WD 97/ 08655 *159159* PCT/ JP96/ 02432 ~1 DESCRI PTI ON SCREEN PRI NTI NG METHOD
AND SCREEN PRI NTI NG APPARATUS 5 TECHNLCAL FI ELD The present invention
relates to a screen printing method and a screen printing apparatus

primarily for printing a print-ﬂﬁﬁWMﬁmmmummkch as sol der paste or pastes
for thick-filmcircuit formation d, such 10 as a printed
circuit boaM 9708¢55el ect roni c circui tisaifoor mat i on. BACKGROUNCI/Jd/01482 r ecent
years, screen printing apparatuses have 15 been used for the sol der paste
printing process in circuit assenbly processes of el ectroni.c conponents,
or the like. As the board for electronic circuit formation is advanced
toward further fine structure with the mniaturization oﬂWMﬂWNMWMﬁ@mc

equi pnent, there has been a demand for higher 20 precisi W t h
sol der paste or the like responsively.]Fig. 16 shows a convembdional screen
printing apparatus. A print-object | rticle to be printed) 1 25
is positioned and fixed to a positi%ﬁ##ﬁ?€£2§§: 2 that can be ascended and
descended by a positioning stage WO 97/ 08655 PCT/ JP96/ 02432 2

ascent/descent driving means 3. For printing process, the
SCREEN PRINTING METHOD AND SCREEN PRINTING APPARATUS

5 TECHNICAL FIELD
The present invention relates to a screen
printing method and a screen printing apparétus primarily
for printing a print-use paste, such as solder paste or
pastes for thick-£film circuit formation, onto a board, such

10 as a printed circuit board, for electronic circuit

formation.

BACKGROUND ART

In recent years, screen printing apparatuses have
15 been used for the solder paste printing process in circuit
assembly processes 6f 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
20 precision printing with solder paste or the 1like

responsively.
Fig. 16 shows a conventional screen printing

apparatus.

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

be ascended and descended by a positioning stage



positioning stage 2 is lifted by the positioning stage ascent/descent
driving neans 3 to such an extent that the top surface of the print-object
article 1 conmes to near 5 contact with the bottom surface of a stencil 4.
A |l eft-squeegee ascent/descent driving neans 6a and a right-squeegee
ascent/descent driving neans 6b, which are comonly inplenented by

doubl e-rod av@9UeE6ssNder s, have squeegees 5a, 5b attached troTibsmio4zends.
Lower-limt 10. positions of the squeegees 5a, 5b, i.e., the push-in
strokes to the stencil 4 are set by positional adjustnment of stoppers 7a,
7b. A drive source for a horizontal reciprocation driving neans 8 is
commonly an AC servo notor. In the state that the |l eft squeegee 5a and the
15 right squeegee 5b have descended into contact with the top surface of
the stencil 4, the horizontal reciprocatfon driving neans 8 noves the |eft

squeegee 5a a ' 2gee 5b harizgntally . (in the X-direction),
so that a prlg%%é%g/sc'gée 8 ts%%ﬁgggss%era er %p'as & ?%ln%\?gdpﬁﬁf?ﬁ%’t 20
surface of thgosieiwiing dyaddiez! ekt 19q¢ea9es, dmangod e odinghtsiSyeeegee

5b. The printing process is carried out as shown in Fig. 17 At the first
step, the priascetfigscant drévingsme@is podid iswohd aandxtéenedthar tdie
positioning stage 2. At the second step, the print-object article 1 is
lifted to a VI®D75aBEE®E POfT/ Yire6poaBoobiectprantiiniley 1t ccantes ot tremrsur f ace
of the stencil 4. The |eft

5 contact with the bottom surface of a stencil 4.

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, 5b attached to their ends. Lower-limit

10. positions of the squeegees 5a, 5b, i.e., the push-in
strokes to the stencil 4 are set by positional adjustment
of stoppers 7a, 7b. A drive source for a horizontal
reciprocation driving means 8 is commonly an AC servo
motor. In the state that the left squeegee 5a and the

15 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 5a and the right
squeegee 5b hbrizontally (in the X-direction), so that a
print paste 9, such as solder paste, is moved on the top

20 surface of the stencil 4 by the left squeegee 5a 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

25 positioned and fixed to the positioning stage 2. At the

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



squeegee Sa is lowered at the third step, and the left squeegee 5a is
noved rightward in the X-direction at the fourth step, by which printing
is executed. 5 Thereafter, the print-object article 1 is separated away
fromthe stencil 4 at a |low speed (20 mmsec) at the fifth step, the left
squeegee 5a is lifted at the sixth step, and the print-object article 1
is. renoveWOH/086832 seventh step. 10 Next, a printing operminiess/amzt he

ri ght squeegee 5b side is also executed in the sanme way as above, and the
operation is alternately repeated fromthis on. The drive source for the
positioning stage ascent/descent driving neans 3 is commonly an air
cylinder, 15 pulse notor, AC servo notor, or the |ike. Anong these, the AC
servo notor is particularly suitable, because | owspeed descent of the
driving neans 3 allows an easy acconpl Bshnent of high-precision printing

results with _le .spread .an urs, i.e. less, maki ng..ndi stinc nd hazy
in 20 outli n@r%?éml%gf ?‘?%qhueegﬁggogas%qehg%rEkéﬂtscsecﬁ%éégée gfpe i{?gtgi ven

mai nly by e! afldeqaRt el alg TR A Yalurgtdhapg; 4 uglt_)%g, (Q%dgﬁésief@ 60 -
900).. In this way, successful prints free fromspread and urs-can be

obt ai ned contdquseweky saHavewWeTedt AegiEtwdrl iAb HIsSUeRizecehemnNat nckbgs. 18A
to 18C. Fig. 18A shows a conpletion state of the fourth WO 97/08655
PCT/ JP96/ 024Fpurshsstpp. Fpy). whish pxdntiag daréyesitege state of the fifth

5 Thereafter, the print-object article 1 is
separated away from the stencil 4 at a low speed (20
mm/sec) at the fifth step, the left squeegee 5a is lifted
at the sixth step, and the print-object article 1 is.
removed at the seventh step.

10 Next, a printing operation on the right squeegee
Sb 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,

15 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

20 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
25 issues as shown in Figs. 18A to 18C.

Fig. 18A shows a completion state of the fourth



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 formed with a 5 relatively good precision. In this state, the
| eft squeegee 5a is 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 stencilwasveseéssn extent of the push-in stroke, so that pCingpPeeh@43st enci l
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 fornmed at a corner portion of a print pattern |lc.
The horn 10 of the print paste 9 would gradually 15 bow, and drop onto the
print-object article 1, causing printing faults as an issue. As an
exanple, in electronic conponent assenbl ng processes typified by sol der

aste printin { he st e bowed fter, t
gubseqﬁent-pr%ﬁ 538SOﬁégrpﬁﬁerfpoﬁ Ep %gngaﬂlé}%zﬁﬂ§%?such as
sol der balls ﬁegpsoémr 0y 1 AGRS - Hldfhe! %cg@fstysgsge blal0C0f | BhLSe HepC] eon
printing net s and apparatuses there e have increasingly been

cases where sgtegn [Wn rthlengomplwmuts&dt@noboawsaﬁrrﬁﬁswepcs.lsaéhca»hﬁa
corresponding to a large opening area of a screen netal mask (stencil) and
an area correspoRdgngl8d, aa \Woxr &7 08EEEPCTYIEPIGID S Fommerutvwel tdpeni ng

area thereof are mxedly present in )
5 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 left squeegee 5a pushes down the

stencil 4 to an extent of the push-in stroke, so that the

10 stencil 4 is tilted, causing the print pattern to gradually
collapse as shown by a print pattern 11lb. 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 1llc.

The horn 10 of the print paste 9 would gradu;lly

15 Dbow, 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

20 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

25 which an area corresponding to a large opening area of a

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



circuits. The term"m nute opening area" refers to an area where the val ue
of each opening size of openings of the nask along the squeegee's noving
direction is snmaller than 5 a specified threshold. The term "l arge openi ng
area" refers to an area where the val ue of each opening size of openings
of the mask al ong the squeegee's noving direction is not snmaller than a
speci fied t NY@¥¥MEF. Now a case where a board in which an eecPaPY6hIN32
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 conventional screen printing nethod and
apparatus therefor is described with reference to Figs. 19 to 22. 15
Referring to Fig. 19, which is a perspective view of the screen printing
apparatus, reference nuneral 101 denoté% a. screen netal mask; 102 denotes

a board,; 803 % %Aylnt h ad e notes a, t - head- use AC servo
motor for driVing themrifne h8k 80%h d &St egll Y ntPRPHEad ose bal |

screw for tra@ﬁ&uwg the fsigﬁﬁ/l--mgnaeé;dgpe%n BeeRh 'ﬂéfe'}%ag o\ LGaSer Vo

not or 104; 106 denotes a print- head-u ervo driver for driving the
print - head- usehd¥e e voalmd o5f ldkh ldberidenRotfived off Dnihgeo@F then caner a
for recognizing recognition marks of the screen netal mask 25 101 and the
board 102; 10Baglersdiosy hheecepiprased s nawbng-diseectAOns ésvemaptenr tham dri vi ng
t he V|sual recogni tion canera WO 97/08655 PCT/ JP96/ 02432 6 107; 109
denot es a’r ecdg PFFbglﬁgnépﬁeEE% 1da| | R elP¥Br "large opening area®

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

10 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.

15 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-

20 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 pfint-head—use AC
servo motor 104; 107 denotes a visual recognition camera

’ for recognizing recognition marks of the screen metal mask

25 101 and the board 102; 108 denotes a recognition-camera-use

AC servo motor for driving the wvisual recognition camera



transferring the driving force of the recognition-canera-
notor 108; 110 denotes a recognition-canera-

driving the

screw for transferring

servo notor

119 denotes the main unit of the scree
n view of the ,s¢reen netal ﬁa ref erence

Fig. 20, which_ is
numeral 120 d%%t et? 93 TRGE c?pe’?ﬁﬂ‘?&“&f’é&nmﬁ%‘?‘%r%o%scfe

openi ngs of
correspondi ng

use AC servo
use AC servo driver for

recognition-canmera-use 5 AC servo notor 108; 811 denotes a
controller for issuing comuands to the individual servo notor drivers; 112
denotes a control panel for entering data into the controller 811;
denotes a stw@e7/s6ss restricting the board 102; 114 denot escCaiBssagszuse AC
servo nmotor for driving the stage 10 113; 115 denotes a stage-use bal

113

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

114; 117 denotes a | oader for carrying in the unprinted board
102; 118 denotes an unl oader for 15 carhylng out the printed board 102; and

tsézﬁeﬁ’ 1E9%ge

printing apparatus Referring to

%&gferﬁﬁ&gl%eaam{ﬁgt@& gch%oagg %ggtl&gc ar ea

onen rea oar

f denot es

a mnute opemn&y x Gsbrwhabeosoh 08 Mt&ndt@s%nﬂéeo@@ﬂﬂdtgfcﬂeﬂahe mask
101 are printed on the board 102, e.g. an area corresponding to a

narr ow pi tch

WP A Qsadvo2drFtart flRaclageinarsde okcbpritbien tadmda-Tise

operation of the screen printing apparatus WO 97/ 08655 PCT/ JP96/ 02432 7
whi ch enpPoysAG e MItRFall0Ser &34 perRtrRganEPRBEPIker for issuing

10

15

20

25

commands to the individual servo motor 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 motor for driving the stage
113; 115 denotes a stage-use ball screw for transferring
the driving force of the stage-use AC servo motor 114; 116
denotes a stage-use AC servo driver for driving the stage-
use AC servo motor 114; 117 denotes a loader for carrying
in the unprinted board 102; 118 denotes an unloader for
carrying out the printed 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



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 5
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 t haVOdMP¥8% the circuits of the board 102 to 10 béqvipsweds2st abl y
and appropriately. In this case, the print speed V that allows a stable,
appropriate printing beconmes such a low print speed that printing can be
stably and appropriately perforned on areas out of the circuits
constituting the board 102 which correspond to nost mnute 15 opening
areas of the mask. At Step #902, the Iogder 117 carries the board 102 into
the stage 113. At Step #903, the visual ‘recognition canera 107 recogni zes

