1 Cl RCU T BOARD FOR OPTI CAL ELEMENT 1pp Jhis invention
rel ates to-an optical reading apparatus and/or an optical witing '
apparatus, "and nore “particularly to a circuit board for an optical elenent

for use with an optical printer. In recent years, enploynent of

el ectronic tech- nique spreads over a variety of fields from business
machi nes to househol d furnishings, toy$ and so forth.

CIRCUIT BOARD FOR OPTICAL ELEMENT

This invention relates to an optical reading
apparatus and/or an optical writing apparatus, and more
particularly to a circuit board for an optical element

for use with an optical printer.

In recent years, employment of'electronic tech-
nique spreads over a variety of fields from business
machines to household furnishings, toys and so forth.
Consequently, redﬁction in size and weight, increase in
processing speed and improvement in accuracy and so
forth proceed in various fields.

Particularly, in recent years, requirement for
realization of simplicity, compactness.and reduétion in
cost together with a high quality, a high gradation and
a high resolution has been and is increasing in various
image inputting terminal equipments beginning with a
high speed facsimile, a small size scanner and a copy-
ing machine of the white board type as well as copying
machines as represented by electronic photographs.
Further, it has been examined by the inventors of the
present invention to position, in order to achieve

reduction of the outputfbf a light source upon reading
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Consequently, reduction in size and wei ght, increase in processing speed
and~i nprovenent in accuracy and so forth proceed in various fields.
Particularly, in recent years, requirenent for realization of sinplicity,
conpactness and reduction in cost together with a high quality, a high
gradation and a high resolution has been and is increasing in various

i mage inputting terninal equiprents bedinning with a high speed facsinile,
a snmall size scanner and a copy- ing nachine of the white board type as
wel | as copying nachines as represented by el ectronic photographs.

Further, ibfhas beegiexan reddading ddwarddiscodr tédben@iesendd theention to
position, in order to achieve reduction of the output of a light source
upon readi pgiginal as near as possible.

In particular, an investigation has been made for
a glass substrate or a plastic film of a very small
thickness of 0.1 mm or less as a transparent base
member for a circuit board on which semiconductor
elements (of the type having pads made of gold or
aluminum as terminals for connection to an external
circuit board or of the bear Chip type) can be mounted.

It is estimated that high integration and reduc-
tion in size and weight of electron;c appliances will
further proceed. in the future. Even at present, flexi-
ble circuit boards which include a plastic film or a
plastic sheet as a base member are used widely particu-
larly to extremely bent portions or to those portions
for which reduction in weightlis desired.

The plastics have flexibility, and glectrodes can
be formed on the plastics readily by sputtering or
vacuum vapor deposition. The ﬁlastics are superior
also in productivity. Howe&er, the plastics are di—.
electrics and are liable to generate and be charged
with static electricity by friction. The inventors of
_the present invention have found out that the charge
has such an influgnce on semiconductor elements mounted
on a circuit board formed from a base member of a

plastic film or a like material that the output signals
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2 of an original, a reading sem conductor elenent and the original as
near *as possi bl e. In particular, an investigation has been nmade for

a glass substrate or a plastic filmof a very small thickness of 0.1 mm or
| ess as a transparent base nenber for a circuit board on which

sem conductor elenments (of the type hgving pads nmade of gold or alum num
as termnals for connection to an external circuit board or of the bear
chip type) can be nounted. is estimted that hlgh integration and

reduc- tiBh tﬁesFE@%ﬁﬂ$QMﬁﬁﬁﬁ %ﬁe@9Qﬁﬁr%ﬁﬁ%e%pﬁF?%n%%s WPF ©

disturbance, resulting in noise of signals in the
apparatus to cause a malfunction of the apparatus.
Further, in an optical reading apparatus, an
originel, which moves below a éransparent c;rcuit board
in the form of a film, is illuminated by light emitted
from a light source and transmitted through the circuit
board to read the original, and in this instance, light
from the light source is reflected by multipath reflec-
tion between the original and the circuit board. The
inventors of the present invention have found out also
that, since a reading light receiving element receives
the light after multipath reflection, a disturbance
occurs with the output signal of the light receiving

element, and consequently, precise reading is not

achieved.

Preferred embodiments of the invention may make available
one or more of the following: - )

(i) a circuit board for an optical element whereiﬁ a
transparent substrate or layer in the form of a film can be
prevented from being chargeé and nmultipath reflection of
light between a document (e.g. a printed paper) and the
circuit board can be reduced: and a semiconductor element

can be mounted closely to the surface of the substrate

(layer):



further proceed in the future. Even at present, flexi- ble circuit boards
whi ch include a plastic filmor a plastic sheet as a base nenber are used
widely particu- larly to extremely bent portions or to those portions for
whi ch reductjon,in gg& ﬁ% desi red. The plastics have flexibility,
and el ectrod 8 on the plastics readily by sputtering or
vacuum vapor?ﬁﬁ? ﬁ pI astics are superior also in productivity.
However, the - electrics and are |liable to generate and be
charged wth static electr|C|ty by friction. The inventors of the present
I nvention have found out that the charge has such an influence on

sem conduct or el enents nounted on a.circuit board fornmed froma base
menber of a plastic filmor a like material that the output signals

(ii) a circuit board for an optical element wherein
admission of unnecessary light éhrough a lighting window of
the circuit board for an optical element, which makes a
path of light from a light source, is minimized:;

(iii) a circuit board for an optical element onto
which a sémiconductor element can be mounted readily.

The present invention provides a circuit board for an
optical element which, in use, is disposed in an optical
reading apparatus
in an opposing relationship to a document which moves
in the optical reading apparatus, and is used to irra-
diate light from a document reading light source upon
the document through a lighting window thereof. The
circuit board for an optical element comprises a sub-
strate formed from a transparént layer in the form of a
film, and one or a plurality of metal electrodes are o
formed on a first principal surface of the transpareﬁt'
layer, which is an incidence surface of light' from the
light source, along the lighting window so as not to
disturb transmission of light of the lighting window
which normally is in the form of a slit. A conductive
charge preventing layer having a light intercepting

property is formed on a second principal surface of the




3 of the seniconductor el ements suffer froman error or distur bance,
resufting in noise of signals in the apparatus to cause n
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t he appar at us. Further, in an optical reading appara
original, which noves below a transparent circuit board mm Iim m'H"t
film is illumnated by light emtted froma |light source

through the circuit board to read the original, and in this instance,
light fromthe light source is reflecied by nultipath reflec- tion
between the original and the circuit board. The inventors of the present

i nvention haverhaspdreat alager, which is opposed to the document, so
as to define the lightigq.window. In the case of the
circuit board for an optical element, preferably the
light intercepting layér is formed along and outside
the lighting window so as not to cover a end or ends of
the metal electrode or elegtrodes adjacent the lighting
window.

- The circuit board fof;an optical element can also
be used with an optical writing apparatus similarly to
the optical reading apparatus. In this instance, the
charge preventing light intercepting layer may be
disposed so as to-be opposed to a photo sensitive
.surface-of a photo sensitive material.

| The circuit board for an optical element of the
present invention.is shown in Figs. 1(A) to 1(C). 1In
particular, single light intercepting layer 4 and a
plurality of (4 pieces in the arrangemept shown) metal
electrodes 2 are'formed on an upper sﬁrface (a first
principal surface of transparent lafer in Fig. lkA)) of
tran;parent layer 1. For the purpose to define a -
lighting window S in the form of a slit (lighting
window 5 has two surfaces S5Sa and 5b), a pair of charge
preventing layers 3 are formed along lighting window 5b
on a loﬁer surface of transparent layer 1, which is a
second principal surface of transparent layer 1, so as

to hold lighting window 5 therebetween as shown in Fig.

THIS SHEET HAS BEEN
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t hat , sincé-a~reading'lrght receiving elenent receives the light after
mul ti path reflection, a disturbance occurs with the output signal of the
| i ght receiwmhihﬁkﬂgﬁ%ﬂﬂhﬂaﬁ@ consequently, precise reading is not

achi eved. odi nents of the invention may make avail abl e
g: (i) acircuit board for an optical

one or nore o

el enent wherein a ‘transparent subgfrate or layer in the formof a film
can be prevented from being charged and multipath reflection of | i ght
bet ween a docunent (e.g. a printed paper) and the circuit board can be

reduced; ahtC k- seffic6RhBuerEFeaitedmment ioman Ighddst &t "¥se VS o the
surface of the substrate | %Iayer); .
defined by a pair of charge preventing layers 13, and

metal electrodes 2 and light intercepting layer 4 are
formed at locations a little spaced from the ouﬁer
edges of lighting window 5. Naturally, metal elec-
~trodes 2 and light intercepting layer 4 may otherwise
be disposed so that the side faces thereof adjacent
lighting window 5 may coincide just with the outer
edges of lighting window 5, or they may project a
little into lighting window S unless they do not
interfere with original reading light which passes
through lighting window S.
As a modification to the invention shown in Fig.
1, light intercepting layer 4 may be omitted if light
is intercepted sufficiently solely by charge preventing
layer 3. The provision éf a plurality of metal elec-
trodes 2 along lighting window 5 is preferable in'that
| a longitumdinal optical element such as an array of
light emitting elements or light receiving elemenfs can
_ be mounted at a large number of supporting points. in-
some cases, an optical element may be mounted between
two metal electrodes. Further, the metal electrodes
may be replaced by a single longitudinal metal
electrode extending along the lighting window. Charge
preventing layer 3 may alternatively be formed so as to

surround the outer periphery of the lighting window as

THIS SHEET HAS BEEN }
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(it) acircuit board for an optical elenment wherein - adnmission of.

unnecessary |ight through a lighting w ndow of the circuit board for
an optical elenment, which nmakes a path of |ight friamsheel iQRL.,SUr CE,
is mnimzed; 5 (tii) a circuit board for an opt D2t o
whi ch a sem conductor el enent can be nounted readily. mﬂMMﬂ

first aspect the present invention proyides a circ an -
optical elenment which is disposed in - an optical readi ng apparatus

in an oppcsiawn rigl alfionship) . 10 to a docunment which noves in said
optical reading aPparatus, said circuit board having a lighting

w ndow Preferred forms of the present invention are

described below. The transparent layer for use with
the circuit. board for an optical element preferably has
a high transmission factor with regard to light of a
light emitting e;ement serving as a light source, and
preferably, the transmission factor is higher than 70
. %, and more preferably, highéf than 80 %. Preferably,
a plastic film is used td make the transparent sub-
-strate for its éasiness of handling, flexibility and
productivity. The optical path can be made short when
using a transparent plastic film. As preferable
substrates,. plastic films made of polyester such as
polyethylene terephthalate (PET).or polyethylene naph-
thalate or homopolymer or copolymer of polyamide,
polyether, polysulfoﬁé, polyether sulfone (PES), poly-
carbonate, polyarylate, polyether imide, polyethér
ether kefone (PEEK) or polyimide. Further, the thick-
ness of the plastic film normally is S to.SOO um, énd -
preferably 10 to 100 um.
As a material of the metal electrodes employed in
the present invention, preferably a metal which is used
as a material of an ordinary electrode such as Au, Ag,

Ni, Cr, Cu or W, but from the electric characteristics,

Cu is pafticularly_preferable. An electrode may be in a
i layered condition. it may be formed by any of <the

following methods.

THIS SHEET HAS BEEN
. REPLACED




whi ch gui des docunent reading light froma |ight source onto the

docunent t-heret hr-ough -and- conpri si ng: a transparent |ayer in
the formof a plastic film 15 havi ng opposed first and second
principal g bRe@hs B&a Rebiaced i ghti ng wi ndow being within said
transparent | one or a plurality of netal el ectrodes of

| ayer form ﬂim'l"m)ﬁl}'awat a portiod of the first principal surface of
sai d transpar itioned adjacent said |ight 20 source al ong
the first principal surface side of said l'i ghti ng wi ndow which is

defined so as to @XteNqdpin filmtcg@ngvg%,gggysheht he @gg@p@g} digr ection of the
docunent in order to transmt the docunent reading |ight

theret hrougho gl ofd a transpafek@NUiGhrVesuB¥eiraltan @y Rakafing static
electricity caused by friction and having a |ight
processing or a like method, and then the film is
changed into a thick film by electroplating or a like
method.

(2) A metal electrode is formed directly on a
‘transparent layer by electroless plating.

(3) Conductive ink is-applied directly to a trans-
parent layer to form an electrode.

(4) A metal foil piece of copper or a like métal
is adhered to a transparent layer by means of a bonding
agent’ to form an electrode.

(5) A transparent resin is cast on a metal foil
piece of copper or a like metal to form an electrode.

On the other hand, when a'metal electrode is to be
formed by a vacuum processing method such as sputter-
ing, ion plating, an ion cluster beam method,
ionization vapor deposition or ion assisted-vapo;
de?osition, a forming method which.makes use of ions
such as sputtering, ion plating, an ion cluster beam‘
méthod, ionization vapor deposition or ion assisted
vapor deposition'is preferably employed in order to
improve the closely contacting condition between the
transparent layer and the metal electrode. Further, a
metal layer containing Ni or Cr therein may be formed

as an intermediate layer between the metal electrode

" THIS SHEET HAS BEEN
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I ntercepting property; wherein said conductive layer is .. . forned at a

portion of the second principal surface of sai d transparent |ayer, -
which is the opposed surface to Thi

-5- said first principal surface of said tansparent Pmsmm”hSB“qummw

I s opposed to the docunent, so as to define said Iigdw

sai d second principal surface;, and is g made of a resi

carbon bl ack particles or nmetal 5 particles are dispersed.

Preferably a light intercepting |layer is forned al ong and out si de

said firstapdi ploépatragsphnertsidpent

The metal electrode in the present invention may
be formed with a.predetermined size on the first prin-
cipal surface of the transparent board using a mask or
a like element or may be formed by first forming a
metal film on the entire first principal surface of the
transparent layer and then etching the metal film into
a pattern of a predetermined size. Aany of the follow-
ing methods can be employed as a method of forming a
pattern  of a metal electrode.

(1) Any other portion of a principal surface of a
transparent layer except portions for metal electrodes
is covered with a resist or a mask, and then a metal
electrode having a predetermined circuit pattern is
formed directiy on the principal surface of the trans-
parent layer, whereafter the resist .and so forth are
removed after formation of the pattern.

(2)=A predetermined pattern of a metal electrode
is formed,'using a resist, on a metal film formed on a i
first principal surface of a transparent layer so as‘tﬁ
cover the metal film, and then an unnecessary portion'
of the metal film is removed by etching, whereafter the
resist is removed. B

(3) A mask of a resist or a like material is
formed at a portion of a metal film of copper or a like

metal formed on the entire first principal surface of a

THIS SHEET HAS BEEN
REPLACED -




the lighting Window Thus it can be disposed so as not to cover an
end or ends of the netal electrode or 10 el ectrodes adj acent the
i ght i ng wi ndowhis Sheet Has Been Replacqdn 3 second aspect the invention provides a

circuit ptical element which is disposed in an
optical witing n opposing relationship to a

phot osensi tive surface of a photosensijiji ve nmenber which 15 noves in
said optical witing apparatus, said CIrCUIt board having a

| i ghting wiradepaddrch pyelesetight 4rporaion for a mehgé forming |ight
source onto said photosensitive surface therethrough, conprising:
a transpaﬁéﬁcqng&; qﬁ]qr&##é#ﬁ#cmiaeﬁlEBFF%rﬁilﬁﬂdZBhen tgSving opposed
first and second principal surfaces; said ghti pg wi ndow bei ng

within saM@talanfikf ek Fhaaged into a tthkoﬂ%tBF glﬁWupﬁllty of metal

I r f for
gusggcgdgs(%ctrggiatfhg,'whereafter tge esxgg&tbg@tglnth% glrSt princi pal

metal electrode is formed. - Thereafter, the resist is
removed, and then, flash etching is performed to remove
the unnecessary metal film while only leaving the metal
electrode.

