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 -

, 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



- 6 NOV 2003 2 an object to be printed. For instance, a squeegeal @ggmmga
on the screen nmask, a pressure urging the squeegee against the scCr

and other parameters are to be prepar@d depending on the characteristics
of the object to be printed. These printing conditions have been set by
skill ed workers based on their experience and personal know how. |n other
words, before actual printing starts, fill-in condition of the cream

sol der i €1 plypeictoce FintedhufEr ingiancena squeegeaingsiperd org tht ageenthask t he
condition is corrected by the skilled worker based on the experience and

i ntui ti ot PHESEURR MEgINgdhe adieegenagainst theiscreanunisly andreihar edratdeveer |
even if these conditions are adjusted correctly, the substrates are not

al ways p@dP{P HadaeRaresk dapepding emsherabarastaristicatof ahe vhjecpto bbiprintedTher e
are di spersions on di nensions of the substrates, aged deformation of the
mask plate, ardese®suragcadiionnhaebeewe setak skilletiavorliees dated batheirwoul d
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 extemtPYHEIN AR pﬁ these conditions are adjusted correctly, the substrates

are not always positioned exactly with the mask prlate 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.



As a result, even if the substrate is correctly positioned, the novenent of

the squeegee at every printing deviates the mask plate rel dagj f he
substrate, and a printing position cannot be exactly maintai rg?“ny I‘@\Dg

2003 3 In these days it becones difficult to keep the skilled workers.
Further, limted production of a variety of products becones nore popul ar,
thus the printing conditions nust be changed frequently at every nodel
change. Since the printing conditions,are nanually prepared, the frequent
changes take tinme and | abor, which, as a result, prevents the productivity
fromin‘provinglil Once the printing _conditions are set, the fill-in condition

of cream sol dé® these dasts Wdweemesidiffiqudpto keemthe peitlad swokiers. c Fastles ol der
h h i that, th inti lity b table. As
suen ¢ nagled Biodishn GEacustigyi of Ridutty, BPedns mdre PoBHBR-IR hSas (1)
. Lot ST . pooac &2 L
P NGRS, SO0 ABRIEKSAMTE Bl (e el

condi ti otise pHutingroonditidiiseadenvianoaldn pldpairdd, ehenfrequine thhfgesaglteasnes t he
probl ems di scussed above and ainms to provide a screen printing apparatus.
Posi t i onahd daharawhinh, a3 a zeslb prevents thegroductivilyifrpindmprowmgbe prevent ed and

Bopar at b andCifG (he PROKE ABNAIgS grs sctetin Gy SPPOIONGT ERgtoBIdRaInL ai nod.
. g rrpN?:/ 3 (2328? Hg&ﬁ?@i%&&ﬁgﬁ%ﬂé w@eéﬁﬁgs SRRAERLS sQlef Bffade§ SRR hOGRE! &
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.



(a) substrate-positioning-nmeans for positioning a substrate relatively to a
mask plate having pattern holes; (b) three-di nensional measuri_r‘& sz[j[j)g
detecting a positioned status of the substrate and the nask pl tm

t hree-di nensional |y neasuring the mask plate, where the substrate is

posi tioned, from above the mask plate; and (c) control neans for signaling
sai d substrate positioner to change position of said substrate based on a
result detected by the three-di nensi OQ@I ly measuring 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
t hrough the pattern holes. 6 NOV 2003 5 The present invention, having the
structures or Teepgeen spustagd apparatys of ethei prsenthénfentioawco@peidesanhages:
(1) The nask plate, to which a substrate is positioned, is neasured from

i ts abovdollowing elpmestsyi mensi onal way for detecting the positioned status,

ond, e postgnethoBlehsSbAmERtASE B PRSASER ¢ AtBL BRRR R L 0%,

printing AR N5cHER} ) Byt zontal position of the mask plate, to which
a substrate iﬂsI Sositr}goéecf, |hs SFnaasured before and after a printing action,

so that a posib) tned-ditestistdriad mersuting menms Hopedeetiniga positidredptatns bfig
action is neasured. Then printi ng-Bosi tion-data is corrected based on this

det ect i oithe substrate tandr dipy meskpplate biiethegerdimpndionally messsting dhe 135k A
Squeegee Pl Waerbdhe sl Tehosiiie Hrom e BBt iinibtse M noans. fof
det ecting (¢) control means for signaling said 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.



a fill-in status of the cream solder. Screen printing conditions are
corrected based on this detection result, so that the printing N i

can be prepared easily w thout dispersion. -6 Nov 2003 6 Brief'% D\Lfﬂtﬁ]ﬁ
of the Drawings Fig.1 is a front view of a screen printing apparatus in
accordance wth an exenplary enbodinent. Fig.2 is a lateral view of the
screen printing apparatus shown in Fig. 1. Fig.3 is a plan 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.5is a block diagramillustrating a structure of a control system of
the -6 NOV 2003 7 screen printing apparatus shown in Fig. 1. Figs. 6A, 6B,
7A and 7B il | U%er ptesertoimvantios) havimgdtlst atrustutes detséepisedisatissed catane,
printing b)i_the screen printing apparatus shown- in Fig. 1. Figs. 8A and 8B
i |1 ust r atedlizenthefoloxgng adyandages:i onal deviation of a nask plate at screen

ot & of “(Darhs fredf PR Bickri s BB s ROy cmeSied ot B eeYRg
appar at Uy §hevR- dithehk@nal wal 85 detjegﬁn% %%ﬂoﬁ@&sﬂa{dsu ahd %@g@ﬁﬂoﬁ@d det ect

afill-in status at screen “printing e screen printing apparatus shown
in Fig. anielsacdeecte® basedonoheadetéditon rasalit $o0thabranewerse | pisiti@iigds ment  of

the present invention is denonstrated with

always carried out, and as a result, quality printing can be kept.

