﬁ“bé:éhﬁtéﬁéd!
52

possible to provide a bar-code reading device where
the circuit structure of the solid-state image-
sensing device in itself-is simple, external parts
are few, -power consumption is low, the structure is
highly noise résistant, compact and lightweight and
moreover is capable of reading barcodes accurately.

Still further, the solid-state image-sensing
apparatus of the present invention is by no means
limited to applications in barcode reading devices
and applications in, for example, simple facsimile
machines etc. are also possible. '

As described above, according to the present
invention, by.adopting a structure where signal
charge for the same pixel is taken as signal charge
for at least two systems and then transferred, with
the number of transfer stages in each system being
different and each signal charge being converted to
a voltage.at a charge/voltage converter and then
being outputted, circuit systems of the .
charge/voltage converters can easily be positioned
crosswise with respect to the charge/voltage
converters and can therefore be formed "on-chip" on
the same substrate as the image sensor..

A reducing of the number of parts and a

lowering of the power consumption can be achieved



because the :nage-sense signal binary information can be obtained using a
circuit sinple in structure and conpatibility can be T Inﬁﬁ
operating power supply voltage is a | ow vol tage becaus Eﬁiﬁng é

structure can be made sufficiently resistant to noise thou{? od S.
53 WHAT IS CLAIMED | S: ' | Date &...... Fﬁ@Y§@§§ -----
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. because the image-sense signal binary information
can be obtained using a circuit simple in structure
and compatibility can be achieved when the
operating power supply voltage is a low voltage
because the circuit structure can be made
sufficiently resistant to noise without using

diodes.



1. A soli

: i ng device conprising: a sens@%whav+ngua.m~:::q
plurality mrm Q”'maﬁ ﬂﬁi(wg portions arrayed, each Ii g'tgf-fé!e‘t@&‘wﬁg“ ﬁHEETOln

converti ng *I nel

part for

'é?ﬁ@rg

di stributing between at |east systens the

signal charge using different nunbers of stages;

T IS CLAIMED IS:

1. A solid-state image-sensing device
comprising: |

a sensor having a plurality of light-receiving
portions arrayed, each light-receiving portion
converting incident light into a signal charge
corresponding to the amount of incident light and
accumulating the signal charges;

a charge transfer part for distributing between
at least two systems the signal charge stored at
one light-receiving portion part of the sensor and
transferring the signal charge using different
numbers of stages;

a plurality of charge/voltage converters for
detecting and converting inﬁo voltages the signal
charges'of the at least two systems transferfed by
the charge transfer part; |

a comparator for carrving out a level
conversion on each of the outputs of the plurality
of charge/voltage converters; and

a detector for detecting the ;evel transition
point of the comparator output signal and
generating a binary signél.

2. A solid-state image-sensing device

according to claim 1, wherein the charge transfer

nto a signal charge correspofldi ng t the g u
of incident |ight and accunulatlng thefimgnal char ges; Q%

charge SEB
at one light-receiving portion part of the sensor and transferring the

h



a plurali tyl“’,mwuwwi ﬂﬂt converters for detecting_and converting into
vol t ages the *si gna #Mbf the at |east two syst#ﬁﬁ [T NS erradby—t he
charge transfer part; a conparator for carrying out i E ACRNMBNE SERT
each of the outputs of the plurality of charge/voltag-,ﬁgﬁvprﬁ f @%fnd'=
detector for detecting the |evel transi%&on poi nt of [Lthe  Comp&rat™on..out
signal and generating a binary signal. A sol i d-state | mge-SensFrg=
_ devicg according to claim1l, wherein the charge transfer

part has a common transfer part for transferring

signal charge read-out from the sensor, as 1is, in
units for each 1ight—receiving portion and first
and second transfer parts for distributing between
at least two systems and transferring the signal
charge of one receiver transferred by the common
transfer part. |

3. A solid-state image—sensing device
according to claim 1, wherein the comparator has a
hysterisis characteristic.

4. A solid-state image-sensing device
according to claim 1, wherein the plurality of
charge/voltage converters are set up in such a
manner that at least one reset potential differs
from the remaining reset potentials.

