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SCREEN PRINTING METHOD AND SCREEN PRINTING APPARATUS

TECHNICAL FIELD

The present invention relates to a screen
printing method and a screen printing apparatus primarily
for printing a print-use paste, such as solder paste or
pastes for thick-film circuit formation, onto a board, such
as a printed circuit board, for electronic circuit

formation.

BACRKGROUND ART

In recent years, screen printing apparatuses have
been used for the solder paste printing process in circuit
assembly processes of electronic components, or the like.
As the board for electronic circuit formation is advanced
toward further fine structure with the miniaturization of
electronic equipment, there has been a demand for higher
precision printing with solder paste or the like
responsively.

Fig. 16 shows a conventional screen printing
apparatus.

A print-object article (article to be printed) 1
is positioned and fixed to a positioning stage 2 that can

be ascended and descended by a positioning stage



Jesponsively. Fig. 16 shows a conventional screen printing apparatus. A
print-object article (article to be printed) 1 is positioned g@& %2%89 to a
positioning stage 2 that can be ascended and descended by a L ¥ onrng

st age 7 August 2002 2 ascent/descent driving neans 3. For printing
process, the positioning stage 2 is lifted by the positioning stage
ascent/descent driving neans 3 to such an extent that the top surface of
the print-object article 1 comes to near contact with the bottom surface of
a stencil 4. A left-squeegee ascent/descent driving neans 6a and a

ri ght - squeegee ascent/descent driving neans 6b, which are commonly

i npl enented by double-rod air cylinders,2have squeegees 5a, Sb attached to
their ends. Lower-limt positions of the squeegees Sa, Sh, i.e., the
push-in strakesntpdebeestedrilvifiameaset Dy Fosi pimmdlingljpseeess, dfhe
stoppers 7a, 7b. A drive source for a horizontal reciprocation driving
means 8 i s poshbhtping ACage vé nos olifted hey stiice POSitiRBiNgf tsBERegee
5a and the right squeegee 5b have descended into contact with the top
surface of asreeRtiAerreat CrdVied RARS F &P pFBERt ABn eftRth ¢ htaridhi®

the |eft 5a and the right, b horizontally (in th
ol rect 1 orfoP SBUFRRES: GF | FRe pRIE U CRIRHE S EOF A8 paSoBec) SHORAF on
the t f f th il 4 by the left d the right
Saucegee SEOTHRCr VAEPAGER BOSESH SLHATR PO SECERbncin Fig. 17 A

o Paghs, iy TR SOBEe i ol duk paposLhtonedant. o @, e
lifted to anqg of ASIs AMgee ascent /descent driving means 6b, which
are commonly implemented by double-rod air cylinders, have
squeegees S5a, Sb attached to their ends. Lower-limit
positions of the squeegees 5a, 5b, i.e., the push-in
strokes to the stencil 4 are set by positional adjustment
of stoppers 7a, 7b. A drive source for a horizontal
reciprocation driving means 8 is commonly an AC servo
motor. In the state that thé left squeegee Sa and the
right squeegee 5b have descended into contact with the top
surface of the stencil 4, the horizontal reciprocation
driving means 8 moves the left sqgueegee Sa and the right
squeegee 5b horizontally (in the X-direction), so that a
print paste 9, such as solder paste, is moved on the top
surface of the stencil 4 by the left squeegee 5a and the
right squeegee Sb.
The printing process is carried out as shown in
Fig. 17.
At the first step, the print-object article 1 is
positioned and fixed to the positioning stage 2. At the

second step, the print-object article 1 is lifted to a



3 proximty to the bottomsurface of the stencil 4 . The left squeegee 5a
is lowered at the third step, and the left squeegee 5a is nDZEP rhg@b&ard
in the X-direction at the fourth step, by which printing is ey &d.
Thereafter, the print-object article 1 is separated away fromthe stencil 4
at a low speed (20 misec) at the fifth step, the left squeegee 5a is
lifted at the sixth step, and the print=object article 1 is renoved at the
seventh step. Next, a printing operation on the right squeegee 5b side is
al so executed in the sane way as above, and the operation is alternately
repeated fromthis on. The drive source for the positioning stage
ascent/descent driving means 3 is commomdy an air cylinder, pulse notor, AC
servo nmotor, or the like. Anong these, the AC servo notor is particularly
sui tabl e, hEreusmitpwespekrd Hescentswffabe dfivhagsteansl34al | Thes lafteasy
acconpl i shnment of high-precision printing results with | ess spread and
blurs, i.e.sdqesegeakiSag iadilsweretd aatd haey ihmiodit EEep., Trd| ehe deqfsegee
5a and the right squeegee 5b are given mainly by elastic material, comonly
ur et hane ruibegegear Baeds neved righyward tim ShgyX-dureessirol asriths free
from spread_and blurs can be_ qbtained continuously. Fgmever, there are

i ssues as §Bﬁ%ﬁtmnsFF§s.bIBﬂhﬂGh1®GFQMkf9:ﬂﬁk%ﬁﬁ%@t% conpl etion state of
the fourth 7 August _2002 step) Fig. 18B sha an early-stage_state of
the fifth step, and FFgSXeBE &R ows %“?gasi’-r%flgg8g§te§tte o?r%/’h% i fth tep. In
t he conpl et} f the rt t ho in Eigy. 18 ri

pattern 115%;%§%§%§ (yrar%df\%i%ﬁh ghéel ae?f/cesly \égo%ppréec%g%o%p n&)t h(IBISO
state, the ueeg 5&:ics ncurved i caLnresp i to
e T B i U T s e S 0
pushes dowd henst easkl:hél_é@e,?H edEnt hef %an@“éBjEEtSté%i?cléO i hals the
stencil 4 is tilted, causing he print pattern to gradually collapse as
shown by a gEmditedadt etRelibveAshastepult, as shown in Fig. 1BC, a horn 10
with the print paste 9 lifted is formed at a corner portion of a print
pattern 1l1c. The hor nNéRtofatpheipting pretetcmoohdtheadighkysoeegaerd drop
onto the print-object article |, causing printing faults as an issue. As an
exanpl e, i FPkelside o Aaaprrenit adstmbthagsaneceareast §bpveedabgd tbkder
paste printing, the solder paste bowed and dropped aftfer the

subsequent GRGETCR o} BeR L R§TRAERSY Wﬁ@ﬁét@&’us‘g%lq&ﬁ Mffaul ts such as

sol der balls and sold in the,fields of screen

printing methods and ﬁ%ﬁg;%g géé %a%%gggp%°¥ﬁ2£€éhd@%sfﬁt?ﬁéggngF§ag§en

cases wher SR LLIN el xSput o #1 DOBideAD M LA BUSher, )

an area CO@E%%%”M&HH&}‘%éiserVO motor, or the like. Among these, the
AC servo motor is particularly suitable, because low-speed
descent of the driving means 3 allows an easy
accomplishment of high-precision printing results with less
spread and blurs, i.e. less making indistinct and hazy in
outline. The left squeegee 5a and the right sgueegee 5b
are given mainly by elastic material, commonly urethane
rubber (hardness: Hs 60 - 90°).

In this way, successful prints free from spread

and blurs can be obtained continuocusly. However, there are
issues as shown in Figs. 18A to 18C.

Fig. 18A shows a completion state of the fourth



.7 August 2002 5 m nute opening area thereof are m xedly present in
circuits. The term"m nute opening area" refers to an area wggre H%@ al ue
of each opening size of openings of the nask al ong the squee HOWS 9 ng
direction is smaller than a specified threshold. The term "Il arge opening
area" refers to an area where the value of each opening size of openings of
the mask al ong the squeegee's noving direction is not smaller than a

speci fied threshold. Now a case where a board in which an area
corresponding to a |l arge opening area of the nask and an area correspondi ng
to a mnute opening area thereof are mxedly present in circuits is
screen-printed by a conventional screengprinting nethod and appar at us
therefor is described with reference to Figs. 19 to 22. Referring to Fig.
19, which isted peFipgectisme sghewsofard heaslyeenagei rdtarge apfarahes £irfafter ence
numeral 101 denotes a screen netal mask; 102 denotes a board; 803 denotes a
print headstEd, demdtBsga peCnishmead-aiskadC-senge msudre fof dhevifid ttihe
print head 803; 105 denotes a printhead-use ball screw for transferring the
driving fomstepf tlwe the gonpleatise AGtered e ofoupsh spepdasoisdown
printhead-use AC servo driver for driving the print-head-use AC servo notor
104; 107 démotBkga ¥PBuak R¥isyhi PrbhesBneld f4#S r Be8gnitATRES eWdEhi & on
mar ks of the _screen netal pask 101 and the boarﬁ.102; 108 denptes_a

recogni t i oRECATENE 6 e IRC S e PFETITHA™ f or & vERGSt nEEFFEual TPEcodRitEi on
canera 7 August 2002 6 _107; lgg denot.es a recggnitiqp-canera-use gal
screw for CRETSEST i TReCHFVEAGH & of PRECFEELSH T TR CARAEPIUSE AC

servo ”DtOEhép%h§¥L{%(¥¥¥§£§ gnégcgggigkggaganghause AC servo driver for
0g

driving the're ni tion- caner a- use servo notor 108; 811 denotes a

controller for issuiqg}@ggg&q%@ltghghgekgdgﬁ%gg?gesggv?uggggrdguhyghg; 112

denotes a control pan entering data | he control ler 811; 113

denotes a gtagrif10rs restdr cditdnht her beaedph@R-ihl4tdenal essa shageruse AC
servo nmotor for driving the stage 113; 11§ denotes a stage-use ball screw
for transfertenidll keidrtil bgdf ocsaesdhgt brespadet user érsetvogrmfoallyd; 116
denotes a stage-use AC servo driver for driving the stageuse AC servo notor
114; 117 dendflepse lamaddrowmbya pring: ipatterunpkd nt ets bbarelsudR; 458
denotes an unl oader for carrying out the printed board 102; and 119 denotes
the main ufhewsf ith&igor &8F .prEi Moy 1fppdrtd (e Refiaty ipast® Fibifred which
is a plan view of the screen netal mask 101, reference nuneral 120 denotes
a | arge opéfi #§raEesh dthéy €yBIefe PRkt Af| 8r BELB5eRATFS Y 14fe- mask 101

are printed on the bgard 102, e.g._an ared corresponding.to a chi
conponent area of thﬁﬁo&’ﬁf”l&?; %ﬁ&hﬁf%tpgss %ﬁ‘{ﬁq‘blcg;%?ﬁ%@)gﬁ}ga
wher e sol der paste.i inut e openi.ngs_of _the. k . are prin t he
board 102, SS.WS. aélp?ldargérlga?npcoorr%teospgrrpl1 i ?%r BE agﬁégggwaﬁccﬁ'eng’(&%gs%}%t

Package) abggnggnhp%4%¥y§igéﬁ%n1}g§@@?ration of the screen printing

appar at us
As an example, in electronic component assembling

processes typified by solder paste printing, the solder
paste bowed and dropped after the subsequent-process
soldering reflow would cause soldering faults such as
solder balls and sclder bridges.

In recent years, in the fields of screen printing
methods and apparatuses therefor, there have increasingly
been cases where screen printing is executed on boards on
which an area corresponding to a large opening area of a

screen metal mask (stencil) and an area corresponding to a



.7 August 2002 7 which enpl oys a conventional screen printing nethod is
explained with reference to Figs. 19 to 22. At Step #901 of f%ﬁ. %%O %hich
shows the flow chart of the conventional exanple, an operatofr,; s 9 e use
of the control panel 112, enters descent/ascent positions, i.e. a print
start position and a print end position, of a squeegee |23 of the print
head BO3 in accordance with the screen netal nmask 101, and enters a print
speed V that allows the circuits of the board 102 to be printed stably and
appropriately. In this case, the print speed V that allows a stable,
appropriate printing becones such a |ow print speed that printing can be
stably and appropriately perfornmed on argas out of the circuits
constituting the board 102 which correspond to nost m nute opening areas of
the mask. Awifhee #8Penihbe lagader thet«sf rigset heikedle¢ 1@2dgdrx t hienh st age
113. At Step #903, the visual recognition canera 107 recogni zes the

posi ti on ofciheuiesogrThe arexmrininfutdedmarty HiXka'perdens @o Gt Gdeat | on
of positional correction anmount based on the position of the recognition
mar k of thevlereehhegetvdlumskt 16Achampeiuitiaoratzehefcomerings bdr dhee
positioning of the board 102. At Step #904, the squeegee 123 of the print
head 803 nuoWask shkPR@stefdsTeecghe’ BriaviBgafirpesionoAas shdder tohan he
print start position to the print. end position at 7 August 2002 8 the
sanme print Sp&BG N Idcer BATaFR3LEp #oFhe ahf*Bs eI ACRSENF0G5 3 he
stage 113 on ich the board 102 is placed descends ,so_that_the .board 102

i s transfereFTo tRe2UnfoG8el T8 “08nd 6ﬂféﬁﬁg?‘¥¥%nbﬁngé§etﬁ boar d

102 out_of i, 6 £ee AULULOG. WRAUS'US. TBLILANLL  d 1o HueueLe L oLt S

conventi onaﬂ con I on, since € Ssqueegee I'S “const ant,

such a | ow i il SgReth LhatnBhi 0t LOGGaN obe cApRApriit el y performed on

areas anong the circuits constitutfng t oard 102 which correspond to
nost mnute openi ng ag&as Hf e Magkres sMboyed as t haisieed hateal | ows

the whole circuits of the board 102 to be printed stably and appropriately.
The reason frddipondindate an llaigeprdgdnitgy Uust®g of the mask and an
area corresponding to a minute opening area thereof are
mixedly present in circuits 1is screen-printed by a
conventional screen printing method and apparatus therefor
is described with reference to Figs. 19 to 22.
Referring to Fig. 19, which is a perspective view
of the screen printing apparatus, reference numeral 101
denotes a screen metal mask; 102 denotes a board; 803
denotes a print head; 104 denotes a print-head-use AC servo
motor for driving the print head 803; 105 denotes a print-
head-use ball screw for transferring the driving force of
the print-head-use AC servo motor 104; 106 denotes a print-
head-use AC servo driver for driving the print-head-use AC
servo motor 104; 107 denotes a visual recognition camera
for recognizing recognition marks of the screen metal mask

101 and the board 102; 108 denotes a recognition-camera-use

AC servo motor for driving the visual recognition camera



.the squeegee 723, if the mnute opening area 1.21 of the screen netal mask
101 as shown in Fig. 20 was printed at a high print speed su}kaﬁh§2685 t he
| arge opening area 120 of the screen netal mask 101, as shown 1 ig. 21A,
the speed V of the squeegee 123 woul d be so fast that sol der paste 122
could not fill the interior of a print hole 124 of the screen netal mask
101 positioned onto an el ectrode 125 of the board 102 and that, as a
result, the quantity of the sol der paste 122 to be printed on the el ectrode
125 of the board 102 would | ack after the renoval of the screen netal nmask
101, as shown in Fig. 21B. Accordingly, for the conventional printing

appar atus, when the | arge opening area 120 and the m nute 7 August 2002 9
opening area 121 are m xedly present, there is an issue that a | onger
process time07prlppi denureasold drbecgribived chaemasaigchebadly poinew Speed f or
the minute opening area 121 is used even for the |arge opening area 120

t hat coul d treapsfersingt thee drilyhng ifor apel. timoracpInéiiom-icamsrasxanpl e
is explained with reference to Figs. 12 to 14 and 23 showi ng a screen
printing apiRg ResSer¥owaptoxs 108 iFilg.0 Apndiodd iy ¥YRECERSRISMaQamsr ar
conventional printing nmethod. The stage 2, on which a print-target article
such as a pHH Al /TR HEF Ear GFFTHd i e r%ﬁﬁ?%lEFgeéG?H@@t‘é‘&q s

| aced and positional | trjcted d to the bott f f th
Cinci . B et RenBEPR, S it Fager 9B A S hat o Fnd P

tencil 4 YRe"BEPR 7
et tvar d- prPPH S dre il S Ry B B Ter T 202 888058 % o

a an eri Sprinting ‘squéegee

moved up and down- by Sh 3aHeRILE RSEEM §U82€8 N ndhI ¥hB0-BRARSL1WH ke 1the
squeegees b5a, 5b are "also noved rightward and |l eftward by a hori zont al

nover 8c havingdanBdesSH e¥Rdgho fosCrestshatingb vhd hbbhedasciew; shaflt 8b
being rotated as the notor 8a of the horizontal reciprocation driving neans

8 rotates. ddhateesal braghsusel iy faste dotwbi €br iminrxanphe stathe
print paste, placed on the stencil 4 is printed onto the printed circuit
board 1 vi althe sl®ndkhotesFiagstdde ane 18abhckcseow fost it andfierndng
rightward printing process, and Fig. 14 shows a | eftward-printing 7
August 200XIE0 dntigndty Sonee. oRdike aftageunee AAC8I9TVA FPEOr231l4endlés an
NC unit that issues a command for driving the notor_8a and 811 denotes a

control | er FACTNF GFI3GR 4R MAFER iFHITRF for driving the stage-

use AC servo motor 114; 117 denotes a loader for carrying
in the unprinted board 102; 118 denotes an unlcader for
carrying out the printed board 102; and 119 denotes the
main unit of the screen printing apparatus.

