1 6 August 2004 APPARATUS AND METHOD OF SCREEN PRI NTI NG FI ELD OF THE

| NVENTI ON The present invention relates to an apparatus and a net hod of
screen 5 printing, which is a way of ppinting paste, e. 9.6 Ayashy0Q&bl der
paste and conductive paste, on a substrate. BACKGROUND OF THE | NVENTI ON
Screen-printing nethod has been used for printing paste, egg., creany 10
sol der paste on a subBPARACUSAND MEERUOD 65 GOBERMPRIDITIONG ng steps: (a)
Attaching a screen nmask, which has pattern openings forned therein
corresponding to positions to be printed on the substrate, onto the

substrate; and (b) Supplying c ol der paste onto the mask and sliding
squeegees. 15 (Sol) derpgagt egi s%gﬁmégml*:ﬂ%@v@ﬂ%@%te t hrough the pattern
openi ngs. After t above steps, fini fa?; rinting i nspection for inspecting
the state of crelf;lﬁﬁif3 RS ok inygatian ge ?%go 8R aRErassandat ansthopof soresnd. A
screen- pr<d ntjng.- us. equi pped with print-checking capability is

wi del y klr[1)05wn MI?%@&%?‘?%‘[ |§Sn qi“'Tr‘rfl B%cpir%ﬁlq PA&Ys S FrefiepFv ﬁ&gﬁbﬂ’é‘ﬁéw
Conventi onal | yn 15865 39 12N ARRALSL S with inspecting capability takes an

i mge of the sugstrate %y’ a canera nounted for recognizing a printed

substrate, perforns the image processing and determ nes whether or not the
creany solder paste is printed precisely on a position to be printed. In

this kind of screen printi ngBACKGEROWND AP ANWENPIONL i Ng requires 25
to set proper printing conditions responsive to each object to be printed.

Various par anmet er Scresrgprihtinguebinidthasabesthisdll fH4REAE0S paste, sle diseRmihe
mask “in, screen printing, the printing pressure at which t he squeegées
are presdéd esohdfguagtez(om Qubstrate. This method includes the following steps:

(a) Attééhing a screen mask, which has pattern openings formed

~ therein corresponding to positions to be printed on the substrate, onto the
substrate; and —

(b) Supplying creamy solder paste onto the mask and sliding squeegees.

- 15 Solder paste is printed on the substrate through the pattern openings.

After the above steps finish, printing inspection for inspecting the state
of creamy solder paste printed on the substrate is performed. A screen-
printing apparatus equipped with print-checking capability is widely known

---*eha;t--priﬁtin_‘g mspectmn is performed in the apparatus. Conventii‘ifiéﬂy,_such
20 an apparéitu's with inspeéting capability takes an image of the sﬁbéﬁf%ﬁé by a
camera mounted for recognizing a printed substrate, performs the image -
processing and determines whether or not the creamy solder paste is print;ad
precis‘ely on a position to be printed. |
In tﬁis kind of screen printing, to ensure good-quality printing requires
25 to .set proper printing conditions responsive to each object to be printed.

Various parameters, e.g. the velocity at which squeegees are slid on the mask

"i'r_x,_screen printing, the printing pressure at which the squeegees are pressed



agai nst the mask and a substrate-detaching velocity relative to the mask.
These various paraneters are predeterm ned responsive to %ﬁﬁ%ﬁgp§ gif each
object. This operation of setting these conditions has been jus?ed by

skill ed | abor having extensive experience. 5 This kind of screen printing
appar atuses include novi ng nmechani sns perform ng predeterm ned novenents

(o1 qeach prl Dt APEnOPEEALI AL ofd & oo PHBSLEANGR PO AT, 5E 3 B2 0k

hol di ng and positioning the su e or a nmechani’s

| oweri ng the syRsde fd:1§0tONE G el at ] 1 0. the mask.. A
control mechani sm bei nc_é cg%;blﬁégfﬁg%ﬁ%{(%ﬁﬁ%\lgb?dj e il?lst“?eoF\Os_evﬁchesnﬁneeaﬂhc
data, e.g. serge®chartisBpekstistsad ée'ﬂtin%*hﬁr%ge %ﬁuﬁ%nswﬁﬁgaﬁue%”ﬁgj@? Fhsure
good positioning accuracy in the controf mechanism requires a teachi ng

operation in osldHed tabopteseig extpasiasekgsriddedi cating the position of the
originin a control programresponsive to an origin of a

mechani cal -oor di ndlleis dysd efistrecanantivglapgpRansdiimcl RN glotly mekhenilBis
t eachi ng operati on has been nmanually perforned by a skilled person using

vari ous measurpergoropiger predetearmined mevenestsefactachatpentine opppaial UsgOh
carries out a regular maintenance, The forgoing conventi onal

screen- pri nt i nispsde-Resbionms peatisineforaoldidgsard poditivaliogyth® Gubktrate o a
conventional printi ngwii?spec_tj on has, used a method of determ ning on the
basis of two- dﬁnﬁ’g*i*%l?l oY higedand lomesingoihe wubetaate dowerlivreawan from
apparatus. Theref or when an jnspection itemcan pe determ ned by only
t wo- di mensi onall'e?%ité‘fegy tg.t&e Bltalsjﬁti %‘QC%E‘? t 18 ,a%?’&nge@ﬁa‘ﬁ?é’,abl%%ﬁOIEf@dlhimgy

esult, 2 AR, RRIRYEDHED, U LOFRSELL OB R ASEES, B i
B! OB AT 1080 Y GRS E AREFL 0, R i
printing is comhetad th AU 8herd®Bf B order to preset a parameter indicating the
position of the origin in a control program responsive to an origin of a
mechanical-coordinate system in an actual apparatus. Generally, the

15  teaching operation has been manually performed by a skilled person using
various measuring instruments when he or she activates the apparatus or
carries out a regular maintenance.

The forgoing conventional screen-printing apparatus has problem as
described below.

20 First, a conventional printing inspection has used a method of
determining on the basis of two-dimensional image data taken by the camera
mounted in the apparatus. Therefore, when an inspection item can be
determined by only two-dimensional data, e.g. printing position, plane shape,
high-quality results are obtained. However, when an inspection item needs

25 tﬁree-dimensional data for pass/fail determination, e.g. the amount of
printing, height of printing, highly-accurate inspection by the conventional

method has been impossible. Additionally, after screen printing is completed,



the printed substrate is conventionally inspected by canera, and only the
printing results for pass/fail determ nation are obtai ned. However, data
enough to identify the causes of print failure cannot be &bhugustd04To
address the problemof print failure Qas been difficult due to data
shortages. 5 Second, a nunber of skilled | abor has declined year and year.

To  ather skillad, LADQll Ofie SELLLOGHRELOLY MoLBORdl £ 05,2 JRECR, the

difficult. manuf acturi ng syst'em

facturi . ; | L vkt ] f j et
Esglrjyafi lrJanI g%ﬁ?ﬁ%{ggma%%lgsdﬁ%ﬁ p_a%@ff&ﬁ%e@él UG EbAN, R oﬁta\{g&'l..e ﬁoWeQQHC&a&Be

( I's changed, printing conditions has'to
changed. TherghbaLg to @dbﬂtW&hHFzﬁQge%an%ﬁﬂt! BiuReESabtive Mhigad tIQa,ﬁﬂIaesrshe

printing condition. As a result, the printing conditions are varie

dependi ng on thB@rehlbiesanee: PilukdBaS¥Pes HETEES due €0ABEAYBMhYes. i N the
conventional screen printing, to keep stable-high-quality printing has

been di ffBcult duSetend/ad iraimber of silielt idigrclondideclonsl yEhr rahd Faehi 1T

adj usting operation or teaching operation in the 15 conventional manner
needs adj ust rngahepiilddéd dabsuclor asethimgs priewiry oohditicsathase bpesi diffieult.n
each section of the machine. Therefore, the operation becones conplicated
and t eachi ng Mpesoaet, enmhayiaciiang sy sierm phiifisaioor flexiblevaamedadthangcantesar ry
out adjustnent of mechani snms and teaching operations wth ease and

accuracy has isedimited predirtionpi guavrsty popdugts | NERY tare THEng obpwoduct is
i nvention addresses the .probl ens discussed above d inms tqQ provide an
appar at us and nﬁ%gh%nﬂflgscepggwrﬁr]i‘?‘ﬁ Fhge t‘r‘%Pﬁ‘@i'v%eﬁﬁg’r?’aﬂvdm%ﬁé@e ds
criown Delg A20(F el SPRRELLICR S8 afi Qrihegs LASPESLLSD W
provide data ﬁr?ntiigg @51&&1¥10£E%r5 dH5Eq %ﬁap&x@tﬁn roinnl;he(sdiﬁg]%{'ﬁ:% O%Qﬁél e%periences.
Consequently, in the conventional screen printing, to keep stable-high-quality
printing has been difficult due to variation of printing conditions.
Third, machine adjusting operation or teaching operation in the
15 conventional manner needs adjustment operation such as measurement of
relative position in each section of the machine. Therefore, the operation
becomes complicated and teaching operation has taken time and labor. A
method that can carry out adjustment of mechanisms and teaching operations
with ease and accuracy has been required.
20
SUMMARY OF THE INVENTION
The present invention addresses the problems discussed above, and
aims to provide an apparatus and a method of screen printing having various
advantage.s as shown below.
25 ‘ (a) The apparatus can carry out printing inspection with high accuracy

by three-dimensional measuring means.

(b) The apparatus can provide data to identify the cause of the print



failure, consequently, it prevents the print failure fromoccurring. (c)
The apparatus can set printing conditions with ease and mﬁé@out $§¢perses
of the printing conditions, and this all ows good quality6 ‘K%Ff 4hg. (d)
The apparatus can carry out adjustnment of nechani sns and teaching
operations wth ease and high accuracy. According to a first aspect of the
i nvention, there is provided, a screen-prﬁnting apparatus conprising: (a)
a substrate-positioning nmeans for positioning a substrate relative to a
screen mask ' . ' ; : e-di mepsi onal - measuri ng
means for neg%ﬁ#hﬁ%ngﬁbégggFg@ﬁghg%%ﬂF%Régﬁ%%g&gﬁFﬁggggof the screen mask
at a printing posigy t <& . }
position of the Sdﬁggggﬁﬁga?gfﬁgsﬂ%&%ﬁ%&g@%ﬁ%ﬂﬁgﬁﬂﬁ%&%%%ngh%ﬁduﬁgé§¥5f@@

t hr ee- di mensipighg Wﬂsﬁ&d@@@ﬁbw@@é’odcﬂﬁli?bﬂp%ﬁﬁgt ing neans for

i nspecting at | east one of the substrate and the screen mask based on a
result of measurer@ntTheypgaitds tdir @erybuiRdigitaeal ol RaBbiiibg aftEREching SAtRINA
said apparatus prints paste on the substrate through the pattern openings
by att achi ng willeease nmblnighasdardey. t he substrate and sliding a squeegee head
on the screen mask. According to a second aspect of the invention, there is
provided a screen-printing apparatus conprising: (a) a

substrat e- posi t i onhogrdiegts affost gpsdttafcthe rgveation theredt erovddal; iaveerdea-painting
screen nmask having pattern openings; (b) a three-dinensional -neasuring
means for medSPARANGCOTMPRBAL] nensi onal |y from above the screen nmask at a
printing position and the substrate at a peasuring position of the
substrate; (c) a rdvi SEbSHBierROsHiORINgoPY OB PEsiipRIAS AdFubstEale selatiemtous isargen
means; 6 Augustk 004 5 (d) a print-condition-setting nmeans for setting
screen- pri nt TR E8HAE PRGAY °B > on a neasuring result by said

three-di mensi onal -(5595? ﬁ]srée-gi?zgensional-measuﬁng means for measuring three-dimensionally a top

surface of the screen fnask at a printing position and a top surface of the substrate at a
measuring position of the substrate;

(c) a moving means for moving said three-dimensional-measuring means; and

{d) an inspecting means for inspecting at least one of the substrate and the screen
mask based on a result of measurement by said three-dimensional-measuring means,

wherein said apparatus prints paste on the substrate through the pattern openings by

attaching the screen mask to the substrate and sliding a squeegee head on the screen mask.

