the I nvention The present invention relates to a screen printin
for printing paste, such as cream sol der or conductive paste, onto a
substrate, and a nethod of the sane. Background of the Invention A screen
printing nethod has been used for printing paste such as cream solder onto
a substrate i'n a parts-nounting-process by a part-nounting machine. This
met hod works as this: first, overlay a nmask-plate on a substrate, the: .
mask-pl ate has pattern holes corresponding to spots to be printed on the
substrate. Then supPtieevrRrintinglAtaaratus ded MethodloAtlee Sane sl i de a
squeegee. Cream solder is thus printed onto the target spots through the
pattern holes. A highly accurate printing by this printing method.would
require the following two points: First, a substrate nust be accurately
positioned with respect to a nddkld ¢fithednventiohher words, the substrate
must be accurately positioned to the mask plate ..in a horizontal
direction, andheeresemsinvensiomislatesito dl scresthpriating dprabeavir faegnef the
mask plate. Therefore, when the apparatus starts on or a nodel is changed
in the ma@sts, wgchiasereamrsobdey ardjomshurtinge pastes bnbea dabetrte, aindies nicthpdsi ti on
a substrate accurately to the mask plate. The adjustnents include
pr epar i n@ftaerame. par aneters of a noving table of a substrate-
posi tioni ng-section. Second, the cream solder nust be filled up in the
pattern holes when the squeegee is slid, and various printing conditions
shoul d be set appropriately to - 6 NOV 2003 -

, Background of the Invention o

- 6 NOV 2003 | Screen Printing Apparatus and Method of the Sanegg;ﬁwﬁﬂm

A screen printing method has been used for printing paste such as cream
solder onto a substrate in a parts-mounting-process By a part-moﬁntihg-
machine. This method works as this: first, overlay a mask-plate on a substrate,
_.the.mask;plate has péttern holes "corresp_oﬁdjng to spots to be ‘pri.nted on. the
substrate. Then sﬁpply cream solder on the mask-plate, and slide a squeegee.
Cream solder is thus printed onto the target spots through the pattern holes.

A highly accurate printing by this printiné method would require the
following two points:

First, a substrate must be accurately positioned with respect to a mask

' plate. In other words, the substrate musf be accurately pdsiﬁoned to the mask

plate in a horizontal directioﬁ,‘ and 'the‘su_bé‘tra;te must_ ‘solidlj} adhere to the
lower face of the mask plate. Therefore, when the apparatus starts on or a
model is changed m the mounting line, various adjustments must be done in
order to position a substrate accurately to the mask plate. The adjustments
include preparing machine-parameters of a moving table of a substrate-
positioning-section.

Second, the cream solder must be filled up in the pattern holes when the

squeegee is slid, and various printing conditions should be set appropriately to



2 an object to be printed. For instance, a squeegeei ng speed on.tBeNWemua
mask, a pressure urging the squeegee agai nst the screen nask and ot e
paranmeters are to be prepared dependi 8 on the characteristics of the
object to be printed. These printing conditions have been set by skilled
wor kers based on- their experience and personal know how. |In other words,
before actual, printing starts, fill-in condition of the creamsolder is

i nspect e®WPRIRCtH@RMDPERERT. odfer instange, piinedgrging spped oméhe thieenandilt, on i s
corrected by the skilled worker based on the experience and intuition. The
pri nti ng cBHSSRroHESRELhefasepgaruagainst phepereed méiknvendrothey enrafuethese
conditions are adjusted correctly, the substrates are not always

posi t i ondde e Aethroparaddencadingwn phetharactarstical of phe objery to bEheirteds ,
di spersions on_di nensi ons of.the substrates, aged deformation of the mask
plate, and | odd®se pEinsingreanditions have haek seil lat skilledeserifers based bnahbi

devi ate the pattern holes fromthe correct positions. Further, gaps woul d
be prod&Xearigaesdad presovabdmomt-bownd Inhetheoweordsadefafe tbeuateskingingt e. | n
t hese cases, defects such as "deviation" of a printed spot fromthe target
one or "BEwits, BH-1nrendiiden of thencresm moldered inppectad avithdduned. eyds @iigh, in
the conventional printing nethod, deviation of the substrate fromthe nmask
pl ate t etBd! psinding staganthan thescatiditipn ds correcteddyy thesskilled woilniri biged
quality. At the screen printing, since the squeegee is horizontally noved
whi | e it Oisthe,pyeeriense: aed jattipnat dhecprintimgl coratitiens arapjhivisemanoalle mask
plate -so that the nmask plate is pulled by the squeegee in the |ateral
directi oR™B#Med. external force repeatedly works to the mask plate at every
printing operation, which_  could |gose the nmounting condition of the mask
pl ate or extehtPWeErEYeR Bi Hhese copditionseard adjustesh cofrettly thebstbstratess
correctly positioned, the novenent of the_ squeegee at every printing

devi at es -@E@%@ﬁvﬂ%@é’s}t&n&di CxAGplyr mobh tithe muaskt plate, at actual printing.

Therg are dispersions on dimensions of the sub_stratgs, aged deformation of the
mask plate, and looseness of mounting the'mésk. platé. These 'factbi‘s 'w_ould
deviate the pattern holes from the correct positions. Further, gaps would be
produced between the substrate and the lower face of the mask plate.

In these cases, defects such as “deviation” of a printed spot from the
target one or “blur” of the paste from the printed spot are produced. As such, in
the cpnventional' printing method, deviation of the subsirate from the mask
plate tends to occur, and it is difficult to keep a stable printing quality. |

At the screen printihg;lsinée' the squeégee is _hbﬁzbnta]ly moved wf.gile itis
urged to the mask plate, external force is applied to the mask plate so that the
mask plate is pulled by the squeegee in the lateral direction. This external
force repeatedly works to the mask plate at every printing operation, which
could loose the mounting condition of the mask plate or extend the mask plate.
As a result, even if the substrate is correctly positiohed, the movement of the
squeegee at every printing deviates the mask plate relatively from the substrate,

and a printing position cannot be exactly maintained.



and a printing position cannot be exactly maintained. 6 NOV 2003 3 In these

days it becones difficult to keep the skilled workers. Furthgr A
production of a variety of products becones nore popul ar, thusstmwm

printing conditions nust be changed frequently at every nodel change. Since
the printing conditions are manually prepared, the frequent changes take
time and | abor, which, as a result, prevents the productivity from

i nproving. Once the printing condition§ are set, the fill-in condition of
cream sol der is not necessarily kept Stable because the cream sol der
changes over the tine, so_ that the printing quality becones unstable. As

such, the conVRribessndayssitheeamssiditfiondt tpkeemthes skifled protkierss Fslﬂbhléafsf (1|)
i ng_t. inti. di ti. k i d | abor, it is,difficult

f Eepf'i{ ;B?iﬂ i Pradisridn: Pha” yersyy _ Fihucts drefEFs grﬁw%épéélﬁér,}ﬁﬂﬁfﬁhﬁb e

condi { | opfinsiRGEFRMHIAHs e b@%ﬁaﬁgwﬁzgﬁeﬂ;fga@@%@%ay OfbAd" SfReS L he

probl ens " di sclissed above and ains"to rovirde a screen p hg appar at us.