Formation of a plated gold layer on a metal
electrode in the present invention is performed by
popular gold plating which uses:

(1) a cyanogen alkali bath;

(2) a neutral or .weak alkali bath; or

(3) a weak acid bath employing orgahic acid.

The thickness of a plated gold layer used in the
present invention ﬁormally ranges from 0.05 pum to 50
um.

In the present invention, a plated layer may be formed
on a metal electrode by any of the folloﬁing methods .

(1) A plated layer is formed by solder plating in
fluoroboric acid bath, a phenolsulfonic acid bath or an
alkanolsulfonic acid bath. '

(2) A plated layer is formed by plating of the
substitution type or electroless plating such as reduc-
ing deposition..

(3) Solder paste such as creamy solder is printed

THIS SHEET HAS BLEBN
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said transparent |ayer positioned adjacent said light 25
along the first principal surface side of said
which is defined so as to extend

source and
“ i ghti ng wi ndow -
transversely to the noving

direction of said phot osensitive surface in ofﬂ@ﬁmkoﬁ$ BagaRepliced he
I mage formng |ight therethrough;

6 a light intercepting layer fornmed al ong a Lﬂl edge
of and outside said first principal suttace side of

wi ndow, and a conductive layer for elimnating statlc

by screen printing or a like printing method.

The thickness of a solder layer used in the
present invention normally ranges from 0.5 pm to 50 um,
and preferably from 2 um to 10 um. Here, the solder is
a metal or an alloy used to bond materials to each
other and haviné a low melting point and particularly
lower than 723 degrees by abgolute temperature. In
particular, the solder may be made of any of the metals
of In, Sn, Pb or Zn'or an alloy of those metals. A
most popular material of the solder is a Sn-Pb alloy
which makes up eutectic solder. Further, although not
limited to the metals listed subsequently, the solder
may be made of, fér example, a Homberg‘s alloy, a
Melotte’s alloy, a Newton‘s alloy, a.D‘Aréet's alloy, a
Lichtenberg’s alloy, a Crose‘’s alloy, a Rose’s alloy, a
Wood‘s alloy, a Lipowitz‘s alloy, a low meltind point
solder, an alkali resistant solder, an eutectic solder,
a JIS soclder, a low thermoelectromotive force solder or
an aluminum solder;

Provision of a circuit board on which a solder
layer is formed by plating or printing without using a
high temperature molten solder bath allows reliable
electric connection to a semiconductor element by the
.sblder not only in a circuit board having a high heat
resisting property but also a circuit board which.

employs a plastic film having a rather low heat

THIS SHEET HAS BEEN
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5 el ectricity-caused by friction of the noving phot osensitive

surface and having a light intercepting property; wherein said
conduct i Verhls 8 Hak Bech REgIREL at a portion of the second princi pal .
surface of ansparent |ayer, which is the opposite surface to
said 10 Emmr'ﬂllwluﬁlﬂpal surface of said transparent |layer and is
opposed to Itive surface, so as to define sai d
l'ighting window at the second principg) surface, and is made of a
resin in which carbon bl ack particles or netal particles are

di spersed. 15 The circuit board for an optical elenment of the
present inyeliidg sheoyertp. Figs. 1(A) to 1(C). In particul ar,
single light intercepting |layer 4 and a plurality of (4 pieces in

t he arrangenment ®mwwighetatansmittanekestr adesghtanatieaicepd iog an upper
surface (a first
layer used in the present invention for light from a
reading light source is equal to or lower than S0 %,
and preferably equal to or lower than 10 %, and most
preferably, equal to or lower than S %. Further, the
intercepting layer can be formed by any of the follow-
ing methods.

(1) A light intercepting layer is formed from a
metal layer by black chrome plating.

(2) A light intercepting layer is formed from a
resin matrix into which a conductive filler of carbon
black or/and metal particles of platinum black or a
like metal is dispersed.

(3) A light intercepting layer is formed from a
resin having pigment/die dispersed therein.

(4) A light intercepting layer. is formed by layer-
ing on a- transparent board a resin_ which itself has a
light absorbing property such as polythiophene.

The desirable. thickness of the light interceptiAg-
layer in the present invention normally ranges from
0.05 um to 50 um, preferably from 1 um to 10 ;m,'and
most preferably from 2 um to -5 upm.

In the present invention, the light intercepting
effect is promoted by forming a light intercepting

layer or layers on the area(s) between the patterned

THIS SHEET HAS BEEN
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20 principal surface of transparent |layer in Fig. 1(A)) of

transparent |ayer 1. For the purpose to define a | i ghti ng wi ndow 5
in the formof a slit (lighting w ndow 5 has two surfaces 5a and
5b), a pair of mtaaneg&lasBeenReplacpd eventing layers 3 are forned along lighting

mnndom15b 25 urface of transparent layer 1, which'is a
second pri nci pal ansparent layer 1, so as to hol d
| i ghting wi ndow as shows in Fig.

7 1(C. In the present invention, lighting window5 is defined by a pair
of charge preventing |ayers 3, and

metal electrodes for connecting or Qiring a semiconduc-
tor elemént (particularly an optical semiconductor
element). 1In such a case, the light intercepting
layer(s) is preferably formed by the method (3). 1In
particular, since the light intercepting layer is
formed on the first principal surface so that it may be
opposed to a charge preventing layer formed on the
second principal surface, the light intercepting layer
cooperates with the charge preventing layer to prevent
admission of light except light from the light source
through the lighting window further effecfively. In
this instance, it is necessary for the ligh; intercept-
ing layer to have no bad influence on an electric
signal generated upon reading of a document, and pref-
erably the light intercepting layer is formed from a
resin containing therein pigment/die which is low in
conductivity. In this insfance, the light intercepting
layer om the first principal surface, on which the
metal electrode is formed; and the charge preventing
layer.fbrmed on the second principal surface are re-i'.
quired to define the lighting window for passing light
from the original reading light source therethrough.-
The lighting window is normally defined as a straight
slit and normally has the width of 0.1 mm to 50 mm,

preferably 0.3 mm to 2 mm.

The charge preventing layer used in the present

THIS SHEET HAS BEEN
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nmet al electrodes 2_and |ight |ntercept|ng | ayer 4 are fornmed at |ocations
alittle spaced fromthe outer ~edges of |ighting w ndow 5. Natural Iy,

netal el ec- trodes 2 and light intercepting |ayer 4 may otherw se be

di. sposed so that ﬁﬂeB&a@ammahereof adj acent lighting w ndow 5 may

coi nci de j ust mnt ges of lighting window 5, or they may _
project a I|ttIe mﬁndom/S unl ess they do not interfere with
original reading Ilght mhl passes t hgough 1ighting w ndow 5. As a
nodi fication to the invention shown in Fig. 1, light intercepting |ayer 4
may be omtted if light is intercepted sufficiently solely by_charge
preventing layer 3. The provision of a plurality of netal elec- trodes 2

al ong |ighting,waRE9%5;LS ferable in that a Iongltudlnal -opti cal
el enent such as an arra§/Js ?Pé?eragPY such that it has a light

intercepting property for light of an operation wave-
length of the light source and a light receiving
element similarly to the light intercepting layer, and
the light transmittance thereof for light from the:
light source is equal to or less than S0 %, preferably
equal to or less than 10 %, and most preferably gqﬁal
to or less than 5 %. Any of the following methods may
be employed as a method of forming a charge preventing

. layer on a second principal surface.

(1) A charge preventing layer is formed by plating
such as black chrome plating or black chromate précess-
ing.

(2) A resin matrix in which a conductive filler
such as carbon black or/and metal particles (fbr exam-
ple, platlnum black) is dispersed is printed and then
hardened to form a charge preventlng layer.

The charge preventing layer in the present
invention preferébly defines the lighting window for -
allowing light from the light source to be introduced
to an original therethrough and allowing reflected:

- light from the original to be'transmitted therethrough.
The lighting window is normally defined as a straight
slit, and the width thereof normally ranges from 0.1 mm
to 50 mm, preferably from 0.3 mm to 2 mm. The position

of the lighting window may be disposed on the first

AS BEEN |
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l'i ght enftting el ements or light receiving el enments can

be nounted at a

| arge nunber of supporting points. In sonme cases, an optical elenent may

be nmounted between two netal electrodes. Further, the netal el ectrodes

may be replaced by a single longitudinal nmetal electrode_extending al ong

Sso as to

the lighting wi ndow. Charge preventing layer 3 may alter |
surround the outer periphery of the lighting win l l
81 shown in Fig. 1(B). Preferred5forns of the presen

principal surface of the transparent board.
Alternatively, the lighting window méy.be defined by
cooperation of the charge preventing léyer and the
light intercepting layer. The charge preventing layer
in the present invention preferably has a width equal
to or greater than the width_bf the lighting window.

In particular, the width of the charge preventing iayer
is preferably equal to twice the width of the l;ghting
window, and more preferably, five times or so. Fur-
ther, the charge preventing layer preferably has an
equal width on the light emitting element side and the
light receiving element side thereof, and preferably
has a greater width on the light receiving element side
thereof. Particularly, the width of the charge pre-
venting layer is 2 mm to 100 mm, preferably 3 mm to 10
mm .

The charge preventing layer in the present inven-
tion can” be formed, when the heat resisting property of
the transéarent layer is high,.by a popular method sgch
as plating, vapor deposition, flame spray or applica-
tion and heating. When the heat resisting property of
the transparent layer is low such as when the transpar-
ent board is made of PET, polycarbonate or PES, the
charge preventing layer is preferably formed at a
temperature equal to or lower than 150°C, preferably

equal to or lower than 120°C and most preferably equal

THIS SHEET HAS BEEN
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descri bed bel ow. The transparent |layer for use with the circuit board for
an optical elenent preferably has a high transm ssion factor with regard
tolight of a light emtting element serving as a |light source, and

pref erably, nsm ssi.on factor is higher than 70 % and nore
‘%ﬂ% el Al B, 28 preferably, a plastic filmis used to make
e for its easiness of handling, flexibility and

preferably, 1
t he transpareH 4 m[ﬂ
productivity. ath can be ¥ade short when wusing a transparent
plastic film As preferable substrates, plastic filnms nmade of pol yester
such as polyethylene terephthal ate (PET) or pol yethyl ene naph- thalate or
honmopol yner or copol ymer of pol yanm de, polyether, polysulfone, polyether
sul f one (PES),t®oty-lower bomanel 0pdCyanybader pol peeMenti atherwpseyet her
et her ketone (PEEK) or polyimde. Further, the thick-
possible deformation of the transparent layer by heat
upon formation of the charge preventing layer. Any of
the following methods may be employed as a method of
forming the charge preventing layer.
(1) A conductive filler such as carbon black is
dispersed in advance in an epoxy resin of the one
liquid type wherein microcapsules are degraded at a
predetermined temperature and a catalyzer in the
microcapsules reacts with a main agent so that it is
hardened, and the epoxy resin is printed so as to have
.a lighting window, whereafter it is heated to the
predetermined temperature so as to cause the reaction
and hardening thereof to form a charge preventing
layerx.
(2) A conductive filler such as carbon black is
dispersed in advance in a resin wherein a hardening
agent dispersed in a main agent is. degraded at a prede-
termined temperature and reacts with the main agent so
that it is hardened, and the resin is printed so as to
define a lighting window. The resin after printing is
heated to the predetermined temperature so as to cause
the reaction and hardening to form a charge preventing
layer. It is also possible to proVide a grounding

electrode for the charge preventing layer and connect

the grounding electrode to the ground in order to




&

ness of the plastic filmnormally is 5 to 500 [err]m and preferably 10 to
100 [err]m As a material of the netal electrodes enployed-i-n-- the .
present invention, preferably a netal which is used as a material of an

ordinary electrode such as Au, Ag, N, C, Cu or W butTlferhEEtf—I&}%e £SL “ C
characteristics, Cuis particularly preferable An el ec

| ayered condition. It may be forned by any of the

met hods. 9 17 :

enhance the charge preventing effect.

While the transparent circuit board for an optical
element of the present invention exhibits its functions
sufficiently even with the construction described so
far, in order to extend the life of a product which
employs the circuit board for an optical element of the
present invention, prefefably a glass plate for ?rémot-
ing the abrasion resisting property is adhered to ﬁhe
charge preventing layer or an acrylic resin of the uv
setting type, a sili;one hard coating agent, a silica
sol agent or a like agent is applied as a protective
layer to the charge preventing layer. In this in-
stance, particularly the protective layer is preferably'
provided so as to entirely cqver over the charge pre-
venting layer. The thickness of the protective layer
is 1 um to 20 um, preferably 2 um to 100 um,“and most
preferably S um to 20 um.

Further, in order to assure a high durability of
the electric connection between an optical readiné
element and the circuit anrd for an optical element;
the entire element may be covered with a resin of the
hardening type. The resin of the hardening type here
may be selected from a resin of the UV setting type as
represented by an acrylic resin of the UV setting type,
a thermosetting resin, and a resin of the cold setting

type such as an epoxy resin.
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(1) Athin filmof a netal such as copper is forned on a transparent |ayer
(substrate) by vacuum processing or a |ike nethod, and then the filmis
changed into a thick filmby electroplating or a Iike nmethod. (2) A

netal el ectrodg.ics T eg girggtly on a transparent |layer by electrol ess
pl ati ng. *Ink is applied directly to a trans- parent
| ayer to forma m (4) A nmetal foil piece of copper or a

like metal 1is ranspareﬁ@ | ayer by neans of a bonding agent
to forman el ectrode. . (5) Atransparent resin is cast on a netal foi
pi ece of copper or a like metal to forman el ectrode. On the ot her
hand, when a netal electrode is to be forned by a vacuum processi ng net hod
such as Sputter- Brief Descrlption of the Drawings

Fig. 1(A) is a perspective view showing the con-
struction of a circuit board for an optical element of
the present invention, and Figs. 1(B) and l(C)lare plan
views showing different forms of the charge preventing
layer of the circuit board shown in Fig. 1(A);

Fig. 2 is a sectional view showing examples l; 2
and 3 of the circuit board for an optical element of
the present invention;

Fig. 3 is a sectional view showing examples 4, 5,
7, 8 and 9 of the present invention;

Fig. 4 is a sectional view showing an example 6 of
the present invention;

Fig. 5 is a sectional view showing an example 10
of the present invention; and |

Fig..6 is a sectional view showing the construc-

tion of a comparative example 1.