Lhe-post {1 onyBfichNereegEnal| ARtk 81! N2l BAAL 02 poherfoTip 3

cal cul ation of positional correction anbunt base

recogni ti on empkadhed heitlsaegerenBEaloBsdks 10 andoperforns the correction
for-the positioning of the board 102. At Step #904, the squeegee 123 of

the print head 25 80FRtho¥eap afPldesitenNus. t22 t hehjorh thcatsarthepalidw on,
prints fromthe print start position to the print end position at WO
97/ 08655 PCTF3PYE/ 9548be eonyritdgmal, exampdpecan\operater aitdt dfhe#901, and

ascends.
5 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 metal mask 101, and enters a
print speed V that allows the circuits of the board 102 to
10 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
15 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
20 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
25 803 moves and descends to the print start position, prints

from the print start position to the print end position at



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 5 102 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
appropri at elwopressss ned on areas anong the circuits const ipcubssga43be board
102 which 10 correspond to nost mnute opening areas of the mask is

enpl oyed 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 mnute opening area 121 of the 15
screen netal mask 101 as shown in Fig. 20 was printed at a high print speed
suitable for the |arge opening area 120 &f the screen netal nmask 101, as

shown in Fig. 21A _the speed_ V .of the squeegee 123 woul d he so fast that
sol der paste t%ﬁzs%%%leiﬁﬁ saase &hsn?ﬁfﬁ i%ﬁ)§ﬁeﬁa ﬁpﬂntaﬁglésﬁﬁﬂpﬁﬂ= the 20
screen metal mask 101 id,d nt n t e 125 of the board 102
and that, as a result, t eédq aﬁ%c’?’y 0 %t ﬁggggoﬁggroéa‘?{‘gqﬁh?ob%%r rinted

on the el ectrodg i1pleketihg@esdbrdsl sSEOZhMOWHE bagkaafdL£rist PeakhSFDMalg of the
screen netal nmask 101, as shown in Fig. 21B. 25 Accordingly, for the

conventi onal peithe ngiloagpar btéis anghthe titel degiegel bperdmtjear €he IBdhmnd t he
m nute WO 97/08655 PCT/JP96/ 02432 9 opening area 121 are m xedly present,
there is &n i39geocut 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
among the circuits constituting the board 102 which
10 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
15 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 fill the interior of a print hole 124 of the
20 screen metal mask 101 positioned onto an electrode 125 of
the board 102 and that, as a result, the quantity of the
solder paste 122 to be printed on the electrode 125 of the
board 102 would lack after the removal of the screen metal
mask 101, as shown in Fig. 21B.
25 Accordingly, for the conventional printing

apparatus, when the large opening area 120 and the minute



that a | onger process tinme for printing would be required because the |ow
print speed for the mnute opening area 121 is used even for the large
opening area 120 that could be 5 printed at the high print speed. Another
conventional exanple is explained with reference to Figs. 12 to 14 and 23
showi ng a screen rinting apparatus, as well as to Fig. 24 showi ng the
flow chart W94086¥nventional printing method. 10 The stag&CPJPssie24ahi ch a
print-target article such as a printed circuit board 1 carried in fromthe
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 15 carried out to the subsequent
step. The leftward-printing squeegee 5a and the rightward-printing
squeegee 5b are noved up and down by a 3queegee ascent/descent driving

means, while eegees ,.5b are al so nmoved rightward and |eftward by
a hori zont al Er’r%%%?rg%cgﬁ%a\l/i}éfaaﬂ%tm%ﬁ Cprﬁ)se[ng:,a Ew'shdft BFWith the
screw shaft 8pnbeldddigied! gdocass! BendOReF HAlinbNGolPs! 20N Aluired
reci-procation driving neans 8 rotates. As a result, the sol der paste 9,
which is an becapie thk lbe primt spastiefoplthecdimi-é kpestiaaCited 123

printed onto the printed circuit board 1 via the stencil 4. 25 Figs. 12 and
13 each show &S s#28% eWan Agratheghat@ge drening isrgapioeethat a1 e 14
shows a leftward-printin .97/ 08655 PCT/ JP96/ 02432 10 standby state.

Ref er ence%nun%’FJarI‘P%glfti r‘f%ﬁi\/\g.lgli‘Bpﬁﬁ'btséﬁeeéln

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.

10 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

15 carried out to the subsequent step. The leftward-printing
squeegee 5a and the rightward-printing squeegee 5b are
moved up and down by a squeegee ascent/descent driving
means, while the squeegees 5a, 5b are also moved rightward
and leftward by a horizontal mover 8c having a nut screwed

20 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.

25 Figs. 12 and 13 each show a state during a rightward

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



NC unit that issues a conmand for .driving the notor ea, and 811 denotes a
controller for controlling the whole printing apparatus. 5 Next the
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 gnnisec) Is entered fromthe controller 811 to the NC unit
812 as the nQPHBBS50 speed of the squeegee. This allows tFETNESWRIE 812 to
control the notor 8a so that the left and right squeegees 5a, 5b nove at
the input print speed V. At Step #101, a printed circuit board carry-in
step, of Fig. 24, the printed circuit board 1 carried in 15 fromthe
preceding step is placed and positionally restricted on the stage 2, in

whi ch state the stage 2 ascends so thaHi;he top surface of the printed
circuit board 1 placed thereon is put i'nto contact with the bottom

surface of thg:SLangidedke 20rbtestitt #L02rad 914 1 BYGSIEPacAB dESE | bEd

above, the notor 8a rotates under the control o uni t So t hat

the left squeggegnbe that hestb§H conftd@aIESr UxiRAVGStRéE ddtRPBRNtasdeed V,
by which the solder paste 9 placed on the stencil 4 is passed through the

25 stencil 4 $adladenerdr apeomteellrnr the eentnadd igior the twheder dridtingy thi s
process, it is an optinumstate that the sol der WO 97/ 08655 PCT/ JP96/ 02432
11 paste 9 duPPR§*®h®Sprinting process be pressed by the

5 Next the operation of the conventional example 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 {mm/sec) is entered
from the controller 811l to the NC unit 812 as the moving

10 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 print speed V.

At Step #101, a printed circuit board carry-in
step, of Fig. 24, the printed circuit board 1 carried in

15 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
surface of the stencil 4.

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

25 stencil 4 so as to be printed on the printed circuit board

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




squeegee 5a
paste 9 be i

per f or mance.

so as to roll and nove on the stencil 4, i.e., that the sol der
narolling state. Such a state of the solder paste 9 results
in a successful printed 5 pattern as well as a good screen-pass

At Step #103, a printed circuit board carry-out step,

upon

conpl etion of the Erinting, the notor 8a halts, the left squeegee 5a

ascends, t hWOJ43fs

2 lowers, and the printed circuit boarRCTIPA&02d3Y ri ed
out to the subsequent 10 step. At Step #104, a decision step, it is

deci ded whether or not the planned nunber of works has been conpl eted.
the programreturns to Step #101; if it has been conpleted,

it has not,
t he program

constitution,
ci rcunst ances of the preceding and substhuent steps in

: it b . . : _ t ot d.th
Shoil! b oot ekl 2RISR Sn0' shdhesfl BRetdabtile IR ANSRLIC,
gn the

Then, a prol

the sol der pagjeeglet 9abso |vRbedoBNdahdon Rl der tR@SECarnt 1Al 2ced
stencil 4 to be dried such that its viscosity would increase. [n'th
state of thetbatdéhepasilged, paistle tSheée25imra ntoklandhyraancel @geh Waen t he

printed circuit board 1 is_ carried in and positioned so that the printing

cones to an 15 end. However, with this conventi onal

there may occur print standby tine durations due to the
whi ch the printed
i ke.

1S

is started, VBR8P DBONS PEIAIPIITASoreaylinidn af suekpasfgdepSintedes at
the pr'ntSSp%Sgtgfgrggl&%Ei)gs a good screen-pass performance.
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At Step #103, a printed circuit board carry-out
step, upon completion of the printing, the motor 8a halts,
the left squeegee 5a 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,

| f



entered to the NC unit 812. In this state, the solder paste 9, whose

thi xotropy rati o has decreased and whose viscosity also has increased,
woul d be printed in a state 5 other than appropriate rolling. This would
cause the occurrence of such faults as sol der paste chipping, sol der
shortages, or blurs, posing an issue that defective boards nay be
produced. DMSTV@BKIRE OF THE | NVENTI ON 10 An obj ect of the pEwERMO243hiventi on
is to provide a screen printing nmethod and a screen printing apparatus
capable of printing with good print quality. Mre specifically, an object
of the present invention is to provide a screen printing nethod and a 15
screen printing apparatus capable of achieving a good printing result in
whi ch the corner portions of the print ﬁaste are prevented fromthe
formati on of horns. Another object of e present invention is to provide

a screen pri t u a rinting,
w th sol der pgé% npe%% ;&ggegggv# %{agtg §}(%‘(L’)r espon ng ?ogrg‘}argel%opem ng
area and a mi QHE&&PGE‘& Nghe afta Ak t 28361 €N RIS r@\f&&e( Stﬂ@'éalc&&e

m xedly present, wth high quality and high efficiency. A further object
of the presepastaivent whase sthixprapylerstipy i s ndecmidred an Ahaseprinting
apparatus in which such faults as sol der paste chipping, solder shortages,
or blurs willvhstoidauralsiee hapOinere3sst, PONLIPYE/ DriBRed 130 tahestmtient

standby state | cangel ed a0d Lhe, prLatiog,

This would cause the
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

10 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

15 screen printing apparatus capable of achieving a good
printing result in which the corner portions of the print
paste are prevented from the formation of horns. Another
object of the present invention is to provide a screen
printing method and an apparatus therefor capable of

20 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

25 a printing apparatus in which such faults as solder paste

chipping, solder shortages, or blurs will not occur when

-



process is resunmed. According to a first aspect of the present

there is provided a screen printing nmethod for 5 printing a circuit
pattern corresponding to a circuit pattern of a stencil, onto a

print-object article placed on

i nvention,

an ascendabl e/ descendabl e positioni ng

st age, thropﬁuga step of noving a squeegee horizontally while the squeegee

is pushed

#8635t op surface of the stencil having the 1PCRIRIGOA4S2

formed thereon so that print paste is printed and applied to the

pattern

print-object article via the stencil, the screen printing nethod
conprising steps of: lifting the squeegee at |east to an extent of a
push-in stroke, to which the squeegee has been pushed in on 15 the
stencil; and thereafter, separating the frlnt object article away froma
bott om surface of the stencil by noving p05|t|on|ng st age downwar d.
According to e a f prese nfion, ther

provi ded thetggfegﬁB%Ei%@?&gbgefﬁgge a%%o?%Fﬁégfo f%e f??%tsﬁg E&pg in
whi ch an ascgdocelsandbyrep@sédi on of the squeegee above the stenC|I pri or

to tthe pushing-in, a push-in position of the squeegee to the stencil, and
a nonentary position aRcwebréding héosqaedgeeti sa@deqy es€nttind @praeaRot when

the squeegee makes contact with the top surface of the stencil are
each in WO 97MYS855OPCTFBENS/ P2 Axpvitednanerresr nuintdrichmetiiodofiorol | er of

a Sscreen er
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ntln%
printing a circuit pattern corresponding to a circuit

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-object article wvia the
stencil, the screen printing method comprising steps of:

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

thereaftef, separating the print-object article
away from a bottom surface of the stencil by moving the
positidning 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

ent ered



apparatus, and in which the controller makes the following specified
operations executed at the positions entered in nunerical value, the
screen printing nethod conprising, 5 before the Iifting and separating
steps, steps of: keeping the squeegee on standby at the ascent standby
position before a start of the screen printing; and |owering the squeegee
fromthe as¥@P7¢pdndby position to the push-in position, 2CAJIReHO2489 t he
squeegee 10 execute the push-in operation to thereby execute a printing
operation, wherein in the separating step, upon conpletion of the printing
operation, the squeegee is lifted fromthe push-in position to the
nonmentary position at which the 15 squeegee is present at a nonent when the
squeegee nmakes contact with the top surface of the stencil. According to a
third aspect of the present invention, there is provided the screen

printing met hadhe AGEOr di 8, d 03 5b6 L rc%tfth‘ElEQEO%(} aspg eeryvhgfﬂéimgge 20

squeegee is noved up and down relative to the stencil by digita ntrol .