Posi ti ondie geintingi nditiors sebsianailey prepared, B sfeqent ehansesbaker@vent ed and
printing conditions can be prepared easily w thout dispersion by the
appar at ugnd hbarhwhishy hea ressdt, prevents the produdtivitypiromtimmovingn be nmi nt ai ned.

-6 Nov 2003 4 _.Th i ntJ f. the, p. ' '
conpr | ses t he OEIPo R AmEIcaneiabs SPE5EEnsilin 9BuioDiah wrea mokiss o
o heahBenBccuhth’ RUR SRbRAEl I freaifiSfiaBl BhMARAND RETLEL O o,

(b) three-dinensio measuring freans tor detectin posi ti 'stht us of
that the printing quality becomes unstable.
As such, the conventional screen printing apparatus has problems such as
(1) preparing the printing conditions takes time and labor, (2) it is difficult to

stabilize the printing quality due to dispersion of the printing conditions.

Summary of the Invention
The present invention addresses the problems discussed above and aims to
provide a screen printing apparatus. Positional deviation of a substrate from a
mask plate can be prevented and printing conditions can be prepared easily
without dispersion by the apparatus and the method. As a result, quality printing

can be maintained.



the substrate and the mask plate by three-dinmensionally nmeasuring the mask
pl ate, where the substrate is positioned, from above the nask_maggvaznha
(c) control neans for signaling said substrate positioner to c

position of said substrate based on a result detected by the

three-di nensionally neasuring neans. In this apparatus, the mask plate is
overlaid on the substrate, and a squeegee head is slid on the mask plate,
so that paste is printed on the substrate through the pattern holes. 6 NOV
2003 5 The present invention, having the structures or steps discussed
above, realizes the follow ng advantages: (1) The mask plate, to which a
substrate is positioned, is neasured fromits above in a three-dinensional
way for det ectlihegsdrben pofitingonpparatust of, thangrestit Powintioanecdmpsited ke i s
corrected based on the detection result so that an exact positioning is

al ways cipMewimeglemenitd as a result, quality printing can be kept. (2) A

hori t al i t he.. k plat t hi ch bstrate J. iti d,
s measared et BURsPOREERS el fargesdeorins s SatS iabled B O
devi at i O'ihé%i(_ﬁlg't% ha b foflide to the printing action is neasured. Then

printing-position-data Is corrécted based on this detection result,

t hereby keepi (i) thiee-aiaeisidial Miéasgring dsddnk d0r dédtidyg & Position@d Skatu9bf Whi ch
pattern holes is filled up with cream solder by the squeegee, is neasured

from i t s theeubstydte randhthee miiskeploteobal threerdimermionaltye epdasyring thel mask st at us
Chi s dot SERPONLY-E4h SUDLEH JLROTHRIE FREH ARG A akaASe pr opar od.
easily withoyty dirRG 59 for Sighing 98 substrate positioner to change position
of said substrate based on a result detected by the three-dimensionally measuring
means.
In this apparatus, the mask plate is overlaid on the substrate, and a
squeegee head is slid on the mask plate, so that paste is printed on the substrate

through the pattern holes.



6 Brief Description of the Drawings Fig.1l is a front view of a screen

printing apparatus in accordance with an exenplary enbodi rrent.._ll::é év @
| ateral view of the screen printing apparatus shown in Fig. 1. 8“ 3 3

pl an view of the screen printing apparatus shown in Fig. 1. Fig.4 is a
perspective view of a | aser nmeasuring device in the screen printing
apparatus shown in Fig. 1. Fig.5 is a block diagramillustrating a
structure of a control systemof the -6 NOV 2003 7 screen printing
apparatus shown in Fig. 1. Figs. 6A , TA and 7B illustrate how a
positioned status is detected at screen printing by the screen printing
apparatus shown- in Fig. 1. Figs. 8A and 8B illustrate how to neasure a
posi tional deldhat presemtf irventieak hpvimigethet suctasss pr iskdpsndisbysseldeatromeeen
printing apparatus shown in Fig. 1. Fig. 9 shows data of library of screen
pri nti ngreadizes theotpdlogying gdvaniagess printing apparatus shown in Fig, 1.

or (nt  ng (YRR EREE el {5 v E sl s Bt R mpryred sl Apie = °°"
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invention 1's denonstrated nce'to the accofrpanyin rawm ngs.

First, asstusubt coreeddtd dased eanthprddiédtivg radnhagoathig dnsedRs Qoshtshingiig. 1 is
a front view of a screen printing apparatus in accordance with the
exenpl ar plveshisouicriedout, Bng as 2 resulfy quality priningeen badepi.g. 3 is a plan view

o e S R B BBR D e oyl et s posiioncd i
measured before and after a printing action, so that a positional deviation of the
mask plate due to the printing action is measured. Then printing-position-data is
corrected based on this detection result, thereby keeping the exact printing
position.

(3) A screen mask, of which pattern holes is filled up with cream solder by the
squeegee, is measured from its above with three-dimensional means for detecting
a fill-in status of the cream solder. Screen printing conditions are corrected based
on this detection result, so that the printing conditions can be prepared easily

without dispersion.



for positioning -a substrate, is formed by placing O -axis table 4 on top
of a noving table, and further, placing Z-axis table 5 on top of table 4.
The noving table conprises X-axis table 2 and Y . -axis tab qq 200@(3
5, substrate-holder 7 is provided, which holds upwardly substrate 6
cl anped by clanp 8. Substrate 6, an object of printing, is fed into
substrate positioning section 1 by carry-in conveyer 14 shown in Figs. 1
and 3. The position of substrate 6 carn. be adjusted by driving substrate
-positioning-section 1. After being printed, substrate 6 is transferred by
carry-out conveyer 15. Screen mask 10 is di sposed above positioning section
1. Mask 10 is forned by nounting mask plate 12 to holder 11. Substrate 6
is positioned to - 6 Nov Boid IRsoripkionl ¢ftthe Iirawingesi ti oni ng section 1, and
br ought upmar%Ly into _contact with mask plate 12. Above mask 10, squeegee
head - 13 is &iSpdsadrenicyicvhat a sereen (IINNE apAIILE dN I9seqrdance oMt anin a
il e substrate 6 is put under and in contact with

hori zont irectian. .. \W

t he Iome?k?ggk§8fnﬁ%§%nﬁP%te 12, cream solder 9 (paste) is supplied onto
rask plate 12F; j : 12, th
mask plate F1.?Q§ﬁgﬁﬁﬁﬁ%ﬁnﬁbfﬂﬁﬁ§x&§1%ﬁn &%gﬁ%g9?§g?§§m@gqﬁgl. en

slid, so that solder 9 is printed on electr g. 3) forned

on substrate FigBas paldreviewhof the stR@nprintingeapparatomsiowrh ai BiglP. Above nmask
10, | aser-neasuring-device 20, functioning as three- dinensional measuring

nmeans, is di sPé&AdiS APesssehive viewgof 3 lasgs encasweiagudévige davibeesaeen s
nmovabl e hor%zontall in X %v%irections by X-axis table 21 and Y-axis
tabl e Znggl%gﬁppy?ﬁﬁﬁﬁﬁ%hbl fth-cally by lift means 23 (refer to Figs. 1,

i mpans SO P AR G s NSE Suh Ryt IRARKAS Pl e ™

novi ng neans for noving | aser-neasuring-device 20.



