1 CIRCUT BOARD AND MANUFACTURI NG METHOD THEREOF BACKGROUND OF THE

I NVENTION 1. Field of the Invention [0001] The present invention relates
to a circuit board on which a sem conductor device is nmounted, and nore
particularly to a circuit board which has an opening portion at the center
t hereof to connect a sem conductor deyice with the circuit board through a
bonding wire, and a manufacturing nethod thereof. 2. Description of the

I d A 0 |y j i em tor device
Fﬁ ZaeelegtroLigﬁﬁﬁgﬁgégﬁgﬁﬁgéﬁ%¥gﬁgu% Qﬁﬁﬁ#ﬁ%ggPﬁ%ﬁ)gkﬁ?@gﬁﬁuctor devi ce

on a circuit board in advance and assenbling the circuit board having the
sem conduct or device nounted thereon in the electronic device is adopted

to increase an efficiency of an inplenenting operation. At this tinme, an
el ectrode of the senicond%%@%@R@%gﬁc%FiEHEcgN% TENwith a termnal on the
circuit board through a bonding wire. In order to reduce a length of the
bondi ng Wi riéleksh oberhiaigipoentiiomis forned at the center of the circuit
board and an el ectrode of the small sem conductor 2

[0001]

The present invention relates to a circuit board on
which a semiconductor device is mounted, and more
particularly to a circuit board which has an opening
portion at the center thereof to connect a semiconductor
device with the circuit board through a bonding wire, and a
manufacturing method thereof.

2. Description of the Related Art
[0002]

In general, when implementing a semiconductor device
in an electronic device, a technique of mounting the
semiconductor device on a circuit board in advance and
assembling the circuit board having the semiconductor
device mounted thereon in the electronic device is adopted
to increase an efficiency of an implementing operation. At
this time, an electrode of the semiconductor device is
connected with a terminal on the circuit board through a
bonding wire. In order to reduce a length of the bonding
wire, an opening portion is formed at the center of the

circuit board and an electrode of the small semiconductor




device is connected with a termnal portion of a circuit wring |line

around t he openi

ng portion through the bonding wre. In such a circuit

board 101 which is assenbled as a semi conductor device and has an opening

portion 3 at the

center thereof as shown in FIG 11, an etching resist

| ayer is provided on a copper |ayer b¥ using an insul ative base nmateri al
17, e.g., a glass base material copper=clad l|amnation to forma

Chis etcntngsas ot CORERERn PEthot (onrliBePORorb b ol Trer Phe ot ching

this etching resist

resist pattern

ern I's et chi ng
| s renoved, thereby formng a predetermned wiring pattern

15 made of *1H2Y copperaFayRy. toEbeREREN? | POT hlod ot EPUGRsTRE Pagding s

provided to forma predetermi ned solder resist pattern, Ni/Au plating is

performed’weh

respect to a wiring pattern exposed fromthis sol der resi st

pattern, and then the opening portion 3 is fornmed at the center of the
circuit board by suchhrrecibitit[00883 10h whieh to aveembbeduss ence of
burrs and renmoval of the wiring pattern when form ng the opening portion
by the rsemiromdictdéhedeviseaanethod o S9eMing Bostisni s M rimg pattern
at a position where the opening portion is forne in such a manner that

this pattesitds tHElddehAlsRo®NAP BIG. 11, an etching resist layer

is provided on a copper layer by using an insulative base

material 17, e.g., a glass base material copper-clad

lamination to form a predetermined etching resist pattern,

a copper layer portion exposed from this etching resist

pattern
pattern

pattern

is molten and removed, and then the etching resist
is removed, thereby forming a predetermined wiring

15 made of the copper layer. Subsequently, a

solder resist layer is provided to form a predetermined

solder resist pattern, Ni/Au plating is performed with

respect

to a wiring pattern exposed from this solder resist

pattern, and then the opening portion 3 is formed at the

center of the circuit board by a router bit.

[0003]

In

order to avoid occurrence of burrs and removal of

the wiring pattern when forming the opening portion by the

router bit, there is a method of forming a circuit wiring

pattern

in such

at a position where the opening portion is formed

a manner that this pattern is inclined at a sharp




angle, which is preferably a sharp angle of 15 degrees or nore, wth
respect to a surface perpendicular to a noving direction of the router bit
and a width of the wiring pattern becomes 90 pmor nore (see, e.g., Patent
Docunment 1). [0004] Further, in this circuit board 101 having the opening
portion at the center thereof, the vvir'éng pattern 15 is a wring pattern
which is close to an el ectrode 12 of a~ sem conductor device 11 in order to
reduce aéne th\mic bondi n J}’\%k?]ﬁ( 13 ich co ectI}s] ];Ege el ectrode 12 of

the semiConductor device T W he Withe pats et FWITHR® W rcuit
board 101, and atﬁgrtion 4 where a wiring pattern 2 is dense and a bl ank
ortion e SR terinotacs Pprredicuan ¥ m GIO¥HY openi ng
porti erm ;
portion at the center of the circuit board 101 as shown in FIG 12. In
recent ye&HreCtHopdial nAutes deatdnh ofwidier opedingiipoind on by t he
router bit, formation of the opening portion by punching wi th high
product i \Babtaras Hysmme deifandechr Hovwey etseavhen. ¢ he Rpesith@qarmidran 1S
formed by punching, a white-blushed mark 6 which has a size of
approxi mat)el y 0.3 mm and | ooks white is newy partially produced at a part
shown in FIG 13 in the blank portion having no wiring pattern at the rim
of the opeywoxg portion 4
Further, in this circuit board 101 having the opening

portion at the center thereof, the wiring pattern 15 is a

wiring pattern which is close to an electrode 12 of a

semiconductor device 11 in order to reduce a length of a

bonding wire 13 which connects the electrode 12 of the

semiconductor device 11 with the wiring pattern 15 of the

circuit board 101, and a portion 4 where a wiring pattern 2

is dense and a blank portion 5 having no wiring pattern 2

are present at a rim of the opening portion at the center

of the circuit board 101 as shown in FIG. 12.