Referring to Fig. 20, which is a plan view of the
screen metal mask 101, reference numeral 120 denotes a
large opening area where solder paste in large openings of
the mask 101 are printed on the board 102, e.g. an area
corresponding to a chip component area of the board 102;
and 121 denotes a minute opening area, where solder paste
in minute openings of the mask 101 are printed on the board
102, e.g. an area corresponding to a narrow-pitch QFP (Quad
Flat Package) area of the board 102.

The operation of the screen printing apparatus



.apparatus. Next the operation of the conventional exanple is explained with
reference to the flow chart of Fig. 24 as well as Figs. 12 t? 14 %?g 23.
First, a preset print speed V (nmsec) is entered fromthe coﬁyg%ﬁ ? 811
10 the NC unit 812 as the noving speed of the squeegee. This allows the NC
unit 812 to control the notor 8a so that the left and right squeegees 5a,
5b nove at the input print speed V. At Step #101, a printed circuit board
carry-in step, of Fig. 24, the printed circuit board 1 carried in fromthe
preceding step is placed and positionally restricted on the stage 2, in

whi ch state the stage 2 ascends so that the top surface of the printed
circuit board 1 placed thereon is put inte contact wwth the bottom surface
of the stencil 4. At Step #102, a printing step, as described above, the
nmot or 8a rotwheshunsigslopse @ongtalent ibhalNGdrddn 8b2) ntd dhainethedl ef
squeegee 5a or the right squeegee 5b noves at the print speed V, by which
the sol der pegpialnpdasddonrdiereaienctid Higs. passed BRrough the stencil 4
so as to be printed on the printed circuit board 1. In this process, it is
an optinum state that ®ite STéple$9017 ofugiisg. 2802 ¥higdstshdwslucheg Al
printing process be pressed by the squeegee 5a so as to roll and nove on
the stenci| dharteof tthm corventienapasxamglige an LPe¥atey, swath theh a
state of the solder paste 9 results in a successful printed pattern as well
as a good sct&@n-Phsstperfepraned. Raneleplizo3, SRLBFFnt B8 SERNEYRSISSYT d

carry-out step,.upon conpletion of, the printing,, the notqor 8a halts, the
Ieftysqﬂeege%g%hgggf}éndg’g?hiaastpd:g‘éltZ ?gﬁléf‘sl,‘po e %?antaeopﬁ‘?‘&uielnégoard

1is carri e%ée)%%%%gnt he, ut sgg%ﬁgéﬁééeﬁ%z t 8t e&glg,é.iﬁgzsdgggai ofypteR it

i s decided of no er ~of “Wwor €en conpl ét'ed.

[ 1t has nofecbRaaREQURATRY SLHL NS ctaen! GRedi0lnalt hbihasameconcopn! of ed,

t he program cones to an en wever, s conventional constitution,

there may 0oGeHInEripkedt ¥NERY Ll ATBoHY 8hkOBS reUe tEOcENehel beumel aRges Of
t he precedi ng and subsequent steps in which the printed circuit board 1 is

carried in Gfe Optrinted Gst&Slyt AAB ApbAdpriddedy . Thenn anil ongefd phient

standby tinme would cause the thixotropy ratio of the solder paste 9 to be

| ower ed and piiknsokgerdpastich®: paAhtedson istakdieenaGEdprbimidee dprédtdngh

that its viscosity would increase. In this state of the solder paste 9,

with the pribecenasdsychaackbwdprivshenspaedprhatedrinttngt cboabd stably

carried in and positioned so that the printing is started, 7 August 2002
and appropriately performed on areas out of the circuits
constituting the board 102 which correspond to most minute
opening areas of the mask.

At Step #902, the loader 117 carries the board
102 into the stage 113.

At Step #903, the visual recognition camera 107
recognizes the position of the recognition mark of the
board 102, performs a calculation of positional correction
amount based on the position of the recognition mark of the
screen metal mask 101, and performs the correction for the
positioning of the board 102.

At Step #904, the squeegee 123 of the print head

803 moves and descends to the print start position, prints

from the print start position to the print end position at



.12 the left squeegee 5a noves at the print speed V previously entered to
the NC unit 812. In this state, the sol der paste 9, whose th}xg 1B 0iatio
has decreased and whose viscosity al so has increased, would be"printed in a
State other than appropriate rolling. This would cause the occurrence of
such faults as sol der paste chipping, solder shortages, or blurs, posing an
i ssue that defective boards nmay be produced. DI SCLOSURE OF THE | NVENTI ON An
obj ect of the present invention is to provide a screen printing method and
a screen printing apparatus capable of printing with good print quality
More specifically, an object of the present invention is to provide a
screen printing nethod and a screen prin8ing apparatus capabl e of achieving
a good printing result in which the corner portions of the print paste are
prevent ed ftben sbhaef pmistt apedd HorasteAndt hér Stlgpedts Of, tamdpassents .
invention is to provide a screen printing nmethod and an apparatus therefor
capabl e of printing, WittStap dé?0pastde e 1h3wakcWhdrdnstBer begyshdi ng
to a |arge opening area_and a m_nute opening area of a screen netal mask
(stencil ? ate2nixcrfl3cpddentendst ok ﬁtqegﬁilwaéﬁ%dl%?ghSewaeaséﬁ@yedA
further abject of the gresent invention is_to inting nmethod and

a printing PpEratHRL? dﬁﬁiE%Bsu%%df%ﬁ?t%négagggggiggﬁgfggéﬁiEﬁﬁn893§@lder
short ages, bl urs 'Ib&not occur_when. 7_Au usé 2002 .- 13 the | nt
standby i at 821 SUtaRterds &7 e BATRTIRG PPEAcas Fs Tttt ALtSr ding to
a first aspect of theHB&%?r%gl, \E}Mﬂz’ﬁﬂ%gg@%ﬁ%ﬁé%ﬁaiScé’rEQ&’fQSQi%nSCg?ﬁge

printing nmethod for printing, screen printi1ng appdr

sol der past@hgnsﬁg%gf%téﬂé‘es%ﬁ%é‘ggg?‘iﬁbtQSb@onﬁ’éE’lé‘ﬁE‘,j’szfhpQSiHvoﬂi- Hea

screen mask onto t ard and by printing the solder paste supplTed onto

the screen gpskdi thax thiei $€18§caRHe PP Sp2Pa 66U &tmadpbhnirbgad
whi ch noves parallel to the screen mask whil e being kept in contact with

the screen imSkg thige SCELLBuUREENt g sHEthad riepiiesi Mbapdsi 10PN vgithe
screen mask onto the board and; printing the solder paste supplied onto the
screen nmaskcdbrespontihecscnesnh nmisiute t bpehd nggueeeges wiertha spedd D6 t he
squeegee at a first area is nmade slower than a speed of the squeegee at a
second ar exemploved sagret i aankedihat thkldvarthe whtlke stireditatofttheefir st
area where a value of each of opening sizes of the mask al gng a direction
in mhichtrRP%%ﬂshﬁ%eﬁ@ebﬁDPE§q§$@né§4Q}Yt%%ﬂ 3PRPREFLREGWhr eshol d, and

the second area where.g value of gagh; of 208l ng 51455, ol e MBS I 55!
the squeegee 123, if the minute opening area 121 of the
screen metal mask 101 as shown in Fig. 20 was printed at a
high print speed suitable for the large copening area 120 of
the screen metal mask 101, as shown in Fig. 21A, the speed
Vv of the squeegee 123 would be so fast that solder paste
122 could not £ill the interior of a print hole 124 of the
screen metal mask 101 positioned onto an electrode 125 of
the board 102 and that, as a result, the quantity of the
solder paste 122 to be printed on the electrode 125 of the
board 102 would lack after the removal of the screen metal
mask 101, as shown in Fig. 21B.

Accordingly, for the conventional printing

apparatus, when the large opening area 120 and the minute



According to a second aspect of the present invention, 2~ there is provided
the screen printing nethod according to the first aspect, fugther
conprising the steps of: entering data of the first area and’t¢MIUE093d
area as well as data of the squeegee speeds corresponding to the first area
and the second area, into the screen printing 30 apparatus by an operator
or froma higher-order conputer that controls the screen printing
apparatus; and 7 August 2002 - 14 switching the sqtzee~; ee speed between
the first and second areas based on the entered data of the first area and
the second area as well as the data of the squeegee speeds corresponding to
the first area and the second area. 5 Acgording to a third aspect of the
present invention, there is provided the screen printing nethod according
to the firsepaspogt afeathel egepmisiedlyt ppesent etheregidatan ofsthe
first area and the second area 10 into the screen printing apparatus by
recogni zi ngtPRE BpdPnEs SipZasreds tthengraERTY bPr 4nGisgawo de tremiceedr a
and entering into the screen printing_apparatus data of the squeegee speeds
cor r espondi RECRYSEhEDL] L9V BF £AL oFRPER I QECHMY it H\PRANHPEra¥e? Bl a

hi gher-order co ter that 15 controls the screen printing apparatus; and
st chi ng tHE BGBGeEHETS 3o% iR vinRe (RPSRERT =28 Lelohdalr EauIhie VU
tile erltereca ddt. a _of .the .first .area and.the second area by the
recognitiohpﬁfngﬁg Fts ke %@@3@ﬁﬁﬁﬁﬁ1%§ﬁﬁﬁa.and the entered data of the

e e 2 CoPLEIIN Ml ) e LTSRN G e b
reference to Figs. 12 to 14 and 23 showing a screen
printing apparatus, as well as to Fig. 24 showing the flow
chart of a conventional printing method.

The stage 2, on which a print-target article such
as a printed circuit board 1 carried in from the preceding
step is placed and positionally restricted, ascends up to
the bottom surface of the stencil 4. After the printing,
the stage 2 descends so that the printed circuit board 1 is
carried ocut to the subsequent step. The leftward-printing
squeeéee S5a and the rightward-printing squeegee 5b are
moved up and down by a squeegee ascent/descent driving
means, while the squeegees S5a, 5b are also moved rightward
and leftward by a horizontal mover 8c having a nut screwed
to a screw shaft 8b with the screw shaft 8b being rotated
as the motor B8a of the horizontal reciprocation driving
means 8 rotates. As a result, the solder paste %, which is
an example cf the print paste, placed on the stencil 4 is
printed onto the printed circuit board 1 via the stencil 4.
Figs. 12 and 13 each show a state during a rightward

printing process, and Fig. 14 shows a leftward-printing



According to a fourth aspect of the present invention, there is provided
the screen printing nethod according to 2~ any one of the fi? t tQE%@Erd
aspects, wherein when openings where a val ue of each of open 2&gg§ of
the nmask al ong the squeegee's noving direction is smaller than a specified
t hreshol d and openi ngs where a val ue of each of opening sizes ol = the mask
al ong the squeegee's noving direction is 30 not smaller than the specified
threshold are m xedly present along a direction intersecting the squeegee's
noving direction, the squeegee is noved at the speed correspondi ng 7
August 2002 -15 to the first area by assuming as the first area based on
the smal | er opening sizes. According to1® fifth aspect of the present
invention, 5 there is provided the screen printing nethod according to any
one of the ftandbyostfatet h Reshecescewnemeral whe? BxtRiqal2l etanioés af
conponents to be nounted to the board are_ placed on the sol der paste forned
by the pri ¢ it Hhathriesugs 3 serpand Epetdiiehinthd he mabrt Gar mndl s.
10 According to a sixth aspect of the present Jinvention, there is provided
a screen priht idRPARRRCARRFLIRT RN FRVI R INE &M S P& IS of a
board to be printed, by positioning a screen mask onto the board and by
printing t BT er paste supplied onto the screen nask into the screen

kK with f i nt__head. whi l.lel_to th .
Tk whi e boing. Rept NFRCCORT ARESRT HOEHEE SO GRWAGE LT SRR it | ng
t | 81 09: I f [ I [ h
2 ney | nat N AP P RO REERetled No CHEEIIBR BRI o L8 S Rhe o ach

of opening  giZes; Hfri mpske gl 9139 ig€ction in which the squeegee noves
is smaller than a spé%?fied t%reshgﬁg? and a second area where a val ue of

each of opening sizespiss@dta YEdd&E ek tdieddineshnl/decandst eadkrad25
speed of the squeegee at the first area is nade slower than a speed of the

squeegee atfrddme sleeosdnaredlen tgdiel sedethoand. uAdeconsdi2ngd othhe Savenhly
aspect of the present invention, 30 there is provided the screen printing
appar at us apeEdli of the squeegee. This allows the NC unit 812 to
control the motor 8a so that the left and right squeegees
5a, Sb move at the input print speed V.

At Step #101, a printed circuit board carry-in
step, of Fig. 24, the printed circuit board 1 carried in
from the preceding step is placed and positicnally
restricted on the stage 2, in which state the stage 2
ascends so that the top surface of the printed circuit
board 1 placed thereon is put into contact with the bottom
surface of the stencil 4.

At Step #102, a printing step, as described
above, the motor 8a rotates under the control of the NC
unit 812, so that the left squeegee 5a or the right
squeegee S5b moves at the print speed V, by which the solder
paste 9’placed on the stencil 4 is passed through the

stenicil 4 so as to be printed on the printed circuit board

1. In this process, it is an optimum state that the solder



.the sixth aspect, wherein data of the first area and the second area as
well. as data of the squeegee speeds 7 August 2002 - 16 coikequagbfg to
the first area and the second area are entered into the contf oM%Y y-an
operator or a higher-order conputer that controls the controller, and
wherein the squeegee speed is switched between the first and second 5 areas
by the controller based on these entered data. According to an eighth
aspect of the present invention, there is provided the screen printing
apparatus according to the sixth aspect, further conprising a visual
recognition 10 canera for recognizing a state of openings of the mask,
wherein data of the first area and the ddcond area are entered into the
controller by the visual recognition canmera recognizing the openings of the
nmask, and dBR&CBf % hBuFduicegele s REdy: itd r BEPERESNPE 0 BURS $94 stbyar ebeand
the 15 second area are entered by an operator or a_ hi gher-order conputer
that controfSUERECEORRr 6F @6, tand Atte 2&ich MOWE SFuEEGe &I Shetl i1 4/ shi®ched
bet ween t he r based on these entered

fi d d th t
dat o, 20 ACEBRE: T3 OLRFR RAserect BF b Sr ESLhENPAHATn, (e s
ided th LNti { ' t th i xtht
61 gnt h aspettaCeufbr Eih SRRt RAT RGeS T val o BRSES npan e
i ft t : ' i ' ' |l th
25" apeci {1 GO T T CRRBTd Shd Goor e e B 16 BT BRERREE B peni ng o1 zes

of the mask al ong t heasquRegeqi19P NG tht&& 1 PACH St NBbastlIdSf AN t he
specified threshold are m xedly present along a direction intersecting the

squeegee’' s $baphgufbheebinplietiba eEnthel beinfikes the dGtsquargemlvwe at

the speed corresponding to the first area by assumng as the first area

based on t hehenhéfer sqpeerigeg Siazascends Authests29R 2 lowers, and the
printed circuit board 1 is carried out to the subsequent
step.

At Step #104, a decision step, it is decided
whether or not the planned number of works has been
completed. If it has not, the program returns to Step
#101; if it has been completed, the program comes to an
end.