(2) A horizontal position of the mask plate, to which a 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 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.



reference to the acconpanying drawings. First, a structure of a screen
printing apparatus is described. Fig. 1 is a front view of a screen
printing apparatus in accordance with the exenplary enbodi ma.rBNe\bzg{]as
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 neans for positioning -a substrate, is formed by placing O
-axis table 4 on top of a noving tabl and further, placing Z-axis table 5
on top of table 4. The noving table conprises X-axis table 2 and Y . -axis
table 3. Ontable 5, substrate-holder 7 is provided, which holds upwardly
substrate 6 clanped by clanp 8. Substrate 6, an object of printing, is fed
into substrate positioni nBrief@edsoriptionyof theDyawimgsonveyer 14 shown in
Figs. 1 and 3. The position of substrate 6 can be adjusted by driving
substrate - po$igldhiangorlevieronf a screndarigmgepnetis da accendpaes with @1 s

transferr carrny-out conveyer 15. Screen mask 10 is di sposed above
posi ti onFﬁgmBgaﬁi%H}%ﬁm%%k 10 is formed by mounting nmask plate 12 to
hol der 11. Sulpgd 03} § 15tekad vRAS oF HRN&GediPprinén te 12 by
posi ti oni ng sggéi on 1, ang br ought u?)walr)%?y é\lgn}\t{%ég%%tsggﬁ\?\nhtfﬁéﬁr’msk pl ate
12. Above masKidB.is aglecgieew tfhed screbd printitigsappacrdus sledwit Figead 13 can
shuttl e back and forth in a horizontal direction. Wile substrate 6 is put
under and i nFépftisce parspective vieweef faadasenfmeasukingl dedcadn theessresol der 9

(paste) is__.supplied onto nma | ate 12. Squeegee 13a of head 13 is pl aced
on mask PR lggagggagﬁeﬁlqu@?ﬁggl.t hat solder 9 is printed on el ectrode 6a

f to Fi 3% : j t i ded
ek pl ate 19TiEd i AT SReRPAIGRanD st Bt onfiof Systé, da, Ced o
t hr ee-



di mensi onal neasuring neans, is disposed. As shown in Fig. 3, L pr 2903
nmeasuring device 20 is novable horizontally in X, Y directions @ raxi

table 21 and Y-axis table 22 as well &s novable vertically by Iift neans
23 (refer to Figs. 1, 2). 1n' other words, device 20 is lowered to a
measuring place by driving lift. neans 23. X-table 21, Y-table 22 and lift
means 23 functign as noving nmeans for noving | aser-nmeasuring-device 20.
Laser nedStRovRriaEnEe@panatisshowmn fukig lons, one is to neasure a vertical
di spl acenent by irradiating |aser beam and the other is a scanning
function of s\%aﬁr%gﬁlé, TAsed TBrillustantenhopaspositioned skatuY idide¢edtedns. Fig.
4 is a perspective view of device 20. As shown in Fig. 4, irradiating

poi nt P issresaapinetingibytthe scresasprintingreppgeatRs shoenelyFigetlect i ng _
sequentially the vertical positions. o. f the object's surface within range
R As a resul tFiga $4rayel $Endhsitoatal hewapemehstiea phgitichalcdavibeiodesat ed.
Device 20 is noved by the noving neans with respect to substrate 6 and
nmask pl atagplaipat @b@eenrmrinﬂiaggs the sexgentpranting appdrataskhpvatie Big. iln any
ranges can be _neasured fromtheir above in a three-dinensional way. Then
the det ecti on Idat 8 showsi deth of lipranyest supen heiwtng denditidnsgofetlecteeda 6a
(features  of substrate 6), pattern holes 12a (features of mask plate 12)
and the oaang apparagusichornds Bigdet ecting the position. As a result, a
hori zontal -position of mask plate 12 can be detected. In other words,

| aser neasuri A8kl el OB andnliC disstaatertisk tp detedtenfillinasatiangt smess f or
detecting the horizontal position of mask plate 12. Devices other than

| aser meddurtingbuihe serepn priniieg agparatus shawniedSgr ing neans) can be used
as nmask-position-nmeasuring neans, e.g., features such as