In recent years, as compared with formation of the

opening portion by the router bit, formation of the opening

portion by punching with high productivity has been

demanded. However, when the opening portion is formed by

punching, a white-blushed mark 6 which has a size of

approximately 0.3 mm and looks white is newly partially

produced at a part shown in FIG. 13 in the blank portion

having no wiring pattern at the rim of the opening portion




by an influence of punching. Since this white-blushed mark 6 can be
observed froma surface of the circuit board, an inconvenience nmay

possi bly occur in, e.g., inmage recognition at a subsequent step like wre
bondi ng, and occurrence of the white-blushed mark nust be elimnated or
greatly reduced, or observing this regjon nust be disabled. Patent
Docunent 1: Japanese Patent Application Laid- open print No. 2000-315751

[ 0005] Q&%i%%ﬁﬁ?ﬁP%ggéeO£%;$ﬁ%§ﬁesent invention to provide a circuit

board an cturing thereof which can avoid occurrence of a
whi t e- bl ushed r k ichis, artLaII ﬁroduced at a bl ank portion having

no wiring patterh Rt tAS i ?_%.u%%é%i B Hof t Fom ARePPTHESpeht ¥y Porti on
is formed by punching in the circuit board in which a portion where the
wiring paiteldrs Cterlse ahicihle ppark, portiveonvenlercaonay rvegs Patyern are
present at the rimof the opening portion at the center of the circuit
board. SUMMARY 1OF THES | NVENIGON-e¢ QP06 1idm achh evebsddnseobj €icdp Ticleor di ng
to a first aspect of the present invention, there is provided a circuit
board 5 wiane rigoradi ropenimy EOElt osndOrsedchd wh stbshTadeed her©ofmust
be eliminated or greatly reduced, or observing this region
must be disabled.
Patent Document 1: Japanese Patent Application Laid-
open print No. 2000-315751
[0005]
It is an object of the present invention to provide a
circuit board and a manufacturing method thereof which can
avoid occurrence of a white-blushed mark which is partially
produced at a blank portion having no wiring pattern at a
rim of an opening portion when the opening portion is
formed by punching in the circuit board in which a portion
where the wiring pattern is dense and the blank portion

having no wiring pattern are present at the rim of the

opening portion at the center of the circuit board.

SUMMARY OF THE INVENTION
[0006]
To achieve this object, according to a first aspect of

the present invention, there is provided a circuit board




wherein a dummy pattern connected with a rimof an arc part of the opening
portion is provided besides a wwring pattern connected with a rimof the
opening portion. Further, in the circuit board, the dunmy pattern is

formed of branch patterns connected with the rimof the arc part of the
opening portion on a periodic base, ang]it is formed of a plurality of
branch patterns connected with the rimof the arc part of the opening

ortion a. periodic base and. a coupling, porti on connecting one end of
gach of q?%vel e PR TE RO R hg?ﬁB‘?%?l Yap et iekh ?lh%g?)‘?%'r ality of

branch patterns as the dummy pattern is 0.3 mmor |ess, and the coupling
portion c@?ﬁl%edr? Ty GHEeRP bfevacteyreetrd prirem pHRtef R iare @aed in a
range which is 0.3 mmor less from the arc part of the opening portion.
When accofditite taPeniget g aksprect s aprenieded dsemitde s rvent i oy tiwet o ui t
board is configured as explained above, even if a portion where the wring
pattern icorderseed anidha blmaink Ebrtheonpavimg gwurtidnng pattern are present
at the rimof the opening portion at the center of the circuit board,

presence of teudingw, elreciiode Paiiernsod it hend! dtkny ROILH O enabl es
suppressing a white-blushed mark produced at the rimof the opening

portion dusrr BNGYAEN &a NS &onACCU i NG 1 O3 Lhif d ASpeet, of the

pr esent
part of the opening portion on a periodic base, and it is

formed of a plurality of branch patterns connected with the
rim of the arc part of the opening portion on a periodic
base and a coupling portion connecting one end of each of
the branch patterns.

Furthermore, a gap between the plurality of branch
patterns as the dummy pattern is 0.3 mm or less, and the
coupling portion connecting one end of each of the branch
patterns is formed in a range which is 0.3 mm or less from
the arc part of the opening portion.

When according to a second aspect of the present
invention the circuit board is configured as explained
above, even if a portion where the wiring pattern is dense
and a blank portion having no wiring pattern are present at
the rim of the opening portion at the center of the circuit
board, presence of the dummy electrode pattern in the blank
portion enables suppressing a white-blushed mark produced

at the rim of the opening portion due to punching.




invention even if a white-blushed mark is generated, it is hardly seen
when it is placed in the range of 0.2 mmor |ess fromthe opening portion,
and erroneous recognition by an optical device at a subsequent step does
not occur. [0007] The circuit board can be nmanufactured by formng a
wWiring pattern and a dummy pattern coupled with each other in a range
serving as an opening portion of a subsStrate, then form ng the opening

portion by punching and, at the sanme tjinme, electrically disconnecting the
Wiring patter ﬁgo%en%v?%’e ey A B P £ TR R FP Bt hert %7:%09%‘??@15 o this

met hod, the wiring pattern and the dummy pattern can be sinultaneously
formed and{HE¥OF iﬁ?‘fﬁfﬁ ht & K etsEe i Heed i eFleake IR @ '@ r ot at$ ng whi ch
is performed to these patterns at the sane tine, thereby greatly

sinpli fyiltgrdhe sqppodsen Mddie ipheteqd, imhene anpageo D0 thewdummy pattern
is reduced as nuch as possible, an anobunt of plating which is essentially

unnecessarascardre tdeeraasecthg [BH08]on Acaod di gorieodherqr@gernti dmvgnt i on,
it is possible to provide the circuit board whose productivity can be

greatly dmupnviathbyddwrds ng thes opaih PostdPnidys Bchitgias 7 conpar ed
with that when form ng the opening portion by a
[0007]

The circuit board can be manufactured by forming a
wiring pattern and a dummy pattern coupled with each other
in a range serving as an opening portion of a substrate,
then forming the opening portion by punching and, at the
same time, electrically disconnecting the wiring pattern
and the dummy pattern from each other. According to this
method, the wiring pattern and the dummy pattern can be
simultaneously formed and their film thicknesses can be
increased by electroplating which is performed to these
patterns at the same time, thereby greatly simplifying the
process.

Additionally, when an area of the dummy pattern is
reduced as much as possible, an amount of plating which is
essentially unnecessary can be decreased.

[0008]
According to the present invention, it is possible to

provide the circuit board whose productivity can be greatly

improved by forming the opening portion by punching as




router bit and in which generation of a white-blushed mark due to punching
can be suppressed by providing the dummy electrode pattern. As a result,
an obstacl e when recogni zing an image can be elim nated, and hence an
effect of greatly inproving efficiency at an inplenmentation step can be
denonstrated. BRI EF DESCRI PTI ON OF THEL.DRAWNGS [0009) FIG 1 is a view
showi ng a cross-sectional structure at the center of a circuit board
accordi ng he.present. _invention; FIG is a plan view show ng the
cent er ofc%rﬁ%‘grecﬁir%ﬁ boar dVidedi g%‘al?% ?}1%% ofi‘?nng—ﬁ“é PSTTECR Y o vi ew
show ng an exanpl e of du . electrode pattern; FIG 4 is a plan view
show ng aﬁ%?%%lfnp%&%nﬁ“g bt YhECh gpngr el bel robed pattbenblysleed suask 5 pl an
vi ew showi ng still another exanple of the dummy el ectrode pattern; FIG 6
is a pl arf4s e SHVFhE Y etarner hevreraspee by pIdel dimenytled edtimoyle patt ern;
FIG 7 is a plan view showi ng a further exanple of the 8 dummy el ectrode
pattern; Hl&tB®ds matviemwfor explai ning an area of the dummy

As a result, an obstacle when recognizing an image can
be eliminated, and hence an effect of greatly improving

efficiency at an implementation step can be demonstrated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

FIG. 1 is a view showing a cross-sectional structure
at the center of a circuit board according to the present
invention;