Laser neasuring device 20 has two functions, one is to nmeasure,., '
di spl acenent by irradiating | aser beam and the other is a scanﬁ»gov %03
function of scanning a laser-irradiatfing-position in X, Y directions. Fig.
4 is a perspective view of device 20. As shown in Fig. 4, irradiating
point P is scanned within neasuring range R, thereby detecting
sequentially the vertical positions. o. f the object's surface within range
R As a r¥sesmprighipgeppagatusahiowmain Eigape of the object can be detected.
Device 20 is npved by the noving neans with respect to substrate 6 and

mask plate 12 FighdibbiBi hd andapBdllvstiratbbowa poditiandd mbstosik atetectad iat any
ranges can be neasured fromtheir above in a three-dinensional way. Then

t he det edcresm prantinghydihecdréen privtingspparatvershoyniat Bi. ilng el ectrode 6a
(features of substrate 6%,2_ attern holes 12a (features of mask plate 12)
and the hol es Higs. 8Aamnd0O8 teatdchewttionpenhareaspoditionalAdeviatioaudt a a
hori zontal position of mask plate 12 can be detected. In other words,

| aser neadsask Bliteelserenrrinting byribe acreengiviming hpparatue ahuwinnig Figans f or
detecting the _horizontal position of mask plate 12. Devices other than

| aser neasuri Aggd8wshoss2daia bf Bbravynehsireem|prietisg conditionzastsihec streba used
as mask-position-neasuring neans, e.g., features such as recognition marks
provi ded R (RS RPpaeatys showarind@igshot by a camera then the positions of the
features can be recogni zed through image-processing. Further, substrate 6
under gone a sd&igentls,i HiB agdi HQ adlestrate bowbasletéatq filbhethtusatistresar
measuring device 20 neasure substrate 6 in a three- dinensional way,

t her eby dEiidng hy the sevgen ryinting appaudtue shewprindfigdlon substrate 6 in a

t hree-di nensional way. As a result, the print can be inspected, i.e., a
position and a printed amount of solder 9 ' are determ ned whether or not

Detailed Description of the Invention
An exemplary embodiment of the present invention is demonstrated with
 reference to the accompanying d:aﬁvingé. First, a stru_éture 6f a sére'en i)rinting B
apparatus is described. Fig. lisa front view of a screen printing apparatus in
accordance with the exemplary embodiment. Fig. 2 is a lateral view, and Fig. 3
is a plan view of the screen printing apparatus.
In Fig. 1 and Fig. 2, substrate-positioning-section 1, functioning as means
for ﬁositiom’ng-a substrai_;e, is formed by placing 0 -axis table 4 on top of a
moving table, and further, piaci.ug Z-axis table 5 on top of table 4. The moving
~ table comprises X-axis table 2 and Y;aJ;is _téble_3.A On table 5, substrate-hblder
7 is provided, which holds upwardly substrate 6 clamped by clamp 8.
Substrate 6, an object of printing, is fed into substrate positioning section 1 by
carry-in conveyer 14 shown in Figs. 1 and 8. The position of substrate 6 can be
adjusted by driving substrate-positioning-section 1. After being printed,
substrate 6 is transferred by carry-out conveyer 15.
Screen mask 10 is disposed above positioning section 1. Mask 10 is

formed by mounting mask plate 12 to holder 11. Substrate 6 is positioned to



they are acceptable. Wien substrate 6 is positioned with respect S
plate 12, i.e., substrate 6 is positioned to nask plate 12 in'fséﬂdv 5003
hori zontal direction and placed under gand in contact with the |ower face
of mask plate 12, the three-di nensional neasuring is carried out fromthe
above of mask plate 12. As a result, a positioned status can be detected,
which is hereinafter described with reference to Figs. 6, 7. Figs. 6A, 6B
and Fi gs. BAk pighe 12 by tmosttioning segtims 1odndbsoudlanipng asdll dets conticOwifh -
illustrates that the relative position of substrate 6 to nask plate 12

devi at es, magkifatent?.i zontal direction. In other words, pattern hole 12a is
not exactly positioned on electrode 6a of substrate 6, and gap "d" is
produced at t hébovedgmskf 1pasquregehdhandl 28 is\Wieposddl sush athas headmagssgd by
| aser measurin device 20 in a three-di nensional way, as Fig. 6B shows, -an
extra recetle haskiand fonth ime hoeizbatdl dirextiona eile wubitrats 8¢ St AAAGAT S ON
a recessed -6 NOV 2003 10 neasuring line which illustrates a cross

sect i onal asthapeovtacthwithithedbwen face 6 mask6atd ey efedd, soMaNO (Piste) is
measuring line is conpared with the normal one, a positional deviation in
the hori zetnplieddinteanasinplde 18e Squieegedl 3dofhedd\18lib piided @F nidiatplhbe
relative position of substrate 6 to mask plate 12 deviates in the vertical
di r ect i on{2.|thenshids smidratspldeir s paitte8 anaflectidthi 62 0RfE: to Bighe) oy dy

pl aced under and in contact with the |ower face of mask plate 12, thereby
pr oduci ngsWwprate 6 vispatterntioless12d proviidedren smusk plateagi ce 20 in the

t hr ee-di nensi onal way, as shown in Fig. 7B, the depth of recessed neasuring
li ne-indi cati ipqyat toask hdle loBer-appeuringdiovicr 20\afumetiknidy ckdeggest " by
gap Y. Therefore, when the stepped neasuring line indicating pattern hole
12a is codipransiondlt measerimgr me¢and, nisnslispusedt heAposhdwanah Biyi gl il@Bed N the

measuring device 20 is movabie horizontally in X, Y directions by X-axis table 21
Aand Y-axis ﬁable 22 as well as movable vertically by lift means 23 (refer to Figs.

1, 2). In other wdrds, device 20 is lowered fo a meaSuﬁng place 'by‘.d_rivihg lift
means 23. X-table 21, Y-table 22 and lift means 23 function as moving means
for moving laser-measuring-device 20.

Laser measuring device 20 has two functions, one is to measure a vertical
displacement by irradiating laser beam, and the other is a scanning function of
scanning a laser-irradiating-position in X, Y directions. Fig. 4 is a perspectiﬂ‘e
view of device 20. As shown in Fig. 4, irradiating point P is scanned within
measuring range R, "théreby de_teqting.seque_ntiéﬂy the vertiéal‘poéjtions,gjf the
object’s surface within range R. As a result, a three-dimensional shape of the
object can be detected.