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



the positions of the features can be recogni zed through i mage-p
Further, substrate 6 undergone a screergprinting is taken as a neasuring
object, and | aser nmeasuring device 20 neasure substrate 6 in a three-

di mensi onal way, -thereby detecting a shape of cream solder 9 printed on
substrate 6 in_a three-dinensional way. As a result, the print can be

i nspect edmask pdate 32 pygiositiming dectipr Lnawd bavwslrtt wekasdlydeto Sontadt &ith -
determ ned whether or not they are acceptable. Wen substrate 6 is
positione@la\ﬁkmiaﬁeek%ect to mask plate 12, i.e., substrate 6 is positioned
to mask plate 12 in the horizontal direction and placed under and in
contact with tfeoveoweskf 3Q.esqphcegrskhqadatld ik2dispbeed Buek-thaE&idons! can
measuring is carried out fromthe above of mask plate 12. As a result, a-
posi ti oneshuttlethackoand foethibt @ bivetontuliditectionhe Mehilabubstrdese id pagunieh
reference to Figs. 6, 7. Figs. 6A, 6B and Figs. 7A, 7Billustrate two
types of pediinicontany wishdbedoweFifgce 6P mdskusiataties cidiah dollder 8|(BhsteF is
position of substrate 6 to mask plate 12 deviates, in the horizontal

di r ect i onsuppiedtdrgr maskiplatpdet eSqubeee 1Raof headl 3 iepiadddoPasistislags on
el ectrode_6a_of substrate 6, and gap "d" is produced at the edge of
pattern hbZ.dhenglidyerthatisobles Qs painted vaadevtesidfa (rfar toEigs 8) fortheddstyi Ce
20 in a three-dinensional way, as Fig. 6B shows, an extra recess -

i ndi cat i ngphsieatd $wiamiadterariwlemt 2eproridéd em neasloplagpgars on a recessed -6
NOV 2003 10 neasuring line which illustrates a cross sectional shape of
what is shown Abpvei gnasleAl0THaser-oreasuningrievives 2Gaduwnictigningnead stieapar ed
with the normal one, a positional deviation in the horizontal direction can
be det ect@ensional measuring means, is disposed. As shown in Fig. 3, laser

recognition marks provided on nask plate 12 can be shot by a ca e
: ; i Y oo Rdfied003

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



Fig. 7Aillustrates that the relative position of substrate 6 t©o nﬂm,p

12 deviates in the vertical direction. In other words, elect rode66a 0 2%3
substrate 6 is not exactly placed under and in contact with the |ower face
of mask plate 12, thereby producing gap "c". Wen. this status is neasure
by device 20 in.the three-dinensional way, as shown in Fig. 7B, the depth
of recessed neasuring _line-indicating pattern hol e 12a-appears deeper than
mask t hi ¢&geldng the peyitiqyap As aTieenbf erlyrizdnéal pomtion efpeaslnphtariongd i ne

i ndi cating_pattern hole 12a is conpared with the normal dinmensions, the
positiorﬁéﬁ defegtest-i on in the vertical direction can be detected. Wen
substrate 6 is placed under and in contact wwth the | ower face of mnask

pl ate 12, -hedd othérswepdsdlaser mepsveieedayice Tk fundiionspae midsposifionask
plate 12 is three-dinensionally neasured, so that a fill-in status of cream
sol der gepppungameans fuyl defiedingathbehokz@dnkdositien deft evdskoplate 1Be
fill-in status is detailed with reference to Fig. 10A through Fig. 10C

Fi gs. 10Revires other thanilabes mensarmgdeviee 20 (thren-ditmehsRnah measehsy
fill-in status and an insufficient fill-in status respectively, and al so
show meawgrnagcin besuded, as maskipesitiobimeamuingy nese; enpafativeg siehi oo 20.
Wien pattern hole 12a is filled normally with cream sol der 9 as shown in
Fig. l0oAecagadion marks peotided i wask platec] 2 onmhe shet dyta bfinefa them thper
face of mask plate 12 including the range of pattern hole 12a. \Wen patter
hol e 12aPesitiens pEthesfeatuarsis\nambariachguized themigheimfeprabasingi . Fi g. 108,
surplus cream. solder 9 overflows pattern hole 12a. In this case, neasuring
line Lb refl| efuefhensubginase 6 widergbuen serepydpiintioges takd:f es enhedsuving he

normal hei ght hO, 11 6 NOV 2001
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_g;s.' 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



When pattern hole 12a is filled insufficiently. with cream sol d'eﬁ N&V 2[]@3
shown in Fig. 10C, neasuring line Lc indicates a partial recess within the
range of a pattern hole 12a. As di scugsed above, when the upper face of
mask plate 12 undergone the squeegee operation is conpared with the normnal
shape, the defect types of fill-in can be detected. A structure of the
control systemof the _screen printing apparatus is described with

r ef er encEaasuping lime wiiclrillistmteCRUre® sestianabstiayel dfavhaioiseshoigin Fig. -

i ndi vi dual sections described here. Program-storing section 31 stores
various 6 odrherefozacivhan, thim nupensirigoingiogrmpardd wittete poimntl oge, &
processing , program for detecting a shape of substrate 6 and mask plate 12
from a dpessionaldesiatioalindhe lmsizontelalivadtivg ceviiecdetdbteda processi ng program
for correcti n%.a ositioning of substrate 6 and nask plate 12, a

det erm ni ng pregyr stratesphiah the gelabive qeisition ofsybstesiest by npskoplate of
preparing a printing condition and the like. Data nmenory 32 stores various
dat a such2gleviates in the vextited divcticet efmbtliergvardsy deetyed@Bba tolf eubstirats &9

i nspection, printing condition data prepared for respective nodels

t oget her isspethexactin plaged vmder and ihidontadt withlthe dowegfichafdaask peaeggary for
setting the gri nting condition, printing position data, i.e.,