According to a second aspect of the invention, there is provided a screen-printing
apparatus comprising;

(a) a substrate-positioning means for positioning a substrate relative to a screen
mask having pattern openings;

(b) a three-dimensional-measuring means for measuring three-dimensionally from
above the screen mask at a printing position and the substrate at a measuring position of

the substrate;

(c) amoving means for moving said three-dimension-measuring means;



(e) a print-condition-store nmeans for storing the printing conditions set,
wherein said apparatus prints paste on the substrate through the pattern
openings by attaching the screen mask to the substrate afddugust? a
squeegee head on the screen mask. According to a third aspect of the
invention, there is provided a screen-printing apparatus conprising: (a) a
substrate-positioning means for positionifAg a substrate relative to a
screen nmask having pattern openings; (b) a three-di nensional - measuring

f i g £ hr ee- di monsi anal | bj b i t i
ange 1 nct uai g satke S PaFROR 8k el oEaliE5le, a0 nBEA eg0ubln Bafhel
the screen magky é&uﬁﬁéﬁét%é%ﬁ?ﬂ&g%@heﬁ@éﬂaﬂﬂwﬁ@ Q?d

t hr ee- di nensi onal - neas an orl gin-determni ng means for

setting an origin @, AriMOdhiBonRIRSMBMYr sthbHhk bYihfg SrRfRint kan of
predet er mi ned neasuring point on the object to be nmeasured wth "respect to

an origin of a neckipéiaahideppirdiub ptifts pYSE 6AHAS subdidle SEARAThPPAtREA Bknings by
apparatus based on a result neasured by said three-di nensional neasuring
means; wher ei attsching thppaceatmasko thetssbpatt mdatidinga squdepte héad dnthesméentrhask.
pattern openings by attaching the screen mask to the substrate and sliding
a squeegee head on the screen mask. According to a fourth aspect of the
invention, there is provided a nethod of screen printing for printing
paste on a substrAECIHRS YR thiad tashast op&in Wyention, hereihpiayidgd o peesn-Printing
having the pattern openi.ngs to the substrate and sliding a squeegee head on
the screen ﬁﬁgﬁa&éﬁgﬂp $rod conprising the steps o (a) positioning the
substrate relative to the screen mask; 6. August 2004 .6 (b) .measuring

t hr ee- di mensi onal 1§} 2s4bsiratewpstiering mepmsfor psiinninga rubstraty reaiivetp ggoreen
position and a k?tﬁ surf&ce of .the substrate at a measuring position of the

substrate by "SRUEPATHBARIBAEF neasuring neans noved by a noving neans;

() hect 09, 2 h5ehe bl AR A A A R o 2
object to be measured within a range including said substrate-positioning means and a
mounting section of the screen mask;

(¢) amoving means for moving said three-dimensional-measuring means;

(d) an origin-determining means for setting an origin on a control program by
identifying a position of predetermined measuring point on the object to be measured with
respect to an origin of a mechanical-coordinate system of said screen-printing apparatus
based on a result measured by said three-dimensional measuring means;

wherein said apparatus prints paste on the substrate through the pattern openings by

attaching the screen mask to the substrate and sliding a squeegee head on the screen mask.

According to a fourth aspect of the invention, there is provided a method of screen
printing for printing paste on a substrate through pattern openings by attaching a screen
mask having the pattern openings to the substrate and sliding a squeegee head on the
screen mask, said method comprising the steps of:

(a) positioning the substrate relative to the screen mask;



According to a fifth aspect of the, there is provided a nethod of screen
printing for printing paste on a substrate through pagtgRigasommeai ngs by
attaching a screen mask having the pattern openings to the substrate and
sliding a squeegee head on the screen mask, said nethod conprising the
steps of: (a) neasuring from above at feast one of the screen nmask after
being printed at a printing position and the substrate after being printed
at a neasuring position of the substrate by a three-dinmensional -neasuring
means; (b) set tbegsniimg fhngg-dioeokionatiys tof swbice efithpstieen mgsibawqdintinga resul t
measured by said three-dinensional -nmeasuring nmeans; and (c) storing the
printing oestipe pshastopesurfacs of ther suhstratortdi measnrisg positivg ofdanaibstadeby ding to a
si xth aspect of the invention, there is provided a nmethod of screen
printing flgec-gimensiong peaseEngmeans sabyed byraneviepuginspat t er n openi ngs by
attaching a screen mask hﬁying the pattern openings to the substrate and
sliding a squedfledShesiias o Jewt agier ebfhe mebsiratesandq thee sorern swlorhassdhgnt e
step of neasurinq_t reg%gbﬂgpiionall a predeterm ned neasuring point of
mechani smPSESUg tEsulihy, -GG HBEPES - on of the measuring point
with respect to an origin in a nechanical coordinate of said apparatus
based on neasuring results and setting a position of an origin on a
control progra r i iranal- I: i . uring
range i nol udi nar oS B AORIABRAR AN R ATV FRARV A B BIRET | 27

6 August I r. ; : ks
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screen- prithd pAgrrapEning 6s thebubd ey SRINGRN 4 SyudBgecdikh® o MR dcréh thiiR, pr@sent
invention. Fig. 2 is a side view of the screen-printing apparatus shown in
Fig. 1. MHghodcongprmingltanstepseft of the screen-printing apparatus shown in
Fig. 1. Fig. 4 is a perspective view of a |aser-neasuring device in the
screen- pri nti ngd) TBeFHARE E‘Qmséth?m af leastiqpe of the screen mask after being printed at a

printing position and the substrate after being printed at a measuring position of the

substrate by a three-dimensional-measuring means;
(b) setting printing conditions of screen printing based on a result measured by said
three-dimensional-measuring means; and

(c) storing the printing conditions set in a print-condition-storing means.

According to a sixth aspect of the invention, there is provided a method of screen
printing for prinfing paste on a substrate through pattern openings by attaching a screen
mask having the pattern openings to the substrate and sliding a squeegee head on the screen
mask, said method comprising the step of:

measuring three-dimensionally a predetermined measuring point of mechanism of
said apparatus, identifying a position of the measuring point with respect to an origin in a
mechanical coordinate of said apparatus based on measuring results and setting a position
of an origin on a control program by a three-dimensional-measuring means having a

measuring range including a substrate-positioning means for positioning the substrate



Fig. 5is a block diagramillustrating configuration of a control system of
the screen- prlntlng apparatus shown in Fig. 1. Flg 6 is a partial
perspective view of a substrate and a screen mask in the $cAUBSt2004 nting
apparatus shown in Fig. 1. Fig. 7A and Fig. 7B are explanatory di agrans
showi ng how the screen-printing apparat us shown in Fig. 1 carries out
touchup printing. Fig. 8 illustrates data’l i brary on screen-printing
conditions of the screen-print apparatus. Fig. 9 |s a plan view

chown 11 F1 g o RE 14 KRR h AR p R b BESRE P 2L "ol Bt ory

views illustrating operations of rrechanl sm adj ust rrent. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 6 August 2004 8 An embodi nent of the present

invention is denonstrated hegRIBFADESCRIMIDN OBFRIEDRAWNEGEE acconpanying
drawings. Fig. 1 is a front view of a screen printing apparatus in the

enbodi nent  of the&igresierd fiony enéw f. a Rcgeendrining sppaetuyi i@vabrdahies $AME an
Fig. 3is aplan 5 viewof the same. As shown in Fig. 1 and Fig. 2,
subst r at e- posimtodimeid of thetpresantlinventian. subst r at e- posi ti oni ng neans and
includes X-axis table 2, Y-axis table 3, 0-axis table 4 and Z-axis table
5. 0-axis table 4H& %s asidedianobthaseraypintingeppaeussibvryingigxi.s table 2 on
Y-axis table 3, and further Z aX| table 5 is 10 placed on top of O-axis
tabl e 4. Substrat l&éuaﬂﬁgms‘@%wé eﬁcqegn-an%tmarawsshww%g Mol di ng
section 7 holds s%bst%ate cl an . b f ei%g 8 fro nder neath
Substrate 6 to be bg %4 RYFRSCH ﬁ?/g i B HyASB RS the, §greeppprinting
conveyor %? v[)]rf 'ﬁg B and Fl g. 4. Substrate 6 |s adj usted by
driving p05|t B ng-sect1on®l. Substrate 6 printed conpletely is run out by

Fig. 5 is a block diagram illustrating configuration of a control system of the
screen-printing apparatus shown in Fig, 1.

Fig. 6 is a partial perspective view of a substrate and a screen mask in the screen-
printing apparatus shown in Fig. 1.

Fig. 7A and Fig. 7B are explanatory diagrams showing how the screen-printing
apparatus shown in Fig. 1 carries out touchup printing.

Fig. 8 illustrates data library on screen-printing conditions of the screen-print
apparatus.

Fig. 9 is a plan view illustrating the substrate to be printed in the screen-printing
apparatus shown in Fig, 1

Fig. 10, Fig. 11A, Fig. 11B and Fig. 11C are explanatory views illustrating

operations of mechanism adjustment.

DETAILED DESCRIPTION OF THE INVENTION



15 run-out conveyor 15. Screen mask 10 is placed over positioning-section
1. Mask 10 includes holder 11 and mask plate 12 pl aced o%/{@ugpéoohl
Substrate 6 is positioned to mask plate 12 by positioning-section 1 and
attached to nmask plate 12 froma | ower side. 20 Squeegee head 13 noving
hori zontally reciprocally is disposed over mask 10. \When substrate 6 is

attached on the u@ﬂ?&%@ﬁ&l%gpﬁﬁ ﬁ;esmlﬁmve@tﬁhe 1&61?8%8%%%%?161‘?181{3f9a8t e9

is supplied onto mask plate squeegee €SSEé

the surface ofithBekrPhat® the a%Mnﬁéﬂﬂﬁgd%kmi . Thus, creany soI der paste 9
is printed on electrode 61(see Fig. 3) forne 25 on the surface of

substrate 6 throughgpaid £HneRest 8ga JsarJe(eﬁ%ﬁuRhgg aﬁ'ﬁ)aﬁ'ﬁ?ﬂ?ﬂ% ethBodi@sdn P! at e
12. Laser-measuring deV|ce 20 --a three-dinension measuring neans -1s 6

August 2004 %f ttlegposa iavestitskKrig02 ifAa SdowRw 6f ficdsarde. XFi@XBSs kapla 21
and Y-axis-table 22 allow |aser-neasuring device 20 to be noved

hori zont alfl y viawtdféhXs¥medi recti on. Rai si ng-and-1| oweri ng neans 23 al |l ows
device 20 to be noved vertically, i.e. X-axis table 21, Y-axis table 22
and rai si ng- and- | dveeshown npalite. 51 23daFig. &2, noistg tepasisiohdng mestiory 1déviace 20
vertically and horizontally. Laser-neasuring device 20 includes a

capabi | i ty ofsubstte-Pagitionng pepns and 1@n1§@¢9a§@mtabbg/2m@xﬂsa@éie B Afttaatsi on
and a scanni ng chanism for _scanning a paint. of the | aser radiation

the X-Y direc@Péhd mg Z-axisstaple |§er sB@é‘ﬁ @bloi s @ﬁa‘&'@dl %Ié 2 QOVRE §hbi©n | n

L0, 00V, oAk uR SRRt UL, VR £ P m‘c’xfﬁ Sl el i ng

209 00 ST, B, DAL SOl RR 40Eag Y e

movi ng ”eans’ta%?é/'Spe}?UQdﬁ%nséEE%ﬁuf Gofad Qﬁﬁ&r&'ﬂe”@”&é&ﬂ@h ﬁh%ﬁ?nper 8 from
underneath. Substrate 6 to be printed runs into positioning-section 1 by
run-in conveyor 14 as shown in Fig. 3 and Fig. 4. Substrate 6 is adjusted by
driving positioning-section 1. Substrate 6 printed completely is run out by

15  run-out conveyor 15.

