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Cl RCU T ELEMENT MOUNTI NG SYSTEM This invention rel ates 4 ; % r\‘eui‘r \ %
el enment - nounti ng system and nore particularly to a systemwhich is adapted
o control a circuit el enment-nounting head by neans of circuit
el enent =nounting data fed froma conputer-ai ded design device w thout
nodi fying the data to efficiently nmount circuit{ elenents on a substrate.
Conventionally, the nmounting of circuit elenents such as capacitors,
resistors, transistors and the i | circuit board
has been carried out accordi ng CrkEufh e 5, larly, the
mesh nethod is to suppose, on a printed circuit board a net of meshes
corresponding to intervals of pins-of an ICto nount circuit elenents on
i ntersgcffions in the nehis Udwerduinal eleyatébetoes e iiddiad daneardhsageny age
that si‘gnificant nunbers of usel ess spaces are produced on the printed
circuit board becaB¥&teéhe ?ﬁﬁMRQQﬁ;B@FtépﬂéaFlYetQﬁﬁﬁﬂxﬁnem wiadehohsonl y t he
i nt ersecti ons, resuhtln in a fai oLire to mount the elenments at hlghby :

I

density. Also, in %2 \ﬁQHQQﬂﬁf nﬁuﬁ?Fﬁ@pr%}%HqQﬁTm9¥Q§ﬂéﬁ Bea
automati cal ly desi HQ%&‘?6°Py°%St g_f eﬁeﬁ?”ﬁ?&'ﬁﬁh d%c{ad%(s:e&??rgﬁvgce

(hereinafter referre device prin

arrangement of Ccirgshpu€dLIETEeS d@%riquca@h@@t&ﬁmta%dtﬂf%hbkewndé”ta
printed circuit board dependi ng upon

to efficiently mount c1rcuit elements on a substrate.

\_/ Conventionally, the mounting of circuit elements
such as capacitors, fesistors. transistors and the like
‘on a substrate or printed circuit board has been carried
out according to a mesh method. More particularly, the
mesh method is to suppose, on a printed circuit board, a
net of meshes corresponding to intervals of pins of an
IC to mount circuit elements on intersections in the
net. Unfortunately. the mesh method has a disadvantage
that signifiqant numbers of useless spaces are produced
on the printed circuit board because the mounting of

kyi circuit elements is made on only.the intersections,
resﬁlting in é failure to mount'the elements at high
density. | |

Aléo. in the codventional.mounting bperation. a étep

of automatically designing, by means of a computer-aided
design device (hereinafter referred to as "CAD device"),
a printed circuit or an arrangement of circuit elements,
conductor patterns.  and the like on a printed circuit

board depending upon



circuit formng conditions such as an area of the printed circuit board,

types of circuit elenents, the nunber of circuit elenents and the |ike _
according to a circuit diagram has been practised separately froma step of &
nounting, by neans of an 5 aut omat i c=mdunt i ng apparatus, the circuit

el ements on the printed circuit board forned with the conductor patterns,

so that data obtained fromthe CAD device is not substantially utilized for
the nounting ste Accordingly, it would be highly desirable to develop a

10 circuit el 8?@5# trberinggciddtdensusueh 35 apanes| ef gtheypPrintedng a data
froma CAD device for the mounting of circuit-elenents on a printed circuit
board as wel | SEECHLEr PR3Te dB%?iin°5f°%§°BFFrﬂ%?ﬂeﬁﬁﬁwcﬁh? numpenrafi AgTSHitit i s an

obj ect of the resent ‘?%ﬁnéipn 15 to_ provide a nethod for nDuntlng a\,;-
circuit - el enefteRt 3 MY P e BeFArdhRa P fneieult H28ERP &3S P8R i sing

data froma CAD unt| as well as fqr the design of a
printed ci rchfacq' rs(fc?lar?%qi ED %tqfnﬁmﬁ’cuﬁgg Yo BRI §’%

anot her Obj ecgu inve t| on rov ui t

h t
el enent - mount I ng §§s$e °u\ﬂA§|g€§1 alpgar(':aar’)“gblt'éheofc ﬁ?‘f‘l gﬁt%f’ft?’Sm a CAD for
1Ol ont Y, e Benedl Ofrdhs BAdleGhel el the Al cé’or ot S Tl

to achi eve no acfUrrher o 5f The pr esent

 nventi on 10 pravide, 25 ekl Wbh ﬁleeewtdquy@t nqoéys%smm' ghyi's capabl e

of carrying out the nounting circurt e it - on ihted %ircuit 3
utilized for the mounting step.

o/
Accordingly, it would be highly desirable to develop a
10 circuit element-mounting system which is capable of utilising
a data from a CAD device for the mounting of circuit-elements
on a printed circuit board as well as for the design of a
printed circuit.
Accordingly, it is an object of the present invention
15 to provide a method for mounting a circuit-element on a
printe& circuit board ﬁhich is capable of ﬁtilising data from
a CAD deviée fof_the mounting as well as for the design of a
printed circuit, in order to achieve mounting at high density.
It is another object of the present invention to provide a
20 circuit element-mounting system which is capable of utilising
data from a CAD for not only the design of a printed circuit
but alsc for the mounﬁing, thereby to achieve mounting at
high density.
It is a further object of the present invention to provide
25 a circuit element-mounting system which is capable of carrying

out the mounting of a circuit element on a printed circuit



board according to a random nethod. It is still another obj ect of the
present invention to provide a circuit el ement- nmounting systemwhich is
substantially capabl e- of ‘effectively elimnating an error in the nounting
of a circuit elenment on a printed circuit elenent. It is yet another object
of the present invention to provide a circuit el ement-nounting system which
i s capabl e of acconplishing the nmounting of a3circuit elenent on a printed
circuit board at ultra-high density. It is still a further object of the
present invention RORE% @FCQEIANG| FR A traNdamemetiodnt i ng system which is

capabl e of acconplishimg ishetabovensehad HjeRE! S£Wehb ?r@éé*ﬂ?é eirﬁierd’c%g
Still other obJects and agvanta es of the invention w art VIOUS

and wh Tin part be Z5SIrFERt *F ﬁﬁ’nte IAmeRE TG UAELRE 5¥§B?f“dfh1t°d’e is
i nvention. Accordiswpst@niipillyt cappebe off efffecpigedptelimbmddiony amhere is

provided a circui terglogmamt ﬁeumw&@'%fe@ cci.Q@Hlitséﬂgmer?%WQt'pr}Qéxqgw ce

I ncl udi ng a nnuntln head ﬁ hol ding a circuit el enent ereon "an
nounting it on a pri ﬁPé& PBEPE- board; and a control systemfor
controlllng novenent &t salnennmmwthgflvad@cmooa phedpt esenteihyemtiibnoBoon

the printed circuigrohgaeda depea&iwgemmtcwoamn&'s{;%{%m Ty ng data

i nput thereto, to causg sai d nDuntl%é% ead to mouht the circuit elenent on
the printed circuiCPPBBAPAOL WAETURRL IShiRgShs: PAYNRLRE eBrbrdidedtitneans for
hol di ng the circuielemeerenh anpsmtkdrmiriculy beada seiwlcrd-Giigh QleasEbdy.

hokﬂlng means di sposeqet 950t i 1 &f P t3RY ¥bject of the present
invention to provide a circuit element mounting system
which is capable of accomplishing the above-noted
objects with a simple structure.