FIG. 2 is a plan view showing the center of the
circuit board depicted in FIG. 1;

FIG. 3 is a plan view showing an example of a dummy
electrode pattern;

FIG. 4 is a plan view showing another example of the
dummy electrode pattern;

FIG. 5 is a plan view showing still another example of
the dummy electrode pattern;

FIG. 6 is a plan view showing yet another example of
the dummy electrode pattern;

FIG. 7 is a plan view showing a further example of the



el ectrode pattern and a joint length with respect to an opening portion;
FIG 9 is a viewshowng a relationship between a ratio of an area of the
dummy el ectrode pattern and a joint length with respect to the opening
portion and a renoval occurrence rate; FIG 10 is a view showing a

manuf acturi ng process of the dumy el ectrode pattern; FIG 11 is a view
showi ng a cross-sectional structure of the circuit board; FIG 12 is a

Vi ew show ment, of circuit wring lines on the circuit board,
and FI G ‘gﬂ?ﬁg%alae\rﬁgtgl\?v&g &Dvﬁtntge%n’v\hi te-blushed mark of the <circuit board.

DETAI LED DESC??PTlg?,CF THE PREFERRED EMBODI MENTS [0010] FIG 1 is a view
showi ng a crogs-&ect ilchdt ©FUCIUr S2XRFANERF AR ta 4Pt ddtord™Y to t he

present invention, and FIG 2 is a plan view of the center of the circuit
board de&pigtterds mtdem amd shalmint @t with sl ttdeard 100
according 9 to the present invention, a sem conductor device 11 is
nmount ed @PamaspdEcenf an insul ative base material 17 having an opening
portion 3 formed at the center, and a
FIG. 9 is a view showing a relationship between a
ratio of an area of the dummy electrode pattern and a joint
length with respect to the opening portion and a removal
occurrence rate;
FIG. 10 is a view showing a manufacturing process of
the dummy electrode pattern;
FIG. 11 is a view showing a cross-sectional structure
of the circuit board;
FIG. 12 is a view showing an arrangement of circuit
wiring lines on the circuit board; and

FIG. 13 is a view showing a white-blushed mark of the

circuit board.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0010]

FIG. 1 is a view showing a cross-sectional structure
of a circuit board according to the present invention, and
FIG. 2 is a plan view of the center of the circuit board

depicted in FIG. 1.

As shown in FIG. 1, in a circuit board 100 according




Wi ring pattern and connection termnals 14 for the outside which are
continuous with the wiring pattern are provided on the other surface of
the insulative base material 17. Electrodes 12 are provided on a surface
of the sem conductor device 11 on the insulative base material side, and
each el ectrode 12 is connected with a ponding portion at a distal end of
the wiring pattern 15 through a bondihg wire 13 in the opening portion 3.

Furt her, ] C jce 11 is.covered with and of ected by a
seal i ng r%ﬁl?%hig’?q%% h%R%? e%{blgUr ascéem%)?ortlﬁ%cg?n]éu‘?%ﬁ?/% P{Jajs% material 17
is protected tb%/%a solder resist 16 except _end gortl ons of the connection

termnal s 14, [00T1]°"F n®the” of affte, 2as™SHdWA" 1= PPEge 2Matepiad al Tty of (14
in FIG wiring patterns 2 and a dummy pattern 1 are fornmed at a rim of
t he openi'ty PO tFOrPRPANY HeOEehtRr 3 of oTe@ dfhstirat¢ert daseantarial . Each
wring pattern 2 is connected with the connection termnal (not shown) for
the outsideinaiestdemy pad teemdct soronstiinabd D4 Sewerlsd owisicks (two
upper and |ower blocks in FIG 2). Here, the wring patterns 2 are forned
i n accor dériceh vt ¢dret inunbies WiDth ofhé hei el wgtpodesrofa tdiep e canduct or
device, and the dummy pattern 1 is arranged and formed to fill a region
havi ng nowitHagfadt esur f Qedresl thes eids@ative 9sdiRPSferial 17.

Electrodes 12 are provided on a surface of the

semiconductor device 11 on the insulative base material

side, and each electrode 12 is connected with a bonding

portion at a distal end of the wiring pattern 15 through a

bonding wire 13 in the opening portion 3. Further, the

semiconductor device 11 is covered with and protected by a

sealing resin 10, and the other surface of the insulative

base material 17 is protected by a solder resist 16 except

end portions of the connection terminals 14.

[0011]

In the plane, as shown in FIG. 2, a plurality of (14

in FIG. 2) wiring patterns 2 and a dummy pattern 1 are

formed at a rim of the opening portion 3 at the center of

the insulative base material. Each wiring pattern 2 is

connected with the connection terminal (not shown) for the

outside. The dummy pattern 1 is constituted of several

blocks (two upper and lower blocks in FIG. 2). Here, the

wiring patterns 2 are formed in accordance with the number




and lower arc parts of the opening portion 3. [0012] 1In the exanple
depicted in FIG 2, the dumy pattern 1 is forned of six branch patterns
la which are in contact wth the rimof the opening portion 3 and an arc
pattern I b connecting ends of these six branch patterns la, and
connecting the ends of the branch pat t,erns la by the arc pattern Ib
enabl es obtai ning stronger bondi ng strength. The nost outer profile of the

arc patte i i n-the range of .0.3 or.less fromthe opening
porti on. éqﬁgﬁbiél%égé§ﬁé§f%;r#¥% %?é@%ﬁﬁ%%ciﬁﬁt ?Yﬁ%%@raqéét peni ng
portion alone can avoi d generation gf a_white-blushed mark sjnce

product i o8P (e WHI R et bHIHEP T % W TOrPRACH ngt L} <@ 159619 to a

position near the opening portion. In the circuit board according to the
present RaNASHE i, VBV |92t iHernt @ Enedl Usiheiee Farat i sigeref ateeedue  to
punchi ng the opening portion, a position of the white- blushed mark is
restrictend olawer ratyeaftD.@f nrhoropeassng fpamidre 3i m of the opening
portion 3. Therefore, erroneous recognition by an optical device at a
subsequeniO0stlep does not occur. 11 [0013] FIGS. 3 to 7 show ot her
exanpl es of the shape of the dummy pattern.
In the example depicted in FIG. 2, the dummy pattern 1
is formed of six branch patterns la which are in contact
with the rim of the opening portion 3 and an arc pattern 1b
~connecting ends of these six branch patterns la, and
connecting the ends of the branch patterns la by the arc
pattern 1b enables obtaining stronger bonding strength.
The most outer profile of the arc pattern 1lb is formed
in the range of 0.3 mm or less from the opening portion.
That is because forming the dummy pattern near the opening
portion alone can avoid generation of a white-blushed mark
since production of the white-blushed mark due to punching
is limited to a position near the opening portion.
In the circuit board according to the present
invention, even if the white-blushed mark is generated due
to punching the opening portion, a position of the white-
blushed mark is restricted to the range of 0.2 mm or less
from the rim of the opening portion 3. Therefore,

erroneous recognition by an optical device at a subsequent

step does not occur.



