DESCRIPTION PRINTED CIRCUIT BOARD AND METHOD FOR
MOUNTING COMPONENTS ON PRINTED CIRCUIT BOARD
TECHNICAL FIELD [00011 The present invention relates to a printed
circuit board on which electronic components can be mounted accurately

and to a method for mounting cg é)gffﬁ%%the printed circuit board.
BACKGROUND TECHNOLOG E[g) n recent years, as various

electronic apparatuses are requested to be higher in performance,
smaller in size and lighter in weight, electronic components to be

Various maihats o o St B RRenE S5 AL et he

various methods for mounting electronic components's

cheedyforigher siengity of wiking;patter printed circuit boards have

been proposed. [0003] A conventional method for mounting electronic
components on a printed circuit board will be described below briefly.
FIG. 7 is a plan view showing a printed circuit board in an electronic

TEomponent motntng apparatus, disclosed in 1 Japanese Patent
Application Laid-open No. Sho 62-214692 (hereafter, described as

[ conyentional example d3dAthenvention relates to a printed
circuit board on which electronic components can be mounted
accurately and to a method for mounting components on the

printed circuit board.

BACKGROUND TECHNOLOGY
[0002] In recent years, as various electronic
apparatuses are requested to be higher in performance,
smaller in size and ;ighter in weight, electronic components
to be mounted on printed circuit boards are being |
miniaturized. Furthermore, various methods for mounting
electronic components so as to meet the needs for higher
density of wiring patterns on printed circuit boards have
been proposed.
[0003] A conventional method for mounting electronic
components on a printed circuit board will be described
below briefly.

FIG. 7 is a plan view showing a printed circuit board

in an electronic component mounting apparatus, disclosed in



electronic component mounting apparatus according to the conventional
example 1,a printed circuit board 101 is provided with positioning holes
102 being used to dispose the printed circuit board 101 at a
predetermined position on the apparatus and is also provided with

Japentng refetence marksd03: Jhemmounting reference marks 103 are,
formed simultaneously with the wiring pattern of the printed circuit board
(e etehing:or, theslier Thespesitional vislationship betweenthe wiring, .,
pattern and the mounting reference marks 103 on the printed circuit

sbeard:101iis maiptainad:censtant fog eashprinted cireuitboard 101,
[0004] In the production method of the electronic component mounting

capperatusaccordingnolibe conyeptianaleaxampla,l pips {pat shown),
provided in the electronic component mounting apparatus are inserted

pinto this positioming halesdk0ef the printed irsuit heard: égl,t%nqiitgﬁose
printed circuit board 101 is disposed at a predetermined position on the
télecronicticompdment imoontingiapparaiys.alhe-sosnting reference marks, on
103 on the printed circuit. board 101 disposed at the predetermined
Chesition are then photdgraphed usingradamerat After GaRtERYQPeIation
and rotation operation in a given direction, the lead wires of an electronic
magmponént-to Beenoantetiiare photegraphedrusing 2 BrtherLarnerie ©n

the basis of the results of image

simultaneously with the wiring pattern of the printed
circuit board by etching or the like. The positional
relationship between the wiring pattern and the mounting
reference marks 103 on the printed circuit board 101 1is
maintained constant for each printed circuit board 101.
[0004)] In the production method of the electronic
component mounting apparatus according to the conventional
example 1, pins (not shown) provided in the electronic
component mounting apparatus are inserted into the
positioning holes 102 of the printed circuit board 101, and
the printed circuit board 101 is disposed at a predetermined
position on the electronic component mounting apparatus.
The mounting reference marks 103 on the printed circuit
board 101 disposed at the predetermined position are then
photographed using a camera. After centering operation and

rotation operation in a given direction, the lead wires of

an electronic component to be mounted are photographed using



processing using these cameras, the movement amounts and the like of

the mounting head are corrected. After the movement amounts and the

like of the mounting head are corrected as described above, an electronic

component 104 is mounted on the printed circuit board 101. Hence, this

GG TelrRiRaESS erfdis I themdufting pbsRtiohs Baldlectrdnicmage

components due to the displacement in the positional relationship

BEREE tHewitint FattérRsst tReTprifet chreqithoard:a0t amdothets and the
ositioning holes 102 and due to variation and the like in the centering

Ebéreatfbﬁ NI YBtation dperatic m & giercdirsctior T0805]As movement

described above, the production method of the electronic component

AROUHNG SPParaliR dddbiding thitRe "COHVeHiBnarREample Firrected as
onfigured to correct the displacement between the mounting reference

aweasrﬁ TO3hRPINE ledd wirts OF R fe cHORROSGRpOREAL 164 @ ted on

Er&ounted under the conditions that the printed circuit board 101 is

diSpoRed Acclrately At the Pradetetiined PoSition dritthe Bppardus and

gﬁt nEth% gggltlonal relationship between the wiring pattern and the

mounting referente Markd 10is MdhtaifedPconstantior 8ack priftegPnic

circuit board. [Q006] FIG. 8 is a plan view showing a printed circuit board
T IéllﬁOelfée&rtosni(CC)i Smponent n%jo]u%fail%ﬁca%%ﬁ‘gnu%? diSQ0BEGF i 3&Faese

PQT¥€E8%%H§%mg§%ﬁgé§“%ﬁ@eﬂfﬁ%ﬁé pattern of the printed
circuit board 101 and the positioning holes 102 and due to
variation and the like in the centering operation and the
rotation operation in a given direction.

[0005] As described above, the production method of the
electronic component mounting apparatus according to the
conventional example 1 is configured to correct the
displacement between the mounting reference marks 103 and
the lead wires of the electronic component 104 to be mounted
under the conditions that the printed circuit 5oard 101 is
disposed accurately at the predetermined position on the
apparatus and that the positional relationship between the
wiring pattern and the mounting reference marks 103 is
maintained constant for each printed circuit board.

[0006] FIG. 8 1s a plan view showing a printed circuit
board in an electronic component mounting apparatus,

disclosed in Japanese utility model Application Laid-open No.



Sho 62-128665 (hereafter, described as conventional example 2(- A mark
106 consisting of a square fringe having a width around a positioning hole
105 is formed on the printed circuit board according to the conventional
example 2. The positioning hole 105 is a hole that is used as a reference
Shyhér the pfifited (ircuitasoard 1014 plaicedn he-electanicceompenenip 1 «
mounting apparatus. Because the mark 106 is formed in the same
2 )production préféss-as that fontheo Mounting dands ot theawiringpajtesn farqt»
mounting electronic components, the positional relationship between the
arpancand Pthe rhéanting lanesof e winng pattern ismmaintaiped nted
constant. In the method for producing the printed circuit board according
Cifpthé oPventiora WERiple 25 a visueal ceiteckrs tanrked euttopdeterminerhe
whether the positioning hole 105 is disposed at the center of the square
POfafk 2061 thérebs jddging vitetherlthe Prmted sircuitboard is prepet ofice
not. [0007] As described above, in the method for producing the printed
WhGR it oAt it edrdifd 16 tHe chRvarrional ekanple 2 thedisptacement
between the positioning hole 105 and the mark 106 is detected visually
¢ LGRER IR PrinflEP Stk UBar st pedaped 1énce, aBlemanee beimgmark
to some extent is required between the positioning hole 105 and.

large
108 c]JTﬁa A 166 Gand:a 'displ 8681R eRESFASTbpriatelp 0 2mng ds taken doanthe

examgle in the conventional example 2.. As
mounting lands of the wiring pattern for mounting electronic

components, the positional relationship between the mark and
the mounting lands of the wiring pattern is maintained
constant. In the method for producing the printed circuit
board according to the conventional example 2, a visual
check is carried out to determine whether the positioning
hole 105 is disposed at the center of the square mark 106,
thereby judging whether the printed circuit board is proper
or not.

[0007] As described above, in the method for producing
the printed circuit board according to the conventional
example 2, the displacement betWeen the positioning hole 105
and the mark 106 is detected visually when the printed
circult board is produced. Hence, a clearance being large
to some extent is required between the positioning hole 105
and the mark 106, and a displacement of appropriatelyio.Z mm

is taken as an example in the conventional example 2. As



4 described above, a clearance being large to the extent that it can be
detected visually is required for the printed circuit board 101 according to

the conventional example 2. [0008] FIG. 9 is a partially enlarged plan

view of a printed circuit board disclosed in Japanese utility model
ApphicaisTLA0en RoCSheB1323564 [Heréafiee desdribedsadent that
conventional example 3) . A guide hole 107 having a circular shape and a
Mark A8 Cor&idtig 6 Satiate HindeSh&RAg Anmidit are formedrén tred
grinted_ circuit board 101 according to the conventional example 3. The

i 1P iR fdfthed STAGRARE0USY Witk tSOUGRT RbRGL1GirmErle 2.
(,?%h Y;e connection terminals of electronic components are inserted,
\:1, é § Used as 4 yliide’fot 3n* abitdnafic elcEBhiR G Apsrent ifideriont 2

agg)gratgs. The mark 108 consisting of a square fringe having a width is

F 6n Thé BhntedPGrclfit GoardRFE Simtitalaotshp fith t el wifingo de 1

ormed
gatt?r.n 111. In addition, a positioning mark 109 is formed on the printed

circuit Board T0T atCordiiy o the Tonvadtioral BR4mphe 3 ThieT/
goggig%ngdmggk %g%\lfse Hf_ed nto position the printed circuit board 101