Still other objects and advantages of the invention
will in part be obvious and will in part be apparent
from the following description of the invention.

According to a first aspect of the present

- invention, there is provided a circuit element mounting
system, comprising: a mounting device including a
mounting head for holding a circuit element thereon and
mounting it on a printed circuit board:; and a control
system for controlling movement of said mounting head to
a predetermined position on the printed circuit boarad
depending upon circuit element mounting data input
thereto, to cause said mounting head to mount the
circuit element on the printed circuit board: wherein

"said mounting head comprises: means for holding the

"circuit element on said mounting head, said circuit
element holding means disposed to be intermittently
rotatable through a first position, a second position
and a third position spaced from one another in
consecutive order at angular intervals, said circuit
element holding means holding the circuit element
thereon at said first position and mounting the circuit
element on the printed circuit board at said third



rotatable through a first position, a second position and a third position
spaced from one another in consecutive order at angular intervals, said
circuit element holding neans holding the circuit elenment thereon at said 2
first position and nounting the circuit elenment on the printed circuit

board at said third 3A position: neans for reading position of the

circuit elenent, said circuit elenent posit?%n readi ng nmeans being fixed at
said second position for detecting a ¢ircuit elenment holding state of said

circuit el ement PRSIEIOR: MRRARS éprséFadéﬁgoHRF1ﬁkﬁQ1Qﬁnth§nﬁlgﬁB§Frate
position readinglqnams.fs&idknﬂgdmimggaeméncg@¢siﬂiangmmamumqtmagpposition on
the printed cirguy ?be:Eé’d ale $aiQ EQ&:BHBPB&{%{’J}: %frdet:%c.fif%gt-bng of the
circuit element on The printed circuit board by said circuit €l enent =
hol di ng means. ASEGWHF Rt aRent hoddifdaspate of sd Fidsdit PAGBARFon there

is provided a nrRohoing aneawzidt Bgid secondtpes vt @ndaspbsbkadeci rcuit
board, conpri si pge} igos! £hf Al nEBKENE0R EDLOLL 11 NP ALY BYeflefit TOUI !
el ement to a predeterm ned position on a positioned printéd circuit board
dependi ng upon BPYREIRY REHOIOINLERAGPERR EES UG PraRdadtABRHR VI ce;
mounting sai d CthCHd tped BtHYH prioraitd moeReiws BMashed@diricu@l elemanhtl

pri nt ed SLCFELf: gf{gégt@nig Al A" ER % PG JRQ" Rt 2 rom
o2lding means.

According to a second aspect ¢f the present '
invention there is provided a method for mounting a e
circuit element on a printed circuit board, comprising

the steps of: moving a mounting head holding a circuit

element to a predetermined position on a positioned

printed circuit board depending upon circuit element

mountind data supplied from a CAD device; mounting said

circuit element on said predetermined position of said

printed circuit board by said mounting head depending

upon the data from the CAD device; detecting if the

mounting position of the circuit element on the mounting

head corresponds to the data supplied from the CAD

device; detecting if the circuit board is positioned and

has a mounting location for the circuit element

corresponding to the data supplied from the CAD device: ~/
and adjusting the mounting position of the circuit

element when the same does not correspond to the CAD

supplied data, or when the circuit board position or

location does not cotrespond to the CAD data, prior to
mounting the same on said circuit board:; wherein the

circuit element retained on the mounting head is moved

through three consecutive positions, with the detection

steps and any adjustment steps carried out when the

circuit element is at the first two positions, and the
mounting step carried out when the circuit element is at

the third position.
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mounting_position of the circuit elenment on the nounting head corresponds
to the data supplied fromthe CAD device; detecting if the circuit board is
positi oned and has a rounting |location for the circuit el enent
corresponding to the data supplied fromthe CAD device: and adjusting the
mounting position of the circuit elenent whengthe same does not correspond
to-the CAD supplied data, or when the circuit board position or |ocation
does not correspond to the CAD data, prior to nounting the sane on said
circuit board; wherein the circuit elenent retained on the nmounting head is
noved t hrough three consecutive positions, wth the detection steps and any
adj ust ment steps carried out when the circuit elenent is at the first two
posi tqn§, and the nounting step carried out when the circuit elenent is at
the third position. 4 For a fuller understanding of the invention,
reference is made, by way of exanple only, to the follow ng description
taken in connection wi.th the acconpanying drawings, in which: Fig. 1 is a
bl ock di agram showi ng a control system enployed in an enbodi nent of a
circuit element-nmounting systemaccording to the present invention: Fig. 2
is a schematic plan view showing a nounting unit; Fig. 3 is a schematic
pl an vi ew showi ng- a mPomt anguller understanding of the invention,

reference is made. by way of example only, to the
\_ following dgécription taken in connection with the
_accompanying dréwings. in which:

Fig. 1 is a block diagram showing a control system
employed in an émbodimeﬁt of a circuit element-mounting
system according to the present invention:

Fig. 2 is a schematic plan view showing a mounting
unit; |

Fig. 3 is a schematic plan view showing a mounting
head; and

Fig. 4 is a flow chart illustrating the manner of

W _operation of an embodiment of a circuit element-mounting

system according to the present invention.



head; and Fig. 4 is a flow chart

i nventi on.

reference to the acconpanying drawings. Fig. 1 shows an exanple of a
control system which may be enployed in a circuit el enent-nounting system

according to the present invention. The control systemillustrated in Fig.
1 includes a CAD device 10 which has circuit-form ng conditions determ ned

|IIustrat|ng t he manner of operation of an
enbodlnent of a circuit el ement-nounting system according to the present