In the circuit board having an oval opening portion formed therein, each
arc part serves as a blank portion having no wiring pattern, and hence a
wheel - shaped dunmy electrode pattern is forned at this arc part. FIG 3
shows an exanple in which a blank portion having no wiring pattern is
provi ded at each arc part of the opeghgg portion 3 and hence a

wheel - shaped dunmmy pattern 1-1 is fo

pattern

by an arcﬂ%%&%gr

formed of sev

br ought
poi nt s,

into

d at this portion. This dunmy
constituted by connecting ends of seven branch patterns |la
nlb. FIG 4 is an exanple in which a dummy pattern 1-2 is

e anch terns la. Wien form ng dummy patterns by being
Rhdtact S h

$heY opEPFhe orRiof af B9l shale t9f dfheont act

it is preferable to formeach gap L between the dunmy patterns
(branch p3%eY RAtFe¥mi s exanpl e) adjacent to each other to 0.3 mmor

| ess. This structure suppresses generation of a white- blushed mark. FIG 5
shows an exanplre Werelscsi hdheasdl hav dumyn padl espediBg wbetidrs i n
contact with the arc part of the 12 opening portion 3 is fornmed. An

adhesi on faommesd ithd e e, Skaicle &rd ahd Ot Ofe e OPLHI N1 POK O Lot act area
wWith respect to a pattern area is

having no wiring pattern, and hence a wheel-shaped dummy

electrode pattern is formed at this arc part.

FIG. 3 shows an example in which a blank portion

having no wiring pattern is provided at each arc part of

the opening portion 3 and hence a wheel-shaped dummy

pattern

1-1 is formed at this portion. This dummy pattern

1-1 is constituted by connecting ends of seven branch

patterns la by an arc pattern 1b.

FIG. 4 is an example in which a dummy pattern 1-2 is

formed of seven branch patterns la.

When forming dummy patterns by being brought into

contact

points,

with the opening portion at a plurality of contact

it is preferable to form each gap L between the

dummy patterns (branch patterns in this example) adjacent

to each

other to 0.3 mm or less.

This structure suppresses generation of a white-

blushed

mark.

FIG. 5 shows an example where a single solid dummy

pattern

1-3 which is in contact with the arc part of the




i ncreased, and hence the dummy pattern which is hardly renoved at the tine
of punching can be provided. [0014] FIG 6 shows an exanple where a dunmy
pattern 1-4 is fornmed of three branch patterns Ia and an arc pattern Ib
connecting ends of these branch patterns |a. The robust dummy pattern which
is hardly renoved at the tine of pungeing can be provided. Since a shape
of the blank portion is limted by th W ring pattern at each straight

part of t i orti el ectrode pattern vertical to the
openi ng por :{(@1 p%rgftgmdlumfry elfgocr[ Ode pattern having an angle with respect

to the sane | for 0015 FI G_ 7 shows an exanpl e where bl ank portions
havi ng no %O([j’h fz%?ljé:eprlosvl]daelizﬁeatsJsr’tcrealagH‘"tatpiei:rt of G 1 ReNIGSeni ng

portion 3 and hence dummy patterns are formed at these portions. Since a
shape of ROFH B & Geert |aéﬁﬁaai yitdstigsnaat e a mettiarmeysa tlern at each
straight part of the opening portion, when form ng a dummy el ectrode
pattern omcezctsel3 astd diegitte paret cb.mmy1@aﬁvemf whietopenigeddor ti on, a
branch- shaped dummy pattern 1-5 vertical to the straight part at the rim
of the opemicwgdatt ittr cdmde ff gruRthiny aNWE provided.

[0014]

FIG. 6 shows an example where a dummy pattern 1-4 is
formed of three branch patterns la and an arc pattern 1b
connecting ends of these branch patterns la.

The robust dummy pattern which is hardly removed at
the time of punching can be provided.

Since a shape of the blank portion is limited by the
wiring pattern at each straight part of the opening portion,

a dummy electrode pattern vertical to the opening portion
or a dummy electrode pattern having an angle with respect
to the same is formed.

[0015]

FIG. 7 shows an example where blank portions having no
wiring portion are provided at straight parts of the
opening portion 3 and hence dummy patterns are formed at
these portions.

Since a shape of each blank portion is restricted by

the wiring pattern at each straight part of the opening

portion, when forming a dummy electrode pattern on each




shaped dummy pattern 1-6 having a fixed angle O can be forned at the
straight part of the opening portion 3, or a dumry pattern 1-7 connecting
respective ends of a plurality of (two in the drawi ng) branch-shaped dummy
patterns vertical to the rimcan be formed. In case of the dummy pattern
havi ng the branch-1ike sinple shape, since the dummy pattern may be
renoved at the time of punching, the :%%anch-shaped dupny E?tteLn 1;&

having a fixed angle at the straight part is nore preferable than e
brancﬁ paf?%?%ghBEQ?fEa?ttBh?hEl%pgﬁiFgep8P?Pbﬁ9 FhEt &Ryl e PFClbe
approximately 15 to 45 degrees. £0016 . In any dummy pattern, it is

pr ef er abl TS Hr&VEE Phetegunhyd pacreiaaht ta posi stonight tirert amge of 0.3
mmor |less fromthe edge of the opening portion 3. Furthernore, when

form ng atlpt urimied ©fic bepechng hapedi dunoynpatt fonseda gaprabetiween the
respective dummy patterns nust be set to 0.3 mm or less. In regard to this
st ruct ur eshaped odurtryy dbstpies sm NY-6 andlv &g aNgE Nge BOhRgides padh esd1s Wi t hout
the blank portion having no wiring pattern. [0017] 14 1In the circuit

board accosehdtg 40 tHe PFLSEMt | BWENLE PN hASSHTH Ny tht e Ry S3 an,arga of the
dummy pattern and d is a sumtotal of |engths of Sides where the dumy
dummy pattern 1-7 connecting respective ends of a plurality
of (two in the drawing) branch-shaped dummy patterns
vertical to the rim can be formed. In case of the dummy
pattern having the branch-like simple shape, since the
dummy pattern may be removed at the time of punching, the
branch-shaped dummy pattern 1-6 having a fixed angle at the
straight part is more preferable than the branch pattern
vertical to the opening portion. The angle © may be
approximately 15 to 45 degrees.
[0016]

In any dummy pattern, it is preferable to provide the
dummy pattern at a position in the range of 0.3 mm or less
from the edge of the opening portion 3. Furthermore, when
forming a plurality of branch-shaped dummy patterns, a gap
between the respective dummy patterns must be set to 0.3 mm
or less. 1In regard to this structure, uniformly dispersing
and arranging both the patterns without the blank portion
having no wiring pattern.

