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 presséd esohdfguagtez(om substrate. 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



2 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
! OB AT 1000 Y RIS E AREFL 0, R i
printing is corpel8th teaching operation in 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,



6 August 2004 3 the printed substrate is conventionally inspected by
canera, and only the printing results for pass/fail determ nation are
obt ai ned. However, data enough to identify the causes of Sohugust 204 ure
cannot be obtained. To address the prgblemof print failure has been
difficult due to data shortages. 5 Second, a nunber of skilled | abor has

decl i ned year 3 Y88l curlBhecd 3 B SKLLA, LABSELAD 0Ly SELLR0-RATANLY

condi tions has been r eover, nutact-uring s to

a flexibl eE\C%?%/Ht%é WLk ?%lsg)?g%ffaﬂ -fRterntindtibf0aR BHUGHLEN PlowR ¥ATdRLY

product s. time a kin roduct is changed, printing conditions has

to be changec&mlgﬁrt@ﬁ@grﬁify%ﬁe o AR Wre i nkOra gl d J:e?r%o@gescgﬂairﬁedpb%%ﬁgrés% set

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

dependi ng on thB@rehlbiesanee: PilukdBaC¥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 nmachine. Therefore, the operation becones conplicated
and t eachi ng Mpesoaet, enmhayiaciiang sy sierm phiifisaioor flexiblevaamedadthangcantesar ry
out adjustnment of nechanisns and teaching operations wth ease and
accuracy has isedimited predirtionpi guavrsty popdugts | NERY tare THEng obpwoduct is
i nvention addresses the .probl gms di scussed Ebove Zﬂ? g nms tqQ provide an
appar at us andFEARREEHIANBRE LOPERIPIS A FhEe f 9Fﬁ‘@i'v BEOTe o8 AT Y
shown bel ow. ). The a .at can garry out printing ipspecti i th
i g acoubacy B e B RERErS fal HncaR plinft diiion? 'ASREGadl te
printing conditions are varied depending on the difference of the experiences.
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
advantages 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



(b) The apparatus can provide data to identify the cause of the print 6
August 2004 4 failure, consequently, it prevents the print %ai I gé(gofrom
occurring. (c) The apparatus can set printing conditions i AYPUE 4and

wi t hout di sperses of the printing conditions, and this allows good quality
of printing. (d) The apparatus can carry out adjustment of nechani sns and
teachi ng operations wth ease and high aécuracy. According to a first
aspect of the invention, there is provided, a screen-printing apparatus

conpri si ng: (fﬁ‘ﬁur@, C%H&%i%@{}’aeﬁ%g%igg&%%ﬁ%t%ﬁ?éﬁ&%roc ‘E?Bél gni ng a substrate

relative to a screen rn openi ngs,

t hr ee- di nensi onal -@B’ﬂ.ﬁglé:' t¥RaR Set : : = di i
surface of the scr( en mi@%qat a %?ﬁ%@l%%?@?(ﬁﬁlﬁg%ge %ﬁﬁgﬁ@ﬁ;&@%ﬁéesﬁ?ﬁ?ﬁe
substrate at rintiiResthitidig, &Qﬂls}hifsiag@wg)éomaﬁﬂhﬁtp&ﬁﬁﬁ'. (c) a noving neans for

novi ng sai d three-di nensi onal -nmeasuring neans; "and (d) an inspecting neans
for inspecting at (fpddi appeatal cAshenSas hdjaéttent sl hdtBasisheant tehdSke HREADHRN

a result of neasurenent by said three-di nensional - measuring neans, wherein
sai d appar at uzitlpeasetusd ligh tecuoaeyt he substrate through the pattern openi ngs
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
provi ded a screen-4edondingip adpplaaspectsofcthepnventiog: théra)is @rovided, a screen-printing
substrate-positioning means for positioning a substrate relative to a
screen nask 2HPATAING CYAPE®RET openi ngs; (b) a three-di nensional - neasuring
nmeans for neasuring three-dinmensionally from above the screen nmask at a
printing position (@ng sEbsiratecpositioning means iop ResiFPRIS SoHIbsdn relptive fpea screen
substrat e; (cr)1 7 navi ngtt means_.for noving said three-di nension-neasuring
means: ask having pattern openings;
(b) a three-dimensional-measuring means for measuring three-dimensionally a top
surface of the screen mask 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;



6 August 2004 5 (d) a print-condition-setting nmeans for setting
screen-printing conditions based on a neasuring result by said

t hr ee- di mensi onal - nmeans; and (e) a print-condition-store ®efaysti04st oring
the printing conditions set, 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
third aspect of the invention, there is provided a screen-printing

appar at us conpri si (la?é él%)t_c%ngiﬂgﬁ.% e;{ggz}%iﬁ;fogg%et@tg}gnn%g%érﬁfpﬁ%tgpgof%@tg}rﬁis Dased

substrate rel ative screen ;

t hr ee- di nensi gﬁlggﬁé&gﬁ%&%ﬂ%mﬂ&f& %{ﬂ-ﬁﬁaﬁﬁéﬁf' di mensionally an

obj ect to be nmeasure n~a range 1 ncluding sard substrate-positioning

means and a nmounting pﬁﬂ%h@ﬁoﬁfst&@ﬁe%rfﬁﬁﬂoﬁﬁ?gs?lg )p(‘lﬁi)inﬁc(mamdﬁg sifeans for

novi ng sai d three-di nensi onal - neasuri ng neans; an origi n-determ ning
nmeans for setting valfergihisgidrppirats pﬂﬂt%Fli])@éte Bfi €@ saBkthie thirslhtthd patfeh SpedRfpistbyon
of predeterm ned nmeasuring point on the object to be neasured with respect
to an origi n efachingehdemeenahaskdo theisnbdtmtesaraltstidingfa sqadages beadan-the sodéenngask.
apparatus based on a result nmeasured by said three-di nensional measuring
nmeans; wherein said apparatus prints paste on the substrate through the
pattern openings b attaching the screen nmask to the substrate and sliding
a squeegee head or*¢REIRE e athiyd srpecheE Hredinyention, there iy provided e scregn-prifting

i nvention, there ét‘? 8rov.i.dqd a nmethod of screen printing for printing
paste on a s /BBYPHFEPRIIEGh pattern openings by attaching a screen mask

the Screen sk, (E5F GHOREEFoESEORBE MERRLIOL AESSTBHER BIERSls BUSTU BRRRG he
substrate r eln%S' ‘ﬁ%w%gp% gm%génelggns; mask; 6 August 2004 6

(b) a three-dimensional-measuring means for measuring three-dimensionally an
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;



(b) measuring three-dinensionally a top surface of the screen nask at a
printing position and a top surface of the substrate gtauwguseasdring
position of the substrate by a three-dinensional neasuring neans noved by
a noving nmeans; (c) inspecting at |east one of the substrate and the screen
mask based on a neasuring result by sgid three-di nensi onal neasuring
means. According to a fifth aspect of the, there is provided a nethod of
screen printing for printing paste on a substrate through pattern openings
by attachi ng a(somemsnrimpthkechdimengonaliye tppsuréaca obthe stregsmiagk ithepristingt r at e
and sliding a squeegee head on the screen nmask, said nethod conprising the
st eps of : pesijiomardaioprgficeofitlxbuberate atl sgnetsudmepasitiond tlxcsubsimtebp k. af t er
being printed at a printing position and the substrate after being printed
at a neasdireergipemsionplopeasrringaeans pinsted ay @ mgving meanse- di nensi onal - measuri ng
means; (b) setting printing conditions of screen printing based on a result
measured by sai(® “’Lsﬂﬁ"cé@goqt%ﬁ%%i%’ﬁa@f Hiea ghsiralg ‘l‘ﬁélaﬁ@; spn pepk daped 98 e he
printing conditions sbSrt in. a %r.int-.co dition-storing neans. According to a
sixth aspBe@SHMETRYL \Fé’rﬁit%%?ﬁ', IRERSIQNA} WCIUGDE 9E0% et hod of screen
printing for printing paste on a substrate through pattern openings by
attaching a screen nmask having the pattern openings to the substrate and

S oaing 2 saueaqssditad (i ABeath BN B brodleh HERBALeSOUBL bl ADe

step of neasuring t ya preédetermned measurin

mechant s Mpphting Bhdle SR AALBIH4F: thk iR altkin\helinBOBY Lt MM 5 Ll RAM hAVIG PO! N1

