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-%" .. Optical Device and | mage Readi ng Appar at us %MD%T THE

LNVENTION Field of the Invention The present invention r to an
optical device and an inmage. reading apparatus. Related Backg Art

A conventional reading apparatus in a facsimle system scanner system or
any other information processing systemoften uses an integral im

sensor constructed by an illumnatidn unit for. illun nati®gP ak30%%i¢S nal ,

a lens for focusing light reflected by ¥the original and having information
of the original, and a sensor for converting the reflected |ight focused

.by. : Optical Device and Image Readingvﬁpﬁgratus

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an optical device
and_an image reading apparatus. |
Related Backgrbund Art

A conventional reading apparatus in a facsimile
system, scanner system, ot any other information
processing éystem often uses an integral image sensor
. constructed by an_illumination unit for illuminating an
original, a lens for focusing light reflected by the
6riginél and having information of the original, and.a 
sensor for coﬁverfing the reflected light focused by
the lens into an electrical signal.

Such lenses ére mainly classified into a
feduction—type lens for reducing and forming an image
of light reflectéd by an original, and a full-scale
lens.for forming a full-scale image of light reflected
by an original.- |

The most popular example of the latter full-scale
lens is a so-called lens airay in which a large number
of lens elements. are arrayed to cover a length
corresponding to the width of an original.

Strong demand has reCently arisen for a compact
information brocessing system such as a facsimile

system or scanner system. The reduction-type lens is
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the lens into an electrical signal. Such lenses are nainly classified
knto a reduction-type lens for reducing and formng an image of Iight

refl ected by an original, and a full-scale lens for formng a full-scale

i mge of light reflected by an original. The nost popul ar exanpl e of
the latter full-scale lens is a so-called lens array in which a |arge
nunber of lens elenments are arrayed to_cover a length- corresponding to
the width of an original. Strong demand has recently arisen for a
conpact information processing systemsuch as a facsimle system or

?g?nner SVSte”ho¥h8e§§%%8t588éh gelkegathres a large optlcal path
length, and a lens array, i.e., a full-scale lens
having a small optical path length is gaining
popularity. |

In a lens array, a plurality of cylindrical lens
elements having a lens function by setting different
refractive indices in the peripheral and cenfral
portions are arrayed in line on a flat side plate.

As the_ﬁethods of manufacturing a gradient index
lens element, methods uSing ion exchange and
interdiffusion are available. In the ion exchange
method, a glass rod containing exchangeable ions is
dipped or brought into contact with a molten salt
containing ions contributing to the refractive index
distribution to exchange the ions in the glass rod and
the molten salt, thereby forming a refractive index
distribution in the glass rod. In the interdiffusion
method, several types of transparent liquid materials:
(generally plastics) having different refractive
indices are spun by a concentric composite spinning
nozzle from the central portion in descending order of
refractive index. At the same time, the respective
layers are intérdiffused to fofm a refractive index
distribution. The resultant lens element ié cured with
ultraviolet irradiation or the like.

A method of arrayiﬁg lens elements will be

described below. To prévent flare light reflected at.



not desired because it requires a large optical path length, and a lens
array, i.e., a full-scale Iens having a small optical path length is

gai ning popularity. In a lens array, a plurality of cylindrical Iens
el enments having a lens function by setting different refractive indices in
the peripheral and central portions are arrayed in line on a flat side

pl at e. As the methods of manufacturing a gradient index I|ens

el enent, nethods using ion exchange and® Tnterdiffusion are available. In
the ion exchange nethod, a glass rod containing exchangeable ions is

contri buti ng 1ot nEerPanrays 98, S PRLEEE Bk FERRTeTemtht (Ere ons i

contributing to the refractive In ribution

the glass rod gieer t&erfatkd €he Sphd 14087 EDUNE.OL M DU-Bat&d T 3ELh VE T NdeX
distribution in the glass rod. In the |nter%| usion nethod, several types
of transparentligigeisbs®iesr M&ving a refractive index nearly equal

to that of the lens. The lens elements are then

arrayed on a side plate with'high precision, and an

upper side plate is then placed on the lens elements.

The resultant structure is fixed with an adhesive to

obtain a lens array.

In arraying thelgradient index iens elements, when
they are brought into tight contact with each other, a
better array can be obtained and lens characteristics
such as resolution stabilize without any variation.

The light absorber applied to the outer surface of
each lens element have a very small thickness in order
to improve the outer dimensional precision of the lens

- element. When the lens elements are arrayed in tight
contact with each other, crosstalk light paéses through
each element to enter an adjacent.lens element to
'dégrade the lens performance.

To prevent this problem, an arbitrary gap is set
between two adjacent lens elements, and a light
absorption adhesive is filled in the gap to cut the
crosstalk light.

'The image formation area in which each lens
element transmits light reflected by an original onto a
sensor IC falls within an image fdrmation radius X0

determined by an angular aperture 6 unique to the lens



(general ly plastics) having different refractive indices are spun by a
eoncentric conposite spinning nozzle fromthe central portion in
descendi ng order of refractive index. At the sane tine, the respective

| ayers are interdiffused to forma refractive index distribution. The
resultant lens elenment is cured with ultraviolet irradiation or the |ike.
A nethod of arraying lens elenents will be described below To prevent
flare light reflected at - - - 3- t he side
surface of a gradient index lens elenent, the outer surface of the |lens

element s coalpdlhkn Apnbi $hloaPR8rRet:0vENG:2 k6T bacthye | ndex nearly
respedtive lens elements overlap each other té form a
linear image formation area having a width 2X0 in the
entire lens array.

The conventional example suffers the following
problems.

(1) It is difficult to form an ideal refractive
index distribution from the center to the peripheral
portion of the gradient index lens element due to
manufacturing techniques. The refractive index of the
peripheral portion is particularly offset from the
ideal value. This becomes one of the causes which
decreases the resolution of the lens.

(2) In arraying the lens eleménts, an arbitrary
gap is formed between the two adjacent lens elements.
Manufacturing variations which influence the lens
characteristics, such as an irregular array pitch of
lens arrays and tilt of the lens elements, occur.

(3) In the lens array, as images formed by a large
number of lens elements overlap eadh other to form a
final image, the focal depth of the lens array is
smaller than that of a single lens element}

(4) The focal depth of the lens array is
determined by the angular aperture unique to the lens
array. Conventionally, an arbitrary angular aperture

cannot be set.



to that of the lens. The lens el enents are then arrayed on a side plate
with high precision, and an upper side plate is then placed on the |Iens

el ements. The resultant structure is fixed with an adhesive to obtain a

| ens array. In arraying the gradient index |ens elenents, when they
are brought into tight contact with each other, a better array can be .
‘obtai ned and | ens characteristics such as resolution stabilize w thout any
vari ation. The ‘I i ght absorber apfi-ed to the outer surface of each

| ens el enent have a very small thickness in order to inprove the outer

di mensi onal precision of the |ens elenent. When the lens elenents are
arrayed in ti gPYMMARNt QT THE t INEERFIQN her, crosstal k Iight passes through

each el enent to ent an adj cent | eps, el enent to rade the | ens
per f or mance. HP PR ﬁ'\?g %Eom%n?r%ﬁle%f? &?Y%V%p ?s set’

bet ween two adj | ens t and a ht, absor on adhesive is
filled in the %98& deC€ ?ﬁ%lc 1 3év1ce ané & image ré%élng

apparatus, which have a large focal depth of a lens and
high performance, and suffer little performance
variations introduced ét the time of quantity
production.

In order to achieve the above object, according to
an embodiment of the present invention, there.is
provided an optical device comprising an illumination
unit for illuminating an objedt to be photographed, and
a lens array having a plu:ality of lenses for forming
an image of light from the object, illuminated with the
illumination unit, at an image formation.position,
wherein the lens confaihs a light absorber for
absorbing light having a predetermined wavélength other
than a wavelength of light emitted by the illuminatioh
unit. |

Acéording to another embodiment, there is provided
an optical device'comprising an illumination unit for
illuminating an object tb be photographed, and a lens
array having a plurality’pf lenses for forming an image
of light from the object, illuminated with the
illumination unit, at an image formation position,
wherein the lens contains a light absorbef for

absorbing light emitted by the illumination unit.



crosst al k l'ight. The inage'fornation area in which each lens element
transmts light reflected by an original onto a sensor IC falls within an
i mage formation radius XO determ ned by an angular aperture [err] unique

to the lens -4- el ement. The inage
formation radii XO of the respective Iens el enents overlap each other to
forma |inear image formation area havéng a wdth 2XOin the entire |ens
array. The conventional exanple suffers the follow ng problens.

(1) It is difficult to forman ideal refractive
According to still another embodiment, there is

provided an image reading apparatus comprising an
illumination unit for illuminating an object to be
photographéd, a lens array having a plurality of lenses
for forming an.image of light from the object,
illuminated with the illumination unit, at an image
formation positibn, a photoelectric conversion element
for receiving the light focused by the lens, and
control means for controlling the illumination unit and
the photoelectric conversion element, wherein the lens
contains a light absorber for absorbing light having a
predetermined wavelength other than a wavelength of
light emitted by the illumination unit.

According to.still another embodiment, there is
prdvided an image reading apparatus comprising an
illumination unit for illuminating an object to be
photographed{ a lens array having a plurality of lenses
for forming an image of'light from the objéct,
illuminafed with the illumination unit, at an image
formation position, a photoelectric donversion element
for receiving the light focused by the lens, and
contfol means for controlling the illumination unit and
the photoelectric conversion element, wherein the lens
contains a light absorber for abéorbing light emitted
by the illuﬁination unit.

With the above arrangements, thére can be provided

optical devices and image reading apparatuses, which



i ndex distribution fromthe center to the peri pheral portion of the

gradi ent index lens elenent due to manufacturing techniques. The
refractive index of the peripheral portion is particularly offset fromthe
i deal value. This becomes one of the causes which decreases the resolution
of the I|ens. (2) In arraying the lens elenents, an arbitrary gap is
fornmed between the two adj acent |lens el enents. Manufacturing variations
which influence the l'ens characteristi€ss such as an irregular array pitch
of lens arrays and tilt of the |lens elenments, occur. (3) In the lens
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Conventional | Yot aph@' Pihd 35Y ANAESLLGRErture cannot be set.