Detailed Description of the Preferred Embodiments
Several examples of_the present invention are
described below with reference to the drawings.
Example 1
Example 1 is described with rgference to Fig. 2.
Thin coéper film 2a (0.5 um thick) was formed by DC
magnetron sputtering on a first principal surface

(upper surface in Fig. 2) of transparent layer 1 formed




ing, ion plating, an ion cluster beam method, ionization vapor deposition
or ion assisted vapor -—deposition, a form ng nmethod which nakes use of ions

Such a5 Shut | oAl Bk hBAIGILAG, @0 1 on cl uster, beam et hod. foni zati on
in order to ”TBIMHI“[FM ﬂel y contacting condition between the
transparent |ay . al electﬁgde. Further, a netal |ayer
containing NN or O therein may be forrmed as an internediate |ayer between
the netal electrode : " 10

from a PES film S0 pum thick, and then, resist ink was

printed in a predetermined pattern. After printing, a

copper layer (15 um thick) was formed by electroplat-

ing, and then, solder layer 2b (about S5 um thick) made

of a Sn-Pb alloy was formed in an alkanolsulfonic acid

bath by electroplating. After removal of the resist,

'~ the unnecessary thin.éopper film was removed by flésh
etching to form metal electrode 2 having a predeter-
mined pattern. |

A mixture solution of a thermosetting resin con-
taining carbon black particles therein was applied to
both of the first principal surface, on which metal
electrode 2 was formed, and a -second principal surface
(lower surface in Fig. 2) by screen printing so as to
define lighting windows Sa and S5b (lighting window 5
has two surfaces Sa and 5b) through thch liéht from a
light source can be transmitted, and thereafter, the
thermosetting reéin was heated to be hardened to ﬁorm
light intercepting layer 4 and charge preventing layer
3. In the case of the present example, since light .
intercepting layer 4 is ﬁot formed on metal electrode
2, light intercepting layer 4 on the first principal
surface may have conductivity. Further, while lighting
window Sa is formed larger than iighting window 5b, it
may be formed otherwise with the same size as lighting

window 5b so that it may overlap with lighting window
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and the transparent |ayer. The netal el ectrode in the present
invention may be fornmed with a predetermined size on the first prin-

ci pal surface of the transparent board using a nask or_ a |like el eément- or
may be formed by first forming a netal filmon the enth§$hedtHasseepg fciqpal

surface of the transparent |ayer and then etching the i a
pattern of a predeterm ned size. Any f the follow in #[H# e :
enpl oyed as a method of formng a pattern of a netal electr . (1)
Any other portion of a principal surface of 'a transparent |ayer except
portions for nmetal electrodes is covered with a resist or a mask, and then

a netal 'elgﬁtrode having a predeternmned circuit patternis forned

directly on"the principal surface of the trans- parent |ayer, whereafter

the resist and s@plOih A& resistance of the charge preventing

layer in the present example was 103 @/0. The light

' transmittance values of the light intercepting layer
and the charge preventing iayer other than the.lighting
windows were equal to or leés than 1 %. Further, an
optical reading element (light receiving element) |
having bumps for connection was bonded in 5 minutes at
180°C to solder layer 2b of metal electrode 2 of the
circuit board for an optical element. There was no
peeling nor crack at any bonded portion, and light from
light source 8 (in the present example,.light source 8.
is not mounted directly on the circuit board for an
optical element) was irradiated through lighting win-
dows 5a and Sb upon a document (a printed paper) to be
read passing below the second principal surface while
reflected light was received through lighting windows
5a and 5b by element 9 to effect reading by means of a
reéding apparatus. It was pro&ed'that reading was
performed regqularly.
Example 2

Example 2 is described with reference to Fig. 2.

A copper film (3 mm thick) was formed by DC magnetron
sputtering on a first principal surface of transparent
layer 1 made of a unigxial oriented PEEK film (25 um

thick), and resist ink was printed on the copper film




renoved after formation of the pattern. - (2) A predeterm ned:pattern
of a netal electrode Is forned, using a resist, on a netal filmfornmed on
a first principal surface of a transparent |ayer so as to cover the

et al f|In1lamsmkhﬁﬁsamgﬁmﬂggessary portion of the nmetal filmis renoved

by etchlng, resist is renoved. (3) A mask of a
resi st or
copper or a H

s - fornmed at a portion of a netal film of
11

rned,on thd entire first principal surface of a

sO as to form a predetermined pattern.' Then, the
unnecessary copper film was removed by etching. There-
after, solder layer 2b (about l'um thick) made of a
Sn-Pb alloy was formed by substitution solder plating
to pfoduce metal electrode 2. After light intercepting
layer 4 and charge preventing layer 3 were formed in a
similar manner as in Example 1, bonding to an optical
reading element was performed. It was confirmed that
there was no peeling nor crack occurring at any joined
portion and a ;eading.apparatus operated regularly.
Example 3 |

When bonding between the circuit board for an
optical element produced in Example 1 and an optical
reading element was to performed, a pressure of 2
kg/cm2 per ope bump was applied for S minutes while
heating it to 150°C. As a result, there was no peeling
nor crack occurring at any joined portion, and a read-
ing appaxratus operated regulariy.
Example 4

Example 4 is described with reference to Fig. 3:
Pro;ective layer 6 was formed on the second principal
surface of the circuit board for an optical element
produced in Example 1. Protective layer 6 is made of
an urethane acrylic resin of the UV (ultraviolet rays)
setting type and has the thickness of 10 um. Bonding

of an optical reading element 9 to the circuit board

P
s o &
e
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' transparént | ayer except a portion for a metal electrode of a
predeterm ned pattern, and then the netal filmis chan@&dﬁmﬂﬁ@

nmetal filmby electroplating, whereafter the desired pat a

electrode is formed. Thereafter, the resist is renoved,

etching is perfornmed to renove the unnecessary netal f|In1 e onIy

| eaving the netal el ectrode. Formati on of a plated gold | ayer on a

netal electrode in the present inven22on is perforned by popular gold

pl ati ng whi ch uses: (1) a cyanogen al kali bath; (2) a neutral

or weak al kali bath; or (3) a weak acid bath enpl oying organic acid.

The thickness of a plated gold |ayer used in the present invention

normal |y rafmesard raph i3:05 ¢lamdm tof Sthe present example was
performed by hot blast circulating heating (140°C). It
was confirmed that there was no crack at any bondéd
portion and a reading apparatus operated regularly.
Example 5

Example 5 is describéd,with reference to Fig. S.

A thin copper film (1 um thiék) was formed by DC magne-
tron sputtering on a first principal surface of a
Kapton V film. Then, a copper film (10 um thick) was
formed in a copper sulfate bath by electroplating.
Thereafter, resist ink was printed in a predetermined
pattern, and etching was performed using ferric chlo-
ride solution, whereafter the resist ink was removed.
Further, a Ni film (2 um thick) was formed by plating,
and then, plated gold layer 2b (0.2 um thick) was
formed to produce metal electrode 2.

A resin containing black pigment therein was
applied to the first principal surface so as not to
cover lighting window Sa, and Structbond 920 (manufac-
tured by Mitsui Toatsu Chemicals, Inc.) containing
carbon black particles therein was applied to the
second principal surface so as to define lighting
window 5b, and then the Kapton V film was heated to
form light intercepting layer 4 having an electric

insulating property and charge preventing layer 3

having a conductivity. Thereafter, protective layer 6
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[err]m In the present invention, a plated |ayer may be forned on a
net at el ectrode by any of the foll ow ng nethods. (1) A plated |ayer
is formed by solder plating in fluoroboric acid bath, Hmﬂm&mﬂh&m&ﬁnﬁh&d

acid bath or an al kanol sul fonic acid bath. - (2) A
formed by plating of the substitution type or electrol h as

reduc- I ng deposition. (3) Sol der paste such as
similar to that in Example 4 was formed in parallel to

printed 23

the second principal surface of transparent layer 1 so
as to cover charge preventing layer 3 and lighting
window Sb. Protective layer 6 protects the chargé
preventing layer and the lighting window from friction
by document 10 or some other material which moves just
below the second principal.surface.

The circuit board for an optical element of the
present example and reading element 9 having aluminum
pads were pressed to each other for 30 seconds at 200°C
to join them. Thereafter, while element 9 was held
pressed, a transparent thermosetting resin of the
éolyester type was applied so as to be filled uniformly
between transparent layer 1 and element 9. Thereafter,
the resin was heated to 140°C. for 20 seconds so that it
was hardened to reinforce the joining between element 9
and metal electrode 2. It was confirmed that there was
no peeling at any bonded portion and a reading appara-
tus operated reqularly. . B
Example 6 -

Example 6 is described with reference to Fig. 4.
Copper foil (18 pm thick) having a Ni-Cu alloy layer
was layered, using an epoxy bonding agent, on a first
principal surface of transparent_layer 1 formed from a
PES film (50 um thick). Then, resist ink was applied

so as to form a predetermined pattern and a light inter-
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12 by screen printing or é | i ke printing nethod. The thi ckness of a
sol der Iayer used inthe present invention normally ranges fromO0.5 [err]m

to 50 [err e@ﬁggggﬁegra&blyfromZ [errlmto 10 [err]m Here, the sol der
i's a neta ° ed to bond materials to each other and having a
\ m& ﬁ icularly lower than 723 degrees by absolute -

| ow nel ting
t enper at ure. the sol dgr, nay be made of any of the netals

of In, Sn, Pb or Zn or an aIon of those netals. A nost popular materi al
of the solder is a Sn-Pb alloy which nmakes up eutectic solder. Further,
although not |imted to the nmetals |isted subsequently, the solder nay be

Aoy a0 SRS LTNP hd bl et Pad SR oe el Srose s
alloy, a ferric chloride solution, whereafter the resist ink was
removed to form metal electrode layer 2a and light
intercepting layer 4. Solder layer 2b similar to that
in Example 1 was provided on metal electrode layer 2a
to form an electric bonding layer. Further, colored
resin Raycure 4200 (manufactured by Jujo Kako Inc.i of
the UV setting type was printed on metal electrode 2 to
form a light intercepting layer having an insulation
property.

Then, Structbond 920 (manufactured by Mitsui
Toétsu Chemicals, Inc.) containing carbon black
particles therein was applied to the $econd principal
surface so as to be opposed to lighting window Sa
formed on the first principal surface, thereby to form
a light intercepting layer and a charge preventing |
layer. Furthet, a protective layer similar to that in
Exaﬁple 5 was formed so as to cover over the charge
preventing layer. |

Bonding between the circuit board for an opticai
element of the present embodiment and a reading element
was performed by hot blast circulating heating (120°C).
It was confirmed that there was no crack at any joined
portion and a reading apparatus operated regqularly.

Example 7

Example 7 is described with reference to Fig. 3.
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Wod's alloy, a Lipowitz's alloy, a |low nelting point _solder, an alkali
resi'stant solder, an eutectic solder, a JISlsoIder, a_Iow o
t her noel ectronotive force solder or an al unm num sol di&ijsSheet Has Been Rigplaréd Si on

of a circuit board on which a sol der | ayer is forne r
printing without using a hi gh tenperature nolten so ws
reliable el ectric connection to a sesi conduct or elenep y sol der
not only in a circuit board having a high heat resisting property but
also a circuit board which enploys a plastic filmhaving a rather |ow
heat

A thin copper £ilm of (0.5 um thick) was formed by DC
magnetron sputtering on a first principal surface of
transparent layer 1 formed from a PES film (50 um
thick), and then, resisy ink was printed so as to form
a predetermined pattern, whereafter copper film 2a.
(about 5 um thick) was formed by electroplating. = Fur-
ther, tin'layer 2b (about 5 um thick) was formed by
electroplating. After the resist was removed, the
unnecessary copper film was removed by flash etching to
form metal electrode 2 having a predetermined pattern.

A resin contéining black pigment there%n was
printed on the first principal surface so as not to
cover lighting window Sa to form a light intercepting-
llayer, and Structbond 920 (manufactured by Mitsui
Toatsu Chemicals, Inc.) containing carbon black
particles therein was applied to the second principal
surface so as to define lightipq window Sb, whereafter
heat was- applied to harden the resin to form a.light
interceéting layer having an 2lectric insulating ' i
property ahd a charge preventing layer having conduc;
tiviﬁy. Then, protective layer 6 similar to ﬁhat in
Example S was.formed so as to cover charge preventing
layer 3.

Metal electrode 2 of the circuit board for an
optical element of the present embodiment and an opti-

cal reading element 9 having pads of Au were pressed to
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13 re5|st|ng property. - - - The Iight transm ttance of a |ight.

i ntercepting _|ayer._u ae@e present invention for light froma reading
| i ght source m ﬁ ower than 50 % and preferably equal to or

| ower than 10

t he |ntercep e formed by any of the f

referably, equal to or lower than 5 % Further,

ol low ing nethods.

(1) Alight intercepting layer is forped froma netal |ayer by black

chrome plating. (2) Alight int Pcepting | ayer
resin matrix into which a conductive filler of carbon
particles of platinumblack or a

is formed froma
black or/ and net al

each other for 30 seconds at 200°C to bond them.
Thereafter, while they were held pressed to each other,
a transparént thermosetting resin of the polyester type
was applied to the circuit board so as to cover over
the entire area of reading element 9, and the circuit
board was kept at 140°C for 20 minutes to harden the
resin. It was confirméd:that there was no peeling at
any bonded portion and a reading apparatus operated
régularly.

Example 8

Example 8 is described with reference to Fig. 3.

‘A thin copper film (0.5 pum thick) was formed by DC

magnetron sputtering on a first principal surface of
transparent layer 1 formed from a PES film (50 um
thick), and resist ink was printed so as to form a
predetermined pattern to make a metal electkode, where-
after a copper film (about S um thick) was formed by
electroplating. Furtherx, a solder layer of about 5 um
made of a Sn-Pb (60 Sn/40 Pb) alloy was formed by'
solder plating in an alkanolsulfonic acid bath.

After the resist was removed, the necessary thin
copper film was removed by flash etching to form metal
electrode 2 having the predetermined pattern.

A resin containing black pigment therein was
printed on the first principal surface so as not to

cover lighting window Sa to form an insulating light
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| i ke metal is dispersed. (3) Alight intercepting layer is forned
froma resin having plgnent/dle di spersed therein. (4) Alight
i ntercepti rrgmday@Haneefoupmd by | ayer - ing on a transparent board a resin

which itself absorblng property such as pol ythi ophene.