However, with this conventional constitution,
there may occur print standby time durations due to the
circumstances of the preceding and subsequent steps in
which the printed circuit board 1 is carried in or out, or
to rest time and the like. Then, a prolonged print standby
time would cause the thixotropy ratic of the solder paste
9 to be lowered and the solder paste 9 placed on the
stencil 4 to be dried such that its viscosity would
increase. In this state of the solder paste 9, with the
print standby canceled, when the printed circuit board 1 is

carried in and positioned so that the printing is started,



.-17 According to a tenth aspect of the present invention, there is provided
the screen printing apparatus according to any one of the si bt h
aspects, wherein when external 5 termi nals of conponents to %éaﬂ%%%?ga to
the board are placed on the solder paste forned by the printing, the
threshold is a pitch between the external term nals. According to an

el eventh aspect of the present 10 invention, there is provided the screen
printing apparatus according to any one of the sixth to tenth aspects,
further a | oader for carrying in a board on which the solder paste is to be
printed; a stage for holding the board, which has been carried 15 in by the
| oader, to performscreen printing on the board; and ari uiriodder L~r
carrying out tile board, on which the sol der paste has been printed, from
the stage, the tefitr shueegeensa Hovgs At sther agd meareddrv ghosvigudaiya for
classifying the board into the first area where the value of each of the
openi ng si zeatefretthecaraskeaNangurihe dilkecti dm thishistatde shecegekbdabpves
is smaller than the specified threshold, and the second area where the

val ue of eapBstR the Whesenghdixossary i sahbe &Hasl |dacigrRsedhanchreshekd,
data of the squeegee speed at the first _area,_ and data of the squeegee
speed at th6lE5EPEAYYaRES S|P rinFERRIPe stHokkgeResBERATEL tife F i FEAtQr ea;

and program generating neans for generati.ng a prQgram 30 whi ch t he
squeegee spebBedf t‘-tkﬁ%r?plaiplﬁror%"(?'% R d‘l‘?%d on M?u&%ya‘:ﬁ??ﬁtifn@e

P&gcess basggcggr%g%ed%%asaggr%guh@stg% %EQE%%EPQE%Qsch%% inéi,%g&gngOOZ

shortages, or blurs, posing an issue that defective boards
‘may be produced.
DISCLOSURE OF THE INVENTION

An object of the present invention is to provide
a screen printing method and a screen printing apparatus
capable of printing with good print quality.

More specifically, an object of the present
invention is to provide a scieen printing method and a
screen printing apparatus cépable of achieving a good
printing result in which the corner portions of the print
paste are prevented from the formation of horns. Another
object of the present invention is to provide a screen
printing method and an apparatus therefor capable of
printing, with solder paste, boards in which areas
corresponding to a large opening area and a minute opening
area of a screen metal mask (stencil) are mixedly present,
with high quality and high efficiency. A further object of
the present inventicn is to provide a printing method and
a printing apparatus in which such faults as solder paste

chipping, solder shortages, or blurs will not occur when



the print head conprising squeegee-speed on-process sw tching neans for

" switching the squeegee speed on the way of the printing progg&gugq@@g on
control of the controller in accordance with the program 5 AcCording to
_the screen printing nmethod of the present invention, before separating the
print-object article dowward away fromthe bottom surface of the stenci

wi th the positioning stage, the squeegee ¢can be lifted at least 10 to the
extent of a push-in stroke, to which the pfPi'nti ng sgueegee has been pushed
in on the stencil, and thereafter the print-object article can be separated
downward away fromthe bottom surface of the stencil with the positioning
stage, and tafd esrihat sthhabpristding sgueegeelean abel |tiHd efdridbifihepeterss
the print-object article can be separated fromthe stencil while the
stenci | is deptetisredontal without being tilted. Th us, a successful print
pattern generally equal to the circuit pattern provided on the stencil and
havi ng, at the corner portions, no such' horns as has been 20 involved in
t he conventi onalpdmi f9thgan dea olftiaistedaspecer dmoche Pie: saiteennpendibagy
apparatus of the present invention, the apparatus is provided with a
cont r ol Per Hherrepédsat PAGVLHEdpr #nt$ AL 8fudEHer T8 afedhmodedOant PaiRyi ARG,
unit and the positioni.ng stage ascent/ ce [ ving Lty I.nh _sSu a_wa
that, after’t %ﬁ%egge i%?%%??e r@@ﬁgﬁ féﬁﬁé%é?%%’t%gl%ﬁﬂug%éﬁém d%dn
article away ddtapddreoboht eypsed f age bef éiﬁemtséceﬁc}by PYs3@ i onf rA}IgMSEc 2067
19 noving the positioning stage downward) the print-object article is
separ at ed &K f rohiQ het ot toapsdr f 286 oY h@KiNdidlg Byhepvspgdehe paste

posi tioni ng stage downward., Therefore, the screen i nting nmethod of. the
present in éﬁﬂpﬁgﬁcgaﬂng% &eké?i 764550 IP‘%%? sli%_nt‘ﬂ atf'ﬁ_éf %eccrt 5 %aﬂaﬁg SrddlicRa.
I'n the 19cr euddlddd i 88 HEtOGOTHERE RheEANtmdyenbhea12Bd the 196 e8Freen
printing apparatus of the invention, the controller additionally conprises:

st orage neaws kK orhiehe ebieriga heert o iand-enbr¢hgwihbr dilre dataeesl atdsky tbhehe
settings of the I%%gf O ening rgacandrthennLnute openi ng area of the
board, as W&HSs Rty 127 &t E@O o“PRETE&Fig of a hi gh squeegee speed for

the large openi e e R t ehthgcgekhi pas catoowrsurages speed for the
m nut e opening area; and grogran1generat|ng nmeans for generating a program

by which the squiddgelrpeeeorolhlepmarthetidPpLiadi poked the t9mreiy sk
printing pracess based on ! he ontered daLa.FIEr ., f 08 Ll AL eade ¢he
addltlonalﬁy conpri ses"squeegee- speéd oOn-proces SWi'T ¢ I hg means T or

swi t chi ng heicequeeoee speadsan dheaway abdehe lyuwdy | Dgapr acessedTher efips e,
by perform ng the input of Iarge opening area and m nute opening area as

wel | as t hédugmitefathi yhSsgaEeged wpert HiRl FMP shaasfee Widad Wie thrard
operator of J he hi gher=qr def { NOsL) rGaRULLLe] h@%ef?@”tar Ay 318D FCIEN o
printing apparatus, or by performng the input o arge opening area an

m nut e opepipegriargeashyesheof the mask along a direction in which the

20 squeegee moves 1s smaller than a specified threshold, and

the second area where a value of each of opening sizes of

the mask is not smaller than the threshold.

According to a second aspect of the present invention,

|\
n

there is provided the screen printing method according to
the first aspect, further comprising the steps of:

entering data of the first area and the second area as
well as data of the squeegee speeds correspending to the
first area and the second area, into the screen printing
30 apparatus by an operator or from a higher-order computer

that controls the screen printing apparatus; and



7 August 2002 20 recognition of the visual recognition canera as well as

" the input of high squeegee speed and | ow squeegee speed by ?h@gggqxpgor or
t he hi gher-order (host) conputer, the areas where only the areas
_corresponding to the |arge opening areas of the mask are present in the
board at which the print paste is to be printed are printed at the high
squeegee speed whil e the areas where onIyALhe areas corresponding to the
m nut e openi ng areas of the mask are prééb t in the board at which the
print paste is to be printed are printed at the | ow squeegee speed. Thus,
it is enabled to maintain a high print quality and to ensure a high
productivity whewittwhilrey geloperdqpatea arkdtde betweenopehéngf arsel aaed

i xedl t. A di to the i nti h f th t
Mvent ] o, SSEORT: GHAAR | A0 BRI RPN AT ACE haE CHE priihe pet 2nd
pl aced on El:]g o d Qk‘ébn%}st hge 51 andby; Hd n8a€|§noq_’e M%g%g\%e}[@%'g]ee peeds

appropriately rolling, an adjusted print speed | owered ref'erence
print speedoirsesgbnidimcaar daneef st arehange thet lsegomaitapsst e
characteristic that is discrimnated based on the neasured print standby
time . Therefore, even if the print paste has changed in characteristic due

to, for exanpl ep dLyidigAuEbng thg PAT RispHANdEY W, pPEEBLENG Bfedii®
adj usted print sgeeﬁjggvgms t he pr%nt pa§$% to be prin?ed whil e © i
appropri at ehgreolis ngprovhuked t hBeocsareemce mfn tsireh fretlhtsl agcpordingaste

chi pping, print paste shortages, .and blurs, ,7 August 2002 21 can be
eIininatedghﬁlgégthésﬁﬁﬂﬁﬂ I Tl L sE¥BP Ht £ hPE ?geﬁé Plinted at the

adj usted print éHE%‘éiin% Sgg_téescppn%ih\ée EQrar’ esHPP! Yo ROYRL 0f e BEMH PTH U,
paste, and the print speed is returned to the reference print speed after

t he nuhberiontoadjthet edsqureen s pairthegn pppamdied the adpusgedzimgnt the
speed. Therefore, the print speed can be returned éo the reference print
speed wi t hORENEéRHsiSig? ey Ofaut £ §l‘i”§ﬂ( alYprd ntL1p4éte THFUPRhELOPr iGNt e

short ages, ,aRd Bl WS o CCRE ! gt %éﬁé‘erpfﬂaﬂhegnggtggﬁ%y&{)tJ§1ed$£§S§@t the

i nvention, a one-step adjusted print speed may p e enpl oyed for
short prinsgseéagdby $peedsandotrhesponbengof tet epeof fadfustadepriartd s ded

may be increased as the print stand time becones | onger. Therefore, .a
e anat SR Homrad PR o SHETSPURUST 1 B Ohe o Ha SRR EECEHat .
BRI EF DESCRORTLENSOFDRAWAGS Thess and Sigeraobbechiaand features of the

present invention will becone apparent” fromthe foll ow ng description taken

i n conjunction wsiwthchhagpr éher r squediiedi nemesd hdredofean t thheef drigrde &act he

acconpanyi ng drawi_ngs) in which: Fig. 1.is an arrangenent diagramof a

Screen pr i PHGSaBPARS (TGt WhrFYPnGTEER B et pr i hyeREt Roa® and

accordi ng gReaskicbeld erredippntnef rbhegprieseM of the visual recognition
camera and the entered data of the squeegee speeds

20 corresponding to the first area and the second area by the

operator or the higher-order computer.

According to a fourth aspect of the present invention,

there is provided the screen printing method according to

25 any one of the first to third aspects, wherein when openings
where a value of each of opening sizes of the mask along the
squeegee's moving direction 1is smaller than a specified
threshold and openings where a value of each of opening
sizes of the mask along the squeegee's moving direction is

30 not smaller than the specified threshold are mixedly present
along a direction intersecting the squeegee's moving

direction, the squeegee is moved at the speed corresponding



7 August 2002 22 invention; Fig. 2 is a flow chart of the printing nethod
according to the first enbodinent; Figs . 3A, 3B, and 3C are s eH20r Y
views of the printing process of the screen printing method according to
.the first enbodinment; Figs. 4A and 4B are a perspective view of a screen
printing apparatus according to a second enbodi mrent of the present

I nvention and a di agram show ng the relqg nship between its controller and
t he apparatus conmponents, respectively; '% 5is a flow chart showi ng the
operation of the screen printing nethod according to the second enbodi nent;
Fig. 6 is a plan view of a screen netal mask used in the printing nethod
according to the fdomml erbdadbpeatsuriigs. 48 Emel 7Brateavieewpastwiviany tie
operation of &Ee prlntln net hod in the second enbodinent; Fig. 6 is a flow
chart showfg-tRE Op&E rﬁ%ﬁe% screen printing method according to a
third enbodi nent of the present invention; Fig. 9 is a flow chart show ng
the operation of a screen printing nethod according to a fourth enbodi nent
of the present Acceedtiines .toFiag. filfths aspecn ofewhef prsseaen iretaltirask

5 there is provided the screen printing method according to
any one of the first to fourth aspects, wherein when
external terminals of components to be mounted to the board
are placed on the solder ﬁaste formed by the printing, the
threshold is a pitch between the external terminals.

10
According to a sixth aspect of the present invention,
there is provided a screen printing apparatus for printing
solder paste.on an electrode of a board to be printed, by
positioning a screen mask onto the board and by printing the
15 solder paste supplied onto the screen mask into the screen
mask with a squeegee of a print head which moves parallel to
the screen mask while being kept in contact with the screen
mask, the screen printing apparatus comprising:
a controller for executing control process in such a
20 way that the board is classified into a first area where a
value of each of opening sizes of the mask along a direction
in which the squeegee moves is smaller than a specified
thresheld, and a second area where a wvalue of each of

opening sizes is not smaller than the threshold, and that a

[\
N

speed of the squeegee at the first area is made slower than
a speed of the squeegee at the second area on the same

board.

According to a seventh aspect of the present invention,
30 there is provided the screen printing apparatus according to
the sixth aspect, wherein data of the first area and the

second area as well as data of the squeegee speeds



_used in a screen printing nethod according to a 7 August 2002 23

modi fication of the second enbodinment; Fig. 11 is a flow chqrAUggg%ng t he
operation of a screen printing nmethod according to a fifth enbddi nent of
.the present invention; Fig. 12 is a view showi ng the construction and
operation of a screen printing apparatus; Fig. 13 is a view show ng the
operation of a squeegee in the screen prin@ing apparatus of Fig. 12; Fig.
14 is a view showi ng the operation of the Squeegee in the screen printing
apparatus of Fig. 12; Fig. 15 is a block diagram of the control mechani sm
and a drive nmechanismof the screen printing apparatus of the fifth

enbodi nent coEirg:sploﬁldisngin tax r ahgen'ém:s@i agram ofncd ddmwemtdaumal sceeenare
printing art_of the gonventioug{ Screen

appar at us 9 i S %
Printing nBRRGA=CRiigES 184 SBRLTad SEoc & eRBFSRLEST § Wit G Herder
PLiNting PEgRess af e conuentLonal SRECeBRREBIING TBUIOd: el |End

perspective view of a conventional screen printing apparatus; H g. s a
pl an vi ew sfjuacgervespiceall iscreghtokical baskeen the first and second

5 areas by the controller based on these entered data.

According to an eighth aspect of the present invention,
there is provided the screen printing apparatus according to
the sixth aspect, further comprising a visual recognition

10 camera for recognizing a state of openings of the mask,
wherein data of the first area and the second area are
entered into the controller by the visual recognition camera
recbgnizing the openings of the mask, and data of the
squeegee speeds corresponding to the first area and the

1§ second area are entered by an operator or a higher-order
computer that controls the controller, and wherein the
squeegee speed 1s switched between the first and second

areas by the controller based on these entered data.

20 According to a ninth aspect of the present invention,
there is provided the screen printing apparatus according to
any one of the sixth to eighth aspects, wherein when
openings where a value of each of opening sizes of the mask
along the squeegee's moving direction 1is smaller than a

25 specified threshold and openings where a value of each of
opening sizes of the mask along the squeegee's moving
direction 1is not smaller than the specified threshold are
mixedly present along a direction intersecting the
squeegee's moving direction, the controller makes the

30 squeegee move at the speed corresponding to the first area
by assuming as the first area based on the smaller opening

sizes.



_Figs. 21A and 21B are views show ng the operation of a conventional
exanpl e; 7 August 2002 24 Fig. 22 is a flow chart show ngt L@ﬁgﬁ@tion
of a conventional exanple; Fig. 23 is a block diagramof a contto
_mechani sm and a drive nmechani smof a conventional screen printing
apparatus; and Fig. 24 is a flow chart show ng the operation of the
conventional screen printing nethod. BEST,-M FOR CARRYI NG OL1T THE
| NVENTI ON Before the description of the present invention proceeds, it is
to be noted that |ike parts are designated by like reference nunerals
t hr oughout the acconpanyi ng

According to a tenth aspect of the present invention,
there is provided the screen printing apparatus according to
any one of the sixth to ninth aspects, wherein when external

S terminals of components to be mounted to the board are

placed on the solder paste formed by the printing, the

threshold is a pitch between the external terminals.