According to appsudtids,aspacinofhidie theesent rol IWEMdKS thBer811swigVi ded
the screen printing nethod according to any one of the first through third
aspects, 25 whpeeifiad doegasépasatxaguse@ Bt ttthe positions ngniséwge iroves
downward at a speed sl ower than an ascent speed at which WV!I!IHEET HAS
C~EEl " 1 ?LACERWY Al g pCTHIPoBFHasoprinting method comprising,

5 before the lifting and separating steps, steps of:
keeping 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
10 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

15 squeegee is present at a moment when the squeegee 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

20 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,

25 wherein in the separating step, the positioning stage moves

downward at a speed slower than an ascent speed at which
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15 the 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 5 standby. According to a fifth aspect of the present invention,
there is provided a screen printing apparatus for printing a circuit
pattern cor POR®Fng to a circuit pattern of a stencil, PEEFEP9602432
print-object article placed on 10 an ascendabl e/ descendabl e positioning
stage, through a step of noving 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 15 stencil, the screen printing apparatus
conprising: a controller for controlli a squeegee ascent/descent driving
unit and a pQgjd LBg nt/d unit in_su

that the squeegeg&{l IKﬂ?ﬁgh%' F%E§ﬁ£e§ ot T FIShPHR sf?oke to

20 whi ch the sygegegesn h%ﬁebeﬁi‘fﬁqﬁi"egtéﬁ omﬂef}%b%e@ﬁél 9@ obBAL
thereafter, the print-object article is separated amey onra ottom

surface of thetdrdaciik bypavaten) awsy fusi tthenibogtetagardavever dehdccor di ng
to a sixth aspect of the present 25 invention, there is provided the
screen print iStgREhpar s theresideng the t Agueedes aspddtteiin uphi £or an

ascent St?“dQXaEHL§ SHEEP HAS BEEN

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-object article placed on

10 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 wvia the

15 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

20 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

25 invention, there is provided the screen printing apparatus

according to the fifth aspect, in which an ascent standby

THIS SHEET HAS BEEN
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REPLACED WO 97/ 08655 PCT/ JP96/ 02432 16 position of the squeegee above the
stencil 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
nonentary position at which the squeegee is 5 present at a nonment when the
squeegee nmekes contact with the top surface of the stencil are entered
each in nunWpPi%%a865yal ue from an i nput neans into the cont rrgTVa@pen24nd i n
whi ch the controller makes the foll owi ng specified operations executed at
the positions entered in nunerical 10 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 fromthe ascent standby 15 position to the push-in
position by the squeegee ascent/descentlﬁriving unit, and the squeegee is

: | 5 : | ving . Sq
made to exec é%nggPp%E g@%<§§§§%§ég”a58vg ¢he tgﬁ8§§L§ﬁfo§6E$L§ngueegee

oper ation; updn conpletion rinttng operafion,

is lifted to thewgpbent, ofy thespuUsh- bBsstidkeor Wi & I8! thted by

t he squeegee ascent/descent “driving unit fromthe push-in position to the
nmonentary postden@ilatowhibdleht hdes Gdpegeeei Rapr Baent pakhéd "oHesh vhen the

squeegee nmakes contact with the top surface of the 25 stencil; and
stencil, and a momentary position at which the squeegee is
5 present at a moment when the squeegee makes contact with
the 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
10 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
15 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
20 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 sgueegee makes contact with the top surface of the
25 stencil; and

the positioning stage 1is lowered by the

THIS SHEET HAS BEEN
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the positioning stage is lowered by the TH S SHEET ?; AS BEEN REPLACED WO
97/ 08655 PCT/JP96/ 02432 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 5 invention,
there is provided the screen printing apparatus according to the fifth or
si xth aspecWORP8¢&i n t he squeegee ascent/descent drivi ngPEHREHAbri ses a
notor, a screw shaft connected to a rotary shaft of the notor, and a
nover which is screwed to the screw shaft and which noves 10 t he squeegee
al ong upward and downward directions, wherein the upward and downward
novenment of the squeegee is controlled by rotational control of the notor.
According to an eighth aspect of the prg§ent i nvention, there is provided
the screen printing apparatus 15 according to any one of the fifth through

seventh aspe %/gqjq.[g S UUEEIRE deS ARV EMR1 3R | gL i to the
stencil by dicég?sfla c&ngpo%éheva th the c/or?t rcol ler. Aéc%r dﬁﬁ\gntéo&ag%ﬂ \rét%h aspect
of the presendepdrMeNt N, pkDRE erdrgql oattdied & hawser eedmpPEhat ivad tappar at us

20 according to any one of the fifth through eighth aspects, wherein after
t he squeegee swrfdde ef Iphet Beengilkegee ascent/descent driving unit at
| east to the extent of the _push-in stroke, to which the squeegee has been
pushed in on According to a seventh aspect of the present
5 invention, there is provided the screen printing apparatus
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
10 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
15 according to any one of the fifth 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
20 according to any one of the fifth through eighth aspects,
wherein after the squeegee is 1lifted 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

25 positioning stage ascent/descent driving unit at a speed

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

THIS SHE®ET HAS BEEN
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t he stencil,
stage ascent/descent driving unit at a speed
the squeegee is lifted,
the print-object article is separated away fromthe
and thereafter the squeegee
by the squeeW®P708SEent / descent driving unit.
invention, there is provided a screen printing nethod for
with use of a screen printing apparatus, solder paste on an

stencil,

of the present

printing,

t he positioning stage noves downward by the 25 positioning

sl ower than a speed at which
REPLACED WD 97/ 08655 PCT/JP96/ 02432 18 wher eby

bottom surface of the
islifted up to its standby position
5 Accordi ng tRCTATPO&eRdI2 aspect

el ectrode of a board to be printed, by positioning a screen mask onto the

board and by printing 10 the sol der

into the

pr esent

paste supplied onto the screen nask

screen mask with a squeegee of print head which noves parallel
to the screen mask while being kept in cthtact with the screen mask

wherein the b ' ified i i 1S 15 |
of Copeni ng.si Sakeisy, hes fe2UEiBES Ackidi 481 SINRIR apgy Falh UBe
is smaller thasbtromspackhé@bst MRsEebici ANthiy $RePRdraL

End &l
each of opening sizes of the mask is not smaller than tﬁe thre§%8¥

speed of the siquebgfeedt uphadiist ateadbg Zdsimdensl|mwmethd haguaegpeed of
the squeegee at the second area. According to an 11th aspect of the

10

- 15

20

25

ascent/descent driving unit.

According to a tenth 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 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, wherein

the board is classified into a first area where
a value of each of opening sizes of the mask aloﬁg 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 11th 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

THIS SHEET HAS BEEN
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invention, there is provided the screen printing nethod according to the
tenth aspect, further conprising steps of: 25 entering data of the first
area and the second area as.well as data of the squeegee speeds
corresponding TH' S SHEET HAS BEEN REPLACED WD 97/ 08655 PCT/ JP96/ 02432 19
to the first area and the second area, into the screen printing apparatus
by an oper at¥? 248655 om a hi gher-order conputer that contrBCEIRdI@2EBZT een
printing apparatus; and switching the squeegee speed between the first 5
and second areas based on the entered data of the first area and the
second area as well as the data of the squeegee speeds corresponding to
the first area and the second area. According to a 12th aspect of the
present 10 invention, there is provided the screen printing nmethod
according to the tenth aspect, further &8nprising steps of: entering data

of the first e ne; n ar, it h reen printing apparatus
g egnangdithbe geeqndng ft‘fl@ JURHNE 38T 1n&§| t?q Co%ﬁ%) o

by recognizing the opening sizes of the mask by a’vi's

canera, 15 angrindiard ngppara@ushBysancepePatoti 88 ARHAT At HSqIlat a,Qfe t he
squeegee speeds corresponding to the first area and the second area by an
operator or acPNRHEr dhadér conhpol erthdacresmnprahsihdeameieaiugdr iand ng
apparatus; and sw tching.the squeegee speed between the first 20 and
second areas based on EffétERLBF cBNYaPTUPIENeSHegdtbetween the first

5 and second areas based on the entered data of the first
area and the second area as well as the data of the
squeegee speeds corresponding to the first area and the
second area.

According to a 12th aspect of the present
10 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,
15 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
20 and second areas based on the entered data of the first
area and the second area by the recognition of the visual
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.

25 According to a 13th aspect of the present

invention, there is provided the screen printing method

THIS SHEET HAS BEEN
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area and the second area by the recognition of the visual recognition
canera and the entered data of the squeegee speeds corresponding to the
first area and the second area by the operator or the higher-order
conputer. 25 According to a 13th aspect of the present invention, there is
provi ded the screen printing method THIS "HL 'T HAS BEEN REPLACED WO

97/ 08655 PCTVOPY88682432 20 according to any one of the 10tHCTIIPId®R832
aspects, wherein when openings where a val ue of each of opening sizes of
the mask along the squeegee's noving direction is snmaller than a
specified threshold and openi ngs where a val ue of each of 5 opening sizes
of the mask al ong the squeegee's noving direction is not smaller than the
specified threshold are nixedly present _along a direction intersecting the
squeegee' s noving direction, the squeeg@ is noved at the speed

correspondi ng gt id St by ca ] S ;ng 10 first ea pased on
the snmal |l er oSeg?%gf%% z'{eés.argzggfd?sﬁg%?%n}a&%ﬁﬁ]o & ASBECEfe gf‘%%%lrﬂ

i nvention, thghenispdiagsdatetbe SGNERNCPTdJUH RS rding Lo any
one of the 10th tS%EBtﬁﬁgspe%ts, mherei% when ex?%%ﬁa f@%%%nng 5t
conmponent s t ombek naumtee dt heostrheedde O AIE iAked pLeceibon & BRasoLdeFnast e
formed by the prinliigﬁ the threshold is a pitch between the external
termnal s. AcBofRAFIFIS hieshokd gaek openings whegens value of each of

5 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 squeegee is moved at the
speed corresponding to the first area by assuming as the

10 first area based on the smaller opening 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

15 board are placed on the solder paste formed by the
printing, the thresﬁold is a pitch between the external
terminals.

According to a 15th aspect of the present
invention, there is provided a screen printing apparatus

20 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

25 contact with the screen mask, the screen printing apparatus

comprising:

THIS SHEET HAS BEGN |
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I nvention, there is provided a screen printing apparatus 20 for printing
sol der 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
noves parallel to the screen mask while being kept in 25 contact with the
screen mask W@ W8S een printing apparatus conprising: THPST/R60IET HAS
BEEN REPLACED WD 97/ 08655 PC1'/JP96/ 02432 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
I n which the squeegee noves is smaller than a 5 specified threshold, and a
second area where a value of each of opening sizes is not snaller than the
threshold, and that a speed of the squ égee at the first area is nmade

sl ower than a speed of }he,squaggee i, the SRGRD & g%otlﬁ%%%rc%isgg i%‘?i gt Ilg;h

aspect of the present 10 invention, there 1S provi scrée

apparatus ace@eNi H1gvdyp tae thkhpespecis Mhayifiedatar8f at Perdi rsles area
and.the second area as well as data of the squeegee speeds correspondi ng

to the first whewe andalhe sécorch mfempeaingentizeedfi the hhskcaldrpla er by
an operator or_ a higher, 15 order conputer that controls the controller, and

wherein the SHIRFGRD seathidh it Fraipaseenwaayeshd f ismal Llegad thepord

5 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 speed of the squeegee at the second area.

According to a 16th aspect of the present

10 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-

15 order computer that controls the controller, and wherein

the squeegee speed is switched between the first and second
areas by the controller based on these entered data.