When the outar finges of the printed TG board, thehtoifghiAdRs 190

ar tjhg cogmggtior&&terpig%:s oef ea!g%'[ronic components and the guide hole

07 aré formed. A the mettiod far préddeing® the prinfdtf difduitFoard Fol
g&ﬂgg'érefir%%gees%g)\?gn%b%vewidth are formed on the printed
circuit board 101 according to the conventional example 3.
The guide hole 107 is formed simultaneously with through
holes 110 into which the connection terminals of electronic
components are inserted, and is used as a guide for an
automatic electronic component insertion apparatus. The
mark 108 consisting of a square fringe having a width is
formed on the printed circuit board 101, simultaneously with
the wiring pattern 111. 1In addition, a positioning mark 109
is formed on the printed circuit board 101 according to the
conventional example 3. This positioning mark 109 is used
to position the printed circuit board 101 when the outer
fringes of the printed circuit board, the through holes 110
for the connection terminals of electronic components and
the guide hole 107 are formed. In the method for producing

the printed circuit board 101 configured as described above,

as 1in the case of the conventional example 2 described above,



as in the case of the conventional example 2 described above, 5 a visual
check is carried out to determine whether the guide hole 107 is disposed

at the center of the square mark 108, thereby judging whether the printed
circuit board 101 is proper or not. 0009] As described above, in the
methcdfor protiti&ings tieaprinted citctitboare aecorting tohthiener the guide
conventional example 3, the guide hole 107 and the through holes 110

SR Foffidd oh thé TReR6f the positicring enark 108hand dhe reomrection 08,
terminals of the electronic components are inserted into the through holes
126 CoPe spBAEiRgAnERtS L Thetdisplactment betweari thecthrodgh hidless
110 and the wiring pattern is checked using the positional relationship
Betwéen tHe gtitle hole 107 and the mark 108. Patent document 1:

Japanese Patent Application Laid- open No. She 62-214692 Patent

4883mknt 2: Jaﬁéné@‘é%h?%@@%@plicéﬁoﬁh.%i%*p@ﬁd\ld.@h@roducing
62-128665 Patent document 3: Japanese utility model Application
F4fd-Bpen N She61:193868 15 STIXS B REIOFOT HEANVENFION ona 1

PROBEEM TO BE SOLVED BY THE INVENTION [0010.] The printed
gitelit boards dis8loddd fEtHE tonventieRal examplés euglancd es 110 are

gescribed abo%e have o
ormed on the basis of the positioning mark 108, and the

connection terminals of the electronic components afe
inserted into the through holes 110 corresponding thereto.
The displacement between the through holes 110 and the
wiring pattern is checked using the positional relationship
between the guide hole 107 and the mark 108.

Patent document 1: Japanese Patent Application Laid-
open No. Sho 62~2146%82

Patent document 2: Japanese utility model Application
Laid-open No. Sho 62-128665

Patent document 3: Japanese utility model Application

Laid-open No. Sho 61-123564

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0010] The printed circuit boards disclosed in the
conventional examples 1, 2 and 3 described above have

relatively large wiring patterns, and electronic components



relatively large wiring patterns, and electronic components 6 to be
mounted .hereon are also relatively large. Hence, in the printed circuit
board 101 according to the conventional example 1, no serious problems
occur even if electronic components are mounted on the basis of the
Choumtifgureterericesmarks H03:formed simwdtaneeusly withdhe wiring-., :p,
attern. The printed circuit board 101 according to the conventional
tg%a@ﬁk??%%s%ﬂé@@ﬁénb@@nﬁaéﬁmﬁmmebﬁhem@s@@cemgn&@ggggﬁlonal
the reference hole 105 serving as the reference for placement on the
©ApPAratus antithe ark 06 foimedhsimultaneouslyrwithrthe wiring n i -
pattern can be detected by visual check. Similarly, the printed circuit
©BBRAT 20T BceBRIIAG t6! irconvertionakexample Talsorasn plagement
accuracy wherein the displacement between the guide hole 107 and the
£ Hidrk 08 cdR b Uetécted byrvisua 1ohedie 100114 inyprinted cirouithoards
having been developed in recent years, very small components are
PHdiHBd toTheeP TR hedds ioihighebdensityldd miniatedization ©f « he
wiring patterns. For example, very small limit switches and the like are
CHITAEY BHtheSFriad 2irduit Bbaris Terse very smmibgompenets afge
4 lré%liired to be disposed accurately at predetermined positions on the
Y

& CIREGIE bBaIdESsY Biso arpesedfiemhoseas A6t temoveafter t‘he;

ounting. For '
reference for placement on the apparatus and the mark 106

formed simultaneously with the Wiring pattern can be
detected by visual check. Similarly, the printed circuit
board 101 according to the conventional example 3 also has
placement accuracy wherein the displacement between the
guide hole 107 and the mark 108 can be detected by visual
check.

[0011] | In printed circuit boards having been developed
in recent years, very small components are mounted to meet
the needs for higher density and miniaturization of wiring
patterns. For example, very small limit switches and the
like are mounted on the printed circuit boards. These Qery
small components are required to be disposed accurately at
predetermined positions on the printed circuit boards and
also disposed firmly so as not to move after mounting. For
this purpose, very‘small holes are formed at the component

mounting positions on the printed circuit boards, and the



this purpose, very small holes are formed at the component mounting
positions on the printed circuit boards, and the -7 protrusions of the very
small components are fitted into the holes, thereby preventing
displacements and movements of the components. The above-mentioned
proeess forfitiing the hsrotrasivnsiof tHe comporentssinto thefverysmalhto the
holes in the printed circuit boards and for mounting the components
fhetéon istfetérbd toBS VRSErtion nibumtingdenthe tdesoriptionigivemts of the
below, and the component being mounted as described above is referred
(oA R FRSETtion MBUAP CHRTIBHeht Rirtherntore sin thewprinted tirguithe
boards, the process for mounting components by connecting the
RIMiTAlS 1Prefedrito the neeutiygaids bt fite Wiring/patterssad Ireferteds in
to as surface mounting, and the component being mounted as described
LB6v@sTetsed 16 88 W stficemorRE copiparet tihrsuchien insepiorent s
mount component being configured as described above, because
MOUhERY being RfghthSPositioRal acesrady. RAn@esaaAn the prothssion of
the component is fitted into a very small hole. However, even when a

&/ SmBIt e rfion bk tBhpotRit i dispeBedRietrateliat theunted as
gosition of§ predetermined mounting land of a wiring pattern, if there is a

c

ST AHSNACEMBIE betwbEh The GArirg pafieATand B Végsmaknsle,

gg%ponent. Furthermore, in the printed circuit boards, the
process for mounting components by connecting the terminals
thereof to the mounting lands of the wiring patterns is
referred to as surface mounting, and the éomponent being
mounted as described above is referred to as a surface mount
component.

In such an insertion mount component being configured
as described above, because mounting being high in
positional accuracy is necessary, the protrusion of the
component is fitted into a very small hole. However, even
when a very small insertion mount component 1is disposed
accurately at the position of a predetermined mounting land
of a wiring pattern, if there is a slight displacement
between the wiring pattern and the very small hole, the
protrusion of the insertion mount component is not inserted
into the very small hole, and the printed circuit board

having the component being in this state is transferred to



protrusion of the insertion mount component is not inserted into the very
small hole, and the printed circuit board having the component being in

this state is transferred to 8 the next process. This causes a problem of
damaging the component and the printed circuit board in some cases.
[DpA21FhE presentsinvention s inserded to providesa printedrciretit hoarck
being capable of meeting the needs for higher density and miniaturization
E6PWRIGSFatterRS aicke farretidisie mounting obverysmall eomponertsand
capable of attaining significant reduction in production cost, and more
pafitalarly, to pFoide agsrinted tireeit board icapabteofaltowing vesyride a
small components to be disposed securely at accurate positions and
BRstriRfiexdelent throdastvilyedmbworkability, arfid memethogd fohe needs for
mounting components on the printed circuit board. MEANS FOR

SHINAN G PROBYERBDOLB] Faf tHel parpbse of Atteining theoebjeetns and
described above, a printed circuit board according to the present

rfvenfiGn B850t BRI e Al comiprisesaa wifingpattert hawing capable
mounting lands to be connected to the connection terminals of a surface
fHouht compdtent 1@ cutiRg holée forfidPm the areadbiehe wirimpst, and

attern so as to be fitted with protrusions formed on an insertion mount
§8ﬁ$oﬂgﬁﬁlcularly, to provide a printed circuit board

capable of allowing very small components to be disposed
securely at accurate positions and ensuring excellent
productivity and workability, and a method for mounting

components on the printed circuit board.

