DESCRI PTI ON SCREEN PRI NTI NG METHOD AND’SCREEN -PRI NTI NG APPKEK%@SfJ Ed
TECHNI CAL FI ELD The present invention relates to &%yfeﬂ%yw
printing nethod and a screen printing apparatus primarily for printing a

- priint -use paste, such as solder paste or pastes for thick-filmcircuit
formation, "onto a board, such 'as a printed circuit board, for electronic
circuit formation. BACKGROUND ART In recent years, screen
printing apparatuses have been used for the sol der paste printing process
in circuit assenbly processes of electronic conponents, or the like. As
the board for electronic circuit formation is advanced toward further fine
structure with the mniaturization of eléktronic equi pnent, there has been
a demand for higher precision print| &%% der paste or the like
responsi vel y. Fig. 16 shows a hventi onal screen printing

appar at us. 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 asdRSENi PRIWOING APETHOD 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 fcrmatioﬁ, onto a board, such
as a printed circuit board, for electronic circuit

formation.

BACKGROUND 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 fixéd to a positioning stage 2 that can

ascended and descended by a positioning stage
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2 --ascent/descent driving nmeans 3. For printing process, the positioning
stage 2 is lifted by the positioning stage ascent/descent driving neans 3
te such an extent that the top surface of the print-object article 1 comes
to"near contact with the bottomsurface of a stencil 4. A

| ef t - squeegee ascent/descent driving nmeans 6a and a right-squeegee
ascent/descent driving neans 6b, which are comonly inplenented by

doubl e-rod air cylinders, have squeegees 5a, 5b attached to their ends.

Lower-limt positions of the squeegees 5a, Sh, i.e., the push-in strokes
to the stencil 4 are set by positional 4 ustment of stoppers 7a, 7b. A
drive source for a horizontal reciprocat on driving neans 8 is commonly an

AC t . I th tate that the | ' t
Squeegee 5 AEFERR/SeSTesY PRLYiBg PeARSwArh FHE BOHTC o7 Beatars, nele
t | 4, the h t al { t ft
Squeogee Sa BRE ﬁé%%%gﬁtséis%é’ 32% 55t ﬁs?%l;oa"%?é‘e??%l?h?% 8EaEl)
so that a p %Eren g'gelesc%ngs ﬂJe%‘if‘Is PR such MRY kOdh ¢ NEnh Pt he
sur face of t st enci the t

squeegee Sa and the right squeegee

5b. top  BuPfddd | §8 BRECSIS nitS diFfddtetatichs shawmdsn tdi geat?.
At the first step, the print-object article 1 is positioned and fixed to

the positioncagtsicagerith Ahel bet totc et ftap,of e givennibbtect article 1 is
Hited toa A left-squeegee ascent/descent driving means 6a
and a right-squeegee ascent/descent driving means 6b, which
are commonly implemented by double-rod air cylinders, have
squeegees 5a, S5b attached to their ends. Lower-limit
positions of the squeegees 5a, Sb, 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 the left squeegee 5a 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 squeegee 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 Sa and the
right squeegee 5b.
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 1lifted to a



3 proximty to the bottomsurface of the stencil 4. The left squeegee Sa
is lowered at the third step, and the left squeegee Sa is noved rightward
inithe X-direction at the fourth step, by which printing is executed.
Thereafter, the print-object article 1 is separated away fromthe stenci
4 at a low speed (20 msec) at the fifth step, the left squeegee Sa is
lifted at the sixth step, and the print-object article 1 is renoved at

t he seventh step. Next, a printing operation on the right
squeegee 5b side is also 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 comonly an
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and hazy in ouhlbdSeeTHE hL8f &o§aae%a§ﬁtaarancm e 'Ml:?é’é@ﬁﬂ?eaébthére
given mainly by elaStic material, comionly urethane rubber (hardness: Hs

60 - 90[err]).£fourth step,|Eyt¢h£bﬁwpk1ﬁtﬁﬁgsﬁéLéxéwmﬁés free from spread
and blurs can be obtained continuously. However, there are issues as shown

in Figs. 18A to 18C. Thereaftéirg. 4B4A spoimtaocbjepltet izortistlet e f ihe

fourth separated away from the stencil 4 at a low speed (20
mm/sec) at the fifth step, the left squeegee S5a is lifted
at the sixth step, and the print-object article 1 is
removed at the seventh step.

Next, a printing operation on the right squeegee
5b side is also executed in the same way as above, and the
operation is alternately repeated from this on.

The drive source for the positioning stage
ascent/descent driving means 3 is commonly an air cylinder,
pulse motor, AC servo 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 squeegee 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 continuously. However, there are

issues as shown in Figs. 18A to 18C.

Fig. 18A shows a completion state of the fourth



4 -step, Fig. 18B shows an early-stage state of the fifth step, and Fig.
18C shows a | ast-stage state of the fifth step. In the conpletion state of
the fourth step as shown in Fig. -18A, a print pattern 1la has been forned

with a relatively good precision. In this state, the left squeegee
5a is curved only by a portion corresponding to the push-in stroke into
the stencil 4. In Fig. 18B, the | eft squeegee 5a pushes down the

stencil 4 to an extent of the push-in stroke, so that the stencil 4 is
tilted, causing the print pattern to gradually collapse as shown by a
print pattern 11b. As a result, as shown in Fig. 18C, a horn 10 with the
print paste 9 lifted is forned at a cornef portion of a print pattern 11lc.

The horn 10 ofeddie PRift BAY Cuwiould UAMRLLYaglos 2200 oF QnoNERske

print-object ar causing ~printing S an I Ssue.
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sol der paste printing, the solder paste bowed and dropped after the

subsequent - pr oaags. SK dfd RnpAfdrdwnieitlat o JFS eheolfdalicth stagl ke sHelimas
sol der balls and sol der bridges. In recent years, in the fields

of screen prinin NBigretBads aamtiappattees Lher dbsr bedrerfodwad with a
increasingly been cases where screen printing is executed on boards on
whi ch an ar ea X®¥atekyoldi @pac aregigéospeni ngnaredisf skatsor esrenelaftmask

(stencil) and an area corresponding to,.a | - - ) )
squeegee 5a 1is curved only by a portion corresponding to

the push-in stroke into the stencil 4.

In Fig. 18B, the left squeegee 5a pushes down the
stencil 4 to an extent of the push-in strocke, so that the
stencil 4 is tilted, causing the print pattern to gradually

'collapse as shown by a print pattern 11b. As a result, as
shown in Fig. 18C, a horn 10 with the print paste 9 lifted
is formed at a corner portion of a print pattern llc.

The horn 10 of the print paste 9 would gradually
bow, and drop onto the print-object article 1, causing
printing faults as an issue.

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 solder 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



5--mi nute opening area thereof are mixedly present in circuits. The term
"m nute opening area" refers to an area where the value of each opening
si.ze of openings of the nask along the squeegee's noving direction is
snaller 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 specified
t hr eshol d. Now a case where a board in which an area
corresponding to a |l arge opening area of the nask and an area
corresponding to a mnute opening area thereof are mxedly present in
circuits is screen-printed by a conventisbnal screen printing method and

appar at us t her.ef [ scribed wt e t Fﬂ&ﬁ}'l :
REP erring to “Eirbu?gew,g%\%%é%i sargeaperéshperergo%e%\%?eewqué# t he cérée)segng%rilnrtli ng
appar at us, reg%fac_qﬂ:@s NURRAL o 1..%%{%% éhid ek eLelteasko 4R Aeqotes

a board; 803 notes a print head; enotes a print-head-use AC servo

nmotor for drigtdie t BRePRAaNlehe®d BQ% cHEnideN0f Bfe aohl beninkeadiisendal |
screw for transferring the driving force of the print-head-use AC servo
notor 104; lGmsleralersy &l isaieegkedd- moeiAG dergotilonvis $walllervilmant he
print-head-use AC servo notor 104; 107 denotes a visual recognition canera

for recogni ziangspecddiied othreshaldf tiRhectesn nbiangsmopeniog azxeathe

board 102; 108 denotes a recognition-canera-use . .
refers to an area where the value of each opening size of

openings of the mask along the squeegee’s moving direction
is not smaller than a specified threshold.

Now a case where a board in which an area
corresponding to a large opening area 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



AC 'servo notor for driving the visual recognition canera

107; 109 denotes a recognition-canera-use ball screw for transferring the
driving force of the recognition-canmera- use AC servo notor 108; 110
denctes a recognition-canera- use AC servo driver for driving the
recogni ti on-canera-use AC servo notor 108; 811 denotes a controller for

I ssuing commands to the individual servo notor drivers; 112 denotes a
control panel for entering data into the controller 811; 113 denotes a
stage for restricting the board 102; 114 denotes a stage-use AC servo
notor for driving the stage 113; 115 deno&es a stage-use ball screw for
transferring the driving force of the stage-use AC servo notor 114; 116

denotes a stagf%g,ﬁgtlg\g g@@geggr I3V e dcfn i 11 0H Wl A Bpal US 8 cAEwS E¥O

notor 114; 11 ader for carrying 1n the unprinted board 102;

118 denotes an }uthSLELEIAGT thé A8F g Ofbréeopl thé edebOghd t10A- cAltidrhlI
denotes the nmmin unit of the screen printing apparatus.

Referring to Rige RO, sebirchmbscrn pbap viewdehotbés asrecegnittian-waserhldl
reference nunmeral 120 denotes a |arge opening area where sol der paste in
| ar ge openi ngsusé A¢ reerns ldridemforpdrivdgagoshensegoandtion -camgragmsar ea
corresponding to a chip conponent area of the board 102; and 121 denotes a
M nute openi nR@r SBTVRhBRECSOLISr Sddt enatref Mt EHpERThEE 5PTt HESWSRE 101
are printed on the b n.area corre%p%pdrn [ OW pitch
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a control panel for entering data into the controller 811;
113 denotes a stage for restricting the board 102; 114
denotes a stage-use AC servo motor for driving the stage
113; 115 denotes a stage-use ball screw for transferring
the driving force of the stage-use AC servo moctor 1l4; 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 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



The -operation of the screen printing apparatus -
7 which enploys a conventional screen printing nmethod is explained with

reference to Figs. 19 to 22. At Step #901 of Fig. 22, which
shows the flow chart of the conventional exanple, an operator, with the
use of the control panel 112, enters descent/ascent positions, i.e. a

print start position and a print end position, of a squeegee 123 of the
print head 803 in accordance with the screen netal mask 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 low print speed that printing

can be stably 12PRRARLYE! & VoBEPLAE B0 o1 285 Qs i AbCriElhiCy (£

constituting the boar ich correspond to nost nute Openi ng areas

of the mask.  explained Abith &fefEBihcd & |Wayler bltgarzies the board 102
into the stage f%%. At Step #903, the visual recognition canera

107 recogni zes the positA®nseépt #80lLcodyRig.omaprkhbéht bRowsoahd 100ow
perfornms a calculation of positional correction anount based on the
position of thehaoogoftthe genkentithel exemphepetal opesiatddl, winth the
perfornms the correction for the positioning of the board 102.

At Step #904, tuRe sPeedde 1Z9nsrolheppneht hbtdd SURTDVECIFRAHEITESRE to

the print start position, prints . o )
positions, .e. a print start position and a print end

position, of a squeegee 123 of the print head 803 in
accordance with the screen metal mask 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
becomes such a low print speed that printing can be stably
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



fromthe print start position to the print end position at

8 the sane print speed V entered at Step #901, and ascends. At
Step #905, the stage 113 on which the board 102 is placed descends so that
the-board 102 is transferred to the unloader 118, and the unl oader 118
carries the board 102 out of the screen printing apparatus main unit 119.
However, in this conventional construction, since the speed of the
squeegee 123 is constant, such a low print speed that printing can be
appropriately performed on areas anong the circuits constituting the board
102 which correspond to nost minute openiQp areas of the mask is enployed
as the speed that allows the whole circuits of the board 102 to be printed

stably and appggar kg3he! Brint fggediy ?Ege&%ﬁﬁg& Aehiygnois H addedde.

printing using the squeegee m nute opening area 121 of the

screen netal mask 101 aspghewep Rdos] ik Vesafei nisdoat waichi ghherbddrd
speed suitable for the | arge opening area 120 of the screen netal mask
101, as shown L02Fig.pPided tdescgeisl sd/thiatt theshoerded02 2i3s A s Hersed
fast that solder paste 122 could not fill the interior of a print hole 124
of the screentpethe watkadet k& tarshéheomnd oadesl 348r edsries bhe bomrd
board 102 and that, as a result, the quantity of the solder paste 122 to
be printed on &A@ &MEcPLodEe]l S5TrEPT PEINFINT 2RPATASH™ Mk HWitterltthe

renoval of the screen ne%%l mask, 101,, as show%.in Eﬁgéngéguction in
Accordingly, for the contSHEVGRal 15t Ferventiona » Since

the speed of the squeegee 123 is constant, such a low print
speed that printing can be appropriately performed on areas
among the circuits constituting the board 102 which
correspond to most minute opening areas of the mask is
employed as the speed that allows the whole circuits of the
board 102 to be printed stably and appropriately.