According to a 17th aspect of the present

invention, there is provided the screen printing apparatus

20 according to the 15th aspect, further comprising a wvisual

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 wvisual

- recognition camera recognizing the openings of the mask,

25 and data of the squeegee speeds corresponding to the first

area and the second area are entered by an operator or a
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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 20 according to the 15th aspect, further conprising a visual
recognition canera for recogni zing a state of openings of the nmask,
wherein data of the first area and the second area are entered into the
control |l er bYOYH886§3 sual recognition canera recogni zi ng t RETEREGMI2AYs of
t he mask, 25 and data of the squeegee speeds corresponding to the first
area and the second area are entered by an operator or a TH(S S(-1E 1 HAS
BEEN REPLACED WD 97/ 08655 PCT/JP96/ 02432 22 hi gher-order conputer that
controls the controller, and wherein the squeegee speed is sw tched
between the first and second areas by the controller based on these
entered data. 5 According to an 18th aspect of the present invention,

he 15th fo 17R skpdriet GRpirel' lacERherite BRETEORRal B aldln

the 15th to 1 aspec n openr ngs alue of “each of

openi ng si zes @brthg tABSKqRb QN t 4i5e SHIUAL IRH (S HERY bRGwHEh eEhb 0Rs +8¢ SNal | er
than 10 a specified threshold and openi ngs where a val ue of each of

openi ng si zes aafl sheondsiredy tthe sgueegkiés bamedigpn dheeet eatiersd not
smal l er than the specified threshold are mxedly present along a direction
i ntersecting BA&a.squeegee's noving direction, the controller makes the

S 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 openings where a value of each of opening sizes of the
mask along the squeegee’s moving direction is smaller than

10 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

15 squeegee move at the speed corresponding to the first area
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

20 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.

25 According to a 20th aspect of the present

invention, there is provided the screen printing apparatus
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15 squeegee nove at the speed corresponding to the first area by assum ng
as the first area based on the snaller opening sizes. According to a 19th
aspect of the present invention, there is provided the screen printing
apparatus 20 according to any one of the 15th to 18th aspects, wherein
when external term nals of conponents to be nounted to the board are

pl aced on t RO YEBeEr paste formed by the printing, the thPeEIRsbiR4Es a
pitch between the external termnals. 25 According to a 20th aspect of the
present invention, there is provided the screen printing apparatus TH S
51 [C?~=f'" F i>Eir:\~ REPLACED WD 97/08655 PCT/JP96/ 02432 23 according to
any one of the 15th to 19th aspects, further conprising: a |oader for
carrying in a board on which the solder paste is to be printed; 5 a stage
for holding the board, which has been ®€arried in by the |oader, to perform

screen printi the, b d._and unl _oader of carryin ut .t he board,
on whi CE t hegcgco eltrrgpzti:gt gg%agn%e%fnatglrel ﬁ'tsgg’ € rg%%h%s%ef%tfe? fci)’ﬁ'tpﬁé

control | er cofgp:Sidigg.Sstorage neans for storing data for classifying the
board into the first area where
a loader for carrying in a board on which the

solder paste is to be printed;

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

an unloader for carrying out the board, on which
the solder paste has been printed, from the stage,
10 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 squeegee
15 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
20 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
25 printing process based on the data stored in the

storage means, and
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t he val ue of each of the opening sizes of the mnmask along the direction in
whi ch the squeegee 15 noves 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 20 the second area slower than the
squeegee speEA9T/W6S5t he first area; and program generati ng REHIBI6OA32
generating a program by which the squeegee speed of the print head is
switched on the way of a 25 printing process based on the data stored in
the storage neans, and TH S SHEET HAS BEEN REPLACED WO 97/ 08655

PCT/ JP96/ 02432 24 the print head conprising squeegee-speed on- process
switching neans for switching the squeegge speed on the way of the
printing process based on control of thé  controller in accordance with the

program 5 According tocie 238in8SRRGEH Oforddie AES ellued JBE R dhere is

provided a screen printing nmethod for screen printing soldér paste at a
reference pri prospestsulit chdsighfedns FReERE: clittey $BEEEudNddY kpBedBdMO0d

conprising: a step for, upon an occurrence of print standby 10 time during
a printing op&hat wew, offe&der prgnthngppratess based on control of the
controller in accordance with the program.

5 According to a 21st aspect of the present
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
10 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
15 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
20 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 23xrd aspect of the present
25 invention, there is provided the screen printing method

according to the 21st or 22nd aspect, wherein over a
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standby tinme; and a step for, at a resunption of printing with the print
st andby cancel ed, screen-printing the solder paste placed on a screen nask
during the standby tine, by noving 15 the squeegee at an adjusted print
speed lower than the reference print speed based on a relationship between
the print standby tine and a print time due to the adjusted print speed
after the r ¥QM®Bn of printing. According to a 22nd aspe®CTP9siM32 pr esent
20 invention, there is provided the screen printing method according to
the 21st aspect, wherein a tinme for which the screen printing is executed
at the adjusted print speed is set according to a resupply anmount of the
sol der paste. According to a 23rd aspect of the present 25 invention,
there is provided the screen printing nmethod according to the 21st or 22nd
aspect, wherein over a TH S SHEET HAS BEEN REPLACED WO 97/ 08655

PCT/.JP96/ 0243gpeg§f§ggcgdﬂ‘déegltgbgg g%&pfeth%f Eg;eggg%s{:ﬁ}rqe% grgl Qtt_eé(%\ IS

started at the adjusted print speed, the screen ed at
the referenceaprithe sSRagdstA8Cedintg gge@dl24tt_t}1easgg£%e]9f ptrrlﬁtﬁégsei'% 5
d "accordrng to the

invention, there is provided the screen printing netho
21st or 22nd axpevted whertdien nefemencenptixtit mpeafd.t he screen printing of a
speci fied nunber of boards after the screen printing is started at the
adj ust ed According to a 24th aspect of the present
5 invention, there is provided the screen printing method
according to the 21st or 22nd aspect, 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
10 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 21st to 24th aspects, wherein
the adjusted print speed until the print speed is returned

15 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

20 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

25 with the print standby canceled, screen-printing the solder

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

ﬂﬂSSHEEFHASBEEN
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print speed, the screen printing is executed at the 10 reference print
speed. According to a 25th aspect of the present invention, there is

provi ded the screen printing nethod according to any one of the 21st to
24t h aspects, wherein the adjusted print speed until the print speed is
returned 15 to the reference print speed is set into a plurality of steps.
Accordi ng t ova9Izemsss aspect of the present invention, ther®CrgrPywe24szded a
screen printing apparatus for screen printing solder paste at a reference
print speed 20 by using a squeegee, the screen printing apparatus
conprising: a controller for, upon an occurrence of print standby tine
during a printing operation, neasuring the print standby tine, and for, at
a resunption of printing 25 with the pri@t st andby cancel ed,
screen-printing the solder paste place& on a screen nmask during the

standby ti e, QQVJZ%J#{DI'\% n%ﬁeﬁ'gjelz: é%%z’?‘@iﬁﬁ%&‘ E0 e g{%%&’ P&far than

PCT/ JP96/ 0243 sgueegee al an adjusted print spee ower

than the refgrenserdrdrie pRA0E Bpsed Bised Idd &l XSkl BnbRl Yasswddie print
standby tine and a print tine due to the adjusted print speed after the

resunpti on of theiprting stdndby or theng@ntoa gp2ifith taspedte dfo the adpserdd
I nvention, there is provided the screen printing apparatus
print speed after the resumption of Pprinting.

5 According to a 27th aspect of the present
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

10 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

15 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 printing apparatus
according to the 26th or 27th aspect, wherein, by the

20 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

25 invention, there is provided the screen printing apparatus

according to any one of the 26th to 29th aspects, wherein,
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according to the 26th aspect, wherein, by the controller, a tinme for which
the screen printing is executed at the adjusted print speed is set
according to a resupply anount 10 of the sol der 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

controll er, YE¥Y08&5specified tine el apse after the screen RET/mR%6M243DQ i S
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 printing apparatus according to
the 26th or 27th aspect, wherein, by the- 20 controller, upon conpletion of
the screen printing of a specified nunber of boards after the screen
printing is started at the adjusted prPfdt speed, the screen printing is

rosent | 25 i RUeH SRRCERLPL e e e R e d e b g s
according to ap¥edn® ebtubRedbid tie 23tbr25pe ﬁnﬁ’%‘é@hnis-r%ﬂts iﬂéﬁET HAS
BEEN REPLACED WD 97/ 08655 PCT/JP96/ 02432 27 by the controlTer, the
adj usted prinéd shesdiuyt of shepprint speed is returned to the reference
print speed is set into a plurality of steps. According to the screen
printing method of t heAccording to the screen printing method of the
5 present invention, before separating the print-object
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,
10 and thereafter the print-object article can be separated
downward away frdm the bottom surface of the stencil with
the positioning stage, and after that, the printing
sgqueegee can be lifted. Therefore, the print-object
article can be separated from the stencil while the stencil
15 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 corner
portions, no such horns as has been involved in the
conventional method can be obtained.
20 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
25 squeegee is lifted before separating the print-object

article away from the bottom surface of the stencil by



5 present invention, before separating the print-object article downward
away fromthe bottom surface of the stencil with the positioning stage,

t he squeegee can be |ifted at least to the extent of a push-in stroke, to
which the printing squeegee has been pushed in on the stencil, 10 and
thereafter the print-object article can be separated downward away from

t he bottom sWP9&0%5Hf the stencil with the positioning stay/rasasaft er
that, the printing squeegee can be lifted. Therefore, the print-object
article can be separated fromthe stencil while the stencil 15 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 corner portions, no such horns as has been involved in the :
conventional nethod can be obtained. 20 #cording to the screen printing
apparatus of the, present inventi.on, the apparatus is provided with a

t
control |l er fofmﬁﬁéﬁhﬁ? R En §F HEgGe St ceﬁPFQé§E€ﬁr°HEF9an uni t
and the posit 'a%i@:ﬁesH@g%epg?gggﬁle%g%eﬁonﬁjrﬂl-}’é r]:%t‘t%'xé\t s‘qu?_ggho%‘ ¥ that,

after the 25 squeegee is | separating t pri nt-objec article .
away from the d1QiHem swyf agvahng harsd engddi twndy97/508685 BeindBeE/ 02432

28 noving the positioning stage downward, the print-object article is

separ at ed awayTHerediotrke bdid osczeehage igitinge metlenti bfbycthwv prgsthe

positioning stage downward. Therefore, the screen printing nethod of the

pr esent invention can be realized, so that similar effects can be
produced.

In the screen printing method of the present
invention and the screen printing apparatus of the
invention, the controller additionally comprises: storage

10 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 squeegee speed for the large
opening area and to the setting of a low squeegee speed for

15 the minute opening area; and program generating means for
generating a program by which the sgqueegee 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

20 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

25 the screen printing apparatus, or by performing the input

of large opening area and wminute opening area by the



5 invention can be realized, so that simlar effects can be produced. In
the screen printing nethod of the present invention and the screen
printing apparatus of the invention, the controller additionally
conprises: storage 10 neans for entering thereto and storing therein data
relating to the settings of the |large opening area and the m nute opening
area of theWPJPa08p55as wel| as data relating to the setti mrmPoaozaizgh
squeegee speed for the large opening area and to the setting of a | ow
squeegee speed for 15 the. m nute opening area; and program generating
means for generating a program by which the squeegee speed of the print
head is swtched on the way of a printing process based on the entered
data. Further, the print head additionally conprises squeegee-speed
on-process sw tching 20 neans for switcRPng the squeegee speed on the way
of the printj .ess. . Theref.ore, b erfarmng the input_of |arge
openi ng area %%%ﬁln&eo} Sf)e%l’ené’lg}lgé ﬁ%c ITILL FABETR Fsuredt 3 Fhesqueegee
speed and | ow sgiue i Spe e r iLgher - or.der_. (host)
conput er that cont ?Cgileglgg ?ﬂ%%%%%%ﬁe%rai %ﬁ%ovgﬁégggggég ?e‘gybypé' orm ng

the input ofoperaoropsni tige ahbshabriieiut haRgnNidithpakea, DY nkhe P97/ 08655
PCT/ JP96/ 02432 29 recognition of the visual recognition canera as well as
the input ofWheXfh erjlectee ayrasl conrdspersijngegee theedeirpy tdpeniager at or
or the hi her-orde[féf(h st) cqnputer, the areas where only the areas
Corresponginga{%?% |éh%ﬁp rﬁqﬁJpresent in the board at which the

print paste is to be printed are printed at the high
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
10 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
15 present inventioh, 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
20 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
25 appropriately rolling. Thus, the occurrence of such faults

as print paste chipping, print paste shortages, and blurs



5 areas of the mask are present in the board at which the print paste is
to be printed are printed at the high squeegee speed while the areas where
only the areas corresponding to the m nute opening areas of the nask are
present in the board at which the print paste is to be 10 printed are
printed at the | ow squeegee speed. Thus, it is enabled to maintain a high
print qual i tWOoA&meB6s% ensure a high productivity when the lpeErgeIsmpani ng
area and the mnute opening area are nmixedly present. According to the
screen printing nmethod of the 15 present invention, at a resunption of
printing, in order that the print paste placed on the stencil during the
standby tinme can be printed while appropriately rolling, an adjusted print
speed | owered below the reference print speed is set in accordance with a
change in the print paste 20 characteristc that is discrininated based on
t he neasured Cpri?)t siandb%r(éé me. Therefore, even if the print paste has
changed i n charac &r Fstit! to, for exanple, drying during the print

standby tine, printing h dj i | .allows.the print paste
to be printed while 25 g%sb(%’o%ﬁ%a%%ﬁgf(ﬁf%%gﬁs%%?%l%g %%(?&rplég%%e f such

faults as priatt tpasdd Wte@PpPgnt Ppdda Pass&: mklbaggse @G BLuhSpIAP
97/ 08655 PCT/JP96/ 02432 30 can be eli m nated. so, the nunber of

adj ust ed pri nesocuptbef préwnipgdntapashe, adjdishedppinttsmreedsi sesetned
responsive to a resupply anount of new print paste, and the print speed is
returned 5 to the reférence print speed after the number of adjusted
prints have been printed at the adjusted print speed.
Therefore, the print speed can be returned to the reference
print speed without causing any faults such as print paste
chipping, print paste shortages, and blurs.