MEANS FOR SOLVING PROBLEM

[0013] For the purpose of attaining the object
described above, a printed circuit board according to the
present invention as set forth in claim 1, comprises:

a wiring pattern having mounting lands to be connected
to the connection terminals of a surface mount component,

a mounting hole formed in the area of the wiring
pattern so as to be fitted with protrusions formed on an
insertion mount component,

an insertion mount reference mark formed substantially
simultaneously with the mounting hole and having a reference

hole serving as a reference at the time when the insertion



an insertion mount reference mark formed substantially simultaneously
with the mounting hole and having a reference hole serving as a
reference at the time when the insertion 9 mount component is mounted,
and a surface mount reference mark formed substantially simultaneously
Dok theRToMERG 1aAdS oRTRE Wiriag pattern and serving as a reference
at the time when the surface mount component is mounted. With the
printed cietit beard Configlretasdescrivedkabiovenaeryssmatantially
‘components can be disposed securely at accurate positions, excellent
S 1Bvodbe At/ and/ woikability ar@ebtained; drehsignificant ¢eductiongnpattern
production cost can be attained. [0014] in addition, a printed circuit board
aDGectiding o the FreS8AERTERMPMRAS sheforthria okiiam? is:thes printecs
circuit board according to claim 1, wherein the surrounding area of the
nOrEtErehe BRI B-theSn3eribh Smhourlt Féteranece mark neay be composedard
of a metal foil area formed by etching at the time when the wiring pattern
CoR T foFhTeR Faifthefirel aSstintea Eireuit Bosrdsaedordingrothenpreseat. be
invention as set forth in claim 3 is the printed circuit board according to
4L BT A WHRTSR Ihe saifroBfdinga afeaefthe referenee helelefthe

insertion mount reference mark can be colored to a color that can be
Prafifigdighéy and workability are obtained, and significant

reduction in productiocn cost can be attained.
[0014] In addition, a printed circuit board according
to the present invention as set forth in claim 2 is the
printed circuit board according to claim 1, wherein the
surrounding area of the reference hole of the insertion
mount reference mark may be composed of a metal foil area
formed by etching at the time when the wiring pattern is
formed.

Furthermore, a printed circuit board according to the
present invention as set forth in claim 3 is the printed
circuit board according to claim 1, wherein the surrounding

=

area of the reference hole of the inserﬁion mount reference

mark can be colored to a color that can be distinguished

from that of the light passed through the reference hole.
Moreover, a printed circuit board according to the

present invention as set forth in claim 4 is the printed

circuilt board according to claim 2, wherein the insertion

10



from that of the light passed through the reference hole. Moreover, a

printed circuit board according to the present invention as set forth in

claim 4 is the printed circuit board according to claim 2, wherein The

insertion 10 mount reference mark may have a through hole formed at

e 3hbstanhtiany eentralposition bithe metdl foilateandD816prmed at the
Additionally, a printed circuit board according to the present invention as
SEEFDFANI EidiA5 e ther prinksts éirduitbodrd doeording 1o anylonerefs .

claims 1 to 4, wherein the surface mount reference mark and the insertion
AOUhP feference ftark £andel fornedoon threw-away pottionsa fafnertording
around the outer fringes of the printed circuit board. Still further, a printed
EfrcUifBoareracedrding e theopresentmveition is Set forthin Clains 6tise

the printed circuit board according to claim 2, wherein a mounting

FeterEred IRAACHEY QtApfse TRFolighehdle fermed rether nstalifod areao 4,
having a predetermined shape and the surrounding area of the metal foll
YR&T Hdg Coredtbas ot Hhat E&F BEIStglishedefromithat ofther tion
metal foil area so as to be used as an insertion mount reference mark

BR A s FRvTht Féefercd mark. 10076 fiethtd formicanting T tions
com onents on a printed circuit board accordin%to an aspect of the

prédent iAveHiRsh 58 SePbritfin'diamy 7S corphisgsPrinted circuit board.

Still further, a printed circuit board according to
the present invention as set forth in claim 6 is the printed
circuit board according to claim 2, wherein a mounting
reference mark may comprise a through hole formed in the
metal foll area having a predetermined shape and the
surrounding area of the metal foil area being colored to a
color that can be distinguished from that of the metal foil
area so as to be used as an insertion mount reference mark
and»a surface mount reference mark.

[0016] A method for mounting components on a printed
circuit board according to an aspect of the present
invention as set forth in claim 7, comprises:

a step of substantially simultaneously forming a
mounting hole for an insertion mount component and a
reference hole serving as a reference at the time when the
insertion mount component is mounted, 1in an insertion mount

reference mark area on the printed circuit board, and

11



a step of substantially simultaneously forming a mounting hole for an

insertion mount component and a reference hole serving as a reference

at the time when the insertion mount component is mounted, in an

insertion mount reference mark area on the printed circuit board, and 11

a step of caledlating. telcariter point of thes seference hale sefvingsas an
insertion mount reference mark and mounting an insertion mount
E6MPBRBAEaA predersimineda positionronethe inrinted circuit béarckan thenar k
basis of the calculated center point. With the method for mounting

BB PBABARTSIEN tihe printeelditcuit board tonfigmeueas: descrbed abovermined
very small components can be disposed securely at accurate positions,

BAd ekeeherttprobiGiethitn bad warkability &resobtaimedt[B017] Almettodhe
for mounting components on a printed circuit board according to another
S8pEIGTIRE présetinvention adisdtifoith én BRiIME] comprisesaaistep

of forming a metal foil mark in a surface mount reference mark area and
fStING A et Toik tafkinsre thserion riourt zeférence ank atea s
simultaneously at the time when a wiring pattern is formed on the printed
BREGE (d 22 3K oF SMlIERRbUSITBRAMY TREUREAY heletfbransed

insertion mount component and a reference hole serving as
securely at accurate positions, and excellent productivity

and workability are obtained.

[0017] A method for mounting components on a printed
circuit board according to another aspect of the present
invention as set forth in claim 8, comprises:

a step of forming a metal foil mark in a surface mount
reference mark area and forming a metal foil mark in an
insertion mount reference mark area simultaneously at the
time when a wiring pattern is formed on the printed circuit
board,

a step of simultaneously forming mounting hole for an
insertion mount component and a reference hole serving as
references at the time when the insertion.mount component is
mounted, in the metal foil of the insertion mount reference
mark area on the printed circuit board,

a step of calculating the center point of the metal
foil mark located in the surface mount reference mark area

and serving as a surface mount reference mark, and mounting

12



references at the time when the insertion mount component is mounted,

in the metal foil of the insertion mount reference mark area on the printed
circuit board, a step of calculating the center point of the metal foil mark

located in the surface mount reference mark area and serving as a

Sufdce rfoureefe fercenmarie rancemoantimg dEX asuffase mowdtion on the
component at a predetermined position on the printed circuit board on the

BAsik 6t the caleuldied eenteropointantka stepodf caleulating the ceatefenter
point of the reference hole serving as an insertion mount reference mark
BAdMourftify an insertion mount component at a predetermined position

on the printed circuit board on the basis of the calculated center point.

The mefhodHBP ntouritingcohaicments on thepristedccircuitdbard e

configured as described above can meet the needs for higher density and
RfihaRRYation Of wififg Vatters and fon rstinblemounting of veey smadl mark
components, and can attain significant reduction in production cost.

0018 Firthermord: & Risthcd fot Meunting-eoMpPoRRALSGN 2a priRtédtermined
circuit board according to the present invention as set forth in claim 8 is

198 MetRdd F8t rhBGntyg ‘tofthsrerts bk dopamedircuithdard aecoring:e

to i:lai 7 or 8, wherein the surface mount reference mark and the
calculated center point.

The method for mounting components on the printed
circuit board configured as described above can meet the
needs for higher density and miniaturization of wiring
patterns and for reliable mounting of very small components,
and can attain significant reduction in production cost.
[0018] Furthermore, a method for mounting components on
a printed circuit board according to the present invention
as set forth in claim 8 is the method for mounting
components on a printed circuit board according to claim 7
or 8, wherein the surface mount reference mark and the
insertion mount reference mark are formed on throw-away
portions formed around the outer fringes of the printed
circuilt board, and the throw-away portions are eliminated
after the surface mount component and the insertion mount
component are mounted.

While the novel features of the invention are set

forth particularly in the appended claims, the invention,

13



insertion mount reference mark are formed on throw-away portions
formed around the outer fringes of the printed circuit board, and the
throw-away portions are eliminated after the surface mount component
and the insertion mount component are mounted. While the novel
feafdres of the Mvention airé set dorth parnticetarly inithe appengedciaims,
the invention, 13 both as to organization and content, will be better
URGESf0otPand appradiated i along,with other ebjects and rfestdrest s and
thereof, from the following detailed description taken in conjunction with
thecdrainiigs: [ERFECT OF THE INVENTION:[0019E The printed siteuibt 1 on
board according to the present invention can meet the needs for higher
dEHSity drid FRMIAtDAZENGh o Witinghsatteras anddor reliable mounting of
very small components, and can attain significant reduction in production
cost. Furthermore, the present invention can allow very small
components to be disposed securely at accurate positions, and can
r%@% arintéd cirtVRIBBERY being excellent in productivity and
workability and a method for mounting components on the printed circuit
bGAS BRIEF DESTRIPTION OF TREIDRAWING S 00201 ng to the

present invention can meet the needs for higher density and
miniaturization of wiring patterns and for reliable mounting
of very small components, and can attain significant
reduction in production cost. Furthermore, the present
invention can allow very small components to be disposed
securely at accurate positions, and can provide a printed
circuit board being excellent in productivity and
workability and a method for mounting components on the

printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIG. 1 is a plan view showing a printed circuit board
according to Embodiment 1 of the present invention;

FIG. 2 is an enlarged plan view of the printed circuit

board portion A of the printed circuit board according to

Embodiment 1;

FIG. 3 is a partially enlarged plan view of the

14



FIG. 1 is a plan view showing a printed circuit board according to

Embodiment 1 of the present invention; FIG. 2 is an enlarged plan view of

the printed circuit board portion A of the printed circuit board according to
Embodiment 1; FIG. 3 is a partially enlarged plan view of the 14 printed
Eifcditb6ard T aeédrdirmgpio’Embodiment hoF G Listeosittearew showing

a specific example of an insertion mount component; FIG. 5 is a plan

view shéwing comporerftirsurtiry heteswand mountiagilands éorathele of an
specific insertion mount component shown in FIG. 4; FIG. 6 is a plan view
SREWng P ViciHitF of aMFouRting reference mark on a printed circuit

board according to Embodiment 2; FIG. 7 is the plan view showing the

printed Eiféuit Boafd i theadbriventionalelésteormiotbmponentmuunting holes
apparatus; FIG. 8 is the plan view showing the printed circuit board in

ARGtHR? EohvBHAtiorl efectronic-BempeReht ouhting rapparans;and FIG.