5 Now, an enbodi nent of a circuit el enment-pmounting system
according to the present invention will be described hereinafter with,

on the basis of a predetermned circuit-form ng scheme input thereinto so
that it may function to generate circuit el enent- nDunting data for

i ncl ude,
el ement s,

el ement - nounti n

automatically setti g%the nggpg.n sttlon and ture of a gLrCUIt‘
el enent on a substral e IR é"%fl nP&d c??’&‘ﬂf’t b FIEntshenn bﬁ?iltlons
for exavpten agcandindftoatpei nresent rivanentdoar willypes of circuit
the nag@@hpéa Hdrdiidarele@Rith Adfleidifed it thEhacEbRpaRying 10 is

electrlcally cognecte to a programcontroller 12 so that the circuit

J"

L34t%9%enerated fromthe CAD device 10 may be supplied to
t he program control Fieg. 12 .shfiws dat @xanpledes,a faantacdmslystea whichit

el enent - nmounti Ngay be employed in a circuit element-mounting system

according to the present invention. The control system

illustrated in Fig. 1 includes a CAD device 10 which has

circuit-forming conditions determined on the basis of a
predetermined circuit-forming schemée input thereinto so
that it may function to generate circuit '
element-mounting data for automatically setting the
mounting position and posture of a circuit element on a
substrate such as a printed circuit board. Such
conditions include, for example, an area of a printed
circuit board, types of circuit elements, the number of
circuit elements and the like.

The CAD device 10 is electrically connected to a
program controller 12 so that the circuit
element-mounting data generated from the CAD device 10
may be supplied to the program controller 12. The data
includes, for example, a circuit element-mounting

position represented by means of X and Y co-ordinates, a
circuit element-mounting posture represented by means of

a rotation angle ©, configuration and dimensions of a
circuit element, and the like. The rotation angle 6
may be indicated as an angle of rotation from a
reference posture obtained, for example, when a circuit
element is mounted on a printed circuit board so as to
be parallel to a long side of

o/

v

[
v



position represented by nmeans of X and Y co-ordinates, a circuit
el ement - nounti ng posture represented by nmeans of a rotation angle e.
eonfiguration and di mensi-ons of -a circuit elenent, and the |ike. The
rotation angle e may be indicated as an.aggle of rotation froma reference
posture obtained, for exanple, when a circuit elenent is nounted on a
printed circuit board so as to be parallel to a | ong side of -6- the
circuit board. The programcontroller 12 to which has been supplied the
above- descri bedhdatiachit brocahe. CARedprdgram 1€br@eoETe €3, toa@ROdlinag Be@nor der
of nmounting of circuit elenents, positional data such as, for exanple,
val ues of X andudpBied the abdireaiessrifededata dirbs WHe CARRRiceIONt i NQ
positLQ%j a value of the rotation angle e of each circuit elenment, and the
| i ke. The progeanemades; ddcerdiil its ¢ofvmr oOmoaatig bd circaperellementssequence
control section 14 which serves to control an operation sequence of a drive
mechani sm 16 whipPeitiopal (ladessesrnied fert bxampleurnalugs wfl € a8 shown in Fig.
2, a mounting head 20 shown in Fig. 3 and the like, so that the positional
dat a gener at ed SPTURLPAEEDHCEgPRAN CoNEHiS Plemend maunthes Aespiiad Bovalve
operation sequence control section 14. The drive nechanism 16 includes, for
exanmpl e, a cyl Phddie, rataffopoingliend efhereh fidcutle elprent.Apad thendike.ogr am
controller 12 is cognected to a Qosition-correcting operation circuit 22

|

which is then connedPRdPPE am ePretiston2 dis fhen srpnetedet? i3 24, a

Y-direction drive ntrol section, 26 and e-angl e
U operé%gon sequence contro sectfgn TE'éLich serves to control

an operation ‘sequence of a drive mechanism 16 which is

10 associated with a mounting unit 18 shown in Fig. 2, a
mounting head 20 shown in Fig. 3 and the like, so that the
positional data generated from the program controller 12 may be
supplied to the operation sequence control section 14. The
drive mechanism 16 includes, for example, a cylinder, a

15 rotating shaft and the like. Also, the program controller 12

,is connected to a position-corregting operation circuit 22

which is theh connected to a X-direction drive control
section 24, a Y-direction drive control section 26 and a @-angle
drive control section 28 which are provided in the mounting

20 unit 18 and serve to control motors M1, M2 and M3. for driving
an X-direction drive shaft, a Y-direction drive shaft and a
8-angle drive shaft of the mounting unit 18, respectively, so
thaﬁ the data generated from the program controller 12 may be
also supplieq through the position-correcting operation

25 circuit 22 to the control sections 24, 26 and 28.



drive control section 28 which are provided in the nounting 20 unit 18 and
serve to control mptors M, M2 and M3 for driving an X-direction drive
shaft, a Y-direction drive shaft and a G angle drive .shaft of the nounting
uni t 18 respectively, so that the data generated fromthe program .,
controller 12 may be al so supplied throdgh the position-correcting
operation 25 circuit 22 to the control sections 24, 26 and 28. -7- The
control systemshown in Fig. 1 also includes a substrate position-reading

section which is nnected .to the p03|t|on correctin ration circuit 22.
In the illustrat edﬁﬁnﬁ%’i‘ i Y5190 SBOMS dPal 8 pdsPi5Y % g‘f{? section
conprises 5 rocessor cted to the circ nd an

opti cal sensoru%ég 85’(%&%’5‘37%@%3?&18?o‘g@&’of’s oo uted S?I %‘ael serrégr.«SZ

aCt s tor eadc}:)%sggfor;[-l chq‘,lgétél P;agorglcrltcr;ﬁult % ar dIrégne vﬁ'g{ %txpgt%%essor 30

is adapted t usi ng sor a substrate

or printed C'Jm%ghim%%argh% %u%QtPa[t%V el h etct%r?rE%ﬂ RNt ing

pOSI tion thereon w ace or ce SUPf I CI en nount g circult

el ement . The  udgengntoony- 8 i B ehe G1rbY h@'z%tblﬁoeaﬁr%ﬁ%%h”g of the

data, or the The Ju génent 1s suppliedt e position-correcting

operation ci rgakby 22 cdrnected to el &8 pw@esgeptwl eyStprief1 Fig. 1
includes a circuit el enent position-reading section which'is also connected