10 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 ingreased as the print
standby time becomes longer. Therefore, a wide range of

15 short to 1long print standby time can be handled

successfully.

BRIEF DESCRIPTION OF DRAWINGS
These and other objects and features of the
20 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
25 printing apparatus for carrying out a screen printing

method according to a first embodiment of the present



5 to the reference print speed after the nunber of adjusted prints have
been printed at the adjusted print speed. Therefore, the print speed can
be returned to the reference print speed without causing any faults such
as print paste chipping, print paste shortages, and blurs. 10 According to
the printing nethod of the present invention, a one-step adjusted print
speed may pMHEOBShe enpl oyed for short print standby ti RETIRME24Bhe
nunber of steps of adjusted print speed may be increased as the print
standby tinme becones |onger. Therefore, a w de range of 15 short to |ong
print standby tinme can be handl ed successfully. BRI EF DESCRI PTI ON OF
DRAW NGS These and ot her objects and features of the 20 present invention
wi || becone apparent fromthe follow ng._description taken in conjunction
with the preferred enbodinents thereof3hith reference to the acconpanyi ng
drawi ngs, in Mi&hioE.9- 1 is an arrangenent diagramof a screen 25
printing apparatus Fbﬁ carrying out a screen printing nethod according to

a first enbodinent of thbpneignta WOQ7 [BB8B5 oPCHNEPSR/10243¢ malhoa

invention; Fig. 2 is a flowchart of the printing nethod according to the
first enbodi nentordingsto3ithe 3B rsanemBSdamenexpl anatory views of the 5
printing process of the screen printing nethod according to

Figs. 3A, 3B, and 3C are explanatory views of the

5 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

10 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;

15 Fig. 6 is a plan view of a screen metal mask used
in the printing methéd 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

20 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; |

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

used in a screen printing method according to a



the first enbodinment; Figs. 4A and 4B are a perspective view of a screen
printing apparatus according to a second enbodi nent of the present
i nvention and a di agram showi ng the 10 rel ati onship between its controller

and the apparatus conponents, respectively; Fig. 5is a flow chart show ng
the operation of the screen printing nmethod according to the second

enbodi nent ;

WE9TH855 6 is a plan view of a screen netal nasRCEIR/02432

t he

printing nethod according to the second enbodinent; Figs. 7A and 7B are
views showi ng the operation of the printing nethod in the second

enbodi nent ;

Fig. 8is a flowchart show ng the operation of 20 a sc

printing nmethod according to a third enbodi ment of the present inve

Fig. 9is a flow chart show ng the operatlon of

according to a fourth enbodi nent of thé2present invention; 25 Fig.

pl an view of a
according to

enbodi nent ;

5 Fig.

useg %@ba screen printing nmethod
4

| k
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enbo iment o esent 1 nve

12 is a ¥teershewnBgng heettwd hedetdDny atda fifth embodiment of

10

15

20

25

the present invention;

Fig. 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 controi
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;

reen
ntion;

a screen printing method

10 is a

dification of the second
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prlntlng met hod according t

ntion,;



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 showi ng the operation of the 10 squeegee in the screen
printing apparatus of Fig. 12; Fig. 15 is a block diagramof the control
nmechani smand a drive nechanismof the screen printing apparatus of the
fifth embod™RH{08658i g. 16 is an arrangenent di agram of a BCT/e0BuARE | onal
screen printing apparatus; Fig. 17 is a flow chart of the conventional
screen printing nethod; Figs. 18A 18B, and 18C are expl anatory views of
the printing process of the conventional screen printing 20 method; Fig.
19 is a perspective view of a conventional screen printing apparatus; Fig.
20 is a plan view of a conventional screen netal mask; 25 Figs. 21A and
21B are views showing the operation of3& conventional exanple; WD 97/ 08655

convent i onal exampl o; Fig 53 1% % BPHCRATSGHAMIGE She GRRTTAC iPBc RN om
and a drive rnedanieswiehad gggmﬁig;onal screen printing 5 apparatus; and
‘ Fig. 23 is a block diagram of a control mechanism
and a drive mechanism of a conventional screen printing
5 apparatus; and
Fig. 24 is a flow chart showing the operation of

the conventional screen printing method.

BEST MODE FOR CARRYING OUT THE INVENTION

10 ' 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 according to a first

15 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. |

20 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

25 extent that the top surface of the printfobject article 1

comes to near contact with the bottom surface of a stencil



Fig. 24 is a flow chart show ng the operation of the conventional screen
printing nmethod. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 10 Before the
description of the present invention proceeds, it is to be noted that |ike
parts are designated by |like reference nunerals throughout the
acconpanyi ng draw ngs. A screen printing nmethod according to a first 15
enbodi mrent okodheseps esent i nvention is described bel ow w t PCTRd6R2632CE t O
Figs. 1 to 3C. Fig. 1 shows a screen printing apparatus used for carrying
out the screen printing nmethod according to the first enbodi ment of the
present invention. 20 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 st¥ge ascent/descent driving unit 3
to such an 25 extent_that _the to yrface of .the print-object article 1
cones to near4coﬁ§a§P°VPtﬂYBH§”ﬁ§¥ﬁ&ﬁﬁ§uﬁ?a€é90f1a stenci1 WD 97/ 08655

PCT/ JP96/ 02432 34 4, ag SH§¥Tz£QE§¥(ﬂgﬂkéﬁﬁﬁﬁitﬁgnFigr%&in hgﬂigonéal
or

reci procation driving unit conpri ses a SEervo no a, a screw shaft
8b connect ed cngg&-hgeéogl@w: eabb RbtéPBdIDOE8aw SndMV @b Benacteygd to 5

the screw shaft 8b, and the like, as showmn in Fig. 12. In a state that a

| eft squeegeetbathadreatartylshafgquefgeke Sibtor 8a, a mover 8c screwed to

5 the screw shaft 8b, and the like, as shown in Fig. 12. 1In

a state that a left squeegee 5a and a right squeegee 5b

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

10 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 12a denotes a left-squeegee

15 ascent/descent pulse motor for driving the left squeegee 5a

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

20 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; l4a denotes a left ball screw nut which is screwed to

the left ball screw 13a and which is moved up and down by

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

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



have descended into contact with the top surface of the stencil 4, the
hori zontal reciprocation. driving unit 8 noves the |left squeegee 5a and
the right squeegee 5b 10 horizontally in Fig. 1 (in the X-direction), by
which a print paste 9, such as solder paste, is noved on the top surface
of the stencil 4 by the left squeegee 5a and the right squeegee 5b.

Ref erence nYYRPHB6B2a denotes a | eft-squeegee 15 ascent/ decvarssopat se
notor for driving the |eft squeegee 5a for ascent and descent; 12b denotes
a right-squeegee ascent/descent pulse 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 20 | 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 pul se

nmotor  12b; 14f %31 §& QZH r nut which is scre to. the left
’ ' e a1 § £e b
bal | screw 13a an |2% 's”hove upégﬁgw%6§% fﬁ/@ﬂ¥%ﬁa8pf8?§g‘ﬂW?éVbrse
rotation of thel ehiudidlircterew Idacianhl thealenghesyd || dhle Pl screw
nut -which is screwed to WD 97/ 08655 PCT/ JP96/ 024 35 the right ball screw
13b and whi chTheserowadoup cbothent shycondtd thkwas dioraveiag rsthaldgea of the
right ball screw 13b, These najor conponents constitute a printing
squeegee ascepterfosiaanentr dyivgnaninityMP0.5 Desi gnated by reference
numer al 1% is a positioning controller, which is capable of positioning
t he Desighated by reference numeral 15 is a
positioning controller, which is capable of positioning the
left squeegee 5a and the right squeegee 5b, which are
formed from rubber or wmetal or the like, to specified
ascent standby positions of the squeegee above the stencil
10 prior to the pushing-in, to specified squeegee push-in
stroke positions, and to momentary positions at which the
left and right sqgueegees 5a, 5b are present at a moment
when the left and right squeegees 5a, 5b make contact with
the top surface of the stencil 4, respectively, according
15 to numerical data of those positions entered from an
input/output device 100, such as a'teﬁ-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.
20 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
25 BACKGROUND ART.

In the screen printing method according to the



| eft squeegee 5a and the right squeegee 5b, which are fornmed from rubber
or netal or the like, to specified ascent standby positions of the
squeegee above the stencil 10 prior to the pushing-in, to specified
squeegee push-in stroke positions, and to nonentary positions at which the
| eft and right squeegees 5a, 5b are present at a nonent when the left and
ri ght squeed@87/@a55 5b nmake contact with the top surface etrub®osdzgncil 4,
respectively, according 15 to nunerical data of those positions entered
froman input/output device 100, such as a ten-key pad, or to data
retrieved fromprogramdata stored in a storage unit provided within the
positioning controller 15, by the printing squeegee ascent/descent driving
unit 700. 20 Fig. 2 shows the screen printing process of the screen
printing nethod according to the first éfbodiment. Its prinmary difference

f th t | ti t hod that the fifth st . added
between the | S’F%ﬁna S ot "The R afatly ot AoR | R Rt 1 on of
the 25 BACK Br.l:.ﬂtI el %‘?‘c@lgﬁ.é@ Il%ng?%PP&&P%% ding 4 Q the WO

97/ 08655 PCT/ JP /0243 rst enbodi nent o resen |nvent|on at

the first stepspébesidgd rﬁcéiihjl%t o thel podit SoRisd tst%%d 22nd Ad xed to a
specified position of the positioning stage 2. At the second step, the

posi tioni ng ssegend step.i theddsitibnisygasmde 2sientiiiest byt thie istagg unit 3,
so t hat tge p;éggnévééggéngﬂggialggluggttge egfléﬁ;¥Né¥i:stage 2islifted to
near print-object
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
10 ascent/descent pulse motor 12a. At the fourth step, the
left squeegee 5a 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
15 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 l2a, up to the momentary position where the left and
right squeegees 5a, 5b are present at a moment when the
20 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
25 distance from the printing position of the board, so that

the print-object article 1 is separated away from the



proximty to the bottomsurface of the stencil 4. At the third step, the

| eft squeegee 5a is lowered to the squeegee push-in stroke position by the
drive of the left-squeegee 10 ascent/descent pulse notor 12a. At the fourth
step, the left squeegee 5a is noved rightward in the X-direction of Fig.
1 by the horizontal reciprocation driving unit 8, by which the printing is
execut ed. THPS78%E%t e is shown in Fig. 3A Thereafter, at POTgPS&Rsda St ep,
the left squeegee 15 5a is lifted only to a push-in stroke, i.e., to an
extent to which the printing |left squeegee 5a has been pushed in on the
stencil 4, by the left-squeegee ascent/descent pulse notor 12a, up to the
nonmentary position where the left and right squeegees 5a, 5b are present
at a nonment when the 20 squeegee 5a nmkes contact with the top surface of
the stencil 4. This state is shown in3Fig. 3B. At the sixth step, the

osi.tioning stage.2 js lowered, at_an ultra-low speed (0.1 mmsec) in the
E/—di recti og o] |b£ 4365037\[;?”8 11 1Bl égcen'f?ec'fé'sé@'ﬁl’:?’ﬁr ;9Yﬁ’@t%rﬁftepa during a
pr edet er m ne 51 dEst h | A | ti t he boar so t hat
Pho-print - oby et St eracesiS Yl ofe BALIILPIEG 000 £osed Sy