Device 20 is moved by the moving means with respect to substrate 6 and
mask plate 12, whereby the shapes of substrate 6 and mask plate 12 in any
ranges can be measured from their above in a three-dimensional way. Then
the detection data obtained is processed, thereby detecting electrode 6a (features

of substrate 6), pattern holes 12a (features of mask plate 12) and the holes for



vertical direction can be detected. Wien substrate 6 is placed '“ﬁdNrUVnZUGB
contact with the |lower face of nask plate 12, head 13 is noved Tor
squeegeei ng. Then the upper face of me8k plate 12 is three-dinensionally
measured, so that a fill-in status of creamsolder 9 into pattern hole 12a
can be detected. The detection of the fill-in status is detailed with
reference to Fig, 10A through Fig. 10C. Figs. 10A, 10B and 10Cillustrate a
nor mal f(i@qecﬁlﬁgghatﬁ%l,tl(ah e‘g@eg@smtl p-harizogtak pesitind cfmasis pidte di2ecn -
fill-in status respectively, and also show neasuring lines La, Lb and Lc
obt ai nedP®geliegtask measuring device 20. Wen pattern hole 12a is filled
normally with cream solder 9 as showmn in Fig. 10A neasuring line La
i ndi cat es 't helmetheal wiedghlasen mdasuirng dpeice f24: fundtiorsaak nphsk-posifion-
i ncl udi ng the range of pattern hole 12a. Wen patter hole 12a is filled
excessi Viaegswiing oreaan & detecdings thhohorizontakimpsiti®B, ofs mgrkuplaeedth sol der
9 overflows pattern hole 12a. In this case, neasuring line Lb reflects the
sur f ace Bevises déhen thad lpeen mesastiririge dewice f 20 filtrke-dimensivnabehegsuriy 11 6
NOV 2001 When pattern hole 12a is filled insufficiently. with cream sol der
9 as sh®gAnEhcE e uBg, asrmeask-posjtibnmeedsuring s eqz. pleativgls suehess
within the range of a pattern hole 12a. As di scussed above, when the upper
face of Tegognysioa matks pneddgdon mask Hateck?) ean bpashat byra cameratiaarethen t h
t he normal shape, the defect types of fill-in can be detected. A structure
of the ceftitiens ai/thedientiiresirandur weogpized thropghoimeage-peocessingescri bed with
reference to Fig. 5. In Fig. 5, CPU 30 is a controller governing
i ndi vi dual sefurtbes sadstnate 6cqundargonasgreem Btintinggs saldn ana 3ieaturigs
vari ous

object, and laser measuring device 20 measure substrate 6 in a three-

dimensional way, thereby detecting a shape of cream solder 9 printed on
substrate 6 in a three-dimensional way. As a result, the print can be inspected,

. ie,a position and a'printed amount of solder 9 are determined whether or not |
they are acceptable.

When substrate 6 is positioned with respect to mask plate 12, ie.,
substrate 6 is positioned to mask plate 12 in the horizontal direction and placed
under and in contact with the lower face of mask plate 12, the three-dimensional
measuring is carried out from the above of mask plate 12. As a result, a
positioned status can be detected, which is heréinafter described with reference

“-to‘Fi_gé.' 6, 7. | . | , | |

Figs. 6A, 6B and Figs. 7A, 7B illustrate two types of ‘posi'tiom'ng defects.

: Fig. 6A illustrates that the relative position of substrate 6 to mask plate 12
deviates in the horizontal direction. In other words, pattern hole 12a is not
exactly positioned on electrode 6a of substrate 6, and gap “d” is produc;ed at the
edge of pattern hole 12a.- When this status is measured by laser measuring
device 20 in a three-dimensional way, as Fig. 6B shows, an extra recess—

indicating the deviation and marked with an arrow—appears on a recessed



prograns such as, an operation programof screen printing, a prbﬁeb'ﬁﬁVgZﬂﬂg
program for detecting a shape of substrate 6 and nask plate 12 from a
detecting signal of |aser neasuring dgvice 20, a processing programfor
correcting a positioning of substrate 6 and nask plate 12, a determ ning
programat 'a printing inspection, a processing programof preparing a
printing condition and_ the like. Data nenory 32 stores various data such
as, refefanstringling phicleilbustiateng caopr sctisnabshareeofiwhatt isrshoivisieEid. on,
printing condition data prepared for respective nodels together with

pri nt i ng6&endihereforei whenythis pidasuringglindés dahparebeiidnthe hormakbhéng t he
printing condition, printing position data, i.e., axis-driving-data for
posi t i onPagitionbl devatios indhathovizontalrtisdctipnatae He2deteytedt i Vi ng respecti ve
axes of substrate-positioning-section 1, reference data indicating

t hr ee- di mensi Higl TAdkestratey that shavelnbivemsitidn 6f bubstratef6 ¢s eask plkeer 9
in pattern hole 12a. In other words, data nenory 32 functions as storing
means f ol2skeyidtagin blee pertinal diyeptisnt i bnotlmravandd, ¢lbetrpdé Bhiofgubstrgid 6 on.
Mechani sm control | er 33 controls operations of respective nechani cal

sect i onsisnethexastlyoplacedmndgr sadtin@ontactorith the lowenfmyaf Mdsk phits 12out
conveyer 15 X-axis table 21, Y-axis table 22. Shape detector 34 processes
the det ethenely modneingogami‘ded Wheh dhis stmns s mepsiewilye dafice B0 irhghe an

el ectrode placenment -- 6 Nov 2001 12 pattern, an opening pattern show ng
t he shapthzeedliplensioradiway, arashevm thdlig. 7B ahardépsh sifapecsbd aneasardng der
printed on substrate 6 are detected. Thus the. positioning status of
subst r at ing ipdicatimgopatterm holes k2pt-appeas decpdetthononaskithjrkrdes &ty 34
detects a specific pattern hole 12a, and CPU 30 cal cul ates the positional

LI}

coor di nag2® ‘6f tReexedonse veeprpthe stappedl meadaing himecingdicatihas pattegn tHude
hori zontal position of mask plate 12. In other words, shape detector 34
and CPU 38afigrempsaredswithstheppermabdimensions,nthenpasibionat deviation in the

vertical direction can be detected.

a When substrate 6 is pléced under and in cont.act with the lower face of
mask plate 12, head 13 is moved for squeegeeing. Then the upper face of mask
plate 12 is three-dimensionally measured, so that a fill-in status of cream solder
9 into pattern hole 12a can be detected. The detection of the fill-in status is
detailed with reference to Fig. 10A through Fig. 10C.

- Figs. 10A, 10B and 10C illustrate a normal fill-in status, an excess fill-in

_status and an insufficient fill-in status respectively, and also show measuring
. lines L_a, Lb and Le _o]atained by laser meaSﬁﬁhg_ devide 20. _ | .
When pattern hole 12a is filled normally with cream solder 9 as shown in
Fig. 10A, measuring line La indicates the normal height hO of the upper face of
mask plate 12 including the range of pattern hole 12a.
When patter hole 12a is filled excessively with cream solder 9 as shown in
Fig. 10B, surplus cream solder 9 overflows pattern hole 12a. In this case,
measuring line Lb reflects the surface of solder 9 and becomes different from the

normal height hO.



detecting the horizontal position of mask plate 12. Printing condition
setter 35 prepares screen printing conditions, such as a sque.eger 2[][]'-1
speed, a printing pressure (an urgi ng pal ue of squeegee 13a agal nst. mnask
plate 12), a relative rel easing speed of substrate 6 frommask plate 12
just .after the printing. These paraneters are prepared responsive to the
characteristics of a printing object. The screen printing conditions are

nodi fied or ¥hemgedtteancholeni2a fis [filldd isddfiviendet &6fH efedrSdtlderdddagd -
printing determnation result, both being detailed later. In other words,
pri nt i ngshowndhtRignl®6} heasw@ing linetlicingi@%es ipaliiAbraessivithon tApdhiyé Ng
means for nodifying the printing conditions based on the fill-in status
det ect i oof agattern Hadsl24.0n correcting section 36 (position correcting
means) corrects a positioned status based on the

posi ti oned- st Asuisaiated tbove, velserl thewippér his dfeesck phitailnashdeone the
t hr ee-di nensi onal neasuring of mask plate 12 fromits above, where