According to an eleventh aspect o©of the present

10 invention, there is provided the screen printing apparatus
according to any one of the sixth to tenth aspects, further

a loader for carrying in a board on which the solder
paste is to be printed;
a stage for holding the board, which has been carried

15 in by the loader, to perform screen printing on the board;
and

an unloader f[or carrying out the board, on which the
solder paste has been printed, from the stage,
the controller comprising:

20 storage means for storing data for classifying the
board into the first area where the wvalue of each of the
opening sizes of the mask along the direction in which the
squeegee moves is smaller than the specified threshold, and
the second area where the value of each of the opening sizes

25 is not smaller than the threshold, data of the squeegee
speed at the first area, and data of the squeegee speed at
the second area slower than the squccgee speed at the first
area; and

program generating means for generating a program

30 by which the squeegee speed of the print head is switched on

the way of a printing process based on the data stored in

the storage means, and



drawi ngs. A screen printing nethod according to a first enbodi nent of the

" present invention is described belowwith reference to Figs A@ggggﬁﬁg Fig.
1 shows a screen printing apparatus used for carrying out the Screen
_printing nmethod according to the first enbodi ment of the present invention.
A print-object article 1 is positioned and fixed on a positioning stage 2
that can be ascended and descended by a pQsitioning stage ascent/descent
driving unit 3. For printing process, the %ositioning stage 2 is lifted by
t he positioning stage ascent/descent driving unit 3 to such an extent that
the top surface of the print-object article 1 cones to near contact with

t he bottom surf &abe ofprardt erfiddd Jompigising@008qRBedeeasspstamn duy-hrakens

lines in Fig, 1, A horizontal reciprocation driving unit 8 c rises an AC
servo not o?Wéé@é@cﬁﬁﬁ%a??%ﬁ“&&rﬁbﬂ%dt?% CRES &%f%%%ﬂ??gaf fre 'PRY or

ea, a Moves (8GaCreped: {Aql e aaaw shakl &h 8pdckBe ldkernds Shigunifey

Fig. 12. In a state t t squeegee Sa and a right squeeg have

descended int accomntiacicemwilth hehd qpregrémce of the stencil 4, the
hori zontal reciprocation driving unit 8 noves the |eft squeegee Sa and the
right sﬁueegee Sb horizontally in Fig. 1 (in the X-direction), by which a

print paste 9, ol der st.e,,.d t t SUEf t
stencil 4 by th§H§§F?§§§UéggegH§a%§ﬁ.E?hgygfgﬁ$ﬂgq3§§6§§i§gf E@%e?%ﬁ%e £
nuneral ~.2avdenobas a befbrequesgesrastrgt/ deseentprpintseobidor farticle
.driving the left squeegee 5a for ascent and descent;_12b denotes. a

ri ght - squedgervasdemyates &R pulp’ e BRSA™ f 8BREARFG ryf t KéSr i ghenshliedddd 5b
f g * | AR A .
or asCentﬁegg%i%ﬁ%laﬁgﬁg‘ég@%ﬁZc}‘Feef Eﬁheggle'e Sccér?wb\é/“'l&kfﬂegd étvlq.’éa'srtt 0

forward an rser t -'squéegee ascent/descent pul se
not or IPa;td3khdenekesna roghta bplikhsinevs o kd, | £ar wherhi ntloe f erdatd rand

reverse rotation by the right-squeegee ascent/descent pulse notor 12b; 1l4a
denotesza#%%@eﬁaﬁlQﬁﬁeaﬁﬁﬂtQMﬁuﬁéié“sémeE@et§t@H§Hkﬁta%%lFh§éﬁéﬁtﬁﬁa

bl 1 scr o 13aD SRS B0 idnot B¢ Gt BA A S A Aot o
the bottom surface of the stencil with the positioning
stage, and after that, the printing squeegee can be lifted.

15 Therefore, the print-object article can be separated from
the stencil while the stencil 1is kept horizontal without
being tilted. Thus, a successful print pattern generally
equal to the circuit pattern provided on the stencil and

having, at the corner portions, no such horns as has been

20 involved in the conventional method can be obtained.

According to the screen printing apparatus of the

present invention, the apparatus 1is provided with a
controller for operating the printing squeegee

25 ascent/descent driving unit and the positioning stage
ascent/descent driving unit in such a way that, after the
squeegee is lifted before separating the print-object

article away from the bottom surface of the stencil by

30



.7 August 2002 26 the right ball screw 13b and which is noved up and .down by
the forward/reverse rotation of the right ball screw 13b. T & b@ 2
conponents constitute a printing squeegee ascent/descent driving unrt 700.
.Desi gnated by reference nuneral 15 is a positioning controller, which is
capabl e of positioning the left squee ge oa and the right squeegee 5b,
which are fornmed fromrubber or netal or the like, to specified ascent

st andby positions of the squeegee above the stencil prior to the
pushing-in, to specified squeegee push-in stroke positions, and to
nonentary positions at which the left and right squeegees 5a, 5b are
present at a nonent when the left and right squeegees 5a, 5b nake contact
with the top surface of the stencil 4, respectively, according to nunerical
data of thogevies ttras pﬁf&ﬁf&hiﬁ?%@@g@%d]%?@? e CBrif-opyehtas a
ten-key pad, or to data retrieved fromprogramdata stored in a storage
unit provi dagtdicld ni¢ heepagatiedniadgyc sl tiee bbrthyn therfudatoNgthe
squeegee ascent/descent driving unit 700. Fig. 2 shows the screen printing
process of shensdrleenbpri miowihdaret bhd ageeidiimnhimgt hestfagest dobndard@nt .
Its primary difference fromthe conventional printing nethod is that the
fifth step Theaededehet wdwn tswerefegur pristdpgandethed | Hith Shep pfefemt 2 in
t he description of the BACKGROUND ART. In the screen printing method

accor di ng t énveation mapudee 2002l pzedi r 5p ERBSIISHEHILET ehkepEeseat be
invention, at the fjrst step, the print-object article 1 is positioned and
fixed to a BpEERF position of the positioning stage 2. At the second
step, the positioning sta 2 is_lifted.by.the st ascenttdescent driving
anit 3, S0 that the pritht CBE cRTTarti BrATEiGY (ReCHR T Enhy SRS o
lifted to n Lm t o] b suLf.. f 1l 4 he
third step,E?ﬁgﬂﬁg?%p;éﬁg%geégga ?é£€omeré%l?ggFﬁé %ﬁ%ﬁéﬁggﬁ%uéﬁgin % r oke
position by; ql h e ] S 12a.
A the four B Sren e Ter e s T OB, (e o n The 2o
X-directionmehnki 9fok bynithe ihef | 20phale d €GN 0GAd O i Midige Ui tafha DY
which the printing is executed This state is shown in Fig. 3A Thereafter,
at the fiftheshepngt ko Itefd ssteiegpe oFa tihe llafdeed capdryid® #rewsdnd reisd r oke,
i.e., to an extent to which the printing |eft squeegee 5a has been pushed
in on the snénuktke dpeminchered tofsdhecpoardscas Midscars daliaeaimtamd 2a,
up to the nonentary position where the left and right squeegees Sa, 5b are
present at BOmiHeht SRREANCheoE qRedyEh SEMEREScofPRRE WAh the tladFr3surface
of the stencil 4. This state is showm in Fig, 3B. At the sixth step, the

posi ti oni ngCRER§BI2FEY BRE: 6@ EheafetFLiRE- PR SRR FTHEATSer SRR iLP% he
Y-direction of Fi.g. 3C by the stage ascent/descent driving unit 3 q¥%;ng a
pr edet er ni nrelaedi"%g&ﬁ'@eq MHETTF ht3NY PORFTRBnSBRerRE 1BFarF 2o {fat t he

print - obj ecéegégggli%gl eil sz‘?gg%%%t %‘{; avyi‘?fi)/clr. oLt gequee%epéu%%éegog% the
print head is switched on the way of a printing process
based on the entered data. Further, the print head
additionally comprises squeegee-speed on-process switching
means for switching the squeegee speed on the way of the
printing process. Therefore, by performing the input of
large opening area and minute opening area as well as the
input of high squeegee speed and low squeegee speed by the
operator or the higher-order (host) computer that controls
the screen printing apparatus, or by performing the input

of large opening area and minute opening area by the



.28 stencil 4 as shown in Fig. 3C. Then, at the seventh step, the left
squeegee 5a is lifted up to the ascent standby position by t

| ef t - squeegee ascent/descent pul se notor 12a. After the posiﬂ?uc%s%ooszt age 2
.noves by the predeterm ned distance, the positioning stage 2 is |owered at
a higher speed than the uItra-IOM/spegg, preferably. Next, a printing
operation on the right squeegee 5b side is al so executed in the sanme manner
as in the left squeegee 5a, and the operation is alternately repeated from
this on. As shown above, the provision of the printing squeegee
ascent/descent driving unit 700, which is conposed primarily of the

| eft - squeegee ascent/descent pul se notor 12a and the right-squeegee
ascent/descent pul se notor 12b, as well as the positioning controller 15
makes it passcddeitdonpdf ofted Wi sadle rearushset i dhec anerat a8 yweldbidd @havher e
the left and right squeegees 5a, 5b are present at a nonent when the |eft
squeegee Sa.rgat tde hight sgueeggeespdedalindcdnwastiuerietie et spaeah Isutthace of
the stencil 4 via the input/output device 100, and noreover to |ift the

| ef t squeegmeesatandorthechd ghighgqueeyderSh(hupstb chepwtieent at e pasierison at
which the left and right squeegees 5a, 5b are present at_a nonent when they
make cont acthe¥e honhy tdye sarease COrrEfPANEMT | £3, thef okargepapsning t he
printobject article 1 away fromthe stencil, 4. Therefore, the print-object
article 1 GHfde SEpihst Rk oAFEhBLEFERS 111 WA £ofke dfenthich t&ekept

horizontal without being, 7 August 2002 29 tilted. Thus, f ul
pri nt patt S-S SBRERI 5 dfliab=t PTHRCERr ART BALPSFR pFoviditl B3%the

stenci | 4 and, Jayd 00, Al d NG BN HROT LS,  URSCH RALNS o ag. g been

shown in the*conventi exanple can be ai ne i't has been

arranged t'?%:fé‘%p@é&fﬂ%gé%?{ég%ymﬁﬂﬁhéi eperding Nereas réAting ﬁSHEES%Saﬁg,

5b, the push-in positio e squeegeés ba,” 5b tv the stencil. 4 ,

the moment e st t AN HehepSatdeakefdhidl EhahtpSigieegesseSas Sy ape
present at a nonent when the squeegees 5a, 5b nake contact with the top
surface of grhihtsd®ngtd priditeEnitete@ Low diiceemie salawd f r gpuheit is

i nput/output device 100 into the positioning controller 15, respectively,
SO0 as to bersthilsdl ta hhénshdnage hight ,pahdtct Qaklibhy cord rod [ensdbe cantrol s
digitally the individual positions based on the nunerical values stored in
t he storagdigh t prPdaucsfioricy t wben puw t lewgecanprdrivgntaxta e@nd t bhgood
reproducibility for each printing process so that the screen printing

preci si on T | PRARVRY. areahddeali¥elednPaeS8Rfed that, after the

squeegees 5a, 5b are |ifted, at | east by the push-in.stroke. exient to which
t he squeegees Sa, So@ﬁﬁ%rgé%ﬂ bBsh iﬁFEﬁFﬁhEréFEHESI“‘?qﬂéa$%s$??oning

posrt ﬁn”‘3#%5%2%%2’?%9333ééﬁ?)e%&iraeSzoeeéﬁ‘%”%eﬂlﬁg%_ﬂ%i%%é%gfi; WHErSEEE "
T e e A o A T
further th%fl_v%feﬁ&ekf%’titrﬂ? cai 5ed ?%Bééd 5Hi§é§$bi‘éﬁ9i&§ei? {-QFlingt, aggby

positions. re, the print-object article 1 can be Separated away from

the stencilaghudid® bhenst efgédddiliowei@dt BOLLROME BREGrSacW byint t hout
being tilted. Thus, a successful print pattern 16 generally equal to the
circuit patdpaad freoseted noactbedaneecivii th andhhagiengn ehe tpeigorpeste
portions, no such horns 10 as has been shown in the conventional exanple
can be obt ahzethcteststio tpramntimng isparat nest el lods ed esn & vz mesrspredt i ng
met hod according to a second enbodi ment of the present invention is
descri bed wnint etansive timer g¥hezafpgerBeven thethel PHWAPIRERIHPT i on,
the term"m nute opening area"” refers to an area where the_value of the
openi ng si A9 ¥herngShaFaERET AEEACal BRG (AR diEPECt FEATPhE whi TR 112
squeegees ve is smaller, than a specified threshold. The,.term.|ar

openi ng ar &% ING eFRet HXMtardf et RE v AU OIS hat o p&fi r?gajs‘fs?teg%f

openi ngs of_ t.he mask gl o the directi.on in ich the sque S Ve, i S not
| ess t han Fﬁ%%;eﬁ???gdix%qﬁﬁ the print paste tolke 89?8928 wiVfe
appropriately rolling. Thus, the occurrence of such faults

as print paste chipping, print paste shortages, and blurs



.Referring to Fig. 4A, which is a perspective view of the screen printing
appar atus, reference nuneral 101 denotes a screen netal nask?Aigﬁﬂggaftes a
board; 103 denotes a print head; 104 denotes a print-head-use SErvo
.motor for driving the print head 103; 105 denotes a printhead-use bal

screw for transferring the driving fogﬁe of 7 August 2002 31 the
print-head-use AC servo notor 104; 106 denotes a printhead-use AC servo
driver for driving the print-head-use AC servo notor 104; 107 denotes a
visual recognition canera for recogni zing recognition nmarks of the screen
metal mask 101 and the board 102 ; 108 denotes a recognition-canera-use AC
servo notor for driving the visual recognition canera 107; 109 denotes a
recogni tion-camera-use ball screw for transferring the driving force of the
recogni tion-canerause AC servo notor 108; 110 denotes a

recognitioﬁ*ﬁ%ﬁ%?a %m¥E9§8?VO driver for driving the

i tion- - o . et f
ssuing commnds (o trkeTerane M o desbinhef BTR A LARE Br e
control . p%’@'tlfeo%d%rﬁts‘?fééi‘%d:fzﬁttas Reld8 scaBkr pLEBEnLite %@adﬁggggﬁcl) stage

for restricting the~boar 11 enotes a stage-use AC servo for
driving themhage di e rdongias. 8, ddecrsobaht sgeew far rbeanskearring
the driving force of the stage-use AC servo notor 114; 116 denotes a

st age- use AG i/ ardifd¥eficé oprdhtVepgetiha fiagetne rAlmiser vorf matigustéd; 117
denotes a |l oader for carrying in the unprinted board 102; 118 denotes an
unl oader f @ricars yhageoubedhe priintdestl baartchd 02d jarst €ld 9 poeimat espebd.
apparatus main unit. Thus, to the controller 111, as shown in Fig. 4B, are
connect ed Thegafione hdde P03 nt Ispaed camehd- uebuatedet@otiei yeferenscet he
vi sual recognition camera 107, the recognition-canera-use AC servo drive.
110, the c®FAS Sspafd wWithoytheangyng 1A%y fHel &% fjechsas riBEyBaste
August 2002_.32 driver 116) the |oader 117, and tgﬁ unl oader 118. In the
second emb&HTRRIRT 1 HRF 1R rﬂaiﬁﬁ,gFﬂEtéﬁﬁﬁe 728 BldSst age- use AC servo

, th . Kk h g head h ,
The sol def past o 120 MECERHanER cLBF BFEAC pRs AL Torith ol VEVETHE. and

th trol; 112 . ,
bosi 11 oni nd R icH2 LUALSA df R Wlthen o ddles Sl fonl By be o
8c that hagrfieAteegeesndar pRiard SultddPNsi RS, 2aRbl Rhehedthbd Peos

squeegees 5a, 5B, the solder paste 9 as an exanple of print paste, the
control | er stepsabd blgustRd peuhRubpeed fay1BQ Dictd&sélr as endostimat,
respectively. The apparatus of this second enbodi nent largely differs from
t he convensitamdbyappimat hecomneshdbniglze .cormhatdBrrd 1laaddide aredde of

conpri ses, besides a controller main unit 1l1la, storage neans 111b to which
ent ered anghomdy edtar eldaga it ngstandhy sdtimeng ofnt hée arkrndbedi ng
area and the m nute opening area of the board 102, as well as data relating
to the set EMFFeFSEWHe i gh squeegee speed for the | arge opening area and to
the setting of the | ow squeegee speed for the m nute opening area, and
program generating nmeans 111c for generating a programto switch the
squeegee spg % Of I q;.- _59 Qn..t he way of process according to the
ent ered data==&nd - re=Pprriit nead 103 additionally conprises a

squeegeespeed on- pr 0Gge SWLLGN BUnEENSy J05Es | YUnd WebGRLIRS NGz dndlOus!

present invention will become apparent from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which:

Fig. 1 is an arrangement diagram of a screen
printing apparatus for carrying out a screen printing

method according to a first embodiment of the present



33 squeegee speed in the course of the printing process. In this second
“enbodiment, it is assuned that the squeegee 123 has such a \Aj%s{@@dzthe
entire area of the board 102 in a direction perpendicular tot squeegee' s
_nmoving direction can be printed by one noving process of the squeegee. It
is al so assuned that noving the squeegge 123 at a print speed which will be
described later allows the entire area of the board 102 to be printed in
the direction perpendicular to the squeegee's noving direction. At Step
#11-1 of Fig. 5, which shows the flow chart of the second enbodi ment, after
installing the screen netal mask 101 upon a nodel exchange, the operator,
with the use of the control panel z12, enters a | arge opening area 120,
e.g. an area corresponding to a chip conponent area of the board, as a
hi gh-speed ,print ,area into the controller 111 to thereby store it into the
storage nedtYetH#P by the ten-key pad of the control panel 112 serving as

an input neans, whil griggagpq_rsataorf?g‘%era@ﬁ a}%n#g REHh P pathéd, €. 9.

an area correspondin narr owpl at “Package) area of the
board, as [ Ln troller 111 by the control

panel 112 %écﬁ]‘%ig'% %o%eﬁfg?ﬁ%oéﬁﬁéggpgggée means 111b, based on the
posi tions and sizes af;dde 44 a6 ORI e areackdanwkibely viedts aireahehere
sol der paste in |arge openings of the nask 101 I1s printed on the board, and
the ni nut e ;apeMH il Preredsdd ofihehstsean preéacihgreesbbdeacpastidngnto 7
August 2002 34 m nute openings of the mask 101 is printed on the board, in
t he screen un dirsslkeniddsestipwn in Fig. 6. Mreover, the operator enters
a high squeegee speed VI to be used for the printing of the high-speed
print area and a | owBig®megdd sprdd 4% avebeé uBRYSPEFTLNE pYiAYi rﬂgé)oP t he

| owspeed print area, into the controller 1]] to‘theregﬁis ong?taen1ig t he
st or age Me&GYeEr Printing aRPATIFUPAEFOFIABNT AFC & SFANC FBPORLYD 5 |
with the use of these entered and sfored data, the contrcg#§r.%él gﬁges t he
progr am ge®dr attinfy mEefenY 1 AHERT AT AP Opet attH P T 0graAT | of =t hé pri nt

head 103 to print the, | ar,ge openi ng area , j cQ_isS I i ng
area, at tﬁ@%‘rﬁrg’ﬁ’ g "s‘b%e‘h \?%sanﬁopé%%rlil\r%?tﬁgam %ﬁfge %f%gﬁgrea

121, which is the mnute i ea, at the | ow squeegee speed V2, and
makes the JENGIAtad pr oﬁ?%ﬁggﬁ'ggg £’i’n the storage neans 111b. This program

Wil be used at Step gil4d. At;Stgpr#dyw HRAek hRwR tle WpdierLont obl | er
111, the |oader 117 carTies the board 102 into the stage |13. At Step #3,

under the qoradcfed hepsontinll enethdd t hecdrslialg r exognite onseameda | 07
recogni zes the position of the recognition mark of the board 102, the
controll er drdodeiid:ot ps the cal cul ati on of a positional ccrrection anount
of the board 102 based on the position of the recognition mark of the
screen metal nask 101Fighi €his 2 @lamendiew, ofna sEseeBnRebREcPask1uBReEf or ns
t he positioning i .
in the printing method according to the second embodiment ;
Figs. 7A and 7B are views showing the operation
of the printing method in the second embodiment;
Fig. 8 is a flow chart showing the operation of
a screen printing method according to a third embodiment of
the present invention;
Fig. 9 is a flow chart showing the operation of
a screen printing method according to a fourth embodiment

of the present inventicn;

Fig. 10 is a plan view cf a screen metal mask

used in a screen printing method according to a



.7 August 2002 35 correction of the board 102 based on the cal cul ated
positional correction anmount. At Step #14, under the control ,of th 002
controller 111, the squeegee 123 of the print head 103, whi CKOPPHQES§
mechanismsimlar to that of the |eft squeegee 5a or the right squeegee 5b
in the first enbodi nent, noves over a | owers to the print start position
of the high-speed print area and prints fromthe print start position to
the print end position of the high-speed print area at the hi gh squeegee
speed V1, according to the operation program generated and stored at Step
#11-2. Then, coming up to the print start position of the |ow speed print
area, the squeegee 123 prints fromthe print start position to the print
end position of the | ow ~speed print area at the | ow squeegee speed V2.
Then, coni Rgpdif {@at DEnPHIENEHS! Bkl cpes idhsyt Dhedr second hi gh-speed pri nt
area, the squeegee 123 prints fromthe print start position to the print
end position of the sepggndibi g8-apeedwpehatrtastawding tdrehicge raiieRgess speed
V1, and ascends. As a result, as shown in Figs. 7A and 7B, the speeds V1,
V2 of the sqeeamen 33 rime nidethd @dderd imgetopefiifyargdbdPiinenthioth i s
t he hi gh-speed print area, and the m nute opening area 121, which is the

| ow- speed Hentpresentrispestivaly, so that, even for the minute opening
area 121, which is the m nute opening area, the solder paste 122 can
conpletely fill tre iRigri R & theVRYnEhowingudit SVBStBEChbPasangy

whi ch are openi ngs of the screen netal mask 101 positioned on the

el ect r odes CPEF 19 ReCHodr 81027 PRASLING APRIAEF een netal mask 101 is

renoved of f, an appropriate _anpunt oJ. t he sal d%r p sée 12% itslﬂ%i n%[ed on
each of the el ectrodes*925°0 the Board 102 4 Ghowni THE-F AT A Step

#5, under & éoino{:h;_hgc%%g{“rgkligrci%,agéﬁg@geoglgigavwg t he board

102 pl aced thereon | owers so e boa s transferted to the

unl oader 118, and thepjthejynligaderyidd sapt/iay the Raadshd{en ogt ehet he
screen printing apparatus main unit 119. According to the second enbodi nent

, 1N the waynfedts Cin PEHe 2b@¥8enBeANRLORS LPLLRBNNBOFiH. ateas having
di fference opening sizes of the nmask 10l al ong the squeegee's noving

direction of the naskri§l ar® nixed ybpeedenidicardre bdar dhk02¢chbeol
printing can be carried out at a plurality of appropriate speeds matching
t he openi ngesilzesish bheé var doiveamsashart i $the dfoat e 1 @2 rewas edrbnt daga
entered by hand fromthe control panel 112. A screen printing apparatus
whi ch enpl e@pParatteepf prhat fhftheenbaddaestdi ng to a third enmbodi ment of
the present invention_is described with reference to Figs. 4A, 4B, and
Figs. 6 to 8. GeneralFE3nst tfctilch ofPt hSTHANFHIRRE of dgﬁ9§af“hi r a

enbodinent is sinmlJar o that cf the,second em%odi ment, and is omtted in
descri pti Oﬁ_oqugx}%oré@tcoﬂcareen printing appaxatus;

Fig. 17 1is a flow chart of the conventional
screen printing method;

Figs. 18A, 18B, and 18C are explanatory views of
the printing process of the conventional screen printing
method;

Fig. 19 is a perspective view of a conventional
screen printing apparatus;

Fig. 20 is a plan view of a conventional screen
metal mask;

Figs. 21A and 21B are views showing the operation

of a conventional example;



7 August 2002 37 enbodinent, it has been arranged that the high-speed print
“area and the | owspeed print area are entered by hand into t ﬁﬁgp%pdﬁleﬂ
111. The third enbodi nent, however, is characterized by allow g the
_high-speed print area and the |Iow speed print area to be entered
automatically with the use of the visggl recognition canera 107. More
specifically, the opening sizes of the openings of the mask are entered
into the controller 111 by the recognition of the visual recognition canera
107, and each of the opening sizes is conpared with a specified threshold
by the controller 111. Then, it is decided by the controller 111 that an
area where each of the opening sizes is snmaller than the threshold is a
| ow- speed print area, while an area where each of the opening sizes is not

| ess than the threshold is hi gh- d it t i1 §KHO
results are stored i n”L‘r%e %?o?‘%g% ﬁg‘g‘gs‘:ﬁ#gs%&@%g@g%ﬁ?eggeélgg Bg,

whi ch shows the flow ch teggﬂézg_third enbodi nent, after installing the
screen net & QREﬁFqEﬁpﬁﬁ n-a €l exchange, the operator, with the use of
the control panel 112gakes 1% $ARMNdTBG G BEkal8dnt cORGNE2RAN RS e
vi sual recognition canera l1lo7, and transfers, to the controller 111, data
relating taqddie;pPesiiticonse @sh sidesfofa t bentvangtonatnisty emreapt26tand t he
m nute operiag area 121 of the screen netal nask 101. At Step #21-2 of Fig.
8, the opergdgr£Hh€f Sahde hi gh squeegee speed V1 used for the printing of
t he high August 2002 38 speed print area and the | ow squeegee speed V2
used for the printingrdg.the isvaspbed @rant skeaingntlhetprersrirdl PEr 11
by using the control panel 112. At Step #21-3 of Fig. 8 wth the use of

t hese ent ertte dadmyenthionaht sokken PrintdRes Metd@9sh-ogr am generating neans
111c generate an operation programfor the print head 103 to print the

| arge opening area 120 at the hi gh squeegee speed V1 and to print the

m nut e opening area 121 at tjiéﬁgfbﬁﬂﬁﬁﬁﬂﬁﬁﬁﬁﬁgﬁﬁéﬁg , and stores the

programir1§§ék€¥%2§gggﬁeﬁﬁ¥R | 11. This program wil |

be used at Step #24 of FEiq. At, St  of H ordlexe t hevenpipal of
RN e T e o

the controller 11, t car he board 102 into the stage

113. At St % cia#c%eé)&s Fi g Be 1\g€d§é 1dE§0PhE 011 Hfe t;%’lft@@@f@'&@éiéﬁiteﬂhe

vi sual rec ron tanera recogni zes the posi n of the recognition
mark of the,poang.102erkbencantighd 25141k HReAINICER t BRecctbmpanpiog a
posi ti onal rrection amount of the board 102 based on the position of the
recogniticnufgwfn?g_the screen nmetal nmask 101, and the controller 111
perfornms the posiiioning correction of the board 102 based on the,
calculation result. An SoveetRdppinfing fetimderactrrdbrdr s ¢ FhEST
controller 111, the print head 103 operates according to thg Rrogra SO
that the soerdog@iméf8 of the grdsanthdawerggion is described below wl

reference to Figs. 1 to 3C.

Fig. 1 shows a screen printing apparatus used for
carrying out the screen printing method according to the

first embodiment of the present invention.
A print-object article 1 is positioned and fixed

on a positioning stage 2 that can be ascended and descended

by a positioning stage ascent/descent driving unit 3. For

printing process, the positioning stage 2 is lifted by the

positioning stage ascent/descent driving unit 3 to such an
extent that the top surface of the print-object article 1

comes to near contact with the bottom surface of a stencil



_7 August 2002 39 noves over and lowers to the print start position of the
hi gh-speed print area and prints fromthe print start positigg\to t %@print
end position of the high-speed print area at the high squeeg L@Hé 1.
Then, comng up to the print start position of the | ow speed print area,

t he squeegee 123 prints fromthe print gtart position to the print end
position of the | owspeed print area at the | ow squeegee speed V2. Then,
comng up to the print start position of a second hi gh-speed print area,

t he squeegee 123 prints fromthe print start position to the print end

posi tion of the second high-speed print area at the high squeegee speed Vi1,
and ascends. At Step #5 of Fig. 8) under the control of the controller 112,
the stage 113 having the board 102 placed thereon |owers so that the board
102 is transferred to the unl gader. 118, and_ then the unloader 118 carries
the board 792 ®%t SBPWRhEYnRrekes tL N e cBHdind-to the third enbodinent,

in the way as describgd bove, when areas correspondi ng.to areas havi ng
di fferent opening siz€s q%ﬁPWﬁEQK aF BEAPXOFRAF 1 s et ~ B8 he Wddr d 802,

e B nGa DECghrARdou ohon ! el LUy o PR LS shecrl
som autom cald Yoo 0T SR0:DTLE LAG GBRRLALUS WLSNSTROGA BB SO

printing net acco our merit thé present 1 nve

is describgthavddbrd@f ShEPLECLO Fh@Sthe TiRBOURl BRAQAAifB1H, A 7B

and 9. General construction of the apparatus of this fourth enbodi ment is
simlar todhetaté thatsecondfeneediceRiple 3dahd @MiFidik | Bgdeegekptgon. In
t he second enbodi nent, it has been arranged that the high-speed print area
and the | olesspeedeprentied entay econtagni addibythdetopsualrfacogoift itdie
canera 7 and discrimnated by the controller 111. In the fourth enbodi nent,
however, tistasonil okl,ertidl hofritdural i mecigpramedriainusdrs véagarumhged t hat
the data of the hi h-sEeed print area and the |Iowspeed print area as well
as the dat &vfes h&he ghef§uetqeregpeecfa/lamdd the |BigRyuaareggredby2 are
entered into the controller 111 of the printing, apparatus froma,

hi gher or dePYHARYE>bRPULSr Fihr Bxddp &hey XoRtr8FFéPdr PhotiRifRga

[ d with_thi inti . A - f Fig. 9,
o ch Shows SHEE PRTFCndet DA P 1ORH AR cHOOHE oA, WMe TRt BEr GE ot al
k 101 is.) I I h , (o iti
and si zes ST of o BRoRtRRCA. & 190 AR PREETATAY 18 MR BB CF°

t he screenfyg wel | as data of the high squeegee speed v
used for the 6§%nt H%e%gétﬁg'large opening area 120 and the | ow squeegee

fPSﬁSf g?rgzegrg cr%rt:] ge%?féﬁéi}ag Qfunidta 1M AYLe MDeOEHS A e@eéels?ﬁeeiee
gher-order conputer to the controller 111. At Step
#31-2 of Fagcdht ddédcéhe psbsofmdthi®S&or driving the left squeegee Sa
for ascent and descent; 12b denotes a right-squeegee
ascent/descent pulse motor for driving the right squeegee
Sb for ascent and descent; 13a denotes a left ball screw
which is driven into forward and reverse rotation by the
left-squeegee ascent/descent pulse motor 12a; 13b denotes
a right ball screw which is driven into forward and reverse
rotation by the right-squeegee ascent/descent pulse motor
12b; 1l4a denotes a left ball screw nut which is screwed to
the left ball screw 13a and which is moved up and down by

the forward/reverse rotation of the left ball screw 13a;

and 14b denotes a right ball screw nut which is screwed to



.7 August 2002 41 entered data) the controller 111 nmakes the program
generating neans 111c generate an operation program for the-péhé%naggg 103
to print the large opening area 120 at the high squeegee spee and to
.print the mnute opening area 121 at the | ow squeegee speed V2, and stores
the programin the storage neans 111b.,sThis programw || be used at Step
#34 of Fig. 9. At Step #2 of Fig. 9, under the control of the Controller
111, the loader 117 carries the board 102 into the stage 113. At Step #3 of
Fig. 9, under the control of the controller 111, the visual recognition
canera 107 recogni zes the position of the recognition mark of the board
102, the controller 111 perforns the cal culation of a positional correction
anount of the board 102 based on the position of the recognition maxk of

Correct | on SOF CHS TRl 1 0 ARt b rth T ST AT bl 2 hORe B Y23 ot
Fig. 9, undep gagfg»fﬁ%/{lﬁév&fsé hfow@ia;ﬁ;{;e[ ﬁﬁélrigg& %413% %«??%Hl%b..

oper at es accor 0 ‘t'he program so e squeegee e print

head 103 ”Qlﬁ%_%eovﬁ&g%@ J:BM\?_BﬁehQst hEoREE DEuBkar § @Eiﬁ&?ﬂgo‘c%ﬁ-ﬁéegen

ni gh-speed print aréa and prir_ts fromthe print start positi to~t he

print end paglehitydc¥cddte A DPripaedi®r 7o .area at the high squeegee speed
V1. Then, coming up to the 7 August 2002 42 51 print start position of
the | ow speed print Dfgridvedqueggeadldrgric¢at Snumendlne pEi ntist ant
position to the print end position of the | owspeed print area at the | ow
squeegee speedt\dnitherepontamligypwhachhéspeapibiearf mositioninfy ®heecond
hi gh-speed print area, the squeegee 123 prints fromthe print start
position téefhe prieegead JFosandorthy rhghtechmeeedgn- Soedwpdioh area at
t he high s%ueegee speed V1, and ascends. At Step #5_ of Fig. 9, under _the
control of tPEECELHNEFIR| SUPPEE PFe Matdfe 23 ¥R&i AdXChe BBartPa®dipedced

thereon | owers so that_the baqard 10251% transferred to the .unl oader, 118,

and then tﬁécﬁﬁltoéﬁér“dfﬁp@éﬁﬁl@?st i 35 SHEEG “_E%e”?ﬁai%t?ﬁ'n‘i”f 119.
Accor di ng é9i5ge1L9UE%% %gg%ﬂ%n Ny ! tth%?Xfﬁ@dge &&égégegsﬁ¥%%rfge”

areas correspondi hg to ar aving'ditter openi ng*sri zes nask are

m xedly pr 0 : d , i0ting : arh a
%fé%ke Jsi& s eaé-gi? td rPéﬁtE'%]J:e-P BSQEtE!Sn% &t %ﬁ% %ﬁ ous

plurality appropriate spe mat ching t openi ng sizes of

areas of therkogh 1P2gREMsadbe@RE &Rl | Y5 Wakeh (RAUJASP08E 50 hdlfe?f €as

havi ng the different opening sizes.
when the left and right squeegees 5a, 5b make contact with
the top surface of the steﬁcil 4, respectively, according
to numerical data of those positions entered from an
input/output device 100, such as a ten-key pad, or to data
retrieved from program data stored in a storage unit
provided within the positioning controller 15, by the
printing squeegee ascent/descent driving unit 700.