Wth respect to an origin in a nmechanical coordinate of sald apparat

based on nigapattetNependstd heanbsted AddGidtgPOSjucb&e hetd oA ThOSdr&hmAR, fhid
control program by a three-di mensional - measuri ng nmeans having a neasuring

range i ncmefhodcommsishhgtthattepspdsi ti oni ng means for positioning the substrate
6 August 2004 7 relative to the screen mask and a screen nmask nounting
section. BRI EF{(DEseRuiTg Eymaboveat ormt\ankied 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. 1is a front view of a screen-printing apparatus in accordance with an
enbodi nent of the present invention. Fig. 2 is a side view of the
screen-printing apparatus shown in Fig. 1. Fig. 3 is a ploaaustdQd the
screen-printing apparatus shown in Fig. 1. Fig. 4 is a perspective view of
a | aser-neasuring device in the screen-printing apparatus shown in Fig. 1

Fig. 5is a block diagramillustrating conf i guration of a control system of
the screen-printing apparatus shown in Fig 1. Fig. 6 is a partial

per spective ttgﬁ s the screen- printing
appar at us sh\c{;\bfxllﬁmlKér)llfoI{'ﬁleEdll%?1 %@%‘1 &9 A eseée}%ﬂ)’l' anatory di agrans

showi ng how the screen-printing apparat us shown in Fig. 1 carries out
touchup printing. Fig. 8 illustrates data library on screen-printing

condi tions of the screen-priBRIEFADRSCRIMIONOE THE DRAAVINGS Vi ew
illustrating the substrate to be printed in the screen-printing apparatus

shown in Fig. 1 FiRig. 10s &Fifgnt Méw ¢ @.sclebB-paintngi @pardfus Gnaiordpteamatho by
views illustrating operations of nmechani sm adjustnent. DETAILED

DESCRI PTI ON GEnbpiiEn¢nivENSIpGidelt ivagtisn. 2004 8 An enbodi ment of the present
invention is denmonstrated hereinafter wth reference to the acconpanying
drawings. Fig. 1 |F§gz¥lﬁﬁ@hlﬁW%ﬁ@ﬁsqe@trmgmppmwﬁél@ﬁpmﬁgds in the
enmbodi nrent of th resen |nven£| on. Fig.. 2 is a side view of the sane.
Fig. 3is a plan E8-igarbn vigwo @ﬁécre%pgmﬁpwamsghom ifded.g. 2,
substrate-positio ng4sect| on 1t is a Pbgtrateﬂg Si téonl ni% geans and .
incl udes X-axis tabfe’ 25 3RUSACEIYLEICY &t 2 uring device e screen-printing

apparatus shown in Fig. 1

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



table 4 and Z-axis table 5. 0O-axis table 4 is stacked on a noving table
formed by X-axis table 2 on Y-axis table 3, and further Zaxi r?%? e 5is
10 placed on top of 0-axis table 4. Substrate-holding sectio 'S d| sposed
on table 5. Holding section 7 holds supstrate 6 clanped by clanper 8 from
underneath. Substrate 6 to be printed runs into positioning-section 1 by

run-in conveyor 14esuRaunohnoFll poBt iFiduioh i HBRLIALED RSt o0

by driving positioning- section printe conprete un

out by 15 rUuRAYLieEOMEENAhe bReombdBRRe ABRSKink]. | S pl aced over
positioning-section 1. Mask 10 |ncludes hol der 11 and mask plate 12 pl aced

on hol der 11. Sub&hgams@fi@tmbm@%emuﬁfw 1511!% %ué?nﬂye embodunent
positioning-section 1 and attached to nmask plate froma | ower side.

Squeegee headflBerprvidig ioshiiont Aiky2 ieaipdoorkl ¥f the ins0oSEy g gVl plﬁﬁSk
10. When substrate 6 is attached on the underneath surface of mask plate
12, creamp sotiderofphstem®. i s supplied onto mask plate 12. Then, squeegee
131 of head 13 presses on the surface of mask plate 12 and sli des on it.
Thus, creany sol ders paeve i@ Feg.pt iamdeHigr, edwstrade@ositiondeg BegioB)l fommed
25 on the surface of substrate 6 through pattern opening 121(see Fig. 3)

di sposed in Eﬁﬁ@kraﬁ? -apetipping meaps ﬁﬁ@\%ﬁlug@ﬁ Fexicwb2®2, Y axitiabée 8) frenisi onal

measuri ng maan%% s 6. August 2004 9 disposed over mask 10. As shown in
Fig. 3, X axit@bled andi-arg sabisiss- t fispes tééeéll%wta%érommm@ tgblei ce

20 10 be moved heg ROy Lt Ae XL g ons L0 and Lot o

] A0 LI AL TR a0 PR

includes a capghilsit Ho@&m@ege%w hn9 & substrate 6 clamped by clamper 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



vertical displacenent by the |aser radiation and a scanni ng nmechani smfor
scanning a point of the laser radiation, in the X-Y di rec%.id&)n. E%(gm 41is a
perspective view of device 20. As shown in Fig.4, device e s 10
continuously vertical positions of a swface of an object to be nmeasured by
scanning radiating point P within a neasuring range R and determ nes a

t hr ee- di nensi t | eyl ce | §,,MOV t awar
substrate 6 aﬁsﬁénsaeg{ﬁgfgggkfgfb%%&n‘mal\g])g%' g’b%'%x S'ﬁ%c}%}ﬁél %@&é@“? a}glﬁn
measure a three-gisaenskel aAne 3.k int b . n bstrate and
mask plate 12. V\hgn E%\égpo%agﬁg%t% eg‘ta‘(;alge roo% ItB ﬁgﬂ%gégg% %éiéjélﬁerﬁgyrrelﬂt aﬁer 2\(6 Y

anal yzed, an @réRRd@eMERHisiAk-8CGWeeHRS rhns -dF GRS BOSEL OS5 tO,S H&?o%{eﬁat €

6-and an arrangenent of pattern openings 121-feature portions 1 n screen

mask 10-are detreichiiylicFHIdACIABE 81, Vg dobR 21560 SisRNEh Ol TREBGITEN!
Is carried out on substrate 6 after 20 printing on substrate 6 Ts

conpl ete, fa t93 ew aiweigi meahs &hapeviak devieaZy vesatady a p@BLE Syt ed on
substrate 6 can be detected. Dispenser 24 -a paste-dispensing neans-is
di sposed in X-axi dasabkwas@tingndeWead0s inchides 22 cagililityToy embosidont @kl v
device 20. Dispenser 24 includes dispensing nozzle 25 for supplying creany
sol der past e ¢riigg) displpcement hy- thewlesempdiattmpingdna 26amhingwsedhapensfr 24
to nove vertically. Wen gri nt-failure_position under&ges_touch-up _
printing, the*PBRIEWAMRPINS 8 FEe Jager apdiation inuthss X-Fodediton. f iFigt 4 iwe
di spenser 24 usin tbot h. tablfea 21 a Zéﬁt oward a-print failure part and .
posi tion di spEHERTMYF BEF PLafBvee t# pést showBcyhdiabwdevige spendatectzd t o
t he posi t{4pn, d [ n sol.der paste.9 fromngzzle 25. 5 This_all ows
sol der paisdt)e ?hfh}l 3&1 gP%lgc'ﬁe?ﬁﬁglgP?ﬂbP% 0? & oA, ?‘éo"%r“?ﬁtotot mpaskred By
scanning radiating point P within a measuring range 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;



failure position, i.e. dispenser 24 is configured to be a touch-up neans
for touching up print-failure parts. Fig. 7A and 7B are illustrations of
the way to touch up the print-failure part. Additionally6AaKst20040
carries out three-dinensional neasuremamt on 10 an object within a range
of nmeasurenent of device 20, i.e. within an operating range of both

tables. The object, figs 8¥%AERIiSensBE YIRS IHRARULLRY 0%{1%%2 te@ggfga Aned

on the top of positioning section 1 or on the top of I ng e 101

nmounti ng nmask fAfllurelphs Bld PWsticn BRPLhsOMRctIoaGBvaeRSPEItNg point rel ative
to the origin of the nmechanical coordinates systemof the 15 :

screen-printing appasaboud, lvebeigehesnmaedtheaetiorconst ructi on of a control
system of the screen-printing apparatus is denonstrated with reference to
Fig. 5. As illustrat &drdndibpenseSpldePgadte 9 frunchémabes2ims a whol e- contr ol
section of the apparatus, and controls the entire sections expl ai ned bel ow
i ndi vi dual by. Frsgllamssiobddrmpste 8tfpotowh-ut prieting 0o barsuppiicdiogr respriet-g.