subst r at egedgee pipacstdon i@mpng diwith 8ht aotmel hapd)ehk QeRIct i;yg:s sfilplate 12.
The rel ative positions of substrate 6 to nask plate 12 in both the

hori zont ein dedletsted.i cal directions are detected, and are conpared with the
reference data stored, so that deviations are found. Finally, the

posi tioned stAtsisuttureost tled eonirol apstedx afttheosdrebANRENEhAt MfparBtiRstig at e
and mask. determ ner 37 conpares an el ectrode-pl acenent- pattern detected

by shapeddsiritmdowithdrefmbnae toipi g haFiers) CPUEE #eahfoller pbvdiih2003 13
with the reference pattern of the design data, thereby determning et her

or not subisiduat] settiomsl domstbad hére. 1 Progimhi torihg deborBlas@tasvaFibus
acceptable. Print determ ner 38 conpares the data about the shape of cream

sol der 9progiaims Isacheasr ancepeiaitivns peogcm t dfesedepndptiaring)i £ gprobeishes or
not the print is acceptable. The data has been obtai ned by neasuring
subst r at pragrand érgletecting a shape of substrate 6 and mask plate 12 from a detecting
signal of laser measuring device 20, a processing program for correcting a
positioning of suBstrate 6 and mask pléte 12; a &ete:.;minjng program at :’a'v
printing inspection, a processing program of preparing a printing condition and
the like. Data memory 32 stores various data such as, refere'nce. data for
determining a process at the printing inspection, printing condition data
prepared for respective models tpgether with printing condition library
collecting the data necessary for setting the printing condition, printing position
data, i.e., axis-driving-data for positioning substrate 6 relative to mask plate 12
by drivihg'respectiﬁe axés of subétréte-positioning—section 1, reference déta
indicating three-dimensional measuring data at the normal fill-in of cream
solder 9 in pattern hole 12a. In other words, data memory 32 functions as
storing means for storing'the printing position data and the printing condition.
Mechanism controller 33 controls operations of reépective mechanical
sections such as positioning section 1, carry-in conveyer 14, carry-out conveyer

15, X-axis table 21, Y-axis table 22. Shape detector 34 processes the detecting

signal obtained by laser-measuring-device 20, so that an ‘electrode placement



the screen print with |aser neasuring device 20. Fill-in status_.d rnnj
39 conpares the three-di nensional data about the upper face of Bhﬁﬁé
12, on which cream solder 9 has been flidled, with the reference data
stored in data nenory 32, thereby determ ning whether or not the fill-in
status of cream.solder into pattern hole 12a is acceptable. Shape detector
34 has detected the upper face of mask plate 12, where the cream sol der

was fill pattenn, aeopentrigeppttepashoworg tlie shepe pnidngliacgment df piatiesn ilwle
described. Fig. 9 shows data content of printing-condition-library. In

t hi s |i bd&ayndaa shaps nbtieam saflet heinped enstibsrats §uee getiated.s pERds thws i nt
pressure, releasing speed, and releasing distance which indicates a

rel ati vepesiiongnglstatus objubstrated withorespectrioapasit plate dGupldetectéd.a typi cal

di rension of an electrode (e.g. width of the electrode) and a typi cal

di mensi on of Bhepscdafectomad4 dedegs &hsprcifes padfernhbolendRa, pndt PTG e
pattern hol es are provided. These paraneters takes different val ues
dependi ngalenlathe theywisitainadroopetinees af ther detecid pettefh hald ¥Pe, tHerebgam

sol der 9, substrate 6 to be printed, and screen mask 10 to be used, are
desi gnat aaedsyringe the hocbntilnposition off mpkk pheet120dén asttiet veordgpishape

di mensi on of. t he mask, whereby paraneters corresponding to the conbination
are sel edetatiorTi¥d padafer30 fahetior dasmeasitpositiore ahéysypiwg anesns Toe
screen printing apparatus of the present invention is thus structured.. A
met hod ofdetastimgrthertioridontali positéer of imedkhdate Iafter. A first enbodiment - 6
NOV 2003 14 of the screen printing nethod is denonstrated. First, a nodel
i s changed i nPaintpgchistition skitae 35 Srepares sasdenlifrinking cepditodsf oucht 4ma newl y
introduced nodel, and the mask is inspected. As shown in Fig. 1, this
i nspect i 6aueegeeing spddpamprinting hressutk (Energingivaheaci sguegged 18a aghiaser
measuring device 20 is noved above
mask plate 12), a relative releasing speed of substrate 6 from mask plate 12 just
after the printing. These parameters are prepared responsive to the
éharacteristics ofa pri'nting object. The screen printing conditions are modified
or changed based on a fill-in status detection result and a printing
determination result, both being detailed later. In other words, printing
condition setter 35 functions as printing-condition-modifying means for
modifying the printing conditions based on the fill-in status detection result.

Position correcting section 36 (position correcting means) corrects a

positioned status based on the positioned-status-detection result which has been
oli'taiJ_:léd by three-dimensional measuring of mask piafe 12 from its ébové, |
where substrate 6 is placed under and in contact with the lower face of plate 12.
The relative positions of substrate 6 to mask plate 12 in both the horizontal and
vertical directions are detected; and are compared with the reference data stored,
so that deviations are found. Finally, the positioned status is corrected to an
exact positioned status.

Substrate and mask determiner 37 compares an electrode-placement-

pattern detected by shape detector 34 and an opening pattern of mask plate 12



mask plate 12 by X-axis table 21 and Y-axis table 22, thereby '
mask plate 12. The thickness of nmask plate 12 is neasured anuﬁﬁbrv %03
acceptance of the nmask is determ nedighrough the nmask inspection. Next,
substrate 6 is inspected. As shown in Fig. 2, carry-in conveyor 14 carries
substrate 6 onto substrate-positioning-section 1, then substrate- ‘
positioning-section 1 under mask 10 is noved in Y-direction (rmarked with an
arrow i nwitihgthe2yefererme putisdrmasfotheedesign dgtpadieréyndéieestinny Fhatkesabst r at e
6 drawn in broken lines in Fig. 2.) Then a width and a | ength of an

el ect r odeot substratet aid aguki plate 2 sapeléed teetheoaiparbus et adceptdider ate 6 can
be nmeasured. Atrial printing is carried out before an actual printing.

First, suppl yPrint daterswinde38onipares khetataealicht thhashapb wf ickeamgistdge® 13a
back and forth for tenpering solder 9 (preparatory squeegeei ng.) Second,
rai se Z-exilsthealdferemcofdasalasired] tharoly deterniigimewhiethierlosnot tied priubssrate 6
I s placed under and in contact wth the | ower face of mask plate 12,