Fig. 2 shows the screen printing process of the

screen printing method according to the first embodiment.
Its primary difference from the conventional printing
method is that the fifth step is added between the fourth
step and the fifth step cf Fig. 2 in the description of the
BACKGROUND ART.

In the screen printing method according to the



_Fig. 10 shows a nodification exanple of the fourth enbodinent. In the
fourth enbodi nent, the highspeed print areas and the | ew spe cir§®ban .
areas are classified on the assunption that an area where co dest ith
generally equal external termnal pitches will be 7 August 2002 43
nounted i s present along the directio§%MHpendicular to the squeegee's
nmovi ng direction. However, as shown in Fig. 10, there are sone cases in
whi ch conponents to be nmounted with largely different external termna
pitches are arranged along the direction perpendicular to the squeegee's
nmoving direction. Mre specifically, left-end, right-end areas Al, A3 of
the screen netal nask 101 of Fig. 10 are |arge opening areas 120 as in the
screen netal mask 101 of Fig. 6, whereas a central area A2 has a m nute

openi ng ar &g 12l @Rb%hid@%y”ofoﬁhgogfgséﬂ 'iﬁgeEEQO%JEH@etHQ?@ﬂyié”ea

120 at its lower portron. I'n such an~area where the mnute opening area 121

and the |ar | . JB%E ) Y1 B i 3 O t 141" i

per pendi culsgl%é)g%@eqjs%urg%gee s@{n%/ﬁnﬁ%rleg’t%o%ﬁg]i%e I omear}?dogl’t)ﬁég [t):(rbinnt
speeds is pyedwsetiall poarlired s hdapokhe ibhiiflg ke C3 I CURESthe
corresponding to the m nuter opening areas of the mask wll be carried out
appropri at @&oﬂ@@ﬁdw &hd sl eai et st ag@sk iDL idfred By the sthagent ed
in the order of speeds V1, V2, Vi, as in the case of the print speed of the
screen net asamstk/dO4cefit FidyrivingAsumht edanpse ohathelspeprinedobhieeshol d
for the value of the size of the opening |24 of the mask 101 for

cl assi fyi ngathieclexge wpenhagprasdsd aidig hetagaute bpehiidgest ead, npart he
narrow pitch between the exter:.al terminals of an electronic conponent to
be mount ed PRSELMHEGUERt Fhe cROELEBaFHTERaE Pinkhth SRt dth ofitt RBe
termnal is_, 7 August 2002 44 0.180.02 nmm gnd.the thickness of the mask is
0.15 nm t B 50h S AR o ST iedféy SRS % 155 LAHERRTC RO EhRaFEUBFoRPS

. A di ngl wh I [ : hayj
ot o7 nal { BRI FUEREF GRECERBRR0DYSCAR Aea Tb o Wk Eh: | SIBFFAERd at a
| ower pri ”‘assc‘é%f‘r.f'( 5L 88 ”}:ﬁEES gxo%‘i“'nt’hga arege WALl & Rl 6 WPer £he

el ectroni c conporents each®having an external termnal pitch n | ess t han

0.25 1nm ane #0 NG&OLEE elai $5PRLVEED ralgh W8 R X SPPRs-@soh heel ar ge
opening area. The threshold is variabl e depending on the pitch between the

external temRg.nal by e hétDzohthlerteifrodiat iidie dmiskiddinkitess, ebg. A
screen printing nethod and a printing apparatus according to a fiFth

enbodi nent whifidihetpe epeintiingents oexacetadw deRicks bedavet Hsr eflervencent o
Figs. 11 to 15. This fifth enbodinent is a screen printing nethod for
screen- pri Fdigng 3@ pr iTheymssitent at rdferkhith psiep, speed oit siweegee
squeegee, in which nethod upon an occurrence of print standby tinme during a
printing ofér dtS orifEef soply nEostaBUBR -Etnstitekeeasiueed, HhRWRFE$he
printing operation is resumed, with the print stand state cancel ed, the
squeegee | SONBPEF htt RS REFREIRA PR Rt SSHEETCORS %?ar?et% Hﬁcl'é‘?‘gn’c% print

speed based on.the _rel atignshi p between the print_ sta qg tinme_and the

adj ust ed pPPnEhprESnéf#e?’t}ﬂ% '?%%J‘_rﬁjﬁ o%q‘i)?g%?? nﬁ%egn& %e%?%% R%e®%cr een

printing iz gantied oy, Wd b G ddiaRPESs { 8hn Nt PEELL! AEED Mt De

screen mas uring the
right squeegees 5a, 5b are present at a moment when the
squeegee 5a makes contact with the top surface of the
stencil 4. This state is shown in Fig. 3B. At the sixth
step, the positioning stage 2 is lowered at an ultra-low
speed (0.1 mm/sec) in the Y-direction of Fig. 3C by the
stage ascent/descent driving unit 3 during a predetermined

distance from the printing position of the board, so that

the print-object article 1 1is separated away from the



.7 August 2002 45 standby tinme. This printing apparatus has a construction
generally simlar to that of the foregoing enbodi nents. The §t e éﬁ)gn
which the printed circuit board ~ carried in fromthe precediﬁg%QF q S

pl aced and positionally restricted, ascends up to the bottom surface of the
stencil 4. After the printing, the stage 2 | owers so that the printed
circuit board 1 is carried out to the Subsequent step. The |eftward
printing squeegee 5a and the rightward printing squeegee Sb are noved up
and down by the squeegee ascent/descent driving unit 700, while the
squeegees 5a, 5b are noved rightward and |l eftward by the horizontal nover
8c screwed to the screw shaft 8b with the screw shaft 8b being rotated by
the rotation of the notor 8a of the horizontal reciprocation driving unit

e, so that solder_paste 9, which is an_exanple of the print paste placed on
the stenci|S%enFilpti ageahpyn: pe BFﬁnté§-chBBPt BSaF8e1 SeMERidh sS4/,

t il 4. Fi 2 d 13 h sh t f i.ght d inti
S oncss. anthEl 1eTE, MARESE ER niPnd IECARILYB LRt & HhorABCPREL FHABRIRY nt i ng
. Ref | 711.i Fig. 15 d t NC it.f i i
D orrend 6 PO BERe R e sLeth ramhiaars) SP T el R N P UD AR BOEE for
trolli wh i i t o i fifth_ enbodi t,,th
ol | ovi ng obtFat | on L5 BExebbed BHRAS: TRES ot 4T of 2 ¢ NBSTRRL r BV eEHELL., At
Step #51 of Fi@erdimi eargggea apdbyy e goé\m%hiag%téggpﬁeigng%gg%@‘ce

deci sion step, 1t I's deci eéther ‘ornot there”is a~print standby state

over a specdd i gdHilgm 2l 3ps€3d¥@ah0 SUTELL £880NoQf stpt&dqreﬁggfegagtlgn- | f
there is no print standby state, the program goes to Steps #52 to #56,

whi ch are averot /ed maricoeisg dfeddieicn ich ahy irighst sndkegeleatse; stilde psogram
goes to Steps #57 to #63, which are a standby process. In the nornal
process, thalsghek@eusedpinoftiet eganb2namhechassia ldwer dlaft r yquaegeep
(corresponding to Step #2 of Figs. 5, 8, 9), Step #53, which is a printing
step (corr ésporatichd hep ofleas ity is#ad terdatefl yFrgpeased3from thag Shep #54,
which is a board carry-out step (corresponding to Step #5 of Figs. 5, 8§,
9), it is decided at é@egh@@@ FPFe nt LsaRISV i icgened/ &hseneBlBBENTi on
step, whether or not there,is a print, standby state over_ a, specified_tine

el apse due THLVFRE ASLIFL (AL FFRNE HSSGHRH (1St g OOk f WRREPL B CABPRF R

t db t at th t St #56; if t i it St
S50 to) o DRHAE LY o8 EfRORER et Pkl Ragans /AR Rt a1 okRs 7
Aol Lo #OS” = t t
Step w1 AT €N AN S s RAGR [ AT, Rl RO S L 0° e
end. In the$Standby, PraeLsis M d:fi dd&andbiel 118 dScdBasurgss #ip Hbep

#57; it is decided at Step #58, a decision step, whether or not there is a
standby cancgldgtionall{ bheee iand sdanghy femegthel posildieordrwagsae goes

to Step the left and right squeegees 5a, 5b are present at a moment
when the left squeegee 5a and the right squeegee 5b make
contact with the top.surface of the stencil 4 via the
input/output device 100, and moreover to lift the left
squeegee 5a and the right squeegee 5b up to the momentary
position at which the left and right squeegees 5a, 5b are
present at a moment when they make contact with the top
surface of the stencil 4, before separating the print-
object article 1 away from the stencil 4. Therefore, the

print-object article 1 can be separated from the stencil 4

while the stencil 4 is kept horizontal without being



7 August 2002 47 #59. If there is no standby cancellation, it repeats Steps
#57 and #58 until the standby cancellation occurs. At Step #59 nggﬂbi s a
print speed setting step, an adjusted print speed Vi (misec /¥§u§ Fn
accordance with the standby tinme neasured at Step #57, and then stored in
the storage neans 111b of the controll 111. In this case, wth a nornal
sol der paste, the adjusted print speed Vi that allows an appropriate
rolling characteristic to be maintained during a post-standby printing
process decreases proportionally to the standby state. Therefore, the
adjusted print speeds Vi that allow an appropriate rolling characteristic
to be maintained can be easily determ ned previously for various |engths of
standby tine. Even if the adjusted print speed Vi that allows the rolling

characteri sti, be I.0f ai ne i e -S pri At S
does not deté:r]'(eia':tsegd pr ogigﬂr‘%bngl ?sylg%%é{%feﬁsjt 5%3%{/‘: tﬁg%g,gg)féﬁe ia%j 5%?’5?”’%?15@
speeds Vi t | 1 L 1St o,he i I a

al so. be exp%ﬁuﬁﬂnt%éﬁ%e%%ﬁ%‘goﬁ%%%%é{r%g?avggi Sgg ?E%{&ﬁ'g %f rgléaltdandby
time, takingadvantage ehd herHdAUScLENdRAGI &% | SieheRbring Vad | QUs naQd der
pastes. As one exanple of the fifth enbodinent, with a sol der paste whose
ref erence pbein 1e8en VAhOFh80EHRYeAEDEBSS lekafid 18TEAE)bd hebt ghabRONShi p
between the print standby tinme and the adjusted print speed Vi that allows
an appropriate rollingrehahaet editsthas t bebe rmirdragerddttati nthe AsAegust
2002 48 a post-standby printing process was experinentally determ ned. As a
result, it waaodundpepptépnsataf asha pefiotdnge syieegeen tSidat ,Shit bhe
standby tinme of about one hour, a first adjusted print speed VZ - 10 mmi sec
be enpl oyedPaShHa fafitions i dhissssLeedrasodids S& éOpEfﬂﬁt ggegacidhé rspeed
VI, then the speed be changed to a second adjusted print speed V2 = %0

mm sec, at RHChERE HBAPERTAFY PPPHtRHONENIHET e %H'Lﬁﬁ% sB8&d B&9Bkanged

hird adj d prJ d V3 =3 whi ch boar d
br i nt od,  and ERAFAHE Lheh Becr EEAPRES £0 EHEOPEPE AEE DIPrToupBeA=g = 40
i f L] h f f
boaras, N PANGD TRE griaten uitE B8 hob Hhar e B T e heie oA e

those exper hRntalleyt-eletier Hhﬂ@?i\é’%@“vélﬁ@eﬂf&h%é‘@&tlmt P$u§§h9e5e9§55e i's
sual Iy hi ghe

resupplied. Since resupplied new sol der paste is u y rin

viscosity than LhecsehdepopastieniagbeBhigodletrthesst e86hbbctibelygl yesasf N
to N3 that allow appropriate rolling characteristic to be obtai ned shoul d

be increasedcobadatrmes@dinacche dsugraget haicesapd yhawuwhe oforsordklepast e.
If the adjusted print speed Vi for various types of standby tine as well as
t he nunber N5 gbniboarlds digdperidiweheoindévideappbysamdons basedwosoter
paste are previously determned in _accordance .with the above criteria,
then the adpudesd gl nrakpesdstoredndn Hepe¥asde BRibkoar e dererint ed

can be set rg;ponsively to the 7 August . 2002 49 e
those positions can be controlled with good reproducibility

for each printing process so that the screen printing
precision can be improved.

It has also been arranged that, after the
squeegees 5a, S5b are lifted at least by the push-in stroke
extent to which the squeegees 5a, Sb have been pushed in on
the stencil 4, the positioning stage 2 moves downward
during a predetermined distance from the printing position
of the board at a speed slower than the speeds at which the
squeegees 5a, S5b ascend, by which the print-object article

1 is separated away from the bottom surface of the stencil



_.Characteristics of solder paste that have changed during the standby tine.
At Steps #60 to #63, the printing of a specified nunber Ni o{ bq&aga At t he
adj usted print speed Vi is conpleted, and then, the program éP% 90 Step
#51. That is, Steps #60, #61, and #62 nearly correspond to Steps #52, #53,
and #54, respectively. The difference petween themis that the printing at
Step #61 is executed at the adjusted print speed Vi on Ni boards, whereas
the printing at Step #54 is executed at the reference print speed. At Step
#63, it is decided whether or not the specified nunber Ni of boards have
been conpletely carried out at the adjusted print speed Vi. If the

speci fied nunber Ni of boards have not yet been conpleted, the program
returns to Step #60) and then, the printing is further executed. If it is
deci ded at 4St # if e ' ar
conpletely4br?gsegﬁrgﬁgkbﬁggfgﬁgﬁg%hrSgﬂ%gyg%%égiéﬁug%at%?t%?%e%$§§%%enent,
even if thgpCharakd eri $tdLELP S HebnfaSIEe IKIrdS S HASIAY- o HPYEL
changed during the print standby, the rolling characteristic of sol der
paste, whightiigla Qriddtabef 36bakaokdt Revasol flesm peBE EsPhREIING Wi be

mai ntai ned by printing at the adjusted print speed. Therefore, the
occurrencethé sudndill s s kebderhahipphtgl melrdersetaredgesvyittiowt urs
can be prevented so that a stable print quality can be 7 August 2002 50
ensured. Absgdngt heihteler of Thdsust ed pucoessfol t peimmberatofedwarids to be
printed at the adjusted print speed is set responsively to the resupply
armount of g@mﬁpaijﬂw mBtal sed Hie epirkuiturprttofnadredticte Pr Pat Shrve
been conpletely_Erinte at the adjusted print speed, the print speed is

returned tBtEREitet PRARAYFNGL &pddtP CRHEIHF RIFLIT e RAFWE ST Sed an
advant age at the print speed can be returned to the reference print speed
St hout “cahl, A AR rERFRS BEGHR B EPht CHASEET O B LAt Aol
shortages,ogéaglg&s. In the fifth enbodinent, the tinme duration for which

t he screen prln?lng is executed at the adjusted print speed by the
controller 15 has begn re nve t a t Jof=.print
paste. However, the %rgggr?tenl vegﬁl\g%iés)pé]%?a??%u‘?ggﬁiloﬁgﬁlgsé Egrr%eefarrpl e,

it may al tgrpatiMgl nethcH r aBg8dabygt ke coNkEebhar ekbddidderavepsacspeci fied
time el apse after the screen printing is started at the adjusted print

speed, thepsesend phivBhitAgn I LXRAEEEhad WwithreéseeneeptonrFiggeeda which
i s independent of the resupply anmount of print paste. It may al so be
arranged byot i®.confnoldhex EBlibetingpadesanipteiomg the prexmi Agiolita
speci fied nunber of boards after the screen printing is started at the
adj ust ed pePemingeedeahereferen toriani agekrs whaxait theavalive refetlsce
print speed. Further, the adjusted print speed 7 August_ 2002 51 until the
print specP?Ringtstredf PReRINGS @lidte prask adpssd thgy dpgessiamis a
plurality of steps by the controller 15, which is independent of _th

h i r

resupply affbtn® dfi%r SAIGRERSE ACYSr difg FBRHES Ay FBERGELS
addition tgo the advantages of the printing nethod of the present _invention,
Chere can DB OERarfod 7 O SRR R IR Ay 78 SRHDS S AGRE 1o
| ong print t o | ; ; - Lysted
print spee“&l%%r:%d@%%r%%ﬁ%t%?yaﬁee\@(%ﬁ%%%% ;l!ﬁ'gr%# %r%l%ﬁt% fz%gl%dﬁggg i me,
while the reod ,cﬁzeé’ét%%aﬂi Léﬁ{fv:gn RHds JEMARPHEPHLR! k¥ sbe
increased as the print standby time becomes 1 onder.

than the specified value.