The desirabl §|“mmm the |i ght I ntercepting | ayer in the present

I nvention no y ranges from .05 [errImto 50 [err]m preferably from
1 [errlmto 10 [err]m and nost prefzwably from2 [errlmto 5 [err]m

In the present invention, the light intercepting effect is pronoted by

r layers on the area(s) between the
Lg_[[nepgeg llr&erceg"-e{'%apfa lat}l uctobond y920 (manufacturéd) by

Mitsui Toatsu Chemicals, Inc.) containing carbon black
particles therein was applied to the second principal
surface so as to define a lighting window, and then,
heat was applied to harden the resin to form light
intercepting layer 4 and charge preventing léyer 3.
: The surface resistance of charge preventing layer 3 was

103 Q/03.

Thereafter, a transparent urethane acrylic resin
of the UV setting type was formed as protective layer 6
with the thickness of 10 um on charge preventing layer
3 and lighting window Sb. An optical reading element 9
having bumps tﬁereon was kept for 4 minutes at 190°C
while it was pressed against metal electrode 2 of the
circuit board for an optical eleﬁent thus produced to
effect bonding of element 9. Further, protective layer
6 was provided. It was confirmed that, since protec-
tive layer 6 was provided, the fription resisting
property of the circuit board for an optical eleménf -
"with an original was improved and the life of the
reading apparatus was extended remarkably.
Example 10

Example 10 is described with reference to Fig..5.
A thin copper f;lm (0.5 um thick) was formed by DC
magnetron sputtering on a first principal surface of

transparent layer 1 formed from a polyarylate film (50
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14 metal electrodes for connecting or wiring a sem conduc- tor elenent
(particularly an optical sem conductor elenent). In such-a case; the |ight

intercepting layer(s) is preferably forned by the : 3 I
particular, .since the light intercepting layer is P:gﬁrl;gﬁgtﬁas) con aged,
princi pal surface so that it nay be opposed to a chaigﬁ | ayer
formed on the second principal surfac%, the light in r
cooperates with the charge preventing Igyer to prevent adm ssion of |ight
except light fromthe light source through the |ighting w ndow further

effectively. In this instance, it is necessary for the |light intercept-
um thick), and resist ink was printed on the thin

copper film except a pattern in which a metal electrode
was to be formed, whereafter a copper film (about 5 um
thick) was formed by electroplating. Further, a solder
layer (about 5 um thick) made of a Sn-Pn (60 Sn/40 Pb)
alloy was formed in an alkanolsulfonic acid bath.
After the resist was removéd, the unnecessary thin
copper film was removed by flash etching to form metal
electrode 2.
A resih containing black pigment therein was

printéd on the first principal surface of transparent

- layer 1 so as not to cover lighting window 5a to form
light intercepting layer 4 having an insulating
property. Further, Structbond 920 (manufacturéd by
Mitsui Toatsu Chemicals, Inc.) containing carbon black
particles therein was applied to the second pfincipal
surface of transparent board 1 so as to define lighting
window 5b, and then heat was applied to harden the
resin to form a charge preventing layer having a iight
intercepting properﬁy. The surface resistance of
charge preventing layer 3 was 103 @/0. Protective
layer 6 made of a transparent urethane acrylic resin of
the UV setting type was formed with the thickness of 10
um so as to cover over charge preventing layer 3 and
lighting window Sb. .

An LED array was pressed against metal electrode 2

THIS SHEET HAS BEEN
~ REPLACED




ing layer to have no bad influence on an electric signal generated upon
readi ng of a docunent, and pref- erably the light intercepting |ayer is
formed froma resin containing therein pignent/die which is lowin

conducti vity. | AR Pheet Ha cedt he |ight intercepting |ayer on the first
princi pal surface” E. i]ﬁt nmetal electrode is forned, and the charge
preventing | ayer second principal surface are re- quired to
define the lighting w ndow for passingz2bight fromthe original reading
i ght source therethrough. The l'ighting windowis nornally defined as a
straight slit and normally has the width of 0.1 mmto 50 mm preferably
0.3 nfmto 2 mm the cirdheétchaagd prevent opgitajeelagwedti thtuhepppresent
duced under the pressure of 6 kg/cxﬁ2 or so anq then
heated to and kept at 140°C for 4 minutes to effect
bonding. It was confirmed that there was no peeling
nor crack at any bonded portion and, when an image was
formed on photosensitive material 11 of an.optical
printer using the circuit board for an optical element,
it operated regularly.
Further, also when, in any of the examples
described above, a grounding electrode connected to the
charge preventing layer was provided and connected to
the ground, a good result was obtained.
Next, comparative examples are described.
Comparétive Example 1
Comparative Example 1 is described with reference
to Fig. 6. Copper foil of 18 um thick havinq a Ni-Cu
alloy layer thereon was layered.on a first principal
surface .of transparent layer 1 formed from a PES film
of S0 um thick using a bonding agent of the epoxy-type. -
Then, resist ink was applied in a predetermined pattérﬁ'
to make a metal electrode and a portion corresponding
to a light intercepting layer, and the copper foil was
etched using ferric chloride solution, whereafter the
resist ink was removed to form metal electrode layer 2a
and light intercepting iayer 4. Solder layer 2b simi-

lar to that in Example 1 was provided on metal
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15 invention is preferably such that it has a light intercepting
property for Iight of an operatlon wave- length of the |ight source and a
i ght recelwmngmafmaﬁsmﬁﬂﬁﬂ larly to the light intercepting |ayer, and

i

the |ight tra reof for light fromthe |[|ight source is equa

to or |ess th rably equal to or less than 10 % and nost
o or

preferably equ ess than 5 % Any of the foll ow ng nethods nay be

enpl oyed as a nethod of forming a charye preventing |ayer on a second
princi pal surface.

electrode layer 2a to make an electric bonding layer.

An optical reading element 9 was bonded to the
circuit board for an optical element produced in this
manner by hot blast circulating heating (120°C). While
there was no crack at any bonded portion, static elec-
tricity was induced, upon reading of an document, by
friction between the transparent board and the document
and noise was produced in a read signal. Further, a
black output, which was considered to arise from admis-
sion of light from any other portion than light source
8 or multipath reflection of light from light éource 8
between document 10 and the circuit board, became high,
and it was confirmed that the reading sensitivity was
deteriorated.
Comparative Example 2

A thin copper film of 0.5 um thick was éormed by
DC magnetron sputtering on a first principal surface of
a transparent board formed from a PES film.of SO0 pm
thick, and resist ink was printed in a predetermihed
pattern, whereafter a copper film of about 5 um thick
was formed by electroplating. The transparent board
was soaked into a molten solder bath of 240°C in order
to try to form a solder layer. However, the film was
contracted, and no product which can be utilized as a
Circuit board for an optical element was obtained.

As apparent also from the examples described
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3.

(1) A charge preventing |layer is forned by' plating such as black chrone -
pl ating or black chromate process- ing. (2) A resirnmatrix in which
a conductive filler such as carbon black or/and net-al ﬁe&ﬁ&sae(nfkr—pla@ﬁam

pl e, platinumblack) is dispersed is printed and then a
charge preventing |ayer. The charge preventing Iay M‘EE nt
I nvention preferably defines the |ighting w ndow for rom
the |ight source to be introduced to a#loriginal theret hrough and al | owi ng
reflected light fromthe original to be transmtted therethrough. The
lighting window is normally defined as a straight slit, and the width

t her eof nor melbore argest fqwim Jech minfam 850 aphiqelefetemeytfebntle3 nmto 2
nm The position
construction of the present invention allows electric

bonding of a high degree of reliability not only when a
base material having a high heat resisting property is
employed as a transparent board but also when a base
material of a plastic film having a rather low heat
resisting property is employed as a transparent layer,
and also allows prevention of charging. Further, it
allows prevention of admission of light from any other
element than a light source anq'prévention of multipath
reflection of light from an original. As a regult, it
is possible to provide circuit boards for use with
various optical instruments of the fully contacting
type which employ no lens and circuit boards for use
with reading apparatus for copying machines of the
white board type and so forth as well as circuit boards
for use with optical printers as image forming appara-
tus for forming electronic photographs and so forth.
Consequently, the inventors of the present invention -
are confident that the presént invention significantiy.

contributes to the semiconductor application industry.
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of the Ii'ghti ng wi ndow may be di sposed on the first . '
16 - principal surface of the transparent board. Alternatively, the

lighting wi R ed by cooperation of the charge preventing

| ayer and t ﬂﬂ“l"m“" mqmp“ ng |l ayer. The charge preventing layer in
the present rnventtom prseferably has a width equal to or greater than the
width of the lighting window. In parldcular, the wdth of the charge

preventing layer is preferably equal to twice the width of the Iighting
CLAIMS

1. A circuit board for an optical element which is
to be disposed in an optical reading apparatus in an
opposing relationship to a document which moves in said
.optical reading apparatus and is used to irradiate light
from a document reading light source upon the document
throygh a lighting window thereof, comprising:

a transparent layer in the form of a £film;

one or a plurality of metal electrodes formed at a
portion of a first principal surface of said transparent
layer positioned adjacent said light source (in use) and
along said lighting window which is defined so as to extend
perpendicularly to the moving direction of the document in
order to transmit the original reading light therethrough:
and

a conductive charge preventing layer having a light
intercepting property and formed at a portion of a second
principal surface of said transparent layer, which is the

_ opposed?surface to said first principal surface- of séid
transpa;ent-layer and is opposed to the document, so as to
define said lighting window.

2. A circuit board for an optical element which is
to be disposed in an optical reading apparatus in an
opposing relationshib to a document which moves. in said
optical reading apparatus and is used to irradiate iight
from a document reading iight source upon the document
thr;ugh a lighting window thereof, comprising:

a transparent layer in the form of a film; This Sheet Has Been Replace

REPLACED
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wi ndow, and nore preferably, five tinmes or so. Fur- ther, the charge

preventing | ayer equal width on the light emtting

el enent side and ﬂ!ﬁlﬁ"lﬂgﬂ WH“]I ng el enent side thereof, and preferably
has a greater wd o en i ght«receiving el enent side thereof.
Particularly, the wwdth of the charge pre- venting layer is 2 mmto 100

nm preferably 3 mmto 10 mm The3charge preventing layer in the
present inven- tion can be forned, when the heat resisting property of
the transparent |@98r OFs ahiRfuradli ey pofunecateeietindes, odongsieat iaty, avapor
deposition, flanme spray or_applica- tion and heating. When the heat

resisting prBpEFL§RoPt & helxstnBpaneapPal ayerfase R ssRid asTaReParaRt

transpar- ' ent bhoard.is made of. PET, pol ycarbopate or PES, the char ge
preventing Igﬂ%?ri goﬁr"gflé)lnggi f‘ilﬁ?ﬁa’ﬂt afaid light source (in use) and

along said lighting window which is defined so as to extend
perpendicularly to the moving direction of the document in
order to transmit the document reading light therethrough;

a light intercepting layer formed along and outside
said lighting window; and

a conductive charge preventing layer having a light
intercepting property and formed at a portion of a second
principal surface of said transparent layer, which is.the
opposite surface to said first principal surface of said
transparent layer and is opposed to the document, so as to
define said lighting window;

3. A circuit board for an optical element which is
to be disposed in an optical writing apparatus in an
opposing relationship to a photosensitive surface of a
photosensitive member which moves in said optical writing
apparatus and is used to irradiate light from an image
forming 1light source upon said photosensitive' surface
through a lighting window thereof, comprising:

a transparent layer in the form of a film;

one or a plurality of metal electrodes formed at a
portion of a first principal sdrface of said transparent
layer positioned adjacent said light source (in use) and
along said lighting window which is defined so as to extend

perpendicularly to the moving direction of said

This Sheet Has Been

e




tenperature equal to or |ower than 150[err]C preferabl equal to or
| ower than 120[err]C and nost preferably equal IMHWMMHJHL
17. to or lower than 100[err]C in order to prevent ot
deformation of the transparent |ayer by heat upon forrratlon 5f theschar ge
preventing |layer. Any of the follow ng nethods may be enpl oyed as a net hod
of formng the charge preventing | ayeB4 (1) A conductive filler such
as carbon fhaskng SLighepersedthBoagnance in an epoxy resin of the one
a light intercepting layer formed along an outer edge
of an outside said lighting window; and
a conductive charge preventing layer having a light
intercepting property and formed at a portion of a second
principal surface of said transparent layer, which is the
opposite surface to said first prindipal surface of said
transparent layer and is opposed to said photosensitive
surface, so as to define said lighting window.
4. A ciréuit boafd for an optical element according
to any one of claims 1 to 3, wherein said charge preventing
layer is formed so as to surround said lighting window.
5. A circuit board for an optical elément according
to any one of claims 1 to 3, wherein said charge preventing
layer is formeq in pair on the opposite sides of said
lighting window so as to extend perpendicularly to the
moving direction of the document.
6. A cirduit board for an optical element according
to any preceding claim wherein said transparent layer is
formed from a plastic film while said metal elecfrode or
electrodes are made of a selected one of Au, Ag, Ni, Cr;'Cu
and W, and said charge preventing light intercepting layer
is made of a resin in which carbon black particles or metal
particles are dispersed.
| 7. A circuit board for an optical element according
to any of one of claims i to 5, wherein said metal
electrode or electrodes are constituted from a first metal

layer formed on said transparent layer, and a second metal

This Sheet Has Been Replaced
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l'iquid type wherein mcrocapsul es are degraded at a predeterm ned
tenperature and a catalyzer in the mcrocapsules reacts

so that it is hardened, and the epoxy resin is printed smw Hm‘wmﬂﬂm
l'i ghting wi ndow, whereafter it is heated to the predeternkned tenper at ure

so as to cause the reaction and hardening thereof to forma charge
preventing |ayer. (2) A conductiye filler such as carbon black is

di sper sed |p advagce rggkg ghgég Qe@abaigggkng agent dispersed in a

|
mai n agent |sy%e rade%ga%n rede- nperature and reacts with
the main agent sg thﬂtcﬁchaﬁth@é&')?@ef’oram sPeiEBSi BlbficREi AECErEONGS 1O

define a lighting window The resin after printing is heated to the

predet er m ngd LERRA 3t UrehSfefs £8i€a¥sest metal layer is made of a
selected one of Au, Ag, Ni; Cr, Cu and W, and said second
metal layer is capable of mounting an electric part thereon
by pressure fixation or fusion fixation.

9. A circuit board for an optical element according
to claim 8, wherein said second metal layer is formed frém
a plated metal or from piated solder or from printed
sélder.

10. An optical element for an optical reading and/or
writing apparatus comprising a circuit board according to
any preceding claim; said element including a said light
source which is provided on the circuit board or mounted in
relation to it.

11. An optical reading and/or writing apparatus
comprising an optical element according to claim 10, and
means defining a path for relative movement of a document
or photosensitive web which extends adjacent said lighting
window, the direction of said path being perpendicular to

the direction of extension of the window

eet Has Been Replaced
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the reaction and hardening to forma charge preventing layer. It is also

possible to provide a grounding electrode for the charge preventing | ayer

and connect the grounding electrode to the ground in order to

18 enhance the charge preventing effect. Wil e the transparent
~circuit board for an optical elenent the present invention exhibits its
functions sufficiently even with the ctconstruction described so far, in

order to extend the |itgrefjzd BHRABCFOW0BRIcAL ELEMENT
ABSTRACT

An optical reading or writing apparatus includes a

circuit boérd for an optical element which is used to
irradiate document reading light upon an document, or to

¢ irradiate 1image writing light wupon a photosensitive
material. The board is a transparent layer in the form of

a film (1), with one or a plurality of metal electrodes (2)
formed on a first principal surface of the transparent
layer (1) on the 1light incidence side along a lighting
window (5) which is defined so as to extend perpendicularly

to the moving direction of the document or the
photosensitive material in order to <transmit the light
therethrough. A conductive charge preventing layer (3)

with light intercepting properties is formed on a second
principal surface of the transparent layer (1) and is
opposed to the original or the photosensitive material so

és to define the lighting window (5). An optical reading
elementl(g) or an image writing optical element is mounted

on the metal electrode (2) or any of the metal eiectrodes

(2).