Screen mask 10 is placed over positioning-section 1. Mask 10 includes
holder 11 and mask plate 12 placed on holder 11. Substrate 6 is positioned to
mask plate 12 by positioning-section 1 and attached to mask plate 12 from a
lower side.

20 Squeegee head 13 moving horizontally reciprocally is disposed over
mask 10. When substrate 6 is attached on the underneath suxface of mask
plate 12, creamy solder paste 9 is supplied onto mask plate 12. Then,
squeegee 131 of head 13 presses on the surface of mask plate 12 and slides on
it. Thus,-creamy solder paste 9 is printed on electrode 61(see Fig. 3) formed

25  on the surface of substrate 6 through pattern opening 121(see Fig. 3) disposed
in mask plate 12.

Laser-measuring device 20 —a three-dimensional measuring means—is



15 within any range in substrate 6 and nmask plate 12. \Wen the data
detected fromthe above neasurenent are anal yzed, an arra%g me% @1
el ectrodes 61 -feature portions on substrate 6-and an ar afﬁt%' % f
pattern openings 121-feature portionsdn screen nask 10-are detected.
Furt hernore, when the three-di nensional neasurenent is carried out on

substrate 6- aj; | Ak at.e LS. conpl.etg, a .
t hr ee-di nens?%l%g[fseg ﬁ)gggﬁ{o# clgga(r%{y]s Sﬁ'}sbt%lﬁggnr Flﬁag’t ‘L‘é('%xl%}t eéé ?)Ihd Jisptable 6
can be detected. bk { - ; i S| - | | sposed i
X-axis table 2151 H?nvcsjp%?g% esa%églgl%egg‘égﬁh@cﬁooﬁgv%%%%@%?\ Oéll%?lyy dgvﬁ%ee )628

D spenser 24 diraglodeRlispensi RU AR L8RS SDLIBMAPKYNDG ) §8DL SOLAR!
paste 9. Raising- 25 and-lowering nmechani sm 26 all ows di spenser 2 0 nove

vertical ly. Wwbicglly, k- Kaixisitah190s) YiaQn: taBHEIDOLS ﬁf&ﬁ?&laﬁ&l}&&éfﬂﬁ% Beba zLThe
following steps are taken; 6 August 2004 10 first, nove di spenser .

usi ng bot b t ab} es: 2ioaiv R2ahofardodnpdenice Raivertiealpashid ABL .99 ON
di spenser directly above the part, second, lower dispenser 24 to the
position, third, diasspermsessohdedeyiestd tndudem nozzihiBE: of Ebhsurahd e
sol der paste 9 for touch-up printing to be supplied into the print- failure
posi tion, i.everticalpdisalacemant dycideflager tatliztobeand & coshning meelmsnitor for
touching up print-failure %‘%\rts. Fig. 7A and 7B are illustrations of the
way to toucht@piiteed RUAt of dPp dager srdiatipp dint thn &-Vydireebiance Bg. dais hes
out three-di nensi ogal rreasurfegent ﬁ£ 1%San object within a r?}g@e of ,
measur ement  HfCTGRSAEE BBV %098Vt ¢t afSopRe%Ri Hy Figshgdeviee bof ndetaptises.
The obje f e, Lncl udes neasurin oints .predeterm ned op_the
top of pgltsol t i%&nﬁt%%g@ t‘l’eor*r‘}m%l B?Slglﬂn? I‘?i at%'br?%q% ?ifg?’diq]P C%fttoalh% RFEUESL AT ng
mask 10. Thi ssaalh AiRQsk t f C s Qi rel ative.to the
origin of the Cnecﬂ%éf]f calf)ﬂc%gjrogl?tngt ‘g;&%g%&ngﬁaglﬁﬁ{qger abige'R and determines a
three-dimensional shape of the object.
When device 20 is moved toward substrate 6 and mask plate 12 by the
above moving means, device 20 can measure a three-dimensional shape
15 within any range in substrate 6 and mask plate 12. When the data detected
from the above measurement are analyzed, an arrangement of electrodes 61
—feature portions on substrate 6—and an arrangement of pattern openings
121—feature portions in screen mask 10—are detected. Furthermore, when
the three-dimensional measurement is carried out on substrate 6 after
20 printing on substrate 6 is complete, a three-dimensional shape of creamy
solder paste 9 printed on substrate 6 can be detected.
Dispenser 24 —a paste-dispensing means—is disposed in X-axis table
21 and Y-axis table 22 which move horizontally device 20. Dispenser 24
includes dispensing nozzle 25 for supplying creamy solder paste 9. Raising-
25  and-lowering mechanism 26 allows dispenser 24 to move vertically.

When print-failure position undergoes touch-up printing, the following

steps are taken;



15 screen-printing apparatus to be determ ned. Then, construction of a
control systemof the screen-printing apparatus 1is denonstrated with
reference to Fig. 5. As illustrated in Fig. 5, CPU 30 fufchuasst2Rd a

whol e-control section of the apparatus,ipand controls the entire sections
expl ai ned bel ow i ndividually. Programstoring section 81 stores 20 various

prograns, e.g. an OpPgidal LR RLSFRM Ok 3G LFRLREbREINY " bNGint-
program for determning a sﬁaé%m(’)f substrate 6 or r%ras arf) g’?éjg%%?%lgggg}t on

si gnal s det ectfgflulyphasaid pRased HRgeAa Gl abdvdEhEepAthi Ng program on

i nspection of print, a programfor predetermning print conditions. Data-
storing section 32 st@bag, Maver dispedatn24 tett@. poditich. of screen-printing
conditions, 25 a library of print conditions including data needed to set
print conditions andthiddtdispdinsprsohter pant 3 fronsnekelee?2fi ned by a ki nd of
produce, data of reference values for determ ning on inspection of printed
part for fail Flus allems spddea st S Koy tatchaQOdrinting tta e srugeliad dnacitepidit-e
limts on data for setting an origin described |later . Mechani smcontrol

section 33 corfelyre reaidivnnaehdmpsnseruéh lagopbeniedoir hy s setchorp meaysnipayor s
14 and 15, X-axis table 21 and Y-axis table 22. _Shape detecting section 34
processes Si gﬁa}l%h]@gt‘&bﬁ%ﬂt'g\}llﬁé\ﬂat‘f@'Z 189 Ath /B aze Yinsiraiionn el thamayte

arrangenent patterns and s S to he detected-,e.g., electrode-arrangenent
pattern of el 38?&66‘83';%8?1'3}}1%5%‘@%%‘&'substrate 6, an openi ng- arrangenent

pattern of pattern ;@c@ﬁ%ﬂ%ﬁm ]d%‘]iic%i ﬁgésr%?esio%t %%ei%-%:jrﬁ?%}%éonlaﬁ ,L}F?%Z&?l%%gg fgﬁap e

creany sol der pasté SCreen printing i's co

O ctnt o 00 SPOEEEOMBIER 18R 201 RO 0800080 Vo WPk pcrating

pr edet er m ned neasuri ng poi nt anisnms to ree-di mensi o

neasur ed. SUbSEah%E%ﬂ"B@dﬁ gaies. MTHNGLREE HoP Rx At RRALRR: st ﬁ@a%ﬁ@gﬁﬁ?fg

pattern of the electrodes and the openings with the reference pa
design data sgrefietbriingd @i fik QL b PBsiBidningasRBioaN] reod €84l of holding

determ ni ng section

frame 101 mounting mask 10. This allows a position of each measuring
point relative to the origin of the mechanical coordinates system of the

15 _ screen-printing apparatus to be determined.
Then, construction of a control system of the screen-printing apparatus
is demonstrated with reference to Fig. 5. As illustrated in Fig. 5, CPU 30
functions as a whole-control section of the apparatus, and controls the entire
sections explained below individually. Program-storing section 31 stores
20  various programs, e.g. an operation program of screen printing, a processing
program for determining a shape of substrate 6 or mask plate 12 based on
éignals detected by laser-measuring device 20, a determining program on
* inspection of print, a program for predetermining print conditions. Data-
storing séction 32 stores various data., e.g. data of ‘screen-printing conditions,
25 a library of print conditions including data needed to set print conditions and

data of print conditions determined by a kind of produce, data of reference

values for determining on inspection of printed part for failures, and data of



15 37 determ nes whether or not substrate 6 or mask plate 12 supplied into
the screen-printing apparatus is accepted. In other words, substrate/msk-
determ ning section acts as a supply-materi al - det er m ni ng &s®¥aysbA004
Print-determi ning section 38 conpares dadata of shapes of solder paste 9
detected on printed substrate 6 by device 20 with reference data stored 20
previously. Bg Qs bR I : I ermning.section.38 _
det er m nes whet era aS étgtag&ﬁg‘%ﬁ%t% §§gggazg>trggﬁtn}§ %rrl P’r’fg? ?ﬁcﬁﬁgdgﬁtﬁ&rate
unaccepted by pri MeHehRikoigl SRELHON 338 chtrBR! QLA N LRHcliyp-
determ ning section whether the pri r%t -fail ﬁrersubsta%t gﬁfgé{%ggn bgu#lou%%eq
up i this appeitidhitts sRBdnsctaleyaRte1d aamm b0 kididficol1 #7d bogls, et 9chi ng
det fed by the

up. 25 In other words, data of shape sol der paste 8 erm

three- di mensShagé debapareTBASIHHEIEPEoRERsCARRE abtMittd h9adAiat 9had dcant he
i brary of touch-up applications. Based on this results, the substrate is

det erm ned56 Abgustlo®904ribs amatdenent pataarmseaidtied tophé detdePrient.i Ng
apparatus. Wien the substrate can be touched up in the apparatus, one of
t he fol | ow ngelegtroderasangenent grtbeyn efpeleetrddedst 1 armppbd ed Hidsstidie 6, an
substrate. First, when area that is to be touched up is only a part of the
whol e, 5 touER$HISWTdYeanePardtarnf nastese oberingd 12Wiksp osedrve nsashfplate
touch-up areas_ arg avajlable or the failure is very bad, the failure
substrate 6 iiza%ts ehrett ereamyseldesipaste 4 altay aeraenpaintingris spinplate, hethorse
addi ti onal touch]éu lag t;Ehi(;sger%ser 24 would take a lof of tine. In this
case, printing EXPRDLIYI TR S e ROTHBRBASUGH PRt 1 hPRSBHM Hrudn aedge R the

t ouch-up an i p_-area.o rint. 10 failuye substrate.. Thus, to
select a gﬁi tgf)%&e%rt?r%?ﬁ%g g%ag%lﬁg i%odngp& PEENAIHERS oy e:ﬁ’ﬁed ’én"o‘?"”lonﬁﬁm’y

print-failure Ratdpte leads to efficient touch-up printing. In the
configuration described above, substrate/nmask-determ ning section 37 and

print-determning 88baightcARadd ddteRERhE%bBORSIT UondpASREGHE NGrrangement

pattern of the electrodes and the openings with the reference pattern of design

data stored in storing section 32. Based on the results, determining section

15 37 determines whether or not substrate 6 or mask plate 12 supplied into the

screen-printing apparatus is accepted. In other words, substrate/mask-
determining section acts as a supply-material-determining section.