The reason of this is that, in the printing using
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 opening area 120 of
the screen metal mask 101, as shown in Fig. 21A, the speed
V 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 ontec 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



appar atus, when the |arge opening area 120 and the minute

9 opening area 121 are mxedly present, there is an issue that a |onger
process tinme for printing would be required because the |ow print speed
for-the m nute opening area 121 is used even for the |arge opening area
120 that could be printed at the high print speed. Anot her
conventional exanple is explained wwth reference to Figs. 12 to 14 and 23
showi ng a screen printing apparatus, as well as to Fig. 24 showi ng the
flow chart of a conventional printing nethod. The stage 2, on
which-a print-target article such as a printed circuit board 1 carried in
fromthe preceding step is placed and pos?tionally restricted, ascends up

desconds S0t MRCHHE pRPREcazk: PR, Migead Sresdifel LAGHETLs, (F fave 2

o
descends so th prrn oar S carrre

subsequent st gfya¢lhe | SAIRKEJUdIY idighe 696 M ARBUINE be required

ri ghtward-printing squeegee "Sb are nobved up and down by a squeegée

ascent/ deSCGntbéHéWéélg:deﬂéi}Sﬁri\ﬁi: | $pdde@ Fopratgerinbde SPenifgahseaDyEd
rightward and leftward by a horizontal nover 8c having a nut screwed to a

screw shaft 8Shisvused heverrfor disf tlddydadpenimt atrsh 120 ttlmtotouldaoof
the horizontal reciprocation driving neans 8 rotates. As a result, the
sol der paste Pristed at the bighpmnof sgwedyrint paste, placed on the
stencil 4 is printed onto the printed circuit board 1 via the stencil 4.

Another conventional example is explained with
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 out to the subsequent step. The leftward-printing
squeeéee 5a and the rightward-printing squeegee 5b are
moved up and down by a squeegee ascent/descent driving
means, while the squeegees Sa, 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 8a of the horizontal reciprocation driving
means 8 rotates. As a result, the solder paste 9, which is
an example of 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



Firgs. 12 and 13 each show a state during a rightward printing process, and
Fig. 14 shows a leftward-printing

10 standby state. Reference nunmeral 812 in Fig. 23 denotes an NC unit
that issues a command for driving the notor 8a, and 811 denotes a
controller for controlling the whole printing apparatus. Next

t he operation of the conventional -exanple is explained with reference to
the flow chart of Fig. 24 as well as Figs. 12 to 14 and 23.

First, a preset print speed V (misec) is entered fromthe controller 811
to the NCunit 812 as the noving speed @fg t he squeegee. This allows the
NC unit 812 to control the notor 8a so that the left and right squeegees
5a, 5b nove atarhioy rguatepri Refepeade\humeral 812 in\Figt.ep3#@@hotaspannt ed
circuit board carry-in step, of Fig. 24, the printed circuit board 1
carried in ﬂvbmuuﬁet@ﬁécéeanSSaermma$da@Qxldan%nsnuheomatbr 8mesandct ed
on the stage 2, in which state the stage 2 ascends so that the top surface

of the print &tkideaq%es Bo%?’at{C’HaEe%P%' Pl lnsuthenvBodenPEéRtdAEh t he
bottom surface of the stencil 4. At Step #102, a printing step;

as descri bed 2B {ﬁfuﬁhe notor 8a rotates under the control of the NC unit

SR F S e
passed throu@kdifined with reference to the flow chart of Flg. 24 as
well as Figs. 12 to 14 and 23.

First, a preset print speed V (mm/sec) is entered
from the controller 811 to the NC unit 812 as the moving
speed of the squeegee. This allows the NC unit 812 to
control the motor 8a so that the left and right squeegees
5a, 5b move at the input pfint 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 positionally
.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
surfacelof 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 S5a 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
stencil 4 so as to be printed on the printed circuit board

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



stencil 4 so as to be printed on the printed circuit board 1. In this
process, it is an optinumstate that the sol der paste 9
during the printing process be pressed by the squeegee 5a so as to rol
and nove on the stencil 4, i.e., that the solder paste 9 be in a rolling
state. Such a state of the solder paste 9 results in a successfu
printed pattern as well as a good screen-pass perfornmance. At
Step #103, a printed circuit board carry-out step, upon conpletion of the
printing, the notor 8a halts, the |left squeegee 5a ascends, the stage 2

| owers, and the printed circuit board 1_is carried out to the subsequent
st ep. At Step #104, a decisionlétep, It is decided whether or

not the planned pumher .of . works has_been _conpl d.o_ 1§ S t,.the
program r et urﬂ@spﬁn% eﬁur#ﬁ%l;tief E?’fuﬁra’sn%eggggg%%l e]?eed?r%a%gggr ogglér)artnhgorres
to an end. ouseqee sEOMEVEL.edild) it ik GRAKCRI QB3 staRBLAI YL N, there
may occur pringus?gnaby tThe durations due to the circunstances of tHe
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carried in or out, or to rest tinme and the |ike. Then, a prol onged print

standby ti nespatdkdof atlse sdldehpristeopyrdéanlvs ain taheusaedsfuiapirént@d 0 be
| onered and the sol der paste 9 placed on the stencil 4 to be dried such
that its viscpsttgrmoakdwelhcasasegodd sbrgestpaesoperfiersander paste 9,
wth the At Step #103, a printed circuit board carry-out
step, upon completion of the printing, the motor 8a halts,
the left squeegee S5a ascends, the stage 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 ratio 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,



print standby cancel ed, when the printed circuLt7board lis carried in and
positioned so that the printing is started,
12 the left squeegee Sa noves at the print speed V previously entered to

the NC unit 812. In this state, the solder paste 9, whose thixotropy
rati o has decreased and whose viscosity also has increased, would be
printed in a state other than appropriate rolling. This woul d cause the

occurrence of such faults as sol der paste chi pping, solder shortages, or
blurs, posing an issue that defective boards may be produced. D SCLOSURE
OF THE | NVENTI ON An object of the present inventionis to
provide a screen printing nethod and a $@reen printing apparatus capable

f i nti .t h d i nt lity. ifically,

obj 6t of |ThER JEAR S94AFERE TR MEVES BFOGPACPRLAE, BOREGY HARGLGRE DA and
|t b hievi ng. Lnti | t

" whi oh 1t he S pE7: BB B o ar e B cTBRESontER 170 ERe

‘ \ : A . . ent & 4

ormation of RAMS. 9 ANGH, g%néﬁ%‘%&"g&atii\tﬁeﬁg tdé@¥8§%{e§“ g LohpLoVI de

a screen printing netho an app erefor capa priqiT ng,

Wi th sol der RaYRsOArASd hathiiclk LA, GRIURS N H G L & & g8 Hpeni ng
area and a mnute opening area of a screen netal mask (stencil) are

m xedl y presether wehanhiapprpptiiste apdlhigh.ef f TRiencsould f gatiBer w©hé ect

of occurrence of such faults as solder paste chipping, solder
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 screen printing method and a
screen printing apparatus capable of achieving a _good
printing result in which the corner portions of the print
paste are prevented from tﬁe formation of horms. 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 invention 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



t he present

invention is to provide a printing-method and a printing

apparatus in which such faults as sol der paste chipping, solder short

or blurs wil

| not occur when 13

print standby state is canceled and the printing process is resuned.
According to a first aspect of the present invention, there is provid

screen print

ing method for printing a circuit pattern correspondi ng t

circuit pattern of a stencil, onto a print-object article placed on

ascendabl e/ d
squeegee hor
t he stencil

escendabl e positioning stage, through a step of noving a
I zontally while the squeegee és pushed in on a top surfac
having the <circuit pattern f3rmed t hereon so t hat print p
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ni ng stage downwar d. According to a second aspe
invention, there is provided a hecseeraprprtingngenkodofior
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squeegee aboREiMelrgedci FipeRbt mAGLAID pgeKFRGPPAS1AIPUER- @n BbEFEiBN Of

t he squeegee

to the . .
pattern of a stencil, onto a print-object article placed on

an ascendable/descendable positioning stage, through a step
of moving a squeegee horizontally while the squeegee is
pushed in on a top surface of the stencil having the
circuit pattern formed thereon so that print paste is
printed and applied to the print-ocbject article wvia the
stencil, the screen printing method comprising steps of:

lifting the squeegeé at least to an extent of a
push-in strcke, to which the squeegee has been pushed in on
the stencil; and

thereaféer, separating the print-object article
away from a bottom surface of the stencil by moving the
positioning stage downward.

According to a second aspect of the present
invention, there is provided the screen printing method
according to the first aspect, in which an ascent standby
position of the squeegee above the stencil prior to the
pushing-in, a push-in position of the squeegee to the
stencil, and a momentary position at which the squeegee is
present at a moment when the squeegee makes contact with

the top surface of the stencil are entered each in



stencil, and a nonentary position at which the squeegee is present at a
nonment when the squeegee makes contact with the top surface of the stenci
are entered each in 14 nunerica
val-ue into a controller of a screen printing apparatus, and in which the
controller nmakes the followi ng specified operations executed at the
positions entered in nunerical value, the screen printing nethod
conprising, before the lifting and separating steps, steps of:

keepi ng the squeegee on standby at the ascent standby position before a
start of the screen printing; and | owering the squeegee fromthe
ascent standby position to the push-in p0sition, and nmaki ng the squeegee

execute the pyshsd M OPET¢h100 4RAckbNe] COYne¥B8E LS JHPrhNEicRGerONSF fht Dy
wherein in the separating step, upon conpletion of the printing operalion,

the squeegee izpddAdtask f 12018 iRewhRdBhth8 B88LEbDNet Omdlkes NOHE NS YowDedt i on
at which the squeegee is present at a nonent when the squeegee nakes

contact with tdpediofisdirdmemmifodhexdemdd .at the positimorehtsrdéd n
third aspect of the present invention, there is provided the screen
printing net hothmeaticzaldi viglue, t kbef isctean privhingspethodihernpnising,
squeegee is nmoved up and down relatjve to the stencil by digital control.
Accordi ng to XFERF? HFhgpelitigig and Hapsatind\ahifiR%on,S%9RT €55 provi ded

the screen printing net f]gedeping the squeegee on standby at the ascent

standby position before a start of the screen printing; and

lowering the squeegee from the ascent standby
position to the push-in position, and making the squeegee
execute the push-in operation to thereby execute a printing
operation,

wherein in the separating step, upon completion
of the printing operation, the squeegee is lifted from the
push-in position to the momentary position at which the
squeegee is present at a moment when the sgueegee makes
contact with the top surface of the étencil.

According to a third aspect of the present
invention, there is provided the screen printing method
according to the first or second aspect, wherein the
squeegee is moved up and down relative to the stencil by
digital control.

According to a fourth aspect of the present
invention, there is provided the screen printing method
according to any one of the first through third aspects,
wherein in the separating step, the positioning stage moves

downward at a speed slower than an ascent speed at which



according to any one of the first through third aspects, wherein in the
separating step, the positioning stage noves downward at a speed sl ower

t han an ascent speed at which t he squeegee ascends to an
extent of the squeegee push-in stroke in the lifting step, whereby the
print-object article is separated away fromthe bottom surface of the
stencil, and thereafter the squeegee is lifted up for standby.