an operation programof screen printing, a processin program f or

det ermi ni ng a 8HEPR resitvgbder diwpesser Zgrelﬁ opflguredltp gasiemuﬂchﬂup sneprsl br

det ect ed by Iaser-neasuang devi ce ZO,Eggdeternining_ rogram on, _inspection

of print, a proytmers PErttatue pagiong Bpgi Wrand iBiare dhustrasigns of$he mwaxdo
section 32 stg%e va%'ous.q%%g., eﬂ&. data of screen-printing conditions,
25 a library “ﬁ??ﬁt E SRt PHHE® PATt udi ng data needed to set print
conditions and dat . hnt, condigi.ons. d mned by.a kind of produce,
data of reference vaﬁﬁglgél;l%rdeglecteg‘ir[}n‘? %ﬁrﬁaﬁ Oglh%ﬁﬁ%eb%@ﬁ%" Ort?lfj Dﬁ??sr]illr% eBgPP for

failures, mnd.ﬂ%gﬁe{)@glhﬁyngg%g@gég; ébﬁ%ﬂ%?ﬁég%ﬁo,%?&%ﬂ%@%‘ Fh !&Jgéﬁiﬁon

data for setting ( escribed Tater chani'smcontro I oA 33
control s each yRghast 5&eLS tifledts ms%jeeﬂlfeg &s&ﬂam&m&@%@w&ﬁn%jmm 15,

X-axis table 21 and Y-axis table 22. ~ Shape detecting section 34 ocesses
signal s det ectigddbjerd@Med @n2éhd €ops 68 Rositioning section 1 or on the top of holding
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



5 This allows various arrangenent patterns and shapes to be detected-,e.qg.,
el ectrode-arrangenent pattern of el ectrodes 61 arranged on substrate 6 an
openi ng-arrangenent pattern of pattern openings 121 di sposetugust A&k plate
12, a shape of creany sol der paste 9 afitler screen printing is conplete,
further a shape of the feature portion such as an openi ng or an edge by

t he 10 det
e 10" br el gt TRESUERA ESLOY, O MECHPATE LOCRR gt
CO”par es the arrangeMBAlsm-P&IE6T Nelfioh h@Belcgﬁf,trBl%d%%cffm%ecﬁg ﬁpnenglt&s I_D;:\\é“ t 2

the reference pattern of design data stored in storing Section

on the result gesii@heiideting 15e6dve9BrslP 84d @@tﬁfamsrtﬁﬁle%&mff s Bfe 22,
substrate 6 or nmask plate 12 supplied into screen-printing apparatus

is accepted. Bhapé hietedthigdsactidubss b%@éé&sﬁgnﬂ@t@ﬁséﬂtéﬂ hg 8L 90 t8Ckanas a
supply-material -determ ning section. Print-determ ning section 38 conpares
data of shape¥hef alovdemrpastardngaedmcpsten pid shatkssiabiss dateetllby.devi ce
20 with reference data stored 20 previously. Based on the conparison
results, det eelﬁ'ctnorig ageatgeorerd Pattenerinlagsoddset harramgsd ameswstite 16, drs
accept ed A print-failure substrate wunaccepted by print-determ ning
section 38 i sOoBSUaEArRERdertatternd raétesr wppings 388 tdieposeh én nexsktiete

print-failure ﬁubs rate 38 can be touched up in thjis apparatus, and sel ect
one fromtwo Ri n%l§ %?e e ARy S@¥ o pgsha Pgt t@bscr%n pPRInGIgESs complse, Matherof
shape sol der %‘a ge err%ag br%/ .he th ee- di nensi onal - shape- measur enent
are conpared Wi Urth HOREOR Bicky ¢S ¥7 S0HE @5 apptdgeatyomme

Based on is h bstrate |s det rm.ned 6 st 2004 12

whet her |§6| HE%&%%%% egd&t?%g?ﬁng h%OIB# ot PR AHEP attoué s dimenalonally at e
can be touched,dip idy t he apparatus, one of the follow ng two kinds of
touching up nethods is applied for t he substrate.

Substrate/mask determining section 37 compares the arrangement
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 apr)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



First, when area that is to be touched up is only a part of the whole, 5
touchi ng up by dispenser 24 is performed. Wien nunbers of touch-up areas
are available or the failure is very bad, the failure sub&tAugust

attached to nmask plate 12 again and isxeprinted because additional touch
up by dispenser 24 would take a lot of tinme. In this case, printing

copabl |11, Ol AR IaLERTLe BB, SPRRLAINS, £0hRy0.2, LOUSIAR BRRLYT,

touchi ng up area of print re su to sel'e

met hod Of T OUGHH B télRhol §AATREKBphPaths S & b (PIdWEl Bld 18 SHPSIARAE

| eads to efficient touch-up printing. In the configuration descri

above, substr apehdinshs eiiEdThPthe SE&ti8. 37 and print-determ ning 38 act
as an inspecting neans for inspecting 15 substrate 6 and/or screen mask 10

based on the resul Figstyealsdi ecbabyhdtasen bﬁeaﬁluhédl@pdﬂvdrﬂﬁ 22Part TR $RoR! | Nt
determ ning section acts as a touch-up mnmeans for touching up print-failure
parts. Pridti fopchorglin ibgrilismrisen g4 depeiformdh( aWhehnihumnbeswidotitlpnpsaths ng
means) predeterm nes various paraneters of printing conditions responsive
to 20 propert pesavdilaide r dbg éolureasbyerpbadt g falluee vabstoate fas aneiched to

i nclude a squeegee vel ocity at which squeegee 131 slides on mask plate 12
during screen®gskimttenky agpipapdds m@mgé’emuse additiernaldoeeyup by3lisgrmssses

mask plate 12, a |.at e- det achi ng vel ocity indicating a relative velocity
of substrate 345'&}5%@ e apl‘%tog t@?-v\/rjéhﬁt‘ﬁl%%d{l‘énfsng§aﬂéblézé3ﬁ@ﬁ the garesask
plate 12. 25 Next., setting of rintin& conditionf I s described. Fig.. 8

i | lustrates dBPFYYE AR r%ﬁtg B SRS PR Jeafor tonehing up paea of Pripty o
conbi nat i of._. YRI i measion _ of the el ectrode on.the substrate 6
August 208@ 15@1ﬂ1(rtg_ g#ﬁgk%%dt h@%g’s&geﬁe&%% S Etuﬁt@%gef et ge)‘)%a R piR al

di mensi on of g@i‘)ggﬁ@% HBstied Y iph PRNLEL BuBBER I dsCrd ertid LY EANESS, Of

t he mask pl at
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



brought into a conbination of the above paraneters (the above squeegee

vel ocity, printing pressure, substrate-detaching vel oci tyﬁaﬂg]nﬁygﬁ%r ate 5
detachi ng di stance indicating rel ative-novi ng-di stance-betwe mask pl ate

12 and substance 6). This value of parameter varies w th physi cal
properties of creany solder 9. As a rdsult, when sol der paste, a typical

o menet on_of g S SEAL MR Ml SUNSABE AN, YRLCR ashamtel R BL (e

mask are sel ec , parane responsi ve. . e

| d and ' | i
sel ected an ts@fé%ntllﬁgﬁlgliﬁggﬁé g% efll Sgerrleﬁ%%? r(';?g' & %hlc&nﬁ% ?fo g?enﬁlra%i{ s;ﬁ%f;se Ste.