9 is the partially enlarged plan view of the conventional printed circuit

GEERP P LARATIONS OENUMERALS

FIG. 6 is a plan view showing the vicinity of a
mounting reference mark on a printed circuit board according
to Embodiment 2;

FIG. 7 is the plan view showing the printedycircuit
board in the conventional electronic component mounting
apparatus;

FIG. 8 is the plan view showing the printed circuit
board in another conventional electronic component mounting
apparatus; and

FIG. 9 is the partially enlarged plan view of the

conventional printed circuit board.

EXPLANATIONS OF NUMERALS

[0021]

1 printed circuit board

2 surface mount reference mark
2a metal foil

3 1insertion mount reference mark

3a first insertion mount reference mark

15



[0021] 1 printed circuit board 2 surface mount reference mark 2a metal
foil 3 insertion mount reference mark 3a first insertion mount reference
mark 15 3b second insertion mount reference mark 4 board positioning
hole 5a, 5b through holes 6a, 6b metal foils 10 mounting land 20
cOFpUHENt indiritigtHole 30 Himit swifchr 8h contact lever 32 first
protrusion 33 second protrusion 34 terminal 35 first component mounting
hole 36 S8cBARd tbAfoReaAt okmting hole 37 mounting land 40 mounting

reference mark 41 reference hole 42 metal foil 43 outer fringe
5a, 5b through holes

6a, 6b metal foils

10 mounting land

20 component mounting hole

30 limit switch

31 contact lever

32 first protrusion

33 second protrusion

34 terminal

35 first component mounting hole
36 second component mounting hole
37 mounting land

40 mounting reference mark

41 reference hole

42 metal foil

43 outer fringe

50 printed circuit board

BEST MQDES FOR CARRYING OUT THE INVENTION

[0022] Printed circuit boards and methods for mounting
components on the printed circuit boards according to
preferred embodiments of the present invention will be

described below referring to the accompanying drawings.
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50 printed circuit board BEST MODES FOR CARRYING OUT THE
INVENTION [0022] Printed circuit boards and methods for mounting
components on the printed circuit boards according to preferred
embodiments of the present invention will be described below referring to
fe acdompanyingfaraniigene 60231 <<Embodiment 1>> FIG. 1 is a

plan view showing a printed circuit board according to Embodiment 1 of

the present invention2 ABL sRowh fi FRBOY ithe printed titewit béarhii t board
shown herein is a set of four printed circuit boards A, B, C and D, and the
PRREEACRAICEo &R \BieC and D haveehesarrnshdpevand ion. 2As
configuration. FIG. 2 is an enlarged plan view of the printed circuit board
ARG, 3%s BlSartialy ERfarged THi&s viewr 6tthe primed circaitpoardgrein is
and showFs a surface mount reference mark 2 and an insertion mount
fefdfen@ImErks Gif tHe Sithted tiédit veard dackording fo EEMbBdiment the
1. 0024] As shown in FIG. 1, the printed circuit board 1 is partitioned at

e BaRT finged o th ot prifted circuR BeaRIsAVB, ChndPusingape and
muI%ple rooves. On_each of the printed circuit boards A, B, C and D,

A8 Y Abuntig 1ahts 107 compomeRt Mot RifgReies J6 Satcoare he

formed accarding to a wiring pattern. Although the mountin

prlﬁ%e% c1rc&{t boarégg. FIG. 3 f% a partiaf%y enlarged
plan view of the printed circuit board 1, and shows a
surface mount reference mark 2 and an insertion mount
reference mark 3 on the printed circuit board 1 according to
Embodiment 1.

[0024)] As shown in FIG. 1, the printed circuit board 1
is partitioned at the outer fringes of the four printed
circuit boards A, B, C and D using multiple grooves. On
each of the printed circuit boards A, B, C and D, multiple
mounting lands 10, component mounting holes 20, etc. are
formed according to a wiring pattern. Although the mounting
lands, the component mounting holes, etc. are formed on the
entire face of each of the printed circuit boards A, B, C
and D according to Embodiment 1, only some of the mounting
lands 10 and the component mounting holes 20 are shown in
FIGS. 1 and 2.

The surface mount reference marks 2, the insertion

mount reference marks 3 and board positioning holes 4 are
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lands, the component mounting holes, etc. are formed on the entire face
of each of the printed circuit boards A, B, C and D according to
Embodiment 1, only some of the mounting lands 10 and the component
;nognntygjtlolgé 20 artegshqwn in FIGS. 1 and 2. The sugace mount
teference marks 2° e msertion” Moutht Feferénce ifarke 34 Boarg=ed
f%pgitionin%holeg 4are 17 fgrmed at the outer fringes and the Like of the
Hnted circuit Doard T 56&rdihg to EMBOAMSIATE The oufer fingss are
thrown away Whl_%n the printed circuit boards n, B, C and D are removed
ffom the prnted GircUit bGard"1. J06251 The Féfererice positibring Hotésd 2 B/
re holes that are used as references to position the printed circuit board
T ER'2 COmpOnerT mOGAtng ABparAIE TH Folos Sré EhpaBEa Wit the

| ot shown), provided on the component mounting apparatus
\F/)vd}]%(?rg‘g)y the pr%t%d Eierc%{ board 18 %;%gé'lel(f %tl%ﬁg%ém e&ﬁ%si}i’i%%% that

the apparatus. As shown in FIGS. 1 and 2, the surface mount reference
Tharks 2 are forme gterrﬁﬁﬁisblegﬁo?lﬁésnls on Ifhé%ﬁn?e%l %ﬁ%@it board't, forar e

example, %%g ns pe e nearly diagonal corners.of the printed
circuit o%r(%% am% at ne%ﬁfltgjﬂrilé;goarga? %gsi i0nS ar%%d%%];f%%e arﬁfgur?tngaged

Fompanents; B thedisealdng par.ol spdiage ovl el enes A R unt in
formed diagonally as escrl%e above around the stiface ™~ g
apparatus, whereby the printed circuit board 1 is disposed
at the desired position on the apparatus.

As shown in FIGS. 1 and 2, the surface mount reference
marks 2 are formed at multiple positions on the printed
circuit board 1, for example, at positions near the nearly
diagonal corners of the printed circuit board 1 and at
nearly diagonal positions around surface mount components.
By the use of the pair of surface mount reference marks 2
formed diagonally as described above around the surface
mount component to be mounted, the positioning of the
surface mount component in the X-axis direction and the Y-
axis direction with respect to the printed circuit board 1
can be carried out on the basis of the surface mount
reference marks 2 formed near the surface mount component.
The X-axis direction is herein the horizontal direction on

the printed face of the printed circuit board 1 (the

lengthwise direction of the printed circuit board 1 shown in
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mount component to be mounted, the positioning of the surface mount
component in the X-axis direction and the Y- axis direction with respect to

the printed circuit board 1 can be carried out on the basis of the surface
mount reference marks 2 formed near the surface mount component.

The K-axis difettibhés herein the horzantahditectioreop sthegrinted face

of the printed circuit board (the lengthwise direction of the printed circuit
BoaRFT shBwWArin U8eF I3 Nt add The ¥-axds direction iscthe perpendiculasard 1.
direction on the printed face of the printed circuit board 1. [0026] The

$Uffaée mount réference fierks 12oare formdd Harthe samepradustien £ormed
process (for example, the pattern- baking and etching process) as that for

e WirfhgSpatferAT 64 HE pRRtE CifcUitthoad 1. AAmshdwn it FiGp3,tthe rn-
surface mount reference mark 2 consists of a metal foil 2a, such as a
BEppESHIAT AndtE o bter BiRGeE 2B forred théreiround sThe center ok thiee rn
metal foil 2a serves as the reference point of the surface mount reference
ark 2 FoF RS aSoRCH didflagseént odcurstinuhe posiibRal 3, the
relationship between the metal foil 2a serving as the reference point of

i SGFacd Mauht FEEreasmarR 2'and ensitingarters. Inahe suffacé 2a,
mount reference mark 2, the outer fringe 2b formed around the metal foil

SR Cihdfcatihg TABRREFfate MouArILférened boint is Eblredio Aormed

- therearound. The center of the metal foil 2a serves as the
reference point of the surface mount reference mark 2. For
this reason, no displacement occurs in the positional
relationship between the metal foil 2a serving as the
reference point of the surface mount reference mark 2 and
the wiring pattern. 1In the surface mount reference mark 2,
the outer fringe 2b formed around the metal foil 2a
indicating the surface mount reference point is colored to a
color different from that of the metal foil 2a, for example,
black, and is configured so that the center of the metal
foil 2a can be calculated easily by processing an image
taken using a camera. Although the metal foil 2a according
Co Embodiment 1 is formed into a square shape, it may also
be formed into a circular shape.