Referring to Fig. 4A, which is a perspective view

of the screen printing apparatus, reference numeral 101

denotes a screen metal mask; 102 denotes a board; 103

denotes a print head; 104 denotes a print-head-use AC servo

motor for driving the print head 103; 105 denoctes a print-

head-use ball screw for transferring the driving force of



Al though the present invention has been fully described in conjunction with
preferred enbodi nents thereof with reference to the acconpanying draw ngs,
vari ous changes and nodifications will be apparent to those ifw PEPU0R the
art. Therefore, unless such changes and nodifications depart fromthe scope
of the present invention as defined by, fhe appended cl ai ns, they should be
construed as included therein. 7 Aud%st 2002 52 ChAl "~IS 1 (~-nended) . A
screen printing nmethod ror printing, with use of a screen printing
apparatus, solder paste (122) on an electrode (12S) of a board (102) to be
printad, b y positioning a screen mask (10~) onto she board and by printing
the sol der paste supplied onto the Screen mask into the screen mask with a
squeegee ( 123 ) of a pr' _nt head ( 103 ) which noves parallel to the
screen mask while being kept in contact with the screen nmask, (where-i~~

~he ~~; - Hhe& R¥int-=head-ese ffd SeRHRPRStOr 10My MA6 fengkes 4 printy ~ |
Pa-~'hr %r cf N P WS'J%:L C7CP fiil lA, ~" CLL1E PQPP %tc d SPCO 1C~
r3rec3 dr P93 I':"‘E;s e AT HETE HFFVEYEPr dEivingpthfePEEREGHe@LIURS NS ed
into fa-~-£;irst area (iﬁik ey e analue ORﬁ%%%%EOf 9 enLFg si zes of the
mask al ong ST T BYFBR R Mihi (FePR TR eFed TECRRRFFEPTY AT
specified the %.réot{c?d%nfygrké Tfeé<§§8§91 fxeﬁag:ﬁéo):fwe?lrees%r\é%lnu?neq:fale%%hsk()f
openi ng si Zes of nask™is not 'snaller

101 and the board 102; 108 denotes a recognition-camera-use

AC servo motor for driving the visual recognition camera

107; 109 denotes a recognition-camera-use ball screw for

transferring the driving force of the recognition-camera-

use AC servo motor 108; 110 denotes a recognition-camera-

use AC sexvo driver for driving the recognition-camera-use

AC servo motor 108; 111 denotes a controller for issuing

commands to the servo motor drivers 106, 110; 112 denotes

a control panel for entering data to the controller 111;

113 denotes a stage for restricting the board 102; 114

denotes a stage-use AC sexrvo motor for driving the stage

113; 115 denotes a stage-use ball screw for transferring

the driving force of the stage-use AC servo motor 114; 116

denotes a stage-use AC servo driver for driving the stage-

use AC servo motor 114; 117 denotes a loader for carrying

in the unprinted board 102; 118 denotes an unloader for

carrying out the printed beoard 102; and 119 denotes the

apparatus main unit. Thus, to the controller 111, as shown

in Fig. 4B, are connected the print head 103, the print-

head-use AC servo driver 106, the visual recognition camera

107, the recognition-camera-use AC servo driver 110, the

control panel 112, the stage 113, the stage-use AC servo



.than the threshold ET--arid--~--- speed- o~ ~| ~e--sqg~esgee--~~-the---i-r~~t
a..~aa---.is---~~ade-_._ ~we~- .t;

han- .~ ...sped. oE ~.t _hc. , Sg~,eageo ~,~.t ..t heeeeoanAéfP%%{]po%. The
screen printi::g method according to CG~a 1, r~srther conprising steps
of: entering da~.a oy the first area the second area as yell as data dL

t ~. e squeegee speeds (:oyLeSpOriding ~o t:le LIrS~ a~'ea and the 3es. Gd
aria, Int0 tu Su~F?~?!'1 p_ ~nt' ng 7 August 2002 53 apparatus by an
cperator or froma higher-order ccnputer that controls the screen printing
apparatus; and switching the squeegee speed be ~Neen the first and second
ar eas based on the en tered data of t't~e f i rs t area and the second
area as well as the data o~ the squeegee speeds corresponding to the first
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paste, the controller 15, and the input/output device 100
of the first embodiment, respectively.

The apparatus of this second embodiment largely
differs from the conventional apparatus in that the
controller 111 additionally comprises, besides a controller
main unit 1llla, storage means 111lb to which entered and
stored are data relating to the setting of the large
opening area and the minute opening area of the board 102,
as well as data relating to the setting of the high
squeegee speed for the large opening area and to the
setting of the low squeegee speed for the minute opening
area, and program generating means lllc for generating a
program to switch the squeegee speed of the print head 103
on the way of process according to the entered data, and in
that the print head 103 additionally comprises a sgqueegee-

speed on-process switching means 103a for switching the



54 speed corresponding to the first area by assuming as the first area
based on the small er opening sizes. 5. The screen printing ngyggp irding
to any one of Clains 1 to 4, wherein. when external term nal L@@%@ nent s
to be nounted to the board are placed on the sol der paste forned by the
printing, the threshold is a pitch betygen the external termnals. 6
(Amended). A screen printing apparatus tor printing solder paste (122) on
an el ectrode (125) of a board (102) to be printed, by positioning a screen
mask (101) onto the board and by print~. ng the solder paste supplied onto
the screen mask into the screen mask with a squeegee (123) of a print head
(103) which noves parallel to the screen mask wh~.|l e being kept in contact
with the screen mask, the screen printing apparatus conprising: a
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areas by t hk23ofatr 8l PELNSas®eesh WHede wht brbg dasariBedrRetss edd s nting
apparatus according to Claimé6, further conﬁrising a visual 2faggnition
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pitch QFP (Quad Flat Package) area of the board, as a low-

speed print area into the controller 111 by the control
panel 112 to thereby store it into the storage means 1lllb,
based on the positions and sizes of the large opening area
120, which is an area where solder paste in large openings
of the mask 101 is printed on the bocard, and the minute

opening area 121, which is an area where solder paste in



a | oader (117) for carrying in a board (102) on which the sol der paste
(122) is to be printed: a stage (113; for holding the board, which has been
carried in by the | oader, to performscreen printing on the i t an
enl oader (118) for carrying out the board, on which the sol der paste has
been printed, fromthe stage, the contggller conprising: storage means
(111b) for storing data for classifying the board into the first area (121)
where the val ue of each of the opening sizes of the mask al ong the
direction in which the squeegee noves is smaller than the specified

t hreshol d, and the second area (120) where the value of each of the opening
sizes is not smaller than the threshold, data of the squeegee speed at the
first area, and data of the squeegee speed at the second area slower than
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] ca] ca] ca] oedlosd cahea generated program stored in the storage means
111b. This program will be used at Step #14.
At Step #2, under the control of the controller
111, the loader 117 carries the board 102 into the stage
113.
At Step #3, under the control of the controller
111, the wvisual recognition camera 107 recognizes the
position of the recognition mark of the board 102, the
controller 111 performs the calculation of a positional
correction amount of the board 102 based on the position of

the recognition mark of the screen metal mask 101, which is

a stencil, and the controller 111 performs the positioning
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X7 111, the squeegee 123 of the print head 103, which has a
mechanism similar to that of the left squeegee 5a or the
right squeegee 5b in the first embodiment, moves over and
lowers to the print start position of the high-speed print
area and prints from the print start position to the print
end position of the high-speed print area at the high
squeegee speed V,, according to the cperation program
generated and stored at Step #11-2. Then, coming up to the
print start position of the low-speed print area, the
squeegee 123 prints from the print start position to the
print end position of the lowﬁspeed print area at the low
squeegee speed V,. Then, coming up éo the print start
position of a second high-speed print area, the squeegee
123 prints from the print start position to the print end
position of the second high-speed print area at the high
squeegee speed V,, and ascends.

As a result, as shown in Figs. 7A and 7B, the
speeds V;, V, of the sgueegee 123 are suited to the large
opening area 120, which is the high-speed print area, and
the minute opening area 121, which is the low-speed print
area, respectively, so that, even fer the minute opening
area 121, which is the minute opening area, the solder

paste 122 can completely fill the interior of the print
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holes 124 which are openings of the screen metal mask 101
positioned on the electrodes 125 of the board 102. Thus,
after the screen metal mask 101 is removed off, an
appropriate amount of the solder paste 122 is printed on
each of the electrodes 125 of the board 102, as shown in
Fig. 7B.

At Step #5, under the control of the controller
111, the stage 113 having the boara 102 placed thereon
lowers so that the board 102 is transferred to the unloader
118, and then the unloader 118 carries the board 102 out of
the screen printing apparatus main unit 119.

According to the second embodiment, in the way as
described above, when areas corresponding to areas having
difference opening sizes of the mask 101 along the
squeegee’s moving direction of the mask 101 are mixedly
present on the bocard 102, the printing can be carried out
at a plurality of appropriate speeds matching the opening
sizes of the various areas of the board 102, based on data
entered by hand from the control panel 112.

A screen printing apparatus which employs a
screen printing method according to a third embodiment of
the present invention is described with reference to Figs.
4A, 4B, and Figs. 6 to 8,

General construction of the apparatus of this
third embodiment is similar to that of the second

embodiment, and is omitted in description. In the second
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embodiment, it has been arranged that the high-speed print
area and the low-speed print area are entered by hand into
the controller 111. The third embodiment, however, is
characterized by allowing the high-speed print area and the
low-speed print area to be entered automatically with the
use of the wvisuval recognition camera 107. More
specifically, the opening sizes of the openings of the mask
are entered into the controller 111 by the recognition of
the visual recognition camera 107, and each of the opening
sizes is compared with a specified threshold by the
controller 111. Then, it is decided by the controller 111
that an area where each of the opening sizes is smaller
than the threshold is a low-speed print area, while an area
where each of the opening sizes is not less than the
threshold is a high-speed prﬁnt area, and the decision
results are stored in the storage means 11l1lb.

At Step #21-1 of Fig. 8, which shows the flow
chart of the third embodiment, after installing the screen
metal mask 101 upon a model exchange, the operator, with
the use of the control panel 112, makes the screen metal
mask 101 recognized by the visual recognition camera 107,
and transfers, to the controller 111, data relating to the
positions and sizes of the large opening area 120 and the
minute opening area 121 of the screen metal mask 101.

At Step #21-2 of Fig. 8, the operator enters the

high squeegee speed V; used for the printing of the high-



L1109 ()-1""',(() **dEoP1 s10% F"10%3&' ()-, ! 109%:& ()-4
L109%G& ()-! 10%G&' ()- 10%G& ()-:!'10%G& ()-*,% - -a-b-p-r-bC 510%23002

S1096G& () -#10%& ()- 10G 10G 10G ! 1096G& () - 7 August
8 10938 ()-9$ ! 10968 ()-r-{..B/ 3 3333rdV7#10%& ()- 10GG 10GG
38

speed print area and the low squeegee speed V, used for the
printing of the low-speed print area, into the controller
111 by using the control panel 112.

At Step #21-3 of Fig. 8, with the use of these
entered data, the controller 111 makes the program
generating means 1llc generate an operation preogram for the
print head 103 to print the large opening area 120 at the
high squeegee speed V; and to print the minute opening area
121 at the low squeegee speed V,, and stores the program in
the storage means 111lb of the controller 111. This program

will be used at Step #24 of Fig. 8.

At Step #2 of Fig. 8, under the contreol of the
controller 111, the loader 117 carries the board 102 into

the stage 113.

At Step #3 of Fig. 8, under the control of the
contreoller 111, the visual zrecognition camera 107
recognizes the position of the recognition mark of the
board 102, the controller 111 performs the calculation of
a positional correction amount of the board 102 based on
the position of the recognition mark of the screen metal
mask 101, and the controller 111 performs the positioning
correction of the board 102 based on the calculation
result.

At Step #24 of Fig. 8, under the control of the
controller 111, the print head 103 operates according to

the program so that the squeegee 123 of the print head 103
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moves over and lowers to the print start position of the
high-speed print area and prints from the print start
position to the print end position of the high-speed print
area at the high squeegee speed V,. Then, coming up to the
print start position of the low-speed print area, the
squeegee 123 prints from the print start position to the
print end position of the low-speed print area at the low
‘squeegee speed V,. Then, coming up to the print start
position of a second high-speed print area, the sgqueegee
123 prints from the print start position to the print end
position of the second high-speed print area at the high
squeegee speed V;, and ascends.

At Step #5 of Fig. 8, under the control of the
controller 111, the stage 113 having the board 102 placed
thereon lowers so that the board 102 is transferred to the
unloader 118, and then the unloader 118 carries the board
102 out of the main unit 119.

According to the third embodiment, in the way as
described above, when areas corresponding to areas having
different opening sizes of the mask are mixedly present on
the board 102, the printing can be carried out at a
plurality of appropriate speeds matching the opening sizes
of the various areas of the board 102 semi-automatically.

A screen printing apparatus which employs a
screen printing method according to a fourth embodiment of

the present invention is described with reference to Figs.
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fourth embodiment is similar to that of the second
embodiment, and is omitted in description. In the second
embodiment, it has been arranged that the high-speed print
area and the low-speed print area are recognized by the
visual recognition camera 7 and discriminated by the
controller 111. In the fourth embodiment, however, the
controller 111 of this printing apparatus is so arranged
that the data of the high-speed print area and the low-
speed print area as well as the data of the high squeegee
speed V; and the low squeegee speed V, are entered into the
controller 111 of the printing apparatus from a higher-
order (host) computer, for example, a controller of a
mounting apparatus equipped with this printing apparatus.
At Step #31-1 of Fig. 9, which shows the flow
chart of the fourth embodiment, after the screen metal mask
101 is installed upon a model exchange, data relating to
the positions and sizes of the large opening area 120 and
the minute opening area 121 of the screen metal mask 101 as
well as data of the high squeegee speed V; used for the
printing of the large opening area 120 and the low squeegee
speed V, used for thelprinting of the minute opening area
121 are transferred from the higher-order computer to the

controller 111.

At Step #31-2 of Fig. 9, with the use of these
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entered data, the controller 111 makes the program
generating means lllc generate an operation program for the
print head 103 to print the large opening area 120 at the
high squeegee speed V, and to print the minute opening area
121 at the low squeegee speed V,, and stores the program in
the storage means 111lb. This program will be used at Step

#34 of Fig. 9.
At Step #2 of Fig. 9, under the control of the

controller 111, the loader 117 carries the board 102 into
the stage 113.

At Step #3 of Fig. 9, under the control of the
controller 111, the wvisual recognition camera 107
recognizes the position of the recognition mark of the
board 102, the controller 111 performs the calculation of
a positional correction amount of the board 102 based on
the position of the recognition mark of the screen metal
mask 101, and the controller 111 performs the positioning
correction of the board 102 based on the calculation
result.

At Step #34 of Fig. 9, under the control of the
controller 111, the print head 103 operates according to
the program so that the squeegee 123 of the print head 103
moves over and lowers to the print start position of the
high-speed print area and prints from the print start
position to the print end position of the high-speed print

area at the high squeegee speed V,. Then, coming up to the
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squeegee 123 prints from the print start position to the
print end position of the low-speed print area at the low
squeegee speed V,. Then, coming up to the print start
position of a second high-speed print area, the sgqueegee
123 prints from the print start position to the print end
position of the second high-speed print area at the high
squeegee speed V,, and ascends. |

At Step #5 of Fig. 9, under the control of the
controller 111, the stage 113 having the board 102 placed
thereon lowers so that the board 102 is transferred to the
unloader 118, and then the unloader 118 carries the board
102 out of the main unit 1189.