printing condition c par assi gne eac

however, in thgogpacigb &%&biﬁ&‘ﬁo&rofnﬂ?ﬂaeaﬁ&@%&@ﬁﬁ&@% Afhe above squeesee
printing-condition paranmeters are used, and different printing condi £ ons

are 15 appl i e@ldcty, apisiees f pfesptid)t sUBsthRRABtaASnENOWRCIY BhE. sqbsthilcd
case of that narrowpitch electrodes 62 and normal - pitch el ectrodes 63 are

m xed on sébstdeaschifig ditencesindeegae ditist-ntesngvdidhhice—ai@deBn Qhask plate
narrow pitch electrode 62, two different print-condition paraneters
-squeegee vel d&i and audbtardert). pTbssvalee vhparraster setiet withephysi@l padbpiasie20
different fromthose in normal range Q Consequently, this allows the

el ectrodes hawfstpadny ¢ddem®. printing properties to be printed at correct
squeegee velocity and printing pressure respectively. Oigin- determning
section 36 - an or A§ihresydhs riimeeidenpasis. alyrigel dineansiomekths dactapdeanh
measuring poi relative to the.origin of th 25 chani cal coordi nates of
the screen prﬂ&f?iﬁ’ﬂésgﬁﬁa?%&@s?yﬁ?ﬂls RFESAF ¢ ﬂ‘ep%‘@gfi%ﬁ selectedmparvaetiren

g;)isi tion- q‘t%t ecrt(?[%nc%ﬁg‘ifeg ((F’j‘l(;é?dcre?fn? Ct gﬁ%ﬁy?%lnﬁ? nct%ger dggungﬁgt ipn eaé:h Saxi s. An
gin on the a t g8 1" 6130 BYFOUCEES IR s
driving each "Eﬁﬁ@ﬁ'ﬁhﬁéﬁl} getqlet er m ned.

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



Det ermi ning section 36 gives a notice of accuracy failure of nechanism
when data detected on this substrate is out of acceptablegli M tSogsored in
storing section 32. This notice is displayed on a nonitor an y an
indicating 5 neans for lightening a sigpal tower and generating an alarm
Determ ning section 36 and the indicating means such as a nonitor act as a
failure-. indicatin rreancabm%Paccuracy ai l.ure of the screen printing

appar atus. Theh & dl SR FSPGE deETEHPRG up a fail ed substrate in
inti i d Kj f trat t

Dr it ed i s pr apar DataRithe stRiEh BB e ALEY0RE, B B MR E B e iRec ko | v

the mask plat ﬁ'hegh@ﬁan@e%gctég dd ehlCsurFRsHe R Ak 6fsadcgéﬁa%i%qqmtg Jored in

t hr ee- di nensi onal measurenent on an upper face noving T aser

measuring devieeindOieonen aszras*fhﬂs%omee%s a ?Fayteél%lnea m%Lu%PM r{ﬂ?@tﬂﬁg

Thi's inspection determ nes whether or mask 10 1s 15 ac

substrate B ifechAs Ff@Ch%l%enﬁLéJﬁtsEg'ﬂeﬁ téwb@ ah@ gRObFHtB: hS 340R! | ggtergfﬂhﬁlg
positioning-section 1 by conveyor 14. Positioning-section 1 is noved

upwar dl 'y fronsddnenuBélernieahd istichtiag wbahdeushbs! hafenitor L€ £OSI HiRpef Or'
measuring the substrate (see positioning-section 1 and substrate 6

i ndi cat ed 20 ndickHskeuehnnebadcnrddygfaildye offtherscoenn manA0g ppastutes.
three-dinensionally a top surface of substrate 6. This detern nes whet her
substrate 6 is accéptred.toudthiup nripls thethingyrbe fpbed subssthtonnariytingve

ki nds of substrates or on random sanples. Subsequent to determ ning both
mask 10 and sBy@epstrated-to be within 25 acceptable limt, screen printing

is carried out by the fol ocedures first, solder paste 9 is
suppl i ed fo sk gh Satnd LR BF GUhSUERLGE ko be PLINkHb iRy L rndmagk 10

squeegee. 131 for%ilgrpggl%{reé{ subé%ugéésstareza % ace& 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



for preparatory squeezing; third, substrate 6 is raised by operating Z-axis
table 5 of positioning- section 1 and attached to the undg(r]‘{é]‘eggath sq%:face of
mask plate 12; forth, solder paste 9 is printed on electr ugh 2@ ough
pattern 5 openings 121; and fifth, subdbrate 6 is detached from nask plate
12 by lowering Z-axis table; which conpletes the printing of sol der paste
9 on el ectrodés frégpal@sity sqiebfihgd substrate 6 is inspected through the
following procedures. First, positioning-section 1 is upwardly noved from

under mask 10 19 afdid) substirhie PaSidibeNby Ope MRASUL NG i i -
Second, the top surface of printed substra?e G%i?g;j tahr eé—gtfﬁe%g??%ﬁ%%ﬁlf

measured by desdtive Rand Wianhedtd titeachdeubedthaiuefae bf ek §ia.ned to be
accept abl e, positioning-section 1 is returned to the printed position
under the mask and fprihntsetiesupaste o es Gpriistedudn dacteadveey O thiSughMyagim
conpl etes the operation of printing the creany solder 15 paste. Then
substrate ® deRSEAEhéALtaRbe unacceptable i s deternined whether or not it
screen-printing apparatus. At this tinme, if the

can be touched up in, thi

substrate 6 cannot fll}éh %ﬁ)éﬂ‘é’@e pisi detechedafspar wmaek platef B burewedihg Geakis
given, then Parbi n_t-fabl ure %ubstrate 6 is conveyed to the outside as

accept abl e 20 blgSThigh gempleies TR PHRBDE L seldpnpasie @ audlsetredes 615 t ouched
up i n anot her ste%%&qui'n[irel %) Ne>gtt s 10 is insg)ect ed. The state of
pattern openings P rask 1TO0SHIRNEN®i &8 LsReT At s thwoaghp theat fellpvanst he
substrate detgfdak te pluce  agre inspected. by deyi.ce 20. Fig. 6
illustrates aﬁf exgﬁ%lse g*rgﬁréog#t%%ﬁ?%ﬁgﬁtﬁgnﬁ {Shlfpsw?ﬁ%%é:&vp%ﬁr_o%nd%mﬁgm in
Fig. 6, a®hap®agiindolhbPos¥ioRdbs 24 1 ks three-

di nmensi onal | y aghin R Position ot S A A L U e th top,Susfase
substrate 6. dihpriniedsaattiaee 6hettBEdsSdit SRARAILALbA Bed BytertQl 45 -WASki NO 6
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printed substrate 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



16 portion (arrow "a"). Three-dinensional neasurenent of mask plate 12
detects an inner state of pattern opening 121 correspondi %g t%s
shape-failure electrode 61. The results of detecting sha Y b%\(r]%
printed on el ectrode 6lare conpared wiltth the results of detecting inner
state of pattern opening 5 121, data for identifying causes of this failure

are obt ai ned. portiaot iteoworaly, ThresdidenaoRnneabusGhdey of HALKESRPOdiNg to
sol der-lacking portion on electrode 61 is equal to the anmount left in

pattern openi figtetidlan itndrsstetensi pieteth ofdnatg LRIl Sosekieidihaaki dMappIRilbeN
occurs in a process of detaching substrate after creany solder 9 is filled
in pattern opekringda$l. Abeoppoledftdetediing sidpenbBpassl pentd bs dl6étrode
detected in pattern opening 121 corresponding to electrode 61, it is _
consi dered t htaieniosnspd arith 4bgivagplot ef deteping donerf a‘gﬂarte o pa_ttergaip@am@ :j n
[ 121. Next, when the print-failure substrate is determ ne
f gt Lgrtn 082 gthb ) f?%’é%&&iﬂ&tcﬂé‘?e“f) q>fet%€?ehtra@rpmbt@ssd.} SIIFRﬁieaivnﬁdlts, t
i i i int-fai e substrate
'acks part | al TCRoTfaR Gt Tosolier CaROBERBEMEdo PIRg-abing onsipy on
. . ) ! o 4.
Thre T oush. upt EriREE bEinequll B HEp 3R B S eusER opaping Lpensbreonadesedroved
iti V] X- axis tablg,apd. Y-axis table
20 (b Nozzi o5 B PEMERTEUIE, Bortbh SBBtn Brbteb L aibning Subebiht
di spensed frogkgogaaen2501uBE 9 ishEnResi tph&BrﬂV'ob? ifn'g”szafjAé‘%;;gEsr‘r%dagoﬁ this,

necessary. After solder paste 9 is dispensed, e “posi'tion

agai n by 1@levivben2&lddthenid et n@ét&étfe&”ﬁﬁba@'t%&ﬁf%ﬂe@ﬁﬁgtm %U%E%@%&n Oy pe
acceptabl e, 25 substrate 6 is conveyed to outside as normal substrate 1s.