[0027] As shown in FIG. 2, the insertion mount
reference mark 3 is formed near the upper diagonal corner of

the printed circuit board 1, adjacent to the surface mount
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color different from that of the metal foil 2a, for example, black, and is
configured so that the center of the metal foil 2a can be calculated easily
by processing an image taken using a camera. Although the metal foil 2a
according to Embodiment 1 is formed into a square shape, it may also be
fofrhe8Shteca Birelilar shape. [0027) AsshowrinrEl@. 2, the insertiar cording
mount reference mark 3 is formed near the upper diagonal corner of the
printeBthetitboard |, ddjacémethé surfacemiourt A9 reference mark 2.
in the printed circuit board 1 according to Embodiment 1, the insertion
froURE FEferénceTiarkaa neensistsiof 1We kirdsfofmarks: sefirst insertiom ¢
mount reference mark 3a and a second insertion mount reference mark
35.7AS SR6RNMIAPIGSS, fHedfirst fifsertich Aounat Téferencemiark@zerence
consists of a through hole Sc and an outer fringe 6a formed therearound.
*Fﬁé}éuf’é?'fringe 6a of the first insertion mount reference mark 3a is
formed of a square metal foil 6a, such as a copper film, that is the same
metal foftasthat'sr the iting patterh andifsatied nsimtitapeousiyn t
therewith. The second insertion mount reference mark 3b consists of a

fhroGgRPofe BB RRd¥h 6Giet Lfinge®h forineiakeredrednd SEheodtean outer

fringe 6b of the second insertion mount reference mark 3b is colored to
é% ge ba formed therearound. The outer fringe 6a of the

first insertion mount reference mark 3a is formed of a
square metal foil 6a, such as a copper film, that is the
same metal foil as that of the wiring pattern and formed
simultaneously therewith. The second insertion mount
reference mark 3b consists of a through hole 5b and an outer
fringe 6b formed therearound. The outer fringe 6b of the

second insertion mount reference mark 3b is colored to black,

for example.

[0028] The through holes 5a and 5b serving as the
reference holes in the first insertion mount reference mark
3a and the second insertion mount reference mark 3b
configured as described above are formed simultaneously
‘during the drilling process (NC drilling) for the printed
circuit board 1, for example, the drilling of mounting holes
for allowing electronic components to be mounted. Hence,
the through holes 5a and 5b are formed without displacement

in the positional relationship between the through holes 5a
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for example. ]0028] The through holes Sa and 5b serving as the'
reference holes in the first insertion mount reference mark 3a and the
“second insertion mount reference mark 3b configured as described above
are formed simultaneously 'during the drilling process (NC drilling) for the

apfintedl @ireuit board ¢ -forexamptertherdsitingrefimeunting boles for +ne
allowing electronic components to be mounted. Hence, the through ho!es

PBaTHrRFSl afe formetbwithout. dispracement indhe positional relationshipoles
between the through holes Sa 20 and 5b and the electronic component

S cuttingPhdled $n thed printsckcircuit boardrdn in &mbodiment the through ¢ 5
holes 5a and 5b have a diameter of 1.0 mm, and the metal foil 6a is

L formrdd ffo Hsquare SHapewithepe sidecmeaswring 39 mwasTheng 3.0 mm.
through holes Sa and Sb should only have shapes such that their

Thicorferentialporions cantbk Gbtectethbylimage recogniinapard theyn
should only have a diameter of 0.5 mm or more. [0029] Although an

t%&%nﬁﬂ@%ﬂmﬁéWﬁ%@ﬁﬁ%ﬁﬂﬁd@éfmﬂﬁﬁﬁgnﬂunﬂwrbkﬂéﬁmEﬂHﬁHSBﬁ image
and 3b formed on the printed circuit board 1 according to Embodiment 1

L el Peent Ybschbed BBBve s&se! kindootinsdviion mountaeference Marks mm

should only be provided depending on two kinds of mark recognition
°m8ftbtls described below in the method for

[0029] Although an example wherein the two kinds of
insertion mount reference marks 3a and 3b formed on the
printed circuit board 1 according to Embodiment 1 has been
described above, one kind of insertion mount reference mark
should only be provided depending on two kinds of mark
recognition methods described below in the method for
producing the printed circuit board 1.

A first mark recognition method is, for example, a
method wherein light is applied to the insertion mount
reference mark 3 from above the printed circuit board 1, the
light reflected therefrom is photographed using a camera
provided above to take an image, and the center pcsition of
the through hole 5a is calculated using the taken image. 2
second mark recognition method is, for example, a method
wherein light is applied to the insertion mount reference
mark 3 from below the printed circuit board 1, the light

passed through the through hole 5b is photographed using a



producing the printed circuit board 1. A first mark recognition method is,
for example, a method wherein light is applied to the insertion mount
reference mark 3 from above the printed circuit board 1, the light reflected
therefrom is photographed using a camera provided above to take an

cimage, andthe eentesposition ofz the tirough hole Sads ealculated sising
the taken image. A second mark recognition method is, for example, a

pasethodnwhereindighit issapplietbtosthesnsertion raguntdeference ;mark3
from below the printed circuit board 1, the light passed through the

t shraugirtagle 5b is=phatographectusing &-2hsamera previded ahove 0.4,
take an image, and the center position of the through hole Ib is calculated
thsingethes takersimage. Meénce;dn onedirsthmask eecagnition-method - the
center position of the through hole 5a is calculated using the first insertion
usnogntreferéhce marks3a andwsing:the light seflected therefrom.dadheising
second mark recognition method, the center position of the through hole '
T8y isicdlculatsd asingdhé secerid insertion mauntsreferenceamark 3b and
using the light past through the through hole 5b. in the second mark
ryeecgnitionmathodowhenithe figstingenionimouvnt referenee mhark3ishole
used, the boundary between the passing light and the metal foil 6a
SkahfofbeCrdcvfizets bind the Tenterqpositiors efthecthraugmholesSze rence
mark 3b and using the light past through the through hole 5b.
In the second mark recognition method, when the first
insertion mount reference mark 3a is used, the boundary
between the passing light and the metal foil 6a cannot be
recognized, and the center position of the through hole Sa
cannot be calculated in some cases. For this reason, a
desired insertion mount reference mark is selected depending
on the recognition method from the two kinds of marks
included in the insertion mount reference mark 3 oh the
printed circuit board.
[0030] Mounting of very small insertion mount
components on the printed circuit board 1 configured as
described above will be described below specifically.
FIG. 4 1s a side view showing a limit switch 30 being
used as an odd-shaped component, an example of an insertion

mount component. FIG. 5 1s z plan view showing a mounting

portion of the printed circuit board 1, on which the limit
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cannot be calculated in some cases. For this reason, a desired insertion

mount reference mark is selected depending on the recognition method

from the two kinds of marks included in the insertion mount reference

mark 3 on the printed circuit board. [0030] Mounting of very small

ifgeitioh MBuRteBmponehts on4hé printethcieclit board 1 configured as
described above will be described below specifically. FIG. 4 is a side view

showing’e limit&wWitch 30 being? used aslanadd-shaped cotnponent,can ded
example of an insertion mount component. FIG. 5 is a plan view showing

# Mourfting® portioh oftheprinted eivtuit boardvel Whichv theslimit 22rn on or
switch 30 shown in FIG. 4 is mounted. As shown in FIG. 4, the limit switch

86 fs Brovided With B'ebhidtt fevics 3ithal & Mévabletseas tetmmenterd to
off a circuit, multiple terminals 34 that are connected to the mounting
[BREsBGr the dvitiAg Pattern Cand-feo Kindsnef protrusions 32:dnd @3, Asnds
shown in FIG. 5, two kinds of component mounting holes 35 and 36
ErBLFoTdG B the v indS of phétridiens 32 anBIiss afe formedidtitie of
mounting portion of the printed circuit board 1, on which the limit switch

56 fibunted AHYtHEIMBE ARG fahd sy Afe FrRVItEP UrcBaH sidesthe two
hereof. The diameter of the first protrusion 32 of the limit switch 30 being

§8§ﬁ1ﬁﬁﬂﬁﬁm%§ﬁﬁi?§6fﬁ§ and 33 are formed at the mounting

portion of the printed circuit board 1, on which the limit
switch 30 is mounted, and the mounting lands 37 are provided
on both sides thereof. The diameter of the first protrusion
32 of the limit switch 30 being used in Embodiment 1 is 0.75
mm, and the diameter of the second protrusion 33 is 0.55 mm.
In addition, the diameter of the first component mounting
hole 35 is 0.85 mm, and the diameter of the second component
mounting hole is 0.65 mm. Hénce, in Embodiment 1, a small
clearance of only 0.05 mm at the both sides of the first
protrusion 32 is provided between the first protrusion 32
(0.75 mm in diameter) and the first component mounting hole
35 (0.85 mm in diameter). Furthermore, a clearance having
the same value is also provided between the second
protrusion 33 (0.55 mm in diameter) and the second component
mounting hole 36 (0.65 mm in diameter).