PCT/ JP96/ 02483siBiontignci e 4 -SRRgeB BbfenSfdedlait @l1ddansi@ment h
step, the left squeegee 5a is lifted up to the ascent standby position by

the | eft-squddgee askiiay dédeenpopitBening ostag@a. 2 Af meved hdypoiHe oni ng
stage 2 noves by the 5 predetermined distance, the positioning stage 2 is
| oner ed %at BYRAQYHRETGSSediehance hdhel PPaFoniisestagder af ¢ disivered

at a higher speed than the ultra-low speed, preferably.
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.
10 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
15 to optionally enter and set the momentary position where
the left and right squeegees 5a, 5b are present at a moment
when the left squeegee 5a and the right squeegee 5b make
contact with the top surface of the stencil 4 wvia the
input/output device 100, and moreover to lift the left
20 squeegee 5a and the right squeegee 5b up to the momentary
position at which the left and right squeegees 5a, 5b are
present at a moment when they make contact with the top
surface of the stencil 4, before separating the print-
object article 1 away from the stencil 4. Therefore, the
25 print-object article 1 can be separated from the stencil 4

while the stencil 4 is kept horizontal without being



Next, a printing operation on the right squeegee 5b side is also executed
in the sanme manner as in the left squeegee 5a, and the operation is
alternately repeated fromthis on. 10 As shown above, the provision of the
printing squeegee ascent/descent driving unit 70.0, which is conposed
primarily of the |eft-squeegee ascent/descent pulse notor 12a and the
ri ght - squeege®o7Bessnt / descent pul se notor 12b, as wel |l aspttygpoposssi i oni ng
controller 15 nakes it possible 15 to optionally enter and set the
nonentary position where the left and right squeegees Sa, 5b are present
at a noment when the |eft squeegee 5a and the right squeegee 5b nake
contact with the top surface of the stencil 4 via the input/output device
100, and noreover to lift the left 20 squeegee Sa and the right squeegee 5b
up to the nonentary position at which BBe left and right squeegees 5a, 5b
make_contact with the top surface of

are present at.a nment when the

the stencil 4?143%?%‘?e gbﬁﬁr af RPCRESHE NPT i5hj RALLRED dibe FENRERAL Y om t he
stencil 4. Th re e_25 print-object_article 1.can pe separated from
the stencil 4‘5‘\&15’\\/\%1#)““6d tt%‘g cszglé%l(%tf o7 t?‘selr Eeroﬁzbéeréo% 5?"3 ATt Heid®g Wo

97/ 08655 PCT/HRMEADN2432 18 ddirded pddtisnsd $CEResl WorREl Ab RAL kN 16

generally wequal to the circuit pattern provided on the stencil 4 and

havi ng, at t heeenrstemwnpdnt thascomersticinalokexample asSamdse deeingdown in the
conventi onal exanple can be obtained. 5 Further, it has been arranged that
the ascenf standby poduEtbas, ofitt hespbesn gyraggedgebst5ahesSmscehns

standby positions 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

sgueegees 5a, S5b are present at a moment when the squeegees

10 5a, 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

15 numerical values 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

20 squeegees 5a, 5b 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

25 squeegees 5a, 5b ascend, by which the print-object article

1 is separated away from the bottom surface of the stencil



push-in positions of the squeegees 5a, 5b to the stencil 4, and the
nonmentary positions where the |eft and right squeegees 5a, 5b are present
at a nonent when the squeegees 10 5a, 5b make contact with the top surface
of the stencil 4 are entered in nunerical value fromthe input/output
device 100 into the positioning controller 15, respectively, so as to be
stored in t MO ¥Y08¢8ge unit, and that the controller 15 corEwaHesodsyitally
t he individual positions based on the 15 nunerical values stored in the
storage unit. Therefore, those positions can be controlled with good
reproducibility for each printing process so that the screen printing
preci sion can be inproved. It has al so been arranged that, after the 20
squeegees 5a, 5b are lifted at | east by_the push-in stroke extent to which
t he squeegees 5a, 5b have been pushed i A%on the stencil 4, the positioning

t 2 d ' d i ned di st the printi

pooition of et ket e G R LR et Bt ot i athe 26"
oa u , . . . o5 "att e g

squeegees 5a, uplras&end, sthd¥y pBst oM | NERObE £GLe a%%%%%v%.éﬁle%‘gpar ate

away fromthe bottom surface of the stencii WO 97/ 08 432 39
4, and furthearticked teay b eepqracgdeawdn, £Hbm atiee | dddid 1 uwp JHakheir
standby positions. Therefore, the print-object article 1 can be separated
away from t hetBeefEppcil wAi lie keaps shamigontali soreptsdwmxiedyntvalt honte
securely without 5 heing tilted. Thus, a successful print pattern 16
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generally equal to the circuit 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.

10 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 73. In the following description, the term "minute
opening area" refers to an area where the value of the

15 opening size of openings of the mask along the direction in
which the sgueegees move 1is smaller than a speéified
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

20 than the specified wvalue.

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

25 motor for driving the print head 103; 105 denotes a print-

head-use ball screw for transferring the driving force of



stencil 4 and having, at the corner portions, no such horns 10 as has been
shown in the conventional exanple can be obtained. 10 A screen printing
apparatus which uses a screen printing nmethod according to a second

enbodi nent of the present invention is described with reference to Figs.
4A to 7B. In the follow ng description, the term"mnute opening area"
refers to awasrmesshere t he val ue of the 15 openi ng size obPcopmesiongs of the
mask along the direction in which the squeegees nove is smaller than a
specified threshold. The term "l arge opening area" refers to an area

where the val ue of the opening size of openings of the mask along the
direction in which the squeegees nove is not less 20 than the specified
value. Referring to Fig. 4A, which is a perspective view of the screen
printing apparatus, reference numeral 13P denotes a screen netal mask; 102

denotes a boaﬁg' 103 3fn tes a $rint head;, 104 denotes a print-head-use AC ,
servo 25 ot of PE R eﬁ%"ﬂ"‘ﬁ& AT ISR VReBAt 9P 3 04304 0§ RIS Saa Y FRE-

Lea e, oo SR O WSt S0 A U YOS G LONES
print- head-usert& w6tyP Lid veriod Uerftied BI ViikGaR! kBEaGLAMIdIS S MfaraSEr VO
not or 104; 107 denotes a visual recognition canmera for recognizing
recogni ti on néeoksrexfodriieingr renoget lommakks 401t ddreenbnetah kdek 108
denotes a recognition-canmera-use AC servo notor for driving the visual
recognitién chfkrapd the board 102; 108 denotes a recognition-camera-use
AC servo motor for driving the visual recognition camera
107; 109 denotes a recognition-camera-use ball screw for
transferring the driving force of the recognition-camera-
use AC servo motor 108; 110 denotes a recognition-camera-
i0 use AC servo driver for driving the recognition-camera-use
AC servo motor 108; 111 denotes a controller for issuing
commands to the servo motor drivers 106, 110; 112 denotes
a control panel for entering data to the controller 111;
113 denotes a stage for restricting the board 102; 114
15 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
20 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

25 107, the recognition-camera-use AC servo driver 110, the

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



107; 109 denotes a recognition-canera-use ball screw for transferring the

driving force
denotes a rec
recognition-c

of the recognition-canera- use AC servo notor 108; 110
ognition-camera 10 use AC servo driver for driving the

anera-use AC servo nptor 108; 111 denotes a controller for

issuing conmmands to the servo notor drivers 106, 110; 112 denotes

control paneYOPUB¥é6Bntering data to the controller 111;

a

for restricting the board 102; 114 15 denotes a stage-use AC servo notor

for driving t
transferring
denotes a sta

118 denotes a
denot es t he
Fig. 4B, are
driver 106, t
recognition-c

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

the driving force of the stage-use AC servo notor 114; 116
ge-use AC servo driver for driving the stage- use AC servo
notor 114; 117 denotes a | oader for carrying 20 in the unprinted board 102;
n unl oader for carrying o 1 the printed board 102; and 119

HAIEA Yo AL Uldaer Y9, LRalfiE: SONCALLEL, 11, a8 shown

connected the print e print-

use AC servo

he vi sual IﬁCQEBi%E@Bn@a@%E%dgaeﬂQ7’th@eboard 102ﬁjEPeth
e

aner a-use AC servo driver 110, the control pane

stage 113, thetagagdldseth€ strye-VER ORC 086560 PEIYchPIBI D247 4dralri ver

116, the | oad

er 117, and the unl oader 118. In the second enbodi nent,

t he

board 102, th&etafafask 1501+ fhesprdatubeadd Gbr idensaueeded, 12he tser een
t.he priq%ih gg 103, the squeegee 123, the 5 sol der paste
§ E t

met al malsk5 10
122 as an exa
panel 112 cor

10

15

#’6 g5t B

rc%%EQBﬂléP thlh.e, and the control panel 112 correspond 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 b5a, 5b and functions as a print head, the
squeegees 5a, 5b, the solder 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 conventionél apparatus in that the
controller 111 additionally comprises, besides a controller
main unit 11lla, storage means 1lllb to which entered and
stored are data relating to the setting of the 1large

opening area and the minute opening area of the board 102,

‘as well as data relating to the setting of the high

20

25

‘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

A5t RS TOHIRS | f 1MEintanRaERe: cdih® ol
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board 1, the stage 2, the positioning stage ascent/descent driving unit 3,
the stencil 4, the nover 8c that has the squeegees 5a, 5b and functions as
a print head, the 10 squeegees 5a, 5b, the solder paste 9 as an exanpl e of
print paste, the controller 15, and the input/output device 100 of the
first enbodi ment, respectively. The apparatus of this second enbodi nent

| argely di fwWepPy0gssom t he conventi onal apparatus in that tReT/Jr%/024mtroll er
111 additionally conprises, besides a controller main unit lila, storage
means |1l b to which entered and stored are data relating to the setting of
the large opening area and the m nute opening area of the board 102, as
well as data relating to the setting of the high 20 squeegee speed for the
| arge opening area and to the setting of the | ow squeegee speed for the

m nute opening area, and program generdd ng nmeans ilic for generating a

programto switch the squeegee eed of th rint head 103 on the way of
process accor diFgE6t RS (ﬁ%ér} etg%dgtog,rsgnagi 'Eh‘azénflﬁhttlntgné’rﬁﬂeﬁ?'head 103

For sui tehi g tho WD 57) Baas PErrIPORrboT I8 fo S atemgea e bate, A o

course of the gauieBeag1Ps OEAS Sudh af kiigthEeenad exdadivmrt arkh bs awsuned
that the squeegee 123 has such a wdth that the entire area of the board

102 in a diredoagsd pérpéndhcdizection eexppmsbgedag Sonmphiengqdeeged i ®n can
be printed by one noving process of the squeegee. It is also assuned that

novi ng théSSQHF@QQQ diréction can be printed by one moving process of

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.