[0017]




pattern is connected with the opening portion, providing a size achieving
S/d_0.33 enabl es assuring sufficient bonding strength. The area S of the
dummy el ectrode pattern and the Ilength d of the sides where the dunmy
pattern is connected wth the opening portion will now be expl ai ned
hereinafter in detail. FIG 8 is a plan view showi ng a dummy el ectrode
pattern rimportion of the circuit bodrtd accor di ng to the present

i nvention. As shown in FIG 8, when du . electrode patterns are provided
at the arc part® o' KHe-* Gpehi %r%?%‘g{%ﬂbg the g fghiteHart of the
opening portion in the circuit board according to the present invention,
it is prefletrdbiie o FFHVVTY ddet dunkhy &l exigode P tBmmhaa e si ze
satisfying the condition S/d _0.33 in accordance with each independent

bl ock. Hearel d hes & enurs twftadheo uamyEiect i cdiedgmatwlerre ndansiuranysum t ot al
of areas of the dummy el ectrode patterns, and it is an area obtained by
addi ng a rsnmeot dls aforateasedfwidierisd xoguraineh geattieims drowind ran area of
the single arc pattern |b in the exanple depicted in FIG 2. 15 Mboreover,

the length 4 gcﬁi@?ri%{.gd%s/ MErH; téﬁeabgl;%?aoﬁeéuﬁﬁtr{go %gxe%af o sog(ég&%i;t ed

wi th the opening portion neans a le e si eret

el ect rOdestrength.

The area S of the dummy electrode pattern and the
length d of the sides where the dummy pattern is connected
with the opening portion will now be explained hereinafter
in detail.

FIG. 8 is a plan view showing a dummy electrode
pattern rim portion of the circuit board according to the
present invention. As shown in FIG. 8, when dummy
electrode patterns are provided at the arc part of the
opening portion and the straight part of the opening
portion in the circuit board according to the present
invention, it is preferable to provide each dummy electrode
pattern having a size satisfying the condition S/d>0.33 in
accordance with each independent block.

Here, the area S of the dummy electrode pattern means
a sum total of areas of the dummy electrode patterns, and
it is an area obtained by adding a sum total of areas of
the six branch patterns la and an area of the single arc

pattern 1b in the example depicted in FIG. 2.




pattern is connected with the opening portion literally. The case depicted
in FIG 8 is an exanple where the dunmmy el ectrode patterns are provi ded at
the arc part of the opening portion and the straight part of the opening
portion, and it is preferable to provide each of a wheel - shaped dunmy

el ectrode pattern 1-1 and branch pattﬁrns 1-5 and 1-6 as a dummy el ectrode
pattern having a size satisfying the condi ti on S/d_0.33. [0018] Each of

t he sinpl e-shaped dumry el ectro patterns 1-5 to 1-7 icted in FIG 7
al so has a si g‘gejoxsea?‘f%l?’yi%e ﬁﬁfﬁ% ég,oﬁh%?ee g ies a"fpea‘?eegﬁ%f Cbﬂ‘é‘%lumw
el ectrode pattern and d is, a sumtotal of |engths of sides where the dummy
el ect r odE TR iR e ke FMRIF e Bighi HE FRT6H PR @t ructure i s
provided in order to assure sufficient bonding strength for each dumy
el ect r od@e3u terkendth aufe drtvarticdas twhere arlrardjemente lofctttmedan ri ng
patterns fornmed at the rimof the opening portion, the wheel-shaped dummy
el ect r odegidterer ni sancbrirtees trdancin=ts hape bpatuimny @ ectarode teatdldrn ar e
conbined to formthe dunmy 16 electrode at the blank portion so that the
el ectrode patliey i s eldplidtaydrin dimperseds atd ardnIgeGihe O

dummy electrode patterns are provided at the arc part of

the opening portion and the straight part of the opening

portion, and it is preferable to provide each of a wheel-

shaped dummy electrode pattern 1-1 and branch patterns 1-5
and 1-6 as a dummy electrode pattern having a size
satisfying the condition S/d>0.33.

[0018]

Each of the simple-shaped dummy electrode patterns 1-5
to 1-7 depicted in FIG. 7 also has a size satisfying
S/d=0.33, where S is an area of the dummy electrode pattern
and d is a sum total of lengths of sides where the dummy
electrode pattern is connected with the opening portion.

This structure is provided in order to assure
sufficient bonding strength for each dummy electrode
pattern.

In accordance with an arrangement of the wiring
patterns formed at the rim of the opening portion, the
wheel-shaped dummy electrode pattern and the branch-shaped

dummy electrode pattern are combined to form the dummy




Since the dumry pattern having a sinple shape is apt to be renpved at the
time of punching, it has been revealed that the pattern having an angle
with respect to the rimof the opening portion is hardly renoved as
conpared with the pattern vertical to the rimof the opening portion.
However, since the dumy pattern.haviQ% an angl e cannot be always forned
because of shapes of the peripheral wiring patterns, a size of a dumy

pattern ichis,a hranch, pattern, has hi bondi ng strength, and is
hardl y r\gr:lnevée]cd]'lO(%/\el?;lsabce>6<lcgjn€13 et AR T O R pmy entgﬁo ecp%’f?%‘? ns were forned
while changing the area S of. the dumw% el ectrode pattern and the sum

total d &f® HES WHIR e rdt $r E1BHFERI - pattern i s connect ed

wi th the opening portion in nmany ways, punching was effected, and
occurrencdatles of removal of “the dummy el ectrode patterns were checked.
FIG 9 shows a result. As depicted in the drawing, it can be understood

t hat renoval dfindse tthengumeleqatoderpataeiny doesinmte adcape Wwhespta val ue of
S/d is 0.33 or nore. [0020] A nmanufacturing nethod of the circuit board

accor di ngd be trentdedraseate itwentd OowdHimpw de explridietde A Lidui t
board requiring a dunmmy el ectrode patternis a circuit board in which an
openi ng pafdd ahd el Biving an angle with respect to the rim of
the opening portion is hardly removed as compared with the
pattern vertical to the rim of the opening portion.
However, since the dummy pattern having an angle cannot be
always formed because of shapes of the peripheral wiring
patterns, a size of a dummy pattern which is a branch
pattern, has high bonding strength, and is hardly removed
was examined.
That is, dummy electrode patterns were formed while
changing the area S of the dummy electrode pattern and the
sum total d of lengths of sides where the dummy electrode
pattern is connected with the opening portion in many ways,
punching was effected, and occurrence rates of removal of
the dummy electrode patterns were checked. FIG. 9 shows a
result. As depicted in the drawing, it can be understood
that removal of the dummy electrode pattern does not occur
when a value of S/d is 0.33 or more.