[0031] The printed circuit board 1 according to

Embodiment 1 is transferred to a component mounting
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mm, and the diameter of the second protrusion 33 is 0.55 mm. In
addition, the diameter of the first component mounting hole 35 is 0.85
mm, and the diameter of the second component mounting hole is 0.65
mm. Hence, in Embodiment 1, a small clearance of only 0.05 mm at the

othasidesiof Bedirst swotsasion S2-ispravided between thefirstn the
protrusion 32 (0.75 mm in diameter) and the first component mounting

oler 85 ¢0.85mmnminidiamster) r Furthermore; acleamncenaing :then ing
same value is also provided between the second protrusion 33 (0.55 mm
incdiameter) dinviiiesseconelccomponent mounting iole-36 (065 MM s 4 ang
diameter). [0031] The printed circuit board 1 according to Embodiment is
frafsfemredtdreocéraponentmodnting x2&apearatus-and disposediatdie a e g
desired position on the component mounting apparatus using the board
positigRingaholed 4 HdWéverSbecdusethenoard positioning helest and

the mounting lands 10 (for example, the portions indicated by numeral 37
PRI B) of the Wirindp pattérnion tise rprintda cineuit hoarcht agamet

formed in the same production process, displacement may occur in the
pésitiBRAl Pelaliditstis therébemearendericanaythecmethach forimownting: i onal
components on the printed circuit board 1 according to Embodiment 1, in

fifel thietalsurtdternmbaitesnponent, the surface mount

Hence, in the method for mounting components on the
printed circuit board 1 according to Embodiment 1, in the
case of a surface mount component, the surface mount
reference mark 2 is photographed using a camera, its image
is processed to calculate the center point of the metal foil
2a, and the calculated center point is used as the reference
point for surface mounting. The surface mount component is
mounted at the predetermined position on the printed circuit
board 1 on the basis of the reference point for surface
mounting using the component mounting apparatus.

On the other hand, in the case of an insertion mount
component, the insertion mount reference mark 3 is
photographed using a damera, its image is processed to
calculate the center point of the through hole 5a or 5b
serving as a reference hole, and the calculated center point

is used as the reference point for insertion mounting. The

insertion mount component is mounted at the predetermined
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reference mark 2 is photographed using a camera, its image is processed
to calculate the center point of the metal foil 2a, and the calculated center
point is used as the reference point for surface mounting. The surface

mount component is mounted at the predetermined position on the

Prirfed cieuiinbdarl Pohrthe basiscofithe reference point foresswaces of the
mounting using the component mounting apparatus. On the other hand, in
thelcasersfear msertigrpmolms sscomponentythieiingertishmothtrefetepsa en
mark 3 is photographed using a camera, its image is processed to

Bsletibid thexbenter poimt of the through hole Sa or Sb serving as a

reference hole, and the calculated center point is used as the reference

point forliRséf bR . CPHeS Wdertion nebuint zompohent i mdlmted iment
at the predetermined 24 position on the printed circuit board 1 on the

Basis of #e Srefdrenes poiifoRmserticremountity usiagthe comspanent
mounting apparatus. In the printed circuit board 1 according to

Efdoimeit P Becabisé Bve iroagh Hote Baiorsbesarvingas therk 3 is
reference hole of the insertion mount reference mark 3 is formed in the
SEMBSolliclioR prodersicMat fordRe PESIRpEReEMbbAting holesh20

35, 36) for the insertion mount component using an NC machine tool, for

RARPBIE e P To s phadeiientin tR& podfionapreldtionshigertion mount

therebetween in, .
component using an NC machine tool, for example, there is no

displacement in the positional relationship therebetween in
the printed circuit board 1, and the same distance is
maintained therebetween. Therefore, in the mounting process,
the protrusions of the insertion mount component 1is inserted
securely into the predetermined component mounting holes 20
(35, 36), and the insertion mount component ié mounted
securely.

[0032] According to an experiment conducted by the
inventors, the fraction defective in the case of the method
for mounting components on the printed circuit board 1
according to Embodiment 1 was 0.001% or less. On the other
hand, the fraction defective in the case of the conventional
method for mounting surface mount components and insertion
mount components using only the surface mount reference
marks was different significantlyvfor each production lot of

the printed circuit board. In some cases, the fraction
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the printed circuit board 1, and the same distance is maintained
therebetween. Therefore, in the mounting process, the protrusions of the
insertion mount component is inserted securely into the predetermined
component mounting holes 20 (33, 36), and the insertion mount
cerhponentisanoantéed securely. [D032FkAgcardingstoranexpeiment case
conducted by the inventors, the fraction defective in the case of the

ettfock for mpundihgrcomporents oathe printed direitheardsht of 0.15 mm
according to Embodiment 1 was 0.001% or less. On the other hand, the

fractionr defeetive i ¢ ¢ase bbthecconventienal- siethod formeuptingieen the
surface mount components and insertion mount components using only
feusuriare rouns référerftet nearks wiasodifferent significantlyforeagnent
production lot of the printed circuit board. In some cases, the fraction 25
Beteetive exceéded 1.001Mtlisassumekihat, indhe casenthahartargeounting
displacement, such as a displacement of 0.15 mm or more, occurred in
theSpasiaénal refationshipreta@entthe prmepmting lands 1010f the wirdng i onal
pattern and the component mounting hole 20 during the experiment,
BémpoREntmotittihgoRas UnabRCBISE chlrfed-detEprapery Hattheen the
conventional printed circuit board, because the clearance between the
Brotiusion sftfinse fioH metht edmperBht avtive compongnthe

mounting hole was set at 0.2 mm or more, no
component mounting hole was set at 0.2 mm or more, no

problem occurred. However, in the present invention,
because the clearance described above was set at a very
small value‘to attain higher density and miniaturization of
wiring patterns and miniaturization of components, it is
assumed that the fraction defective became high.

However, in the method for mounfing components on the
printed ;ircuit board according to Embodiment 1, because an
insertion mount component is mounted on the basis of the
center point of the reference hole of the insertion mount
reference mark, even if the clearance between the
protrusions 32 and 33 of the insertion mount component and
the component mounting holes 35 and 36 is 0.05 mm, for
example, the insertion mount component is disposed
accurately at the desired position on the printed circuit
board 1 and then mounted thereon.

[0033] In the printed circuit board 1 according to
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problem occurred. However, in the present invention, because the

clearance described above was set at a very small value to attain higher
density and miniaturization of wiring patterns and miniaturization of
components, it is assumed that the fraction defective became high.
Hovreviermignthelmethodsformountingccomponents on:the cprinted.Gircuit. o .0+
board according to Embodiment 1, because an insertion mount

coRpoTEnt is Frounted on the basisfihe ceenter peint of thereferencg, + 5 ons
hole of the insertion mount reference mark, even if the clearance between

thé profrusions3Z and 83wf the insertian muunt componentand, dhe i
component mounting holes 35 and 36 is 0.05 mm, for example, the

iIRSEHRGR IoMMaSomponert isidispbsed tacturatelyn aktheidesired Resition men+ |
on the printed circuit board | and then mounted thereon. [0033] In the

pfittéd BifCuiPBoaRd ® Actorimy-too26iEmbodinentam example: whesein,

the pair of insertion mount reference marks 3 is formed at the diagonal

fiRGE POrtichs® Bf BREPriftedlcirclit boded isdescribede dHaviever; thesoard, or
- present invention is not limited to this kind of embodiment. Multiple pairs

&t iferfioR motifSefereRc8 Aitiks Arfieberformed i ameperbepacemed
inside the Printed circuit board, or a pair of insertion mount reference
HaA&IRay bé fofmedtarRgoRamFiéaniHeinssrtioPmonatcomponenttount ed.

be mounted._ . ,
In Embodiment 1, an exXample wherein the surface mount

refgrence marks 2 and the insertion mount reference marks 3
are fbrmed on the throw-away portions of the printed circuit
board 1 is described. However, it is pcssible to form the
surface mount reference marks 2 and/or the insertion mount
reference marks 3 in the same ares as that for the wiring
pattern depending on the configuration of the printed
clrcuit board.

Furthermore, in Embodiment 1, the reference hole is
shown as a through hole having a circular shape. However,
the reference hole is not limited to this shape, and the
reference holg should only be formed into a shépe that is
processed simultaneously with the component mounting holes:
for insertion mount componénts and is configured such that

the reference point can be calculated bv image recognition

For example, in the case of the first mark reﬂoqnﬁtioh
method, the reference hole is not required to be a through



In Embodiment 1, an example wherein the surface mount reference

marks 2 and the insertion mount reference marks 3 are formed on the

throw-away portions of the printed circuit board 1 is described. However, it

is possible to form the surface mount reference marks 2 and/or the

iMSeRioPoliAl referéneenTarks QUathé same akea as that, for the wirigrence
attern depending on the configuration of the printed circuit board.