Print-determining section 38 compares data of shapes of solder paste 9

detected on printed substrate 6 by device 20 with reference data stored

20 previously. Based on the coniparison results, determining section 38

determines whether a state of print is accepted. A print-failure substrate

unaccepted by print-determining section 38 is determined by touch-up-

determining section whether the print-failure substrate 38 can be touched up

in this apj-)aratus, and select one from two kinds of methods of touching up.

95 In other words, data of shape solder paste 8 determined by the three-

dimensional-shape-measurement are compared with data stored in the library

of touch-up applications. Based on this results, the substrate is determined



15 substrate 6 and/or screen mask 10 based on the results neasured by | aser
nmeasuri ng device 20. Touch-up-print determ ning section acts as a touch-up
neans for touching up print-failure parts. Printing-condi €i498e4404ng
section 35(a printing-condition-settingoJreans) predeterm nes various
paranmeters of printing conditions responsive to 20 properties of each

object to be piiRtads s \e@ﬁéhgusnﬁgg{gg‘;{rgﬁ@g aEbaig.g %%%%%%%utﬁgﬁg%é Ly

at whi ch squeegee 131 slides on I'ng screen prin

i nt. . . | . .
print - pressur gk fowdhied @pﬁﬂ%@%ﬁ%a&%spﬁzﬁsﬁeﬁ%&gﬁg@%@f ﬂlglaigg F%L%c(}an%g and

pl at e-detaching velocity indicating a relative

mask plate 1ldpwhetho8shsdgaied 16r tise S\@istelted from mask plate 12. 25 Next,
setting of printing conditions is described. Fig. 8 illustrates data of the

library on printinBiregnrehdn ars. tHat i6he be tduehed updisCaHIPianphitosr e Rhbppi cal
di mensi on of the electrode on the substrate 6 August 2004 13 (e.g. a width
measur enent ofouchinghp byrdisiensand4 as pyfornatd.di Weeai mn bérstdfeosei-apmransk
havi ng pattern openi n?s (e.g. a thickness of the mask plate) is brought
into a conbi nate avribable he thd éaiburpds ey brd, (Hehiailabe vebsinare§ée attached itd v,
printing pressure, substrate-detaching velocity and substrate 5 detaching
di st ance i ndi E@eEdatectZagaie apdys rprintet drerussarddeidonaldencipintby digsermad
substance 6). This val ye of paraneter varies with physical properties of
creamy sol der 2 .W%&géag@ﬁ:ﬁ ,O%M%‘fq. sidY Hep casatreinting vapabilityofshe iseyeedf t he
el ectrode on _the. substrate and a typi cal dinmensjon of the mask are .

sel ected, par® ]é\gsap%a\g"bss%%ﬁsaisv%%&%ﬁu? %e%tﬂrn@f‘i’}&‘ﬁ?a\‘% aged o€ waintand

t hen t he ra s uto Lcall t. Generall a.pri.nting.condition
combi ned g@ch?%g%ngﬁféér?%‘ asglgij%feggt%elgcgﬁac K tg@?er a’%‘gifhor@o vé’?‘fc e t iR

Z PgCiugladcaZ ﬁar%%flp?gvg %r g QOPLPALANGIAke sBbhtrhid Se RN teh%%&%&ﬂﬁi&ﬁ S
, printing -conditions are
printing.
In the configuration described above, substrate/mask-determining
section 37 and print-determining 38 act as an inspecting means for inspeéting
15 substrate 6 and/or screen mask 10 based on the results measured by laser-
measuring device 20. Touch-up-print determining section acts as a touch-up
means for touching up print-failure parts.
Printing-condition-setting section 35(a printing-condition-setting
means) predetermines various parameters of printing conditions responsive to
20 properties of each object to be printed. The various parameters include a
squeegee velocity at which squeegee 131 slides on mask plate 12 during screen
printing, a print-pressure with which squeegee 131 presses mask plate 12, a
plate-detaching velocity indicating a relative velocity of substrate 6 and mask
plate 12 w'hen substrate 6 is detached from mask plate 12.
25 ‘ Next, setting of printing conditions is described.

Fig. 8 illustrates data of the library on printing conditions. In the

library, a combination of a typical dimension of the electrode on the substrate



15 applied for a specific printing range. As shown in Fig. 9, in a case of
that narrowpitch el ectrodes 62 and normal - pitch el ectro%e&aﬂqgt%(ﬁ m xed
on substrate 6, when squeegee 131 slides within area B of narrow pitch

el ectrode 62, two different print-condition paranmeters -squeegee velocity
and print pressure value-are set to be 3 ~e values 20 different fromthose

in nor mal ran-g £ v@ﬂ@ﬁ%ﬂ%‘fﬁfrh%ﬁgnyegff)@glmallé)cg?o&i%eﬁl%ndeelt %fﬁlﬁglgﬁfgé%gs\é@,ngf &Bety

different printrrng properties I'nte correc

Py S, RERRAUGEK BAPRRL bYELI ofbhED o 0oL SHIALAGLPAR! 100 Yaie) 30

origin- determning neans 1dentifi osi Tl on each neasurl

relative to theoRERIIM0f bRdinARoreghdRi &@dve?ﬁ@fa@ﬁé}@fsegth\% ta%&\fe sfldele

printing apparatus. This identified position is conpare

posi ti on- det eclelgrgtysi pnatisg dpteetny] BUbapaREREing "OLRERY hideaghsiaxies. An
origin on the control programfor controlling each 6 August 2004 14 axis

driving each nietiding mistanceirelicatiggrelEtemovinggissnde-etdRedingsk plateti ce
of accuracy failure of nechanism when data detected on this substrate is
out of accept ai¥l &nd sulistancet®r eThigwalse of paprsatet varieSRithiphysicd piregerties

di spl ayed on a nonitor and by an indicating 5 neans for |ightening a signal
tower and genefsgrdamgy emldet @rm Determining section 36 and the indicating
means such as a nonitor act as a failure- indicating nmeans of accuracy
failure of the scré&ér sl vipmappidenpatte. FRwpical dimpsiapobitieneletapde on

touchin a failed substrate i.n_printing i denmopstrated. 10 First,

anot her ki nd dRe<TBEi AL 8ad o tca) Fimeasorsob theymash #ange el Parameisehe
pr epar ed bstrat es.ar aced .i.n _the mask ,pl ate. n sk 10 in the mask
b are s Mspacbdii fo PhP e RehlR AR SButtrand dhes M amperternane o
mask 10 by noyj : asuring device 20 over mask 10 by X-axis table
21 and Y-axis dtdgg?llgﬁg%iygﬁfs i nspection determ nes whet her or not nmask 10

i's Generally, a printing condition combined each parameter is assigned to
each substrate, however, in the special case, two or more combinations of
printing-condition parameters are used, and different printing conditions are

15  applied for a specific printing range.
As shown in Fig. 9, in a case of that narrow-pitch electrodes 62 and normal-
pitch electrodes 63 are mixed on substrate 6, when squeegee 131 slides within
area B of narrow-pitch electrode 62, two different print-condition parameters
—squeegee velocity and print pressure value—are set to be the values
20 different from those in normal range C,. Consequently, this allows the
electrodes having .different printing properties to be printed at correct
squeegee‘velocitj.r and printing pressure respectively.
Origin-determining section 36 — an origin-determining means —
identiﬁes‘ a position of each measuring point relative to the origin of the
25 ﬁechanical coordinates of the screen printing apparatus. This identified
position is compared with position-detecting signals detected by an encoder

mounted in each axis. An origin on the control program for controlling each



15 acceptabl e. Next, substrate 6 is inspected. Substrate 6 to be printed is
supplied onto positioning-section 1 by conveyor 14. Posi reiﬂgiugg%mcti on 1
is noved upwardly fromthe underneath surface of the substrate To the
position for' neasuring the substrate {fgee positioning-section 1 and
substrate 6 indicated 20 by dashed lines in Fig. 2). Then device 20

measur es. three-.didrr_ensi ongllcl a _.top sdgng_ace f substrate 6. This determ nes
whet her subst PAt 6 18 4t lé%f}éacﬂlsm'llﬁi *"H¥B&%ti on may be performed on only

ki nd f b - d es. b t o det i Ni
o e 2, SEoLA Bl BB S ARG AR L U
inti i i .| QW : ; b St I te 9
Ty e o

squeegee. 131 ét%gin%rsfa@ﬁ&ﬂ %26 m&micaqgﬂisﬁﬁaz@erqnpi £RALBL ALY b@%ﬁ?&i@ﬂin@g_

third, substrate is raised by operating axis table 5 of "positioni

section 1 mndmakhaeheHzh@nidiea BRERN nERLH agdideasmie FRMaRhat Betdmibald h,
sol der paste 9 is printed on el ectrodes 61 through pattern 5 openings 121;

and fifth, sufstioat 86 Giids thketindiaetingraennaskcplat @ hdnkyr | 0edd RIfAhAYI S
tabl e; which conpletes the printing of solder paste 9 on el ectrodes 61.
Next, print edirshixingneass pbadcnspociddrd bf theglerddrepfintihguippgratpesocedur es.
First, positioning-section 1 is upwardly noved fromunder mask 10 19 again
to the position fofh¢readoneingp it Huhsuching upSefolad sulissrate pnquitthce iof
printed substrate 6 is three-di nmensionally neasured by device 20. Wen
printed subst Aemengratedget ermined to be acceptabl e, positioning-section 1

s put o conveyof il aRgrie KLE0 AbPRIEEAIEN & Bpar AHOE BRePBFhEPAG RO
creany sol der for the prepared substrates are placed in the mask plate. Then mask 10 in the
mask plate is inspected in a three-dimensional measurement on an upper face
of mask 10 by moving laser measuring device 20 over mask 10 by X-axis table
21and Y-axis table 22. This inspection determines whether or not mask 10 is
15 acceptable.