According to a fifth aspect of the present invention, there is provided a
screen printing apparatus for printing a circuit pattern corresponding to
acircuit pattern of a stencil, onto a @grﬂ-object article placed on an
ascendabl e/ descendabl e p03|t|on|ng st age,”"t hrough a step of novi ng a

squeegee horlt&@t%%% é‘@é'f éé‘? %g%?ern Jct?e u§€eghén gp?ﬁgﬁf gee of

the stencil havi circ For ne ereon rrnt “paste

is printed mml 190 et hei ELAL- Abigs! %}Hér@b% Vtﬁet h?rlﬁée?ﬁ#éctthe
controll

screen printing apparatus conprising:

controlling axtisleejeesepseatéddasaonitrdm \HH Bﬂﬁttonﬁfﬁilﬁfél%?léf Ofh&ay
stage ascent/descent driving unit in such a way that the squeegee 1is

lifted at | estenailn exfienthefeafiparshthe ssqodege¢ oiswhlifitede upqueegee
has been pushed in on the stencil, and that, thereafter, the print-object
article is s&@andRy away froma bottom surface of the stencil by novi ng

the positioning stage downward.
According to a fifth aspect of the present

invention, there is provided a screen printing apparatus
for printing a circuit pattern corresponding to a circuit
pattern of a stencil, onto a print-cbject article placed on
an ascendable/descendable positioning stage, through a step
of moving a squeegee horizontally while the squeegee is
pushed in on a top surface of the stencil having the
circuit pattern formed thereon so that print paste is
printed and applied to the print-object article via the
stencil, the screen printing apparatus comprising:
| a controller for «controlling a squeegee
ascent/descent driving unit and a positioning stage
ascent/descent driving unit in such a way that the squeegee
is lifted at least to an extent of a push-in stroke, to
which the squeegee has been pushed in on the stencil, and
that, thereafter, the print-object article is separated
away from a bottom surface of the stencil by moving the
positioning stage downward.
According to a sixth aspect of the present
invention, there is provided the screen printing apparatus

according to the fifth aspect, in which an ascent standby



Aceording to a sixth aspect of the present i nvention, there is provi ded
the screen printing apparatus according to the fifth aspect, in which an

ascent standby position of the squeegee above the stenci
prior to the pushing-in, a push-in position of the squeegee to the
stencil to which the squeegee has been pushed in on the stencil, and a

nonmentary position at which the squeegee is present at a nonent when the
squeegee makes contact with the top surface of the stencil are entered

each in nunerical value froman input nmeans into the controller, and in
whi ch the controller nmakes the foll ow ng gpecified operations executed at
the positions entered in nunerical valu% wherei n t he squeegee

5 orouaht bR 0B B KcRbeokl® RGN 1ol S0CENCPOSKLIGR o EFe

squeegee ascC rvi ore a star e Screen
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position to t'"he push-in position he squeegee asceni/descent driving

unit, and thewteEyeeoi whileHethe sq&eegee Hes bedn i pushedatiimonsd ochder eby
execute a printing operation; upon conpl etion of the printing
operati on, wsnendilk, snkegaemeathicit pdstoibheaexvieithothe hequesdeenis
stroke, the squeegee is lifted by the squeegee ascent/descent driving

unit from t h®yResNYt Mmposi nppent ovheér hbeesaueggegoFiakam antdttwite

squeegee i s present at a nonment when
he top surface of the stencil are entered each in

numerical value from an input means into the controller,
and in which the controller makes the following specified
operations executed at the positions entered in numerical
value, wherein

the squeegee is brought and kept on standby at
the ascent standby position by the squeegee ascent/descent
driving unit before a start of the screen printing;

the squeegee is lowered from the ascent standby
position to the push-in position by the squeegee
ascent/descent driving unit, and the squeegee is made to
execute the push-in operation to thereby execute a printing
operation;

upon completion of the printing operation, when
the squeegee is lifted to the extent of the push-in stroke,
the squeegee is lifted by the squeegee ascent/descent
driving unit from the push-in position to the momentary
position at which the squeegee is present at a moment when
the squeegee makes contact with the top surface of the

stencil; and

the positioning stage 1is 1lowered by the



the squeegee makes contact with the top surface of the stencil; and

the positioning stage is | owered by the
17 positioning stage ascent/descent driving unit so as to

separate the

print-target article away fromthe bottom surface of the stencil.

According to a seventh aspect of the present invention, t
the screen printing apparatus according to the fifth or s

here is provided
I Xt h aspect,

wherein the squeegee ascent/descent driving unit conprises a notor, a

screw shaft connected to a rotary shaft of the notor, and

screwed to the screw shaft and which noves the squeegee a
downward directions, wherein the upward*@dnd downward nove
squeegee is controlled by rotational control of fhe notor,
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stencil by disgllfrtf%{?ec% e Weldhdie controller. According to a

ninth aspect o

e present 1nvention, there is provided the screen

printing apparatus acoHAGdP 8HY HONSePénthe kbbbl td¥ ovaB gl dddhe
aspects, wherein after the squeegee is |ifted by the squeegee

ascent/ descednvéntdiong thiereatsl pasiridedt bReexéredn Girimeing ugtpdrataid oke,

to which the squeegee has been pushed in on

according to the fifth or sixth aspect, wherein the
squeegee ascent/descent driving unit comprises a motor, a
screw shaft connected to a rotary shaft of the motor, and
a mover which is screwed to the screw shaft and which moves
the squeegee along upward and downward directions, wherein
the upward and downward movement of the squeegee is
controlled by rotational control of the motor.

According to an eighth aspect of the present
invention, there is provided the screen printing apparatus
according to any one of the f£ifth through seventh aspects,
wherein the squeegee is moved up and down relative to the
stencil by digital control with the controller.

According to a ninth aspect of the present
invention, there is provided the screen printing apparatus
according to any one of the f£ifth through eighth aspects,
wherein after the squeegee is lifted by the squeegee
ascent/descent driving unit at least to the extent of the
push-in stroke, to which the squeegee has been pushed in on
the stencil, the positioning stage moves downward by the
positioning stage ascent/descent driving unit at a speed

slower than a speed at which the squeegee is 1lifted,



the stencil, the positioning stage noves downward by the positioning stage
ascent/descent driving unit at a speed slower ‘than a speed at which the

squeegee is lifted, 18 whereby
the print-object article is separated away fromthe bottom surface of the
stencil, and thereafter the squeegee is lifted up to its standby position
by the squeegee ascent/descent driving unit. . According to a

tenth aspect of the present invention, there is provided a screen printing
met hod for printing, with use of a screen printing apparatus, solder
paste on an el ectrode of a board to be printed, by positioning a screen
mask onto the board and by printing thel8ol der paste supplied onto the
screen mask ipto the ~screen mask with a squeegee of a print head which
moves par al PBETEEY: hFBeRT BRI~ ARERCWATE Bt 1§ REBRTRReEoRAVAY¥ EXomithe he
screen mask, rej the board is classified into a first area
where a val Egggf’%eg%ﬁfc%f:%BSnFﬂa %‘i"%%lgf Eluhé t%he&e oy e FFHETSh in
whi ch the squge €S$,d S dJer i fied r ol and a
second area mﬁe?gfgagglagio¥éng§% ggggggﬁiﬁ%ﬂgﬁ%%%?oP&?hgﬁ%as 1ot
smal | er thanagkentl/deaTeeltd arafkdng spged of the squeegee at the first area

Is made slower than a speed of the squeegee at the second area.

According to an 11th agpeetrdihgt h€opr£sajdnth aspect of the present
invention, there is provided a screen printing method for
printing, with use of a screen printing apparatus, solder
paste on an electrcde of a board to be printed, by
positioning a screen mask onto the board and by printing
the 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, wherein

the beoard 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 threshold, and a second area where a value of
each of opening sizes of the mask is not smaller than the
threshold, and a speed of the squeegee at the first area is
made slower than a speed of the squeegee at the second
area.

According to an 1lith aspect of the present
invention, there is provided the screen printing method
according to the tenth aspect, further comprising steps of:

entering data of the first area and the second

area as well as data of the squeegee speeds corresponding



i nvention, there is provided the screen printing nethod according to the

tenth aspect, further conprising steps of: entering data of the
first area and the second area as well as data of the squeegee speeds
correspondi ng 19 to the first

area and the second area, into the screen printing apparatus by an
operator or froma higher-order conputer that controls the screen printing
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 as well as the data of the sqyeegee speeds corresponding to
the first area and the second area. 9 According to a. 12th aspect

of the present inéenhgon, there is_provided th screen,grintkﬂg met hod
according to t¥R Feft HFiFSfedred #RfeflEoftFRNG2EERps 16FC the screen

teri dat . first dth d lntao t
ot i ng. apparrACEYS SRR ST Y nad” SBRRARy S Fodah the AT By deT
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second area by an operat&gi®dhindi €REr sgl1d8Hee0EREEE HeltdleerC ANd OFSrEpE
screen printing apparatus; and swi tching the squeegee speed

between the fiasd sandndeamedsabesedbasedelve eheeeaficdadadaifa tHe t BErétr st
area and the second area by the recognition of the visual recognition
camera and theaxearerad deha skcond sgueages well as the data of the

squeegee speeds corresponding to the first area and the
second area.

According to a. 12th aspect of the present
invention, there is provided the screen printing method
according to the tenth aspect, further comprising steps of:

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

According to a 13th aspect of the present

invention, there is provided the screen printing method



speeds corresponding to the first area and the-second area by the operator
or the higher-order conputer. According to a 13th aspect of the
present invention, there is provided the screen printing nethod

20" according to any one of the 10th to 12th aspects, wherein when

openi ngs where a val ue of each of opening sizes of the nask along the
squeegee's noving direction is snmaller than a specified threshold and
openi ngs where a val ue of each of opening sizes of the nask al ong the
squeegee's noving direction is not snmaller than the specified threshold
are mxedly present along a direction intersecting the squeegee's noving
direction, the squeegee is noved at the 2gpeed corresponding to the first
area by assuming as the first area based on the snaller opening sizes.
Accor di ng t o aEcPudings fertany anee qff ddentloimventianh aspectss pheveilrd t he
screen printing method according to any one of the 10th to 13th aspects,
wherein  wheVH8R SPERLIGS WhRaRsE srakehptha@ach of peeRdog: e42zes ofctheoar d
are placed ont rinting, the threshold is a
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printed, by RREdidy 8928sSTLCPnIPHa N 100 M9 dsBideB¥ers moving
direction is 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 to the first area by assuming as the
first area based on the smaller copening sizes.

According to a 14th aspect of the present
invention, there is provided the screen printing method
according to any one of the 10th to 13th aspects, wherein
when external 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 a 15th 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 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:



printing the sol der paste supplied onto the screen mask into the screen
mask with a squeegee of a print head which noves parallel to the screen
mask whil e being kept in contact with the screen nmask, the screen printing
apparatus conpri sing: 21

a controller for executing control process in such a 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 noves is smaller than a
specified threshold, and a second area where a value of each of opening
sizes is not smaller than the threshold, and that a speed of the squeegee
at the first area is made slower than a 3peed of the squeegee at the
second area. According to a 16th aspect of the present

i nvention, there is prod dihtred leor ebor pexecutdngppeonttasl prooedsngird o
the 15th aspect, wherein data of the first _area and the second area as
wel | as data SPCPh@ ¥qYeddes thpebeardoisesiasFifdedo inte A firss @xremd

t he second area_ are en&eredfinto th§ controller b %?éﬁgsrator or a
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apparatus according to the i5th aspect, further conprising a visual
recogni tion ceseha dforogertiog)iFhidee a$Htade ShalheRi BESENOthe threshold,
and that a speed of the squeegee at the first area is made
slower than a speed of the squeegee at the second area.
According to a 16th aspect of the present
invention, there is provided the screen printing apparatus
according to the 15th aspect, wherein data of the first
area and the second area as well as data of the squeegee
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 controller, and whérein
the squeegee speed is switched between the first and second
areas by the controller based on these entered data.
According to a 17th aspect of the present
invention, there is provided the screen printing apparatus
according to the 1Sth aspect, further comprising a visual
recognition 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 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



t he mask, wherein data of the first area and the second area are entered
into the controller by the visual recognition canmera recognizing the

openi ngs of the mask, and data of the squeegee speeds corresponding to the
fi'rst area and the second area are entered by an operator or a

22 higher-order conmputer that controls the controller, and wherein the
squeegee speed is switched between the first and second areas by the
controll er based on these entered data. According to an 18th
aspect of the present invention, there is provided the screen printing
apparatus according to any one of the 15th to 17th aspects, wherein when
openi ngs where a val ue of each of openin@2sizes of the nask along the
squeegee's noving direction is smaller than a specified threshold and
openi ngs wherkighertardef eamhubér dpati ngestzeds othehaantstolidleng ahd
squeegee's noving direction is not smaller than the specified threshold
are nixedly Wreseht Hhengaueageecependi Asersnidighed thrtwesfuceefirabyi ng
direction, the controller nakes the squee nove at the speed

coi r espondi nPE9 FREORR 22T Y é§§%%¥%§f%§ ?ﬂ%eéi?gttggéﬁ B358¥6n the

smal | er openi@gtasizes. According to a 19th aspect of the present
i nvention, théré is provided the screen printing apparatus according to

any one of the 15th to A8tH-&5MPChS WREr€BPh aspect of the present

invention, there is provided the screen printing apparatus
according to any one of the 15th to 17th aspects, 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 intersecting the
squeegee’s moving direction, the controller makes the
squeegee move at the speed corresponding to the first érea
by assuming as the first area based on the smaller opening
sizes.