Eﬁ&ﬁeﬁsﬁ@r‘é}% ERbodihehp 1ngé reférence bokeis Ishowm asoa fhirgughd

hole having a circular shape. However, the reference hole is not limited to

1S Shapeé ard thereierehcehiole skeuldonlybe formed dntoanshapesthat

is processed simultaneously with the component mounting holes for

rRERIPMBURP e6nTpdHeRtand isorifigered sablatisat fwerrefemncée .

paint can be calculated by image recognition. For example, in the case of

thelrirat mark re€6giiBss Tt e Fefereiide hidle igpbhrshulied mdenting

a through 27 hole but may be a non-through hole. Moreover, the

FETBRMICE™ hdIeEhduld oy Bé tornred it & StpechéifgTonfigarede such

that the censer point can be calculated, and the reference hole may have

Ao ydht Shpe, Hfor EREnipTe.R fotb4f ASEseribeashovet aare for

mounting components on the printed circuit board according

ethod fo odl|
B BRI T i BARGACIbAboar® IGndBa fHLr ing PATtern and

for miniaturization of components, even if the positional
relationship between the wiring patterﬁ and the component
mounting holes»is displaced owing to a change in the
production lot of the printed circuit board, insertion mount
'components can be mounted securely at desired positions, and
the production cost can be reduced significantly. Hence,
with the method for mounting components on the printed
circuit board according to Embodiment 1, very small
components can be disposed securely at accurate positions,
and excellent productivity and workability are obtained.
Furthermore, because the production cost of the printed
circuit board according to Embodiment 1 is reduced
significantly, product prices can be lowered.
[0035] <<Embodiment 2>>

FIG. 6 is a plan view showing the vicinity of a
mounting reference mark on a printed circuit board according

to Embodiment 2. The printed circuit board according to
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higher density and miniaturization of the wiring pattern an(_j for_
miniaturization of components, even if the positional relationship between
the wiring pattern and the component mounting hoIe;s is disp_laced'owmg
to a change in the production lot of the printed circw_t board, insertion
Eipountmeomponéntseearvbeamournted secutely.at desiradpositiens ;and, 4o
the production cost can be reduced significantly. Hence, W|th_ the method
tiermotinting comiporients: on the ipsntad- cirewit heardageording 0. nary 2
Embodiment 1, very small components can be disposed securely at ,
angciurdte positionsyrantexcelleaf prosuctivitysand waskabilityareon che
obtained. Furthermore, because the production cost of the printed circuit
Phgakg aceording to Besotlimeat tds reduredo significantynprodugtprices, e q
can be lowered. [0035] <<Embodiment 2>> FIG. 6 is a plan.wew showing
aRRE Sicinit) of acholmting reference piark onimprated:cietithoaid - o
according to Embodiment 2. The printed circuit board according to _28
2qnbBdriertt? Eprodideenwit aimouhtingsrefierencetmark 46 thabisgr s nted
combination of the surface mount reference mark 2 and the insertion
CIRBUAtreteRRde AR pravided Bnithel iprinted tireuit doard aecarging to
Embodiment 1 described above. The configuration of the printed circuit
NP4 e cdStamEEREMBadment 2 is she same as that of the printed

As shown in FIG. 6, the mounting reference mark 40
consists of a reference hole 41 serving as the mounting
reference for insertion mount components, a metal foil 42
formed around this reference hole 41, and an'outer fringe 43
formed around this metal foil 42 and colored to a color
different from that of the metal foil 42, for example, black.
The reference hole 41 is formed in the same production
process as that for the component mounting holes into which
the protrusions of insertion mount components are fitted,
and there is no displacement between the reference hole 41
and the component mounting holes, but a predetermined
positional relationship is maintained therebetween. Hence,
Che center point of the reference hole 41 is calculated by
image processing and used és the reference point for
insertion mounting, whereby each insertion mount component
is disposed accurately at a desired position on a printed

circuilt board 50 and then mounted.
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circuit board according to Embodiment 1 except for the mounting

reference mark. As shown in FIG. 6, the mounting reference mark 40

consists of a reference hole 41 serving as the mounting reference for

insertion mount components, a metal foil 42 formed around this reference
hEle¥1, and an butérfenge #3t formed aroimddhismieta fait43mithg to
colored to a color different from that of the metal foil 42, for example,

BreleRd Threrveférence hofe 42 Is forinediin the'same praductionaprogesse and
as that for the component mounting holes into which the protrusions of
Taefrtioht mobupPEBRpohehts arécfitters; amdltherelis ndisptacemente same
between the reference hole 41 and the component mounting holes, but a
BrétBieimine drpesitenalaelationshibois nidintairied therebetween,. Hentethere
the center point of the reference hole 41 is calculated by image
procEssitSand G586 a5 the Feferande point forninsprtivhemouatingthe metal
whereby each insertion mount component is disposed accurately at a

gesited positidR AP pRinfetE SrEaithoardi50 andtthenamountedr 20nship is
[0036] In the printed circuit board 50 according to Embodiment 2, the

Hretaion 2 h &g BRGietRf shage and crmes of atéoppes feif, féringe 43
example, is formed in the same production process as that for the wiring

BRUBAE AntthBre9d 7 diddlacaitht bERTecinG Wifing!satterhahdihel 42

etal
yg formed around the metal foil 42. With this configuration,

the outer circumferential portion of the metal foil 42
having a circular shape can be detected by image recognition.
In the process for mounting components on the printed
circuit board 50 according to Embodiment 2, light is applied
to the mounting reference mark 40, the light reflected
therefrom is photographed using a camera, and image
processing is carried out to calculate the center point of
the reference hole 41. The center point is used as the
reference point for insertion mounting. 1In addition, the
boundary between the metal foil 42 and the outer fringe 43
is recognized by the image processing using the light
reflected from the mounting reference mark 40, and the
Center point of the metal foil 42 having a circular shape is
calculated. The center point is used as the reference point
for surface mounting. Hence, the displacement between the

reference point for insertion mounting and the reference
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foil 42, whereby a predetermined positional relationship is maintained
therebetween. Furthermore, the outer fringe 43 colored to a color different

from that of the metal foil 42 is formed around the metal foil 42. With this
configuration, the outer circumferential portion of the metal foil 42 having
acirctilaf shapecaadie detectehby image eacagnition. 4p the pregessdok tance
mounting components on the printed circuit board 50 according to
Baiberiment2, lightisappliecidorthe mpuntingseference mark 40 the unt

light reflected therefrom is photographed using a camera, and image
protessivgls canied-bet toccalculate thercentertpaintofy the referencesrn. 1+
hole 41. The center point is used as the reference point for insertion
Fetintihglieadditon, thésbenndary:-between the metalfoildPnand thet ue, the
outer fringe 43 is recognized by the image processing using the light
Feffeetafifremtthielrnobnting réfeferceimatingB, andithe tentertpoiatafcally
the metal foil 42 having a circular shape is calculated. The center point is

Bis&¢ a3dhé Fererénice paintyert sarfade mounting. Heneetthee product .
displacement between the reference point for insertion mounting and the
r[é}gﬁérﬂce 30 poftit feeswFaceemountifig betbmesthe tisplacement board
distance between the component mounting holes for insertion mount
2ERTONENRE &7d HRPABUAERG Iandsof e Titing patteen thahecomponent

displacement distance exceeds a predetermined value, the
mounting can be carried out using one mounting reference

mark 40 having a function obtained by combining the surface
mount reference mark and the insertion mount reference mark.
Hence, the mounting reference mark can be formed even on the
limited mounting face of the printed circuit board that is
required to be miniaturized. Furthermore, with the method
for mounting components on the printed circuit board
according to Embodiment 2, components can be mounted
securely at desired positions, and significant reduction in

production cost can be attained.

INDUSTRIAL APPLICABILITY

[0038] The present invention can meet the needs for
higher density and miniaturization of wiring patterns and
for reliable mounting of very small components, and can
attain significant reduction in production cost, thereby

being widely applicable to and useful for printed circuit
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printed circuit board being in this state is automatically ejected from the
production line as a defective product. [0037] As described above, the
printed circuit board according to Embodiment 2 is configured so that
component mounting can be carried out using one mounting reference

berark40 having a function obtained by combining the surface mount
reference mark and the insertion mount reference mark. Hence, the
mounting reference mark can be formed even on the limited mounting
face of the printed circuit board that is required to be miniaturized.
Furthermore, with the method for mounting components on the printed
circuit board according to Embodiment 2, components can be mounted
securely at desired positions, and significant reduction in production cost
can be attained. INDUSTRIAL APPLICABILITY [0038] The present
invention can meet the needs for higher density and miniaturization of
wiring patterns and for reliable mounting of very small components, and
can attain significant reduction in production cost, thereby being widely
applicable to and useful for printed circuit 31 boards. LLOYD WISE
CLAIMS 1. A printed circuit board comprising:
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a wiring pattern having mounting lands to be connected to connection
terminals of both mount components of at least an insertion mount
component having a connection terminal for surface mounting and a
protrusion for positioning, and at least a surface mount component having
a connection terminal for surface mogrﬂg%sa mounting hole formed in the
area of the wiring pattern in which thé protrusion of the insertion mount
component is to be inserted, an insertion mount reference mark which has
a reference hole serving as a reference for deciding an inserting position
for the ingertionpeyoL.eomparentat e, imeyaen e, nsertion mount
component is mounted by a component mounting apparatus, and which
IS formeda_sv'\mygﬁrg‘f X@’PH tﬁgﬂﬁgn%%ﬂ@fdg al%%'%g péo%eesscé%nected
the mounting holeto’have a predetermined positional relationship