When the neaslectrodn6l dittie considercddas shist dodde-166kiRg JeBICHP LAY ﬁlliﬂ@@f
substrate is repeatedly touched up. ,
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.



6 August 2004 17 When touch-up print by additionally supplying sol der paste
9 takes too |ong because many sol der-1 ack-portions are o% ghe éﬁjobstrate,
the substrate is printed again through the follow ng pro g4 0(d'a)

Posi tioning-section 1 is horizontally nBved to a position to be 5 printed
under mask 10. (b) The substrate is raised by Z-axis table and attached to
mask plate 12 agajn as shown in Fig. 7B, this tinme, parts correctly
printed on the substiei@u "é‘Peprb’F‘é@géég]it AhyﬁHPP]é(FIFE Fiden pade Potaken tomsk

plate 12 agai n_and screen printi s performed .10 sl.i di.ng ueegees.
Consequent | y, qu}geglepcg?lf% %&rSeog‘%‘frgl%ﬁjﬁpﬂgté‘&mo?i‘et“ﬁ‘et}%eu‘?}’g‘)léimfftt%* %‘easr"@’%?é’ﬁ 195
they are, and lL.der-paste 9.5 filled in pattern openings 121
correspondi ngpﬁ%tgeggﬁﬁstglf%%h E%{as{ollel-orvér&plpdg?élflgﬁ. Then substrate 9 is

detached from rrasliga)ppggiﬁg%%lg_%ﬁ%ﬁoi ar hmtn%al?j.z i‘ﬁ%‘ge%:ﬁgt% PPI’I £Jont - f a]ioé ure

portions, which conp é touch-up prin o HEShge

i nspectionsi s PRIEALARE: AAsk 12Ny sol der paste printed on the substrate
and further on not only the printed substrate but also a screen mask by

device 20. This prgyiTessab«edaiib 9diseAnSez -dkitBapicondd at2lBOE 19 £ACHlate
portion of solder paste printed on substrate 6. Mdrreover, a 20 state of

sol der paste 92lxfhin b8 shathen Figpdi ng 121 is detected. The printed
position on substrate 6 is contrasted with the inside of pattern opening
cor r espondi ng AtothibetimanpartEhesreéalye prisded wn et aubsiratednhid pirewged hdto
causes of failures are obtained. Wien the screen-printing apparatus

i ncl udes t oucPatisrdereninignildd in 2saskapletohl agaid andurcheanpipniing ingeifermed
performed in the_apparatus, a touch-up in a separate operation is
unnecessat) amy digig squeegeescontrol s of rejected

Consequently, the parts correctly printed on the substrate 6 are 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



substrates are sinplified. Mreover, selecting properly the way of touch-up
6 August 2004 18 print responsive to each print-failure E@{Jsﬁé@o | eads to
efficient touch-up operation. Next, setting conditions in sctreen printing
is denonstrated. First, when one type gfy substrate is changed to anot her
type of 5 substrate, screen mask 10 responsive to t he anot her type of

bstrate i dinth t d ted, Mask 10
ol aced i t nePPADGRTEIL S © PRHoE t ARSI AUPT - o b 0a FEBIREHE

whil e | aser- %ﬁaﬁ%ﬁﬁéng device 20 is noved over rrask 10 by X-axis tabl e 21
and Y-axis t . This inspection determ nes thickness of mask 10 and

whet her or 10 notyy %Ee%&g‘c%nﬁ&?&fét gtélcfeen Rtgfi]% wﬁ&gﬁ} ﬁIS i nspect ed.

Substrate 6 to be print Is conveyed ont p03| I 0hi ng- secti on

1. Positioni ng- secki gn J«hbﬁ SOV Qend Qrt BebstPRASH RSy RRSiEE | ARk t
substrate from underr mask 10 in ?%e di recstl on of theé&Y- axilﬂgb ?El %e of

posi ti oni ng- seedtedtel saren SwBsE @t eeonBidecat ekk Bnottashgel bNeshstrdie is
Substrate 6 is three-dinmensionally nmeasured by device 20 as mask 10 is.

Thi s inspecti plhcogds thesappaeatengidinanit 1hes wakbtedf HMhskl BEpIadE ihothHe
printed fornmed on substrate 6. Third, based on the kind of

cr eany- sol der appstadu® ipréweeodshynsiopally metsuredf frvgpitbal aldiveewdilenmsef- t he
el ectrode on substrate 6 and thickness of mask 10 20 found by neasurenent,
par anet er s of masaringglediaei Fhes impvad|avier angsk fl0thye Xpriintaklentli eindné-agise
read. Then a tr.i.al prlntlng is. performed with the paranmeters of the
printing condfahlari pr ﬁé?lﬁsé’e%‘tlhéﬁt%ﬂlﬁ?ﬁ Hejckngssrof masledf and wbetkpri o
denonst raig Scre prl nt i ngtﬂl s carried out as follows. 25 first, sol der

paste 9 i suBBTPJé"ﬁ tlﬁaﬁ%@ﬁ

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,



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

preparatory squeezing, 6 August 2004 19 third, substrate 6, i i.sed by
operating Z-axis table 5 of positioning section 1 and attgc'bhdeagls{%dq%he

underneath surface of mask plate 12, farth, solder paste 9 is printed on
el ectrodes 61 through pattern openings 121 by noving squeegee head 13, 5

fifth, sub s, 01 oRE Rz id PR NG A
il e finalla: e hRhBRRae 6 iPTLIBT by BBk s PIRE S s BB et e

table, finally, trial printing solder

Arter trial PeidiidBandubalhdd fo fhd Enddiabo! aflsld omgg%ngte {a measuring

process after printing). IS Inspection, positioni sécti'on 1 is noved

to 10 the neasuri ngiop@si doldir h u f ] i.n.
0 ghstehe supshiat &n éEE@rH@&e%lnﬁﬁéu%% O_@rgc@l-lkbﬂ&

Printed substrate 6 is three-dinensionally neasured from

device 20. \Vbpemings$2i hypeetihgRqdedseeHeaggssubstrate 6 to be acceptable in
printing, the paraneters of the printing conditions read at the begi nning
are deterndned to fifik, pnbgeate Ghesketpdednesarsask @lswRt 12$yMoWwRENRIZ-axis
conditions for actual 15 printing of substrate 6, and the conditions are
stored in dat&MBeoring section 32. In this nmeasurenent after printing, nask
10 can be three- dipensionally nmeasured. This nmeasurenment provides data for
i dentifying the catisaly, sfiakpiintingsplder @estarftion elsriovdss 6 his amplatedand
quality of information _afo when a feedback is carried out. The feedback is
descri bed bel ow. R talaf grinting. isubgeest fdg inpravkeds in ermbing. éa mersural

printing, a feedback of printin onditions is carried out. This feedback
is carried ouP™%53%8 eﬁﬁrlf’é]é‘@'acﬁ‘ @H‘?énﬁeﬁpe’d’ PRurigs| spehion dhis movadaby of

g;lp:]telsgg d'f(g;d%%ém%aguﬁgg%togﬁ{onwt%%’surb%%%!té %rogf u}1 eer rinralg]?%%te{g%?n.arlgrinted
substrate 6 is three-dimensionally measured from the above by device 20.
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



25 each predetermined item e.g. a printed area or a printed height of each
el ectrode. These output data are conpared with a referencg val u&o 4
predeterm ned as a proper val ue, consequently, deviation [)ﬁburglu? f;Qrence
val ue 6 August 2004 20 is found. Then pa@aneters of printing conditions,
which are in correlation wwth the deviation, are corrected responsive to
the devi ationjgiuidpe direction of plus (h) or ni nus (-). Trial printing
for setting proper printing conditions is 5 carried out many tines while
changi ng each pri nfidg Ithy [ oo Stattgal anal ysis,.is .