According to a 19th aspect of the present
invention, there is provided the screen printing apparatus
according to any one of the 15th to 18th aspects, wherein
when external 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 a 20th aspect of the present

invention, there is provided the screen printing apparatus



when external termnals of conponents to be nounted to the board are

pl aced on the solder paste fornmed by the printing, the threshold is a
pitch between the external term nals. According to a 20th aspect
of “the present invention, there is provided the screen printing apparatus
23 according to any one of the 15th to 19th aspects, further conprising:
a |l 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
in by the | oader, to performscreen printing on the board; and.

an unl oader for carrying out the board, on which the solder paste has been
printed, fromthe stage, the @3ntroller conprising:

storage neans for storing data for classifying the board into

the first ar AFSPELERg to any oneef \&heeldfhebenldtht AEPBFERI nfusthes of
t he mask al ong the direction in which the squeegee
noves is smalSE¥PEHEH Y he specified threshol d, and the second

area where the val ue ofaeﬁélfﬁaggdgf)g chax:[zﬁreiﬁgeir?pgnib%grﬁi zog_{s ﬂ{lkﬁje&?t tﬁgal | er

t han t he t hres ueegee spéed

first area, anddatapoied hes SQY68966- SPESH, at the second area
sl ower than the squeegee speed
a stage for holding the board, which has been
carried in by the locader, to perform screen printing on the
board; and .
an unloader for carrying out the bocard, on which
the solder paste has been printed, from the stage,
the controller comprising:
storage means for storing data for
classifying the board into the first area where
the value of each of the opening sizes of the
mask along the direction in which the sgqueegee
moves is smaller than the specified threshold,
and the second area 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
program generating means 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



at-the first area; and progr am generati ng means

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 neans, and

24 the print head conprising squeegee-speed on- process

switching neans for switching the squeegee speed on the way of the
printing process based on control of the <controller in accordance with the
program According to a 21st aspect of the present

I nvention, there is provided a screen pri iing met hod for screen printing
sol der paste at a reference print speed 3€ usi ng a squeegee, the screen

printing nethod conprisigg: print head %éﬁﬁ?%%‘%%eas rlé;%éé[)ﬁ é&\ngﬁ_of

print standby tinme during & printing opera pri nt

standby tinme; pgbéess switching rid#il o sAit@hifguid iRfuddgdd IdHddi oW th
the -print standby cancel ed, screen-printing the sol der paé%e placeg on a

screen mask dohengayhefsttnslbyrintingbproeessgbakkd sHeeseersl a8 adiust ed
print speed |lower than the reference print speed based on a relationship
between the pehhArodiendbp acgerdadce withtthenprdgmato the adjusted print
speed after the resunption of printing. .- According to a 22nd
aspect of the present PRGERELBE, EPerd il oAsPESt: hOfsctden priesentg

met hod . . . . s
invention, there is provided a screen printing method for

screen printing solder paste at a reference print speed by
using a squeegee, the screen printing method comprising:

a step for, upon an occurrence of print standby
time during a printing operation, measuring the print
standby time; and

a step for, at a resumption of printing with the
print standby canceled, screen-printing the solder paste
placed on a screen mask during the standby time, by moving
the squeegee at an adjusted print speed lower than the
reference print speed based on a relationship between the
print standby time and a print time due to the adjusted
print speed after the resumption of printing.

According to a 22nd aspect of the present
invention, there is provided the screen printing method
according to the 21st aspect, wherein a time for which the
screen printing is executed at the adjusted print speed is
set according to a resupply amount of the solder paste.

According to a 23rd aspect of the present
invention, there is provided the screen printing method

according to the 21st or 22nd aspect, wherein over a



aceording to the 21st aspect, wherein a time for which the screen printing
IS executed at the adjusted print speed is set according to a resupply
anount of the sol der paste. According to a 23rd aspect of the
present invention, there is provided the screen printing nethod according
to the 21st or 22nd aspect, wherein over a

25 specified tine elapse after the screen printing is started at the

adj usted print speed, the screen printing is executed at the reference
print speed. According to a 24th aspect of the present

I nvention, there is provided the screen printing nethod according to the
21st or 22nd aspect, wherein upon conpl2%ion of the screen printing of a
speci fied nunber of boards after the screen printing is started at the

adj usted prepecéfded tine etapea afteritheiscreer RRNEANG He stEzsrashce
print speed. According to a 25th aspect of the present )

i nvention, tRErethe AAinsERs  REINYG eEReSS/nt FRG nBFRRER RTAMIG tiF any

one of the 21st t 4th-%§ ect%, wherein, the adjusted print speed until
the print sp&8FS&ePeflr eSS ERBPPEMETCERF Mt speed is set into a

plurality of sSteps. acooraingCEQrdinGiona 2ELL0-aspget xﬁ{et%ece"ée%%e”t

I nvention, there is prOV|8e8 a~screen prlnang %%paratus or screen

printing sol davepeibe ,atefadel £5 epe8vRALAl HRECLcreen printing method
according to the 21st or 22nd aspect, wherein upon
completion of the screen printing of a specified numbéf of
boards after the screen printing is started at the adjusted
print speed, the screen printing is executed at the
reference print speed.

According to a 25th aspect of the present
invention, there is provided the screen printing method
according to any one of the 21lst to 24th aspects, wherein
the adjusted print speed until the print speed is returned
to the-reference print speed is set into a plurality of
steps.

According to a 26th aspect of the present
invention, there is provided a screen printing apparatus
for screen printing solder paste at a reference print speed
by using a squeegee, the screen printing apparatus
comprising:

a controller for; upon an occurrence of print
standby time during a printing operation, measuring the
print standby time, and for, at a resumption of printing
with the print standby canceled, screen-printing the solder

paste placed on a screen mask during the standby time, by



by:-usi ng a squeegee, the screen printing apparatus conprising: a
controller for, upon an occurrence of print standby tinme during a printing
operation, measuring the print standby time, and for, at a resunption of
printing with the print standby cancel ed, screen-printing the sol der

paste placed on a screen mask during the standby tine, by

26 noving the squeegee at an adjusted print speed | ower than the
reference print speed based on a rel ationship between the print standby
time and a print tine due to the adjusted print speed after the resunption
of printing. According to a 27th aspect of the present

i nvention, there is provided the screen Bfinting apparatus according to

t he 26th aspecgé.mherein, by the controller, a time for which the screen
printing i s SEAREFIR LIRS Al AP RIHSIERRFINE Sreed chPHeRgthana
resupply ano e sol der paste. ' According to 28t h aspect
of the pr ese%’[He izﬁ%%%#el%%f ﬁ’érf’é; TReSS RASRY e s%ﬁclg%%l%x??af? nge aPpERat us
according to Q- C i t n I ver a
specified ti r?em"ﬁlpg‘gts’% %fttaér&’? hgis“@gr;e’é%%?r‘ﬁr% nttgm.es agtearetgetcziﬁgt é?i%sgaﬁust ed
print speed, gdithts sl dFddY idHE e SMMER o dhigdg{grence print speed.

According to a 29th aspect of the present invention, there is provided the
screen printing appar atArscomtiony diteg 80 Rheh26abpect276h ashectprébenei n,
by the invention, there is provided the screen printing apparatus
according to the 26th aspect, wherein, by the controller,
a time for which the screen printing is executed at the
adjusted print speed is set according to a resupply amount
of the solder paste.

According to a 28th aspect of the present
invention, there is provided the screen printing apparatus
according to the 26th or 27th aspect, wherein, by the
controller, 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.

According to a 29th aspect of the present
invention, there is provided the screen prinﬁing apparatus
according to the 26th or 27th aspect, wherein, by the
controller, upon completion of the screen 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.

According to a 30th aspect of the present

invention, there is provided the screen printing apparatus

according to any one of the 26th to 29th aspects, wherein,



control l er, upon conpletion of the screen printing of a specified nunber
of boards after the screen printing is started at the adjusted print
speed, the screen printing is executed at the reference print speed.
Actording to a 30th aspect of the present invention, there is provided the
screen printing apparatus according to any one of the 26th to 29th
aspects, wherein, 27 by the
controller, the adjusted print speed until the print speed is returned to
the reference print speed is set into a plurality of steps.
According to the screen printing nethod of the present invention, before
separating the print-object article domd¥ard away fromthe bottom surface
of the stencil with the positioning stage, the squeegee can be |ifted at
| east to the B%kidiR csmtyodden-i hhetrdkested pninth speed prtddi Ajespubrgee
has been pushed ig on the stencil, and thereafter the print-object article
can be separ AR FHIREIHFRRHFS L8 FRE ST PSEPFasRe8 LReS8Eeh@EP Wi th
t he positioni and.after that, the printing squeegee can be
lifted. Thea[r1%%‘§€?fi'fiﬁe°%rﬁﬁgsobj ect article can be separated fromthe
stencil while the stencj L5 ri I ] | 1] ed.
Thus, a successful pr%%]%o%%x%%sﬁé g%ﬁgrglz:%%tegqgﬁn%g héne%%f%i?é % Ttern
provi ded on igeSRBCH invdtl Kl Nbe fairel N@ep@RARE ngPOELE ONSyi AR- SH§HLOT NS
as has been involved in the

article downward away from the bottom surface of the

stencil with the positioning stage, the squeegee can be
lifted at least to the extent of a push-in stroke, to which
the printing squeegee has been pushed in on the stencil,
and thereafter.the print-object article can be separated
downward away from the bottom surface of the stencil with
the positioning stage, and after that, the printing
squeegee can be 1lifted. Therefore, the print-object
article can be separated from the stencil while the stencil
is kept horizontal without being tilted. Thus; a
successful print pattern generally equal to the circuit
pattern provided on the stencil and having, at the cornér
portions, no such horns as has been involved in the
conventional method can be obtained.

According to the screen printing apparatus of the
present invention, the apparatus is provided with a
controller for operating the printing squeegee
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



conventional nethod can be obtai ned. . According to the screen
printing apparatus of the present invention, the apparatus is provided
with a controller for operati ng t he printing squeegee
astent/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 fromthe bottom surface of the
stencil by 28 noving the
positioning stage downward, the print-object article is separated away
fromthe bottomsurface of the stencil by noving the positioning stage
downward. Therefore, the screen printingéethod of the present invention
can be realized, ,so that sin|ar effects can, be produced.

|
the screen prPAVERE fEthoRCStCIPRIRG cSERTS (dRMEWARSh ahliet BFinG-ebdect "
inti f .th ' tJ t t.rol| ddi_ti |
Compr | ses. ot BT 8L S SSFEE SRe AMRY (Lt FArROS O | RYTEAGPelh G4
o L f Fon P oan q . —
rea of the bogedELl "By PuoPiny o SR CPEUNE A el ie Tl N0

squeegee speeghéperbhe,l atNe NPANUNIp2ieziald herhB8 SEE!ivke 0?_::%5%91‘&’
squeegee speed for the m nute opening area; and program generating neans

for generatihgvenpiogr aambpewkeahizbd, sgucepae spmedaef efifectpr idin kead is
switched on the way of a printing process based on the entered data.
Further, theppenceead

In the screen printing method of the present
invention and the screen printing apparatus of the
invention, the controller additionally comprises: storage
means for entering thereto and storing therein data
relating to the settings of the large opening area and the
minute opening area of the board, as well as data relating
to the setting of a high sgqueegee speed for the large
opening area and to the setting of a low squeegee speed for
the minute opéning area; and program generating means 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 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



addi tionally conprises squeegee-speed on-process switching mneans for
switching the squeegee speed on the way of the " printing process.