betyvegn,the mpoupfing-hale and therreference, hole, and.a sudace mount,

reference mark which serves as a reference for deciding a mounting

positiop ofthe surface Smansh.cempansst ahiheime when theswiace

mount component is mounted by a component mounting apparatus, and

whichiis33 LEQY R WISE dormed simyltaneously wish.the witing pattern

in a forming

positioning, and at least a surface mount component having

LLOYD WISE

a connection terminal for surface mounting,

a mounting hole formed in the area of the wiring
pattern in which the protrusion of the insertion mount
component is to be inserted,

an insertion mount reference mark which has a
reference hole serving as a reference for deciding an
inserting position for the insertion mount component at the
time when the insertion mount component is mounted by a
component mounting apparatus, and which is formed
simultaneously with the mounting hole in a drilling process
for the mounting hole to have a predetermined positional
relationship between the mounting hole and the reference
hole, and

a surface mount reference mark which serves as a
reference for deciding a mounting position of the surface
mount component at the time when the surface mount component

is mounted by a component mounting apparatus, and which is
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process for the wiring pattern by using the same metal foil as the wiring
pattern to have a predetermined positional relationship between the
surface mount reference mark and the wiring pattern. 2. The printed
circuit board according to claim 1, wherein the surrounding area of the
reforgnee Q%qfttgﬁe@ésﬁtgpwpﬂn&ﬁ@%@%@aggiét@mpq%%%@ming
metal foil area formed by etching at the time when the wiring pattern is
forrard 3 Tha-prnedcircuitbaard acearding . elaimdh WRgHRINR® o1 £oi1
surrounding area of the reference hole of the insertion mount reference
markds colpredite aeolerthat anbe distinguisheddtam that ofdbedighta1
passed through the reference hole. 4. The printed circuit board according
te-elpimi2nwheseipdbq drsertior meutdeterance Mark Fasahthouwgh k. and
hole formed as a reference hole at the central position of the metal foil
atea withepriptegteisenit board according to any one of 34 LLOYD
WISE claims 1 to 4, wherein the surface mount reference mark and the
insertion mount reference mark are formed on throw-away portions
formed around the outer fringes of the printed circuit board.

2. The printed circuit board according to claim 1,

LLOYD WISE

wherein the surrounding area of the reference hole of the
insertion mount reference mark is composed of a metal foil
area formed by etching at the time when the wiring pattern

is formed.

3. The printed circuit board according to claim 1,
wherein the surrounding area of the reference hole of the
insertion mount reference mark is colored to a color that
can be distinguished from that of the light passed through

the reference hole.

4. The printed circuit board according to claim 2,
wherein the insertion mount reference mark has a through
hole formed as a reference hole at the central position of

the metal foil area.

5. The printed circuit board according to any one of
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6. The printed circuit board according to claim 2, wherein a mounting

reference mark comprises a through hole as a reference hole formed in LLOYD WISE
the metal foil area having a predetermined shape and the surrounding

area of the metal foil area being colored to a color that can be

distinguished_ from that of the metal foil area so as to be used as an

ir@eargc?r&f rr%o%tn rg;er‘é'%r}gé: ?nlar%kéﬁ% surface n%&ﬂ?ef@?iﬁfeer?ﬁﬁr@%.ﬂﬂ and

method for mounting components on a printed circuit board, the

c%?rlnepoln%sn?é% Heludi F%S %?Fe ast g%rlen%%?tigl i ]r%%u%]f%o%%%%%%t Hﬁviﬁgré’ w-away

conesion taunaldor stiace meuning. and 2 proliysiop o), posiioning,
urface mount component having a-connection terminal” for
sytface mouynting, the method comprising: a step of simultaneously
forming a surface mount reference mark, which serves as a reference at
the time when the surface mount component is mounted, with a wiring

pattern in a forming process, the wiring pattern having mounting lands to

be 35 LLOYRWISE; cemnecied fo the sannection teraingls obthe a5y 2,

insertion mount component and the surface mount component, wherein

the Stitacemaunhefrenee fMadtisdopmed in gy taceMauRt, rough hole
reference mark area on the printed circuit board by using

as a reference hole formed in the metal foil area having a
predetermined shape and the surrounding area of the metal
foil area being colored to a color that can be distinguished
from that of the metal foil area so as to be used as an

insertion mount reference mark and a surface mount reference

mark.

7. A method for mounting components on a printed
circuit board, the components including at least an
insertion mount component having a connection terminal for
surface mounting and a protrusion for positioning, and at
leasﬁ a surface mount component having a connection terminal
for surface mounting, the method comprising:

a step of simultaneously forming a surface mount
reference mark, which serves as a reference at the time
when the surface mount component is mounted, with a wiring
pattern in a forming process,

the wiring pattern having mounting lands to be
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the same metal foil as the wiring pattern so as to have a predetermined

positional relationship between the surface mount reference mark and the LLOYD WISE
wiring pattern, a step of simultaneously forming a reference hole, which

serves as a reference at the time when the insertion mount component is

”g%HWQ%GQW?@d“QH@“%%HBEHQf%ﬁ“ﬂ@%h&ﬁ&fé?d@eﬂﬂ8uQWS%?Q%bn mount

being for the insertion of the protrusion for positioning, wherein the

reference. holesisforped dn arnsertign fpountieference mark.area an,.

the printed circuit board so as to have a predetermined positional

relationship hetween-the maunting hale anddheeferencg holg, a stepfunt

deciding an inserting position for the protrusion of the insertion mount

CQUPOPERLI hava apedelermined posiiong! ralatenshipbeiweeR hgsing

reference hole of the insertion mount reference mark area and the

insgHing:pesitier far the inserdonBOWILGePRRRMALIhe Jing whemihee a
insertion mount component is mounted by a component mounting

appAMLS ANhRQUPHRG theNSErtien JPBREAPPBREMdRHINSBEING Hheace
protrusion into the decided inserting position on the printed circuit board,

aned 36l LQYPAMBE astep shdecidingvamodnting:pesition for the
surface mount component to have a predetermined positional

a step of simultaneously forming a reference hole,
which serves as a reference at the time when the insertion
mount component is mounted, with a mounting hole in a
drilling process, the mounting hole being for the insertion
of the protrusion for positioning, wherein the reference
hole is formed in an insertion mount reference mark area on
the printed circuit board so as to have a predetermined
positional relationship between the mounting hole and the
reference hole,

a step of deciding an inserting position for the
protrusion of the insertion mount component to have a
predetermined positional relationship between the reference
hole of the insertion mount reference mark area and the
inserting position for the insertion mount component at the
time when the insertion mount component is mounted by a
component mounting apparatus, and mounting the insertion
mount component by inserting the protrusion into the decided

inserting position on the printed circuit board, and
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relationship between the surface mount reference mark and the mounting

position in the mounting land at the time when the surface mount LLOYD WISE
component is mounted by a component mounting apparatus, and

mounting the surface mount component at the decided mounting position

on the printed circuit: board. 4.,Hhe, methad fomoyntng GAMPONENts 0Ny ¢4 e

printed circuit board, according 1o claim 7, whérein in the step of forming

theomestal foik sk as the gurface, deference markin the surface

mount reference mark area, the metal foil mark is formed simultaneously

in-4he, inssrtion maunt yeferenge-mark area by using thersamea -metal il ong
as that of the wiring pattern , in the step of forming the reference hole in

thendnsgstion meytseference Markikeadhsdeferenga hols is: frmedid when

the metal foil mark of the insertion mount reference mark area, in the step

ot meusting be ingsrtien Mot cemponentoaRaHebRoiat ebthsonent
reference hole located in the insertion mount reference mark area is

calsulatachaandhiher Hisestjon MO U CeMPRNEiTds Botded ahdunt component
predetermined position on the printed circuit board on the basis of the 37
L@ YEhWISE: Catealaiedoenies poist efithe refereneehplited circuit

board.

8. The method for mounting components on a printed
circuit board, according to claim 7, wherein

in the step of forming the metal foil mark as the
surface mount reference mark in the surface mount reference
mark area, the metal foil mark is formed simultaneously in
ﬁhe insertion mount reference mark area by using the same
metal foil as that of the wiring pattern ,

in the step of forming the reference hole in the
ingertion mount reference mark area, the reference hole is
formed in the metal foil mark of the insertion mount
reference mark area,

in the step of mounting the insertion mount component,
a center point of the reference hole located in the
insertion mount reference mark area is calculated, and the
insertion mount component is mounted at a predetermined

position on the printed circuit board on the basis of the
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in the step of mounting the surface mount component, a center point of

the metal foil mark located in the surface mount reference mark area is LLOYD wisE
calculated, and the surface mount component is mounted at a

predetermined position on the printed circuit board on the basis of the

caleulated centernointofibepetat foilmag Q. Themethod for mounting

components on a printed circuit board according to claim 7 or 8, wherein

the surfacemoyat tefegence maikandihe inserlign mauntreferenCinponent ,
mark are formed on throw-away portions formed around the outer fringes

of the-priated oyt hoardnanchéhe threw:away Oriiers s eliminated

after the surface mount component and the insertion mount component

a Arlieehodtht reference mark area is calculated, and the
surface mount component is mounted at a predetermined

position on the printed circuit board on the basis of the

calculated center point of the metal foil mark.

9. The method for mounting components on a printed
circuit board according to claim 7 or 8, wherein the surface
mount reference mark and the insertion mount reference mark
are formed on throw-away portions formed around the outer
fringes of the printed circuit board, and the throw-away
portions are eliminated after the surface mount component

and the insertion mount component are mounted.
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