The above and other objects, features, and
advantages of the present invention will be apparent
from the following detailed description in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of an image sensor
according to an embdodiment;

Fig. 2 is a plan view of the image sensor of the
.embodiment;

Fig. 3 is a side view of an illumination unit of
the embodiment:;

Fig. 4 is a detailed view of the illumination unit
of the embodiment;

Fig. 5 is a graph showing the emission spectrum of
a light source in the illumination unit of the |
embodiment;

Fig. 6 is a detailed view of a sensor array of the
embodiment; | |

Fig. 7 is a graph showing the spectral éensitivity
of a sensor IC of the embodiment; |

Fig. 8 is a detailed view of a lens array of the

embodiment:;



- B- SUMVARY OF THE | NVENTI ON It is an object of the present
l-nvention to provide an optical device and an i nage readi ng apparatus,
which have a large focal depth of a lens and high performance, and suffer
little performance variations introduced at the tine of quantity

~producti on. In order to achieve the above obj ect, according to an
enbodi ment of the present invention, there is provided an optical device
conprising an illumnation wunit for T18uminating an object to be

-phot ographed, and a lens array having a plurality of |enses for formng

"Fig. 9 is a view showing the refractive index
disfribution and light absorption layer of a lens
element of the embodiment; -

Fig. 10 is a graph shqwing the light absorption

. characteristics of the light absorption layer of the
lens e;ement of the embodiment;

Fig..li is a cross;sectional view showing part of
a gradient index lens portion containing a light
absorber of the embodiment;

Fig. 12 is a longitudinal sectional view showing
part of the gradient index lens portion containing the
light absorber of the embodiment;

Fig. 13 is a detailed view of a lens array of
another embodiment;.

Fig. 14 is a sectional view of an information
processing system of this embodiment; and

Fig. 15 is a functional block diagram between the
information processing system and a computer of the

embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

-An image sensor according to the first embodiment
will be described with feference to the accompanying
dfawings;

As shown in the sectional view of Fig. 1 and the
plan vieﬁ of Fig. 2, the image sensor of this

embodiment comprises a sensor array 1, a lens array 2, ..



animge of light fromthe object, illuninated with the illunination unit,
at an inmage formation position, wherein the lens contains a |ight absorber
for absorbing light having a predeterm ned wavel ength other than a

wavel ength of light emtted by the illumnation wunit. According to
anot her enbodi ment, there is provided an optical device conprising an
illumnation unit for illumnating an object to be photographed, and a
lens array having a plurality of Iense® for fornming an i nage of |ight
fromthe object, illumnated with the illumnation unit, at an i mage

formati on position,, wherein the.legs contains a |light absorber for
absor bi ng | i ghPPert tFEAOBY PRURE uﬁ?ngtg%ﬂsﬁn??yer 4, 8nd°a frame's.

-In the sensor array 1, a sensor IC 12 having a linear
group of photoelectric conversion elements is arrayed
with high precision on a sensor board 11 made of a
glass-epoxy material by the number of photoelectric
c&nversion elements corresponding to the length of a
read original. The glass cover 4 is made of a
transparent member for supporting the original. The
frame 5 made of a metal (e.g., aluminum) or resin
(e.g., polycarbonate) holds the sensor array 1, the
lens array 2, the illumination unit 3, and the glass
cover 4 in position.

The operation of the above image sensor will be
described below. The illumination unit 3 obliquely
illuminates the original pressed and supported on the
glass cover 4 by sequentially switching R, G, and B
light beams. Light having color information of R, G,
and B and reflected by the original is focused on the
sensor IC 12. The sensor IC 12 converts the light
having the color information pf R, G, and B into an
.eléctrical signal and transmits it to a system section
(not shown). The system section processes the

" electrical signal of three colors, R, G, and B and
reproduces a color.image.

Fig. 3 is a side view of the illumination unit,
and Fig. 4 is its detailed view. The illumination unit

3 comprises a RGB tricolor LED light source 31 in which



- 6- - According to still another enbodiment, there is provided an
l-mage readi ng apparatus conprising an illumnation unit for illum nating
an object to be photographed, a lens array having a plurality of |enses
for formng an image of light fromthe object, illumnated with the
i1lumnation unit, at an inage fornation position, a photoelectric
conversion elenent. for receiving the ht focused by the | ens, and
control neans for controlling the illuﬂ1 ation unit and the photoelectrlc
conversion el enent, wherein the lens contains a |ight absorber for

of 11 gnt em 1 Penohy URRSLEP) ERERERE 3%F, 'R G-80H" od BRh, alSfet BYE. MO
anot her enbodi gRata bREEE (B Lﬁﬁo§1éﬁé gN3h §Bge iﬁgﬂhng B8r 2Ly
nprising an illumnation unit Iunlnatlng | ec o be
phot ographed, @ntegeadlyayabRu§E8d, 2aREVAaL i fHt0§ui&8SREmber 32 made
of a transparent member such aé an acrylic resin.
Fig. 5 shows emission wavelength spectra of the R,
G, and B LED elements 311, 312, and 313. These peak
emission wavelengths are selected in the ranges of 600
to 660 (nm), 510 to 560 (nm), and 450 to 480 (nm),
respectively.
The RGB tricolor LED light'éource 31 is arranged
so that light is incident from one or both of the
longitudinal end portions of the light guide member 32.
The incidentllight repeats total reflection at the
iﬁterface between the light guide member 32 and air and
propagafes in the light guide member 32.
As shown in fhe detailed view of the illumination
unit in Fig. 4,'an internal saw-toothed portion 321
having a fine saw-toothed shape is continuously formed
iq the light guide member 32 along its longitudinal
direction. Of all the light components'propagating in
the light guide member 32, light components incident on
the saw-toothed portion 321 are reflected at large
angles toward the surfade of the original, unlike the
remaining light componehts. The light components
incidenf on the saw-toothed portion 321 do not satisfy

the total reflection condition at the interface between



for formng an image of light fromthe object, illumnated with the
I-llumnation unit, at an inmage formation position, a photoelectric
conversion elenent for receiving the Iight focused by the |ens, and
control neans for controlling the illumnation unit and the photoelectric
conversion el enent, wherein the lens contains a |ight absorber for
absorbing light emtted by the.illumnpation unit. Wth the above
arrangenents, there can be provi ded ~opdical devices and i mage reading
appar at uses, which -7- have a | arge

ot S A ol LA B LREcgd P or e

desired direction.

The reflecting surface of the saw-toothed portion
321 is deposited with aluminum or printed with silver
or white ink. Alternatively, the saw-toothed portion
321 may totally reflect light at the interface with air
by only the saw-toothed shape. |

Alternatiﬁely, the saw-toothed shépe may not need
to be formed. The.same effect as described above may
be obtained by printing the reflecting surface with
white ink or bx roughening it. To obtain a uniform
illuminance on the surface of the original, it is
possible to increase the width of the saw teeth with an
increase in distance from the light source or increase
the printing area if only white ink is uséd.

That portion of the light guide member 32 which
excludes the iightfexit.portion and outputs light |

. toward the original is covered with a white member or

the like to increasé the illuminance of the original
surface.

Fig. 6 is a detailed view of the sensor array 1,
and its arrangement will be described below.

The sensor board 11 has electrical wiring and
comprises a ceramic board or a glass-epoxy substrate .
obtained by impregnating glass fibers with an epoxy

resin.



The above and
iPnvention wl|l

conjunction wth the acconpanying draw ngs. _ ; _
Fig. 1 is a sectional view of an imge sensor according to

DRAW NGS _
an enbodi nent;
enbodi nent ;
enmbodi nent ;

t he enbodi ment;

| i ght source i
detail ed vi ew

ot her objects, features, and advantages of the present

be apparent .fromthe follow ng detail ed description in
BRI EF ‘DESCRI PTI ON OF THE

Fig. 2 is.a plan view of the imge sensor of the

Fig. 3i1s a side viewof anillumnation unit of the
Fig. 4is a detail &dl¢iéw of the illumination unit of
Fig. 5 is a graph showi ng the enission spectrumof a
N thephd | JOLOBLT 00 191 Lokl 108 EEHOSE "ERbs Fig. 61s a
of a Sénsor array of the

photoelectric conversion elements for converting light
into an electrical signal, and the plurality of sensor
ICs 12 are arrayed in line on the senéor board 11 and
adhered through an adhesive._

The electrical contact between the sénsor ICs 12
and the sensor board 11 is obtained through gold wires
13. The spectral sensitivity characteristics of the
sensor IC 12 are shown in Fig. 7. The IC 12 has a high
sensitivity for a wavelength range widéf than the |
emission wavelength range of the light source and,

particularly, for an infrared ray having a long

'wavelength.

Fig. 8 is a detailed view of thé lens array 2 used
in this embédiment.

The lens array 2 of this embodiment comprises
gradient index lens elements 21 and light absorption
layérs 22 containing a.1ight.absorber and surrounding
the lens elements 21.

As its manufacturing method, the ion exchange
method and interdiffusion.method will'bé described
below.

In the ion exchange method, core glass having
exchangeable ions and light absorption glass having
exchahgeable ions and containing a light absorber are
heated and melted in the inner and'outer'nozzle_

portions in a concentric double spinning nozzle and are



eﬁbodinent; Fig. 7 is a graph showi ng the spectral sensitivity of a

sensor | C of the enbodi nent; Fig. 8 is a detailed view of a |lens
array of the enbodinent; . - 8- ' Fig. 9
is a view show ng the refractive index distribution and |Iight absorption

| ayer of a lens elenent of the enbodi nent; Fig. 10 is a graph

showi ng the |ight absorption charac[egénjcs of the light absorption |ayer
of the Ilens elenent of the enbodi nent; Fig. 11 i's a cross-sectiona
view showi ng part of a gradient index |ens portion containing a |ight

spun together to form a double glass rod having a core
portion and its outer light absorption layer 22. The
double glass rod is cut in an appropriate size, and the
cut rod is dipped in a molten salt containing
exchangeable ions. The exchangeable ions in this
double glass rod are exchanged with the exchangeable
ions in the molten salt.

The ion-exchanged double glass rod serves as a rod
iens having a transparent core portion and a |
snrrounding light absorption layer 22 which
-respectively have the refractive index distributions
shown in Fig. 9.