[0020]

A manufacturing method of the circuit board according




the center thereof by punching, and this corresponds to a case where a
portion where a wiring pattern is dense and a blank portion having not
wWiring pattern are present at a rimof the opening portion. That is
because presence of the blank portion |leads to readily generating a white-
bl ushed mark. at the blank portion mhﬁ perform ng punching of the opening
portion. In the circuit board accordi 3 to the present invention, a
general gla base material copper-clad lamnation is used as an

i nsul ati V& Da¥e et ert al LS 0 \A‘?fjrfr]ngn%t IR ¥ %ed si nul t aneousl y
wth a dunmy pattern based on, e.g., a sem-additive nethod, a
subtractive net HodECWrt PFaNd -LafH 11 Vg et HEELY [DFXI]rods rstttesn sfown in
FIG 10, a dunmy el ectrode pattern 1 is forned at a blank portion of an
openi ng pordiimsniz dawtidtdtredvibycha dor ckeminqeexciept M riamgneghtater ns 2. The
dummy pattern 1 is forned as a pattern which is electrically integrally
connect edthal tderttheer wilrdmegp Ppaidst erurschihd N @nd egiion sMEdiprass tde openi ng
portion 3 simultaneously with formation of the wiring patterns 2. 18 The

el ectri caldge comnRCtLbPALRT Rhe e ProMl g ddt «Qderi s Ry fernd he sane
plating as that of the wiring patterns to the dumy pattern at a step of

ef fecting INHIABIHBldN%having not wiring pattern are present at a

rim of the opening portion. That is because presence of
the blank portion leads to readily generating a white-
blushed mark at the blank portion when performing punching
of the opening portion.

In the circuit board according to the present
invention, a general glass base material copper-clad
lamination is used as an insulative base material, and a
wiring pattern is formed simultaneously with a dummy
pattern based on, e.g., a semi-additive method, a
subtractive method, or a full-additive method.

[0021]

First, as shown in FIG. 10, a dummy electrode pattern
1 is formed at a blank portion of an opening portion 3
indicated by a broken line except wiring patterns 2. The
dummy pattern 1 is formed as a pattern which is
electrically integrally connected with the wiring patterns
2 in a region serving as the opening portion 3

simultaneously with formation of the wiring patterns 2.




to the wring patterns. At this tinme, the dummy pattern having a size
satisfying S/d> 0.33 is forned, where S is an area of the dummy pattern
and d is a sumtotal of lengths of sides where the dunmy pattern is
connected with the opening portion. [0022] Exposure/devel opnent is
performed with respect to a surface ;& a copper layer on a surface of the
base material by using a photonmask having a predeterm ned shape to etch

t he copp | ayer ., ther formn he desired wiring , patterns and dumy
pattern. e]gb s%ﬁeu%tnﬁ%%ﬁg‘ys%?%?cg%éi%?t?%r%?)pﬁ‘¥%o€r<?‘ﬁjecﬁe%liln MRS hg based
on electroplating is performed to the surface of the copper |ayer as the
Wi ring pat® 9 AM e P Lpaireras i lgedf afherviring patterns
exposur e/ devel opnent/ post curing using a predeterm ned nask, and Au

pl ati ng i fire HBMME Ratitrrorat to $ep vk of tettrinalNoohduetd vty At

| ast, punching is perfornmed by using a die having a predeterm ned shape to

form t he wpartiegvipointg getEmknat the sane tine, the dumry pattern is
separated fromthe wiring 19 patterns, thereby obtaining a wiring board.

[ Exanpl es] [00&3]this time, the dummy pattern having a size
satisfying S/d20.33 is formed, where S is an area of the
dummy pattern and d is a sum total of lengths of sides
where the dummy pattern is connected with the opening
portion.

[0022]

Exposure/development is performed with respect to a
surface of a copper layer on a surface of the base material
by using a photomask having a predetermined shape to etch
the copper layer, thereby forming the desired wiring
patterns and dummy pattern.

Subsequently, a solder resist is applied, then Ni
plating based on electroplating is performed to the surface
of the copper layer as the wiring patterns and the dummy
pattern emerged after exposure/development/post curing
using a predetermined mask, and Au plating is further
carried out to improve electrical conductivity.

At last, punching is performed by using a die having a
predetermined shape to form the opening portion and, at the

same time, the dummy pattern is separated from the wiring




A glass fabric base material epoxy copper-clad lamnation with a thickness
of 0.18 nmm which has a copper |ayer with a thickness of 0.02 mm on one
surface thereof was used to | am nate a photoresist on the copper |ayer,

t hen exposure/ devel opnent was performed by using a photo mask to etch the
copper layer, thereby formng wring %atterns and dumry patterns having
vari ous shapes and si ze. Subsequently} a sol der resist was applied, a

pr edet er mi ned mask s ysed .to effect exposure/devel opnment, and then 10-pm
Ni plati rPganCSthedrrﬁT%?ﬁ]ﬁlhbl%mwjb%%e% 1% 1%6p1 ating were perforned to
a surface of the copper |ayer as the energed dummy pattern and wiring

pat t er ns. [E3R4SDhal 1y, punching was effected by using a die to form an
opening portion. It is to be noted that the dummy pattern and the wring
patterns & Flormed as patterns electrically integrally connected at a
part serving as the opening portion as shown in FIG 10 and then punching

is perfornmed Zsoyltdwdt fellectd icale aandiictd Drepaxkyt MaygauplEithds shown in
FIG 2. [0024] 20 The dumy pattern was sel ected from such patterns as

depi ct ed lighif8S.0r3 Wi b aanth o alr eacts afe Wwaldh ofad he cqpen ng
portion. Further, when the opening portion has
layer with a thickness of 0.02 mm on one surface thereof
was used to laminate a photoresist on the copper layer,
then exposure/development was performed by using a photo
mask to etch the copper layer, thereby forming wiring
patterns and dummy patterns having various shapes and size.

Subsequently, a solder resist was applied, a
predetermined mask was used to effect exposure/development,
énd then 10-um Ni plating and 0.7-um Au plating based on
electroplating were performed to a surface of the copper
layer as the emerged duﬁmy pattern and wiring patterns.
Additionally, punching was effected by using a die to form
an opening portion.

It is to be noted that the dummy pattern and the
wiring patterns are formed as patterns electrically
integrally connected at a part serving as the opening
portion as shown in FIG. 10 and then punching is performed
so that electrical conduction is interrupted as shown in

FIG. 2.

[0024]




straight parts, the dummy pattern was selected fromthe patterns depicted
in FIGS. 3 to 6 and forned at each arc part of the opening portion, and
one or nore dunmy patterns were selected fromthose showmn in FIG 7 in the
straight part, conbined and forned. FIG .3 shows a dummy pattern
constituted of.an arc shape having a line width of 0.1 nmat a position
0.1 m away froma rimof the opening™“ortion and branch-shaped patterns
with a width q{ OVé nn1haviqg seven extraction |ines connected with the
arc shape. Thel RevEHBY drrhteEhafet Sehnyt PatferRss welh P3EEERS 13 m an
angl e of 30 . degrees therebetween. A gap between the respective patterns
in the ot orit oRlGS- approxf mere@l fooned it Faeh herepart asf ttHee durmy
el ectrode pattern shown in FIG 4, a dummy pattern was formed of seven

br anch- seprtingareerhen eachuhave ng whew dtie ofpéh iingmpanici @n [rengt h of 0. 35
mnm The respective patterns were set to forman angle of 30 degrees

t her ebet vistera 1 gh g et wetee tdenfieSRectd M wPatdSTastdd £ opani ng portion
is approximately 0.2 mm It is to be noted that renoval of the pattern

occurred pattdhes tddE dfedunehings when 4 he denotdyas O Ldeg o, 0.2 21 nm
in the sane shape. [0025] In FIG 5, a semcircular solid-shaped dumy

pattern part of the opening portion, and one or more dummy patterns

were selected from those shown in FIG. 7 in the straight
part, combined and formed.