Therefore, by performng the input of |arge opening area and m nute
opening area as well as the input of high squeegee speed and | ow squeegee
speed by the operator or the higher-order (host) conputer that controls
the screen printing apparatus, or by performng the input of |arge opening
area and m nute opening area by the

29 recognition of the visual recognition canera as well as the input of

hi gh squeegee speed and | ow squeegee speed by the operator or the

hi gher-order (host) conputer, the areas ere only the areas correspondi ng

to the large ' .are f_the sk are present _in_the bhoard at i ch
the print paSte PArr4OBcon Tt SA54AE PERERACAP™ HATRFEIES HRitede ticed
while the aregspubese QD&Y & - r 'rgﬁ&é%#%ge ' ni ng
areas of the mgk are p%ese%%ﬁ%%@%r a?’%i ch the pr%ﬁ%%%é’?ggﬁs to
be printed appepatotedmicidienlgnesqyaease %paey. Hifucdd, | fheelalaad Lo
maintain a high print quality and to ensure a high productivity en the
| arge openi ngwheea amlyt hthe Mrstise ©pLPAesgondtAgand ihedlyrds espihing
According to the screen printing nethod of the present invention, at a
resunpti on ofapeafdt ofg,then masderare Ipresehe pni whepisiardl st edhboht bae

stencil during the standby tine can be printed while appropriately
rolling, an BHFBSt RRHS nissfeedrs omeiaFask| avet Rrindied eate e nhigh

squeegee speed while the areas where only the areas
corresponding to the minute opening areas of the mask are
present in the board at which the print paste is to be
printed are printed at the low squeegee speed. Thus, it is
enabled to maintain a high print quality and to ensure a
high productivity when the large opening area and the
minute opening area are mixedly present.

According to the screen printing method of the
present igvention, at a resumption of printing, in order
that- the print paste placed on the stencil during the
standby time can be printed while appropriately rolling, an
adjusted print speed lowered below the reference print
speed is set in accordance with a change in the print paste
characteristic that is discriminated based on the measured
print standby time. Therefore, even if the print paste has
changed in characteristic due to, for example, drying
during the print standby time, printing at the adjusted
print speed allows the print paste to be printed while
appropriately rolling. Thus, the occurrence of such faults

as print paste chipping, print paste shortages, and blurs



speed is set in accordance with a change in the print paste characteristic
that is discrimnated based on the neasured print standby time. Therefore,
even if the print paste has changed in characteristic due to, for exanple,
drying during the print standby tine, printing at the adjusted print
speed allows the print paste to be printed while appropriately rolling.
Thus, the occurrence of such faults as print paste chipping, print paste
shortages, and blurs 30 can be

el i m nat ed. Al so, the nunber of adjusted prints to be printed at
the adjusted print speed is set responsive to a resupply anount of new
print paste, and the print speed is retugeed to the reference print speed
after the nunmber of adjusted prints have been printed at the adjusted
print speed. cammdefekininakedrint speed can be returned to the reference

print speed wi thout causjing any faults such_as print paste chipping, _print
paste shortages, and bl&}$S. the number,gf AdfWi e RHAEH it PRPRERERY of

Lhe Dresent 4ol sl iyt O 3t ePeRbucl S L RRRR IR, BroRsLlnDe

oL SPoed Wl EGRAFLaR LBO dha SATDYAL) JReDRCOTESLARAORE. |

successfully.to the reference print speed after the number of adjusted
prints have been printéd at the adjusted print speed.
Therefore, the print speed can be returned to the reference
print speed without causing anf faults such as print paste
chipping, p;'int paste shortages, and blurs.

According to the printing method of the present
invention, a one-step adjusted print speed may properly be
employed for short print standby time, and the number of
steps of adjusted print speed may be increased as the print
standby time becomes longer. Therefore, a wide range of
short to 1long print standby time can be handled

successfully.

BRIEF DESCRIPTION OF DRAWINGS

These and other objects and features of the
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



BRI EF DESCRI PTI ON OF DRAW NGS These and ot her objects and
features of the present invention will becone apparent fromthe foll ow ng
description taken in conjunction with the preferred enbodinents thereof
wi'th reference to the acconpanying draw ngs, in which: Fig. 1
I s an arrangenent diagram of a screen printing apparatus for carrying out
a screen printing nethod according to a first enbodi nent of the present
31 invention; Fig. 2 is a flowchart of the printing method
according to the first enbodi nent; Figs. 3A, 3B, and 3C are
explanatory views of the printing process of the screen printing method
according to the first enbodi nent; 31 Figs. 4A and 4B are a
perspective view of a screen printing apparatus according to a second
enbodi nent oinvéetpomsent invention and a di agram show ng t he

rel ati onship between its controller and the apparatus conponents,
respectivel y; ' Figi g2 3si | aflowwcbaart ofhdlienPrirt bpar mecbadof
the screen printing, nmethod according to the second enbodinent;

Fig. 6is a p?ﬁﬁOVgéﬂgoF°aF%%r€%¥F¥m§@P°ﬂ%§%ntUsed in the printing method

according to the second_enbodj ; Figs. 7A . and.7B are views
showi ng t he operati on Flgs.cgivﬂyé, and 3C are exéianatory'VLews o% the

printing process of the screen printing method according to
the first embodiment;

Figs. 4A and 4B are a perspective view of a
screen printing apparatus according to a second embodiment
of the present invention and a diagram showing the
relationship between its controller and the apparatus
components, respectively;

Fig. 5 is a flow chart showing the operation of
the screen printing method according to the second
embodiment;

Fig. 6 is a plan view of a screen metal mask_ﬁsed
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 invention; |

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

used in a screen printing method according to a



of-the printing nmethod in the second enbodi nent; - Fig. 8is a
flow chart showi ng the operation of a screen printing nmethod according to
a third enbodi nent of the present invention; Fig. 9is a flow
chart showi ng the operation of a screen printing nethod according to a
fourth enbodi nent of the present invention; Fig. 10 is a plan
view of a screen netal nask wused in a screen printing nmethod according to
a 32 nodification of the second
enbodi nent ; Fig. 11 is a flow chart show ng the operation of a
screen printing nethod according to a fifth enbodi nent of the present

I nventi on; Fig. 12 is a view 8Bow ng the construction and
operation of a screen printing apparatus, Fig. 13 is a view
showi ng the SRtfientiam £ Eqsonc enhodimenty pr| nting appar atus of

Fi 12 14 is.a vi sho eration of
sqgeegee in the screengPp’rqnﬁlnésaﬁpgrﬁf'ugwﬁftgﬁg che OPeratl?—?g"f 15

LS ﬁ%f%pge S8 Lo LALLM 8 FLbYE RELACER e e

an arrangene@:éigg% ﬁgﬁypntlonal screen printing apparatus
Fig. 17 is a 31 art e convent i onal

Flg. 12 is a view showing the construction and

| operation of a screen printing apparatus;

Fig. 13 is a view showing the operation of a
squeegee in the screen printing apparatus of Fig. 12;

Fig. 14 is a view showing the operation of the
squeegee in the screen printing apparatus of Fig. 12;

Fig. 15 is a block diagram of the control
mechanism and a drive mechanism of the screen printing
apparatus of the fifth embodiment; _

Fig. 16 is an arrangement diagram of a
conventional screen printing apparatus;

Fig. 17 is 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;



screen printing nethod, Figs. 18A, 18B, and 18C are expl anatory
views of the printing process of the conventional screen printing nethod;
Fig. 19 is a perspective view of a conventional screen printing apparatus;
Fi'g. 20 is a plan view of a conventional screen netal nask;

Figs. 21A and 21B are views show ng the operation of a conventional

exanpl e; 33 Fig. 22 is
a flow chart showi ng the operation of a conventional exanple;

Fig. 23 is a block diagramof a control nechanism and a drive nechani sm of

a conventional screen printing apparatus; and Fig. 24 is a flow
chart showi ng the operation of the convggtional screen printing nethod.
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Bef ore the description

of the present inventi dhigpraxdeds, fiibwi shartbshawing thatopéekatpantsfare
designated by |like reference nuneral s throughout the acconpanying

dr awi ngs. a conventienglesxampkri ng nethod according to a first
enbodi ment of the present invention js dgfpribed bhelow with, reference to
Figs. 1 to 3C Fig. 23 is a block diagram of a control mechanism

and a drive mechanism of a conventional screen printing
apparatus; and
Fig. 24 is a flow chart showing the operation of

the conventional screen printing method.

BEST MODE FOR CARRYING OUT THE INVENTION

Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by like reference numerals throughout the accompanying
drawings.

A screen printing method acco;ding to a first
embodiment of the present invention is described below with
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



Fi-g. 1 shows a screen printing apparatus used for. carrying out the screen
printing nethod according to the first enbodi ment of the present

i nventi on. 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,
stage 2 is lifted by the positioning stage ascent/descent

t he positioning
driving unit 3

to such an extent that the top surface of the print-object article 1

cones to near contact with the bottom surface of a stenci

34 4, as shown by broken lines in Fig. 1. A horizonta
reci procation driving unit 8 conprises ag4AC servo notor 8a, a screw sh

8b connect ed

to the rotary shaft of the notor 8a, a nover 8c screwed to

af t

the screw shafg, &8y shubrd e Ibdckemd istedvid Filg.g.1.12. In a state that a
| eft squeegee Sa and a right squeegee 5b have descended into contact with
the top surface of the atemmrizehtahe hecipoatatiomci grévangon whitvi ng
unit 8 noves the left squeegee 5a and the right squeegee 5b horizontally
in Fig. 1 (inQdmPenishs &n AShFeryp WALeR 8a.pRi sEreusteadt &pcerarecipder
paste, is noved on t

5a and t he

he to urface of the stencil 4 by the left sgueege
rit&tthfqtf%@e‘g’ spate o 2he moRRFefBncd MIHET o Cl?‘érﬁ‘éﬁ‘gt'é

e
a

|ef t- squeegee ., a5 RNI FRICRA! oBY! 8R4TBHE" 1608, ILLVERGA NEn! £LG . SPYCeOgE 5a

a state that a left squeegee 5a and a right squeegee Sb
have descended into contact with the top surface of the
stencil 4, the horizontal reciprocation driving unit 8
moves the left squeegee 5a and the right squeegee 5b
horizontally in Fig. 1 (in the X-direction), by which 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 5b.

Reference numeral-lza denotes a left-squeegee
ascent/descent pulse motor for driving the left squeegeé Sa
for ascent and descent; 12b denotes a right-squeegee
ascent/descent pulse motor for driving the right squeegee
5b 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



for ascent and descent; 12b denotes a right-squeegee ascent/descent pul se
notor for driving the right squeegee 5b for ascent and descent; 13a
denotes a left ball screw which is driven into forward and reverse
rotation by the |eft-squeegee ascent/descent pul se notor 12a; 13b denotes
a right ball screw which is driven into forward and reverse rotation by
the right-squeegee ascent/descent pulse notor 12b; 14a denotes a |left bal
screw nut which is screwed to the left ball screw 13a and which is noved
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

35 the right ball screw 13b and which i85noved up and down by the

forward/reverse rotation _qQf the right ball_ screw 13b. _These pmjor
conmponent s c&i’set it g’aﬁ-&l RCFAY %3 e@B8e"Nicheht /BRGNP R RY 700.
Desi gnat ed by,reference neral 15.is .a I.t.ioni.ng controller l.ch is
cap:agl e of p%%’let ifﬁmq/ﬁ:gevqr&et % cﬁfz‘éﬁ&@l% rt‘ﬁgltr %&HI]' sﬁﬁﬁée‘”b\é@%b
which are faqhjmd f ub al ; | kg, ; Lfi cent

st andby posi I&irons OF,‘Q?‘E%- s%gtﬁe%%é%ﬁ% O\fgq{sr#el S éeénc:gll Ig%r'l?tg‘?ﬁ%o ﬁecﬂ‘leeeaée“

pushi ng-in, ta%c%@ﬁc/aése&rﬁtqt&%%@;%omwﬁ gostroke positions, and to
nmonmentary positions at which the eft and right squeegees 5a, 5b are

present at a nonent wsidhadeft wpd regbkengucegRerkd 5Shsnmake capt act

with the top surface of the stencil 4, respectively, according to

nuneri cal dap@sdftidbiswy gpostrpdberenvikicld s aapable of positioning the
left squeegee Sa and the right squeegee 5b, which arxe
formed from rubber or metal or the like, to specified
ascent standby positions of the squeegee above the stencil
prior to the pushing-in, to specified squeegee push-in
stroke positions, and to momentary positions at which the
left and right squeegees Sa, Sb are present at a moment
when the left and right squeegees 5a, S5b make contact with
the top surface of the stencil 4, respectively, according
to numerical data of those positions entered frcm. an
input/ocutput 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 ascént/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 of Fig. 2 in the description of the

BACKGROUND ART.