In the interdiffusion method, when several types
of liquid plastics having different refractive indices
are to be spun by a concentric composite spinning
nozzle from the central portion in descending order of
refractive index, at least one outer nozzle of the core
nozzle of the concentric composite spinning nozzle
spouts a iayer of liquid plastic containing a light
absorber. Interdiffusion is performed to form a
refractive index distribution, and the resultant
structure is cured with ultraviolet irradiation.
Therefore, a rod lens having a transparent core portion.
and a surrounding light absorption layer 22 which
respectively have refractive index distributions is

formed.



absor ber of the enbodi nent; Fig. 12 is a longitudinal sectional view
showi ng part of the gradient index |lens portion containing the 1|ight
absor ber of the enbodi nent; Fig. 13 is a detailed view of a lens
array of another enbodi nent; Fig. 14 is a sectional view of an

I nformati on processing systemof this enbodinent; and Fig. 15 is a
functional bl ock di agram between the i!chnation processing systemand a
conput er of the enbodi nent. DESCR Pl ON OF THE PREFERRED EMBODI MENTS

An i mage sensor according to the first enmbodiment will be described with

' - V.09 . s A.th ti I
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view of Fig. 1 and

an view nage sensor O
having a high light transmittance. However, any other

light-transmitting resin may be used. An alternative
material is glass if it can be liquefied.

As the materials.to be interdiffused, the liquid
plastics of the respective layers may be interdiffused.
Alternatively, some components (ion,lfor example) of
the liquid plastics may be_interdiffused.

The light absorption characteristics of the light
absorption layef 22 of this embodiment are shown in

Fig. 10. Almost constant absorption characteristics

are set for all-the emission wavelengths of the light

sources and the spectral sensitivity range of the
sensor.

In manufacturing a rod lens by the interdiffusion
method, the liquid plaétic is finally cured with an
ultraviolet ray. For this reason, the characteristic
of the light absorption layer 22 is set to transmit
light components within a certain ultraviolet
wavelength range or more, which are required in
ultraviolet curing.

To form a light absbrption layer 22 having desired
light absorptidn characteristics, it is effective to
use a plastic containing a plurality of dyes, pigments,
or their combination as a light absorber.

The light absorber-containing portion of the

gradient index lens may be small or large in thickness



enbodi ment conprises a sensor array 1, a lens array 2,

-9- an illumnation unit 3, a glass cover 4, and a frame 5. In the
sensor array 1, a sensor I1C 12 having a linear group of photoelectric
conversion elenents is arrayed with high precision on a sensor board 11
made of a gl ass-epoxy material by the nunmber of photoelectric conversion
el ements corresponding to the length 03 a read original. The glass cover 4
is made of a transparent nenber for~ Eporting the original. The frane 5
made of a nmetal (e.g., alumnum or resin (e.g., polycarbonate) holds the

sensor array Lintde {&ifuddf¥edeidd® 44! MRS LY! 125, apghthe ol ass

cover 4 in positio
light absorber-containing portlon of the gradient index

lens may be part of the peripheral portion, as shown in
Fig. 12. |

Lens elements 21 are arranged and coated with an
adhesive such as an epoxy resin adhesive applied thin
on a side surface 23 made of a glass-epoxy material.

The large number of lens elements 21 made of the
double glass rods are arrayed in contact with each
other in line, and a side plate 23 coated with an
adhesive is bonded to the lens elements 21, thereby
sandwiching the lens elements 21 by the upper and lower
side plates 23. 1In arraying the lens elements 21, the
adjacent lens elements need not be spaced apart from
each other and no light-shielding layer need be formed
between the adjacent lens arrays due to the presence of
the light absorption iayer 22 on the outer surface of
each lens element 21. A high-precision array_free from
pitch and © (tilt) errors can be obtained, and
-variations in lens characteristics in mass production
can be prevented.

Each lens elemeﬁt 21 is finélly cut in a desired
height Z,, and the surface of each lens is polishéd to
qbtain a mirror surface, thereby finishing a lens array
2. _

The resolution of the image sensor using the.lens

array 2 manufactured by the above method can be



The operation of the above i nage sensor wll be described below The

Il lum nation unit 3 obliquely illumnates the original pressed and
supported on the glass cover 4 by sequentially switching R G and B

i ght beans. Light having color information of R G and B and reflected
by the original is focused on the sensor IC 12. The sensor | C 12 converts
the light having the color information of R G and B into an electrical
signal and transmits it to a systen1§eé@i6n (not shown). The system
section processes the electrical signal of three colors, RR G and B and

Py oduces 2 CobholBiBeqauan, thb O BeSHOEh IR B B o on
a RGB trico'Orabggktiﬂgtlf&H%Cfn3%hénw¥®éangth range used in the
light source of the image sensor is formedlon the outer
surface of each lens element 21 whose refractive index
distribution is offset from that for the ideal
resolution.

When external light entering the image sensor
dannot be sufficiently shielded in the.finished product
such as a reading apparatus, an absorber for absorbing
"light in fhe'wavglength range corresponding to the
sensitivity range of the sensor IC is contained in the
peripheral portion of the lens element. Then, the
influehce of the external light as noise can be
minimized.

The light source of the image sensor generally
emits visible light, whereas the general sensor IC has
a high sensitivity to an infrared ray other than the
visible light. It is effective to reduce the influeﬁce
of external 1ight.when a dye for absorbing the infrared
ray is contained in the peripheral portion of the lens
element.

As the thickness of the light absorption layer 22
from the peripheral portion to the central portion of
the lens element 21 increases, the angular aperture of
the lens element is_reduced to increase the focal
depth. The following advantages are obtained in

products using this feature.



-'10 -+ ared (R LED elenent 311, a green (G LED elenent 312, and a
blue (B) LED elenent. 313 as |ight sources are integrally packaged, and a

| i ght gui de nmenber 32 nade of a transparent nenber such as an acrylic
resin. Fig. 5 shows em ssion wavel ength spectra of the R, G and B
LED el ements 311, 312, and 313. These peak emni ssion wavel engths are
selected in the ranges of 600 to 660 ig 510 to 560 (nm, and 450 to 480
(nm, respectively. The RGB tFi &8l or LED Iight source 31 is arranged
so that light is incident fromone or both of the Iongi tudi nal end

[ f the Ili [ b, 2 t 1 ot al
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propagates in g€yl oifaDUileodGbes 1':3@ ‘an imagd‘sSIUN {d A dglai | ed

view of the illum nation
original, a range array can form an orlglnal image on a

sensor IC even if fhe original flaps to some extent.
Therefore, the original'sheet—through,mechanism can be
simplified to reduce the cost.

In a flat bed scanner in which an original is
fixed in position, and an image sensor is moved to read.
the original image, the present invention can solve a
conventional problem in which the bound portion of a
book floats and cannot be focused.

As the thickness of the light absorption layer 22
of the lens element increases, the focal depth
increases, but the transmittance of the lens array 2
decreases. Care must be taken for matéhing with the
sensor sensitivity.

When a predetermined sensor output cannot be
obtained due to a.low sensor sensitivity, the use of
two arrays of leﬁs elements, as shown in Fig. 13,
nearly doubles the lens transmittance.

A method of manufacturing an image sensor
according to the present invention will be described
below.

The illumination unit 3 and the lens array 2 are
inserted into predetermined grooves formed in the frame
5 and are positioned in the widthwise and longitudinal

directions.



unit in Fig. 4, an internal sawtoothed portion 321 having a fine
saw-t oot hed shape is continuously formed in the Iight guide nenber 32
along its longitudinal direction. O all the |ight conponents propagating
in the light guide nmenber 32, |ight conponents incident on the

sawt oot hed portion 321 are reflected at large angles toward the surface
of the original, unlike the remaining_|light conponents. The |ight _
conmponents incident on the saw#tootﬁe&spﬁrtion 321 do not satisfy the
total reflection condition at the interface between -11- the

light guide menmber @ﬁeagfaggrc@ggreﬂeigeaéﬂegeddgﬁi%ﬁg gﬁﬁggtgggface
of the frame 2 to sandwich the illumination unit 3 and
the léns array 2 from the right and left so as to make
the uéper surface of the lens array approximately flush
with the frame 4 and the illumination unit 3 while a
warp correction pin 322 of the illumination unit 3 and
the upper surface of the lens array 2 are pressed
against the glass cover 4.

The illumination uﬁit 3 and the lens array 2 are
positiohed and fixed with high precision without any
warp. The illumination unit 3 can accurately send
light fo a desired illumination position, and an
in-focus image can be formed throughout the lens array
2.

The sensor'array l is fitted in the frame 5 and
fixed with an adhesive of by partially caulking the
frame. Leads 314 of the illuminatiop unit 3 are
electrically cgnnected to the sensor board 11 by
soldering or the like, thereby completing the image
sensor.

An application example in which the image sensor
of the present invéntion is applied to an information
processing system will be described with reference.to
Fig. 14.

Fig. 14 shows an information processing system
(e.g., a facsimile sysfem) which uses the image sensor

of the present invention.



The reflecting surface of the sawtoothed portion 321 is deposited with
alum numor printed with silver or white ink. Alternatively, the
sawtoothed portion 321 nay totally reflect light at the interface with
air by only the sawtoothed shape. Alternatively, the sawtoothed
shape may not need to be formed. The sanme effect as described above may
be obtained by printing the reflecting_gsurface with white ink or by
roughening it. To obtain a uniform T Fdninance on the surface of t he
original, it is possible to increase the wdth of the saw teeth with an

oty whi e ink (4 Deaqt feed SASEIGF MealRE BN e Fonber 32

whi ch ~excl udefemgp&,éﬂeic&xi ta RO pA LA PO SHled! fo iséﬁaréea@r&%ﬂg

original is covered with a white nenmber or "t ke to increase t
i 11 um nance ofoil@indigi ié byUbhéCend relidbly Ffebds desloh abtEgiNaeW of the

sensor array 1, _ :

A convey roller 703 is located at the read position of
an image sensor 700 to regulate the réad surface of the
ofiginal and convey the original. A recording medium W

- is a roll of paper. Image information read by the
image sensor 700 or image data externally transmitted
in the facsimile system is formed on the recording'
medium W. A print head 704 for forming an image
comprises a thermal head, a bubble-jet print head, or
the.like. This print head may be of a serial:or line
type. A platen roller 705 conveys the recbrding medium
to the print position and regulates the printing
sufface. A control panel 706 includes a display
section for receiving operator's inputs. A system
control board 707 includes a controller for controlling.
the respective components, a photoelectric conversion |
element drive circuit, an image information processing
unit, and a transmitter/receiver. The information
processing system also includes a power supply 708.