FIG. 3 shows a dummy pattern constituted of an arc
shape having a line width of 0.1 mm at a position 0.1 mm
away from a rim of the opening portion and branch-shaped
patterns with a width of 0.1 mm having seven extraction
lines connected with the arc shape. The seven branch-
shaped dummy patterns were set to form an angle of 30
degrees therebetween. A gap between the respective
patterns in the opening portion is approximately 0.2 mm.

Furthermore, as the dummy electrode pattern shown in
FIG. 4, a dummy pattern was formed of seven branch-shaped
patterns each having a width of 0.1 mm and a length of 0.35
mm. The respective patterns were set to form an angle of
30 degrees therebetween. A gap between the respective
patterns in the opening portion is approximately 0.2 mm.

It is to be noted that removal of the pattern occurred

at the time of punching when the length was 0.1 mm or 0.2




having a width of 0.3 nmwas fornmed at the arc rimof the opening portion.
It is to be noted that renoval often occurred after punching when the
width was 0.1 mm 0.15 mm or 0.2 mMmmin the sanme shape. [0026] In FIG 6,
t hree branch-shaped patterns were arranged at intervals of 90 degrees and
respective ends thereof were connect 2? wi th each other through an arc
pattern. Aline wdth of each patterfitis 0.1 nm and a |length of the
branch-sha eid ?fa}];t ern is.0.3 M [0027] FIG 7 shows an exanple of dummy
patterns ‘Forfed &t 35 &'y parts of the opening portion. As the dummy
pattern 1-5 a pattern having a wwdth of 0.1 mmand a length of 0.35 mm
was for med %> la right angle wth respect to the rimof the opening
portion. As the dummy pattern 1-6, a pattern having a width of 0.1 nm and
a length of 0.12 AhGrvas  f ¢r Msdiatl mm eyl w0 lofd-Fhadey rdeesyateathient m of t he
opening portion. As the dumy el ectrode pattern 1-7, a U-shaped pattern 22
havi ng ahsavdinty ef wd.dthmofarid ach wad efoperd pherdle sirde rGfim & Fham was
formed. [0028]
opening portion.
It is to be noted that removal often occurred after
punching when the width was 0.1 mm, 0.15 mm, or 0.2 mm in
the same shape.
[0026]
In FIG. 6, three branch-shaped patterns were arranged
at intervals of 90 degrees and respective ends thereof were
connected with each other through an arc pattern. A line
width of each pattern is 0.1 mm, and a length of the
branch-shaped pattern is 0.3 mm.
[0027]
FIG. 7 shows an example of dummy patterns formed at
straight parts of the opening portion.
As the dummy pattern 1-5, a pattern having a width of
0.1 mm and a length of 0.35 mm was formed at a right angle
with respect to the rim of the opening portion.
As the dummy pattern 1-6, a pattern having a width of
0.1 mm and a length of 0.4 mm was formed at an angle of 30

degrees at the rim of the opening portion.

As the dummy electrode pattern 1-7, a U-shaped pattern




Conbi nations of patterns shown in Table 1 were used to form dummy

el ectrode patterns, and each punched circuit board was observed.

Presence/ absence of renoval the dummy el ectrode patterns and

presence/ absence and a size of each white-blushed nark were observed.
Table 2 shows results. 23 [0029] [Ta? e 1] No. Opening arc part Opening
straight part Dummy el ectrode S/ d Shape Area Contact Shape Quantity

Area Contact. Area S Cgntact (e th | engt h | engt h
(. 0 (TR Eiol 6 . O 03y i A O S O I T AU Banpl £ 2

FIG 3 0.2692 0.4814 0.2692 0.4814 0.5593 Exanple 3 FIG 5 0.6332 1.6137
0. 6332 1fbf§?mDF§§24&”E%§lee 4 FIG 6 0.2283 0.2833 0.2283 0.2833 0. 8059
Exanple 5 FIG 4 0.1662 0.4812 0.1662 0.4812 0.3454 Exanple 6 FIG 7 1
0. 0377 0.[P0F$10. 0377 0.1109 0.3399 1-5 Exanple 7 FIG 7 1 0.0311 0.1100
0. 0311 0.1100 0.2822 1-6 (30) Exanple 8 FIG 7 1 0.0253 0.1119 0.0253
0.1119 0. 2261 CcinlG(r)i dixan @& tdas BHowh 036 1Tdb 11038 Wb A8 alkdH 138

0. 3479

form dummy electrode patterns, and each punched circuit
board was observed. Presence/absence of removal the dummy
electrode patterns and presence/absence and a size of each

white-blushed mark were observed. Table 2 shows results.




1-5 Exanple 10 FIG 7 1 0.0380 0.1116 0.0380 0.1116 0.3405 1-5 Exanple 11
FIG 7 1 0.0399 0.1154 0.0399 0.1154 0.3458 1-5 Exanple 12 FIG 7 1 0.0395 -
0. 1097 0.0395 0.1097 0.3601 1-5 Comparative FIG 5 0.3881 1.6137 0.3881
1. 16137 0.2405 Exanple 1 Conparative FIG 4 0.0813. 0.4775 0.0813 0.4775
0.1703 Exanple 2 Conparative FIG 7 1 0.0278 0.1074 0.0278 0.1074 0.2588
Exanple 3 1-5 Conparative FIG 7 1 0.8350 0.1178 0.0350 0.1178 0.2973
Example 4 1-5 Conparative FIG 7 1 0.0275 0.1184 0.0275 0.1184 0.2323
Exanpl e 80028(30) Conparative FIG 7 1 0.0200 0.1345 0.0200 0.1345 0.1487
Exanple 6 1-6(45) 24 [0030] [Table 2] No. Presence/absence white-blushed
mar k of r@abtal 1iin Presence/ absence Wring gap (nm Size (mm punchi ng