Figure 1A

This Sheet Has Been Replaced




enploys the circuit board for an optical elenent of the present invention,
preferably a glass plate for pronot- ing the abrasion resisting property
is adhered to the charge preventing |layer or an acrylic resin of the W
setting type, a silicone hard coating agent, a silica sol agent or a like
agent is applied as a protective l|ayer to the charge preventing layer. In
this in- stance particularly the protective layer is preferably provided

SO as to entig; ver over the charge pre- venting |ayer. The thickness
of the protect "RW@“@ [err]mto 20 [err]m preferably 2 [err]mto
100 [err]m a any 5 [errlmto 20 [err]m Further, in
order to assu |Iity of qgf el ectric connection between an

opti cal readlng elenent and the circuit™board for an optical el enent,
the entire el ement nay be covered with a resin of the

F1G.1(A)
) 2

5a &

.BM\L“Q\\? !
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F1G.1B)

F1G.1(C)




hardeni ng type. The resin of the hardening type here may be selected from
a resin of the UV setting type as represented by an acrylic resin of the

UV setting type, a thernosetting resin, and a resin of the cold setting
type such as an epoxy resin. 19
Brief Description of the Draw ngs Fig. 1(A) is a perspective view

showi ng the con- struction of a circuit board for an optical el enent of
the present invention, and Figs. 1(B) and 1(C) are plan
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views showi ng different forns of the charge preventing

circuit board shown in Fig. 1(A);

exanples 1, 2

pr esent

i nvention;

7, 8 and 9 of the present

showi ng an exanple 6 of
vi ew showi ng an exanple 10
vi ew showi ng the constr

sect i onal

i nvention;
t he present

Det ai | ed Description of the Prefe

4

F|g 4 is a sectional
1on

|n

el enent of

| ayer of the
Fig. 2 is a sectional
and 3 of the circuit board for an optical
Fig. 3is a sectional

Vi ew show ng
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vi ew showi ng exanpl es 4, 5,

enti on;

Vi ew

Fig. 51is a sectional
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Several exanples of the present invention are described below wth
reference to the drawi ngs. Exanple 1 . Exanple 1 is described with
reference to Fig. 2. Thin copper film2a (0.5 [err]mthick) was formed by
DC magnetron sputtering on a first principal surface (upper surface in
Fig. 2) of transparent |ayer 1 forned ' 20
froma PES film50 [err]mthick, and then, resist ink was printed in a
predeterm ned pattern. After printing, a copper layer (15 [err]mthick)
was formed by el ectropl at -

N

J4—9
8 i -q/“Zb
. 2
A~r 4—2a
-7




ing, and then, solder layer 2b (about 5 [err]mthick) nmade of a Sn-Pb
alloy was.forned:in an al kanol sul fonic acid bath by el
renoval of the resist, the unnecessary thin copper fil
flash etching to formnetal electrode 2 having a prede
A m xture solution of a thernosetting resin con- taini
particles therein was applied to both of the first pri
which netal electrode 2 was forned, and a second princj |
surface in Fig. 2) by screen printing so as to define
and 5b (lighting window 5 has two surfaces 5a and 5b) .
froma |ight source can be transmtted, /q@d thereafter, the thernosetting
resin was heated to be hardened to form

iﬁb@‘f? 929262
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light intercepting |ayer 4 and charge preventin? layer 3. In the case of
t he_prigsent exanple, since light intercepting |ayer t-s—rot—torTed oI
WE%EF électrodean, light intercepting |ayer 4 on the ﬂHﬁ&JﬁEﬁﬂﬁﬁ ﬁﬁi
surface may have conductivity. Further, while lightingf Wwndow 5a is florjmred
l'arger than lighting w ndow 5b, it may be forned othefw sg::,vg@twr)ua gane
size as lighting w ndow 5b so that it may overlap with |g ht 1 ng w ndgw
21 5b. The surface resistance of- the charge prpvest+ag

L4

(ii) a circuit board for an optical & erein

admission of unnecessary light through a lighting window
of the circuit board for an optical element, which makes
a path of light from a light source, is minimized;

5 (iii) a circuit board for an optical element onto
which a semiconductor element can be mounted readily.

In a first aspect the present invention provides a
circuit board for an optical element which is disposed in
an optical reading apparatus in an opposing relationship

10 to a document which moves in said optical reading
apparatus, said circuit board having a lighting window
which guides document reading light from a light source
onto the document therethrough and comprising:

a transparent layer in the form of a plastic film

15 having opposed first and second principal surfaces; said
lighting window being within said transparent layer;

one or a plurality of metal electrodes of layer form
formed at a portion of the first principal surface of
said transparent layer positioned adjacent said light

20 source along the first principal surface side of said
lighting window which is defined so as to extend
transversely to the moving direction of the document in
order to transmit the document reading light
therethrough; and

25 a conductive layer for eliminating static
electricity caused by friction and having a light
intercepting property; wherein said conductive layer is
formed at a portion of the second principal surface of

said transparent layer, which is the opposed surface to



layer in the present exanple was 10[err] /[err] . ‘The
vaJ ues.of the light intercepting |ayer and the charg ?ﬁﬁgfﬁﬁﬂff
other than the lighting w ndows were equal to or ]es tHt Her ,
an optical reading elenent (light receiving el enent) qzb .E
connection was bonded in 5 mnutes at 180[err]C to sjollde qﬁ}

netal electrode 2 of the <circuit board for an optic

no peeling nor crack at any bonded port]éh and light from
(in the present urce 8 is_not

| e
L rouls boaraBrif Teg pridfips nEREF R8s Ofr Fadfa a3 §Ri ng vi n-
dows 5a and 5Bn&p9% %Eg}& w% % eprdo% gneapgp gt tBegersad. eaga' ng bel ow

t he second princip ace ectéd was received through
l'i ghting WIndQW@htlng window at sald second pr1nc1pal surface; and is

ansnitiagnce

| i ght sdurce 8

made of a resin in which carbon black particles or metal
5 particles are dispersed.

Preferably a light intercepting layer is formed
along and outside said first principal surface side of
the lighting window. Thus it can be disposed so as not
to cover an end or ends of the metal electrode or

10 electrodes adjacent the lighting window.

In a second aspect the invention provides a circuit
board for an optical element which is disposed in an
optical writing apparatus in an opposing relationship to
a photosensitive surface of a photosensitive member which

15 moves in said optical writing apparatus, said circuit
board having a lighting window which guides light from an
image forming light source onto said photosensitive
surface therethrough, comprising:

a transparent layer in the form of a plastic f£ilm

20 having opposed first and second principal surfaces; said
lighting window being within said transparent layer;

one or a plurality of metal electrodes of layer form
formed at a portion of the first principal surface of
said transparent layer positioned adjacent said light

25 source and along the first principal surface side of said
lighting window which is defined so as to extend
transverseiy to the moving direction of said

photosensitive surface in order to transmit the image

forming light therethrough;



5a and 5b by element 9 to-effect reading by neans of a
I't, was. proved that reading was perforned regularly. Ej
Exanple 2 is described with reference to Fig. 2. A coppe
thick) was formed by DC magnetron sputtering on a first
of transparent |ayer 1 nmade of a uniaxial oriented PEEK
thick), and resist ink was printed on the copper film
22 so as to forma predeternned patteﬁh.-Then, t he

T3 [8FF] m
righgi nggrface

S

I m errjm

a light intercepting layer formed along an outer
edge of and outside said first principal surface side of
the lighting window; and

a conductive layer for eliminating static

5 electricity caused by friction of the moving
photosensitive surface and having a light intercepting
property; wherein said conductive layer is formed at a
portion of the second principal surface of said
transparent layer, which is the opposite surface to said

10 first principal surface of said transparent layer and is
opposed to said photosensitive surface, so as to define
said lighting window at the second principal surface, and
is made of a resin in which carbon black particles or
metal particles are dispersed.

15 The circuit board for an optical element of the
present invention is shown in Figs. 1(A) to 1(C). 1In
particular, single light intercepting layer 4 and a
plurality of (4 pieces in the arrangement shown) metal
electrodes 2 are formed on an upper surface (a first

20 principal surface of transparent layer in Fig. 1(A)) of
transparent layer 1. For the purpose to define a
lighting window 5 in the form of a slit (lighting window
5 has two surfaces 5a and 5b), a pair of charge
preventing layers 3 are formed along lighting window Sb

25 on a lower surface of transparent layer 1, which is a
second principal surface of transparent layer 1, so as to

hold lighting window 5 therebetween as shown in Fig.



unnecessary copper filmwas renoved by etching. -There= after, solder |ayer
2b (about 1 [err]mthick) nmade of a Sn-Pb alloy was_farped by .substitution
sol der plating to produce netal electrode 2. AH“EREIQQP" e r@enttting

| ayer 4 and charge preventing |ayer 3 were forned nP M ;S(.H.;iggx er as
in Exanple 1, bonding to an optical reading el eneptjwas ,P}?LLQJ,,”E} It was
confirnmed that there was no peeling ngr crack occ r:iﬁéﬂ&t*dﬁy>jtined
portion and a readi ng apparatus operated regularly. ~ Exanple 3 - Wen
bondi ng bet the circuit rd f.or an . optical .el ement ced in
Exanpl e 1 a\;\\g‘ggh'opttflcﬁﬁe era%i%r?g“ SR Uhs WPt rr-%&ergf&gq%rlesgsure of 2
kg/cmerr] p b S i | f ] B d deptifyggit to
180[err] C Agégi’ﬂéd P?pa}[’\% iPRye %q\azg{eeefplénag\mi{ i d e rded

L I esu ere was no
metal electrodes 2 and light intercepting layer 4 are

formed at locations a little spaced from the oﬁter
edges of lighting window S. Naturally, metal elec-
trodes 2 and light intercepting layer 4 may otherwise
be disposed so that the side faces thereof adjacent
lighting window 5 may coincide just with the outer
edges of lighting window S, or they may project a
little into lighting window 5 unless they do not
interfere with original reading light which passes
through lighting window S.
As a modification to the invention shown in Fig.
1, light intercepting layer 4 may be omitted if light
is intercepted sufficiently solely by charge preventing
layer 3. The provision of a plurality of metal elec-
trodes 2 along lighting window 5 is preferable in that
a longitudinal optical element such as an array of
light emitting elements or light receiving elemenﬁs can
~ be mounted_at a large number of supporting points. ‘in-
some cases, an optical element may be mounted between
two metal electrodes. Further, the metal electrodes
may be replaced by a single longitudinal metal
electrode extending along the lighting window. Charge
preventing layer 3 may alternatively be formed so as to

surround the outer periphery of the lighting window as



nor crack occurring at any joined portion, and a read-

operated regularly. Exanple 4 Exanple 4 is describ lpyﬂﬂﬁwﬂﬁﬂﬁﬁqnce
to Fig. 3. Protective layer 6 was fornmed on the second prygmerpat

surface of the circuit board for an optical element  produ eg @%E*@@P
1. Protective layer 6 is made of an urethane acrylic regih $
(ultraviol et rays) setting type and Igas the thickness of ILQ [err]lm :

Bondi ng of an optlcal readi ng element 9 to the circuit poard ' i
23 shown in Fig. 1(B). !

Preferred forms of the present invention are
described below. The transparent layer for use with
the circuit. board for an optical element preferably has
a high transmission factor with regard to light of a
light emitting element serving as a light source, and
preferably, the transmission factor is higher than 70

- %, and more preferably, higher than 80 %. Preferably,
a plastic film is used to make the transparent sub-
-strate for its easiness of handling, flexibility and
productivity. The optical path can be made short when
using a transparent plastic film.. As preferable
substrates, plastic films made of polyester such as
polyethylene terephthalate (PET).or polyethylene naph-
thalate or homopolymer or copolymer of polyamide,
polyether, polysulfone, polyether sulfone (PES), poly-
carbonate, polyarylate, polyether imide, polyether
ether ketone (PEEK) or polyimide. Further, the thick-
ness of the plastic film normally is 5 to S00 um, énd
preferably 10 to 100 um.

As a material of the metal electrodes employed-in
the present invention, preferably a metal which is used
as a material of an ordinary electrode such as Au, Ag,

Ni, Cr, Cu or W, but from the electric characteristics,

Cu is particularly preferable. An electrode may be in a
layered condition. It may be formed by any of the

following methods.



for an optical elenment of the present exanple was hﬁrforned

circulating heating (140[err]C). It was confirmed that Hﬁ{:%ﬁl‘{ﬁ(ﬂ} k-
at* any bonded portion and a reading apparatus operated et | e
5 Exanple 5 is described with reference to Fig. 5] A thlgﬁcg

film (1l [err]mthick) was formed by DC magne- tron sputt r| |r t
principal surface of a Kapton V film %hen, a copper fiil

thick) was forned in a copper sulfate bath by electroplatlng. Ther eaft en,
resist ink was printed in a predeterm ned pattern, and lelching--wes

per fornmed using ferdiycAclthdn Erhilge ofolautmenryl vherleads egopperr ési st i nk was

renoved.

Further, a N film (2 [err]mthick) was fornmed by plating,

t hen, pl ated @grueﬁayérazﬁr@@srqunqrﬁqy9¢koswk§trate) by vacuum

processing or a like method, and then the film is

changed into a thick film by electroplating or a like

method.

(2) A metal electrode is formed directly on a

‘transparent layer by electroless plating.

(3) Conductive ink is applied directly to a trans-
parent layer to form an electrode.

(4) A metal foil piece of copper or a like métal
is adhered to a transparent layer by means of a bonding
agent to form an electrode.

(5) A transparent resin is cast on a metal foil
piece of copper or a like metal to form an electrode.

On the other hand, when a metal electrode is to be
formed by a vacuum processing method such as sputter-
ing, ion plating, an ion cluster beam method,
ionizat¥on vapor deposition or ion assisted vapor
deposition, a forming method which_makes use of ions
such as sputtering, ion plating, an ion cluster beam.
method, ionization vapor deposition or ion assisted
vapor deposition is preferably employed in order to
improve the closely contacting condition between the
transparent layer and the metal electrode. Further, a
metal layer containing Ni or Cr theréin may be formed

as an intermediate layer between the metal electrode



formed to produce netal electrode 2.
therein Wwas applied to the first principal surface so as not to

cover

i ghti ng wi ndow 5a, and Structbond 920 (rmanufac- tured by Mg-sui—Toatsu ..
Inc.) containing carbon black particles therein WREPBAGEMENT SHEET.

Chemi cal s,

second principal surface so as to define lighting w nddw

the Kapton V filmwas heated to forn1|ﬂéht.infercepting | ayer |4
electric

conductivity.dThereafter, protective | ayer 6

A resin containing black pignent

i nsul ating property and charge preventing |layer 3 {h v?ggbg%%9%@

an

the transparent layer.

The metal electrode in the present invention may
be formed with a predetermined size on the first prin-
cipal surface of the transparent board using a mask or
a like element or may be formed by first forming a
metal film on the entire first principal surface of the
transparent layer and then etching the metal film into
a pattern of a predetermined size. Aany of the follow-
ing methods can be employed as a method of forming a
pattern of a metal electrode.

(1) Any other portion of a principal surface of a
transparent layer except portions for metal electrodes
is covered with a resist or a mask, and then a metal
electrode having a predetermined circuit pattern is
formed directliy on the principal surface of the trans-
parent layer, whereafter the resist and so forth are

removed after formation of the pattern.