axi s- dr i thengosaaradfieingpgap ‘c'oniMbes thit states Gs meéasure doyt devies l2(pimitke 12 by
driving respective_ axes of substrate-positioning-section 1, reference data
i ndi cat i Hereerhawensionalsivay s sheninrfigd §Ba the depeh ndrreadssbilltheasurdhig cr eam
solder 9_in pattern hole 12a. In other words, data nenory 32 functions as
stori ng heansnefinatingopattern helepil2ntiapgearsiedpen thananaskl thivkress (it g

condi tion. Mechanism controller 33 controls operations of respective

nechani c82P “Sect Thersienee when ths stappeilnyessming ding, indicating pattiern dyods 14,
carry-out _caonveyer 15, X-axis table 21, Y-axis table 22. Shape detector 34
processed2a e cgpnaredith the normal dimensions, the positional 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.



si gnal obtained by |aser-neasuring-device 20, so that an el ectrode

pl acenent -- 6 Nov 2001 12 pattern, an opening pattern showi ng-BhNOM?@]Q
and pl acenent of pattern hole 12a andia shape of cream sol der printed on

substrate 6 are detected. Thus the. positioning status of substrate 6 with
respect to mask plate 12 is detected. Shape detector 34 detects a specific
pattern hole 12a, and CPU 30 calculates the positional coordinates of the

detect ed patt &lerhglagtetBaholeht2ehy filteh snmiffigientle. Rt Rl sdd@si bi & -of
mask plate 12. In other words, shape detector 34 and CPU 30 function as
mask posshown indtigul0@gmeasnsng dine Idsindiditega paetiAbrdceevdhiRehé thege of
mask plate 12. Printing condition setter 35 prepares screen printing
condi ti onfa patizhndml@l12s.queegeei ng speed, a printing pressure (an urging
val ue of squeegee 13a against mask plate 12), a relative rel easing speed

of substrate Asfdiemssedkbpvgtvehdtheiapper fick of rhdkk platdtiRnthdelBe8Ethe
paraneters are prepared responsive to the <characteristics of a printing

obj ect. Ftreceppreporgtionis suinpordivithihe avemabehihedhe defebangatbianad on a
fill-in status detection result and a printing determnation result, both

bei ng detam bedlckedted. | n other words, printing condition setter 35
functions as printing-condition-nodifying nmeans for nodifying the printing
condi ti ons badestracturbeoff thd cbntrel aysiendeffegticl Streb SpthihitinPOFPdrabus is
correcting section 36 (position correcting neans) corrects a  positioned

stat us bdesatilmd with rdeteniconedigt At Ul Bt AR 3R tordtblEr BaserRees
obt ai ned by three-di nensi onal neasuring of mask plate 12 fromits above,

wher e subsdivitual Gettioms desmtiheddesrean PropramnitositgwetHoh B 10 vid6gs of
plate 12. The relative positions of substrate 6 to mask plate 12 in both

t he hori poograimsastichvas,t anabpeliatat peograai cofdetiRehefringing, a4 eproesgaaied with
the reference data stored,
program for detecting 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 dietector 34 processes the detecting

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



so that deviations are found. Finally, the positioned status is_.c cﬁ a
to an exact positioned status. Substrate and mask. determ ner"S?ﬂd)@p ﬁ 3
an el ectrode-pl acenent- pattern detectl@d by shape detector 34 and an
opening pattern of mask plate 12 -6 NOV 2003 13 with the reference pattern
of the design data, thereby determ ning whether or not substrate 6 and
mask plate 12 supplied to the apparatus are acceptable. Print determ ner 38
conpar espatiergatna cpboutg patiesnapewiig the shugo laddrplacemieht of patteef drodmce
data stored, thereby determ ning whether or not the print is acceptable.
The dat alBasndeeshapr of crednbyoldenprnited)os sobstrate6 Greddtsgjede Thhether een
print wwth |aser neasuring device 20. Fill-in status determ ner 39 conpares
t he t hr epositivamsg stadiis dhswbsibaintt witheresppartoimask plated ks detdcged.2, on whi ch
cream sol der 9 has been filled, with the reference data stored in data
nmenory 32, thSheby deteetomi B4 ndptetist Aespevific patterhehblel 122 asidatOP o%0 cr eam
solder into pattern hole 12a is acceptable. Shape detector 34 has detected
t he upperalcatdesthegskitpirml eot]inatesr & theedeteetd paltelar hoknd24, tHeedby n.
Next, the preparation of the- printing conditions is described. Fig. 9
shows damzeasumingnthethopizontdlngesitioni dfi maskiplese W2. | in tdther IWwdudar ghape
conbi nation . of the paraneters (squeegeei ng speed, print pressure,
r el easi ndetgeéend 34andd CEER0 fgndiiet aax enadl qlositinli aatssuring ehainy dorovi ng
di stance) is assigned to respective couples of a typical dinension of an
el ect r oddetestipg thiedtdrizohtalwositedre of magk)platedlZ t ypi cal di mension of the
screen mask (e.g. thickness of the mask plate) where pattern holes are
provi ded. The®agingmemtdition seltes 30 préprestscreeal présting pendiitiogspsudhhes a
physi cal properties of cream sol der 9. _

squeegeeing speed, a printing pressure (an urging value of squeegee 13a against

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
.c'haractéristics ofa .printing ol.)j.ect. The screen printing con"&iﬁons 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 resul.