Accerding to the fourth embediment, in the way as
described above, when areas corresponding to areas having
different opening sizes of the mask are mixedly present on
the board 102, the printing can be carried out at a
plurality of appropriate speeds matching the opening sizes
of the various areas of the board 102 semi-automatically,
which correspond to the areas having the different opening
sizes.

Fig. 10 shows a modification example of the
fourth embodiment. In the fourth embodiment, the high-
speed print areas and the lcw-speed circuit areas are
classified on the assumption that an area where components

with generally equal external terminal pitches will be
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mounted is present along the direction perpendicular to the
squeegee’s moving direction. However, as shown in Fig. 10,
there are some cases in which components to be mounted with
largely different external terminal pitches are arranged
along the direction perpendicular to the squeegee’s moving
direction. More specifically, left-end, right-end areas
A;, Ay of the screen metal mask 101 of Fig. 10 are large
opening areas 120 as in the screen metal mask 101 of Fig.
€, whereas a central area A, has a minute opening area 121
at its upper portion of Fig. 10 and a large opening area
120 at its lower portion. In such an area where the minute
opening area 121 and the large opening area 120 are mixedly
present along the direction perpendicular to the squeegee’s
moving direction, the 1lower of the print speeds 1is
preferentially employed so that the printing of circuits
corresponding to the minuter opening areas of the mask will
be carried out appropriately. Therefore, the screen metal
mask 101 of Fig. 10 is printed in the order of speeds V.,
Vo, V3, as in the case of the print speed of the screen
metal mask 101 of Fig. 6.

As an example of the specified threshold for the
value of the size of the opening 124 of the mask 101 for
classifying the large opening areas and the minute opening
areas, 1if the narrow pitch between the external terminals
of an electronic component to be mounted most frequently on

a board is 0.5 mm and the width of the terminal is
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0.18+0.02 mm and the thickness of the mask is 0.15 mm, then
the chreshold maY pe set tO 0.25 mm which is half of 0.5
mm . accordingly an area where electronic compornents each
having an external cexrminal pitch less than 0.25 mm are Lo
pe mounted is printed at a lower print speed as the minute
opening area, while an area wher;‘electronic components
each having an external rerminal pitch not less than 0.25
mm are tO pe mounted is printed at a highex print speed as
the large opening ared. The chreshold is variable
depending on the pitch.between the external terminals, the
width of the terminal, the mask chickness etc-

A screen.printing method.and.a'printing apparatus
according to @ fifth embodiment of the present invention
are nDowW described.with raference ro Figs. 11 to 15-

This £ifth embodiment is a screen printing method
for screenrprinting a print paste at @ reference print
speed py using a squeedee, jn which method upen an
occurrence of print standby time during @& printing
operation, this print standby time is measured, and when
the printing operation is resumed with the print standby
state canceled, the sgueegee i1s moved at an adjusted print
speed 1ower than the reference print speed pased oOn the
relationship petween the print standby rime and the
adjusted print speed afrer the resumption of printing, by
which the screen printing is carried out with the print

paste that has been placed on the screen mask during the
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standby time.

This printing apparatus has a construction
generally similar to that of the foregoing embodiments.
The stage 2, on which the printed circuit board 1 carried
in from the preceding step is placed and positionally
restricted, ascends up to the bottom surface of the stencil
4. After the printing, the stage 2 lowers so that the
printed circuit board 1 is carried out to the subsequent
step. The leftward printing squeegee Sa and the rightward
printing squeegee Sb are moved up and down by the squeegee
ascent/descent driving unit 700, while the squeegees 5a, Sb
are moved rightward and leftward by the horizontal mover 8c
screwed to the screw shaft 8b with the screw shaft 8b being
rotated by the rotation of the motor 8a of the horizontal
reciprocation driving unit 8, so that solder paste 9, which
is an example of the print paste placed on the stencil 4,
is printed to the printed circuit board 1 through the
stencil 4. Figs. 12 and 13 each show a state of a
rightward printing process, and Fig. 14 shows a printing
standby state for a leftward printing process. Reference
numeral 711 in Fig. 15 denotes an NC unit for issuing a
command to drive the motor 8a, and numeral 111 denotes the
controller for controlling the whole printing apparatus.

In this fifth embodiment, the following coperation
is executed under the control of the controller 111.

At Step #51 of Fig. 11, a print-standby
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presence/absence decision step, it is decided whether or
not there is a print standby state over a specified time
elapse due to some reason of the preceding step. If there
is no print standby state, the program goes to Steps #52 to
#56, which are a normal process. If there is a print
standby state, the program goes to Steps #57 to #63, which
are a standby process.

In the normal process, through the steps of Step
#52, which is a board carry-in step (corresponding to Step
#2 of Figs. 5, 8, 9), Step #53, which is a printing step
(corresponding to Steps #14, #24, #34 of Figs. 5, 8, 9),
and Step #54, which is a board carry-out step
(corresponding to Step #5 of Figs. 5, 8, 9), it is decided
at Step #55, a print-standby presence/absence decision
step, whether or not there is a print standby state over a
specified time elapse due to some reason of the subsequent
step. If there is no print standby state, the program goes
to Step #56; if there is, it goes to Steps #57 to #63,
which are a standby process. At Step #56, which is an end
discrimination step, if an end has not been reached, the
program returns to Step #51. If the end has been reached
at Step #56, the program comes to the end.

In the standby process, while the standby time is
measured at Step #57, it is decided at Step #58, a decision
step, whether or not there is a standby cancellation. If

there is a standby cancellation, the program goes to Step
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#59. If there is no standby cancellation, it repeats Steps
#57 and #58 until the standby cancellation occurs.

At Step #59, which is a print speed setting step,
an adjusted print speed Vi (mm/sec) is set in accordance
with the standby time measured at Step #57, and then stored
in the storage means 111b of the controller 111.

In this case, with a normal solder paste, the
adjusted print speed Vi that allows an appropriate rolling
characteristic to be maintained during a post-standby
printing process decreases proportionally to the standby
state. Therefore, the adjusted print speeds Vi that allow
an appropriate rolling characteristic to be maintained can
be easily determined previously for various lengths of
standby time. Even if the adjusted print speed Vi that
allows the rolling characteristic to be maintained during
the post-standby printing process does not decrease
proportionally to the standby time, the adjusted print
speeds Vi that allow the rolling characteristic to be
maintained can also be experimentally determined previously
for various lengths of standby time, taking advantage of
the unique tendencies inherent to various solder pastes.

As one example of the fifth embodiment, with a
solder paste whose reference print speed V for normal
process is 40 mm/sec, the relationship between the print
standby time and the adjusted print speed Vi that allows an

appropriate rolling characteristic to be maintained during
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a post-standby printing process was experimentally
determined. As a result, it was found appropriate as a
reference criterion that, with a standby time of about one
hour, a £first adjusted print speed vy = 10 mm/sec be
employed at the start, in which state N; boards are printed
at the speed V;, then the speed be changed to a second
adjusted print speed V, = 20 mm/sec, at which N; boards are
printed, and thereafter the speed be changed to a third
adjusted print speed V3 = 30 mm/sec, at which N5 boards are
printed, and then the speed be returned to the reference
print speed V = 40 mm/sec for the normal process. It is
noted that the values of the number of boards, N, to N3, to
be printed at the individual adjusted print speeds are
those experimentally determined when a specified amount of
solder paste is resupplied. Since resupplied new solder
paste is usually higher in viscosity than the solder paste
remaining on the stencil, the values of N; to Ny that allow
appropriate rolling characteristic to be obtained should be
increased or decreased according to the resupply amount of
solder paste.

If the adjusted print speed Vi for various types
of standby time as well as the number Ni of boards
responsive to the resupply amount of new solder paste are
previously determined in accordance ‘with the above
criteria, then the adjusted print speeds Vi and the number

Ni of boards to be printed can be set responsively to the
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characteristics of solder paste that have changed during
the standby time.

At Steps #60 to #63, the printing of a specified
number Ni of boards at the adjusted print speed Vi is
completed, and then, the program returns to Step #51. That
is, Steps #60, #61, and #62 nearly correspond to Steps #52,
#53, and #54, respectively. The difference between them is
that the printing at Step #61 is executed at the adjusted
print speed Vi on Ni boards, whereas the printing at Step
#54 is executed at the reference print speed. At Step #63,
it is decided whether or not the specified number Ni of
boards have been completely carried out at the adjusted
print speed Vi. If the specified number Ni of boards have
not yet been completed, the program returns to Step #60,
and then, the printing is further executed. If it is
decided at Step #63 that the specified number Ni of boards
have been completely printed, the program returns to Step
#51.

With this arrangement, even if the
characteristics of solder paste, such as viscosity, have
changed during the print standby, the rolling
characteristic of solder paste, which is a critical factor
of the solder paste printing, can be maintained by printing
at the adjusted print speed. Therefore, the occurrence of
such faults as solder chipping, solder shortages, or blurs

can be prevented so that a stable print quality can be
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ensured.

Also, the number of adjusted prints, or the
number of boards to be printed at the adjusted print speed
is set responsively to the resupply amount of new print
paste, and after the number of adjusted prints have been
completely printed at the adjusted print speed, the print
speed is returned to the reference print speed. Therefore,
there can be obtained an advantage that the print speed can
be returned to the reference print speed without causing
any faults such as print paste chipping, print paste
shortages, or blurs.

In the fifth embodiment, the time duration for
which the screen printing is executed at the adjusted print
speed by the controller 15 has been set responsive to the
resupply amount of print paste. However, the present
invention is not limited to this.

For example, it may alternatively be arranged by
the controller 15 that over a specified time elapse after
the screen printing is started at the adjusted print speed,
the screen printing is executed at the reference print
speed, which is independent of the resupply amount of print
paste. It may also be arranged by the controller 15 that
upon completing the printing of a specified number of
boards after the screen printing is started at the adjusted
print speed, the screen printing is executed at the

reference print speed. Further, the adjusted print speed
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until the print speed is returned to the reference print
speed may be set into a plurality of steps by the
controller 15, which is independent of the resupply amount
of print paste. According to this printing method, in
addition to the advantages of the printing method of the
present invention, there can be obtained a further
advantage that a wide range of short to long print standby
times can be weil handled because a one-step adjusted print
speed may appropriately be adopted for shorter print
standby time, while the number of steps of adjusted print
speed may appropriately be increased as the print standby
time becomes longer.

Although the present invention has been fully
described in conjunction with preferred embcdiments thereof
with reference to the accompanying drawings, various
changes and modifications will be apparent to those skilled
in the art. Therefore, unless such changes and
modifications depart from the scope of the present
invention as defined by the appended claims, they should be

construed as included therein.
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use of a screen printing apparatus, solder pasta (122) on an
electrode (125) of a board (102) to Dbe ©printed, by
positioning a screen mask (101) onto the Dboard and by
printing the solder paste supplied onto the screen mask into
the screen mask with a squeegee (123) of a print head (103)
which moves parallel to the screen mask while being kept in

contact with the screen mask, {whereind Lne scraen ovrinting

positioning the screen mask (101 onto the board

printing the solder vasfe sypplied onko. . fhe

whaer

while the board is classified into +{ai Lie first area (121)

where a value of each of opening sizes of the mask along a
direction in which the squeegse moves 15 smaller <than a
specified threshold, and {&+ fhe second arsa (120) where a
value of each of opening sizes of the mask 1is not smaller
than the thresholdlr—and-a-speed—ef-the--squeegss -at-the-firsi
area —is—mnade.--slower--than-..a-.-speed--ot-~the-squesgee-—at --Lhe-

second- areal .

2. The screen printing method according to Claim 1,
further comprising steps of:
entering data of the first aresa and the second

area as well as data of the squeegee speeds corresponding to

tane first area and the second area, into the screen prsinting
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apparatus by an cperator or from a higher-order computer that
controls the screen printing apparatus; and

switching the squeegse speed between the first
and second areas based on the entered data of the first area
and the second area as well as the data of the squeegee
speeds corresponding to the first area and the second area.
3. The screen printing method according to Claim 1,
further comprising steps of:

entering data of the first area and the second
area into the screen printing apparatus by recognizing the
ocpening sizes of the mask by a visual recognition camera

(107), and entering into the screen printing apparatus data

of the squeegee speeds corresponding to the first area and

the second area by an operator or a higher-order computer
that controls the screen orinting apparatus; and

switching the squeegee speed between the first
and second areas based on the entered data of the first area
and the second area by the recognition of the visual
recognition camera (107) and the entered data of the squeegee
speeds corresponding to the first area and the second area by
the operator or the higher-order computer.
4, The screen printing method according to any one
of Claims 1 to 3, wherein when openings where a value of each
of opening sizes of tne mask along the squeeges's moving
direction 1s smaller than a specified threshold and cpenings

whare a valua o

rh

each of opening sizes of the mask along the
squeegee's moving diraction is not smaller than the speciried
threshold are mixedly present along a direction intersecting

the squeegee's moving diraction, the squeeg2e 1s moved at the
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components to be mounted to the board are placed on the
solder paste formed by the printing, the threshold is a pitch
between the external terminals.
6 (Amended). A screen printing apparatus for printing
solder paste (122) on an electrode (125) of a board (102) to
be printed, by posiﬁioning a screen mask (101) onto the board
and by printing the solder paste supplied onto the screen
mask into the screen mask with a squeegee (123) of a print
head (103) which moves parallel to the screen mask while
being kept in contact with the screen mask, the screen
printing apparatus comprising:
a controller (111l) for executing control process
in such a way that the board is classified into a first area
(121) wherxe a value of each of opening sizes of the mask
along a direction in which the squeegee moves is smaller than
a specified threshold, and a second area (120) where a value
of each of opening sizes is not smaller than the thréshold,
and that a speed of the squeegee at the first area is made

slower than a speed of the squeegee at the second area gp_the

ame v

7. The screen printing apparatus according to Claim

6, wherein data of the first area and the second aresa as well
as data of the squeegea speeds corresponding to the first
area and the second area are entered into the controller by

an operator or a higher-order computer that controls the
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controller, and wherein. the squeegee speed is switchad
between the first and second arsas by the controller basasd on
these entered data.

8. The screen printing apparatus according to Claim
6, further comprising a visual recognition camera (107) for
recognizing a state of openings of the mask, wherein data of
the £first arzea and the second area are entered into the
controller by the visual recognition cameraza recognizing the
openings of the mask, and data of the squeegee speeds
corresponding to the first area and the second area are
entered by an operator or a higher-order computer that
controls the controller, and wherein the squeegee speed is
switched between the first and second areas by the controller
based on these entered data.

9. The screen printing apparatus according to any
one of Claims 6 to B8, wherein when openings where a value of
each of opening sizes of the mask along the squeegee's moving
direction is smaller than a specified threshold and openings
where a value of each of opening sizes of the mask along the
squeegee's moving direction is not smaller than the specified
threshold are mixedly present along a direction intergectinq
the squeegee's moving direction, the controller makes the
squeegee move at the speed corresponding to the first area by
assuming as the first area based on the smaller ovening sizes.
10. The screen printing apparatus according bto any
one Of Claims 6 to 9, wherein when external tzrminals of
compenents to be mounted toe the board are placed onrn the
solder paste formed by the printing, the threshold is a pitch

between the external terminals.
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11. The screen printing apparatus according to any
one of Claims 6 to 10, further comprising:

a loader (117) for carrying in a board (102) on
which the solder paste (122) is to be printed;

a stage (113) for holding the board, which has
been carried in by the loader, to perform screen printing on
the board; and

an unloader (118) for carrying out the board, on
which the solder paste has been printed, from the stage,

the controller comprising:

storage means (lllb) for storing
data for classifying the board into the first area (121)
where the wvalue of each of the opening sizes of the mask
along the direction in which the squeegee moves is smaller
than the specified threshold, and the second area (120) where
the value of each of the opening sizes is not smaller than
the threshold, data of the squeegee speed at the first area,
and data of the squeegee speed at the second area slower than

the squeegee speed at the first area; and

v

program generating means (111&) for

generating a program by which the squeegee speed of the print

head is switched on the way of a printing process based on
the data stored in the storage means, and

the print head (103) comprising squeegee-speed

on-process switching means (103a) for switching the squeegee

speed on the way of the printing process based on control of

the controller in accordance with the program.