5. A solid-state image-sensing device
according to claim 1, wherein each reset potential
'of the plurality of charge)voltage convérters can
be independently adjusted.

6. A solid-state imagé—sensing device
according to claim 1, further equipped with a
plurality of buffers each having differing
input/output éharacteristics for providing each of
the output voltages of the plurélity of .

charge/voltage converters to the comparator.



54 part has

ransfer part for transferring signal charge read-ou
fromthe serlmﬂmﬁi r"l rl”llri_ts for each light-receivim OT {1 OIT al ‘_’}r
and second t Mt distributing between at IegééLﬁQﬁ#§N§§ 15" a

transferring the signal charge of one receiver transfe rgq byﬁlﬁﬁﬁb n

transfer part, 3. A solid-state i mage-sensing device|| D81 e
55 -
7. A solid-state image-sensing -device

according to claim 6, wherein each of the plurality
of buffers are constructed using a source-follower
circuit construction with the buffer voltages being
set-up at mutually differing values.

8. A bar code reading device comprising:

a light source; and

an image sensor comprising;

a sensor having a plurality light-
receiving portions arrayed, with each light-
receiving portion converting light, reflected when
light is shone from the light source onto a bar-
code attached to a medium, into a signal charge
corresponding to the amount of reflected light and
accumulating the signal charges;

a charge transfer part for distributing the
signal charge stored at one light-receiving portion
of the sensor between at least two systems and
transferring the signal charge using different
numbers of stages;

a plurality of charge/voltage converters for
detecting and converting into voltages the signal
charges of the at least two systems transferred by
the charge transfer part;

a comparator for carrying out a level



1, wherein the pIﬁraFlty arge/ vol tage converters ajje set _up in.suc
manner that at |east one reset potential differs fromt é%nengjmnmggﬁ set |
e P

according to jmumﬂm he conparator has a hyst grst .
characteristi m"’! ate i mage-sensing device afé}'ﬂ?lrﬁm_ng;'mo;m—@r;'

potentials. 5. A solid-state inage-segging devi ce acCOFOFHF-to=ctaiIR 1, i
wherein each reset potential -of the plufality of charge/voltage converters
can be |ndependently adj ust ed. 6. A solid-state i nmage-sensing device

conversion on each of the outputs of the plurality
of charge/voltage converters; and

a detector for detecting the level transition
point of the comparator output signal and
generating a binary signal. |

9. A bar-code reading device according to
claim 8, wherein the charge transfer part has a
common transfer part for transferring signal charge
read-out from the sensof, as is, in units for each
light-receiving portion and first and second
transfer parts for distributing between at least
two systems and transferring the signal charge of
one light—receiving portion transferred by the
common transfer part.

10. A bar-code reading device according to
claim 8, wherein the comparator has a hysterisis
characteristic.

11. A bar-code reading device according to
cla1m.8 wherein the plurality of charge/voltage
converters are set up in such a manner that at
least one reset potential differs from the
remaining reset potentials.

12. A bar-code reading device according to
claim 8, wherein each reset potential of the

plurality of charge/voltage converters can be



accordlng to’ cIa|n11 further equipped with a plurality of buffers each
havi ng di fferlﬂumm L" Hmﬂm haracteristics for providing each of the
out put vol tage y of charge/voltage convﬁF’tETT Tq, the :
conpar at or. A sol id-state | mage- sensi ng deV|cé %ccord1hg to clalh

6, wherein each of the plurality of buffers are constru@ted usfin
source-fol | ower 9 Q RU? 995

independently adjusted. _

13. A bar-code reading device according to
claim 8, further equipped with a plurality of
buffers each having differing input/output
characteristics for providing each of the output
voltages of the plurality of charge/voltage
converters to the comparator.