(2)=-A predetermined pattern of a metal electrode
is formed, using a résist, on a metal film formed on a
first principal surface of a transparent layer so as.té
cover the metal film, and then an unnecessary portisn
of the metal film is removed by etching, whereafter the
resist is removed. B

(3) A mask of a resist or .a like material is

formed at a portion of a metal film of copper or a like

metal formed on the entire first principal surface of a



24 simlar to that in Exanple 4 was fornmed in parallel to _the second

princi pal surface of transparent layer 1 so as to cover ch
| ayer 3 and lighting w ndow 5b. Protective |ayer 6 protect

lreX erLLT
X “{lﬁﬁ"- ‘é ﬁg

preventing |layer and the lighting window fromfriction by dodqunment 10 or
sone other material which noves just below the second prindi gal23Q0Taces

The circuit board for an optical el ement 1df the present ex | e and
readi ng el e ngug ha%{nglaluninun1 Qads wer e Br%ssed to eg; ot her Tor—36
seconds at R T o' 36T h THERPE TRePRAFLEF,

Qi Pe™ErE hel d

oot ed o SOV Iqf AT ARGRLLLR:AEE, Batkelh oBEL ABHFLIEIPS U1

element 9. TAHLATELIm is changed into a thick metal film by
electroplating, whereafter the desired pattern of a
metal electrode is formed. Thereafter, the resist is
removed, and then, flash etching is performed to remove
the unnecessary metal film while only leaving the metal
electrode.

Formation of a plated gold layer on a metal
electrode in the present invention is performed by
popular gold plating which uses:

(1) a cyanogen alkali bath;

(2) a neutral or .weak alkali bath; or

(3) a weak acid bath employing organic acid.

The thickness of a plated gold layer used in the
present invention normally ranges from 0.05 pm to 50
pm .

In qge present invention, a plated layer may be formed
on a metal electrode by any of the following methods .

(1) A plated layer is formed by solder plating in
fluoroboric acid bath, a phenolsulfonic acid bath or an
alkanolsulfonic acid bath.

(2) A plated layer is formed by plating of the
substitution type or electroless plating such as reduc-
ing deposition.

(3) Solder paste such as creamy solder is printed



the resin was heated to 140[err]C for 20 seconds so that

. . el it was hardened
to.einforce the joining between elenent 9 and netal

el ect : s
confirmed that there was no peeling at any bonded portion ?%EcgﬁﬁﬁmggﬂﬁEﬁé

appara- tus operated regularly. Exanple 6 Exanpl e ifs descri bed
wth reference to Fig. 4. Copper foil (18 [err]mthick) h3viing :OGT- 1248
al l oy layer was | ayered, using an epoxy bondi ng agent, onlajfirst
princi pal surface of transparent |ayer formed- froma PE$ fTTTM (50

[err]mthick). Then, resist ink was applied so as to formla_predetermned
pattern and a light inter-

i

by screen printing or a like printing method.

The thickness of a solder layer uéed in the
present'invention normally ranges from 0.5 um to 50 um,
and preferably from 2 pum to 10 um. Here, the solder is
a metal or an alloy used to bond materialé to each
other and having a low melting point and particularly
lower than 723 degrees by absolute temperature. In
particular, the solder may be made of any of the metals
of In, Sn, ?b or Zn or an alloy of those metals. A
most popular material of the solder is a Sn-Pb alloy
which makes up eutectic solder. Further, although not
limited to the metals listed subsequently, the solder
may be made of, for example, a Homberg’s alloy, a
Melotte’s alloy, a Newton’s alloy, a D'Arcet’s alloy, a
Lichtenberg’s alloy, a Crose‘s alloy, a Rose’s alloy, a
Wood's alloy, a Lipo@itz’s alloy, a low melting point
solder, an alkali resistant solder, an eutectic solder,
a JIS solder, a low thermoelectromotive force solder or
an aluminum solder.

Provision of a circuit board on which a solder
layer is formed by plating or printing without using a
high temperature molten solder bath allows reliable
electric connection to a semiconductor element by the
solder not only in a circuit board having a high heat
resisting property but also a circuit board which

employs a plastic film having a rather low heat



25 cepting layer, and the copper foil was etched using fer

.solution, whereafter the resist ink was renoved to form mtammﬁm SHEEPI
| ayer 2a and light intercepting |layer 4. Solder |ayer 2b sin|lgr=to THat

in Exanple 1 was provided on netal electrode layer 2a to forn 2@%@@ MG
bondi ng layer. Further, colored resin Raycure 4200 (nmanufacti uj o

Kako Inc.) of the UV setting type was printed on netal electr o

forma light intercepting |ayer havingifn insulation property. Then
Struct bond 920 (nmanufactured by Mtsui Toatsu Chemicals, |nc.9—eomtanimg

carbon black particles therein was applied to the second pngC|paI

resisting property.

The light transmittance of a light intercepting
layer used in the present invention for light from a
reading light source is equal to or lower than 50 %,
and preferably equal to or lower than 10 %, and most
preferably, equal to or lower than 5 %. Further, the
intercepting layer can be formed by any of the follow-
ing methods.

(1) A light intercepting layer is formed from a
metal layer by black chrome plating.

(2) A light intercepting layer is formed from a
resin matrix into which a conductive filler of carbon
black or/and metal particles of platinum black or a
like metal is dispersed.

(3) A light intercepting layer is formed from a
resin having pigment/die dispersed therein.

(4) A light intercepting layer is formed by layer-
ing on a- transparent board a resin which itself has a
light absorbing property such as polythiophene.

The desirable thickness of the light interceptiﬁg.
layer in the present invention normally ranges from
0.05 pm to 50 um, preferably from 1 um to 10 pm, and
most preferably from 2 um to S5 um.

In the present invention, the light intercepting
effect is promoted by forming a light interxcepting

layer or layers on the area(s) between the patterned



surface so as to be opposed to lighting wi ndow 5a

pri nci pal
preventing

5 was fornmed so as to cover over the charge preventing | gyqr: _
Bondi ng between the circuit board for an optical elenent |of té‘nﬁ qﬁ-‘emt
clf‘at’i'ng

enbodi nent

heating (120[err]C). It was confirned at there was no Qrdck—at—any
joined portion and a readi ng apparatus operated regul arl .
Exanple 7 is described with reference to Fig. 3.

2

forned on the first

surface, thereby to form a light intercepting |@a-e+—and

™

chat-ge-

| ayer. Further, a protective layer sinilar to |REFLACEMENBSHES"
r

and a reading elenent was perforned by hot bl gst

Exanple 7

metal electrodes for connecting or wiring a semiconduc-
tor elemént (particularly an optical semiconductor
element). 1In such a case, the light intercepting
layer(s) is preferably formed by the method (3). 1In
particular, since the light intercepting layer is
formed on the first principal surface so that it may be
opposed to a charge preventing layer formed on the
second principal surface, the light intercepting layer
cooperates with the charge preventing layer to prevent
admission of light except light from the light source
through the lighting window further effecfively. In
this instance, it is necessary for the light intercept-
ing layer to have no bad influence on an electric
signal generated upon reading of a document, and pref-
erably the light interceptiﬁg layer is formed from a
resin containing therein pigment/die which is low in
conductivity. 1In this instance, the light intercepting
layer orr the first principal surface, on which the
metal electrode is formed, and the charge preventing
layer formed on the second principal surface are re—.
quired to define the lighting window for passing light
from the original reading light source therethrough.
The lighting window is normally defined as a straight
slit and normally has the width of 6.1 mm to 50 mm,

preferably 0.3 mm to 2 mm.

The charge preventing layer used in the present



26 A thin copper filmof (0.5 [err]mthick) was forned by DC -
magnet ron sputtering on a first principal surface of tran qqﬂﬂﬁEM@r

formed froma PES film (50 [err]m thick), and then, resis Was—pi-i-nted |
so as to form a predeterm ned pattern, whereafter copper {ilm2a %about
[err]mthick) was formed by electroplating. Fur- ther, tin|l Z%&PCp77
(about 5 [err]mthick) was fornmed by electroplating. Aftef the resist was'

removed, the unnecessary copper filmwag; renmoved by flashietching to form

nmet al electrode 2 having a predetermned pattern. A rnesin_conta-Ri-Reg—
bl ack pignent therein was B

invention is preferably such that it has a light
intercepting property for light of an operation wave-
length of the light source and a light receiving
element similarly to the light intercepting layer, and
the light transmittance thereof for light from the’
light source is equal to or less than 50 %, preferably
equal to or less than 10 %, and most preferably gqﬁal
to or less than 5 %. Any of the following methods may
be employed as a method of forming a charge preventing
~layer on a second principal surface.

(L) A charge preventing layer is formed by plating
such as black chrome plating or black chromate précess—
ing.

(2) A resin matrix in which a conductive filler
such as carbon black or/and metal particles (for exam-
ple, platinum black) is dispersed is printed and then
_hardened to form.a charge pre?entiné layer.

Thg charge preventing layer in the present
invention preferably defines the lighting window fbr -
allowing light from the light source to be introduced
to an original therethrough and allowing reflected
light from the original to be transmitted therethrough.
The lighting window is normally defined as a straight
slit, and the width thereof normally ranges from 0.l mm
to 50 mm, preferably from 0.3 mm to 2 mm. The position

of the lighting window may be disposed on the first



printed on the first principal surface so as not to cover |lighting w ndow
5a to forma light intercepting |ayer, and Structbond 920 (manufactured by
M‘tsui Toatsu Chem cals, Inc.) containing carbon black particles therein
was applied to the second principal surface so as to define lighting
wi ndow 5b, whereafter heat was applied to harden the resin to forma |ight
intercepting layer having an electric,ighsulating property and a charge
preventing | ayer having conduc- tivity. Then, protective |layer 6 simlar
to that in Exanple 5 was formed so as to cover charge preventing |ayer 3.
Metal electrode 2 of the circuit board for an optical elenment of the

present enpgdnoephlaghrfacePiof- theCdlramAdirehtellss@nd . 9 havi ng pads of Au
were pressed to -

Alternatively, the lighting window may be defined by

cooperation of the charge preventing layer and the

light intercepting layer. The charge preventing layer

in the present invention preferably has a width equal

to or greater than the width of the lighting window.

In particular, the width of the charge preventing iayer

is preferably equal to twice the width of the lighting

window, and more preferably, five times or so. Fur-

ther, the charge preventing layer preferably has an

equal width on the light emitting element side and the

light receiving element side thereof, and preferably

has a greater width on the light receiving element side

thereof. Particularly, the width of the charge pre-

venting layer is 2 mm to 100 mm, preferably 3 mm to 10

mm .

The charge preventing layer in the present inven-

tion can™ be formed, when the heat resisting probe;ty of

the transparent layer is high, by a popular method sPch

as plating, vapor deposition, flame spray or applica-

tion and heating. When the heat resisting property of
the transparent layer is low such as when the transpar-
ent board is made of PET, polycarbonate or PES, the
charge preventing layer is preferably formed at a

temperature equal to or lower than 150°C, preferably

equal to or lower than 120°C and most preferably equal



27 each other for 30 seconds at 200C to bond them Thereafter, while

they were held pressed to each other, a transparent ther
thé pol yester type

(.

I TR
was applied to the circuit board so ;&ﬁﬁAt%ﬁﬁﬁyﬁé%&ﬁ

the entire area of reading elenent 9, and the circuit bdgarld was kept at
140[err]C for 20 mnutes to harden the resin. It was co

was no peeling at any bonded portion and a readi ng apparjatjus oper at ed
regul arly.

Exampl e 8 - 17

 pd gdpiv-her

e

to or lower than 100°C in order to prevent otherwise
possible deformation of the transparent layer by heat
upon formation of the charge preventing layer. Any of
the following methods may be employed as a method of
forming the charge preventing layer.

(1) A conductive filler such as carbon black is
dispersed in advance in an epoxy resin of the one
liquid type wherein microcapsules are degraded at a
predetermined temperature and a catalyzer in the
microcapsules reacts with a main agent so that it is
hardened, and the epoxy resin is printed so as to have
a lighting window, whereafter it is heated to the
predetermined temperature so as to cause the reaction
and hardening thereof to form a charge preventing
layer.

(2) A conductive filler such as carbon black is
dispersed in advance in a resin wherein a hardening
agent ﬁfspersed in a main agent is. degraded at a prede—
termined temperature and reacts with the main aqent SO
that it is hardened, and the resin is printed so as ﬁo
define a lighting window. The resin after printing is
heated to the predetermined temperature so as to cause
the reaction and hardening to form a charge preventing
layer. It is also possible to provide a grounding
electrode for the charge preventing layer and connect

the grounding electrode to the ground in order to




Exanple 8 is described with reference to Fig. 3.

[ers] mthick)
surface of tr

ansparent layer 1 fornmed froma PES fil

and resist ink was printed so as to forma predeterm pef

metal el ectrode, where- after a copper film (about 5
formed by electroplating. Further, a solder |ayer of
of a Sn-Pb (60 Sn/40 Pb) alloy was forked by sol der

al kanol sul foni c acid bat h. After the resist wa

necessary thin

el ectrode 2 haenhgniclee theeddiearge pereveEatttisrgr.effect.
bl ack pignent therein was printed on the first principal surface so as
While the transparent circuit board for an optical

not to

copper filmwas renoved by flash etching

element of the present invention exhibits its functions

sufficiently even with the construction described so

far, in order to extend the life of a product which

employs the circuit board for an optical element of the

present invention, preferably a glass plate for promot-

ing the abrasion resisting property is adhered to the
charge preventing layer or an acrylic resin of the UV
setting type, a silicone hard coating dgent, a silica
sol agent or a like agent 1s applied as a protective

layer to the charge preventing layer. In this in-

stance, particularly the protective layer is preferably

provided so as to entirely cover over the charge pre-
venting layer. The thickness of the protective layer
is 1 um to 20 um, preferably 2 pum to 100 pm, and most
preferably S5 um to 20 um.

Fuxther, in order to assure a high durability of
the electric connection between an optical readiné
element and the circuit board for an optical elément;
the entire element may be covered with a resin of the

hardening type. The resin of the hardening type here

may be selected from a resin of the UV setting type as
represented by an acrylic resin of the UV setting type,

a thermosetting resin, and a resin of the cold setting

type such as an epoxy resin.

A thin copper film(0.5
was forned by DC nmgnetron sputtering om—a—i pri nci pa

A resin containing



cover lighting window 5a to forman insulating |ight
REPLACENENT SHEL 28 in

Struct bond 920 (nmanufactured by Mtsui Toatsu Chem ca

tercepting | ayer.

| S, ﬁlaoﬁm,‘ : n.
carbon black particles therein was applied to the second BEPLAVFQ$”E10HEET

surface so as to define a lighting w ndow, and then,
harden the resin to formlight intercepging |layer 4 a

heat| was applied to
nd dhgr ge3 RV eei n

| ayer 3. The surface resistance of charge preventing |ayqr |3 was 10[err
[err]/[err]. _ Thereafter, a transparent urethane acryliC resin

Brief Description of the Drawings

Fig. 1(A) is a perspective view showing the con-

struction of a circuit board for an opt
the present invention, and Figs. 1(B) a
views showing different forms of the ch
layer of the éircuit board shown in Fig

Fig. 2 is a sectional view showing
and 3 of the circuit board for an optic
the present invention;

Fig. 3 is a sectional view showing
7, 8 and 9 of the present invention;

Fig. 4 is a sectional view showing
the present invention;

Fig. 5 is a sectional view showing
of the present invention; and

Fig. 6 is a sectional view showing

tion of a comparative example 1.