Position correcting section 36 (position correcting means) corrects a
positioned status based on the positioned-status-detection result which has been
ob'taipéd by three-dimensional measuring of mask ﬁiafe 12 from its élbOVe, ‘
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 réference 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



A type of cream solder 9, substrate 6 to be printed, and scree
be used, are designated by the typical dinension of the el ectrzhiﬁé&iw

typi cal . dinmension of the mask, wherelhg parameters corresponding to the
conbination are selected. The paraneters selected are automatically
prepared. The screen printing apparatus of the present invention is thus
structured. A nethod of screen printing is described hereinafter. A first
enmbodi mewith tie: NibrIRO P atteraf of the desige dapy,ithierely defehodnin ddrbhet oat ed.
First, a nodel is changed in a production line. Screen nmask 10 is prepared
for the netdubstrete@and dhanbddhie 120dpplivel teite apparaspestesecepsaldbown in
Fig. 1, this inspection is carried out by three-dinensional neasuring,

i.e., laser nBasudetgntieer 88 cdthparesmtivedatibabent thiesshapk af erddmbyplderaXi s
table 21 and Y-axis table 22, thereby neasuring mask plate 12. The

t hi ckneswitlf theasdfersinet elat staredptisrelyl datwdnanige wdptlonce: nét thepringik i s
determ ned through the mask inspection. Next, substrate 6 is inspected. As

shown i naé¢degtalile. cThe yddta leanb@yoobtbined by mhessvaiis btiledteate 6nirlergone
substrat e-positioning-section 1, then substrate- positioning-section 1
under nathe dfdeérs ppimtarithladérdnesairimndévies R6d with an arrowin Fig. 2) to
a substrate-neasuring-position (section 1 and substrate 6 drawn in broken
lines in Fig.Filjn SteiasaleterthinezrBd eorhpagishthef thase-divehsional dadatabowbi ch a
printing is carried out, forned on substrate 6 can be neasured. A trial

pri nti ngthesupper fad cdunablefplate ) axcwhidh @reiand solder Bi liss beot fidled, wdtleam
solder 9 on nmask plate 12, then shuttle squeegee 13a back and feorth for

t enper i nthespéfdrance dgtnegtorad o1 data neeneyi 32). theBelgpoddterndnies Flwthsr babl e 5

of substrate-positioning-section 1 so that substrate 6 is placed under and
i n cont antt thd fill-inbatuweficréamesoddernask pattare ho R 124y sdegptaddet | Shapg
Substrate 6 to mask
detector 34 has detected the upper face of mask plate 12, where the cream solder
~was filled in.

'Next, the ‘preparation of the pri.hting _éondifions 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 i:elative moving djstagce) 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 parameteré takes different

.values dep_end_iﬁg on the ph}fsicél pfope;‘ti_es of cream sbldér 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



plate 12. After the positioning, a positioned status is det ecte-d§ qugezmm
nore specific, nove |aser-neasuring-device 20 above nmask-plate I2, en
nmeasure the position of a given pattegn hole specified.. as a detecting
position. Thus positional deviations of substrate 6 frommask 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-axi f thebberean pnihting method abldennatmtedint Fivst el neukb] ¢k chemeddyilCRU 30
and nmechani smcontroller 33, so that the positional deviation is

cor r ect eproductionulise.r af@eén imsasx d0tikyprppardd forethe feWVir20Budl ddeRsk
plate 12. CPU 30 and nmechanismcontroller 33 function as controlling neans
for corr evtlithg mask jsdaspeatedd As ahownhiy Rignt tHikingpdcbi®nsiRatriad eut b
positioni ng neans based 'on the positioned-status detection result.  Then

carry outhegubegesionpl fmeadurihg,nge.s thsber m@abntiagr @spes v pakvb@rdbovaol es
12a. After that, lower Z-axis table 5 to rel ease substrate 6 from mask

pl at e 12masheplaby 18 diypX etxis talilb @ 1pahd V-afis Sabliep2 Stherelsy eddsoemibmank
substrate 6. Then inspect the trial print on substrate 6. In this

i nspect i phgte 120s Mhiedhicknese of skiplate P vetheaagaired bndmiaceptd@pkofiBet 0 t he
substrate- neasuring-position, and substrate 6 is three-dinensionally
nmeasur ed nfasinisidesermiimed éhbyuglethema2l inMpestionhi s i nspecti on deternines that
the print status is acceptable, the printing conditions are determ ned
proper|y. TheNexb substrite 6psiinspettedt sAbahewnoim Fite )lcapstindédnvieyss 14
conditions. A second enbodi nent of the screen printing nethod is
denonst r a2@eeshevubstrake r 6t onds sabnsirate-péstibnirgt-setionadi e then a substehtd-S
changed and a newy  introduced nodel is put on a production line. Screen
mask 10 pesimoumgsection 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 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



responsive to the new nodel. Substrate 6 is positioned to mask plat
before a trial print is carried out. This positioning is carrigogclﬁ[]ﬁ)zm]s
driving substrate- positioning-sectionsl based on the print-position-data
stored in data nenory 32, so that substrate 6 is raised by Z-axis table 5
whi | e being positioned in the horizontal direction, and finally placed
under and in contact with the |lower face of mask plate 12. Next, a mask

posi ti ontd Mmaskadarecl. ASPEh3Mandnmétlmnitd, combsitlep| 38t fntBoniss controlling -

t hree-di nensionally neasured fromits above by noving | aser-neasuring

devi ce 2mealsy éors mormvtings khi0 pesttivnddaxtstusablye c3it@lithy/- thd Subshiage 22.
Thus the horizontal position of mask plate 12 is neasured. This horizontal
posi ti onpositinning measnsbadedibadhbyositimgdastapecddtectipaiéalin hol e 12a for
position-neasuring, or by neasuring a position-neasuring-dedicated hole.