to the positifmseRrizeabtdkOPiRtd BBsHiilonUbt 223rdikba bhrdfi® bbdrgstrat ed
enbodi ment, conprises a data processor 34 connected to the circuit 22 and
an optical seIneodatdb pPotEERredo 11y bBsptbAt 8o judge, using data read by o/
the sensor 32, whether a substrate or printed c¢ircuit board is
10 provided at a circuit element-mounting position thereon with a
place or space sufficient to mount a éircuit element. The
judgement may be carriéd out e.g. by picture processing of
the data, or the like. The judgement is supplied to the
position-correcting operation circuit 22.
15 Further, the control system of Fig. 1 includes a circuit
element position-reading section which is also connected to the
p&sition-correcting operation circuit- 22 and, in the illustrated N
embodiment, comprises a data processor 34 connected to the
circuit 22 and an optical sensor 36 connected to the data
20 processor 34. The'oétical sensor 36 acts to detect a state of
a circuit element held by suction on the mounting head 20. The
data processor 34 is adapted to carry out the processing of data
read by the sensor 36, e.g. by picture‘processing or the like.

An output of the data processor is then supplied to the

25 position-correcting operation circuit 22.



20 processor 34. The optical sensor 36 acts to detect a state of a circuit
el ement held by suction on the nounting head 20. The data processor 34 is
adapted to carry out the-.processing of data read by the sensor 36, e.g. by
picture processing or the like. An outpul @f. the data processor is then
supplied to the 25 position-correcting operation circuit 22. -8- The
position-correcting operation circuit 22 functions to judge a necessity of
correcting the positional data supplied fromthe programcontroller 12
thereto in view of t e dmisatserpprbreettfingndgdrat sabsiraiie pRSfuncefodLadi ng
section and 5 circuit elenment position-reading section and to correct the
posi tional datajudgeanynex@ssity iofncofrechénglaha pasiteondlr édta Buppposi ti onal
dat a~fcofrected as necessary) is then supplied to at |east one of the

X-di rection dri {rom ghe rrylogsam tdophrddiert h2 thedetedhni viewdbf vehecdata ol secti on
26 and the e-angle drive 10 control section 28. In Fig. 1, reference

nuner al 38 desi girpléed fnosnthe|supsatrstef pesidpenateading secpiagrad control | er
12. The mounting unit 18, as shown in Fig. 2, includes an X-Y tabl e nounted
on a base 4@ anttisuéyiledenharaséhigu-reading Sechloni ard ttioororheichetict i on 42
and a Y-direction drive section 44, and the nounting head 20 arranged on
the X-Y tabl e. PRflaéeral d8ta Hd ABUMArRgetian: of dheadatar dai rewiisa®nt feed
section 46 is arranged which includes a parts feeder, a tape feeder, a
magazi ne and th&9 P %%thpéb,d%aoﬁﬁ"’tﬂ?étﬂgéé neresEark igothRn SyPRMied 18 s

20 arranged a substrate carrier sggt i,on 48 which serves to feed
U to at least one of the X-direction drive control section 24, the

Y-diréction drive cont;ol section 26 and the @-angle drive
10  control section 28.
In Fig. 1, reference numeral 38 designates a control panel
for operating the program controller 12.
The mounting unit 18, as shown in Fig. 2, includes an X-Y
table mounted on a base 40 and provided thereon with an
15 X-direction drive section 42 and a Y-direction drive section by,
and the mounting head 20_apranged on the X-Y table. Adjécent to
the mounting unit 18,'g.circuit element feed section 46 is
arranged which includéé:a parfs_feé&ér, a tapenfeeder, a magazine
”and_Fhe like. Also, alﬁng the base 40 of the mounting unit 18 is
20 arranged a substrate carrier.sectipn 48 wpich serves to.feed
printed circuit boards P to the mounting unit 18 in order and to
position each of them at a position at which a circuit element is

to be mounted thereon.



printed circuit boards P to the nounting unit 18 in order and to position
each of themat a position at which a circuit elenment is to be nounted

t her eon. -9- The nounting head 20, in the illustrated enbodinment, is
adapted to have a function capable of reading positions both of a cirguit

el ement and a printed circuit board. Nb?é‘particularly, t he nounti ng head
20, as shown in Fig. 3, 5 includes a circuit el enent-hol ding neans 50
which is adapted to hold a circuit elenment thereon by suction and which can

be int ittentl t at b I pterm{t tati hat 2, .and

sﬁblstnr g{(ran pogint [ )c/)rT ?e‘g‘ﬁ’g&i%é l?aﬂ%fil:ﬂé3:3‘2'15%‘li"?e%&égﬁrﬁéégg?mﬁ’(?gﬁesngﬁs%)?nSZas hown

' Fig. 1 d.i ted wwth the 10 ti : | It

el erreni - hol AFABPYISaFE T80 Aol BREo A F Rt &-cr AT a e o iPEe dho, .
dj usti I t. which ' it el t is.to b d t ed

citoui t boar 88 e e heaeRer 3k B prisBctperRe RE En BREC ot rotating

shaft 15 52. .1 J.ctﬂggig‘,gﬁgg?rﬁbﬁxgggaé}ﬁ dapd edst Sl dn il rgui t el ement

t her eon by sBetron a to nmount sanme on a printed circuit

board at 2 PRLIIAS & c1HRG1E UARhERl hdiasht | MlnsRILASARANSageRr seNSOr 32

conprises an iTT'umnation source a sensor head 60 and 20 is adapted
to be intermblphig ¥ &Qloaledeiineht { tHeresh Ay BEcOIWAf bndAmiBnachtaBge of the

circuit element-holding nmeans 50 to read a circuit el enent-nounting
position on jaterdittese s rebhitebgnBNtindbriftteROSHdtheIng shaft 52,
and a substrate position reader 54 which constitutes the _ o’
optical sensor 32 shown in Fig. 1 and is rotated with the
10 rotating shaft 52.
The circuit element-holding means 50 includes an anglé-
adjusting shaft 56 for adjusting an angle at which a circuit
element is to be mounted on a printed circuit board and is
intermittently rotated with the intermittent rotating shaft
15 52. The holding means 50.is adapted to hold a circuit element
thereon by suction at a position A and to mount same.on a
printed circuit board'at a position C. LU
The substrate position-reading means 54 or sensor 32 .
comprises an illumination source 58 and a sensor head 60 and
20 is adapted to be intermittently rotated with the rotating
shaft 52 in advance of the circuit element-holding means 50
to read a circuit element-mounting position on a printed
circuit element at the position C.
The mounting head 20 also includes a circuit element