Next, substrate 6 is inspected. Substrate 6 to be printed is supplied
onto positioning-section 1 by conveyor 14. Positioning-section 1 is moved
upwardly from the underneath surface of the substrate to the position for
measuring the substrate (see positioning-section 1 and substrate 6 indicated

20 by dashed lines in Fig. 2). Then device 20 measures three-dimensionally a
top surface of substrate 6. This determines whether substrate 6 is accepted.
This inspection may be performed on only new kinds of substrates or on
random samples.
Subs‘equent to determining both mask 10 and substrate 6 to be within
25 ac;:eptable limit, screen printing is carried out by the following procedures:
first, solder paste 9 is supplied onto mask 10;

second, solder paste 9 is kneaded by sliding squeegee 131 reciprocally



15 paste. Then substrate 6 determ ned to be unacceptable is determ ned

whet her or not it can be touched up in this screen-printing ap tus. At
this time, if the substrate 6 cannot be touched up in th@’gﬁ)’é{)ﬁ(@s, a
failure notice is given, then print-falbure substrate 6 is conveyed to the
outside as acceptable 20 substrates are. Then the print-failure substrate
is touched upfariprapatiery sglegfingequi red. Next, mask 10 is inspected. The
state of pattern openings 121 in nmask 10, which is used in screen printing

of the substrate dethérdyisnbstrateos herdiséd by 8pedttd NIRECLBE: B FENiGE A0
Fig. 6 illustrates an exanple of information fromthis 1 nspection. 25

shown in Fi g.s®tioa bhapettathal far ihetediepnsdthanrre F 8GkE QiR 6b.i s three-

di mensi onal |y determ ned by a three-dimensional measurenment of printed
substrate 6. This ifasfhecldear paitecd sis aprshimdeot adlbstiedese6 . thsbgeryakagki ng 6
August 2004 16 portion (arrow "a"). Three-di nensional neasurenent of mask
plate 12 et RYENghlPhed state of pattern opening 121 corresponding to

shape-failure el ecbéode 61. The results of detecting shape of parts
printed on el ect r oddthahstrage fpisrdadachedniromemaek pilate 1 bgdoweting g-hxiser

state of pattgrn opening 5.121, data for identifying causes of this failure

are obt ai ned.%lbr%e’(ﬁwgb CaB’PEé‘?S fieRrinHas shselder B#Stgé%ﬁ?leg:r@dﬁsr@spondi ng to

sol der - | acki ng porty on. electrode 61.is equal to the appunt left in

pattern opening 12 ,8{% %ngeéiﬁssilﬁ)é\?réiﬁe Ehit ﬁﬁpgetg& deronghic ikhag fgisringn

n pattern oo ey MReb SUsRerHP SR NPl SvEL e radpmask |

detected i pad hesin t8RBRIWHAGL ' ' | egtrode, .61, it |s

consi dered t hat lghli s sol ge?lflﬁoéifﬁf%ﬁg%gggghggul%osgroartgf i $T"i°ﬁl  the ﬁo@’oﬁ"ﬂtﬂ“% in

pattern openi oftpri2ted MbStratsess chie i dHatddll Un8a D3 1 Al idsSadle g ned
ai

to be touched up in the apparatus, the touch-up process 1S exp a*
herei nafter vptihtedefwrstrate 6 is determined to be acceptable, positioning-section 1 is
returned to the printed position under the mask and printed substrate 6 is put
on conveyor 15, which completes the operation of printing the creamy solder

15 paste.

Then substrate 6 determined to be unacceptable is determined whether
or not it can be touched up in this screen-printing apparatus. At this time, if
the substrate 6 cannot be touched up in the apparatus, a failure notice is given,
then print-failure substrate 6 is conveyed to the outside as aéceptable

20  substrates are. Then the print-failure substrate is touched up in another
step required. Next, mask 10 is inspected. The state of pattern openings
121 in mask 10, which is used in screen printing of the substrate determined
to be failure, are inspected by device 20.
Fig. 6 illustrates an example of information from this inspection. As
25 ghéwn in Fig. 6, a shape of a printed portion oﬁ electrode 61 is three-

dimensionally determined by a three-dimensional measurement of printed

substrate 6. This inspection detects a shape failure, e.g. solder-lacking



15 to Fig. 7. Wen the print-failure substrate |acks partially sol der paste

9, it can be touched up by additionally supplying sol der paste Lnto the
sol der-lack portion by dispenser 24. This touch-up print %'ﬁ‘fﬂ%g%@d}{ he

followi ng steps. (a) Dispenser 24 is nd¥ed to a position to be touched up
by driving X- axis table and Y-axis table. 20 (b) Nozzle 25 is | owered

toward the popéttioon (axpoy Sof)deThpastimdndindi sRABEAINEK OB NAAZL €,12%e 1 18 O
the position with fine adjustnent as necessary. After solder paste 9 Is

di spensed, t hdelsotsi an omersstawasipattie agayonidy 12Uevteep@UinWesHahe-failure
measur enent determ nes the substrate to be acceptable, 25 substrate 6 is
conveyed to otlesirade 43- ndhaulesslibstf rdetecting shiyenof hertsnpdatsde RN lectrode
determ nes the substrate_ to be unacceptable, the substrate is repeatedly
touched up. 6%hGUSMEPoed With theresdic b defepringtinhyr sidde tof paalery cpepplyi Ng
sol der paste akes too |qng because nany sol der-|ack-portions are on the
substrat e,ét hiztdﬁ’sti‘ g Jéepél%lﬁsi%ﬁé%ﬁ %fgtéli‘%%{atlhlrr@@gh obtaingd| | bwotter words,

rocedures: (a) Positioning-section 1l is horizontally noved to a position
F o be 5 pri ﬁw@anuﬁ@e?% ‘ifo.SOIE‘?}j FrRTesRsEding éoi@>{¢%}i']§éblrkﬁy PEriasi o1t abl e
and attached | at 2.,a0ain a hown . .jn Fig.. 7B, _At this time
parts cor r1 g(it %I%C%?ﬁi‘t;f(é;cf eoqr%atl %%-t}%%ﬂg??%@@%nﬂéeﬁpé’gt eurs }ﬁ]olteﬁ?fstlé‘tdgre 10 by
openi ngs ! reen printing,i
slidi ng squeetjﬂehetrsn‘f}ﬁ Ogngg%]gae%%Pg%# ﬂ%gg)g‘rn?rs Cof T REEFSP Bf,dﬁfaéé 1% SPﬂgtrate

substrate 6 agRekeRlanfSsollBLY Rl leP N g&bﬂ? ro'gtgxgiﬁtg:% | SA% :olghgéje'ﬂihgon%ts,t ern

openi ngs 121 corresponding to each solder-pa por

substrat e1® i whdat ahad of PMobBEdtectRl alre pheterANshethgelo PSR s JohEinddfied in
print-failure portions, which
electrode 61, it is considered that this solder-lacking occurs by poor filling of
solder 9 in pattern opening 121. '
Next, when the print-failure substrate is determined to be touched up
in the apparatus, the touch-up process is explained hereinafter with reference
15  to Fig. 7. When the print-failure substrate lacks partially solder paste 9, it
can be touched up by additionally supplying solder paste 9 into the solder-lack
portion by dispenser 24. This touch-up print includes the following steps.
(a) Dispenser 24 is moved to a position to be touched up by driving X-
axis table and Y-axis table.
20 (b) Nozzle 25 is lowered toward the position.
(¢} Solder paste 9 is dispensed from nozzle 25 into the position with fine
adjustment as necessary.
After solder paste 9 is dispensed, the position is measured again by
device 20. - When the measurement determines the substrate to be acceptable,
25 suBstrate 6 is conveyed to outside as normal substrate is. When the
measurement determines the substrate to be unacceptable, the substrate is

repeatedly touched up.



15 conpl etes the touch-up print. The post-printing inspection is perforned
on creany solder paste printed on the substrate and furt e/{ oné]ot only
the printed substrate but also a screen mask by device 20.7YNP %"bvi des a
detail ed three-di nensional shape of eggh portion of solder paste printed
on substrate 6. Moreover, a 20 state of solder paste 9 left in pattern
opening 121 is detggted. The printed ositjon on substrate 6 is contrasted

with the inside of "p¥Pt OHAMIBERHIRGDY adfitess RaPRRlyiRg ttdesane rikestes e,
ar con- pri nt i S ERATSt Ut B E SUEH UL R e R HRG S SCULRREe Shd
touch-up printj, } rformad. i n. t-he.apparatus, a touch-up in a separate
operation is é%ﬁg%%gg%%yt ano cg}h% 0?18‘5 Ifle%ﬁ)lcog%%l}lgf"s of rejected substrates

are sinplified. Nbgagoyssgmoﬁﬁlg%tc' B PraPELLodhy WK b HGIRD (oUgh'S!

2004 18 print responsive to each print Sstrate

efficient soughimi¢pd uaREF AR, Next, setting conditions in screen printing
is denonstrated. First, when one type of substrate is changed to anot her

type of 5 substrafy TiECs@MrdtaSK rafleld @5PRA%IMAbICaA D 8LARREDES nﬁé/é%e;lil‘&fte
substrate is placed in the apparatus and mask 10 is inspected. Mask 10

pl aced in the12a4pahi at vhows ih MigerBli nensi onal |y neasured from the above
while | aser- neasuring device 20 is noved over mask 10 by X-axis table 21
and Y-axis t &l thi@ximEhparisnspeettlyoprodedron Hes stbstckive8sanf ppeskd lidtand
whet her or 10 not mask 10 is acceptable. Second, substrate 6 is inspected.
Substrate 6 t®aberpopeniagsildldinmaskadateohi sgainmadragreenppintingns nepfesved on
1. Positioning-section 1 is noved to the neasuring position of the
subst r at e 1Py oy FHEEE $12A€29€P-i n the direction of the Y-axis (see

osi tioning-section, 1 and substrate 6 indicated b ashed |ines).
P g %onsequently, ame parts correctiy printed on the su%strate 6 al)re kept as

they are, and solder-paste 9 is filled in pattern openings 121 corresponding to
each solder-paste-lack portion. Then substrate 9 is detached from mask
plate 12, and solder-paste 9 is added in print-failure portions, which

15 completes the touch-up print.
The post-printing inspection is performed on creamy solder paste
printed on the substrate and further on not only the printed substrate but also
a screen mask by device 20. This provides é detailed three-dimensional
shape of each bortion of solder paste printed on substrate 6. Moreover, a
| 20  state of solder paste 9 left in pattern opening 121 is detected. The printed
position on substrate 6 is contrasted with the inside of pattern opening
corresponding to the same. Therefore, useful data for identifying the causes

of failures are obtained.

Wh'en the screen-printing apparatus includes touch-up determining
25 séction, and touch-up printing is performed in the apparatus, a touch-up in a
separate operation is unnecessary and complicated controls of rejected

substrates are simplified. Moreover, selecting properly the way of touch-up



15 Substrate 6 is three-di nensionally neasured by device 20 as nmask 10 is.
This inspection neasures the |length and the width of an el be
printed formed on substrate 6. Third, based on the kind ofﬁe'&ﬂidd'g’gf()dz‘0
creany-sol der-paste 9 previously input, gdata of typical dinensions of the
el ectrode on substrate 6 and thickness of mask 10 20 found by neasurenent,

paraneters of _print conditions.in a.librar f_the print canditions are
Pond Then a PRPLFEFITRCInt Pocth B Py RRU e REiERE  5a7A o, GRgienb (o R p
printing cond&gé’é,gﬁ%npri or to actual printing. Next, screen printing is
denonstr at ed. creen printing is carried out as follows. 25 first, sol der

paste 9 is suppli eﬂﬁ}?ﬂ:%&tf&s&nﬁlﬂiorﬁqﬁ%ﬁpeenggﬂigﬁﬁg R%aétar‘xﬁox?sti*a&ehneaded by

sliding squeegee 131 recliprocally for preparatory squeezing, 6 August.2004

19 third, substrabgef iwSiehdelyly IPGHANE & AkhSaddakh e RS toni ng
section 1 and attachgd toethe unyerneath surface of %ask$p]§?g£ﬁg?ﬁ%o$fh,

sol der pasge Substrgte] BL:REnORaSk Tt rOFREsE ﬁ&tlﬁ%@hoﬂéﬁ-t@g}@ oORERItRRS k21 by
novi ng squeegee head 13, 5 fifth, substrate 6 is detached from nmask plate

12 by | oweri nglade@ihshetzaiplaeatusi axad askt 10 & igyplesied NgMVEQKIBY pRastandtien

el ectrodes 61 is conpleted After trial printing, substrate 6 is inspected
in printing. éappaedssrikngrpe-duesssiafdléy measuredgfroml hhé hiloviensjhdet iazar-
positioning section 1 is noved to 10 the nmeasuring position of the
substrate fromeastersgmeyikce1?) syalaved Pventmask d0dst Keas 6abls 21 and Y-axis

t hree-di nensional |y neasured from_the above by device 20. Wen _this

i nspection det@dfiddes Tdihuspgetéors detorpdnes ligknenscofimask LAtandywhether or
paranmeters_ of the printing c itions read at the beginning are determ ned
to be pri?)er .nOEI'H’é@% lﬁdﬁégﬁpg&geare set as printing conditions for actual

Second, substrate 6 is inspected. Substrate 6 to be printed is conveyed
onto substrate-positioning-section 1. Positioning-section 1 is moved to the
measuring position of the substrate from under mask 10 in the direction of the
Y-axis (see positioning-section 1 and substrate 6 indicated by dashed lines).