In this system, a microcomputer on the system
control circuit board 707 dontrols the overall
operations. The microcomputer also controls the image
sensor 700, ON/OFF-controls the illumination unit.3,

and controls to drive the sensor array 1.



and its arrangenent will be described bel ow. The sensor board 11 has
electrical wiring and conprises a ceramc board or a gl ass-epoxy substrate
obtai ned by inpregnating glass fibers with an epoxy resin. _

- 12 - The sensor |1 C 12 conprises CCD or CMOS photoelectric
conversion el enents for converting light into an electrical signal, and
the plurality of sensor |1Cs 12 are arrayed in Iline on the sensor board 11
and adhered through an adhesive. - 20The el ectrical contact bet ween the
sensor 1Cs 12 and the sensor board 11 is obtained through gold wires

A signal processing_circuit on the system control
circuit board 707 performs prodessing for recording an
image signal read by the image sensor 700 on the
recording medium W and image processing for externally
outputting the image signal read by the image sensor
700. |

In this embodiment, the image sensor 700 is
- incorporated in the information processing system.
Géneral external light (e.g., light from a fluorescent
or incandescént lamp used in room illumination or
sunlight entering from outside the room) enters a
portion near the image sensor 700 as external light
through a paper feed port 709 or a paper delivery port
710 which are located on the original convey path.

The external light contains a large number of
-infrared components in addition to visible light
components. To prevent an image signal from being
disturbed by the external light, it is effective to use
a light absorber which sufficiently absorbs infrared
rays in the gradient inde# element of the lens array
used in the image sensor 700.

Fig. 15 shows an information processing system
which uses the image sensor 700 described in each |
embodiment. An image reading apparatus 150
incorporating the image sensor 700 is connected to a

personal computer 160 to build an the information



13. The spectral sensitivity characteristics of the sensor IC 12 are shown
i-n Fig. 7. The IC 12 has a high sensitivity for a wavel ength range w der
than the em ssion wavel ength range of the I|ight source and, particularly,
for an infrared ray having a | ong wavel ength. . Fig. 8 is a detailed
view of the lens array 2 used in this enbodinent. The lens array 2
of this enbodi nent conprises gradient index |lens elenents 21 and |ight
absorption layers 22 containing a |igll absorber and surrounding the lens
el enents 21. As its manufacturing nethod, the ion exchange nethod

and interdiffusion nethod will be described, bel ow Intheion
exchange met hoB*CEEFE1R0a8YSkhal: ngThexERAAgINBEE LBESTRAGLPPGRE absorption

gl ass havi ng geab i gns_and,cant ai ni ng | i ght absorber are heated
and melted in ﬁgggﬁngg %ﬁ& BSESPRRY, SPRpUter 160 o2'onts’a network.

Referring to Fig. 15, a CPU 170 serves as the
first control means foi controlling the entire image
reading apparatus 150. An image sensor 700 comprises
the above-mentioned CCD light source and CCD line
sensor and serves as a reading unit for converting an

- original image into én image signél. An analog signal
'processing circuit 116 performs analog processing such
as gain adjustmeﬁt of an analbg image signal output
from the image sensor 700.

An A/D converter 118 converts the output from the
‘analog signal prbcessiné Circuit 116 into a digital
signal. A digital image processing circuit 180
performs image processing such as shading correction
processing, gamma conversion processing, and

' magnification processing of output data from the A/D
converter 118 using é memory 122. An interfacé (I/F)
124 externally outputs the digital image data processed
by the digital image processing circuit 180.

The interface 124 complies with the standards such
as SCSI or Bi-Centronics generally employed in personal
computers. |

The analog signal processing circuit 116, the A/D
converter 118; the digital image processing circuit
180, and the memory 122 construct a signal processing

means.



portions in a concentric double spinning nozzle and are _

- 13 - spun together to forma double glass rod having a core portion
and its outer light absorption |ayer 22. The double glass rod is cut in an
appropriate size, and the cut rod is dipped in a nmolten salt containing
exchangeabl e i ons. The exchangeable ions in this double glass rod are
exchanged with the exchangeable ions in the nolten salt. The _

i on- ex¢changed doubl e gl ass rod serve§ 42 3 rod lens having a transparent
core portion and a surrounding |ight absorption |ayer 22 which

respectively have t@ﬁérﬁé£§8$£Yeb$HSS%e9ifééiggé%fﬂé as the second
control means is equipped with a magnetooptical disk
drive, hard disk drive, and floppy disk drive.

A display 134 displays operations on the personal
computer 160. A.mouse/keyboard 133 is used to input
commahds to the peréonal computer 160.

An interface 135 exchanges data, commands, and
status infqrmation of the image reading apparatus
between the personal coméuter 160 and the image reading
apparatus 150. |

The personal computer 160 can input a read
instruction to the image reading apparatus 150 with the
mouse/keyboard 133. |

When a read instruction is input from the
mouse/keyboard 133, a CPU 136 transmits a read command
to the image reading apparatus 150 via the interface
135. The personal computer 160 controls the image
reading apparatus in accordance with a control program
stored in a ROM 137. The control program may be stored
"in a storage medium such as a magnetooptical disk or
floppy disk loaded into an auxiliary storage 132,
loaded into a RAM 138 in the personal compufer 160, and
executed by the CPU 136.

The use of the image sensor 700 in the information
processing 5ystem results in high applicabilify.-

Many widely different embodiments of the present

'invention'may be constructed without departing from the



shown in Fig. 9. In the interdiffusion nethod, when several types of
I-i quid plastics having different refractive indices are to be spun by a
concentric conposite spinning nozzle fromthe central portion in
descendi ng order of refractive index, at |east one outer nozzle of the
core nozzle of the concentric conposite spinning nozzle spouts a |layer of
liquid plastic containing a |ight absgéber Interdiffusion is perforned to.
forma refractive index distribution nd the resultant structure is
cured with ultraviolet irradiation. Therefore, a rod |lens having a

Lransparent copg: ot tLel <@gtk %2k A | Al RPRGEPLI PP LYefq22 whi o

respectively ha e refractiv I ONS
be understood that the present invention is not limited

to the specific embodiments described in the
specification, except as defined in the appended

claims.



-'14 - The liquid plastic is normally an acrylic resi |
high light transmttance. However, any other [|ight-t ransm!tﬂm mnm“rwum
be used. An alternative material is glass if it can be lidu SL M sASs
the materials to be interdiffused, the liquid plastics of the respective
layers may be interdiffused. Alternatively, some conponents (ion, for
exanple) of the liquid plastics may be interdiffused. The i ght
absorption characteristics of the |igh®#4 absorption layer 22 of this

enbodi nent are shown in Fig. 10. Al npbst constant absorption

characteristic ress all_ the enission wavel engths of the |ight
sources and thgnégeg§r§;A£@%Eii$Vity range of the sensor. I n

manufacturing a rody} engqbypthga) nAGEELLT UShSR: sTREOY 11 Gnt AQEL S, P! LI €
is finally cured with an |
- unit for illuminating an object to be photographed, and
a lens array having a plurality of lenses for forming
an image of light from the object, illuminated with
said illumination unit, at an image formation position,
wherein the lens contains a light absorber for
absorbing light having a predetermined wavelength other

than a wavelength of light emitted by said illumination

unit.

2. A device according to claim 1, further
comprising a photoelectric conversion element for

receiving light focused by the lens.

3. A device according to claim 2, wherein the
light absorber absorbs light having a wavelength

detected by said photoelectric conversion element.

4. A device according to claim 1, wherein the

lens comprises a gradient index lens.

5. A device accofding to claim 4, wherein part of
a peripheral portion of the lens in a radius direction

contains the light absorber.

“THIS SHEET HAS BEEN
: This Sheet Has Been Reﬂlaced _ . . REP LACED




ultravi ol et ray. For this reason, the characteristic of!t_
absorption layer 22 is set to transmt |ight conponentsivH

ul travi ol et

curing. _ i
absorption characteristics, it is effective to use a plastic contain
plurality of dyes, pignents, or their _conbination as a |light absorbe
The |ight absorber-caontaining portion éP rhe gradi ent index |lens may be

smal |

or

wavel ength range or nore, which are required'i )
To forma |ight absorption |ayer 22 having desired lig

| arge in thickness : - 15 -
radi us direction, S
portion of the gragéénpgﬁﬂﬁv

Lébéqéhcggdiggetoléfggm6¥¥mwﬁ§¥é{§"%ﬁgnlng

light absorber absorbs an infrared ray.

7. A device according to claim 1, wherein the
light absorber transmits light having a predetermined

wavelength in ultraviolét light.

8. A device actording to claim 1, wherein the
light absorber absorbs light having a wavelength

emitted by said illumination unit.

9. A device according to claim 1, wherein a light

source of said illumination unit is an LED.

10. A device according to claim 9, wherein the
light source comprises a plurality of LEDs having

different emission wavelengths.

1l. A device according to claim 10, wherein the

light source comprises red, green, and blue LEDs.

12. ‘An opticai device comprising an illumination
unit for illuminating an object to be photographed, and
a lens array having a plurality of lenses for forming
an image of light from the object,. illuminated with

said illumination unit, at an image formation position,

g

ht
ing a
r.

in the
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Iéné may be part of -the peripheral portion, as shown in Fi

Lens el enents 21 are arranged and coated with an adhesive %ﬁlﬁiﬁﬁ{giﬂﬂj‘“ﬂ“‘
s *

resin adhesive applied thin ‘on a side surface 23 nmade of a

mat eri al . ' The | arge nunber of lens elenents 21 nade of the double
glass rods are arrayed in contact with each other in line, and a side
plate 23 coated with an adhesive is bonded to the I ens el enents 213

t hereby sandwi ching the |ens elenenrszﬁl'by t he upper and | ower .side
plates 23. In arraying the lens elenents 21, the adjacent |lens elenents

h d i ght - shi_el di I d
e formed  bet Gaerernecan; 80, SParathr, a, LGnE phePRkef E8Ence o ihe
| i ght absorptiggs$§ﬂ§§$2£i ttgﬁig?%ﬁrgigg g&e.g%??fﬁ§g%lensgg enent 21. A

. . I}
hi gh- preci si on array ee Trom Dl err] _ ro an be
obtained, and variations in lens characteristics in nmass production

13. A device according to claim 12, further
comprising a photoelectric conversion element for

receiving light focused by the lens.

14. A device'according to claim 13, wherein the
light absorber absorbs light having a wavelength

detected by said photoelectric conversion element.

15. A device according to claim 12, wherein the

lens comprises a gradient index lens.

16. A device according to claim 15, wherein part
of a peripheral portion of the lens in a radius

direction contains the light absorber.

17. A device according to claim 12, wherein a

light source of said illumination unit is an LED.

18. A device according to claim 17, wherein the
light source comprises a plurality of LEDs having

different emission wavelengths.

19. A device according to claim 18, wherein the

light source comprises'red, green, and blue LEDs.