25 position-reading means 62 which constitutes the optical sensor

36 shown in Fig. 1 and is fixed at a position B. The circuit



The mounting head 20 also includes a circuit element 25 position-reading
means 62 which constitutes the optical sensor 36 shown in Fig. 1 and is

fixed at a position B. The circuit 10 el ement position-readi ng neans 62
conprises an illumnation source 64 and-aicsensor head 66 and is adapted to
read a circuit elenment-holding state of the circuit el enent-holdi ng neans
50 rotated to the position B. 5 Intermttent rotation of the

rotating shaft 52 is carried out by neans of an index notor 68. Now, the
manner of oper &leventoposition-readingeheansn 62 caomprbdess gt Brhupdnationct ed as
descri bed above will be described hereinafter with reference to Figs. 1 to
4. 10 | Defosirem 64t amd @x sapsar, hgadi6bcand is| sdantednbumerAg positi on
represented by nmeans of X and Y co-ordinates, a circuit elenment nounting
post ur & epr esé&ireet Helapanicheiding stahe 6f Ehegrcéreitcekenegtrbeidingand

di mensions of a circuit elenment, and the like which is generated fromthe
CAD devi ce 10 i®e28¥ 0 reteted £ theePptifdrBnBcontrol ler 12. The program
controller then gen tes positiognal data such as. val ue %f the X and Y
co-ordi nat e2 of the TR PERYYCERE FAMRELD Rt FRY "ﬁ&gﬂ‘?goﬁhﬁﬁd % Y3l ue. - of the

rotation angle e and the |ike based on the data supplied fromthe CAD
devi ce 10 ther@FSrbeéipgﬁginmﬁﬁ%° B RdgE BOteg géj‘r cuit elenent to be

rounted The o 9SSR Hhe i, AR o B PRLLE Bubgettc o 0
thin/ carries Olé%n&ztbﬁ g?% @gn&!}%@ka% %gg&ri%ieggal'}o(?re I:Hl be described
. hereinafter_with reference to Figs. 1 to &.
10 Data on, for example, a circuit element mounting
position rgpresented by means of X and Y co-ordinates, a circuit
~ element mounting posture represented by means of a rotation
angle 8, configuration énd dimensions of a circuit element, and
the like which is generated from the CAD device 10 is supplied
15 to the program controller 12. The program controller then
generates positiqnal data such as values of the X and Y
.eo-ordinatés of the circuit element mounting position and a value.
~ of the rotation angle & and the like based on the data_supplied
from the CAD device 10 thereto depending upon a type of a
20 gircuit element to be mounted. The so-generated positional
data is then supplied to the mounting unit 18.

__The mounting unit 18 to which the positional data has been
fed then carries out the mounting operation according to, for
example, prqcedﬁres as shown in Fig. 4. More particularly, the

25 circuit element-holding means 50 of the mounting head 20 holds

thereon a circuit element designated by the program contoller 12



exanpl e, procedures as shown in Fig. 4. Mre particularly, the 25 circuit

el enent - hol di ng neans 50 of the nounting head 20 holds thereon a circlit

el enent designated by the programcontoller 12 - 1l - and supplied from
the circuit element feed section 46 at1the position A by suction. Then, the
rotating shaft 52 of the nounting head 20%i s rotat ed by an angle of 90
degrees to cause the circuit 5 el enent hol ding neans 50 to be noved to

the position B, at which the circuit el enent position readi ng neans 62 or

opti cal ~sens nggzp:g'iggc?nf?{ggd’éﬁee%tiﬁfﬁg%i%ttcfé%EE? O%' gbngk ghgte of the

hol di ng nmeans Circul oar arrie the nmounting unit 18-

10 by neans qf S § i&@rrier mechanisma48 is stopped and positioned
at a predete ﬁf%@%n FQ%LE%%Eéﬁgubstrate posi tion- reading means 54 or, -

. : . . A% el
optical sensor 32 'ﬂh'ég?e&e%o 1&gt ?hmegf'ecff the m%‘&h&?r!g; nega o Aked circuit

board P is provided a circuit elenment nounting position thereon with a

place or spaGRtdfed syl ifianglietdr J0UMNrbs RPOBaAE the  Gitchigl enent held on
the circuit elenent-nounting section. The position-correcting operation

circuit 28 judgfent? noldBzeasaty 501 t& Vel B6¥dd Yo AHROPbitiRAl B Statt ehdh each of
the circuit elenment and printed circuit board in view of outputs 20 of the

substrate andhei ¢ireulitcdiement pueitiormresdhil hgamed2SobbpanchZeassk i f
required, carries out a calculation for correcting the positional state, so
t hat the nourgbi neadscand ddrepty Deipositt ederwdrty hedimgostae o0 Wit ai n fi nal
positional data _
holding means 50. . o/
A printed circuit board P carried to the mounting unit 18
10 by means of tﬁe substrate carfier mechanism 48 is stopped and
positioned at a predetermined place. The substrate_position-
" reading means 54 or optical sensor 32 judges or detects whether
the so-carried printed circuit board P is provided at a circuit
element mounting position thereon with a place or space
15 sufficient to mount thereon the circuit element held on the
circuit element-ﬁounting section.
The position—correcting bperation circuit 22 judges a ' Y,
. nécessiﬁy of cofrec@ing a ppsitional'state of.each of the |
circuit element and printed circuit board in view of outputs
20 of the substrate and circuit element position-reading means
54 and 62 and, if required, carries out a calculation for
correcting the positional state, so that the mounting head 20
may be positionally controlled to obtain final positional data
including corrected values of the X and Y co-ordinates of the

25 circuit element-mounting position, the rotation angle

of the circuit element, and the like. The rotating shaft 52 v



3

i ncl udi ng corrected values of the X and Y co-ordinates of the 25 circuit

el ement -hounting position, the rotation angle of the circuit elenent, and
tthe |i ke. The rotating shaft 52 -12- of the nounting head 20 is then
rotated by an angle of 90 degrees to causesthe circuit el enent-hol ding
means 50 to be at the position C, at which the holding neans is |lowered to
nmount the circuit elenent on the printed circuit board P. 5