15 Substrate 6 is three-dimensionally measured by device 20 as mask 10 is.
This inspection measures the length and the width of an electrode to be
printed formed on substrate 6.

Third, based on the kind of creamy-solder-paste 9 previously input, data
of typical dimensions of the electrode on substrate 6 and thickness of mask 10
20  found by measurement, parameters of print conditions in a library of the print
conditions are read. Then a trial printing is performed with the parameters
" of the printing conditions prior to actual printing.
Next, screen printing is demonstrated.
Screen printing 1s carried out as follows.
25 | first, solder paste 9 is supplied onto mask 10;
second, solder paste 9 is kneaded by sliding squeegee 131 reciprocally

for preparatory squeezing,



15 printing of substrate 6, and the conditions are stored in data-storing
section 32. In this neasurenent after printing, mask 10 C%nA"EgZJ {ﬁ -

di mensi onal |l y neasured. This measurenent provides data for i R @l ng the
causes of print failures and inproves tjle anount and quality of information
20 when a feedback is carried out. The feedback is described bel ow. Wen a

fail i's detect I: : ,al At f eedback of
orint ng condit1 one VL CAASHAGTE T faili bbebiAde B LA s s tieRagEd on
f eedback dat assdtRiet ahil %‘tllﬂaQHéd Yo 1 &lMerhb DA £0k o@(&jae[;é;é fgicpndition. In

ot her words, results of the inspection are expresse nuneri’c data on 25
each predeterm ned fob@M scfdd- pAstRl b NMsefri r Bt | ch
el ectrode. These output data gre con%a?ggEesmp{)ﬁ %ﬁ?@?%%eﬁgeh{éjg?g% &Itt%

pr edet er m nedopsniagpnRpey Wehitg sqaesedqdeatiBy, deviation fromreference
val ue 6 August 2004 20 is found. Then paraneters of printing conditions,
which are ®n corr efifthi enbstirate 6 tiheletmtiedt firom, makle ploer BT HheUoHRSR@NBIa%e; t O
the deviation in the direction of plus (h) or mnus (-). Trial printing
for setting pf@dder printing conditions is 5 carried out many tines while
changi ng each printi ng1 condition many tinmes. Statical analysis is
performed on the relnalls trighpriniingiselier ngste Tor elebapiendl metomedatetihe

devi ation and the gnount of correction are prepared by organizing the
results of the trfdier gFishPriying subetrate 848 pspastrshierinding. (s toeasaring t he

l'ibrary of print conditions.in siforing section 32. 10 After the printing
condi ti ons ar B*¢6PT 8 nglntsmr?@?t r]: ]Ehlﬁapﬂﬁchﬁni BOsIeRIng seeom ddis mnovadgto

Substratead | fud JRASSLED chRu Hahckpttien: hhS, (LSRRl 99 deier nce,
printing Operéabmatefgﬁgﬁg%-gm%ﬁar@gg%gggs&f RO% ihe BETL BG BN 28

predeterm ned I nterva i nspe
When this inspection determines substrate 6 to be acceptable in printing, the

parameters of the printing conditions read at the beginning are determined to
be proper. These parameters are set as printing conditions for actual

15  printing of substrate 6, and the conditions are stored in data-storing section
32.

In this measurement after printing, mask 10 can be three-
dimensionally measured. This measurement provides data for identifying the
causes of print failures and improves the amount and quality of information

20  when a feedback is carried out. The feedback is described below.

When a failure is detected in measurements on the trial printing, a
feedback of printing conditions is carried out. This feedback is carried out
based on feedback data stored previously in the library of printing condition.
In other v;rords, results of the inspection are expressed by numeric data on

25 eﬁch predetermined item, e.g. a printed area or a printed height of each
electrode.  These output data are compared with a reference value

predetermined as a proper value, consequently, deviation from reference value



15 on random sanpl es by device 20 in production process (a post-printing
measuri ng process). Based on inspecting data coll ected fr% the ﬁb ve

i nspection, a deviation fromthe reference value in each {%“@b’gtc on item
is found. Correction of paraneters is peérforned as necessary, and the
printing condition for actual 20 printing is changed. This allows printing
condi tions tojgukgpt Wi thin the proper range even when the viscosity of
sol der paste 9 is changed by anbient tenperature. Therefore, high quality

of printing can beriaspsfthetbf MerisGheeBn ML R%:Q 218, sabadinent.
printed substrate 6 an% mask loihlgrrle ngasﬁ'{r?lggj%’r%%l %}eab“o%%”%?han with

three- di mensi ceadevigasi! i BoFBABS respdRsiviQot6S BENAEBATh hONS A& SELRASEd
on the results of nmeasurenent. This all ows operations of pregeterm ni-ng

printing condi#)i@ansinuki(©h I’I;etullxﬁx_eﬁtingomalse@ﬁﬁgobféﬁ&dIptrirﬂﬁl(%%ﬁdiﬁgns is
operations by skilled labor in prior art, to be 6 August 2004 21
sinplified atadriedaditimanyThienef whide chastiall @chl’ﬂzﬁlﬁﬂiﬂ% cgﬂ@gltjohymggﬁ tRfes.
ensured. Then a nechani sm adjusting operation, which is carried out at
activation ofStatigak enpalysispsinerfonpedppatiat vsultat Meitntirdieatag of corhsin@bAg one
nodel to another in production line is denonstrated wth reference to Fig.
10 5 and Fi g. Pefvepny ﬁ?%tﬁ&ﬁlqil@. appC thej pawunt hefegodientosi aralprepasdr byent
is perforned on each Hechani'rtsm bei1 device 20 before placing the screen nmask
in the screen?iFAPHIRH R d5purtatdfstheatriah grmtingsFgtematicalisasepdatgd,pandt s

101 pl aci ng < PEeH e ey o E et rouaB e R SBos L1 oni ng
moved o Mach mediint e Bl EondtREhL At P e adls ctthamntindet | ve
hei ghts. A hepalmesd GBhat | o dhiRhate BNt~ ARLEGLANS GRRARL T E ol the
inspection determines substrate 6 to be acceptable; actual printing is
performed. During this printing operation, feedback on printing conditions
is performed at a predetermined interval. Namely, substrate 6 is inspected
15 on random samples by device 20 in production process (a post-printing
measuring process).
Based on inspecting data collected from the above inspection, a deviation
from the reference value in each inspection item is found. Correction of
parameters is performed as necessary, and the printing condition fc;r actual
20 printing is changed. This allows printing conditions to be kept within the
proper range even when the viscosity of solder paste 9 is changed by ambient
temperature. Therefore, high quality of printing can be ensured.
In the screen printing of the embodiment, printed substrate 6 and mask
10 are meésured from the above by a three-dimensional measuring means.
25 Thé screen conditions are set based on the results of measurement. This
allows operations of predetermining printing conditions, which requires

complicated condition setting operations by skilled labor in prior art, to be



15 device 20 is particularly useful for this neasurenent. A precise height
position of the underneath surface of mask plate 12 is ds’;ﬁ?rmpﬁﬁmbased on
the height position of holding frane 101 of the mask determ{#4d devi ce
20. Therefore, a rising-stopping posit2opn of Z-axis table 5, which
attaches substrate 6 to the underneath surface of mask plate 12, is 20

o e el Y, Selunberghaposssnerel e Labispiafe Sl faniis dable g 20 o

surface placing a supporting-jig i’ng-s ese

nmeasuring resul t sManhe o QP LG taai@ﬁiﬁ,:f@@faﬁqfotﬂec%ﬁ'& sj;gnal s Jr? xi%én

encoder of a Z-axis notor (not shown ows "an”ort giArete 2
table 5 to betiph&eh SEkie §@een%@ﬂﬁﬁ%‘§ﬂﬁélﬁtu§,%%?ﬁ{tgnﬁnéesmg Calljx{g%]}lgloée
e &

attached to nask 25 plate 12. Then, a position of each predéter

measuring poimddedio anptiapanigiod BRASUERS is &rﬁ@ﬂx@?@t@ﬁ%ﬁh%ﬁe‘ﬂ%ﬁ’& @ Fongdinate
system of positioning section 6 August 2004 22 1 and a coordi nate System of

X-axi s tabl e a2d BigdlVAdkirsughaBlge 12@. used for noving | aser-neasuring device
20 are found by device 20. In the enbodinment, a position of clanper 8 in a
horizontal direct Fansti stideealmedsionbhs eveasuréhent esul therfobgednost akh

di spl acenent of positioning section | is 5 detected. C anper 8 disposed in
posi tioni ng FerebBs by deyiive R0thefereartpeing tbs berate nfaskhienthewesdenapenfinks
placed in the apparatus. Mre particularly, as shown in Fig. 11A first,
posi tions of aBHggﬁtPFﬂeés showarg Hig. 19, mpasuxing pents Gndicatetl ppsirtdvos) arof
edge lines L2 and L4 in é.h Y. direction are detected. These edge |lines

di sposed i n CFEHEH o8 the Oﬁ%‘?’{%sfor 10 neasuring. Then, as shown in Fig. 11

" the vedtical di recHooaR1E 400 PleSh Geth e hser 1 adiati on poi nt P in
La. & his time di e aone S i e e i dCani ng
direction D is det qgf SeppokbmieRaSbduRuRee bBMiFAL&RiGA7POSI ti on
Device 20 is moved to each measuring point discussed above and measures the
respective heights. A height-orientation-displacement-detecting capability of
15  device 20 is particularly useful for this measurement.

A precise height position of the underneath surface of mask plate 12 is
determined based on the height position of holdiﬁg frame 101 of the mask
determined by device 20. Therefore, a rising-stopping position of Z-axis table
9, which attaches substrate 6 to the underneath surface of mask pla;te 12, is

20  precisely set. Height positions of the top surface of Z-axis table 5 and a
surface placing a supporting jig on holding section7 are measured. These
measuring results are compared with position-detecting signals from an
encoder of a Z-axis motor (not shown). This allows an origin of Z-axis table 5
to be precis-ely set. Consequently, substrate 6 is accurately attached to mask

95  plate 12.