No. Opening arc part Opening straight part Dummy electrode | S/d
total
Shape Area Contact | Shape Quantity { Area Contact | Area S | Contact
(mm®) length (mm?) length (mm?) length
(mm) . (mm) d_(mm}
Example 1 FIG. 3 0.2722 | 0.6711 0.2722 | 0.6711 0.4056
Example 2 FIG. 3 0.2692 § 0.4814 0.2692 ]| 0.4814 0.5593
Example 3 FIG. 5 0.6332 | 1.6137 ' 0.6332 | 1.6137 0.3924
Example 4 FIG. 6 0.2283 | 0.2833 0.2283 | 0.2833 0.8059
Example 5§ FIG. 4 0.1662 | 0.4812 0.1662 | 0.4812 0.3454
Example 6 : FI1G. 7 1 0.0377 { 0.1109 0.0377 | 0.1109 0.3399
1-5
Example 7 FIG. 7 1 0.0311 { 0.1100 0.0311 { 0.1100 0.2822
1-6(30°)
Example 8 FIG. 7 1 0.0253 | 0.1119 0.0253 | 0.1119 0.2261
1-6(45°)
Example 9 ilg 7 1 0.0361 } 0.1038 0.0361 ] 0.1038 0.3479
Example 10 fIS T 11 0.0380 | 0.1116 | 0.0380 | 0.1116 | 0.3405
Example 11 : 512" 7T |1 0.0399 | 0.1154 | 0.0399 | 0.1154 | 0.3458
Example 12 n;xg; R 0.0395 | 0.1097 | 0.0395 | 0.1097 | 0.3601
Comparativ-e FIG. 5 0.3881 | 1.6137 0.3881 | 1.16137 | 0.2405
Example 1
Comparative | FIG. 4 0.0813 | 0.4775 . 0.0813 | 0.4775 0.1703
Example 2 . : ’
Comparative FIG. 7 1 0.0278 | 0.1074 0.0278 | 0.1074 0.2588
Example 3 1-5 :
Comparative FIiG. 7 1 0.0350 | 0.1178 0.0350 | 0.1178 0.2973
Example 4 1-5
Comparative . FI1G. 7 1 0.0275 { 0.1184 0.0275 | 0.1184 | 0.2323
Example 5 1-6(30°%) o
Comparative FIG. 7 1 0.0200 | 0.1345 0.0200 | 0.1345 0.1487
Example 6 1-6(45°)




Exanpl e 1 Absence Presence 0.1391 0.0443 Exanple 2 Absence Presence 0.2572
0. 0448 Exanple 3 Absence Absence Exanple 4 Absence Presence 0.6120 0. 0639
Exanpl e 5 Absence Presence 0.2576 0.1165 Exanple 6 Absence Presence 0.1023
0.0514 Exanple 7 Absence Presence 0.0988 0.0652 Exanple 8 Absence
Presence 0.1569 0.0778 Exanple 9 Absence Presence 0.3064 0.1451 Exanple
10 Absence Presence 0.2999 0. 1450 Exgﬁple 11 Absence Presence 0.2983
0. 1265 e 12 Absence Presence 0.3017 0.1359 Conparative Presence
Absence Eﬁgﬁghe 1 Conparative Presence Presence 0.2579 0.1419 Exanple 2
Conparati ve Presence Presence 0.0983 0.1458 Exanple 3 Conparative Presence
Presence a5 9. 1359 Exanpl e 4 Conparative Presence Presence 0.1215
0.0882 Exanple 5 Conparative Presence Presence 0.1801 0.1645 Exanple 6

No.

[ 0031] Presence/absence | White-blushed mark
of removal in Presence/absence | Wiring gap (mm) Size (mm)
punching

Example 1 Absence Presence 0.1391 0.0443
Example 2 Absence Presence 0.2572 0.0448
Example 3 Absence Absence

Example 4 Absence Presence 0.6120 0.0639
Example 5 Absence Presence 0.2576 0.1165
Example 6 Absence Presence 0.1023 0.0514
Example 7 Absence Presence 0.0988 0.0652
Example 8 Absence Presence 0.1569 0.0778
Example 9 Absence Presence 0.3064 0.1451
Example 10 Absence Presence 0.2999 0.1450
Example 11 Absence Presence 0.2983 0.1265
Example 12 Absence Presence 0.3017 0.1359
Comparative Presence Absence

Example 1

Comparative Presence Presence 0.2579 0.1419
Example 2

Comparative Presence Presence 0.0983 0.1458
Example 3

Comparative Presence Presence 0.3152 0.1359
Example 4

Comparative Presence Presence 0.1215 0.0882
Example 5

Comparative Presence Presence 0.1801 0.1645
Example 6

[0031]

Based on the results depicted in Tables 1 and 2,
according to the present invention, providing the dummy
electrode patterns enables suppressing generation of a
white-blushed mark, thus eliminating an obstacle when
recognizing an image. Further, forming the opening portion
based on punching can improve an efficiency at the

implantation step.




Based on the results depicted in Tables 1 and 2, according to the present
i nvention, providing the dummy electrode patterns enabl es suppressing
generation of a white-blushed mark, thus elimnating an obstacl e when
recogni zing an i nage. Further, form ng the opening portion based on
punching can inprove an efficiency at the inplantation step. 25 What is
claimed is: 1. Acircuit board havingzén opening portion formed in a
substrate_thereof, wherein a dummy el ectrode pattern connected with a rim
of an ar d"EHr t1HICAESShefing portion is provided besides a wiring pattern
connected with a rim of the opening portion. 2. The circuit board

accordi ngtt o & @imcultwharagich hawel nglamensiting pdt far fermefd Brarech
patterns connected with the rimof the arc part of the opening portion on
a peri odismuldrasete3. thEhee o ,r cwidrdicarad domoy dilgtirodd gaatkear 2, wherein
the dummy pattern is fornmed of a plurality of branch patterns connected

Wi th the ddrmeftddheviaitc Parim ff tdhe aPPH MY OrdHO BRI ihPedadigh base and
a coupling portion connecting one end of each of the branch patterns. 4.

The circuid NRANHREGIANRG 10 AW RS Aft SR dBhnk diQq 31 4hef 6l a gap

between the plurality of branch patterns
of the opening portion.

2. The circuit board according to claim 1, wherein the
dummy pattern is formed of branch patterns connected with
the rim of the arc part of the opening portion on a

periodic base.

3. The circuit board according to claim 1 or 2, wherein
the dummy pattern is formed of a plurality of branch
patterns connected with the rim of the arc part of the
opening portion on a periodic base and a coupling portion

connecting one end of each of the branch patterns.

4. The circuit board according to any one of claims 1 to
3, wherein a gap between the plurality of branch patterns

as the dummy pattern is 0.3 mm or less.

5. The circuit board according to claim 3, wherein the

coupling portion connecting one end of each of the branch




as the dumy patternis 0.3 mmor less. 5. The circuit board according to
claim3, wherein the coupling portion connecting one end of each of the
branch 26 patterns is formed in a range which is 0.3 mmor |less from the
arc part of the opening portion. 6. Acircuit board having an openi ng
portion formed in a substrate thereof6by punchi ng, wherein a white-Dblushed
mark is generated in a range of 0.2 n§1or |l ess froman arc part of the

openi ng i 7. ufacturing nmethod of.a circuit board, erein a
W ring p%‘{%ﬂreﬁ&asn sa'Af umﬁ/é pat ter Tt Supl st tH (ga%%t%rf%% Pnge
serving an openi rtion of a substrate are forned, then the opening
portion i J?f&?#p‘ﬁﬁc?ﬁ%go%wng ROTHECame tine, the wiring pattern
and the dunmmy pattern are electrically disconnected fromeach other.

6. A circuit board having an opening portion formed in a

substrate thereof by punching, wherein a white - blushed

mark is generated in a range of 0.2 mm or less from an arc

part of the opening portion.

7. | A manufacturing method of a circuit boérd, wherein a

wiring pattern and a dummy pattern coupled with each other
in a range serving as an opening portion of a substrate are
formed, then the opening portion is formed by punching and,
at the same time, the wiring pattern and the dummy pattern

are electrically disconnected from each other.