Detailed Description of the Preferre
Several examples of the present in
described below with reference to the d
Example 1
Example 1 is described with rgfere

Thin copper film 2a (0.5 um thick) was

ical element of
nd 1(C) are plan
arge preventing
. 1L(Aa);

examples 1; 2

al element of
exanmples 4, 5,
an example 6 of
.an example 10

the construc-

d Embodiments
vention are

rawings.

nce to Fig. 2.

formed by DC

magnetron sputtering on a first principal surface

{upper surface in Fig. 2) of transparent layer 1 formed




of the UV setting type was forned as protective layer 6 wth the thickness.
of 10 [err]mon charge preventing layer 3 and |lighting mﬁrREELRQENﬁ%ﬂ‘SHEET
optical reading elenent 9 having bunps thereon was kept far A-Attes—a
190[err]C while it was pressed against netal electrode 2 qf tgf %gkgﬁbt
board for an optical element thus produced to effect bondijng 38 9
Further, protective layer 6 was providd. |t was confirndd|that, since
protec- tive layer 6 was provided, the friction resisting| property of the
circuit board for an optical elenent wth an original was b-preved-ant—the
life of the reading a garatus was extended remarkably. Exanple 10

Exanple 10 is Efé%'er@bgg wELhmr 8Pepmntbiclk, Fagd BhenA tdeisd sdopmer waisi m (0. 5

[err]mthick) was formed by DC magnetron sputterin%.on a first principa
surface of printed in a’ predetermined pattern. fter printing, a

copper layer (15 um thick) was formed by electroplat-
ing, and then, solder layer 2b (about 5 um thick) made
of a Sn-Pb alloy was formed in an alkanolsulfonic acid
bath by electroplating. After removal of the resist,
the unnecessary thin copper film was removed by flésh
etching to form metal electrode 2 having a predeter-
mined pattern.

A mixture solution of a thermosetting resin con-
taining carbon black particles therein was applied to
both of the first principal surface, on which metal
electrode 2 was formed, and a .second principal surface
(lower surface in Fig. 2) by screen printing so as to
define lighting windows Sa and Sb (lighting window 5
has two surfaces 5Sa and 5b) through which light from a
light source can be transmitted, and thereafter, the
thermosetting reéin was heated to be hardened to form
light intercepting layer 4 and charge preventing layer
3. In the case of the present example, since liéht .
intercepting layer 4 is not formed on metal electrode
2, light intercepting layer 4 on the first principal
surface may have conductivity. Further, while lighting
window Sa is formed larger than lighting window Sb, it
may be formed otherwise with the same size as lighting

window 5b so that it may overlap with lighting window



transparent layer 1 formed froma polyarylate film (50 .
.29 [err]mthick), and resist ink was printed on thethin__copper fil.m

except a pattern in which a netal electrode was to beREPLAEEMENTeSHEEer a
copper film (about 5 [err]m thick) was fornmed by el egtr her,

a solder |layer (about 5 [err]mthick) made of a Sn-Pr} ({6 ' ) 1
was fornmed in an al kanol sul foni ¢ aci dééath. After the re%igﬁﬁge

t he unnecessary thin copper filmwas renoved by fl ash ¢ |
met al

Sb.

The surface resistance of the charge preventing
layer in the present exaﬁple was 103 @/Q. The light
transmittance values of the light intercepting layer
and the charge preventing layer other than the lighting
windows were equal to or less than 1 %. Further, an
optical reading element (light receiving element)
having bumps for conne;tion was bonded in 5 minutes at
180°C to solder layer 2b of metal electrode 2 of the
circuit board for an optical element. There was no
peeling nor crack at any bonded portion, and light from
light source 8 (in the present example, light source 8
is not mounted directly on the circuit board for an
optical element) was irradiated through lighting win-
dows Sa and 5b upon a document (a printed paper) to be
read passing below the second principal surface while
reflected light was received through lighting windows
Sa and 5b by element 9 to-effect reading by means of a

reading apparatus. It was proved that reading was
performed reqularly.
Example 2

Example 2 is described with reference to Fig. 2.
A copper film (3 pm thick) was formed by DC magnetron
sputtering on a first principal surface of transparent
layer 1 made of a uniaxial oriented PEEK film (25 um

thick), and resist ink was printed on the copper film



el ectrode 2. A resin containing black pignment therein was printed on
the first principal surface of transparent |ayer 1 so LLIN o

| #ghting window Sa to form light intercepting |ayer 4 ﬁ??pﬂg“g@ﬁﬁ@ ‘gt 1 ng
property. Further, Structbond 920 (manufactured by M tsyi ,Tmsruﬂ_w =
Chem cals, Inc.) containing carbon black particles thergi f aﬁﬁﬁi e
the second principal surface of transparent board 1 s¢ as to define

| i ghting w ndow 5b, and then heat wa32applied to hardgn the resin to fprm
a charge preventing layer having a light interceptingp+oeperty.—The }
surface resistance of charge preventing layer 3 was 10[err] [err]/[err].

Protective Faydf Eonf@eEmoR Predatsyatianrd attrre. acFierc ¥&in of the WV
setting type was formed with the thickness of 10 .
unnecessary copper film was removed by etching. There-

{1

4 1-,

!
(0]

S

after, solder layer 2b (about 1 um thick) made of a
Sn-Pb alloy was formed by substitution solder plating
to pfoduce metal electrode 2. After light intercepting'
layer 4 and charge preventing layer 3 were formed in a
similar manner as in Example 1, bonding to an optical
reading element was performed. It was confirmed that
there was no peeling nor crack occurring at any joined
portion and a reading apparatus operated regularly.
Example 3

When bonding between the circuit board for an
optical element produced in Example 1 and an optical
reading element was to performed, a pressure of 2
kg/cm2 per one bump was applied for 5 minutes while
heating it to 150°C. As a result, there was no peeling
nor crack occurring at any joined portion, and a read-
ing apparatus operated regularly.
Example 4

Example 4 is described with reference to Fig.‘3;
Protective layer 6 was formed on the second principal
surface of the circuit board for an optical element
produced in Example 1. Protective layer 6 is made of
an urethane acrylic resin of the UV (ultraviolet rays)
setting type and has the thickness of 10 um. Bonding

of an optical reading element 9 to the circuit board



[err]mso as to cover over charge preventing layer 3 and 1ighting w ndow.
5b. An LED array was pressed agai nst netal electrgﬂﬁﬁ ] e
360 oh the circuit board for an optical elenent thus pr ! .

pressure of 6 kg/cnR or so and then heated to and kept &t} 140[err] C fori 4
mnutes to effect bonding. It was confirned that there wap B3 Q&I }no_x;r
crack at any bonded portion and, when an i mage was forngdion 1

phot osensitive material 11 of an opticgp

for an optical element of the present example was
performed by hot blast circulating heating (140°C). It
was confirmed that there was no crack at any bonded
portion and a reading apparatus operated regularly.
Example 5

Example 5 is describéd with reference to Fig. 5.
A thin copper film (1 um thick) was formed by DC mégne—
tron sputtering on a first principal surface of a
Kapton V film. Then, a copper film (10 pm thick) was
formed in a copper sulfate bath by electroplating.
Thereafter, resist ink was printed in a predetermined
pattern, and etching was performed using ferric chlo-
ride solution, whereafter the resist ink was removed.
Further, a Ni film (2 um thick) was formed by plating,
and then, plated gold layer 2b (6.2 um thick) was
formed to produce metal electrode 2.

A resin containing black pigment therein was
apblied=to the first principal surface so as not to
cover lighting window Sa, and Structbond 920 (manufac-
tured by Mitsui Toatsu Chemicals, Inc.) containing .
carbon black particles therein was applied to the
second principal surface so as to define lighting
window 5b, and then the Kapton V film was heated to
form light intercepting layer 4 having an electric
insulating property and charge preventing layer 3

having a conductivity. Thereafter, protective layer 6



printer'using the circuit board for an optical elenent,
regul arly. Further, also when, in any of the exafpl

1t operated.
ACEMENT 3120

S
above, a grounding el ectrode connected to the charge prevent

provi ded and connected to the ground, a good result was

Next, conparative exanples are described. Conparative Ekaf

Conparative Exanple 1 is described mﬁtg reference to Fi
of 18 [err]mthick having a Ni-Cu all %

first principal surface of transparent |ayer 1 forned

50 [err]mthick using a bonding agent of the epoxy type. Then, resist

was applied i FlBLrBEdJE? cERRhednpBraBphe fowagkEoxmest dn dad@li®de tehd a
portion correspondin to a |light interceptin% | ayer, and the copper foi
r

was

the second principal surface of ansparent layer 1 so

as to cover charge preventing layer 3 and lighting
window 5b. Protective layer 6 protects the chargé
preventing layer and the lighting window from friction
by document 10 or some other material which moves just
below the second principal surface.

The circuit board for an optical element of the
present example and reading element 9 having aluminum
pads were pressed to each other for 30 seconds at 200°C
to join them. Thereafter, while element 9 was held
pressed, a transparent thermosetting resin of the
polyester type was applied so as to be filled uniformly
between transparent layer 1 and element 9. Thereafter,
the resin was heated to 140°C for 20 seconds so that it
was hardened to feinforce the joining between element 9
and metal electrode 2. It was confirmed that there was
no peeling at any bonded portion and a reading appara-
tus operated regqularly. |
Example 6

Example 6 is described with reference to Fig. 4.
Copper foil (18 pm thick) having a Ni-Cu alloy layer
was layered, using an epoxy bonding agent, on a first
principal surface of transparent layer 1 formed from a
PES film (50 pm thick). Then, resist ink was applied

so as to form a predetermined pattern and a light inter-

| ayer .t hereon{was | ayered on a

L
i

was

&

f
i nk



etched using ferric chloride solution, whereafter the , ; '. T
renpved.to formnetal electrode |layer 2a and |ight |ntREEbb€EM@%ﬂh Hk.4'

layer 2b sim- lar to that in Exanple | was pr¢viged on net al :
el ectrode | ayer 2a to make an el ectric bonding | aye

onai | 23 0CT 98 | |
readi ng el enent 9 was bonded to the circuit bganj%%w_an opti ¢cal
el ement produced in this nmanner by ho®5bl ast circul atijnd &

(120[err]O.

Wiile there was no crack at any'bonded pcrfion, static ele

cepting layer, and the copper foil was etched using
ferric chloride solution, whereafter the resist ink was
removed to form metal electrode layer 2a and light
intercepting layer 4. Solder layer 2b similar to that
in Example 1 was provided on metal electrode layer 2a
to form an electric bonding layer. Further, colored
resin Raycure 4200 (manufactured by Jujo Kako Inc.j of
the UV setting type was printed on metal electrode 2 to
form a light intercepting layer having an insulation
property.

Then, Structbond 920 (manufactured by Mitsui
Toétsu Chemicals, Inc.) containing ‘carbon black
particles therein was applied to the second principal
surface so as to be opposed to lighting window Sa
formed on the first principal surface, thereby to form
a light intercepting layer and a charge preventing
layer. Further, a protective layer similar to that in
Example 5 was formed so as to cover over the charge -
preventing layer. |

Bonding between the circuit board for an opticai
element of the present embodiment and a reading element
was performed by hot blast circulating heating (120°C).
It was confirmed that there was no crack at any joined
portion and a reading apparatus operated regularly.

Example 7

Example 7 is described with reference to Fig. 3.



tricity was induced, upon reading of an docunent, by
‘transparent board and the docunent and noi se was pr
signal. Further, a black output, which was consider
sion of light fromany other portion than |ight sour
reflection of light fromlight sourceyg between doc
circuit board, becanme high, and it was confirmed th

bl
Ce
111

to arise from adni s-

Ot

sensitivity was deteriorated. Conparative Exanple

2 PCMiv#d pat h
PNt 10 and theli
‘ adi ng i

A thin _copper

filmof 0.5 [err]mthick was forned by DC magnetron sputtering on a first
principal surface of a transparent board fornmed froma PES filmof 50
[err]m thick, and resist ink was printed in a predetermi ned pattern,
whereafter a copgeinfcoppet fbbmtob [6r6] pmt khikk )wessf domeedbpy DC

el ectropl ati ng. The transparent board

magnetron sputtering on a first principal surface of

transparent layer 1 formed from a PES film (50 um

thick), and then, resist ink was printed so as to form

a predetermined pattern, whereafter copper film 2a

{about S um thick) was formed by electroplating. Fur-

ther, tin layer 2b (about 5 um thick) was formed by

electroplating. After the resist was removed, the

unnecessary copper film was removed by flash etching to

form metal electrode 2 having a predetermined pattern.

A resin containing black pigment therein was

printed on the first principal surface so as not to

cover lighting window 5a to form a light intercepting

layer, and Structbond 920 (manufactured by Mitsui

Toatsu Chemicals, Inc.) containing carbon black

particles therein was applied to the second principal

surface so as to define lighting window 5b, whereafter

heat was- applied to harden the resin to form a light

intercepting layer having an @lectric insulating

property and a charge preventing layer having conduc-

tivity. Then, protective layer 6 similar to that in

Example 5 was formed so as to cover charge preventing

layer 3.

Metal electrode 2 of the circuit board for an

optical element of the present embodiment and an opti-

cal reading element 9 having pads of Au were pressed to



was soaked into a nolten solder bath of 240[err]C in order

be utilized

o try tg form

a sol der layer. However, the filmwas contracted, and no p|REPc ' R
REPEACESERT SFE, -

As appar ent
32 above,
t he. present
reliability
property is

as a circuit board for an optical el enment was
al so fromthe exanpl es descri bed

a circuit.board for an optical elenment of the ¢o hs EruBET JR%% ¢
invention allows electric Bdnding of a high degree of

not only when a base nmaterial having a high hept resisting

AT TIreas

each other for 30 seconds at 200°C to bond them.
Thereafter} while they were held pressed to each other,
a transparent thermosetting resin of the polyester type
was applied to the circuit board so as to cover over
the entire area of reading element 9, and the circuit
board was kept at 140°C for 20 minutes to harden the
resin. It was confirmed that there was no peeling.at

any bonded portion and a reading apparatus operated
regularly.
Example 8

Example 8 is described with reference to Fig. 3.
A thin copper film (0.5 pm thick) was formed by DC
magnetron sputtering on a first principal surface of
transparent layer 1 formed from a PES film (50 um
thick), and resist ink was printed so as to form a
predetermined pattern to make a metal electrode, where-
after a copper film (about 5 um thick) was formed by
electroplating. Further, a solder layer of about 5 um
made of a Sn-Pb (60 Sn/40 Pb) alloy was formed by'
solder plating in an alkanolsulfonic acid bath.’

After the resist was removed, the necessary thin
copper film was removed by flash etching to form metal
electrode 2 having the predetermined pattern.