Then, a position of each predetermined measuring point on a plane is

measured. Displacements between a coordinate system of positioning section



15 where the edge line is detected. Detection of four edges lines Li, L2,
L3, L4 arranged in clanper 8 allows two positions in the rl pl ane
to be located- As a result, the anount of displacenent frﬁgﬁﬁ@'ﬁg%ﬁ
X-direction, the Y-direction respectiveély, and the anount of displacenent
fromthe 6 direction in rotation are detected. In 20 other words, the
amount of di splaagesRpdrdifateNg <k &gtX-aRiOfa1Ax e LKd @%Qaclabfeo%z %%8{1" fg}hef
and the amount of displacenent in rotation in the plane are etected.
Consequent | y, mb{ie gamideitmodsu@high Qlevi@n 20N ROSkdIRN YyS RRIAI BRA 19y the
determne relative positions in nutually independent orthogonal

coordi nat es. dvhbehinent, & hsititaiof cbimgar §6at 4 HbriAnRASAité@Bn & adlctdaat ed
based on 25 the anount of displacenent in position and an angl e of

di spl acenment .baBaéron thechésudt, the ametwitsofi dispheepengofpvgophig bddbn 1 is
operations of positioning section 1 are nodified. This allows relative
posi tions 5 n dgtestadi oflampeny 86 dikpgesst 12 QB4itARing cwitibwni Ny wedt tcorlaband
X-axis table.and Y-axis table to be properly kept consistently. Moreover,
errors causi nijibsiragef screnmepbatisse biis placed is thsepparet®. can be reduced. In
t he above enbodi t, however, di s}?I acenent of position can be 5 detected
by hol ding a sanpMomspacticulazly,ae ghewa in &ie-glldn dirse pesitions afedgsodnes bhs of

typical portion,of the s trate (e.g. openings .and. edges), .instead of b
dgf erm n!ong pao%dr BOWsﬁ'bef %Piﬁ?&é%(eaqqgﬂﬁsé 1pgs Pﬁreé%ﬁmﬁﬂg[& )aéﬂaﬂﬂfbéia the Wt t e?/
adj usti ng machi i r.f oraed~pn th creen-printin a ratus, the
sclr genl- p?i nti&r}g&g%glr%fa P‘%ﬁ&gggr? eq eég}ersidé Oglﬁﬁ.lh gﬁ?ﬂg‘fﬁ%e %Pf'ﬁtﬁgﬁg

oper ati onyg POgkEL LR AC M AC Y Odh Wi TRED Y %H?)oisi%ion hecked g%l%eglingﬁrafrsc e of

predetermned interval. I'n other words,” hei positions o _
screen nmask 1fbtafdd bPen SRRt diSSlakdiHe 7 1B ¢t Ra Bl diRg wEGL I 20l €
nmeasured on random sanpl es by device 20.- If displacenent from i1nitrally

predet er m nedscanf thset ediatidn GoidC ROtheGlifdctiohl Qe FHig O111AYIcRoRRS {d &f3hiot
edge lines L1 through L4. At his time, discontinuous point Do in height of
the scanning direction D is detected. The position D.o indicates a position

15  where the edge line is detected.

Detection of four edges lines L1, L2, L3, L4 arranged in clamper 8
allows two positions in the horizontal plane to be located. As a result, the
amount of displacement from the X-direction, the Y-direction respectively, and
the amount of displacement from the 8 direction in rotation are detected. In

20 other words, the amount of displacement in the direction of axes orthogonal to
each other and the amount of displacement in rotation in the plane are
detected. Consequently, the amount of correction in position is obtained to
determine relative positions in mutually independent orthogonal coordinates.

Mofeover, the amount of correction in position is calculated based on

25  the amount of displacement in position and an angle of displacement. Then
machine parameters in the program controlling operations of positioning

section 1 are modified. This allows relative positions in operation among



15 carried out. Consequently, when nechani cal accuracy changes slightly by
external factors, e.g. changes of anbient conditions, operaﬁ' uracy at
printing is properly kept all the tine, and high-quality gf %ﬁ'lgh ng can be
ensured. However, a hernetically seale $queegee head can be used, instead
of 20 an open-system squeegee head havihg pl ate squeegees 131 used in the
above enbodi al.. This herneti | y. seal ed eegee head can fill creany
sol der past €1 h DAPEEr ﬁm%’bgﬁﬂggk'ﬂ%llss’fai%&? ﬁé‘agy@él?e@@% terbeapypperlypkente by
applying pregsyis t ream sol der paste,stored in the head. According
to the pr esen‘?ﬁll rlsveelﬁsﬁ'owofeﬁgg%@%%%ﬁ 66}1?1%‘ ilﬁgdezﬁ%éﬂga? Fositiog fraée 6t he
foll owi ng el eg®he rdg@led Nr €e-di nensi onal neans for neasuring
three-dinensionally the top surface of the screen mask and the top surface

f th bstrat : i i f th
ubstraie; (b) Nowng mean {apoay HomTeE MO REL bt Wonlin, P e

means; and ( cdetbttapast ihdMHiABSa | ASREGHE NBitE YISt - screen
mask. 5 As a result, before and gg?%r screen pri nt?ngg%gg %ggr{i%tgglgﬁ?l,ngboth

the substr at eposanehst dfecypizabportiBsst harsudetiahs (@gtﬁﬁmﬁé&%ﬁ{ Odges) Vi/ﬁ\%bad
failures occur, causes of the failure can be readily identif?ed. en
touch- up meanef liysleterspariegl posipohabf fogr fedge lines EArthbeudtous BeelauhdrB. t he
apparatus. Therefore, a separate operation for touch-up is unnecessary. 10
Furthernore, the S\t radiestimgl nivshsmsedn mesformed rmastbee dckéanprinbiggabove
by three-di mensi onal - nﬂaasuri ng means after printing is conpleted,

screen- pri nt i #PAEBTH theotieeat-arinsinginpssation desraibedas cumiesndut. Consequent | vy,
setting g&erati ong o{ .gri nt .condition can be sinplified, dispersions in
setting pri nt itRg D RIARGIBG Waraen., Besitian asnmayuet ibe meeltdndspsiist i ng

quality can bc%ecked at a predetermined interval. In other words, height positions of the
surface of screen mask 10 and the supporting jig of substrate-holding section 7
' are measured on random samples by device 20. If displacement from
initially predetermined conditions is detected, correction of origin position is
15 carried out. Consequently, when mechanical accuracy changes slightly by
external factors, e.g. changes of ambient conditions, operation accuracy at
printing is properly kept all the time, and high-quality of printing can be
ensured.
However, a hermetically sealed squeegee head can be used, inistead of
20  an open-system squeegee head having plate squeegees 131 used in the above
embodiment. This hermetically sealed squeegee head can fill creamy solder
paste in pattern openings by sliding a squeegee on a mask plate by applying
pressure to the creamy solder paste stored in the head.
According to the present invention, the screen printing apparatus
25 corﬁprises the following element:
(a) Three-dimensional means for measuring three-dimensionally the

top surface of the screen mask and the top surface of the substrate at the



15 ensured. Additionally, a predeterm ned neasuring position of the

mechani snms in the screen-printing apparatus is neasured hy, 04

t hree- di nensi onal measuring means. Then the predeterm ne W?h%q g
position on the object to be neasured is determ ned on a position relative
to the origin of the nechanical 20 coordi nate systemin the screen-printing
apparatus. As a result, machine adjusting operation and teaching operation
in the screen™SAPNEPREOsHoR{the subsiratSe sinplified with high accuracy. 6
August 2004 25 V\ha@) M cl ai med i@: 1. A sﬁgre n-printing apparatus -
conprising: (a) a SUBITPRE S PF JRPYiGE taknPrreAimeRIPn JAPHIU IS WSS RFiat e
relative to a reen mask having pattern openings; 5 (b) a

t hr ee- di nensi onal - measuring neans for measuring three- dinmensionally a top
surface of the scr lel N | 0si.tion .and top surface of the
substrate at a ma@ﬁ%sﬁg%%ghe%gg f&é#]ﬁﬁsﬁ%tgitﬁiﬂbrsgﬁag?a(lg? 8 SV Y Sfeans f or
novi ng saigl t 4] i i ¥ - ) ins ting
Toans for § nspee aare aaed BRRF ShiepR pHERNT: s AEitd bl ch SRRk
based on a resu thObeRBATHAGTRAY bDYnsiflthd RE&R 1] Wﬁ@ﬁ'fgﬂﬁfésr%@&f”chﬂ%ﬁs
nmeans, wherein said apparatus prints paste on the substrate throug e
pattern openi ofythebfaihirt aahi mgréailysideasficARSWHea folehybslehat s 3Rchaska di ng
a 15 squeegee head on the screen nask. 2. The screen-printing apparatus
accordi ng to pliatimglfailhes eam beheuchets ppdhithe dghestisneThbaifbrla passatef at

| east one of the screen mask and the substrate supplied froma prior step,
and sai d i nsperarahignderatesichng isduemege@@rsuppl y- mat eri al - det er mi ni ng secti on
whi ch detle({m' nes fail_ or pass,

Furthermore, the substrate and the screen mask are measured from
the above by three-dimensional-measuring means after printing is completed,
screen-printing conditions are set based on the measurement. Consequently,
setting operations of print condition can be simplified, dispersions in setting of
ﬁrinting condition can be removed, and further stable printing quality can be

15 ensured.

Additionally, a predetermined measuring position of the mechanisms in
the screen-printing apparatus is measured by three-dimensional measuring
means. Then the predetermined measuring position on the object to be
measured is determined on a position relative to the origin of the méchanical

20  coordinate system in the screen-printing apparatus. As a result, machine
adjusting operation and teaching operation in the screen-printing apparatus

can be simplified with high accuracy.



3. The screen-printing apparatus according to claim2 wherein the
i nspection is a printing inspection for the substrate after i rinted
and said inspection neans includes a print-determning sg%@ﬁﬁﬁp$§9
determining 25 fail or pass of a printi.ng result based on the result of
measurenent. 4. The screen-printing ap%gratus according to claim 3, further
6 August . 2004 g i ncl.uding a touch-up neans for touching up a
print-failurevi FtissfapRd 1Ssubstrate determined print-failure by said
print-determ ning section. 5. .The screen-printing apparatus according to
claim 4, wherein Zai SCECCNFTEH R PRAFALYS FRIMRIA®EA t ouch- up- det er mi ni ng
section for determ ning,whet er QL not. re- rinting is necessary to the

B aitptreg pigliob i

substrate determned a8’a*fal W& ReH MY RgSUppparatdisulersidi ng

to claim4, wherei i - . includes a paste-dispensing neans
for addi ng pasté1 tvg t?%esqrefglo%g%#?¥lg§ﬁ)%§?rﬁg ?nlﬁl)gsdi spensing the paste. 7.

A screen-psi nti g appang! #yn ARk eIl basl SUPRERAL GpP 93100 NG, TBanS

for positioning a substrate relative to a screén nas aw%agsuﬁjeﬁgt

openi ngs; 15 @hhedsibRiBLa Ao BNTiQHThIBASHA HUEKR: riﬁ%ggnﬁgﬁibfdﬂﬂi;?@ge'

di nrensionally from above the screen nmask at a printing p on and

substrate at aunfaasuof thegubettatd Aa afeablifingWositiohl (Fthé Ghb&yARVI Ng neans for
novi ng sai d three-di nensi on-neasuring neans; 20 (d) a
print-condition-settint)aeaneng aeantibi npvicg efd-thrédingnsi6NtabiaRspased
on a neasuring result by said three-di nensional -neans; and (e) a
print-conditi &eagsoped reans for storing the printing conditions set,
wherein s 'éd appar at us (ﬁri nts paste on the substrate through the 25
pattern oi ni ngs by at {&@RiipsPachagdReansfoninipectang helessbsne of theanbsihtdi ng

a and the screen mask based on a result of measurement by said three-
dimensional-measuring means,

wherein said apparatus prints paste on the substrate through the

pattern Qpenings by attaching the screen mask to the substrate and sliding a

15  squeegee head on the screen mask.

2. The screen-printing apparatus according to claim 1 wherein the
imspection determines fail or pass of at least one of the screen mask and the
substrate supplied from a prior step, and said inspecting means includes a

20  supply-material-determining section which determines fail or pass.

3. The screen-printing apparatus according to claim 2 wherein the
Inspection is a printing inspection for the substrate after being printed and
said inspection means includes a print-determining section for determining

25  fail or pass of a printing result based on the result of measurement.