In the screen printing method according to the



| nput / out put 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.
Fi'g. 2 shows the screen printing process of the screen printing nethod
according to the first enbodinment. |Its primary difference fromthe
conventional printing nethod is that the fifth step is added between the
fourth step and the fifth step of Fig. 2 in the description of the
BACKGROUND ART. In the screen printing method according to the
36 first enbodi nent of the present invention, at the first step, the
print-object article 1 is positioned and3ki xed to a specified position of
the positioning stage 2. At the second step, the positioning stage 2 is
lifted by thfinsiyeembedimenteofethedmngésentuninveéntiont hat tithe first
print-object article 1 on the positioning stage 2 is lifted to near

proxi mty toSEfP b&CoRFLBFrabdest areicientiis positioned pRAr fixedptot he
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article 1 on the positioning stage 2 is lifted to near
proximity to the bottom surface of the stencil 4. At the
third step, the left squeegee 5a is lowered to the squeegee
push-in stroke position by the drive of the left-squeegee
ascent/descent pulse motor 12a. At the fourth step, the
left squeegee S5a is moved rightward in the X-direction of
Fig. 1 by the horizontal reciprocation driving unit 8, by
which the printing is executed. This state is shown in
Fig. 3A. Thereafter, at the fifth step, the left squeegee
5a is lifted only to a push-in stroke, i.e., to an extent
to which the printing left squeegee Sa has been pushed in
on the stencil 4, by the left-squeegee ascent/descent pulse
motor 12a, up to the momentary position where the left and
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 is separated away from the



S5a-is lifted only to a push-in stroke, i.e., to an extent
printing | eft squeegee 5a has been pushed in on the stenc

to which the
i1 4, by the

| ef t - squeegee ascent/descent pulse notor 12a, up to the nonentary position

where the left and right squeegees 5a, 5b are present at

a nonent when the

squeegee 5a nmakes contact with the top surface of the stencil 4. This
state is shown in Fig. 3B. At the sixth step, the positioning stage 2
| owered at an ultra-low speed (0.1 misec) in the Y-direction of Fig.
by the stage ascent/descent driving unit 3 during a predeterm ned

di stance fromthe printing position of the board, so that the print-o
article 1 is separated away fromthe 37
37 stencil 4 as shown in Fig. 3C. _Then, at the seventh step, the |ef
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repeated fromthis on. own above, "the provision
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primarily of the |eft-squeegee ascent/descent pulse notor 12a and the
ri ght - squeegex: aschiighdes cpeiedpulsm ntterulfba-les wpkkdas drefqhly oni ng

controll er

1

5 makes it possible
Next, a printing operation on the right squeegee 5b side is

also executed in the same 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 composed
primarily of the left-squeegee ascent/descent pulse motor
12a and the right-squeegee ascent/descent pulse motor 12b,
as well as the positioning controller 15 makes it possible
to optionally enter and set the momentary position where
the left and right squeééees Sa, 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 Sa and the right squeegee Sb 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
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to-optionally enter and set the nomentary position where the left and

ri ght squeegees 5a, 5b are present at a nonent when the |eft squeegee 5a
and the right squeegee 5b make contact with the top surface of the stenci
4 via the input/output device 100, and noreover to lift the left squeegee
5a and the right squeegee 5b up to the nonentary position at which the

| eft and right squeegees 5a, Sb are present at a nonent when they make
contact with the top surface of the stencil 4, before separating the
print- object article 1 away fromthe stencil 4. Therefore, the
print-object article 1 can be separated fromthe stencil 4 while the
stencil 4 is kept horizontal without bein®

38 tilted. Th

hus, .a successful print tfern, 16 generally_  _equal tq.,the
circuit patt eFiHEEFSvi deEﬁHﬁ't fe ‘t“é‘ﬁ%?gg‘&i aﬁa'lnﬁa%arﬁf,e%i E‘ﬁe%&eﬁéﬁly
ortions, no ch,horns, 10 _as h n_shown i he vent | |l e
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of the squeegees , to the stenc , and the nonentary positions

where the |efbeaRdshicul inS@HRCERRTeRionA1Ae&aRiptaCihndbed JBtEHedEN the
squeegees 5a, 5b nmake contact with the top surface of the stencil 4 are

entered in nunerical valFuethean tite hapubeent EHradredechdO0thet addent

positioning controller 15, respectively, so as to be stored in the storage

unit, and t hastahdbyomositions of the printing squeegees 5a, 5b, the
push-in positions of the squeegees 5a, 5b to the stencil 4,
and the momentary positions where the left and right
squeegees Sa, Sb are present at a moment when the squeegees
S5a, 5b make contact with the top surface of the stencil 4
are entered in numerical value from the input/output device
100 into the positioning controller 15, respectively, so as
to be stored in the storage unit, and that the controller
15 controls digitally the individual positions based on the
numerical wvalues stored in the storage unit. Therefore,
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, Sb are lifted at least by the push-in stroke
extent to which the squeegees 5a, 5b 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 Sa, 5b ascend, by which the print-object article

1 is separated away from the bottom surface of the stencil



15-controls digitally the individual positions based on the nunerical

val ues stored in the storage unit. Therefore, those positions can be
.controlled with good reproducibility for each printing process so that the
sCreen printing precision can be inproved. It has al so been
arranged that, after the squeegees 5a, 5b are |ifted at |east by the
push-in stroke extent to which the squeegees 5a, 5b have been pushed in on
the stencil 4, the positioning stage 2 noves downward during a
predeterm ned di stance fromthe printing position of the board at a speed
sl ower than the speeds at which the squeegees Sa, 5b ascend, by which the
print-object article 1 is separated away?fromthe bottom surface of the
stenci |
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can be obtained. - A screen printing apparatus which uses a
screen prinbeiggretciddedccor dThyst 0 a ssworsssfibdipweirt ofpdtieerpr esent
invention is described with reference to Figs. 4A to 7B. In the

fol | owi ng degeneyaldy, eqyrl t sPmthe neivcuit pattern provided on the

stencil 4 and Having, at the corner portions, no such horns
10 as has been shown in the conventional example can be
obtained.

A screen printing apparatus which uses a screen
printing method according to a second embodiment of the
present invention is described with reference to Figs. 4A
to 7B. In the following description, the term "minute
opening area"” refers to an area where the value of the
opening size of 6penings of the mask along the direction in
which the squeegees move is smaller than a specified
threshold. The term "large opening area" refers to an area
where the value of the opening size of openings of the mask
along the direction in which the squeegees move is not less
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 denotes a print-

head-use ball screw for transferring the driving force of



opening area" refers to an area where the value of the opening size of
openi ngs of the mask along the direction in which the squeegees nove is
smal ler than a specified threshold. The term "l arge opening area" refers
to an area where the value of the opening size of openings of the mask
along the direction in which the squeegees nove is not less than the
speci fi ed val ue. Referring to Fig. 4A, which is a perspective
view of the screen printing apparatus, reference nuneral 101 denotes a
screen nmetal mask; 102 denotes a board; 103 denotes a print head; 104
denotes a print-head-use AC servo notor for driving the print head 103;
105 denotes a print- head-use ball screaofor transferring the driving

force of 40 the print-head-use AC
servo notor tow priétdbeatevse BCisRIVO mMRbbLSO4ACLIEr d8NAFRFeR BXINETI vi ng

the print-head-use AC_ servo notor 104; 107 denotes a vjsua%ﬁr&:gggition
camera for he@SqVisA A FEE¥ENArL¥ATNEPKsIBLVERE &1 R Heifade 4®1 and

the board 102; 108 denotes_ a rqugaition-canena-u e AC sero not or for
driving the Fe&ya T¥gm 4 ontCanBPaotes72 1HF Fen PR E1on camera

ition- - .bal | fan f [ [ V] f
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ofe] FVo o ;o deno
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recogni tion-canera-use AC servo notor 108; 111 denotes a controller for
i Ssuing comENdsets tHELSEr FOr Mk Qvidgi vhkes vilfiall blcdhiil et esmera
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 servo driver for driving the ;ecognition-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 bocard 102; 114
denotes a stage-use AC servo 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 11l4; 117 denotes a loader for carrying
in the unprinted board 102; 118 denotes an unloader for
carrying out the printed board 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 pénel 112, the stage 113, the stage-use AC servo



acontrol panel for entering data to the controll-er 111; 113 denotes a
stage for restricting the board 102; 114 denotes a stage-use AC servo

notor for driving the stage 113; 115 denotes a stage-use ball screw for
transferring the driving force of the stage-use AC servo notor 114; 116
denotes a stage-use AC servo driver for driving the stage- use AC servo

notor 114; 117 denotes a |oader for carrying in the unprinted board 102;

118 denotes an unl oader for <carrying out the printed board 102; and 119
denotes the apparatus main unit. Thus, to the controller 111, as shown
Fig. 4B, are connected the print head 103, the print- head-use AC servo

in

driver 106, the visual recognition caneral 107, the recognition-canera-use

AC servo driver 110, the control panel 112, the stage 113, the stage-use

AC servo driver 116, the loader 117 and the un}o&#qme¥IQ16 t he | oader
117, and the unl oader 118. In the second ﬁgpod t he board
102, the stage 113, the? sEhgeSesonsc eEPodinenbr £ PRRT crl&?-‘n tReal

k 101, th t . head th 123 aste 122
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squeegees Sa,gghygyd ﬂé&t@'@ﬁ% agsa i ixpdh e pequeedgestad, éﬁe the

sol der paste 9 as an exanple of print paste, the controller 15, and the
| nput / out put St Es1 169 110f, bha thé Séovtbollipaidl 1iespeetrespond to the

board 1, the stage 2, the positioning stage ascent/descent
driving unit 3, the stencil 4, the mover 8c that has the
squeegees S5a, S5b and functions as a print head, the
squeegees 5a, 5b, the soldef paste 9 as an example of print
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 controllex
main unit 1lla, storage means 1lllb 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 1llc 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 squeegee-

speed on-process switching means 103a for switching the



The apparatus of this second enbodiment largely differs fromthe
conventional apparatus in that the controller 111 additionally conprises,
besides a controller nmmin unit 11la, storage neans 111b to which entered
aifd stored are data relating to the setting of the |arge opening area and
the m nute opening area of the board 102, as well as data relating to the
setting of the high squeegee speed for the |arge opening area and to the
setting of the | ow squeegee speed for the mnute opening area, and program
generating means 111c for generating a programto 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 add2tionally conprises a squeegee-
speed on-process sw tching neans 103a for swi tching, the

42 squeegee Sgeeddes speedoin sthefcopesereht Fhg PFoREIRg pProcess.
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of the second enbodi ment, after installing the screen

the squeegee. It is also assumed that moving the squeegee
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 moving direction.

At Step #11-1 of Fig. 5, which shows the flow
chart of the second embodiment, after installing the screen
metal mask 101 upon a model exchange, the operator, with
the use of the control panel 112, entérs a large opening
area 120, e.g. an area corresponding to a chip component
area of the board, as a high-speed print area into the
controller 111 to thereby store it into the storage means
111b, by the ten-key pad of the control panel 112 serving
as an input means, while the operator enters the minute
opening area 121, e.g. an area corresponding to a narrow-
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 111b,
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 board, and the minute

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



metal mask 101 upon a nodel exchange, the operator, wth the use of the
control panel 112, enters a large opening area 120, e.g. an area
corresponding to a chip conponent area of the board, as a high-speed print
area into the controller 111 to thereby store it into the storage neans
111b, by the ten-key pad of the control panel 112 serving as an input
nmeans, while the operator enters the mnute opening area 121, e.g. an area
corresponding to a narrow pitch QFP (Quad Fl at 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 neans 111b, based on the
positions and sizes of the |arge opening4drea 120, which is an area where
sol der paste in large openings of the mask 101 is printed on the board,
and the m nuteinwperdprpings o2 thewnask 161ais pmiatsdkon sbedbeapdst &nin

43 mnute openings of the nask 101 is printed on the board, in the screen
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makes t he progranlgeneratlngzneans 111c generate an operation program for

the print heagspbdéd peiptidtted heidty EheORONIRG12E2a1120t0 thereby store
them in the storage means 111b, by the control panel 112.