gi ng p p&QRHtEFONE FRAY N BESitions! @P’%@I %ﬂe 1%%%}6\%1‘3%0{1 yedth

performed on the results. Data indicatrng a corre

devi ati on andthedevidbn) tar®Eo4tE @ Shd AL G0 eﬁ@&é&iﬁﬁoﬂén ¢RE gﬂr@kﬁéﬂ‘gfoﬁlﬂ%
results of the trial printings systematically repeated, an storedin the

library of pr{ftocaridusi(9ns Trihlsheniing Hedet@hs 32opd0 phrtEle LhSiBELALENY
conditions are corrected, the trial printing is perforned again, an

substrate % ieuriedpettmeny hinprs whilaghalery dded priMepe ebh@Biodeh ShitNRS:.
substrate 6 to be acceptable, actual printing is performed. During this
printing oper3atatisal analydisais wevforpeidmn tie comdist | Desa ihdicpEnk or eRebiationd
predeterm ned interval. Nanmely, substrate 6 is inspected 15 on random
sanpl es by deRgt¥&enothe deviniifn iand thecemouph ehsvrpciioti me premswdi by
process). Based on.inspecting data collected fromthe above inspection, a
devi ation frORARHERS ég%rr@ﬁl‘} S\fglﬂ\@ trale gEmtings passtematicallsmresedtedinand
Correction of ayaneters is perforned.as necessary, .and the printing
stafetl i Tty

condi tion for . 5?%?'1??@“5%0 PR STHPE SatH A2 printing :
ol der pae’o i <R B Bbheiis: oMb URE R oqar o dRer b, TRGMEAI |y
of PrintLng PAGEEWRE add diRuaSE € MsPHAE ] SO SIPOWE e
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



10 are neasured fromthe above by a three-di nensional neasuring nmeans. 25
The screen conditions are set based on the results of neasu erre% Thi s
al l ows operations of predeterm ning printing conditions, MWS{] ires
conplicated condition setting operation$ by skilled labor in prior art, to
be 6 August 2004 21 sinplified, and readily. Therefore, a stable printing

S0 Mo O, SRR A VTR RS LSS

carried out at activation of"the sScreeh-prin

or changing one TmRdel; tQ.ARELHR! 4 i lipe.i;s denonstrated with
reference to Fig. 10 & and Fi tgljé.&ﬁlja.‘ %Sﬁ%l%g&gh}aﬁbgn’ ‘f%ﬂfh Fr §?frle({ ot af

t hr ee- di mensiaetightisRas Yhe B8Rk iTiReEd p PR Y ﬁ%ﬁint@ﬁ&ﬁ&”&?@&’ iggyhge 20
before placing the screen mask 'in the screen-printing apparatus: A €hown

in Fig. 10, meadltéagofierihrodndiaalies id¥edbhanshdalSh r@{err@ﬁ'%% P 1he
followi ngs. 10 (a) Holding frame 101 pl acing screen mask (b) Z-axis table 5

of substrat e4pdsliigi bhiAnyromgthRiyg. 30C)] (c) Supporting jig of

substrat e- hol di ng section? Device 20 is noved to each neasuring point

di scussed above afidrsheathreeslitieasionekpantdsueehenyghts. pBrformed on each

hei ght -ori entati on-di spl acenent -detecting capability of 15 device 20 is
particul ar| y TeecEpgisT by detics 20ckefoneartaring the perech seasheinghie spesin-pantiat t he
underneath surface of nmask plate 12 is determ ned based on the height
position of RBPETHYST ramehayn 151Fighi0.merswingpeine (indicatiel by er@dvs) are
Therefore, a _risi ng-stg@&i ﬁ%ﬁ{)ositi on of Z-axis table 5, which attaches
substrate 6 GO TIRECIRIDEHR &rface of mask plate 12, is 20 precisely

slet . Hei ght positi O%§}Bfldi%%%ﬁat&g§'1§5%i%§%g(];}‘?ezl_é?%il table 5 and a surface
pl aci ng a supporting’jirg o i asured. These neasuring
results are conpar egl) v LR DAL b PR E6L A SLANH Snb oM, gn
(c) Supporting jig of substrate-holding section7
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

25 plate 12.

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

measured. Displacements between a coordinate system of positioning section



encoder of a Z-axis notor (not shown). This allows an origin of Z-axis

table 5 to be precisely set. Consequently, substrate 6 i y
attached to nask 25 plate 12. Then, a position of each p?se@?eqcule#%éﬁed

measuring point on a plane is neasure@2 D splacenents between a coordinate
system of positioning section 6 August 2004 22 1 and a coordi nate system of

Xaxis table 2huand ofoahdre! Ahken 2 Maof (e AOULLY LASSLEIEAS YLRG,govI oo

20 are found by device 20. In the enbodinent, a position o in a

hori zontal dime¢iigoNades-HeiReHRM, devhaseld Qiet Rude WY tdevidie sount, @fe
di spl acenent of positioning section | is 5 detected. C anper 8 disposed in

posi tioni ng sasbedimeht,i & piséibid of elaatfer 8UBSA NatobtEeditRSly atR Rd S

pl aced in the apparatus. Mre particularly, as shown in Fig. 11A first,
posi tions of ledge dn tlesrdshilt, ghd ddount ¢théisKladément odposigiBdiROsddtioans iof
edge lines L2 and L4 in the Y direction are detected. These edge |ines

di sposed ifn clejegied. sClamappraBt disposedl On meaiinmiing . setliem,1 ds whdwp icankpg. 11
B, positions.of these edge |lines are _detected by neasuring displacenent Z
in the verticalbsHiate hemn suhstrate 6vs placpd in sheyprpdraber. radi ation point P in
the directions (sg& Fi g. _11@)5 crossing . to each of edge lines L1 through
L4. At his tinme, dICEFATREGEY: Beshewmin e HdifyBrstopositinas gfedas ees L1
direction Dis ected. ., The position Do ..indicates.a pasitigon 15 where the
e 1 i ne i s 4 Lo S, SeeRim qnd ooty st Sienageb Ly apd g In the ¥
arranged in c}. I t 0si tions i.n the.horizontal plane to be

| ocated- As aAI?ﬁﬁﬁt%et%gg&gﬁrfoun e%fed&leslbqegccéﬁ%%fesfl?l&ﬁﬁ’?ﬂ%r Qﬁ&%&&‘?i h, the
Y-directi@gpn rgsRaaiAY el Pherd ﬁfnwgt IS el fr he 6
direction in rotﬁﬁo' ar eenc’ie%tgeséﬁtoleaﬁl. n 'Ongphg)rcg%?l sofﬁpésée gn%ehhpe%fare

di spl acement ddtedtbe b§ink &Ry AlplaX&Se i 2 ﬂ?ﬁ%rti%&i diFAERnAREE a8Nds bhe

anount of displacenent in rotation in the plane are
scans laser radiation point P in the directions (see Fig. 11A) crossing to each of

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



detect.ed. Consequently, the amount of correction in position is obtained to

determ ne relative positions in nutually independent orth I
coordi nates. Moreover, the amount of correction in positi %ﬁ&)@stc%qoé‘m at ed

based on 25 the anount of displ acerrentzé'n posi tion and an angl e of
di spl acenent. Then nmachine paraneters Tn the programcontrolling

oper ati ons of | tionin ecti 1 a nodi.fied, This allows relative
positions in %(%g?&éélpgnse ‘%%% %nﬂ\f}g'a?ts éa%(!ﬁla?é {‘Yﬁﬁﬁ taldiite pespropesly kentnd
X-axis table - Y=,aX] S | e to_be properl. t. consistent]y. Moreover,
errors causi ngdhglns\{e et éctl\lkﬁgeoge%g%mrf’ c‘fﬁuglflgsl\éb{eggﬁfrég % PORLIPIL Subgtredel 6 | n
the above enbog) pepiguchipwever, displacenent of position can be 5 detected
by hol ding a sanpl e substrate with clanper 8 and determ ning positions of