i4. A bar-code reading device according to
claim 13, wherein each of the plurality of buffers
are constructed using a source-follower circuit
construction with the buffer voltages being set-up

at mutually differing values.



circui't construction with the buffer voltages being set-up at nutually

differing val ues. 8. A bar code reading device conprising: a |ight
and an i mage sensor conprising; a sensor havi

receiving portions arrayed, with each light- receivin

reflected when light is shone fromthe light slpurce o t& @ﬁ@ﬁ&
attached to a nedium into a signal chaPSe correspon iﬁg'io 0

sour ce;

1i ght,

reflected |ight and accunul ating the signal charges; SR ey

ABSTRACT OF THE DISCLOSURE

SOLID STATE IMAGE-SENSING DEVICE AND BARCODE
READING DEVICE EMPLOYING SAID DEVICE

A solid-state image-sensor comprises a sensor, a

charge transfer part, a plurality of charge/voltage

converters, a comparator and a detector. The sensor

has a plurality of arrayed light-receiving -
portions, with each light-receiving portion
converting incident light into a signal charge
corresponding to the amount of incident light and

accumulating the signal charges. The charge

‘transfer part distributes between at least two

systems the signal charge stored at one' light-
receiving portion part of the sensor and
transferring the signal charge using different.
numbers of stages. The plurality of charge/voltage
converters detect and convert into voltages the
signal charges of the at least two systems
traﬁsferred by the charge transfer part. The
comparator carries out a level conversion on each
of the outputs of the plurality of charge/voltage
converters and the detector detects the level
transition point of the comparator output signal

and generates a binary signal.




a charge transfer part for distributing the signal charge stored at one
| i ght-receiving portion of the sensor between at |east tyo=—=systens-and.
transferring the signal charge using different nunbers o l Stagestysar :
plurality of charge/voltage converters for detecting and, convert-l

voltages the signal charges of the at ljgast two systens r Dmisf. e 3@\{)y the
charge transfer part; a conparator for carrying out a | ever=== ST
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56 conversion on each of the outputs of the plurality of charge/voltage
converters; and a detector for detecting the l'evel transition point of the
conmparator output signal and generating a binary signal._9 _A bar-code-—
readi ng device according to claim8, wherein the char EPPRSEREND BHES maL
common transfer part for transferring siégHal- charge r 5out f-,rbrxg(jxhqggs '_
sensor, as is, in units for each |light-receiving porti rba%r!g___f.g”r___s _____ a.nd...

o FIG.2
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transfer parts for distributing between at | east two s stens“and

transferring the signal charge of one light-receiving po FEf b‘r;;; rm
by the common transfer part. 10. A bar-code readi ng deyj ce agcor Jﬁ

claim8, wherein the conparator has a hysterisis chara ¢ BRfest o LA

ed:

I
Y
H
I

bar - code reading devi ce according to cl3imh 8, wherein the prur
charge/vol tage converters are set up in such a manner that at
reset_potential differs fromthe r n eset potentials.
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12. A-bar-code readi ng device according to claim 8, V\/nereLJ:l_.eaeJa,.-Lese% e
potential of the plurality of charge/voltage converter pggnﬁigem AET SHIET
i ndependent|y adjusted. 13. ° A bar-code readi ng devi accor ( ‘&} {;I a
8, further equipped with a plurality of buffers each hay,pg. diffldi.ng.
I nput/ out put characteristics for providi n% each of the AGES Of
the plurality of charge/voltage /1
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claim 13, wherein each of the plurality of buffers are gorstiarctiech usingya ]
source-follower circuit construction with the buffer voljtages %)ﬂ Et u
at nmutually differing val ues. I ' ﬁNg .

converters to the conparator. 14. A bar-code readi ng Fﬂi—_&e_aﬂﬁer eh-ng ta
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