Thereafter, the circuit el ement-holding nmeans 50 is raised and then the
rotating shaft &2 the dounthng Headap®dsbyherBPotietgdebs dnoafiglsseft§e hol di ng
means 50 to be returned to the position A In the illustrated enbodi nent,

t he positions AlegBeamctcCcilseartheseircalit cslgumbat-holt g/ alkan®50960 degr ees.
Fbmeve?tgthey may be set at any other suitable angular intervals, for

exanpl e,” of 45 atedheeppsitdomdh b wdeh fheohrldimgf meagpoiaglowehned dior cui t

el ement - nounting system of - the present invention is so constructed that 15
t he nounti ng heegiinktstheedticwis glenentetrrihenpoindedi cinsnibrba@rdubstrate or
printed circuit boards dependi ng upon circuit el enent nounting data
supplied fr&m the CAThaeresfter, Abetidicnit \element-potdingt mpaneAPibh al l ows t he
conventional mesh nmethod to be nodified to a random nethod. In the
conventional nmedisA@tad them theerefatdng i hafhmP dgnfyrdhenrrotaged At

el enent - nount i ng _posi ti-on are-linitedIY carried out at the intersections.

On the contrary'®% Ae8nRessEntcause ctits SRlPceneans AR Y bRt FSerBed &% r cui t

el eir/gnt to be ct%rerbgsditcigg E\t any position and in any

) In the illustrated embodiment,-the positions A, B and C
10 are set at angular intervals of 90 degrees. However, they
| may be set at any other suitable angular intervals, for
example, of 45 degrees.
As can be seen from.the foregoing, the circuit element-
mounting system of the present'invention is so constructed that
15 'the'mouhting'head is moved to a predetermined position.on a
'substrate'or printéd circuit boards depending upon circuit element
mounting data supplied from the CAD device. Accordingly, the
presenﬁ invention allows the conveﬁtional mesh mefhod to be
modified to a'random method. In the conventional mesh method,
20 the detection and control of a circuit element-mounting
position.are limitedly carried out at the intersections. On the
'contfary, the present invention permits the moﬁnting of a
circuit element to be carried out at any position and in ﬁny
posture or at any rotation angle 8 and the detection and |

25 control of the mounting position to be carried out according

to a face control based on a CAD device. More pahticularly,



posture or at any rotation angle e and the detection and 25 control of the
nmounti ng position to be carried out according to a face control based*on a
CAD device. Mre particularly, - 13 -, _according to the present

i nvention, the nounting of .a circuit & dfeht on a printed circuit board nay
be carried out after the confirmation of a place on the board for the
circuit el enent based on the face control, so that duplication of the 5

t d t t L nt ffect '
ol i mi nated. KERRGHE SLERERIPERC AR IS mffe%a R biGFEVES Al o, the
present | ey, egéﬁ%@gﬁ%ﬁ A AL B, dgapslon of o

10’ di mensi 0nS oA ofie @G EofMe? aPh el Cot b 0BF i IR N G 1 Gpic

el ement to be nmounted can be detected prior to the nmounting. Further, the
present i nvent]afngl il s thePraUEToR: AN, B0UHaBuflilcat 1 fP GRUER 2 pl ace

on a printed circuit board on which 15 a Circuit el enent to be nounted is

previousl ¥ depfigiteds 2 tbtact Betwddb{tGati &eneBEHQhyObe | Nduction net hod
may be enpl oyed which is capable of automatically av0|5lng a nounting

error. |In addeffeeBivélic epimirfited| MiRPebPtP8EEHNpYish Giduabing &ienent
nmounti ng position on a printed circuit board to be 20 detected so that the

nounti ng may highcaelisbkdloty. t Mlsoghthe predentnimient ame masFatdthernore, in the
present invention, as described above, the CAD device to which
circuit-f()rniaﬁyanbagbtUhahsevanchhas the dimensions of a circuit element are .
out of tolerance, any trouble is prevented because the ~
10 dimensions and a place on a printed circuit board on which the
circuit element to be mounted can_be detected prior to tﬁe
mounting.
Further, the present invention effectively prevents any
mounting error because a place on a printed circuit board on which
15 a circuit element to be mounted is previously detected, so that a
non=-modification method or induction method may be employed which
is capable of automaticallj avoiding a mounting error.
In addition, the present invention permits a circuit
element mounting position on a printed circuit board to be
20 detected so that the mouhting may be carried out through a minimum
distance. |
Furthermore, in the present invention, as described above,
the CAD device to which'circuit-forming conditions such as an
area of a printed circuit board, types of circuit elements, the

25 number of circuit elements and the like are input according to

a circuit diagram permits a circuit element mounting position ‘i



area of a printed circuit board, types of circuit elenents, the 25 nunber
of circult elements and the like are input according to a circuit diagram
permts a circuit el ement nmounting position 14 to be automatically set
on a printed circuit board and the nmounting to be started after inspection
of mounting procedures, resulting in ultra-high density nounting being
acconplished. It will thus be seen that the obf%cts set forth above, anpbng
t hose nade apparen omt he recedingedescriptionJ may be efficientl

t f
attai ned. Since ceFPaFﬁ PEMRSI SR Yo EefnAR £ nPE HRt e Sl cadits beasdi @
Wi t hout departing e qf t Lnyention,. it is. ntended that al
matter contained i %E?%Eg %;f/rg&&eosgbrei 5’?’?5#%aé%%wr}sr?et%émé’cegnﬁ%ﬁhﬁg
dr awi-ngs “shal | be | d 4 sinldd WISt LVE sl Lk ting
sense, -5 | P bEOSLBRRLE ddvdtiny 4f AR ATK Qiethd Robhfhby Tl
el ement nounting speirgn acesplixhed. a nmounting device including a nounting

head for holding a circuit_element thereon and nounting it on a printed
circuit board; and a cbhtwbll sshuseipef §eepobka bl thiebhiwedsesetofosthd nount -

above, among tbose made apparent from the preceding
description, may be efficiently attained. Since certain
- changes may be made in the abéve construction without
N\ -departing from the scope of the invention, it is
intended that all matter contained in the above
description or shown in the accompanying drawings shall
be interpreted in an illustrative and not in a limiting

sense.



ing head to a predetermi ned position on the printed Ttircuit board depending
upon circuit elenent nmounting data input thereto, to cause said nountiang
head to nmount the circuit elenent on the printe i i rein
sai d nmounting head conprises: neans for holding the circuit element on said
nmounting head, said circuit elenent holding neani“llgﬂuﬁmﬂuuﬂlmﬂ"interhit-
tently rotatable through a first positsi on, a secoms athird
position spaced from one another in consecutive order af dhgﬁlaf i nterval s,
said circuit elenment holding means holding the circuit el enent thereon at
said first position and nounting the circuit elenment on the printed circuit
board at saEhEﬂEErd position; neans for reading position of the circuit

el ement, said circuit element position reading neans being fixed at said, .