t her eby aasptablei nThs bkt tatsehéen chtahsdd bphasesukthg Albstratadhé wakergbeai ng, a
positioned status is detected: To be nore specific, nove
| aser - netlsusdregn geiritoeitB Qasdraneasmitg M¢vite202, then nmeasure the position
of a given pattern hole specified.. as a detecting position. Thus
posi tional de¥ilkin etetusfdesetrnineatdd coriparasnirkthpbeidémédsionat ldath abornent al
and vertical directions are detected, i.e., the positioned status is
det ect edthdBappelr fivetdfampsls iplatenk?] ot whith detec talder 8 lead beéafilled? with axi s
table 3 and Z-axis table 5 are controlled and driven by CPU 30-and
mechani sthe veferaideedatadstoresbin data nteengrys32,i theatbyd defezhiining swietherored,
and substrate 6 is exactly positioned -6 NOV 2003 15 to nask plate 12. CPU
30 and nechthe Slhinehétud dfare@d doldertintmpatierwhbleol 24 mgncesptatde f oBhape
correcting the positioned status by controlling the substrate
detector 34 has detected the upper face of mask plate 12, where the cream solder
~was filled in.
'Next, the ‘preparation of the printing _éonditions is described. Fig. 9 .
shows data content of printing-condition-library. In this library, a combination
of the parameters (squeegeeing speed, print pressure, releasing speed, and
releasing distance which indicates a relative moving distance) is assigned to
respective couples of a typical dimension of an electrode (e.g. width of the -
electrode) and a typical dimension of the screen mask (e.g. thickness of the mask
plate) where paitern holes are provided. These parameters takes different
.values dep_end_iﬁg on the physical properties of cream solder 9.
A type of cream solder 9, substrate 6 to be printed, and screen mask 10 to
be used, are designated by the typical dimension of the electrode and the typical
dimension of the mask, whereby parameters corresponding to the combination
are selected. The parameters selected are automatically prepared. The

screen printing apparatus of the present invention is thus structured.

A method of screen printing is described hereinafier. A first embodiment



posi tioni ng means based 'on the positioned-status detection res-uﬁtNQVeﬁﬂ[B
carry out squeegeeing for filling solder 9 into respective pattern ol es
12a. After that, lower Z-axis table 5140 rel ease substrate 6 from nask
plate 12, thereby conpleting the print of solder 9 on el ectrode 6a of
substrate 6. Then inspect the trial print on substrate 6. In this

I nspection, positioning section 1 is noved again fromunder mask 10 to the
subst r at ef theeagreen pyintosg nieshod andemonstaded 6First,td neglel isrehsh@bid ¥
measured fromits above by device 20. Wien this inspection determ nes that
the prinpredustion kise. aSaregn abhek 10his mepatédifpretindhbwinntaousel giodbned
properly. Then an actual print starts based on the proper printing

condi t i onsd the seaginis inppendedenis showhensRipetnthis inspdgiontt kagriéd out by
denonstrated here. First, as sane as the first enbodi nent, a nodel ‘1s
changed #hteadinmmuisjonal mheasiudeg] g éhsdrsmpasuringaddrics @0t isomokvbAaboder een
mask 10 is nounted responsive to the new nodel. Substrate 6 is positioned
to mask piaskeplafe bRfigr B-axis tablal2lpand¥-asiscabld 22, thsreby MidhsheRigt in@BkNy i S
carried out by driving substrate- positioning-section 1 based on the

pri nt - poplatedi2: ddtte thidmeds iofi niakeplatad? ys Bhasused bhdtasageptai ¢ the

raised by Z-axis table 5 while being positioned in the horizontal
di rect i omaskrid detexahingd shamegh thderashridspeetiomnt act with the | ower face of
mask plate 12. Next, a mask position is neasured. As shown in Fig. 8A, mask
plate 12 is Nexbesulbistrans Basdhbyeateds uAsdhbwanin Fip. 2heufrybih eonvieper 14
| aser-nmeasuring device 20 above screen-mask 10 with X=axis table 21 and
Y- axi s t e Bubfinase Shenbor sulestrate-pasitivhimy-edctivaskKl, pkhes $dbsisate-
measured. This horizontal position can be neasured also by using a
speci fi cppsitiocame-segtonlParfder mpask tlilois- measd inny:diretioby(m@dad with an
posi tion-neasuring-dedi cated hole. -6 NOV 2003 16

arrow in Fig. 2) to a substrate-measuring-position (section 1 and substrate 6

drawn in broken lines in Fig. 2.) Then a width and a length of an electrode,

- onto which a printing is carried out, formed on substrate 6 é_a'.n be measured.

A trial printing is carried out before an actual printing. First, supply
cream solder 9 on mask plate 12, then shuttle squeegee 13a back and forth for
tempering solder 9 (preparatory squeegeeing.) Second, raise Z-axis table 5 of
substrate—pqsitioning—section 1 so that substrate 6 is placed under and in contact
with the lower face of mask plate 12, thereby positioning substrate 6 to mask
plate 12.

- After the positioning; a positioned status is detected: o be more specific,

move laser-measuring-device 20 above mask-plate 12, then measure the position
of a given pattern hole specified. .as a detecting position. Thus positional
deviations of substrate 6 from mask plate 12 in the horizontal and vertical
directions are detected, i.e., the positioned status is detected.

Based on the positioned status detected, X-axis table 2, Y-axis table 3 and
Z-axis table 5 are controlled and driven by CPU 30 and mechanism controller 33,

so that the positional deviation is corrected, and substrate 6 is exactly positioned



and squeegee head 13 is noved so that creamsolder 9 is filled i
hol es 12a, and as. shown in Fig. 8B, device 20 is noved to neasure the
pattern hole 12a which has been nmeasured as a neasuring point before this
printing. Thus.a horizontal shift of mask plate before and after the
printing, i.e,, a positional deviation "d" of mask plate 12 due to the

pri nti ngbeaweiskplate 1t eCPEL30 afillimedeuiiani matailer!®s fimeliohasroattslleflg Wi th
respect to a plurality of squeegees 13a in respective sequeegeeing

di r ect i opeanFhéomprdontechiog tthen positicectedtitasedy eontlolligevilat iwbstata i s
stored in data nenory 32 as a new print position data. Based on the data
about thpoptishingmahnddased bnrithd poeiticedd-dthrsdddtactddbhessult.han pri nt
position data, e.g., a data contributing to the positional deviation of

the mask pl at'Chexanarie omvdiqueegecihg for Hillingosodder Gefito Medpectivd hattshn f t ed
by squeegee 13a, thereby producing the deviation discussed above.

Ther ef orbolea 1% esAfiier thatyiloges fheeigemblss tor rale SRUSEILLAR0E FRAE nhsSk
changed, thereby restraining the positional deviation. Wen substrate 6 is
r e- posi t plated 2ptisrdbp cotipde timgvtle print pdsoeldend otiadlactreds 626f Sahstihe ¢.ri al
print is carried out again. To be nore specific, after the print the sane
as, the previGhenoimspethetheadkighoprintooni substasty 6] adai khis \Mgpectidnexact
mask position is confirmed, substrate 6 is released from nmask plate by

| ower i ngpdsitighing abdteor.l Fhusowd dgaind filosn axalel| mapki 10 @9 1R sehRedteode 6a
of substrate 6. Then inspect the trial print on substrate 6. In this

i nspect i Measupoginastirdmoand cubsirate BsisnhvesdagansiohalynmegaredesdmL4@st o t he
substrate- nmeasuring-position, and substrate 6 is three-dinensionally
measur edabevenby devicatitie Whenathes inspertionniptdauine 2t thberishimtusigect i on
determ nes that the print status is acceptable, an actual print starts. As
di scussedceeptalde, thre proging condiviinsemte déterivned peepeyly.i Thay ameiadtodl

Then printing is carried out. Squeegee 13a is urged agai nst mask @l
B R0 2003

pript starts based on the pi'oper printing conditions.
| A second embbldinie,nt of the screen printing method is demonstrated hei‘e.
First, as same as the first embodiment, a model is changed and a newly
introduced model is put on a production line. Screen mask 10 is mounted
respoﬁsive to the new model. Substrate 6 is positioned to mask plate 12 before
a trial print is carried out. This positioning is carried out by driving substrate-
positioning-section 1 based on the print-position-data stored in data memory 32,
so that substrate 6 is raised by Z-axis table 5 while Being positioned in the
horizdntgl direction, and finally placed under and in contaéf w1th the lower fécé |
of mask plate 12. | |
Next, a mask position is measured. As shown in Fig. 8A, mask plate 12
is three-dimensionally measured from its above by moving laser-measuring
device 20 above screen-mask 10 with X-axis table 21 and Y-axis table 22. Thus
the horizontal position of mask plate 12 is measured. This horizontal position
can be measured also by using a specific pattern hole 12a for position-measuring,

or by measuring a position-measuring-dedicated hole.