A resin containing black pigment therein was
printed on the first principal surface so as not toO

cover lighting window Sa to form an insulating light



enpl oyed as a transparent board but also when a base naterfipghrQ tasti-c.
fan1¥aving a rather |l ow heat resisting property is enployé@ﬂiéﬁggvﬂﬂﬂggHﬁh;g
transparent layer, and also allows prevention of charging.] Hurther, it -
al  ows prevention of admission of Iight fromany other el gnmgnt2 3 00T 998
l'ight source and prevention of nultipath reflection of lighy froman
original. As aresult, it is possible to provide circuit Qhoards—for—use
with various optical instrunents of thggfully contacting {type which
enploy no lens and circuit boards for use wth reading apparatus for — -
copyi ng machimsscradptivey Vdyée. bost ud yfend@ngl2¢O(hoht Padsuyel| bps circuit g
boards for use with optical printers as inmage formng appara- tus for

form ng el edti¥tniic Toatogr@pdsicmls soldor j hcontansengeotkpont Beatrvent ors

of the present invention are confident that the present invention
significant|Barticles therein was applied to the second principal

surface so as to define a lighting window, and then,
heat was applied to harden the resin to form light
intercepting layer 4 and charge preventing layer 3.
The surface resistance of charge preventing layer 3 was
103 o/Q.

Thereafter, a transparent urethane acrylic resin
of the UV setting type was formed as protective layer 6
with the thickness of 10 um on charge preventing layer
3 and lighting window Sb. An optical reading element 9
having bumps thereon was kept for 4 minutes at 190°C
while it was pressed against metal electrode 2 of the
circuit board for an optical element thus produced to
effect bonding of element 9. Further, protective layer
6 was provided. It was confirmed that, since protec-
tive layer 6 was provided, the friction resisting
property of the circuit board for an optical-elemént )
"with an original was improved and the life of the
reading apparatus was extended remarkably.
Example 10

Example 10 is described with reference to Fig..S.
A thin copper film (0.5 pum thick) was formed by DC
magnetron sputtering on a first principal surface of

transparent layer 1 formed from a polyarylate film (S0
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33 . . CLAI M5 1. Acircuit board for apd PLA
which is di sposed in an optical reading apparatju
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apparatus, said circuit board having a |ighting

_ _ i N an_opposi
rel ati onship to a document which noves in said opticall |5230GEaiffg

wi ndow whi ch gti ¢les

docunent reading light froma |ight
t her et hrough and conpri si ng:

29 source ontd the docunent
a transparentllayer_in the f

of

a plastic film havi ng opposed first and second princi pal surfacés;
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copper film except a pattern in which a metal electrode
was to be formed, whereafter a copper film (about 5 um
thick) was formed by electroplating. Further, a solder
layer (about S5 um thick) made of a Sn-Pn (60 Sn/40 Pb)
alloy was formed in an alkanolsulfonic acid bath.

After the resist was removed, the unnecessary thin
copper film was removed by flash etching to form metal
.electrode 2.

A resin containing black pigment therein was
printed on the first principal surface of transparent
layer 1 so as not to cover lighting window 5a to form
light intercepting layer 4 having an insulating
property. Further, Structbond 920 (manufactured by
Mitsui Toatsu Chemicals, Inc.) containing carbon black
particles therein was applied to the second principal
surface of transparent board 1 so as to define lighting
window Sb, and then heat was applied to harden the
resin to form a charge preventing layer having a iight
intercepting properfy. The surface resistance of '
charge preventing layer 3 was 103 @/0. Protective
layer 6 made of a transparent urethane acrylic resin of
the UV setting type was formed with the thickness of 10
Um SO as to cover over charge preventing layer 3 and

lighting window 5b.

An LED array was pressed against metal electrode 2



one or a plurality of metal electrodes of |ayer form ~
portion-of the first principal surface of said t r apREAACEMENTeR
positioned adjacent said |light source al ong the fifsf primcrpat P
surface side of said lighting 15 wi ndow whj ch is defipe §§%ﬁ¢TH§P P
extend transversely to the novi ng direction of the| dpcu [ t%rieﬁ
to transmt the docunent reading |ight therethrough;tad |
a conductive layer for elimnating stat3@ electricity caused by 1
friction and having a light intercepting 20 property; WTererm—sai-¢
conductive layer is forned at a portion of the second princi pal
surface of sai t¥hmsphrenit board fpzyen ophiealielemensppbyedpserface to
said first prgyciégﬂ surface of said trangparent |ayer and is
opposed to théuced undep the pregguge pf fekghemsaPd FPgANEN§hE Ndow at

id 25 d_prjncipal. surface; .s_made_of in_in which
car bon bl ack R T8 & PRACkaPE RF 14PEE £Pe ) BpBiels o Seeact ©

bonding. It was confirmed that there was no peeling

nor crack at any bonded portion and, when an image was
formed on photosensitive material 11 of an optical
printer using the circuit board for an optical element,
it operated regularly.

Further, also when, in any of the examples
described above, a grounding electrode connected to the
charge preventing layer was provided and connected to
the ground, a good result was obtained.

Next, comparative examples are described.
Comparative Example 1

Comparative Example 1 is described with reference
to Fig. 6. Copper foil of 18 um thick having a Ni-Cu
alloy layer thereon was layered on a first principal
surface .of transparent layer 1 formed from a PES film
of 50 um thick using a bonding agent of the epoxy'type.
Then, resist ink was applied in a predetermined pattérﬁ'
to make a metal electrode and a portion corresponding
to a light intercepting layer, and the copper foil was
etched using ferric chloride solution, whereafter the
resist ink was removed to form metal electrode layer 2a
and light intercepting layer 4. Solder layer 2b simi-

lar to that in Example 1 was provided on metal



2. Acircuit board for ‘an optical elenent as clained
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and further having a light intercepting |ayer REPLACE\/TENT SHEET
34 formed along and outside said first principal surfgce—srde
of the lighting w ndow. 3. Acircuit board far S
el ement which is di sposed in an optical witing apparafﬂ
opposing 5 rel ati onship to a phot osensi tive syr flace
phot osensi tive nmenber which noves in daid optical witing apparatus,
said circuit board having a |ighting w ndow whi ch gt '
an i mage fornrn% ght source onto sai d _phot gsensi tive iurface
t her et hr ough, cEepqd 8: layer 2a to make an electric bonding layer.

An optical reading element 9 was bonded to the
circuit board for an optical element produced in this
manner by hot blast circulating heating (120°C). While
there was no crack at any bonded portion, static elec-
tricity was induced, upon reading of an document, by
friction between the transparent board and the document
and noise was produced in a read signal. Further, a
black output, which was considered to arise from admis-
sion of light from any other portion than light source
8 or multipath reflection of light from light source 8
between document 10 and the circuit board, became high,
and it was confirmed that the reading sensitivity was
deteriorated.

Comparative Example 2

A thin copper film of 0.5 um thick was formed by
DC magnetron sputtering on a first principal surface of
4 transparent board formed from a PES film of SO um
thick, and resist ink was printed in a prédetermiaed
pattern, whereafter a copper film of about 5 um ﬁhick
was formed by electroplating. The transparent board
was soaked into a molten solder bath of 240°C in order
to try to form a solder layer. However, the film was
contracted, and no product which can be utilized as a
circuit board for an optical element was obtained.

As apparent also from the examples described




10 a transparent layer in the formof a plastic [Kdzm s p = A1a
opposed first and second principal surfaces; said kﬁ?hﬁiﬁﬁ&ﬂNﬁ‘éﬂ%ﬁE@
being within said transparent |ayer; one or lalplurality of
netal electrodes of |ayer form formed at a portijor] df 300 fivest
princi pal surface of said 15 transparent |ayer positfligned adj acent s$ali
| i ght source and along the first_principal surfgcesrdeof—sard
l'i ghting wi ndow which is defin so as to extend_transversely to
t he nmovi ng direction of said photosensitive surface in order to
transmt the |gage forn1n | i ght therethrough; . 2? a |ight

i ntercepting P8P fBrﬁéH Fﬁnaoﬁﬁ oGPéra5d§8tlca elegent, §H S de said
first princ pgi, SPELBERR! 42 She! BResenc 1aveh@Ibi G Yo &0,

a conductive Tayer or el'i mna TEPER I HAVELTHCS %d by

friction of tRg gPKLNE£PROLR§RNSELYE 8¥r2@§§a%&qlcy not only when a

base material having a high heat resisting property is

employed as a transparent board but also when a base
matefial of a plastic film having a rather low heat
resisting property is employed as a transparent la?er,
and also allows prevention of charging. Further, it
allows prevention of admission of light from any other
element than a light source and prevention of multipath
reflection of light from an original. As a re§ult, it
is possible to provide circuit boards for use with
various optical instruments of the fully contacting
type which employ no lens and circuit boards for use
with reading apparatus for copying machines of the
white board type and so forth as well as circuit boards
for use with optical printers as image forming appara-
tus for .forming electronic photographs and so forth.
Consequently, the inventors of the present invention -
are confident that the present invention significantiy.

contributes to the semiconductor application industry.
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surface, so as to define said lighting w ndow at the sedond
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so as,to surround said

posed *in 4R aprical feafiigoaPHAraFuan Mt T AP PROETE:

relationship to a document which moves in said optical
reading apparatus, said circuit board having a lighting
window which guides document reading light from a light
source onto the document therethrough and comprising:

a transparent layer in the form of a plastic film
having opposed first and second principal surfaces; said
lighting window being within said transparent layer;

one or a plurality of metal electrodes of layer form
formed at a portion of the first principal surface of said
transparent layer positioned adjacent said light source
along the first principal surface side of said lighting
window which is defined so as to extend transversely to the
moving direction of the document in order to transmit the
document reading light therethrough; and

a conductive layer for eliminating static electricity
caused by friction and having a 1light intercepting
property; wherein said conductive layer is formed at a
portion of the second principal surface of said transparent
layer, which is the opposed surface to said first principal
surface of said transparent layer and is opposed to the
document, so as to define said lighting window at said
second principal surface; and is made of a resin in which
carbon black particles or metal particles are dispersed.

2. A circuit board for an optical element as claimed

in claim 1 and further having a light intercepting layer
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to any one of claims 1 to 3, wherein said conductive |ayer N0 is o
formed . as a pg | ayer portions on respective
opposite sides oﬂll;mmmuﬂﬁm\@!ﬁl ndow so as to ext gn2 3 10GTsW9Bsell y
to the noving directront ofs t ke @docunent or photosgngitive surface,
6. Acircuit board for an optical elenent according 15 to any
precedi ng cl ai mwherein said netal el eéttrode or ellectrodes are mmad
of a netal sdosakddallonm Aud Agrshide said firer, pCinehgalV surface side 7.
A circuit board for an optical el enment according to any of one of
claims 1 to ®f wiher diighdding veitredow .20 el ectrode or el ectrodes are
constituted froma first netal | ayer forned on said transparent

| ayer, and a secorid nethalcircuit boaydrfesrapdophigal deipmsntniwhidlch dyer .

8. Acircuit_board for an optical el enen{ accordin ) .
isposed in an optical writing apparatus in an opposing

5 relationship to a photosensitive surface of a
photosensitive member which moves in said optical writing
apparatus, said circuit board having a lighting window
which guides light from an image forming light source onto
said photosensitive surface therethrough, comprising:

10 a transparent layer in the form of a plastic film
having opposed first and second principal surfaces; said
lighting window being within said transparent layer;

one or a plurality of metal electrodes of layer form
formed at a portion of the first principal surface of said

15 transparent layer positioned adjacent said light source and
along the first principal surface side of said lighting
window which is defined so as to extend transversely to the
moving direction of said photosensitive surface in order to
transmit the image forming light therethrough;

20 a light intercepting layer formed along an outer edge
of and outside said first principal surface side of the
lighting window; and

a conductive layer for eliminating static electricity
caused by friction of the moving photosensitive surface and

25 having a 1light intercepting property; wherein said
conductive layer is formed at a portion of the second
principal surface of said transparent layer, which is the

opposite surface to said first principal surface of said



to claim?7, wherei n sal d first met aI ayer is made of a :gEPLA%?"af” SHEET

sel ect ed from Au, ”mlmlmuﬂuwum and sai d " $efond netal |aypr
i s capabl e of m)untl ng t hereon by pr@30CE 1998

fixation or fusion fixafi of. . Acircuit bpafd for an
optical elenment according 35 3 ©

to claim8, wherein said second netal layer is forned fro a plated
metal or frontpRESPETSBEJdRYST fakfn pEi mRRPsed to §6FL§erPh0tosenSltlve 10.
An optical elenment for an optical_ readi ng and/ or , wr|t| ng appar at us
conprising a ERFERFE: LRArRE é’ét&eéllﬁﬁ £81 119ht’a“|‘ﬁ/ YHRRRIiHy ealsrﬁc%‘éf?d
el enment includi n id | g sour.ce \ghl ch is pr,ovided,.on e
circuit boardpﬁF ﬁﬁﬁﬁie&uFﬁ ce, and is made of a resin in which car on

black particles or metal particles are dispersed.

5 4. A circuit board for an optical element according
to any one of claims 1 to 3, wherein said conductive layer
is formed so as to surround said lighting window.

5. A circuit board for an optical element according
to any one of claims 1 to 3, wherein said conductive layer
10 is formed as a pair of separate layer portions on
respective opposite sides of said lighting window so as to
extend transversely to the moving direction of the document
or photosensitive surface.
6. A circuit board for an optical element according
15 to any preceding claim wherein said metal electrode or
electrodes are made of a metal selected from Au, Ag, Ni,
Cr, Cu and W.
7. A circuit board for an optical element according
to any of one of claimgs 1 to 5, wherein said metal
20 electrode or electrodes are constituted from a first metal
layer formed on said transparent layer, and a second metal
layer formed on said first metal layer.
8. A circuit board for an optical element according
to claim 7, wherein said first metal layer is made of a
25 metal selected from Au, Ag, Ni, Cr, Cu and W, and said
second metal layer is capable of mounting an electric part
thereon by pressure fixation or fusion fixation.

9. A circuit board for an optical element according
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to claim 8, wherein said second metal layer is rormed—from

-

a plated metal or from plated solder or from printed
solder.

10. An optical element for an optical reading and/or
writing apparatus comprising a circuit board according to
any preceding claim; said element including a said light
source which is provided on the circuit board or mounted in
relation to it.

11. An optical reading and/or writing apparatus
comprising an optical element according to claim 10, and
means defining a path for relative movement of a document
or photosensitive web which extends adjacent said lighting
window, the direction of said path being perpendicular to

the direction of extension of the window.
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CIRCUIT BOARD FOR OPTICAL ELEMENT

ABSTRACT -

An optical reading or writing apparatus includes a
circuit board for an optical element which is used +to
irradiate document reading light upon an document, or to
irradiate image writing light upon a photosensitive
material. The board is a transparent layér in the form of
a film (1), with one or a plurality of metal electrodes (2 )
formed on a first principal surface of the transparent
layer (1) on the light incidence side along a lighting
window (5) which is defined so as to extend perpendicularly
to the moving direction of the document or +the
photosensitive material in order to transmit the light
therethrough. A conductive charge preventing layer (3)
with light intercepting properties is formed on a second
principal surface of the transparent layer (1) and is
opposed to the original or the photosensitive material so
as to define the lighting window (S5). An optical reading
elementm(g) or an image writing optical element is mounted

on the metal electrode (2) or any of the metal electrodes

(2).

Figure 1A