-6 NOV 2003 1Fh¥hemryy ionti symelegeaingr foedilbing. sofdeie Ogierto hdadpedtive getlepgai nst
mask plate 12, and squeegee head 13 is noved so that creamsolder 9 is

filled iholeatk2r n Aftet ékat] dawen Tazis. tabloBntol reléi®. s@BtrateVé ¢m nhsk Noved
to neasure the pattern hole 12a which has been neasured as a measuring

poi nt beplate 12htherpby nompleting thus prink of baldsi Blonsdlbétirodd ca8S kultaite def ore
and after the ﬁri nting, i.e., a positional deviation "d" of mask plate 12

due to the prThenninspett othd sridét pringdon Fhbstralevigit i da ehid HAspasion, S
nmeasured with respect to a plurality of squeegees - 13a in respective
sequeegepdntiodinge sedtims.l i engweidnagpims ifitone nuslerreakkdl®asethe Subdthge-
deviation data is stored in data nmenory 32 as a new print position data.
Based onmedsudagspositoon, amd spbsiratoBais thees-dihonsidaaby aehsirbd fdahaitot her
than print position data, e.g., a data contributing to the positional
devi at i oab@fe by ldevieas20.pl When this ibspevtionfdeterminesothatrthegidst strak igl at e
12 is shifted by

acceptable, the printing conditions are determined properly. Then an actual

print starts based on the proper printing conditions.

A second embodiment 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

responsive 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

horizdntal direction, and finally placed under and in contaéf with the lower face

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.



squeegee 13a, thereby producing the deviation discussed above. T_hﬁr f re2063
pressure urgi ng squeegee 13a or a squeegeei ng speed i s changed, t em )
restraining the positional deviation. 1\hen substrate 6 is re-positioned
based on the new print position data corrected, the trial print is carried
out again. To be nore specific, after the print the same as, the previous
one, the mask position is neasured again. Wen an exact nmask position is
confirmed, su@g?lfiﬁf@ltﬂlg@ eaariedsent. f agerk 1Pt 3 urged dgniesi ngsk-pates  t abl e
5. Thus solder 9 is exactly printed on .electrode 6a of substrate 6. Then
i nspect LhedRd sareegaenheash 18ussnpeec s6.thah crénrg sobdepe is filed ipopattenmi ng
section 1 is noved again fromunder mask 10 to the substrate-

measur i nBole6diZe; end asnshosuban Fag.c8B, devictROds diomedstioomahsyrenthespattelrdd r om
its above by |aser-neasuring-device 20. Wen this inspection determ nes

t hat t heholsr13a wdich hasibeencmepsutsideas anmeaswring groimtt before this peintingcussed
above, the second enbodi nent of the screen printing nethod -6 NOV 2003 17

i ncl udesThre 2 diarizental shifbof mask plabsthefire and safposthe gridting feska pl at e
12, the haqrizontal position of mask plate 12 is neasured, thereby

obt ai ni npostHenahdeviationall” o€ miask platefl2ndwrktthet privfinguection ishdetpetedt i ng
action. The print position data at actual printing is corrected by that
devi at i ohhisdewation of the mask gavpasuredswithorespeatdder phauratity of squesigess at e 12
over the_tine and | ooseness of nounting the mask plate 12 can be

corr ect ed32 A aLFRSLtYE] spquapgdniug diractiomsnt Theqwintt pesitibe drestabbasethbl e. A
third enbodj nent, of the screen _printing method of the present invention is
denonst r @ &ae Heyiation date is gtoved an desa srrmgauS2as aneveprimb pobition data.

Based on the data about the positional deviation detected, the data 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



i ntroduced in a production line. Screen mask 10 is nounted responsive to

the new nodel, and the mask is inspected. As shown in Fig. 1, t-hGsNOV 2003
inspection is carried out by three-diqgnsional nmeasuring, i.e., laser
measuring device 20 is noved above mask plate 12 by X-axis table. 21 and
Y-axis table 22, thereby, neasuring mask plate 12. The thickness of mask
plate 12 is nmeasured and an acceptance of the mask is determ ned through

t hi s maskinchslesthe dollowNmg stepstb SHiehesubstimite BSiBaRisRtbnedStoSRAWR plateFig. - 2,
carry-in conveyor 14 carries substrate 6 onto

subst r at ethpobotizartahgositiin oftmdsk pldien s ubshéah@eQOMdreBPidMashat 0@ 1
under mask 10 is moved in Y-direction (marked with an arrowin Fig. 2) to
a subst r gicsitieed udévigtippsiftinask (Hets 1ondde aad@%hﬁiﬁg%&ioﬂr Ry ipRiddr oken
lines Fig. 2.) Then a width and a length of an el ectrode, onto ich a