-6 NOV 2003 17 includes the foll ow ng steps: \Wen substrate 6 i§_508k8%02683
to mask plate 12, the horizontal position of mask plate 12 is ne#s , &\
t hereby obtaining the positional devil#tion of mask plate 12 due to the
printing action. The print position data at actual printing is corrected
by that deviation. As a result, the deviations due to deformation of mask
plate 12 over_the tinme and | ooseness of nounting the mask plate 12 can be
corrected. QUAPPRPrEting isgamisdtoutny Setieagee 83w ianrgad againsumasht@latabl e. A
third enbodi nent of the screen printing nmethod of the present invention is
denonst r d¢ctnhepuecegger bead d3rigdupved seithat erbaam dokdereivisritletl inspatitetit oduced
in a production line. Screen mask 10 is nounted responsive to the new
model , ahelesH&anask assshovep e tag. SRsdetionA0iin nFivpd (b, mehiwrd thepeatténn i s
carried out by three-dinensional nmeasuring, i.e., |aser neasuring device 20
i s rovelokbbiae whiek hascheenimepyunedass o mabbering poamiobefors ithist phihting22,
thereby, nmeasuring mask plate 12. The thickness of mask plate 12 is

measur edThHE ahorizopspl ahife offmable matk hiefordeard mftmd thé poigting,hi.s., sk

i nspection. Next, substrate 6 is inspected. As shown in Fig. 2, carry-in
conveyor Pasjtional dedstiondt né sk plate 12ubss tathe pristinigoattiog: meddteced. 1, '
then substrate positioning-section 1 under mask 10 is nmoved in Y-direction
(mar ked Whishdewiation ofkhe maskgis mpasured withstespeas-toweslurality pbsjudegaes
(section_l and substrate 6 drawn in broken lines Fig. 2.) Then a width and
a | engt h18a 1 Fegpectiviecthgueegening whieshionspr Theiprint positionicerrested basedred on
substrate 6 can be neasured. The procedure of the third enbodi nent up to
this poi ¢ the deyiationatads stoved o datamamexyt 32 ab adieveptint Posittoppdatal

di mensi on of the electrode and the thickness of mask plate 12 are found.
Then the par aHased en ghe geinabowt thmnpositional devipripndetepted tiietdata-other

than print position data, e.g., a data contributing to the positional deviation of
the mask plate, can be mddiﬁed. In other words, mask plate 12 is shifted by
équeegee 13a, thereby producing the deviation disc_ussed above. 'Ther'efdre, a |
pressure urging squeegee .13a or a squeegeeing speed is changed, thereby
| restraining the positional deviation. |
When substrate 6 is re-positioned based on the new print position data
corrected, the trial print is carried out again. 'Ib be more specific, after the
print the same as the previous one, the mask position is measured again.
When an exact mask position is confirmed, substrate 6 is released from mask
) -plafe by quering 7-axis table 5: Thué“s,o'lc,ier_ 9is éxdqtiy pr_inted' on .eleci;rqde g
6a of substrate 6. | |
Then inspect the trial print on substrate 6. In this inspection,
positioning section 1 is moved again from under mask 10 to the substrate-
| measuring-position, and substrate 6 is three-dimensionally measured from its
above by laser-measuring-device 20. When this inspection determines that the
print status is acceptable, an actual print starts.

As discussed above, the second embodiment of the screen printing method



library are read based on a type of cream solder 9 already input, data of
substrate 6 and screen mask 10-both the data have been neasured.-BhNQY 2083
2003 18 paraneters are used in the trigf printing. At the trial printing,
first, supply cream solder 9 onto screen mask 10, and shuttle back and
forth squeegee 13a to tenper solder 9 (preparatory squeegeeing). Then

raise Z-axis table 5 of substrate-positioning-section 1 so that substrate

6 i s pl acedudedé¢he doldowingcsisp@ct Wikieh suliasia te ek g ok RioNdX o, mﬁﬁk?lame-gee
head 13 on mask plate 12 to fill solder .9 into pattern holes 12a. In this

status, rirechdrzmrtaipasitionnof dewkeplade Hbey endmsited) Mreby dRalfheGhe! he
fill-in status of solder 9. Based on this fill-in status detected, the

printi ng poeidordlodsviation cfrimask qslate 10 &g ABrtheSPAttihCactich. t MEhL sEtof an
excessive fill-in status, nanely solder 9 overflows pattern holes 12a, a

print pregssitien dhttuhtl abimal peheasetd doredted bgrnbat delidtione 2aser&fult, the
insufficient fill-in status, e.g., the print pressure should be | owered.

These cordevistiomsdoé tb Riefamhatior of didskoplat@ne dREeLbaIsaE LN RHBSHAJIEN al
values stored as data. The print conditions corrected are stored I n nmenory

32,  t henmabyntipgahe ngasihplaie i12tcatdidedrranied. AQhRLity PeindWitho&OREY biRfts are
updated, the trial print is carried out again. Wwen the fill-in Status is

det er m natbviatameis diuddbtaidablel print, Z-axis table 5 is lowered for
rel easing substrate 6 frommask plate 12, whereby solder 9 is printed on

el ectrode 6a of thihbtembedihenthef thubséredhepbintite raomRdt B Mol Predeht
I nspected. In this inspection, positioning section 1 is noved again from

under  ndskeftion ds omonstratedherare dvst, aompddibichangeddndUPsbwaheds! isS
three- dinensionally neasured fromits above by device 20. Wen this

i nspect i antradetced im meprdduation fitnepr iSeteat Aiask 1GiswoantablaspohbveRBIthEet ers
of the prllnerl:r model, and the mask is inspected. As shown in Fig. 1, this inspection is
carried out by three-dimensional measuring, ie., laser measuring device 20 is
| moved above masi: ﬁlate 12 by X-axis talble‘ 2.1 and Y-axis tabie ‘22, the‘reby
measuring mask plate 12. The tiﬁckness of mask plate 12 is measured and an
acceptance of the mask is determined through this mask inspection.

Next, substrate 6 is inspected. As shown in Fig. 2, carry-in conveyor 14
carries substrate 6 oﬁto substrate-positioning-section. 1, then substrate-
positioning-section 1 under mask 10 is moved in Y-direction (marked with an
arrow in Fig. 2) to a substrate-measuring-position (section 1 and substrate 6

 drawn in broken lines in Fig. 2) ‘Then a width and a length of an electrode,
onto which a printing is carried out, formed on substrate 6 can be measured.

The procedure of the third embodiment up to this point is the same as
that of the first embodiment.