LLPLra POt on, ornt iR BMOR! EAbEALE.D, IRARBRRIRBNM. £09PB) polRReRt 12l DY

determ ning positions of four edge Iines L1 throug Af t er

adj ust i ng Smacditaeed iy peIdiasnedaapls %b@@fﬁ@%@ﬁ%éh@% @B@ﬁf Ll 08
screen-printing operation described is carried out. I'n i S prln]%llgg

oper ati on, posisitiamns @dgpicat postfort HLHERAMDBNIaTHTe. & SopethBEKAMH 84od), instead
predeterm ned interval. In other words, height positions of t%e’ surfaace of
screen mask 1€ landetetreinduppositiong of foyr efigs libes LAtBrhQiidi ner slaaijem. 7 are
measured on random sanpl es by device 20.- |f displacenent from initially
predet ermined condiftaroradingtingt awchihescdsr gerfoomedf oar i hien geesdd-pHAting 15
carried out. Consequently, when mechanical accuracy changes slightly by

ext ernal f act¥tRarasgthecseapRBrigting Apesaiion destribiedns cawpsk atti on accuracy at
printing . properII y,.kept .al.l the tinme, and high-quality of printing can be
ensured. However, 18 HBF RHRERE | Qpesation qpesitiar it waadok dhe baechsadsms nist ead

SLOV(ZEO an opeRINSt &) %ggc?e%ggn?in%%ai%tehr%\é-.ngInpét%Eal(? W%%]&IS(?%%%%% pjb?s;%:iounssegf tihg 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



enbodi ment. This hernetically seal ed squeegee head can fill creany sol der
paste in pattern openings by sliding a squeegee on a nnskG%%g %y@ppl yi ng
pressure to the creany sol der paste stored in the head. AC |?‘| QO t he
present invention, the screen printing apparatus 25 conprises the
following el enent: (a) Three-di nensionad4 neans for neasuring

t hr ee- di mensi onal{g the . top sgrface of the screen mask and the top surface
of the subst r HEESYWNE RASIEoR R {Re svpBEAlLL neasuring position of the

substrate; (b) Nbv'2%4neans for gpviqﬁ th%s hr ee- di nensi on measuri ng
neans; and (c) Ins(;,})’ TV108 REHY 5D HER LB ﬁHe%' HOERHPB PRI MeaRBen
mask. 5 As a ult, before and after screen printing is carried out, both
the substrate "and the screen nask can be inspected, therefore, when

LTS e, S U S PR A

touch-up neans is prep e can

appar at us.5 Thgkef QL8 gefﬁf'éjéﬁ%ta?cer ga%ﬁﬁtpirﬁﬁix{gﬁfs JaPHER HUP ﬂoghlf RS %Sc%%trey' 10

Furthernore, the substrate and the screén nmask are neasured from above

by three-di neasd Qhakc@BASHENEaTBARSsRLERY tREIRIENGhbS AR ES: causes
screen-printing conditions are set based on the neasurenent. &néequent ly,

setting oper abf thesfadfurprcantbec ediilyl @anGaB8d bewWsenPoubh 86 mdhsPeE ?Eéﬂ!{%e&,n
setting of printing condition can be renoved, and further stable printing
qual ity can bprinfiSgeaduredan Addioutisthlibyin theppgpadesrsti MhdrdfBas W édp@rate
position of the nmechanisnms in the screen-printing apparatus is neasured by
t hr ee- di nensi eprrRtigp deutoueh-upisanmecddsery.t he predet erm ned measuring
position on the object to be neasured is determ ned on a position relative
to the orlQin of therthpuners ¢he 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.



20 coordinate systemin the screen-printing apparatus. As a result, machine
adj usting operation and teaching operation in the screen-gr/&r}@isgg% ppar at us
can be sinplified with high accuracy. 6 August 2004 25 \What i med is:
1. A screen-printing apparatus conpri si ng: (a) a substrate-positioning
means for positioning a substrate reldative to a screen mask having pattern
openi ngs; 5 ( t hr ee- di.nmensi onal - neasuri ng neans for neasuring three-

di mensi onally%h‘%olﬁcifﬂﬁe & of the screen mask at a printing position and a
top surface of thelsu strate at,.a neasurin osition of the substrate; (c)
a noving neans for “ho isﬁrgeegéﬁrbntmﬁ%‘ép%aﬁ‘é%gq $Dfeasuri ng means; and 10
(d) an inspecting rreangaaforsdbré%ﬁpat%cti ng. at | east one of the substrate and

the screen mask based 4 TESUIAS B HBHEE SRS By ®aPdiompnger substrate

di mensi onal - m;%%}l%lirvierﬁg arg%m%,mmﬁg@dgﬁg%itgﬁggﬁgﬁlat us prints paste on the

substrate thro the pattern openi achi'ng the screen mask to the

substrate gnd sliding @) J3,3QUBR868i26H é)d%u%_i%%«%(rééﬁﬁr}f’ﬂgﬁgﬁsﬁé{f&r&%@ﬁ'

screen-printing apparatus according to claim

det ermi nes f aidimensipasy 8ftopbulfSRIf tHé‘@cx‘éBntnfi@sk_sﬁrae&rinfﬁgl%o@R%x} 8 atope o

substrate supplied froma prior step, and said I nspecting neans 1nc

20 suppl y- mat enifate dbthersubsirag: Se€ ii@BuiiEPosHRNAIThE@abE@hte, O pPass. 3.
The screen-printing apparatus according to claim2 wherein the inspection

is a printing inspecti Ghafmovingensadssibr afeviag t£id theédgipehdbes - @8skursai d
i nspection nmeans includes a print-determ ning section for determning 25
fail or pass ®feamsppidti ng result based on the result of measurenent.
10 (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 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



4. The screen-printing apparatus according to claim3, further 6 August
2004 26 including a touch-up neans for touching up a pri %t-fgﬁ.isk] & part of
the substrate determned print-failure by said pri nt-deter/f\”illl gésecti on.
5. The screen-printing apparatus accorc%ﬁg to claim 4, wherein said 5
touch-up neans includes a touch-up-determ ning section for determning

whet her or not. re-printing .is necessary to the substrate determned as a

fail. 6. The SEFEENPHrd ﬁPgﬂyuapBJéﬁaﬁu@ra@@shmgngpt@ eiint-failurenharteof thai d
t ouch-up neans_incl udes, a past e-.di nsi,ng ans for adding paste to the
10 print-fail usrué’SE%?% ﬁﬁﬁ?lﬁﬁ%‘iﬁ%‘%‘éﬁfw& baa?tqg pript-daterahBEE $ACHARI ng
apparatus conprising: (a) a substrate-positioning neans for positioning a
substrate relative to a screen mask having pattern openings; 15 (b) a

t hr ee- di mensi onal - reasy,l Meégggﬁiﬁ%%gﬁa?gy&i Q&a%({}%g%ch%g‘?egzif}v}rég%ilngsgi&om

above the screen mask at a pri ht ron an

neasuring BositoleR.upf Iﬂg&%ss%ﬂdegtz %;t(og@,@_&ggghﬂgﬁn ?%%%tifor?r f %r:) F#g sai d

t hr ee- di nensi on- measuri ng neans; a print-co ron-s RE for

setting screenyRéfhatioffot SQPHINEINGNS nBASELPH e %ﬁéﬂf&ie”&tfaﬁﬁiﬂetdf A ?atql.d

t hr ee- di nensi onal - nmeans; and (e) a print-condition-store neans 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 $.i dihegsacesquiatyeeapizadtenadcbaling te @i ak wHirduosksh
2004 27
touch-up means includes a paste-dispensing means for adding paste to the

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.



8. A screen-printing apparatus conprising: (a) a substrate- posi tioning
means for positioning a substrate relative to a screen rr?lﬁf %/%(ﬂ% pattern
openi ngs; (b) a three-di mensional - neasuri ng nmeans for Y4 ee

di mensional ly an object to be measured Wthi n a range including said
substrat e- posi ti oni ng rreans and a rounf fng section of the screen mask; (c)
a novi ng neans for gv sai d three-di nensi onal - neasuri ng neans; (d) an
ori gi n-det erm ni ng nAssqrﬁ?n §eettm€gipaﬁrwsgpmp@ﬁneg control 10 program by
identifying a position gf ‘;}% term ned measuring_point on the object to
be neasured with r espeg’t B EPHISPINE MReaNEN fBaPosibiont e & subgfystem of
sai d screen- prr;3 lvegloapsoarat us Esed on a result neasured by said .

t hr ee- di nensi 6ral” meadutt iy Iﬁ'ﬁ%tlft AVIRE DALTSRN ORPHNEBar at us prints paste on

t he substrate through gdgda (P%etn%mna?%erg nags %\e%ﬁé ?Chl tggﬁgs een

mask to the substrate ng a  squeeg e " 9.