10 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, enters a large opening

area 120, e.g. an area corresponding to a chip component

15 area of the board, as a high-speed print area into the

controllexr 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-

20 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 111lb,

based on the positions and sizes of the large opening area

120, which is an area where solder paste in large openings

25 of the mask 101 is printed on the board, and the minute

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



123 at a print speed which will be described later allows the entire area
of the board 102 to be printed in the direction perpendicular to the
squeegee's noving direction. 10 At Step #11-1 of Fig. 5, which shows the
flow chart of the second enbodi nent, after installing the screen netal
mask 101 upon a nodel exchange, the operator, with the use of the control
panel 112, eWPA788685 | ar ge opening area 120, e.g. an area PSTHBYN4Eing to
a chip conmponent 15 area of the board, as a high-speed print area into the
controller 111 to thereby store it into the storage neans |llb, 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 20 pitch QFP (Quad Fl at Package). area of the board, as a | ow
speed print area into the controller 11f3by the control panel 112 to

thereby store iihui:@%péxﬁ%gq%[ BEagﬁelgﬂ%%’ksmH]Ps 5111%%% 81@\&] eBBQ?{st | gps and

sizes of the [arge openi ng area Ich 1§ an area ere solder paste
in |arge openitRgs s2bebh hbCalbrdsidl Ol aPighevad ianrige boardoradsks he

m nute opening area 121, which is an area where sol der paste in WD

97/ 08655 PCT/ ¥Re6oHA4BDr £Bteraud crighesongsged spgeediigktd @k nusedriorn ed on
the board, in the screen netal mask 101 as shown in Fig. 6. Mreover, the
oper ator ent et¥ea BrigH 9GquetfedbepcivhishegehePtisl BFL2 t3nd pRi kg of

t he hi gh-speed print area a |l ow 5 squeegee speed V2 to_be used for the
ot oo oFCr Rabraire ShESE Nz e BfcassiE e i BV S e PE 150 L her by

store speed print area, into the controller 111 to thereby store

them in the storage means 111b, by the contrcl panel 112.
At Step #11-2 of Fig. 5, with the use of these
entered and stored data, the controcller 111 makes the

10 program generating means 1lllc 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
V; and to print the minute opening area 121, which is the
minute opening area, at the low squeegee speed V,, and

15 makes the generated program stored in the storage means
111b. This prograﬁ 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.

20 At Step #3, under the control of the controller
111, the wvisual recognition camera 107 recognizes the
position of the recognition mark of the board 102, the
controller 111 performs the calculation of a positional
correction amount of the board 102 based on the position of

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

a stencil, and the controllexr 111 performs the positioning




themin the storage neans |lib, by the control panel 112. At Step #11-2 of
Fig. 5, wth the use of these entered and stored data, the controller 111
makes the 10 program generating neans |l c generate an operation program
for the print head 103 to print the | arge opening area 120, which is the

| ar ge opening area, at the high squeegee speed V1 and to print the mnute
openi ng aredadbsesshi ch is the mnute opening area, at thecl/owsstigeegee
speed V21 and 15 makes the generated program stored in the storage neans
|11 b. This programw || be used at Step #14. At Step #2, under the control
of the controller 111, the |oader 117 carries the board 102 into the stage
113. 20 At Step #3, under the control of the controller 111, the visual
recognition camera 107 recogni zes the position of the recognition mark of
t he board 102, the <controller 111 perféﬁns the cal cul ation of a positional

correction a nt of. t he rd 102 b the p05|t| n of 25 the
recogniti on %érsl B9 ?%re ﬁ sedhi¥h ithe calaHated and the

controller £f g%%g RS kb MD 97/08655 PCT/ JP96/ 02432 44
correction of tﬁ %oard *base e calculated positional correction

anount. At Step #14, UHHEStEbe#IIUﬂdﬁderOEhEh@bﬁ%&BﬂW3f|Ehe ddrderdin@ Squeegee
123 of the print head 103, which has a 5 nmechanismsimlar to that of the

| eft squeegeel®h, o thQFEHuaqyaa d4@3eedeehBbpirint hbedd rsi3 e dddinnials, anoves
over and mechanism similar to that of the left squeegee S5a or the
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

10 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 start position to the
print end position of the low-speed print area at the low

15 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.

20 As a result, as shown in Figs. 7A and 7B, the
speeds V,, V, 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 opening

25 area 121, which is the minute opening area, the solder

paste 122 can completely £fill the interior of the print



lowers to the print start position of the high-speed print area and prints
fromthe print start position to the print end position of the high-speed
print area at the high 10 squeegee speed V1, according to the operation
program generated and stored at Step #11-2. Then, coming up to the print
start position of the |ow speed print area, the squeegee 123 prints from
the print st¥@P788% tion to the print end position of thePC&dPWHEA pri nt
area at the | ow 15 squeegee speed V2. 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

hi gh- speed print area at the high squeegee speed V1, and ascends. 20 As a
result, as shown in Figs. 7A and 7B, the _speeds V11 V2 of the squeegee 123
are suited to the large opening area 1A% which is the high-speed print

area, and the fginuts,opening ar ﬁ@ee}%ﬁﬁs“@k(:@hé .Ssérhegegl gqgvggﬁgggsﬁm}ch ar ea,

respectively, so that, even for ut € opéeni ng i's

the ninute opgRisigiBhea ok Nens A1 roBast €29 22 Gak GRARWELBLY fillgthe
interior of the print WO 97/ 08655 PCT/JP96/ 02432 45 holes 124 which are

openi ngs of tEteer eele netcakenashetldll mpeki ti@nedsonrémeves] eetfifodesn 125 of
the board 102. Thus, after the screen netal nmask 101 is renpved off, an
appropri at e amPRFPPEiathecaBIferohadice spiders pgstat 282 ohs Sprantedfon he

el ectrodesy 125 of, L3 BT 107088 SO 'he Bodva’Po2, as shown in

Fig. 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

10 118, and then the unloader 118 carries the board 102 out of
the screen printing apparatus main unit 119.

According to the second embodiment, in the way as
described above, when areas corresponding to areas having
difference opening sizes of the mask 101 along the

15 squeegee’s moving direction of the mask 101 are wmixedly
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, based on data
entered by hand from the control panel 112.

20 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.
47, 4B, and Figs. 6 to 8.

General construction of the apparatus of this

25 third embodiment is similar to that of the second

embodiment, and is omitted in description. In the second



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 unl oader 10 118, and then the unl oader 118 carries the board 102 out
of the screen printing apparatus main unit 119. According to the second
enbodi nent, in the way as described above, when areas corresponding to
areas havi ngvo #/d8688r ence openi ng si zes of the mask 101 al opgribesnif:
squeegee' 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. 20 A screen
printing apparatus which enploys a screen printing nmethod according to a
third enbodi nent of the present inventi®dn is described with reference to

Fi . 4A, 4B . Fi .o 8., e [ i . h f
9 I8 BB R R b0 S SEnetal SnELLISLLO o Lhe apbaratus of
i itted i | pt.d . 9 8 P 46
5o LL29 | NSBRCLLIID ol bl secand VD OTLOTR RATLIRIELEZARR, 40

| ow speed pri ghear@acabelent eied byrwanghid Oembdie nedit,r tdwivekll.ijsThe
third enbodi mnent, however, is characterized by allow ng the high-speed

print area andhahactetimed pyedl povwirtg dheahigh1speedt primt areanatdodld y with
the wuse of the visual recognition canmera 107. More
5 low-speed print area to be entered automatically with the
use of the wvisual recognition camera 107. More
specifically, the opening sizes of the openings of the mask
are entered into the controller 111 by the recognition of
the visual recognition camera 107, and each of the opening
10 sizes 1is 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 ié smallexr
than the threshold is a low-speed print area, while an area
where each of the opening sizes is not 1less than the
15 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

20 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.

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

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



specifically,
into the cont

t he opening sizes of the openings of the mask are entered

roller 111 by the recognition of the visual recognitio

n

canmera 107, and each of the opening 10 sizes is conpared with a specified
the controller 111. Then, it is decided by the controller 111
where each of the opening sizes is smaller than the threshold
is a | ow spM97PBeSat area, while an area where each of thecDp@sbaage si zes
is not less than the 15 threshold is a high-speed print area, and the
decision results are stored in the storage neans |l b. At Step #21-1 of

t hreshol d by
that an area

Fig. 8, which
installing th
with 20 the u
recogni zed by
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shows the flow chart of the third enbodi nent, after

e screen netal mask 101 upon a nodel exchange, the operator,
se of the control panel 112, nmakes the screen netal mask 101
the visual recognition caf€ra 107, and transfers, to the

1, data relating t he ositions and sizes of the |ar
e Rt ML Gt AR LS LIS RAGH R U A

ge
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mask
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printing of

print area, into the controller 111 by using the control
panel 112. At Step #21-B tdp gi2183 wift Fighe8uswith thesgse ofrileysed dat a,
r 111 makes the program generating neans |llc generate an

QPSﬁ¥?%r 432, the controller 111 makes the program

generating means lllc generate an operation program for the
print head 103 to print the large opening area 120 at the
high squeegee speed V,; and to print the minute opening area
121 at the low squeegee speed V,, and stores the program in
the storage means 111b of the controller 111. This program
will be used at Step #24 of Fig. 8.

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



print head 103 to print the |arge opening area 120 at the high squeegee
speed V1 and to print the mnute opening area 121 at the | ow squeegee
speed V21 and stores the programin 10 the staorage nmeans |lib of the
controller 111. This program wll be used at Step #24 of Fig. B. At Step

#2 of Fig. 8, under the control of the controller 111,

t he | oader 117

carries theW®FPO85302 into the stage 113. 15 At Step #3 ofCTRAPg602832 under

the control of the controller 111, the visual recogniti
recogni zes the position of the recognition mark of the

controller 111 perfornms the cal culation of a positional
of the board 102 based on 20 the position of the recogn
screen netal nmask 101, and the controller 111 perforns

on canera 107
board 102, the
correcti on anount

tion mark of the

t he positioning

correction of the board 102 based on th&%calculation result. At Step #24

of Fig. 8, ungg{,eé h&v&P r{cplloQJertsh%o %?ﬁggpgﬁgl lg%%@%éé‘%su&%%xﬁ?o'f?%@r%??nSOS

operates according to the programso é

head 103 VO 9%{ 08655 LLTHINA6/ Q2432 5048 SRVRS OMES, a0f. |
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squeegee 123 prints from the print start position to the
print end position of the low-speed print area at the low
squeegee speed V,. Then, coming up to the print start
position of a second high-speed print area, the 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 out of the main unit 119.

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

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

the present invention is described with reference to Figs.




print end position of the | owspeed print area at the | ow squeegee speed
V2. Then, comng up to the print start position of a second hi gh-speed
print area, the squeegee 10 123 prints fromthe print start position to the
print end position of the second high-speed print area at the high
squeegee speed V11 and ascends. At Step #5 of Fig. 8, under the control of
the controWQP708655 +the stage 113 having the board 102 pl BEHIPIAH3L her eon
| owers so that the board 102 is transferred to the unloader 118, and then

t he unl oader 118 carries the board 102 out of the main unit 119. According
to the third enbodinent, in the way as described above, when areas
corresponding to areas having 20 different opening sizes of the mask are
m xedly present on the board 102, the printing can be carried out at a
plurality of approprlate speeds nathruf%he openi ng sizes of the various

areas of the ggrg 10% f%l caIIy A screen printing apparatus
whi ch enpl oys E teen’ p 'ntd g et hod according to a fourth enbodi nent

of the present inventig@ghd.s, desghiaiwidh Jefal e S / 08655
BT/ JPo6] 09432 46 AA SHB T SR e e S G b o L e

appar at us of tfleius thf Oettsde srdndi &entsiﬁlraﬁnlﬁar tRat hadf ofthkhessesand

enbodi nent, and is omtted in description. In the second 5 enbodi nent, it
has been arrasgbddimant t rndiigh-ospdsddpinndeseriptiand t le kber spestd pri nt

area are rgcogg&éggmgxt'f¥% has been arranged that the high-speed print

area and the low-speed print area are recognized by the

visual recognition camera 7 and discriminated by the

controllexr 111. In the fourth embodiment, however, the

controller 111 of this printing apparatus is so arranged

10 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

15 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

20 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 from the higher-order computer to the

25 controller 11l1.