printing positien datdaduttual piiithoid @ubsdtedbe that dBvgioRt Ay £desull8he
procedure of the third enbodinment up to this point is the sanme as that of

the firstdevididehisrdne to Befornyaticabf dianglaes 19fovehaheltaab AHElREEhddief
t hi ckness of mask plate 12 are found. Then the paraneters of printing

condi ti onaountipgitht imgslc phide 120an bd &irdédted! eQrdifly PaRRdvRRoRt ANPPri{t Cream
solder 9 already input, data of substrate 6 and screen mask 10-both the

dat a havealdvéstionriaitiirsasbiailiadle.6 NOV 2003 18 paraneters are used in the
trial printing. At the trial printing, first, supply cream solder 9 onto

screen mask 1QA thiel ehbédibemaek thedsbeehhpsiaRoesethdd b fHRMPREsaR der 9
(preparatory squeegeeing). Then raise Z-axis table 5 of -

subst r at enpestith ds demonstriateh hdres o Fitdtah aoleltisahanbed andll 286/ mMpderisand in
contact with mask plate 12. Next, nove squeegee head 13 on nask plate 12
to fill sobdeuced inmntprodaictiondinkol Eerdddnmask 10 is mounted responsive to the
new 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



this status, nove |aser-neasuring-device 20 above nmask plate 124§£W02[m3

the fill-in status of solder 9. Based on this fill-in status det

printing conditions are corrected. Td8e nore specific, in the case of an
excessive fill-in status, nanely solder 9 overflows pattern holes 12a, a.
print pressure shoul d be increased for instance. |In the case of

I nsuf ficj | -in st tu .G., .the print pressure should be | owered.
These co rec ?é(‘)aﬁ%ab‘? ug ﬁ?%&lm tP8ns are made based on experi ment al

val ues store at.a. The p nt co ditions corrected are stqred in nenory
32, thereby %‘b@é"t ?rﬁfbl Rrﬁ’etnpg’rﬁﬁ ¥F’Eﬁ?§“ Sﬂﬁ@%? qn#eserepﬁtmeﬁamtanéhs are
updat ed, trra t carried o again. Wwen_the fill-in status is
det er m n@lﬁj % oplear ‘ﬂ@r@} i SIU458PRt %? &i €mRgY eSobders 9 | Grepamtenyy
rel easi ng _substrate I eby solder 9 is _printed on
el ect rodg AEEEGF 0, bs&‘rhﬁfleraése %E%’E} gﬂﬁl_ﬁ %é%fes‘g’sﬁ??éerpﬁéﬁ@nﬁﬁé'smﬁ% Lisp

| nspect e I n nspecti,on osr t.i oni sec I on I S noved ain from
under nﬁ%a%%) Fr@%e hé Efﬁf?flr‘}ﬂ r%’éslaqu%g% P&@ﬁkehaaeéabsk\leag@wq s
three- di; rrensr 02}9” asur n]ré]% ﬁﬁ (ﬁg devi ce 20.. Wien this

i nspect i A 58? OpHafas IPatﬁ goiger. %Eﬁ?@ﬁ?élOl%ﬂwez%arIémeters
of the p ondrtrolns read out are. degﬁ [l? ned proper Weqi‘ﬁese

par anet ei ussef:nqvg agpr-mpaspEneievige 40 @beve mesk Rlaga g et dE® |f a
def ect f.ound at(#l f@\rgs)pection after the trial print, feed back process
of the p r‘h“ B 958 rks based on feed-back data stored in the print -

6 NOV 2000 19,¢c0n I.oN ary. In, o r,words, the j.nspection result
out put s numer PASY fﬁl tlf]%u?‘@ Bétdrewtt?‘féhﬁ pggghn%go pehpareeagectgdyr i nt
e O oo B ot BRRGRASI TR Shse B TB SiiRbeitE A %ta%%g})%;&%kr“séﬁe}, ¥

overflows pattern holes 12a, a print pressure should be increased for instance.
In the case of msu_fﬁment fill-in status, e.g., the prmt pressure should be lowered.
These corrections of the prmt COIldlthIlS are made based 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

' ipspected. In this inepection, positioning sectio:n‘l. is moved ageip from up‘der'
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



val ues, thereby finding deviations fromthe reference values. Th mm zg[n
devi ations allow the paraneters correlated to be corrected to n£ *
positive side by a correction anount rlgsponsi ve to the deviations. The
data of this correlation between the deviation and the correction anount
are collected fromthe results of the trial prints which have been carried

out sys icall b h i ng r,bespective print conditions in.varjous
vays. e igbiefitiets T R Ao R doppieopres i otouts sumerigalsiatased.
The data,of the,.correlation are .also stored in. the print_condjtion |ibrar
of data HBFESPyCHTe el sye %?eaBF%Fr%ﬁdP?PBkléﬁté’fgﬁFhégcé’éﬂ Candiifse tri )altl

print is_carrie t, and the Ing, result, is inspected. An actual print
starts af'tBcHt (gar%f"n?rer E%Pflr‘?pd; Wlhéttg‘fanﬁ'eﬁ%‘i?n&‘éc Heh Iraepa¥idy d§hexapret he

actual pripting, the.print_canditigns _are fed back at given intervals,

namely, & r%teé'gg%ﬁﬁma%ﬂ@a?ﬂ% org He b?f%?é‘:?@" WeS-i nspect ed by device

20 on sanpling,base, The datg are collected fromthe inspections, and

devi ati ons f rgﬁeﬁhéie\qag}_cg}seﬁ@@wvgh%g@rgmqtg%gegqei@eflng% icgrrectashdoar e

found, then me paraneters, if necessary, are corrected, .thereby
|

changi ngnFﬁ%ts"g‘? Oﬁgc’é%ﬂ‘gﬁ B nlg’ PAOTTECHODRINYPE FRFRANSIVE £Q 1hR datrations.