At Step #11-2 of Fig. 5, with the use of these
entered and stored data, the controller 111 makes the
program generating means 1llc generate an operation program
for the print head 103 to print the large opening area 120,
which is the large opening area, at the high squeegee speed
Vy and to print the minute opening area 121, which is the
minute opening area, at the low squeegee speed V,, and
makes the 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 wisual 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



which is the large opening area, at the high squeegee speed V[err] and to

print the m nute opening area 121, which is the
t he | ow squeegee speed V2,

storage neans 111b. This programw || be used at Step #14.
Step #2, under the control of the controller 111, the | oader 117 carries
the board 102 into the stage 113. At Step #3, under the control
of the controller 111, the visual recognition canera 107 recogni zes the

position of

perfornms the cal cul ation of a positional

the recognition mark of the board 102, the controller 111

102 based on the position of the recogn4ion mark of the screen netal

101, which is a stencil, and the controller 111 perforns t he .po |t|%P|ng
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right squeegee Sb 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 operation 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 stért position to the
print end position of the low-sﬁeed pript area at the low
squeegee speed V,. Then, coming up Eo 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;, V5 of the squeegee 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 for the minute cpening
area 121, which is the minute opening area, the solder

paste 122 can completely fill the interior of the print

rinf area at the hi gh squeegee



generated and stored at Step #11-2. Then, comng-up to the print start
position of the | owspeed print area, the squeegee 123 prints fromthe
print start position to the print end position of the | owspeed print area
at~ the I ow squeegee speed V[err]. Then, comng up to 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 '
hi gh-speed print area at the high squeegee speed V[err], and ascends.

As a result, as shown in Figs. 7A and 7B, the speeds V[err], V[err] of the
squeegee 123 are suited to the large opening area 120, which is the

hi gh-speed print area, and the mnute @&fning area 121, which is the

| ow- speed print area, respectively, so that, even for the mnute opening
area 121, whhohess1@Hewhilcht erepepengngseaf the scrger mgiddemask 443
conpletely fill the interior of the print
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is transferre e unl oader 118, and then the unl oader 118 carries the
board 102 ougigf. 7B.

At Step #5, 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 screen printing apparatus main unit 1189.

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 mixédly
present on the board 102, the printing can be carried ocut
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



the screen printing apparatus main unit 119. o According to the
second enbodi nent, in the way as descri bed above, when areas correspondi ng
to areas having difference opening sizes of the mask 101 al ong the
sgueegee' s noving direction of the mask 101 are mixedly present on the
board 102, the printing can be carried out at a plurality of appropriate
speeds mat ching the opening sizes of the various areas of the board 102,
based on data entered by hand fromthe control panel 112. A
screen printing apparatus which enploys a screen printing nmethod accordi ng
to a third enbodi nent of the present invention is described with reference
to Figs. 4A 4B, and Figs. 6 to 8. 46 Ceneral construction of the
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hi gh-speed print area and the |ow speed print area to be entered
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More specifically, the opening sizes of the openings of the mask are

entered into 1¢w&spm¢d&¢t$mtJa;emthHberenbgpedieutomatihel&YsUéFh the

recogni tion ﬁiggrao%07fhindéﬁgﬁgfﬁ éggsggfgigg 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 print area, and the decision
results are stored in the storage means 111b.

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-



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 smaller than the threshold is a | owspeed print area, while an
area where each of the opening sizes is not |less than the threshold is a
hi gh-speed print area, and the decision results are stored in the storage
means 111b. At Step #21-1 of Fig. 8, which shows the flow chart
of the third enbodinent, after installing the screen netal nask 101 upon a
nodel exchange, the operator, with the use of the control panel 112, nekes
the screen netal mask 101 recogni zed by the visual recognition canera 107,
and transfers, to the controller 111, da#& relating to the positions and
sizes of the large opening area 120 and the mnute opening area 121 of the
screen netal smesd myint area and the Rpesqraegedfsgagf B uske §par hher
enters the high squeegee speed V[err] used for the printjng of the_high-
47 speed pri l%ﬁ%%gagg tre loww REeLBheREeY2 1KLY ?%? ?ﬂ%crﬁiiﬁFing
of the Iows rint.are intq the contyo r 111 by using the control
panel 112. g 0¢ usﬁ‘gs?a%?) %%?%fpﬁ%. iBJ,'E\’Nith the use of these

entered data, the contr&%lgéﬁé%%% : géftgg .rQgr§H¥%gq?§gaﬁé@gogﬁeﬂ§sr110

generate an operation progra print hea print the Targe
openi ng area igthpddt h@atdi gheisdlueeseerSPESE Vieir | marédst otpéi nﬁrbbgam nute
opening area 121 at the | ow squeegee speed V[err] and stores the program
in 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 1llb of the controller 111. This program
will be used at Step #24 of Fig. 8.

At Step #2 of Fig. 8, under the contrxol 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
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 #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



the storage neans 111b of the controller 111. Thi's program w | be used at

Step #24 of Fig. 8. At Step #2 of Fig. 8, under the control of
the controller 111, the | oader 117 carries the board 102 into the stage
113. At Step #3 of Fig. 8, under the control of the controller

111, the visual recognition canmera 107 recognizes the position of the
recognition mark of the board 102, the controller 111 perforns the
calculation of a positional correction amunt of the board 102 based on
the position of the recognition mark of the screen netal mask 101, and the
controller 111 perforns the positioning correction of the board 102 based
on the calculation result. M8Step #24 of Fig. 8, under the
control of the <controller 111, the print head 103 operates according to
the program F@ViEsatover: anfidayars & othe hBrpRE nStAE dP%Btlon °f the
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Then, CO”‘ngp&Hdﬂ)E@Er@rbaéﬁﬂﬁﬁﬁ 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 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.

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 ocut 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 162, 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 'ééinting apparatus which employs a
screen printing method according to a fourth embodiment of

the present invention is described with reference to Figs.



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

hi gh-speed print area at the high squeegee speed V[err] 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 wunloader 118, and then the unl oader 118 carries the
board 102 out of the main unit 119. According to the third
enbodi ment, in the way as described above, when areas corresponding to
areas having different opening sizes of the nmask are m xedly present on
the board 102, the printing can be carri@g® out at a plurality of
appropriate speeds matchi ng the opening sizes of the various areas of the
board 102 serfAautBirefi cthd y/B, and 9. A screen printing apparatus which

enploys a screen printing nethod according to a fourth enbodi nent of the
present invention is dé¥ISIR ﬁP{‘ﬁtF‘éFEf‘-Qgc@ft otlg gg@pparatus ot this
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by the controller 111. In the fourth enbodi nent, however, the

area and the low-speed print area are recognized by the
visual recognition camera 7 and discriminated by the
controller 111. In the fourth embediment, 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 the printing of the minute opening area
121 are transferred fromlthe higher-order computer to the

controller 111.

At Step #31-2 of Fig. 9, with the use of these



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[err] and the | ow squeegee speed V[err]
are entered into the controller 111 of the printing apparatus froma

hi gher- order (host) conputer, for exanple, a controller of a nounting
appar atus equi pped with this printing apparatus. At Step #31-1
of Fig. 9, which shows the flow chart of the fourth enbodi nent, after the
screen nmetal mask 101 is installed upon a nodel exchange, data relating to
the positions and sizes of the large opening area 120 and the mnute
opening area 121 of the screen netal masg0l01l as well as data of the high
squeegee speed V[err] used for the printing of the |arge opening area 120
and the | ow soquesrget datead VYheusewntoolillesr prikit i mgkes t Hdar RAITRRENI ng
area 121 are transferred fromthe higher-order conputer to the controller
111. genenatsing means21lbic GeRe AL g OPEasdenoPrpgE’R for the
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the storage means 1lllb. 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 visual 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



At- Step #2 of Fig. 9, under the control of the controller 111, the | oader
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
canmera 107 recognizes 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 mark of the screen netal nmask 101, and the controller 111
perforns 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 &perates according to the program
so that the squeegee 123 of the print head 103 noves over and |owers to
the print st@X¥ipesistiagit aposieioni gi- speed koW fPegce PEHAL paALad bem t he

print start osition to_the print end 05|t|on of the high-speed prj
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hi gh-speed print area at the high

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 boaxrd
102 out of the main unit 119.

According to the fourth embodiment, in the way as
described above, when areas corresponding to areas haﬁing
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 low-speed circuit areas are
classified on the assumption that an area where components

with generally equal external terminal pitches will be



squeegee speed V[err], and ascends. -At- Step #5 of Fig. 9, under
the control of the <controller 111, the stage 113 having the board 102

pl aced thereon |owers so that the board 102 is transferred to the _
unil oader 118, and then the unl oader 118 carries the board 102 out of the
main unit 119. According to the fourth enbodi nent, in the way as
descri bed above, when areas corresponding to areas having different
openi ng sizes of the nask are m xedly present on the board 102, the
printing can be carried out at a plurality of appropriate speeds matching
t he opening sizes of the various areas of the board 102

sem -automatically, which correspond tosghe areas having the different
openi ng sizes. Fig. 10 shows a nodification exanple of the
fourth enbodimmamted s pheséntrdloreninidi dixtectibe peypendipesdrptonthar eas
and the lowspeed circuit areas are classified on the assunption that an
area where cGPRRIAY S WOVANGedbrart jonequdiowsiaynas Fé@?ﬁlnhp Bigehk®, wil |
be 52 nmunte resent al ong
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specifically, end r|g
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.
6, 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 is
preferentially employed so that the printing of circﬁits
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,,
V5, Vi, 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 ar..'eas and the minute ope_ning
areas, if 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



Alerr], Alerr] of the screen netal nmask 101 of- Firg. 10 are |arge opening
areas 120 as in the screen netal mask 101 of Fig. 6, whereas a central
area A2 has a mnute opening area 121 at its upper portion of Fig. 10 and
alarge opening area 120 at its |lower portion. In such an area where the
m nute opening area 121 and the | arge opening area 120 are m xedly
present along the direction perpendicular to the squeegee's noving
~direction, the lower of the print speeds is preferentially enployed so
that the printing of circuits corresponding to the m nuter opening areas
of the mask will be carried out appropriately. Therefore, the screen netal
mask 101 of Fig. 10 is printed in the orggr of speeds V[ierr], V[err],
V[err], as in the case of the print speed of the screen netal nask 101 of
Fig. 6. 0.18+0.42 am andnrhe uiiddmesperi fthedmabkeshod dl¥ gwm i Hrherval ue
of the size of the opening 124 of the mask 101 for <classifying the |arge
openi ng ar eathenthreshaldimaogeniset o e@s25i mmt Weighr Aewhgiltcipfhét veen
the external termnals __of_an electronic conponent to be nounted nost
frequently ofm.a PESPESLEIRYS A AFREtWReTR RILTITUNS (ARINGRES each
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each having an external terminal pitch not less than 0.25
mm are to be mounted is printed at a higher print speed as
the large opening area. The threshold 1is wvariable
depending on the pitch between the external terminals, the
width of the terminal, the mask thickness etc.

A screen printing method and a printing apparatus
according to a fifth embodiment of the present invention
are now described with reference to Figs. 11 to 15.

This £fifth embodiment is a screen printing method
for screen-printing a print paste at a reference print
speed by using a squeegee, in which method upon an
occurrence of print standby time during a printing
operation, this print standby time is measured, and when
the printing operation is resumed with the print standby
state canceled, the squeegee is moved at an adjusted print
speed lower than the reference print speed based on the
relationship between the print standby time and the
adjusted print speed after 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



each having an external termnal pitch not |ess than 0.25 nmmare to be
nmounted is printed at a higher print speed as the |large opening area.
The threshold is variable depending on the pitch between the external
termnals, the wdth of the termnal, the mask thickness etc. A
screen printing method and a printing apparatus according to a fifth
enbodi nent of the present invention are now described with reference to
Figs. 11 to 15. This fifth enbodinent is a screen printing

met hod for screen-printing a print paste at a reference print speed by
usi ng a squeegee, in which nethod upon an occurrence of print standby tine
during a printing operation, this printsgtandby tinme is neasured, and when
the printing operation is resuned with the print standby state cancel ed,

t he squeegee standbyedime.an adjusted print speed |lower than the reference
print speed based on the  relationship between the print standby time and
the adjusted print spéddsaf BFENTHET e APRATAVO! BRS n@ nFORRELUFHEIR t he
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restricted, ascends up to the bottom surface of the stencil
4. After the printing, the stage 2 lowers so that the
printed circuit bocard 1 is carried out to the subsequent
step. The leftward printing squeegee 5a and the rightward
printing squeegee Sb are moved up and down by the squeegee
ascent/descent driving unit 700, while the squeegees Sa, 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 aé 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 operation

is executed under the control of the controller 111.