second position for detectiggna circuit element holding state of said'w
circuit el érent hol &ivigcHeharleRens HPnsLrH ISR t9mPriatee substrat e

position readi ng ne i ) j I cyi n ti osition on
the printed circui taagtﬁ)agﬁgigge%g?éét |c§ggibr{§gigt %%@%;B%o%e%%nﬁﬁuﬁ?}ﬁé‘bof t he
circuit el eireabrcoit tdlempht Nitrdeon randi holrtang by @niadpsinedd teisbgreent
hol di ng neans. 16 2. The systemof claim1l, wherein said circuit

el ement holb®as8: dhs is adapted to adjust an angle at which the circuit
element 1s 1o be MURLAL-OD dyBEeRrgl 9&%&%% M98kdnt Be sazq molRE. System
of claim2, wherein sald nounting device com prises: neans “For dﬁlVlng t he
sane, and dagdhemhttooh Syeietermined position on the printed circuit board

depending upon circuit element mounting data input thereto, to o/

cause sald mounting head to mount the circﬁit element on the
printed circult board; , .

wherein said mounting head comprises:

means for holding the circuit element on said mounting
head, said circuit element holding means disposed to be intermit-

tently rotatable through a first position, a second position and

-
%

m

a third position spaced from one another in consecutive order

s
na
“<

ctr

angular intervals, said circuit element holding means holding
circuit element therecn at said first position and mounting the

circuit element on the printed circuit board at said third

position;

means for reading position of the circuit elemant, szid

(¢ N

circuit element position reading means being fixed at szid secen
position for detecting a circult element holding state of saiéd
circult element holding mezans at said second position; and
substrate position reading means for-detecting a circuit
element mounting position on the printed circuit board at said
third position prior to mounting of the circuit element on the

printed circuit board by said circuit element holding means.



conp?iseg: a CAD device for generating first circuit el enent mount - I ng

dat a dependi ng upon a predetermned circuit formng égﬁgﬁET‘a*ﬁrﬁgranrf—
eontroller connected to said CAD device for receiving: | om
said CAD device, said program-con- troller generating mm"mmﬂggﬂ
necessary for nounting the circuit elemgpt on the print®d ¢cinrcunt

dependi ng upon the data input fromsaid D devi ce; an operation sequence

control section for controlling sai rive ans of  said npunting device,
sai d operati onzsequenc'@’%oﬁYtsrtS'ﬁ %‘gfg?‘g'h Yyel ‘@r%’éhﬁéﬁ‘?eﬂiricb‘i%a?]cfmﬁ%gr am

control l'er forygeaoEVhdthd N8 BOsideaobdlaadate 4 QLI £k RHQGHRLADELAL! e
a positjion correcting operation circuit connected to said program

cont roky 6r f oreYsgeetvinda e pogitedoom|thdapeintedr efromt hogubstrat e

posi tion reading section connected to_said position correcting operation
circuit, said substrate position reading section judging whether the

printed circuig, board dre RyQtewid#ediain bhewiyRdat £418 MRUNBOSE tdedhcd RBREON,
with sufficient space for nounting the circuit el enent thereon, depending
upon data fromrdsied mednst faredpiydngi e seneli rgdneddds contsal dsysbemt i ng head
and suppl ying the %ug ement to said position correcting operation circuit,
17 a circuit SBREAT®Tositian reading section connected to said position
correcting operation G @i devizdi Hof iged¥ritiRigE MERSt RAFLL ONeleRaft NpubeCt i ON
detecting a circuit el ement hol ding

ing data depending upon a predetermined circult forming scheme;
~ a program controller connected to said CAD device for
receiving the first data from said CAD de?ice, said program con-
troller generating positional data necessary for mount;ng the
circult element on the printed ce¢ircuit board depending upon the
data input from said CAD device;

an operation sequence control section for controlling
said drive means of said mounting device, said operation sequence
control section being connected to saild program controller for
recelving the positional data.from said program contrcliler;

a position correcting operation circuit connected to
said program controller for receiving the positional data
therefrom;

a substrate position reading section connected to said
position correcting operation c¢ircuit, said substrate pbsiticn
reading section judging whether the printed circuit board 1is pro-
vided at the predetermired position thereon, with sufficient
space for mounting the circuit element thereon, depending upcn
data from said substrate position reading means of said mounting

head and supplying the judgement to sald position correcting

operation circuit,



state of said circuit elenent holding neans of said nmounting head dependihg~_

upon data fromsaid circuit elenent position +reagi-rg—reans and suppl ying

the detected holding state to said position correcti tion circuit,
said position correcting operation circuit | ude mﬂ&mﬂgﬁmum correcting
said positional data supplied fromsaid prograhfiel C sl N=vi ew of the

*

out puts supplied fromsaid sub- stratel®osition reading section and said
circuit element position reading section and correcting the positional data
when necessary; and a dirvelteieneait pestitiom ceadbwd edctdos aotnpasEdt ton cor -
recting operation circuit for' receiuvi ng an gut,g t thgrefrom and connect ed
to said nountSehg PRAALIEN BOTRRTLADE PRE2EIM: CAER jﬁ i TG 8pBH s Shempat. 4.
The system of ' Rtibe ddakasapner 8l edhify @ibgan ighcl udes.,
circuit el en@ﬁ%han%%nnt%?eﬁ}gﬁ’ﬂlg%gew%n repr esg%?ed by X and Y c%ggggndasltﬂles eh(fi"z
circuit el enasatemmisang pbsudteekensnéskeiddagbyeans of asah mangting Bead
The systemof claim?2, wherein_said Iilgbst rarig ositicn readi % neans are
di sposed to 9EPFRALIEHPRR \FaR TEMY SR TSHLE AT HPTENECBPE L HoBnESRIIABI di ng
neans, wher eggaﬁglgd_subﬁlsiﬁng PRSidetbb6dn heading stad8Std eaghesodich third
posi tion ahead of said cir- cuit elenent holding neans. 18 6. The
system of cl abnré&;tingeopéretdandetirdunde, mneans conpri se a rotatable shaft on

whi ch sai d mounting head is mpunted for, rotatiGon circutt judging

necessity of- correcting said positional data supplied from said

program controiler in view of the outputs supplied from said sub- -/
strate position reading section and said circuit element position
reading section and correcting the positional data when

necessary; and

a drive control section connected to said position cor-
recting operation circult foﬁ'receiving an output therefrom and
connected to sald mounting device to control the same depending

upon the output.

y, The system of claim 2, wherein the data generz<sd from

said CAD includes a circult element mounting position represented - -

by X and Y coordinates and a circult element mounting pesturse

represented by a rotation angle.