" This Sheet Has Been Reﬂlaced o | THISSHEET HAS BEEN
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cén:be'prevented Each lens elenent 21 is finally cu
hei ght Z[err], and the surface of each lens is pol | shed to |Ip|“|a}| mjﬁﬂ “II

surface, thereby finishing a lens array 2. resol ut1 on
i mge sensor using the lens array 2 manufactured by the above net hod can
be - 16 - | nproved because the |ight

absorption |l ayer for absorbing |ight iﬁethe wavel ength range used in the
| i ght source of the inmge sensor is foPfed on the outer surface of each
| ens el ement 21 whose refractive index distribution is offset fromthat

for the ideal res?éytiﬂﬂ'image reading apparatus comprising:

an illumination unit for illuminating an object té,
be photographed;

-a lens array having a plurality of lenses for
forming an image of light'from the object, illuminated
with said illumination unit, at an image formation
position;

a photoeleétric conversion element for receiving
the light focused by the lens; and

control means for controlling said illumination
unit and said photoelectric conversion element,

wherein the lens contains a light absorber for
absorbing light having a predetermined wavelength other
than a wavelength of light emitted by said illumination

unit.

21. An apparatus according to claim 20, further
cbmprising processing means for processing image
information output from said photoelectric conversion

element.

22. An apparatus according to claim 20, further

comprising convey means for conveying the object.

'23. An apparatus according to claim 20, further
comprising interface means for connection with an

external device.

"THIS SHEET HAS BEEN
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Wien ‘external |ight entering the i mage sensor cannot be syfdsisgi
shielded in the finished product such as a reading apparaq "H*BM; ﬂ"'““"
for absorbing light in the wavel ength range corresponding 0 her u s «
sensitivity range of the sensor 1Cis contained in the peripheral portion
of the lens elenment. Then, the influence of the external |ight as noise
can be mnim zed. The light source of the inmage sensor generally
emts visible |light, whereas the generdB sensor IC has a high sensitivity
to an infrared ray other than the wvisible light. It is effective to reduce

the influence of Iternal | i ght when a qye for absorbing the infrared ray
i s contai ned in t e per?pHIRRRATPIT | FFCHAIME ¥ Rladm tRntwherein Ag the

he contral pobet ohfulre “BRESRAS " he Dot St " VSl e B ool e

of detected by said photoelectric conversion element.

25. An apparatus according to claim 20, wherein

the lens is a gradient index lens.

26. An apparatus according to claim 25, wherein
part of a peripheral portion of the lens in a radius

direction contains the light absorber.

27. An apparatus according to claim 20, wherein

the light absorber absorbs an infrared ray.

28. An apparatus according to claim 20, wherein
the light absorber transmits light having a

predetermined wavelength in ultraviolet light.

29. An apparatus according to claim 20, wherein
the light absorber absorbs light having'a wavelength

emitted by said illumination unit.

30. An apparatus according to claim 20, wherein a

light source of said illumination unit is an LED.

Lo
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tie' I'ens elenent is reduced to increase the focal depth. Th |

advant ages are obtained in products using this feature. “j!l " E“I"lﬁlll"l"l
- 17 - For example, in a sheet-through scanner that Hoos  »
original through it to an inage sensor to read the original, a range array
can forman original imge on-a sensor |IC even if the original flaps to
sone extent. Therefore, the original sheet-through nechani smcan be
sinplified to reduce the cost. -1 #%~fl at bed scanner in which an
-original is fixed in position, and an inmage sensor is noved to read the

i gi [ [ [ n | ve a _conventi onal roblemin
3L:gkn?LeLg§8ﬁa Egﬁ}Pgﬁi§?£3£2¥§@£é°2c88rdigg %o clafh ?8, whereiln

the light source comprises a plurality of LEDs having

different emission wavelengths{

32. An apparatus according to claim 31, wherein

the light source comprises red, green, and blue LEDs.

33. An image reading apparatus comprisihg:

an illumination unit for illuminating an object to
be photographed; | |

a lens array having a plurality of lenses for
forming an imége of light from the object, illuminated
with said illumination unit; at an image formation
position; |

a photoelectric conversion element for receiving
the light focused by the lens; and

control means for controlling said illumination
unit and said photoelectric conversion element,

wherein the lens contains a light absorber for

absorbing light emitted by said illumination unit.

34. An apparatus according to claim 33, wherein
the light absorber absorbs light having a wavelength

detected by said photoelectric conversion element.

35. An apparatus according to claim 33, wherein

‘the lens is a gradient index lens.

AW e
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book floats and cannot be focused. As the thickness of '
absorption layer 22 of the lens el enent increases, the focalll H "!ﬂ ""lll"l“l
i ncreases, but the transmittance of the lens array 2 decreases.c re nmiusts

be taken for matching with the sensor sensitivity. When a
predet er mi ned sensor output cannot be obtained due to a | ow sensor
sensitivity, the use of two arrays of gdans el enents, as shown in Fig. 13,
nearly doubles the lens transnittance. - A nethod of nmnufacturing an
i mge sensor according to the present invention will be described below.

The illum nation uggt 3,an S .2 a nser
pr edet er ni ned grooggs f%?nggbggakﬁg ?8EB§&lég & §5r|8ﬁsﬁeiﬁ t he
wi dthwi se and bapgi bedhngbrighéfsii BBStion of the lens in a radius

direction contains the light absorber.

37. An apparatus according to claim 33, wherein a

light source of said illumination unit is an LED.

38. An apparatus according to claim 37, wherein
the light source comprises a plurality of LEDs having

different emission wavelengths.

39. An apparatus according to claim 38, wherein

the light source comprises red, green, and blue LEDs.

“THIS SHEET HAS BEEN
REPLACED -
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-1 - The gl ass cover 4 is adhered on the inner surface of the

franme 2 to sandwich the illumnation unit 3 and the lens array 2 fromthe
right and left so as to nake the upper surface of the |ens array
approximately flush wth the frame 4 and the illumnation unit 3 while a
warp correction pin 322 of the illumnation unit 3 and the upper surface
of the lens array 2 are pressed against the glass cover 4. The
illumnation unit 3 and the lens array are positioned and fixed with
‘high precision without any warp. The illum nation unit 3 can accurately

send |ight tog S@%ﬁcﬁe%ﬁlfﬁﬁﬁdfﬁcﬂ%% ition, and an in-focus inmge can

be forned throug out the lens array
In an image sensor having a photoelectrlc

conversion element for_receiving light, an illumination
unit, and a lens array in which a plurality of gradient
index lens elements for focu51ng light reflected by an
original onto the photoelectric conversion element are
arrayed, part of the peripheral portion of the lens of
the gradient.index lens element in the radius direction
contains a light absorber for absorbing light having a
predetermined wavelength other than the wavelength
distribution of light emitted by the,illumination unit.
With this arrangement, since the optical influences of
the peripheral portion of the lens element, which
degrade the lens resolution can be eliminated, and the
lens elements can be accurately arrayed, there can be

- provided an image sensor which is free from crosstalk
between the lens elements although the lens elements -
are arrayed in tight contact with each other, and has a
large focal depth by changing the angular eperture,.
high performance, and hardly any performance variations
in mass production, and an information processing

system using the image sensor.

“THIS SHEET HAS BEEN |
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The sensor array 1 is fitted in the frame 5 and fixed with an adhesive or
by partially caulking the frame. Leads 314 of the illumnation unit 3 are
el ectrically connected to the sensor board 11 by soldering or the |ike,

t hereby conpleting the i mage sensor. An application exanple in which
the i mage sensor of the present invenl¥@ is applied to an information
processing systemw ||l be described with reference to Fig. 14. Fig.

14 shows an information processing system (e.g., a facsimle system whi-ch
uses the inmge sensor :

of the pres Laventi,on
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A paper feed roller 701 feeds an original to a read position. A separation
pi ece 702 separates the originals one by one and reliably feeds each
original. A convey roller 703 is located at the read position of an inage
sensor 700 to regulate the read surface of the original and convey the
original. Arecording nediumW is a2/9l of paper. Image information read
by the inmage sensor 700 or inmage data externally transmtted in the
facsimle systemis formed on the recording nediumW A print head 704 for
formng an image conprises a thermal head, a bubble-jet print head, or
the like. This print head may be of a serial or line type. A platen roller
705 conveys the recording nedium. to the print position and regul ates .the
printing surface. A control panel 706 includes a display section for
receiving operator's inputs. A s% contgol board 707 includes a

iv

controller for controlling the onponents, a photoelectric
conver si on

FIG. 5
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el enent drive circuit, an inmage information processing wunit, and a
transmtter/receiver. The information processing systemalso includes a
power supply 708. In this system a mcroconputer on the system
control circuit board 707 controls the overall -operations. The

m croconputer al so control s the inage3ngnsor 700, OV OFF-controls the
illumnation unit 3, and controls to drive the sensor array 1.

-20- . A signal processing circuit on the systemcontrol «circuit
board 707 perforns processing for recording an inmage signal read by the
I mmge sensor 700 on the recording nedium Wand i nage processing for
external ly

FIG. 7
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outputting the image signal read by the inmage sensor 700. In this
enbodi nent, the inmage sensor 700 is incorporated in the information
processi ng system General external light (e.g., light froma fluorescent
or incandescent lanp used in roomillumnation or sunlight entering from
outside the roon) enters a portion nedfQhe i mage sensor 700 as external
light through a paper feed port 709 or a paper delivery port 710 which
are |located on the original convey path. The external |ight contains
a large nunber of infrared conponents in addition to visible Iight
conponents. To prevent an inmage signal frombeing, disturbed/ by the
external light, it is effective to use -aligyu absor ber whi sufficiently
absorbs infrared rays in the gradi ent index el egent of the_L-ns array

used in the image sensor 700. Fi g. [ D8_s hofsad— APRBQ pr ocessi ng
system which uses the inmage sensor 700 ) *\*_ \




enbodi nent. An inmage readi ng apparatus 150 incorporating the inmage sensor
700 is connected to a personal conputer 160 to build an the information