4. The screen-printing apparatus according to claim 3, further



squeegee head on the screen mask. 6 August 2004 27 8. A screen-printing

apparatus conprising: (a) a substrate-positioning neans f%r |f|) Léd)tpi ng a

substrate relative to a screen nmask having pattern openi ngégch%% a

t hr ee- di nensi onal - measuri ng neans for néeqasuri ng three- 5 dinensionally an

object to be neasured wthin a range including said substrate-positioning
of the screen nask; (c) a noving neans for

means and a rmun]téjcﬁiq sectigllgl ] ) /

movi ng sai d t HPESHaehSPBANMPERENP | 0y toushde pa) aaprivt-faluredpar nf hag
means for settjng.an qrigin opn a ntrol, 10 program by identifying a
position of prsé’lé’%{;r f%aﬁg@g%%cgﬁppﬁ'ga%ﬁe Y%EPH‘Q‘:‘ frevpingsestioreasur ed

wWith respect to an origin of a nechanical-coordinate system of said
screen-printing apparatus based on a result measured by said

t hr ee- di nensi onal asp. 2aNS; ein.sajd apparatus prints paste._on
the substrate thr Otr?éhSlﬁ?e&gp%%glgﬁt&ng?%poapréﬁfsn%%Oﬁdéggtt? a?i’ﬁf‘ﬁ& E”h“@rglé’r sad
mask to theg sulsth.abe nftadsSidcai [ e sgre mask. 9.
The screen-printi ngrpappar atus a%o?d?oﬁgHﬁgﬁgﬂﬁ]ﬂgngﬂsre%ﬁ% ﬁ)irn%fqﬁﬁflﬁt}ng

fai | ur e- al ar mwBeeS: bOhotk@p RNtz GRANEA) tALE WaB ol f@é%ﬂﬁ%eﬁf £9,;pai d
screen-printing apparatus based on the result nmeasured. 10. et hod. of
screen printing for printing paste on a substrate through pattern openings

"by attaching a screen nask having the pattern openings to the substrate
and sliding a squedgedheesgteamptineingcaganatmsiccordbg 38icthie thothesmPEdigi NY
the steps of: (a) positioning the substrate relative to the screen nask;
(b) neasuri ng toRe@PdMEaRsiinHutles agpastp dspehsing mbathérsedden wasbelgothe2004

10 . print-failure part by dispensing the paste.

7. A screen-printing apparatus comprising:
(a) a substrate-positioning means for positioning a substrate
relative to a screen mask having pattern openings;

15 (b) a three-dimensional-measuring means for measuring three-
dimensionaﬂy from above the screen mask at a printing position and the
substrate at a measuring position of the substrate;

(c) a moving means for moving said three-dimension-measuring
means;

20 (d) a print-condition-setting means for setting screen-printing
conditions based on a measuring result by said three-dimensional-means; and

(e) a print-condition-store means for storing the printing conditions

set,
wherein said apparatus prints paste on the substrate through the
25 pattern openings by attaching the screen mask to the substrate and sliding a

squeegee head on the screen mask.



28 mask at a printing position and a top surface of the substrate at a

measuring position of the substrate by a three-dinensional, nea {,Ng neans
noved by a noving neans; (c) inspecting at |east one of {%H%ugé'agquﬁate and

the screen mask 5 based on a neasuri n% result by said three-dinensional
measuring nmeans. 11. A nethod of scree 7pri nting for printing paste on a
substrate through pattern openings by attaching a screen nmask having the
pattern openings t Pt i’ﬁes@ﬁ%‘é‘?ﬂé@’@%ﬁ?@aﬂ@éicﬁypalsm'ﬁleegee head on the
screen nmask, 10 said pethod .conprisi.ng the steps of: (a) nmeasuring from
above at |east one of eas%‘fb@g’f?t?r'ﬁgwt PiRg MEESnErpPPRitieding 2a sphstiaiag

position and t substrate after, bein rinted at a nmeasuring position of
the substrate” ytlgetﬂ?eS§§%Wﬁ§f Bﬁ‘élpg&)@ggeﬁ’?ioﬁﬁnwgﬁ’ns; (b) setting printing

condi tions of screen pwpn& itﬂgeelg@i%%qls%na?(%e%%#gﬁlgnlégﬁ%r}c%??l#{qesﬂ&%éoﬁg‘:ed

t hr ee- di nensi onal - neasuri ng neans; an £1 ons

ree- di mensi onal - neastiri hg- ne OPErg=the gofigre:
Secording ro Choripra S0y 8] A, AE800 pepgyrell SulihoR it oot BHOCH ity

starts and af k@pstki phdhb Rk | N ondj tions for
actual printing Féwe eotserlm' ngd gg;@%ﬁbﬁ&ggﬁggﬁéc@&aﬁn %tcgeﬁ%((j%%ﬁl& The

met hod of screen print{d@ BeeaEdGhathstfr &l@ing ddid tﬂ@@é’-&inﬁbrﬁcﬁ&l-%@a&ﬂ?m% S

performed at a predetermning timng during actual printing, and printing
condi tions fomsddws; actual printing are changed based on results set in
step (b). 6 August 2004 29 14. The nethod of screen printing according to
claim 11, the printing(d)eondiginagleseroyin e meians fardSetting an origin on a control

10  program by identifying a position of predetermined measuring point on the
object to be measured with respect to an origin of a mechanical-coordinate
system of said screen-printing apparatus based on a result measured by said
three-dimensional measuring means;

wherein said apparatus prints paste on the substrate through the
156  pattern openings by attaching the screen mask to the substrate and sliding a

squeegee head on the screen mask.

9. The screen-printing apparatus according to claim 8 further
including a failure-alarm means for alarming mechanical aceuracy failure of

20  said screen-printing apparatus based on the result measured.

10. A method of screen printing for printing paste on a substrate
through pattern openings by attaching a screen mask having the pattern
openings to the substrate and sliding a squeegee head on the screen mask,

25 sai-d method comprising the steps of:
(a) positioning the substrate relative to the screen mask;

(b) measuring three-dimensionally a top surface of the screen



(a) a squeegee velocity at which the squeegee slides; 5 (b) a
print-pressure value at which the squeegee is urged again; thF @freen
mask; (c) a substrate-detaching velocity indicating a det d% % ocity
of the substrate relative to the screexs nmask and a substrate- detachlng

di stance indicating a detaching distance of the substrate relative to the

screen. 10 Maskek dba orlthdTBdiad AhdSCLG-RIL B RS, 68004100 %gﬁgt'iﬁ%é“ 12,

the printing conditions further inclu a) a squeege

whi ch the squeeigke &lthdesabstiatd ) a@hférelcﬂhlewsﬁﬁﬁyﬁl%ag 1H ngh Sl dt
squeegee is urged agai nst the screen nmask; TAC

velocity i ndimatihgp@gerndet achi ng velocity of the subst rat e relati ve to t he
screen nmask and a substrate-detaching distance indicating a detaching

di stance of the subst(@Qtiespedtais yeldast bhe of Cheenbst2QtdBSK thd BeretEn BL hOd
of screen printing according to claim13, the printing conditions further
i ncl udi ng® ( &psed eyaengrpiring msnltltybmtaldhhm -dibeersigiet geRsalingessandd (b) a
print-pressure value at which the squeegee is urged against the screen
mask; (c) a substrate-detaching velocity indicating a detaching velocity 6
August 2004 30 of_ the substrate relative to the screen mask and a

substr at e- det achi M; i Tebheds of wereeat PHJtRgISr eintine dissteanpea ofubshate
substrate reI t|v to . the screen mask 5 17 A method_of screen printing

for printing® B?tttﬁr% GBERIEE DY Ahiashite Batiresth nesknhayaehtheapatieti ng a
screen mask %Bé-!ﬁﬁ%s ttgechgas tb%trsrate and sliding a squeegee head on the screen mask,

10 said method comprising the steps of:
(a) measuring from above at least one of the screen mask after
being printed at a printing position and the substrate after being printed at a
measuring position of the substrate by a three-dimensional-measuring means;
(b) setting printing conditions of screen printing based on a result
15 ' measured by said three—dimensional-measufing means; and
(c) storing the printing conditions set in a print-condition-storirtg

means.

12. The method of screen printing according to claim 11, wherein step
20  (a) is performed before printing starts and after trial printing is completed
and printing conditions for actual printing are determined based on results

set in step (b).

13. The method of screen printing according to claim 11, wherein step
25  (a) is performed at a predetermining timing during actual printing, and
printing conditions for the actual printing are changed based on results set in

step (b).



openings to the substrate and sliding a squeegee head on the screen nask,
said nethod conprising the step of: neasuring three-dinen ggnalLébda

predet ermi ned neasuring point 10 of mechanism of said ap - uile
identifying a position of the neasuring point wth respect to an origin in
a mechani cal coordinate of said appar@®s based on neasuring results and
setting a position of an origin on a control program by a

t hr ee- di nensi onal - measuri ng neans having a neasuring range including a

substr at e- posi t i oniyng ns..fqr .positioning the substrate relative to the
15 screen nask angl 4 ggr‘lr% 215§,th,9§5q<f Sﬁ’é?&ﬁﬂ?rr\%tl’g%@ﬁ% g1ty clate Lietheorrintingcr een

printing aCCQfoQHR%ﬁscfuﬂ}h%Wﬁ&gdin erein said nethod gives a notice of
mechani cal accuracy fallure of said screen-printing apparatus based on the

measuring results. 20 G;)AUGHRL-E0 TWUS AND MVET OF SCREEN
PRI NTI NG ABSTRACT A sgﬂ}) een- pr ?ntgﬁa‘ﬁiﬁgﬁﬁﬁﬁs&ﬁéﬂ“ﬁ?gwl Screany sol der

paste on & substrate bybatpaghhRGsarsSedIaeR: he substrate. A
| aser - measuring device m)%nt eg i rsl %he appa%ﬁﬁéhﬁee%%uueregge fshtérg?‘gﬁg@ms?ace

of the screerthemsteentmadk;a printing position and the top of the substrate
at a substrate-neasurenent position by three-di nensional neasurenent, and

detects a shape of the(c)subdistratedotachiiey 6616@6N I AASHin A0 SEPVO6S;
whet her or not they are acceptable. After screen prinﬁl% ng‘;ag%%l C%Lngﬁg%%d,

the substrat @fathe swestsateerslatinasie thedergenampsknind s i HHBEGL- Mt WHEILE
t heir shapes d?re i nspected. This 10 provides not only inspection data of
the printing $eenrs Ndcating a dethshing distanicd efithe sulsgrathecloivs €s tef sqbimt
failures.,,As a result, the screen-printing apparatus, which has
hi gh- pri ;\lpl ndn%%%ur acy and can prevent printing failures fromoccurring,
is provided.

15.. The method of screen printing according to claim 12, the printing

conditions further including:

(a) a squeegee velocity at which the squeegee slides;
15 (b) a print-pressure value at which the squeegee 1s urged against
| the screen mask:
(c) a substraf,e-detaching velocity indicating a detaching velocity
of the substrate relative to the screen mask and a substrate-detaching-

distance indicating a detaching distance of the substrate relative to the screen

20 mask.

16. The method of screen printing according to claim 13, the printing

conditions further including:

(a) a squeegee velocity at which the squeegee slides;

25 (b) a print-pressure value at which the squeegee is urged against

the screen mask;

{c) a substrate-detaching velocity indicating a detaching velocity
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of the substrate relative to the screen mask and a substrate-detaching-
distance indicating a detaching distance of the substrate relative to the screen

mask.

17 A method of screen printing for printing paste on a substrate
through pattern openings by attaching a screen mask having the pattern
openings to the substrate and sliding a squeegee head on the screen mask,
said method comprising the step of:

measuring three-dimensionally a predetermined measuring point

.of mechanism of said apparatus, identifying a position of the measuring point

with respect to an origin in a mechanical coordinate of said apparatus based
on measuring results and setting a position of an origin on a control program
by a three-dimensional-measuring means having a measuring range including
a substrate-positioning means for positioning the substrate relative to the

screen mask and a screen mask mounting section.

18. The method of screen printing according to claim 17, wherein said

method gives a notice of mechanical accuracy failure of said screen-printing

4

apparatus based on the measuring results.