The typical dimension of the electrode and the thickness of mask plate 12
are found. Then the parameters of printing conditions in printing-condition-
library are read based on a type of cream solder 9 already input, data of

substrate 6 and screen mask 10—both the data have been measured. The



conditions read out are determ ned proper, and these par arre_ters_aﬁ?lw 2@3
an actual print and stored in data nenory 32. If a defect is fou t

i nspection after the trial print, feed8back process of the print
condi ti ons works based on feed-back data stored in the print - 6 NOV 2000
19 condition library. In other words, the inspection result outputs

cach of oREraREer et B i R e o Comphred wiih the feference’
(ot or ence. val SLU FRUSERin isE-Rumnly bipm o liar S Pereen Aratial Sme e
Co the asbhls dRER 'ori el "tatesges Sfn. b Steabeoriiin 3 niovamsabon and
i ch ha R SRRy  TERR CTALSE 2y Rh8 Tab|o 81ty By ARG RS ERIT S i i
Ctati st B opPR e e Ao st s uonBtats vigh e plale 1) SHost vt | n i he
Cor r oot etussrgt fand: £ dp SppRaTele L2k elfiscider Shep prsepnibales Lo 11 s
coopt abP S SR B lac SRR ERES ), bPHe STk pLote i o driect e | edl

back at given,interyvals, npanely, substrates 6 undergone the print process
are inspgyflgftﬁglsaoé\ﬁot%ré% on sanpling base. The data are collected from

s RN RN A
Thr ough (e BPECEREREC by Ehe #sd AL Sy ERasrivy Fin Sfasur. Samely saldPEd due o
tenperat H{;eerfﬁ%n@aq;tellnhﬁol%iﬁta, %OI%{{IE ipggsssu%g ghg&_ldai)gva u¥csre§§epdt for Instance.
In the case of insufficient fill-in status, e.g., the print pressure should be lowered.
These corrections of thé prmt cdﬁditions are madé baée(i on experimental values
stored as data. The print conditions corrected are stored in memory 32,
thereby updating the pfint conditions.
Aﬁer the print conditions are updated, the trial print is carried out again.
When the fill-in status is determined proper at this trial print, Z-axis table 5 is
lowered for releasing substrate 6 from mask plate 12, whereby solder 9 is
printed on electrode 6a of substrate 6. Then substrate 6 undergone the print is
' i:nspe_cted. In this inspection, positioning sectio:n‘l. is moved agéiﬁ &om up'd_er'
mask 10 to the substrate-measuring-position, and substrate 6 is three-
dimensionally measured from its above by device 20. When this inspection
determines that the print status is acceptable, the parameters of the print
conditions read out are determined proper, and these parameters are set for an
actual print and stored in data memory 32. |
If a defect is found at the inspection after the trial print, feed back process

of the print conditions works based on feed-back data stored in the print



proper range. As a result, quality print can be nmaintained. As di
above, the screen printing nethod of the present invention carriﬁywczmp

foll owi ng procedure: First, neasure na&k pl ate 12 undergone a squeegeeing
operation fromits above in a three-dinensional way, so that the fill-in
status of creamsolder 9 is detected. Then based on the detection result,

-6 Nov 2003,.20 t th i nt diti . As I t,

compl | catCRIEEPRTBREY., I iSHhER 6 e e HEDCAR ROtk UL nOR R g es by
skilled ¥vor kers .car% be done w th, ease, and &lhe ri.nt conditions can be

pr epar ed “WTHGHEY }gﬂﬁr%}"g‘rﬁsa?ﬁﬁ‘% L¢3 Rript beishi pd eack electensden; ddwme. 1 n

t he enbodi nent s,di scussed above, ap open type squeegee head havi ng

boar d- s hMréﬁée@@ea%ﬁowafﬁ%&lah%v@fgp%ﬁ% H%%@’éfépﬁ% ASSP¥ApEeY
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correlation are also stored in the print condition library of data memory 32. |
| After the print conditions are corrected, another trial print is carried out,
and the print result is inspecfed. An actual pz_'int stérts afber the print fe'sult is
determined acceptable. Throughout the actual printing, the print conditions _
‘are fed back at given intervals, namely, substrates 6 undergone the print process
are inspected by device 20 on sampling base. |

The data are collected from the inspections, and deviations from the
reference values of respective inspection items are found, thén some of the
parameters, if necessary, are corrected, thereby changing the print conditions for
the actual prmt Through th1s. prOCec_lure,'e{'en if the viscosity of 'soldef' 9is -
varied due to teniperature change, the print conditions can be always kept in a

proper range. As a result, quality print can be maintained.

As discussed above, the screen printing method of the present invention
carries out the following procedure: First, measure mask plate 12 undergone a
squeegeeing operation from its above in a three-dimensional way, so that the

fill-in status of cream solder 9 is detected. Then based on the detection result,
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three-dinensionally neasured fromits ove, thereby detecting a fill-in
status of the cream sol der. Based on t detection result, screen print
conditions are corrected. Therefore, the print conditions can be prepared
easily without “dispersion. 6 NOV 2003 21 What is clained is: 1. A screen
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while pressure is applied to the cream solder, thereby filling the cream solder

into the pattern holes.

| In short, according to the present invention, the mask plate, to which a
substrate is positioned, is three-dimensionally measured from its above, thereby
detecting a positioned status. Based on the détéctiqn result, the posi'tioned_'
status is éorrected. Therefore, an exact positioning can be always expected and
stable print quality is obtainable.

A horizontal position of the mask plate, to which the substrate is
positioned, is measured before and after a printing action, so that a positional
deviation of the mask plate due to the printing action can be meésured. Based
onl the detection result, print condition data is corrected. Therefore, an exact
pﬁnt'boéitioh'is always :majntajnab'le. '

A screen mask, of which pattern holes are filled with the cream solder, 'is
three-dimenéiona]ly measured from its above, thereby detecting a fill-in status
of the cream solder. Based on the detection result, screen print conditions are

corrected. Therefore, the print conditions can be prepared easily without

dispersion.



Abstract A screen printing apparatus prints cream sol der through a pattern
hol e of a mask plate, to which a substrate is brought into contact, by
sliding a squeegee head. The mask plate, to which the subst ralﬁeh{)@v 2003
positioned, is three dinensionally nmeasured fromits above, thereby
detecting a positioned status. Based on the detection result, the
positioned status is corrected by driving a substrate-positioning-section.
As a result, the substrate is always fi(actly positioned to the nask plate,
and quality print is thus maintainable.

What is claimed is:

1. A screen printing apparatus comprising:

(a) a substrate positioner for positioning a substrate relative
to a mask plate having a pattern hole;

(b) a three-dimensional measuring unit for detecting a
positioned status of the substrate and the mask plate by three-dimensionally
measuring the mask plate, where the substrate is positioned, from above the mask
plate; and

(c) a control unit for signaling said substrate positioner to
change position of said substrate based on a result detected by said three-
dimensional measuring unit,

wherein the mask plate is brought into contact with the
substrate, and a squeegee head is slid on the mask plate for printing paste on the

substrate through the pattern hole.

2. The screen printing apparatus of claim 1, wherein said substrate
positioner includes (a-1) lift means for raising and lowering the substrate with
respect to the mask plate and (a-2) horizontally moving means for moving the
substrate horizontally with respect to the mask plate, and at least one of the lift
means and the horizontally moving means is driven by said control unit based on

the result detected by said measuring unit.