- 21 - processi ng system The read inage information is output to the
personal conputer 160 or onto a networKk. . Referring to Fig. 15, a CPU
170 serves as the first control neang/ffgr controlling the entire imge
readi ng apparatus 150. An i nage sensor 700 conprises the above-nentioned
CCD light source and CCD |ine sensor and serves as a reading unit for
converting an original inmage into an inmage signal. An anal og signal

processing circuit 116 perforns aﬁ.prrocjgssi ng such

\/22

1227

TcgﬁbéSPARENT
k'&é*& PTION=— | = | HSSHJHPTION
RPTION <— .
LAYER /‘ \ LAYER
REFRACTIVE
INDEX n
l
i

| DISTANCE IN RADIUS
DIRECTION

FIG. 10

LIGHT ABSORPTION

FACTOR

200 500 600

1 1 ) - L

| 1 I 1
700 800 900 1000

WAVELENGTH (nm)



as gain adjustnent of an anal og i mage signal output fromthe innmage sensor
700. An A/ D converter 118 converts the output fromthe analog signal
processing circuit 116 into a digital signal. A digital imge processing
circuit 180 perforns inage processing such as shading correction '
processi ng, ganmma conver si on processiqg/gand magni fi cati on processi ng of
out put data fromthe A/AD converter 118 using a nenory 122. An interface
(I'/F) 124 externally outputs the digital imge data processed by the

digital image processing circuit 180. The interface 124 conplies w-th
t he standards such as SCSI or Bi-Centronics generally enployed in personal
conput ers. : The anal og signal processing circuit 116, the A/D

converter 118, the digital image processing circuit 180, and the nenory
122 construct a signal processing. neans.
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- 22 - ' The personal conputer 160 serving as the second contro
neans i s equi pped with a magnet ooptical disk drive, hard disk drive, and

fl oppy disk drive. A display 134 displays operations on the personal
conput er 160. A nouse/ keyboard 133 is used to input comuands to the

per sonal conputer 160. An interfyyg 135 exchanges data, conmands, and
status information of the inmage readi ng dpparatus between the personal

conputer 160 and the image readi ng apparatus 150. The personal

conputer 160 can input a read instruction tq,the inmage reading apparatus
(3 V] QN
Ql

150 with the nouse/keyboard 133.

13
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When a read instruction is input fromthe nouse/keyboard 133, a CPU 136
transmts a read coomand to the inmage readi ng apparatus 150 via the
interface 135. The personal conputer 160 controls the i mage reading
apparatus in accordance with a control program stored in a ROM 137. The
control programmay be stored in a gpgage nedi um such as a magnetoopti cal
disk or floppy disk |loaded into an auxiliary storage 132, |loaded into a
RAM 138 in the personal conputer 160, and executed by the CPU 136.

The use of the image sensor 700 in the information -processing system
results in high applicability. Many wi dely different enbodi ments of
the present invention nay be constructed w thout departing fromthe
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- 23 -~ spirit and scope of the present invention. It should be

under stood that the present invention is not limted to the specific
enbodi ments described in the specification, except as defined in the
appended cl ai ns. - 24- WHAT | S
CLAI MED | S: 1.  An optical device gﬁgprising an illumnation unit for
illumnating an object, a lens array having a plurality of |enses for
formng an inmage of light fromthe object, illumnated by said
illumnation unit, and photoel ectric conversion elenents for receiving
light fromthe | enses, wherein the lens contains a |ight absorber for
absorbing |ight having_a_wavel ength_afher_than._a wavelength of |ight

emtted by said illumnation unit, =ag detectablle by said
phot oel ectric conve}sion el ement s. & |2. A device according to claim
1, wherein the lens conprises a grad %g irde&g ens. |
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3: Alevice according-to claim2 , wherein part of a 3 - ‘tiqgiy of

tthe lens iin a‘radius direction contains the |ight abs

device according to claim1, wherein.the- [|ight absor absorbs an

infrared ray. 5. A devi ce according to claimjl, F N 182
i ght absorber transf#its |ight having a predeterm ned ve ehgth I n
ultraviolet |ight. 6. A device according tolc > ]

| i ght absorber absorbs |ight having a waletength em t

illumnation unit. 7. A device according tocrarml, erein a

| i ght source of sald illunination unit is an LE
Optical Device and Image Readlng Apparatus

BACKGﬁOUND OF THE INVENTION
Field of the. Invention

The present invention relates to an optical device
and an image reading apparatus.
Related Background Art

A conventional reading épparatus in a facsimile
system, scanner system, or any other information
processing system often uses an integral image sensor
constructed by an illumination unit for'illuminating an
original, a lens for focusing light reflected by the
original and having information of the original, and a
sensor for converting the reflected light focused by
the lehs into an electrical signal.

Such lenses are mainly classified into a.
reduction-type lens for reducing and forming an image
of light reflected by an original, and a full-scale
lens for forming a full-scale image of light reflected
by an original.

The most popular example of the latter full-scale
lens is a so-called lens array in which a large number
of lens elements. are arrayed to cover a length
corresponding to ‘the width of an original.
| Strong demand has rgcently arisen for a compact
information processing system such as a facsiﬁiie

system or scanner system. The reduction-type lens is
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8. A device according to claim7, wherein the l'i ght

source conprises a plurality of LEDs having different em ssion

wavel engt hs.

9. A device according to claim8, wherein the

| i ght source conprises red, green, and blue LEDs. 10. An optical
device conprising an illum nation unit fii illumnating an object, a lens
array having a plurality of lenses for TOrmmng an i nage of |ight fronlthe

object, illumnated Eﬁ izidli Iun1natuon unlt,

conversion el enents

and photoelectrlc

S ci n the | ens

cont ai ns a.I|gﬁmggﬁﬁﬁépaépf@ﬁgeﬁgg&ﬁbgﬁhﬁ|ght en1tted by sald i1l um nation
unit and detectabl e by said photoel ectric conversion el enents.

A devi ce accordlng tDncai imdge séregdr dvithg |£PhetogrdSesa gradi ent

i ndex | ens.

conversion element for receiving light, an illumination
unit, and a lens array in which a plurality of gradient
index lens elements for fecusing light reflected by an
original onto the photoelectric conversion element are
arrayed, part of the peripheral portion of the lens of
the gradient index lens element in the radius direction
contains a light absorber for absorbing light having a
predetermlned wavelength other than the wavelength
dlstrlbutlon of light emltted by the illumination unit.
With th1s arrangement, since the optlcal influences of
the peripheral portion o£ the lens element, whi?h
degrade the lens resolution can be eliminated, and the
lens elements can be accurately arrayed there can be

provided an image sensor whlch is free from crosstalk

. between the lens elements although the lens elements

are arrayed in tight contact_wifh each other, and has a
large focal depth by changing the angular aperture,
high performance, and hardly any performance variations
in mass production, and an information processing

system using the image sensor.
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/e
12. A& deV| ce according to claim11l, wherein part of a peripheral portion
of the lens in a radius direction contains the Ii ght absorber.

13. device accordin to cI aim 10, wherein a |ight sour[cé of said
ML%NMTEN; | 14. A device accor diAnglicagion Np.5 ms
hERELO

RY ght source conprises a plurality of |EDs | P8p4248-41 o

-l—‘l

SIPN WRERT inigflh@ABSTRACT Continuation of jtem 5 of the ﬁrst sheet) - 26-

15—A-devi-ce—accordi ng o r‘? aLm-14 \I\hpr eln

Sro-o-or—or—1t

In an image sensor having a photoelectric conversion element for receiving light, an illumination unit (3), and a lens -
array (2) in which a plurality of gradient index lens elements for focusing light reflected by an original onto the
photoelectric conversion element are arrayed, part of the peripheral portion.of the lens of the gradient index lens element .
in the radius direction contains a light absorber for absorbing light having a predetermined wavelength other than the
wavelength distribution of light emitted by:the illumination unit. With this arrangement, since the optical influences of
the peripheral portion of the lens element, which degrade the lens resolution can be eliminated, and the lens elements can:
be accurately-arrayed, there can be provided an image sensor which is free from crosstalk between the lens elements
although the lens elements are arrayed in tight contact with each other, and has a large focal depth by changing the
angular aperture, high performance, and hardly any performance variations.in mass production, and an information .
processing system using the image sensor. :
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Ilght s i d green, and bi ue
appar at gmg r"ﬂﬂjm ﬂj j an il lum nation unit. fRBPLACEMEBHtSHEE’PS\ 0 C ;.
a |l ens rality of |enses foj HoPescrigtion: pagede, b piselil,
fromthe object, |Ilun1nated by said illun nat altis) ; pqxd?ﬁqb &gﬁlc
conversion el enents for receiving the |i%ht rlnmﬁﬁwm §W%£@ _____ g;ggntrcl
means ‘for controlling said illunmination unit a%@g od. —
conversi on elenents "~ wherein the lens ¢ ntalns ali absor @ﬁ‘FUY
absor bing | g /el ength ot her thpn hof qﬁﬁﬁ
;emtted by and being dete X EJ ot%we £ C
conversion elenents. - 17. - An appar at us accordlng to claim 16,
furt her 1.c onpAn siptigal pdeviceseonmsyisingn as 1mmnmaﬁ@ceﬁﬁlfﬁgllluﬁﬁﬂﬁmg arl Bbj Qétmit ion
output fro | e conver . el ement
appar at us g\‘ﬁgga%aﬁﬂg%ggglpg&ﬁl %6 folFTﬁ'ef% orming gn-image of light-Gem %ahﬁcﬁ or
conveyi ng i‘lllmmnﬂwng said 1llummatlon19mtAandimto%Iddﬁ-ma©6@ieﬁm&g &&n&{t@'fa}m ;o
L recex%)xrg' fighr}gﬁ"orr}f Hie [ ?e%ges[mw esreliao{l‘necf%nnecéolnotmnnsw a 1ght absorber for
-absorbing light having a waveleng_ﬂ_: other than a wavelength of light emitted by said '
illumination unit, and being detectable by said photoelectric conversion e
U -.2. A device according to claim 1, wherein the
iens comprises a gradient index lens.
3. A device according to claim 2 , wherein part of
a peripheral portion of the lens in a radius direction
contains the 11ght absorber.
4, A device according to claim 1, whereih the
light absorber absorbs an infrared ray.
U 5. A device according to claim 1, wherein the

light absorber transmits light having a predetermined

wavelength in ultraviolet light.

6. A device according to claim 1, wherein the
light absorber absorbs light having a wavelength

‘emitted by said illumination unit.

7. A device according to claim 1, wherein a light

source of said illumination unit is an LED.

KB canA §—
2SI’y



external An appar at us accor d| ng to claim16 , wherein’
the 1 ens IsHIITﬂlIHIIIIIIIHjIIﬂﬁHL ens. 27
21. An apparatus accerdsng*to claim20 , “wherein’ ‘part of a per| pheral o
portion of the lens in a radius di rection contains.the Ii ght absor ber.
22. An apparatus according to claim1l625aherein the |ight absorber
absorbs an infrared ray. - - 23.° An apparatus according to claim 16,
wherein the |light absorber transnmits Ilght havi ng a

8. A device according to . claim 7 , wherein the
light source comprises a plui‘aiity of LEDs having

different emission wavelengths.