The screen5pr|d%bﬂgoﬁgl@)ar£t &gc&r %hnﬂlerag’ l%ldalvm}ﬁnf yre her cI udi ggd; g

failure-al arm means for’ alarmng mechant cal accuracy f%ﬁqeuﬁ% 8’fhng2(§

screen- printi BEbaPRRLASoNAS Sb0R e ﬁt%aﬂtlhgrgsﬁéﬁ heés&reéel[%%r tfod of

screen printing for printing paste on a substrate v opem ngs

by attaching a screen (@&kmbﬁvlgﬂﬂedﬂ%@opﬁidﬁg\salﬁﬂﬁﬂéﬁgﬁneﬁﬁﬂ}ﬁ éﬁé‘%ﬁﬁ{
and sliding a squeegee head on the screen mask, 25 said nmethod conprising

the steps of: nfe@nspositioning the substrate reI ative to the screen nask;
(b) measuring three-dinensionally a top surface of the screen 6 August 2004
28 mask at a printing(d)esi eigin-dehernsininpneant daesedfing e Gidiatonpd eosiroR
measuri ng
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 satd method comprising the steps of:
(a) positioning the substrate relative to the screen mask;

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



position of the substrate by a three-dinensional neasuring neans noved by a
novi ng neans; (c) inspecting at | east one of the substrat §r{gnduﬁ£g§qj creen
mask 5 based on a nmeasuring result by said three-di nensi 9 ring
means. 11. A nethod of screen printinggor printing paste on a substrate

t hrough pattern openings by attaching a screen nmask having the pattern

e 1% ot panesleubabialih adtifb dhi% So3IRROSE eab AL LIS SCLETh IR

sk,
10 said nmethod conprising the steps measuri ng ast

one of the sgoeRfonEIKe ahbeatdIR) Qghwelahﬁ%sﬁhaﬂmgﬁkﬂfihggq{é%ﬁE&&Pe'a @nd the
I ONn rya e

substrate after being printed at a neasuring posit e subst e by
a t hree-di nensovdnglnem@asuri ng neans; (b) setting printing conditions of
screen printing based on a result 15 ' neasured by said

t hr ee- di mensi onal - neagirinsgeatiegnst leastl o€ Jof ShokubGrhREa R ithE sBGF9AdLL i ons
set in a gri nt-condition-storing neans. 12. The nethod of screen printing
accor di ngSt o beped mm 2Imeashaing ressitdy s4i0 thede-disepeidoal Medshehemes s nt i ng
starts and after trial printing is conpleted and printing conditions for
actual printing are determ ned based on results set in step (b). 13. The
met hod of screen gri nting according to claim11l, wherein step 25 (a) is
perfornmed at a pr bret rPﬁeﬁ]P‘?fb Qtfisﬁ?%‘@ Hrinting WetRantipg ipastagp anchbptiand i ng
condi ti ons f%ﬁ 51125?‘ act ual grinti are ghanged based on_ results set in
step (b). 6 AUFAIE: BRI BLEPTHNEsHY AEtasBiRof SEpaemank having thecpadeny to

L 13 B S b RIS M (1 2SR
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
(¢) storing the printing conditions set in a print-condition-storir;g

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).



5 (b) a print-pressure value at which the squeegee is urged against the
screen nmask; (c) a substrate-detaching velocity indicati n%/g de{&&ﬂi ng
velocity of the substrate relative to the screen nask an Haus

substrat e-detaching.. distance indicating a detaching distance of the
substrate relative to the screen 10 mésk. 15.. The nethod of screen
printing according to claim12, the printing conditions further including:
(a) a squeegee velocity at which the squeegee slides; 15 (b) a
print-pressure valuye whigh .t he squeegee is urged against the screen
mask; (c) a subst rlgt' e%gt%%%oﬁgoq\?g e%&il%‘gn‘ilﬂ%iiaﬁ%rgwfé’ damadhi thy mehoogt y
of the substrahaitidlatid8y screen mask and a substrate-detaching

di stance i ndi catilng Sa de%été ?lhg&(% stance of the substrate relative to the

screen 20 mask. 16. Thg JBhhe eé);;el&[qbg?ﬁgﬁgéégyegﬂgg%%ggggg;et0 claim 13,

the printing conditions furthér 1nc | ocity at

whi ch thebsqueegee sli (9% pRat-piVssBrd¥dI0L 2P | ue at which the
squeegee i s urged agai nst pthef)scrseren masl?; %‘?@?ygﬁes%cﬁ%etegg? és-tgg?‘g@ﬁf‘wgqt
vel oci ty i ndithatseregnangsii:achi ng vel ocity 6 August 2004 30 of the substrate

relative to the screen mask and a substrate-detachi ng- distance indicating
a detachi ng di stance ofc)ahmbstiasé-dataehirg) fdlboiey 1itdiens & R hidRS Koty 17 A
nmet hod of screen printing for printing paste on a substrate t oug% Y
pattern openifgdebgubatratehielgtive dor gen somek havkngnd he R@biréfdldetaching-

distance indicating a deta}ching distance of the substrate relative to the screen

10  mask.

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



openings to the substrate and sliding a squeegee head on the screen nask,
said nethod conprising the step of: neasuring three-dinen ;{Ig’)nal Lé(odadf

predet ermi ned neasuring point 10 of mechanism of said ap | ;
identifying a position of the neasuring point wth respect to an origin in
a mechani cal coordi nate of said appara ds based on measuring results and
setting a posidi an origi.n on control program by a

t hr ee- di nensié)ftngﬁ- ﬁgésstﬁ fen g HEXRsONERS Perosnmasasir hng 7 angetianedutticheng-a
subst r at e- posi;tiQRE RiPRALS . f ositioning the substrate relative to the
15 screen mask an gggcree agggw%ﬁﬁﬁaFgH&e§géb?EHW%ME?r¢h@hmﬁbhhds@kescreen
printing accangdilng to claim 17, wherein said nethod gives a notice of
mechani cal accuracy failure of said screen-printing apparatus based on the
measuring results. 20 6 August 2004 31 APPARATUS AND METHOD OF SCREEN

PRI NTI NG ABSTRACT A screen-printing apparatus for printing creany sol der
paste on a substrdtie AymatiqiChf RerednSELER to.the substrate. A

| aser - measur i ?19 devi ce nounted in ?hlgﬁapggp%?&mﬁtéﬁ%tﬁﬁ@ ° PRe2t YiPséiateace
of the screerthnasgh phttain apphingki 19 apRehidL g top _of the substrate
at a substrate-npasureg?nt posi tion by thﬁge- |n§%§%g%é AnESs e RaHer™ and
detects a sh&penvigstinghesuibstmatd endrslidies SCEARRAHBEKAq et erm nes

whet her or not they are acceptable. After scregn pr?nt?’?ﬁtgll%i %crgwaes[ked,
the subst rat &aigherethns eommuising s kteprader go a printing i nspection where
their shapes are inspected. This 10 provides not only inspection data of
the printing results PGESarsg thegeadiemsicncdiytd byddegerintite g avsRrHy Phibpt

failuresy Asogmreeﬁul 1 lélthe.%creen- printi Ug. apparatus, which has

hi gh- pr i n?i ng" B ?211891 mi1¢ ARPPrad Yo ideptifyimg agosition 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

15  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

apparatus based on the measuring results.

20



failures fromoccurring, is provided. Figure. 5

10
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APPARATUS AND METHOD OF SCREEN PRINTING

ABSTRACT

A screen-prihting apparatus for printing creamy solder paste on a
substrate by attaching a screen mask to the substrate. A laser-measuring
device mounted in the apparatus measures the top surface of the screen mask
at a printing position and the top of the substratg at a substrate-measurement
position by three-dimensional measurement, and detects a shape of the
substrate or the screen mask, and determines whether or not they are
acceptable. After screen printing is completed, the substrate and the screen
mask undergo a printing inspection where their shapes are inspected. This
provides not only inspection data of the printing results but also data for
identifying the causes of print failures. As a result, the screen-printing
épparatus, which has high-printing accuracy and can prevent printing

failures from occurring, is provided.

Figure. 5