At Step #51 of Fig. 11, a print-standby



restricted, ascends up to the bottomsurface 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 5a and
the rightward printing squeegee 5b 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 8, so that sol der
paste 9, which is an exanple of the print paste placed on the stencil 4,
Is printed to the printed circuit board &sthrough the stencil 4. Fi gs.
12 and 13 each show a state of a rightward printing process, and Fig. 14
shows a primprgﬁeaﬂeﬁnﬁﬁemnqude¢tsi@nIetemardtpmsudeqﬁﬁﬁdmmhsthEEference
nunmeral 711 in Fig. 15 denotes an NC unit for issuing a command to drive
the notor 8annhd-Rereras élﬂirﬂéhoﬁéénﬂ%’ st@he cIver 40$P%@hf—¥©ﬁl Fmget he

whol e printin ar t us. In this fifth enbodi nent,
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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 #S 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 ofer 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. IEf

there is a standby cancellation, the program goes to Step



st-andby 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 tinme elapse due to sone reason
of the subsequent step. If there is no print standby state, the program
goes to Step #56; if there is, it goes B Steps #57 to #63, which are a
standby process. At Step #56, which is an end discrimnation step, if an
end has not H&eh r ddchbdretim npstcansyr eamced lebiShepittsiepedt s IBtepal has
been reached at Step #56, the programcones to the end. In the
st andby procdss and |#5& pntddatdisy s5anshy canqgddadd o oQCMFH57, it s
deci ded at Step #58, a decisio step, whether qr not there is a standby
cancel lation. If therd§ §t§ps§§ﬁdb TSR LT 1BPFIRE PRSI ERYRAEER0 Step
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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 proportiocnally 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 sta;ndby time, taking advantage of
the unique tendencies inherent to various solder pastes.

As one example of the f£ifth 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



with the standby time neasured at Step #57, and then stored in the storage
means 111b of the controller 111. In this case, with 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

adj usted print speeds Vi that allow an appropriate rolling characteristic
to be nmaintained can be easily determ ned previously for various |engths
of standby tine. Even if the adjusted print speed Vi that allows the
rolling characteristic to be maintained during the post-standby printing
process does not decrease proportionallyzto the standby tine, the adjusted
print speeds Vi that allow the rolling characteristic to be naintained
can al so be expepbstrsabhdbget grminisihgr eproaeky fwas vaekpesimengahd yof
standby tine, taking advantage of the unique tendencies inherent to

vari ous sol deletrmsrired. As a resaplthneibx#asl £ovnd: RPHTIRTL P odF mant |
with a solder paste whose reference print speed V for_norn%l process is
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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 V5 = 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 sdlder
paste is usually higher in viscosity than the solder paste
remaining on the stencil, the values of N; to N5 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



empl oyed at the start, in which state N[err] boards are printed at the
speed V[err], then the speed be changed to a second adjusted print speed
Vl[err] = 20 mm sec, at which N err] boards are printed, and thereafter the
speed be changed to a third adjusted print speed V[err] = 30 nm sec, at

whi ch N3 boards are printed, and then the speed be returned to the
reference print speed V = 40 nmsec for the normal process. It is noted
that the values of the nunmber of boards, N err] to Nerr], to be printed
at the individual adjusted print speeds are those experinentally

det erm ned when a specified anount of solder paste is resupplied. Since
resupplied new sol der paste is usually Biggher in viscosity than the sol der

paste renmining on the stencil, the values of Nerr] to Nerr] that allow
appropri at e rcharagtehbstiteroft solderbpasheaithad stame chHEngadicdenieg or
decreased according to the resupply anount of sol der paste. | f

t he adj usted Phe nstapdley] 8Amgor various types of standby time as well as

t he nunber N of boards_ responsjve to the resupply amount of new sol der
paste are previously ot &tGRRRFE0 t2c#63datite RFLRELRE QbodesPeFifieda,

then the adjusted print speeds_ Vi and t.he nunbe Ni_ of boards.tq .be,
printed can tﬁ-’,\u@?grg@po ?9%§§<¥ Othethe ag]usg:ed print speed Qfl is
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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 lt 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



nunber Ni of boards at the adjusted print speed Vi is conpleted, and then,
the programreturns to Step #51. That is, Steps #60, #61, and #62 nearly
correspond to Steps #52, #53, and #54, respectively. The difference
between 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

t he specified nunmber Ni of boards have been conpletely carried out at the
adjusted print speed Vi. If the specified nunber Ni of boards have not
yet been conpleted, the programreturns to Step #60, and then, the
printing is further executed. If it isssdecided at Step #63 that the
speci fied nunber Ni _of boards have been conpletely printed, the program
returns to St¥PU¥EA. Wth this arrangement, even if
the characteristics of_ solder paste, such as viscosity, have changed
during the print y the imamber | 9f ngdjupsedciRFiREF c o sbheer

paste, which j rigi.cal_facto of .the sol der paste printing, can be
mai nt ai ned b)f{ 1|‘§1?b?erf’§;iénég boaatr‘{%imabjeugfé& i §E}Sea.§3‘l*ﬁ pef BF&iit; geeed
occurrence of;o S | der | pRLN ol der_shortages, or blurs
can be preverﬁsedé%g %%gjfbgsg?ggﬁe@%riﬁé qusﬁgP?iXaﬁ‘“B&ng offiew print
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of boards to be printed at the adjusted print Spee
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
whigh 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 pfeéent
invention is not limited to this.

For exaniple, 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



is set responsively to the resupply anount of new print paste, and after
the nunber of adjusted prints have been conpletely 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 w thout causing any faults such as
print paste chipping, print paste shortages, or blurs. In the
fifth enmbodinment, the tinme duration for which the screen printing is
executed at the adjusted print speed by the controller 15 has been set
responsive to the resupply anount of print paste. However, the present
invention is not limted to this. 60 For exanple, it may
alternatively be arranged by the controller 15 that over a specified tine
el apse after unRhéls&heeprintnispegd dsstxattwrthed tdethealj nefedepcenpripeed,
the screen printing is executed at the reference print_ speed, which is

i ndependent ofPERE rBRYip S &HASuninbP pri nPlupabity 1Qf n@FeRsobye &heanged

by the controller_15.tha upon .conpl.etjng the printing of a specified
muber of - boSPRETARLER the By ﬁ%ﬂ?@%ﬂﬁpﬁ Fbe mPSvRRLYcABSVES
print speed, e s inting.l xecut.ed .the_.ref.erence print _ speed.
Furt her. the égi E é.%e %)én é‘.speggcgr?il % to gius prln%lng metk?oé, in
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of the resupppyesenunt 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 embodiments thereof
with reference to t;he 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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advant ages of the printing nethod of the WHQMI mmlj t her qxgpanchs

obtai ned a further advantage that a wide r SRG—pPr-+hit
standby tinmesg ge wel | handl ed bedlise a one-step adj usted pr| nt speed
may approprlate y IY)‘e adopted for shorter print standby tinme, while the
nunber of steps-.of adjudt atneemtpripeing nme tiad oﬁ)@ratsalgﬂ% préngised as

the print standb ti me becones | onger. Al t hough .t he present
i nvention hassﬁééﬁrf uP??te déder ﬁbeéeﬁﬁréﬁﬁf—‘urﬁﬂ% vﬁHQF r d%r ng a
enmbodi nent's t her eof E reference o {he accong dr awi ngs, vari ous
changes and nﬁﬁV‘F?gﬁﬁroﬁ e\FFFeeR BRIRFERY PEtRAdsE ‘ER FPERS:in the art.
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- print speed b¥ Hﬁhﬂ9 gimsdugggee. the screen printing nmethod conpri sing:
a step for, upon an*occurfencé of print standby tinme during a printing

operation, measuring thg ﬁé%tfoétai@ba/ dddEnpth of printidy Witk e at

a resurrption of printing with the print standby cancél ed, screen-printing

the sol der pagientpkaagdbgn canseled) RskedhNprind iy S&l@éldbmaleﬂ%,pal@te
noving the squeegee at an adjusted print speed |ower than the reference

print speed bp3adednon acsateamsidgk hbimiren the stpnddy staedbpyt inmerized a

print tinme due to the adjusted
the squeegee at an adjusted print speed lower than the
reference print speed based on a relationship between the
print standby time and a print time due to the adjusted
print speed after the resumption of printing.
2 . The screen printing method according to Claim 20,
wherein a time for which the screen printing is executed at
the adjusted print speed is set according to a resupply
amount of the solder paste. |
3.. The screen printing method according to Claim 20
or 21, wherein 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.
4 . The screen printing method according to Claim 20
or 21, wherein upon completion of the screen 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.
3 . The screen printing method according to any one
of Claims 20 to 23, wherein the adjusted print speed until

the print speed is returned to the reference print speed is

A

set into a plurality of steps.



print speed after the resunption of printing. - 2. The screen printing

is executed at  the adjusted print speed is set according to

met hod according to Claim1, wherein a tine for which the Slgﬁﬁ§%"fwﬁé§5l§m7

arount of thgs SRk Bibs BT Feplacad - B¥% screen printing nethod.a Lrlqu}(;}:‘re

to Cdaim1l or er a specified tinme el apse after the screen
printing is Sth‘ E HL
executed at t

2

djusted print speed, the screen printing is
int speed. 4 The screen printing nethod
according to Cdaim1 or , Wherein upon conpletion of the screen printing
of a specified nunber of boards after the screen printing is started at
the adjusted print speed, the screen printing is executed at the reference
print speed. 6 5 . ATisereencpriptingi rpparabod forosdiragnt pramgrimae of
Cainms 1 to 4, wherein the adjusted print speed until the print speed is
returned to BRECEST cPBRER AT n@ speferescesePrinto Prdr HY t PEMSBt @ps.

62 6 A screen gri ntin .aggarat us for screen Sri,nti ng sol der
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paste at a ré@?&ﬁ&?’pf" g8 B RY aPPagatBFeEC™PRESLBFéen printing
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the standby the print standby time, and for, at a resumption of
printing with the print standby canceled, scréen-printing
the solder paste placed on a screen mask during the standby
time, by moving the squeegee at an adjusted print speed
lower than the reference print speed based on a
relationship between the print standby time and a print
time due to the adjusted print speed after the resumption
of printing.
7. The screen printing apparatus according to Claim
25', wherein, by the controller, a time for which the screen
printing is executed at the adjusted print . speed is set
according to a resupply amount of the solder paste.
8 . The screen printing apparatus according to Claim
25 or 26, wherein, by the controller, 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.
9 . The screen printing apparatus according to Claim
25 or 26, wherein, by the controller, upon completion of
the screen printing of a specified number of boards after

the screen printing is started at the adjusted print speed,
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reference print speed based on a relationship between the p 4

ti-me, by noving the squeegee at an adjusted print speed lo ,_ﬁkpégﬁgp
[
time and a print time due to the adjusted print speed afterjthe r &g g?nn

of printing. 7 . The screen pri @3 ng apparatus according to Caim 6,
wherein, by the controller, a time for which the screen printing is
executed at the adjusted print speed is set according to a resupply anopunt
of the sol der paste. 8 The screen printing apparatus according to
Claim 6 or 7, wherein, by the controller, over a specified tine elapse
after the screen printing is started at the adjusted print speed, the
screen printing is executed at the reference print speed. 9 The
screen print¢RE Frded USrofE€DRE | AG tdcdd@tdd 628l the WEFE&FanchY drigit
controller, upon conpletion of the screen printing of a specified nunber
of boards afspeedthe screen printing is started at the adjusted print
speed, 63 the screen printing is
executed at 1he referefbe pereen gpdating Oapparatite accerdipgi b moy
apparatus according to any one of Cains 6 to 9, wherein, by the

control l er, ®R8 O%djHAIME 3 nEOsBBed Whnainhdprine spatyoilderet tvheed to
the referencesBipba*Beede’ Spith LkD1% cBle BT oBbed! 8B rerurmed to

the reference print speed is set into a plurality of steps.
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