9. A device according to  claim 8 , wherein the

light source comprises red, green, and blue LEDS.

10. An optlcal devme compnsmg an 111ummat10n unit for lllummatmg an object,
a lens array having a plurahty of lenses for forming an image of light from the object,
illuminated by said illumination unit, and photoelectric conversion elements for
receiving light from the lenses, wherein the lens contains a light absorber for
absorbing: light emitted by said illumination unit and detectable by said photoelectric
conversion elements.

11. A device according to claim 10, wherein the

lens comprises a gradient index lens.

N\ . 12. A device according to Llaim 1], wherein part
of a peripheral portion of the lens in & radius

direction contains the light absorber.

13. A device according to ¢laim 10, wherein a

light source of said illumination unit is an LED.

14. A device according to  claim 13, wherein the

light source comprises a plurality of LEDs havin ng
different emission wavelengths. REPLACEMENT SHEET

29 SEP 1999




predetermn -‘ uItravroIet Irght . 24. An apparat‘u"s' -
~.accordi ng tﬁ B" Bler n the light absorber absorbs ‘| i ght having -a
~wavel engt h i1l um nation unit. : 25. An apparatus -

according to claim16 , wherel n.a light, source of sai'd illum pation unit
is an LED. 26. An apparatus accos2fng to claim25, wherein the

| i ght source corrprr ses a plurality of LEDs having different em ssion
wavel engt hs. . 27. An apparatus according to claim 26 wherein the

| i ght source conprises red, green and bl ue LEDs.

15. A device according to claim 14 , wherein the

;ight-source comprises red, gréen, and blue LEDs.

16.  An image reading apparatus comprising :

ah illumination unit for illuminating an object;

a lens array having a plurality of lenses for forming an 1mage of light from the
object, illuminated by said illumination unit; '

photoelectric conversion elements for receiving the light from the lens; and -

N2 - control means for controlling said illumination unit and said photoelectric

conversion elements, | |

wherein the lens contains a light absorber for absorbing light having a
wavelength other than a wavelength of light emitted by said illumination, and being
detectable by said photoelectric conversion elements.

17; An apparatus according to claim 16, further
comprising processing means for processing image
information ou*i:pu't from said photoelectric conversion

eleméent.

18. An apparatus according to claim 16, further

comprising convey means for conveying the object.

19. An apparatus according to claim 16 , further
comprising interface means for connection with an

external device.

20. An apparatus according to claim 16 , wherein

the lens is a gradient index lens.

REPLACEMENT SHEET
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-28- 28. An | ' aratus’bonﬁrising an illumination unit -
for*illum naﬂmﬂ Ij “ Blzm -a lens-array having a plurality of ‘|l enses
for form ng [ fromthe object, illunminated by said

il lum nation unit; phot oel ectric conversion el enments for receiving the
light fromthe |ens; and control A@#rs for controlling said o
i1lumnation unit and said photoel ectric conversion el enents, - wherein

the lens contains a light absorber for absorbing |ight emtted by said
illumnation unit and detectable by said photoelectric conversion el ements.

29. An appar at us accordlng to claim28, wherein the lens is a gr adi ent
I ndex | ens. a diRg . [ erein
part of a perlpheraT por?ﬁ%aﬁg %hée 8%§EH% £ aggggﬁifﬂr?éétl%ﬁ cont ai ns

the |ight ab?@i'{%eéf a peri?he{é&:. ﬁBr%ﬁBﬁr akus.nécseﬁsl 08 hO0r&hhd 28,
wherein a I ght” source of said illumnation unit is an LED

An apparatusdﬁﬁédtﬂbﬁgcbﬁtaﬁhelﬁh&lligherebsorbéhe | i ght source conprises a
pIurallty of LEDs haV|ng .
22. An apparatus acéording to claim 16 , wherein

the light absorber absorbs an infrared ray.

— | 23. An apparatus according to claim 16 , wherein
the light absorber transmits light having a
predetetmined wavelength in ultraviblet light.

24. An apparatus according to claim 16 , wherein
the light absorber absorbs light having a wavelength
emitted by said illumination unit. |

25. An apparatus according to claim 16 , wherein a

light source of said illumination unit is an LED.

26. An apparatus according to claim 25, wherein
the light source comprises a plurality of LEDs having

different emission wavelengths.

27. An apparatus according to lajm 26 . Wherein

the light source comprises red, green, and blue LEDs.




di fferent enjssj hs. = 7 '33. An apparatus -according to

.clai m 32, V\:ft”himmﬂ“‘mq‘ﬂﬂ"t 'source conprises red, green, and blue LEDs.
- 29 - B a1 4 ge readi ng apparatus conpri sing: - an
illum nation apparatus for illumnating an object; = . . =~ alens array -
including a plurality of cylindrical gr-@8i-ent index |enses arranged in two.
|l i nes adj acent -to each other, for forming an image of light fromthe object
illumnated by said illum.nation apparatus, at an i mage formati on position,
said |l ens array being sandw ched between two side plates; and ' a

sensor arr I nc. qimPg Bl 'a}a)ﬁlﬁ :0el ectric conversion el enents
arranged i?\zsé Iih‘g, ? recrg@ﬂng t ém?#}g%@f()f the light fornmed by said
| ens array, an illuminstioneimit &ercibluminating canpdbjectl i ty of cylindrical
gradi ent index |lg ' ' ' r f '#p "9‘?‘; t lae: l'i ght
- absor ber for absgr%’?%ga?%ﬁgﬁdaé}&r?gtﬁgég e%é?%fog‘gf&gc a gel?;ﬁlggfg‘gm de
phot oel ect r bigeetpilivminated byl ssidk illuminatibnt bmit;| i ght absorber part of the |ens
has a refractive_j | ' | rd ' .Lp;a
adi al i v oct i onphctbtierlh Soiicatb Wbrils rdeliihg of GHY A0 H0TEY; B 0,
conpri sing - control means for controlling said illumination unit and said photoelectric
~ conversion elements, o |
wherein the lens contains a light absorber for absorbing light emitted by said
illumination unit and detectable by said photoelectric conversion elements.

N
29. An apparatus 'according to. claim 28 , wherein
the lens is a gradient index lens.

30. An apparatus according to claim 29, wherein
part of a peripheral portion of the lens in a radius
direction contains the light absorber.

31. An apparatus according to  claim 28, wherein a
light source of said illumination unit is an LED.
(N |

_ 32, An apparatus according to claim 31, wherein
the light source comprises a plurality of LEDs having

different emission wavelengths.

33. An apparatus accordihg to claim 32, wherein

the light source comprises red, green, and blue LEDs.

REPLACEMENT SHEET '




si gnal processing means for perforning a predet erm ned signal processing on
I-mage i nformati'on output from said sensor array. 36. An apparat us
according to claim34, further conprising interface neans for connecting to
external equi pnent . 37. An apparatus according to claim 34, wherein
said |ight absorber absorbs |ight having a predeterm ned wavel engt h ot her
than a wavel ength of light emtted by saRé 4|1 um nati on apparatus.

38. An apparatus according to claim34, "Wherein sald | i ght absor ber absorbs

an infrared ray. OPTICAR EM’I%MBI: IMAGE.READING ARMIUSher ei n

said |ight absorber transmits |light having a predeterm ned wavel ength in

ultraviolet |ight. - 30- 40. An
appar at us %BF'W W \@(}qﬂﬂin said |ight absorber absorbs I|ight
havi ng a wavel eng emtte y sal um nation apparat us. 41. An
apparatus according to claim34, wherein said illumnation apparatus

includes a plurality of light emtting
In an image sensor having a photoelectric conversion element for receiving

light, an illumination unit (3), and a lens array (2) in which a plurality of gradient |
index lens elements for focusing light reflected by an original onto the
photoelectric conversion element are arrayed, part of the peripheral portion of the
lens of the gradient index lens element in the radius direction contains a light
absorber for absorbing light having a predetermined wavelength other than the
wavelength distribution of light emitted by the illumination unit. With this
arrangement, since the optical influences of the peripheral portion of the lens
clement, which degrade the lens resolution can be eliminated, and the lens
elements can be accurately arrayed, there can be provided an image sensor which
is free from crosstalk between the lens elements although the lens elements are
arrayed in tight contact vﬁth each other, and has a large focal depth by changing
the angular aperture, high performance, and hardly any performance variations in
mass production, 'and an information processing system using the image sensor.

Figure 1
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ement s arranﬂed at an_end portion in a |ongitudi naREPLACEMENT SHEEESd SG

| I | um na
i nci dentnlm}\ ating the guided |ight
di rection. An apparatus according to-

plurality of |ight emtt| ng el ements -ar® |-EDs.
according to claim4l, wherein said plurality of
are LEDs having different emtting wavel engths.
according to claim43, wherein said LEDs are red,

uﬁillﬁumd a light guide type |idhtd D@mrtpgonopam é(tcgpaged .....

n B Cleim@®t er: pageddd to paged -
c thDnawlihg(s)vh pagedn..s& @Paged .....
© AbéBact AN ; : phgedr thdﬁpaged .....
light emtting el eme[lt SIOI

DATE ‘O RECERTALSTITL

Ll.o0n.

9rs accordin

45. An apparatus according to claim44, wherein the, LEDs of t he - r?@‘fﬂﬂﬁ\eif- IW

colors are turB8e oADj Amage ERRELiNg Bapparsigls SPERTLSIRH

claim4l, wherein sghdihighingtviee épﬁ&éﬁwtfaomawmﬁm ah bbﬁéeer;l on

surface arranged al ong the | ongitudi directi
t he predeterni ned dPrg&rﬁmaFFg N¥or?i &4

n

e fl?.-ty rr aﬁ'flinﬁ-ﬁ |

accor di nggi8dagbatMidfiex \bdrias ssrfhragaéd ei:i)l twos Wifeee adj écmmledt:d»yeﬁohm ng
Appar at USCHBES, QFRE ForRrny SRR pg HEENE Fapm O shassy drathinglen
by deposibyosadl allnnmmnat;on apparatus, at an image formation position,
said lens array being sandwiched between two side plates; and:
a sensor array including a plurality of photoelectric
conversion elements arranged in a line, for receiving the image

of the light formed by said lens array,

wherein each of said plurality of cylindrical gradient
index lenses includes in a peripheral portion of the lens, a
light absorber for absorbing light having wavelength detectable
by said photoelectric conversion elements and the light absorber
part of the lens has a refractive index distribution and a
predetermined thickness in a radial direction.