Phange. " The GAER af tuls MmelafeT hetlv B Ryttt and Fhbecmpdiien amevgt areg. o
I t, | it ' j nt ai . As di d , the

or i nti ng Coedied emy Hae Padin ol Hirs iriab;prints: Fih Jhave hecnoramahgut

procedure; First, asure nmask plate 12 undergone a, squeegeei ng operation
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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 pri_nf. 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,



preparing the print conditions based on human eyes by skilled wcﬁllN[)éjdEUUQ,
be done with ease, and the print conﬁéions can be prepared w t hout

di spersion. Thus stable print qualit s obtainable. In the enbodinents
di scussed above, an open type squeegee head having board-shaped squeegee
13a is used; however, the squeegee head is not limted to this exanple,

>an. d. This head is. filled wth the
cream sof et 1 g2 R BBp“ARAMRSTAF S S i ¥erbTiralad Srank ot I
| | ; I 1.hhere il L. e, cream sol de
Pnio” e’ bREer RopER PROERERBERAS) il Sl JLdherrinohe the
' d | ositioned, is -
o o S Rt MRS ol B0 B o B B o
the det eTth@tsﬂﬂé&S'rﬁlt i@;ﬁ&g%{%ﬁ%@&stat us is corrected. Therefore, an

exact .positioning can ed andk sltabl e pri\rll\;]_ qﬁaltity i; Cate
' | f; th te, to | e substra
s “posit ?;)n?a*?f’f.‘és%@%?@ﬁ%%‘fﬁé‘sﬁﬁggﬁ&o%eg%ﬁ °§gﬁ?ﬁm F%@eea%eﬁﬁtﬂ%gt iRar
iti Latd -l t 0 e infin
posi {1 OnBbaye. Rl edle 15¢ sk %&%&e?’gﬁeﬁ%sﬁ?%lﬁt%%%gltg )
cor con nag RERDIE S ANEATRe RaleheR Rrad Bin 1P affetiny THERME 4 BOPD | <
fﬁ:gg?dirTBSE"m?@@Haé{; oo ;&;&Q gg&iet§ ab&vglP thg{)ebg.@et egﬁi g‘?@i‘nf%‘lﬁl -in
statgs_o¥ iy cream_rsgc?))?%éei{. a6 EA SR b Y galﬂteﬁ 1 létlﬁ’lnt % bép rEn;red
Con 1 oA Fros SRl okl RETEL R’ 908! Bt ELIRD SR SoRl”
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 condition_s can be prepared easily without

dispersion.



What is claimed is: 1. A screen printing apparatus conprising: (a) a
substrate positioner for positioning a substrate relative to a nask plate
having a pattern hole; (b) a three-dinensional neasuring unl t= NVt 26030
a positioned status of the substrate and the mask pl ate

three-di nensionally neasuring the mask plate, where the substrate IS
positioned, fromabove the nmask plate; and (c) a control unit for
signaling said substrate positioner t&y change position of said substrate
based on a result detected by said three- di mensi onal neasuring unit,

wher ei n §gatigckimbdti® 1S 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
claim1l1, wherein said substrate positioner, includes (a-1) lift means for
raising and | dweri ﬁgsqr%%mﬂgamarﬁu'@rwmm%t to the mask plate and

(a-2) horizontally novi V|n t he ubstr at W4 ally with
Fespect to-the mok ol ald, 4 St padBohgh e Fosi GAmRE L bheliRld AR .2

hori zont g} b Yo J3R\HIAG HARARESa gﬁgﬁlh\()@@ by said control unit based on the
result detected by sal d “measuring unit. Abstract A screen printing
apparatus prints cream gol delthxtemdm@hsmnahtmeasnrhgl andff far ndetkctpigate, to
whi ch a substrate is brought into contact, é sliding a squeegee head. The

mask pl apesitippedustaths tafetheupshsitate and thesmasknplate by thsee-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.



di mensional |y neasured fromits above, thereby detecting a positign h
status. Based on the detection result, the positioned status is soﬁ \£t2m3
by driving a substrate-positioning-seagtion. As a result, the substrate is
al ways exactly positioned to the nask plate, and quality print is thus

mai nt ai nabl e.
Abstract

A screen printing apparatus prints cream solder through a pattern hole of
a mask plate, to which a substrate is brought into contact, by sliding a squeegee
head. The mask p'l-ate, to which the substrate is positioned, is three-
dimensionally measured from its above, thereby detecting a positioned status.
Based on the detection result, the positioned status is corrected by driving a
substrate-positioning-section. As a lresult, the substrate is always exactly

positioned to the mask plate, and quality print is thus maintainable.