5. The system of claim 2, whereln said substrate positicn
reading means are disposed to be rotatable with, and ahead of
said circuit element holding means, whereby said substrate posi-
tion reading means reaches sald third position ahead of said cir-

cuit element holding means.



7. The system of claim3, wherein said drfve control sec- tion
additionally conprises: a first drive control section in the direction of
an X-coordi nate, a second drive control section in th mmmm"mmm mt(
coordinate, and a third rotation angle drive section. 1 em
of claim6, wherein said drive neans addi- tionally corfpri‘se“an" |ndeX|ng
not or engaged with said rotatable shafl8 9. The systemof claim?7,

wherein said npunting device additiqgnall nprises: an X-direction drive
shaft for. novi fg said ﬁbanﬁxﬂgmh%%cflﬁﬁm "Reaﬂ-‘eétaliénd"’a"erG?i‘Fe@PF‘BWSGr| ve
shaft for movegel.sabde "B B0 ARA Ldhd Beudefle AELAOML mdfhledichfUl !
hol di ng nmeans cConprising an angle ustlng S or adjustlng an angl e at
whi ch*thé circdbtattlomnent is to be nDunted upon the printed circuit board,
and said X-direction drive shaft, said Y-direction drive shaft, and said
angl e adjusting shaft controlled respectively by said first, second, and
third drive coptrol SegilSten oflQiaim 3, fmEEIHOYal8 M RUNEbREoR Ed-CUI T
el ement on a printed circul®t board, conprising the steps of: noving a

. mounti ng head tuﬂnMaﬁgiaaanaaauleomﬂneHEﬂi to a predetern1ned position on a

ositioned printed circui r ndi_n 1 rcui | ntin
gata suppl i gd froma C%% trsltjzogridvedggr?trdol geg ion ?.n g}laje tdi%egt on oPDu t 9

x-coordinate,

a second drive control section in the direction of a Y-

"~
. ecoordinate, and
a third rotation angie drive section.
8. The system of claim 6, wherein sald drive means addi-
tionally comprise an indexing motor engaged with sald rotatable
shaft.
g. The system of claim 7, wherein said mounting device
additionally comprises:
an X-direction drive shaft for moving said mounting head
), in the x—direction,

e Y-direction drive shaft for movement said mounting
head in the Y-direction,

said circuit hclding means comprising an angis adjusting
shaft for adjusting an angle at which the circult elezent is to
be mounted upon the printed circult board, and

said X-direction drive shaft, said Y-directicn drive
shaft, and said angle adjusting shaft controlled respectively by

said first, second, and third drive control sections.



devi ce; nounting said circuit element on said pLgdeLe,Lm—ned——pfrm“l on of
said printed circuit board by said nounting head dependin Ufgﬂ‘{: he data

fromthe CAD device; detecting if the nounting pmm‘mm“ “‘\ ircuit. ele- ¢
- ment on the nmounting head corresponds to the dat z he CAD

device; detecting if the circuit board 1% positidned and has a nounting
| ocation for the circuit elenent corresponding to the data supplied from

the CAD devi gg;, and adindshbdForhBodfyingi k1pealiti enenhtt be Lipkatdg el enent
when the sane does not correspond to the CAD supplied data, or when the
circuit boarcipeosititmards ¢empaisdns dhesSrRS €6frespond to the CAD dat a,

prior to-mounting the sane on sa'ﬁnc'r It dEh reln.the circuit
el ement retai ned on 8 %uantmlorl‘lla{-' éaée%g hr?&\?gggt rcoughgt:herleeéne'égntsc’e@utjﬂ_ve-,
posi tions, WytBaéfermiekaChbsutishens aapes yiynad] pisinteat c5# QA% 66k I ed¥But
when the circuit elenment 1s at the-first two positions, and the nounting
step carri eddependdrenuphe ¢incgdttelemepemounsing dat@ sHPPULgSosrem @nCAD 1,
The met hod of c£ai m 10, wherein the circuit elenment is noved by . the
mount i ng head®B&iHy rotated, with three positions being set at angul ar
intervals with respegbuhfifneaddoifrenit elefent o sabll fredet2bminkd A net hod
for mounting a circuit elenent on a printed circuit :

position of said printed circult board by sald mounting head

depending upon the data from the CAD device;

detecting if the mounting position of the circuit ele- W,

ment on the mounting head corresponds to the data supplied from

the CAD device;

detecting if the circult board 1s positioned and has a
mounting location for the circuilt element corresponding to the
data supplied from the CAD device; and

adjusting the mounting position of the circuif element
when the same does not correspond to the CAD supplied data, or
when the circult board pesition or location does not correspond
to the CAD data, prior to.mounting the same on said ecircuit
board;

wherein the circuit element retained on the mounting
head is moved through thres consecutive positions, |

with the detecticon steps and any adjJustment steps car-
ried out when the circuilt element is at the first two positions,
and the mounting step carried out when the circuit element 1s at

the third position.

11. The method of claim 10, wherein the circuit element is
moved by the mounting head being rotated, with three positions

being set at angular intervals with respect to one another.



A
i

l;)oard substantially as herei nbefore described. 13. A nethod for nounting a

circuit elenment on a printed circuit board, substantially as herei nbefore

described, with reference to Fig. 4 of the acconpanyi
circuit _eI ement - mounti ng system substantially as herlgﬂmnm}lmﬁﬂumml bed,
with reference to Figs. 1 to 3 of the acconpanying draMAHQSLornmn *
reference to Fig. 4 of the acconpanying g aw ngs.

12. A method for mounting a circuit element on a printed circuit

N board, substantially as hereinbefore described.

13. A method for mounting a circuit element on a printed circuit
board, substantially as hereinbefore described, with reference

to Fig. U4 of the accompanying drawings.

14. A circuit element-mounting system, substantially as herein-
before described, with referénce to Figs. 1 to 3 of the
accompanying drawings or with reference to Fig. 4 of the

accompanying drawings.

oy