35. An apparatus according to .claim 34, further comprising
signal processing means for performing a predetermined signal
processing on image information output from said sensor array.

36. An apparatus according toc claim 34, further comprising
interface means for connecting to external egquipment.

37. An apparastus according to claim 34, wherein said light
absorber absorbs light having a predetermined wavelength other
than a wavelength of 1light emitted by said illumination

apparatus.

38. An apparatus according to claim 34, wherein said light

absorber absorbs an infrared ray.

39. An apparatus according to claim 34, whexein said light
absorber transmits light having a predetermined wavelength in

ultraviolet light.



49. An a ' to claim46, wherein the
- 31 - F[mﬂmmglmﬁﬁjguiface Is formed by a coating of ink of silver
col or. * C - arat us according to claim46, wherein the
reflection surface is forned by a coating of ink of white col or.

51. An apparatus according to claim4630werein the reflection surface is
a rough surface fornmed on said light guide type |jght source. . 52.
An appar at us adfor diARgepBaERFYS) @E°qq%t% & Eiﬁg’?‘ i %’f{n d"hr?ﬁ\ﬁ% spidniight
changi ng gpkehder’ Cabsihs ONiBBEVARVENE 8bjwaielRigtinl Enstbe@r by I 8§id

53. An inage processing system conpri sing: (a) an inmage reading
appar at us“cl;gv : a%pa%atus.an i Il umination apparatus for illuninating
an obj ect; a lens array including a plurality of cylindrical

Porm ng an | maddoor AR GRS n2CRBFAtES, | Fntiathy 39 o JeternorEd oo

appar at usilauminatiege dpparatusn imeditiesn,a splurdldty 2of alightngmitting

SandmjtChgieﬂggwgegr&ﬂggéhdgtp£ﬁléﬁﬁ ﬁgytion in a longitudinal direction
of said illumination apparatus and a light guide type light
source for guiding incident light and irradiating the guided

light in a predetermined direction.

42. An apparatus according to claim 41, wherein said
plurality of light emitting elements are LEDs.

43. An apparatus according to claim 41, wherein said
Plurality of light emitting elements are LEDs having different
emitting wavelengths.

44. An apparatus according to claim 43, wherein said LEDs
are red, green and blue.

45. An apparatus according to claim 44, wherein the LEDs
of the respective colors are turned on in seguence.

46. An apparatus according to claim 41, wherein said light
guide type light source includes a reflection surface arranged
along the longitudinal direction, for irradiating light in the
predetermined direction from the end portion.

47. An apparatus according to c¢laim 46, wherein said
reflection surface is formed by forming a saw-tooth shape on said
light guide type light source.

. 48. An apparatus according to claim 46, wherein the
reflection surface is formed by deposition of aluminum.

49. An apparatus according to claim 46, wherein the
REPLACEMENT - SHEET
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sensor arra |nclud|n plurality of photoelectric S
arranged mlrlilml “I""H'\ﬁmter vi ng the i mage of the Ii ;ﬁ%g{% "m@?rﬂ

| ens arra in each of said plurality ¢f{cylindrical f

gr adi ent i ndex | énsts includes in a peri pher al port|o1 bf &mrelmbri’ﬁﬁ? a ljght
absorber for absorbing |ight having wavédl engt h detect able by said | :
phot oel ectric conversion elenents and the |ight absorber part of the Iens
has a refractive index distribution and a predeterm néd_thickness in a

radi al direction;, % si gnal processing neans for_ perform ng
pr edet er nisfddesitden spriacssinfoamadbyeai spaving odhinkt pfitsilver swilen.mage

readi ng apparatus; and (c) noving neans for changing a relative
position betwe th%obj ect and said sensor array, 54. A system
according to 4—&— BEPERBIUEOAFTIIHPY to claim 46, wherein the

- 32 - weRlectioncngfacanssi foried 5 &gne aBaitingeot ' DIk (dye wﬂiﬁxfbe color.
information output fromsaid image reading apparatus. . A system
according to claimb53, further conprising control neans for cont rolling
each el ement oBlsai Arsyapparatus accdirdihgyticenciainr ey twhadelinn The

wherein sged18b@18h surface is a rough surface formed on said light guide
type light source.

52, An spparatus according to calim 34, further comprising
moving means for changing a relative position between the object
and said sensor array.

53. An image processing system comprising:
(a) an image reading apparatus comprising:
an illumination apparatus for i’llu:hinating an object;
a2 lens array including a plurality of cylindricsl
gradient index lenses arranged in two. lines adjacent to each
other, for forming an image of light from the cobject illuminated
by said illumination apparatus, at an image formation position,
said lens array being sandwitched between two side plated; and
a sensor array including a plurality of photoelectric
conversion elements arranged in a line, for receiving the image
of the light formed by said lens array,
wherein each of said plurality of cylindrical gradient
index lenses includes in a peripheral portion of the lens, a
light absorber for absorbing light having wavelength detectable
by said photoelectric conversion elements and the light absorber
part of the lens has a refractive index distribution and a
predetermined thickness in a radial direction;

(b) signal processing means for performing predetermined
signal processing on image information ou'l:put from sald image
reading spparatus; and

(c) moving means for changing a 'rélative position between
the object and said sensor array.

54. 2 system according to claim 53, further comprising



procéssing ' nal og signal processing neans for processing an
anal og si gj@ﬂﬁ}ﬂ“ m H'Lﬂgi d i mage readi ng apparatus, A/ D conversion '
M a

means for liog signal into a digital signal and digital

si gnal -processing nmeans for processing the digital signal. 57. A
system according to claim53, further 88nprising interface neans for
connecting to an external apparatus. 58. A system according to claim

53, further conprising recording neans for recording the inmage information.
59. A sysimagecciorhivg t mears MEGB, fdmming s d imiaget fbeomr behe abamdes

i ght hayj redet er.m ned vel t, t her gth of Iight
emtted yns | ﬁ*‘?’hrﬁ%ﬁﬁ%nfé%basraét@ﬁg&age ?eahggg %Pg?)%?ké-ﬁgéccordi ng to
claim53, wherein said |ight absorber absorbs an infrared ray. 61. A
syst em accor di to, C '%a& \@&ﬁ,ﬁ ' | | ght 5abs Q84 ] | ght
havi ng a predéetel m'%\eég\%avel ear(\:gt ?haulstt%r gc\:/:ll%%gt 5?I’ght. helz! ég.rti}isﬂﬁtem
accor di nFarExakingmss ferreonturdildng gechaledemeat sfssphd syghemhaving a
wavel ength emtted by said illum nation apparatus. 63. A system
according to C5|6a.I mA5 Béyg@geggcg%gng to claim 53, wherein said signal
processing means includes analog signal processing means for
processing an analog signal output from said image reading
apparatus, A/D conversion means for converting the analog signal
into a digital signal and digital signal processing means for

processing the digital signal.

57. A system according to claim 53, further comprising
interface means for commecting to an external apparatus.

58. A system sccording to claim 53, further comprising
recording means for recording the image information.

59. A system according to claim 53, wherein said light
absorber absorbs light having a predetermined wavelength other
than a wavelength of light emitted by said illumination
apparatus.

60. A system according to claim 53, wherein said light
absorber absorbs an infrared ray.

6l. A system according to claim 53, wherein said light
absorber transmits light having a predetermined wavelength in
ultraviolet light.

62. A system according to claim 53, wherein said light
absorber absorbs light having a wavelength emitted by said
illumination apparatus.

63. A system according to claim 53, wherein said
REPLACEMENT SHEET
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el enent s ar H pcbrtlon in a | ongitudinagt-directi-en—ef bkaid
illumnatio li ght gwdetypellg:tt S ce f df ng
incident i ght i rradi at| ng the guided light i 8#@ (r)zﬂaﬁe:i

di rection. 64 A system accordi?® to clai m68._wherein sai
plurality of light emtting elenents are LEDs. 65. A system

according to claim63, wherein said plurality of

Hoht—em-tt-hg—el-e
are LEDs :ha\unrigmbifdrerap'ﬁamdd i Ay ndeod emgp]m:rallty of63.ights esiidting

nent s

67 A sy B, AIRATSES EELPR B0 PREAPh 1hE (AeRi dizecion
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t he light in a predetemined direction.

fuiled, i

64. A system according to claim 63, wherein said plurality

of light emitting elements are LEDs.

65. A system according to claim 63, wherein said plurality
of light emitting elements are LEDs having different emitting

wavelengths.

66. A system according to claim 64, wherein said LEDs are

red, green and blue.

67. A system according to claim 66, whexrein the LEDs of the

respective colors are turned on in sequence.

68. A system according to claim 63, wherein sald light
guide type light source includes a reflection surface arranged

along the longitudinal direction, for irradiating light
predetermined direction from the end portion.

in the

69. A system according to claim 68, wherein the reflection
surface is formed by forming a saw-tooth shape_ on said light

guide type light source.

70. A system according to claim 68, wherein the refection

- surface is formed by deposition of aluminum.

——

surface is formed by a coating of ink of silver color.

71. A system according to claim 68, wherein the reflection

72. A system according to claim 68, wherein the reflection

"surface is formed by a coating of ink of white color.
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the reflection surface is forned by a coating of ink

72. A system according to claim68, wherein the reflfction surface |s
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stem according to_claim@8, wherein the re

34
surface i §u:5f?ﬁﬁg"hs sqj FyriegectrEmed an §ﬁf'-dgiﬂ-%‘t tidle ype tbohte.

Source.

rdi ng
stem

drein

1 on



RE S7USENT SHEET

[ S0 JAN 2001

- 35 -

OPTICAL DEVICE AND IMAGE READING APPARATUS
ABSTRACT OF THE DISCLOSURE

In an image sensor having a photoelectric conversion element for receiving
light, an illumination unit (3), and a lens array (2) in which a plurality of gradient
index lens elements for focusing light reflected by an original onto the
photoelectric conversion element are arrayed, part of the peripheral portion of the
lens of the gradient index lens element in the radius direction contains a light
absorber for absorbing light having a predetermined wavelength other than the
wavelength distribution of light emitted by the illumination unit. With this
arrangement, since the optical influences of the peripheral portion of the lens
clement, which degrade the lens resolution can be eliminated, and the lens
elements can be accurately arrayed, there can be provided an image sensor which
is free from crosstalk between the lens elements although the lens elements are
arrayed in tight contact with each other, and has a large focal depth by changing
the angular aperture, high performance, and hardly any performance variations in
mass production, and an information processing system using the image sensor.

Figure 1