At Step #31-2 of Fig. 9, with the use of these
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ition canera 7 and discrimnated by the controller 111

the fourth enbodi nent, however, the controller 111 of this printing
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M/sququge speed V2, and stores the pro rar in the sfto

arhfi PEUBRITR EFe5F G eRnd Stoxes the program in

the storage means 111b. 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 recogniticn 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 V4. Then, coming up to the

rage

a



#34 of Fig. 9. At Step #2 of Fig. 9, under the control of the «controller
111, the | oader 117 carries the board 102 into 10 the stage 113. At Step
#3 of Fig. 9, under the control of the controller 111, the visual
recognition canera 107 recognizes the position of the recognition mark of
the board 102, the controller 111 perforns the cal culation of 15 a
positional MA¥M86350n amount of the board 102 based on t hECHISEAMEh of t he
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. 20 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 nopves over and |owers to the
print start position of the high-speedﬁ&rint area and prints fromthe

rint start 2 I td t e L e Lt f hi_ gh- speed print
gr ea at the h?éﬁﬂsﬁquée%ggeo%%%gdw\%G%hgﬁ?p?%hi %ggﬁg lpgggﬁe %%9/%25

PCT/ JP96/ 02432quségpei nb3 S%ﬁiﬁt.@oﬁi&ﬂ Q@heOfpriine LsQWrﬁpFSQitpféﬂ‘tt@rtﬁ?e the
squeegee 123 prints fromthe print start position to the print end

posi tion of tpeinbwesderadsirion ofr thealovhepdaivpsiqieagee speele \Ibw Then,
comng up to the print start 5 position of a second high-speed print area,
the squeegee SEPSEPEEnERePHoNRt he THEDNt COPAPE BBsitid diet Paint petant end

5 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. 9, under the control of the

10 controller 111, the stage 113 having the board 102 placed
thereon lowers so that the board 102 is transferred to the
unloader 118, and then the unloader 118 carries the board
102 out of the main unit 119.

According to the fourth embodiment, in the way as

15 described above, when areas corresponding to areas having
different'opening sizes of the mask are mixedly present on
the board 102, the printing can be carried out at a
plurality of appropriate speeds matching the opening sizes
of the various areas of the board 102 semi-automatically,

20 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

25 classified on the assumption that an area where components

with generally equal external terminal pitches will be




position of the second high-speed print area at the high squeegee speed
V1, and ascends. At Step #5 of Fig. 9, under the control of the 10
controller 111, the stage 113 having the board 102 placed thereon |owers
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 fourth ¥dhydB8eRdNt, in the way as 15 descri bed above, ROPIPWIOBAS
corresponding to areas having different opening sizes of the mask are
m xedly 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 sem -automatically, 20 which correspond to the areas
having the different opening sizes. Fi%§ 10 shows a nodification exanple
of the fourth enbodinent. I'n the fourtP%nbodi ment, the hi gh- speed print
areas and the | ee ircuit_areas.are. 25 classified. on the assunption
that an area Wﬁgﬁéégo}%&gﬁggk S T %gﬁe TS SRR TRRR A% EPnf el
pitches will ReV0,92/ 08055 RCEL JEIE! G243R0u80 DU Bflol:S AT 83§01 4 ONG the
direction perpendiCular to the squeegee's noving direction. wever, as
shown in Fig. there ahersonar easeosEir a#heshi conpbdhte0osd We ominkedbei fwunt ed
with largely different external term nal pitches are arranged 5 along the
direction perpendptyl differente exfirmpde tenmdviahgpitichest ave. atbarnged
specifically, Ieft-end,,ri%pt-end ar eas,
5 along the direction perpendicular to the squeegee’s moving
direction. More specifically, left-end, right-end areas
Ay, A5 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
10 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 lower of the print speeds is
15 preferentially employed so that the printing of circuits
corresponding to the minuter opening areas of the mask will
be carried out appropriately. Therefore, the screen metal
mask 101 of Fig. 10 is printed in the order of speeds Vq,
Vo, V3, as in the case of the print speed of the screen
20 metal mask 101 of Fig. 6.
As an example of the specified threshold for the
value of the size of the opening 124 of the mask 101 for
classifying the large opening areas and the minute opening
areas, if the narrow pitch between the external terminals

25 of an electronic component to be mounted most frequently on

a board is 0.5 mm and the width of the terminal is



A, A3 of the screen netal mask 101 of Fig. 10 are large opening areas 120
as in the screen netal mask 101 of Fig. 6, whereas a central area A2 has a
m nut e opening area 121 10 at its upper portion of Fig. 10 and a | arge
opening area 120 at its |ower portion. In such an area where the mnute
opening area 121 and the |arge opening area 120 are m xedly present al ong
the directi $P POBEndi cul ar to the squeegee's noving di r epti/ameodabe | owner
of the print speeds is 15 preferentially enployed so that the printing of
circuits corresponding to the mnuter opening areas of the mask will be
carried out appropriately. Therefore, the screen netal nmask 101 of Fig. 10
is printed in the order of speeds V11 V2, V1, as in the case of the print
speed of the screen 20 netal mask 101 of Fig. 6. As an exanple of the
specified threshold for the value of tRé size of the opening 124 of the

mask 101 for ,cC ifyi ar, nin eas_and, the_m nute opening
areas, if theohﬁéiﬁlrs%i/é%i"[&gﬁ}lggrt%eveé%%fﬁgggﬁt%ﬁr %&‘Ie PRFhitTals 155mps then

el ectroni ¢ CoRRONERtediRE MIUNLEHOEh b SHUSHT kN1 AP ; i Q5 mm
oGt ha i deh e e o o og6es sl 18 JB¥ &2 B 350 07
and the thickmess Agfcoriddnghigk ars drekbwhare tdiRittriche ct Bomshedct SMaydpe set to

0.25 mwhich is half of 0.5 mm Accordingly, an area where el ectronic
conponent s ealRViBATh§xE6TBRL ckeratinadr pihah I#scithapse.2ham Gizbtom are to

5 be m)unéed f’)ésw{gri ntte .at a_Ié)v%:ﬁ%ri t gPeerd_ as the mnute opening area,
while an 3area WHETE " §%cfrBhT LT RenP¥sr print speed as the minute
opening area, while an area where electronic components
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 is wvariable

10 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.

15 This fifth embodiment is a screen printing method
for screen-printing a print paste at a reference print
speed Dby 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

20 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

25 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 less than 0.25 mmare to be
nmounted is printed at a higher print speed as the |arge opening area. The
threshold is variable 10 depending on the pitch between the external
termnals, the wdth of the termnal, the mask thickness etc. A screen
printing nethod and a printing apparatus according to a fifth enbodi nent
of the presd®9148¢¥nti on are now descri bed with referencerPcouPicgs4321l to
15. 15 This fifth enbodinent is a screen printing nethod for
screen-printing a print paste at a reference print speed by using a
squeegee, in which nethod upon an occurrence of print standby tine during
a printing operation, this print standby tine is neasured, and when 20 the
printing operation is resumed with the grint standby state cancel ed, the
squeegee i s noved at an adjusted print §peed | ower than the reference
print speed bas dﬁylgi rel ati onship between the print standby tine and
the adjusted print” speed after the resunption of printing, by 25 which the

on the Scroen mask durfna ot nE e oY 0BRE LR PR 02A30 L T ARy 11 me.
Thi s printi nggengealiyss sl constiarctobHnthgefereddingi ehbedinemtishat of
the foregoi ng enbodi nents. The stage 2, on which the printed circuit board
1 carried 5 i RR¢refadehe pracubinh sheprintgdacddcuntl board | bresnnied
reStriCteg’ a%ge@ggmu%ﬂg)é;g%ég%ééﬁgéggfggep chgeéﬂgm¥%éitionally
restricted, ascends up to the bottom surface of the stencil
4. After the printing, the stage 2 lowers so that the
printed circuit board 1 is carried out to the subsequent
step. The leftward printing squeegee 5a and the rightward
10 printing squeegee Sb are moved up and down by the squeegee
ascent/descent driving unit 700, while the squeegees 5a, 5b
are moved rightward and leftward by the horizontal mover 8c
screwed to the screw shaft 8b with the screw shaft 8b being
rotated by the rotation of the motor 8a of the horizontal
15 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
20 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

25 is executed under the control of the controller 11i1i.

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



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 10 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 sYe@P7/@B55wi t h t he screw shaft 8b being rotated bgrhbwoigatati on
of the notor 8a of the horizontal 15 reciprocation driving unit 8, so that
sol der paste 9, which 1is an exanple of the print paste placed on the
stencil 4, is printed to the printed circuit board 1 through the stenci

4. Figs. 12 and 13 each show a state of a rightward printing process, and
Fig. 14 shows a printing 20 standby state for a |l eftward printing process.
Reference nuneral 711 in Fig. 15 denot&8§ an NC unit for issuing a conmmand

to drive the r 8a, .and nuneral .111 denotes the. controller for
control ling tﬁggg %§% %ﬁ%ﬁ1ﬁengE§ﬁSéPﬁtﬁE?p1nlEhf§ fe¢19P ithrtihean©r t he
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111. At Step #51 of Fig. 11, rint-stan

presence/ absesrepsecivd @ sb@p, rédsdrs cdeehdashavaliiel sebp. NOtr thighe IS a
print standby state over a specified tine elapse due to sone reason of the
precedi ng steps nd priiatestandio spriat theapdogratmagess tthe SpepgrisD gees to
Steps #52 to 5 #56, which are a nornal process. If there is a print

standby stat e¥3% he"ProQr 8t gfeR¥ Tt HFOCRST -t 0 Wosthsws chs a print

standby state, the program goes to Steps #57 to #63, which
are a standby process.
In the normal process, through the steps of Step
#52, which is a board carry-in step (corresponding to Step
10 #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
15 step, whether or not there is a print standby state over a
specified time elapse due to some reason of the subsequent
step. If there is no print standby state, the program goes
to Step #56; if there is, it goes to Steps #57 to #63,
which are a standby process. At Step #56, which is an end
20 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
25 step, whether or not there is a standby cancellation. If

there is a standby éancellation, the program goes to Step



are a standby process. In the normal process, through the steps of Step
#52, which is a board carry-in step (corresponding to Step 10 #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 - st andBYO H¥8&Bnce/ absence deci sion 15 step, whet her oPCHIR60MSEe is a
print standby state over a specified tine el apse due to sonme reason of the
subsequent step. If there is no print standby state, the programgoes 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 20 discrimnation step, if an end has
not been reached, the programreturns ég Step #51. If the end has been
reached at Step #56, the programcones™to the end. In the standby process,

while the stapddy LrEhds jBRASWithddly chefeBheidd, L8 ARG sBLpst eP #58,

a decision 25 step, whether or not there 1s a standby | f

there is a stigwdlnacaseehheil Ofhe HRNINYIEAALEDESE 1dh YcrYO 97/ 08655
PCT/ JP96102432 56 #59. If there is no standby cancellation, it repeats

Steps #57 and #58 unt RE $tep $#5andblyiclanceh| etiron speedrsst tAngSEEpP#59,

which is a print speed setting steg, .an adjusted print speed Vi (misec)
is set in accHt fivstesd Rriptt AReed a¥bin{™R45RS Ineids fedd 18 ascepdanye and

then storgd 10! 0geSLOLAAS, TERANSIIAR e ot NG GO0 LSS Hd srorea
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

10 printing process decreases proportionally to the standby
state. Therefore, the adjusted print speeds Vi that allow
an appropriate rolling characteristic to be maintained can
be easily determined previously for various lengths of
standby time. Even if the adjusted print speed Vi that

15 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

20 for various lengths of sténdby time, taking advantage of
the unique tendencies inherent to various solder pastes.

As one example of the fifth embodiment, with a
solder paste whose reference print speed V for normal
process is 40 mm/sec, the relationship between the print

25 standby time and the adjusted print speed Vi that allows an

appropriate rolling characteristic to be maintained during



In this case, with a normal solder paste, the adjusted print speed Vi that
all ows an appropriate rolling characteristic to be nmaintained during a
post - standby 10 printing process decreases proportionally to the standby
state. Therefore, the adjusted print speeds Vi that allow an appropriate
rolling characteristic to be maintained can be easily determ ned

previ ously We97P85Fous | engths of standby tine. Even if tPEI/EIp/0M82ed print
speed Vi that 15 allows the rolling characteristic to be maintained during
t he post-standby printing process does not decrease proportionally to the
standby tine, the adjusted print speeds Vi that allow the rolling
characteristic to be naintained can al so be experinentally determ ned
previously 20 for various |lengths of standby tine, taking advantage of the
uni que tendencies inherent to various sol'der pastes. As one exanple of the

fifth embodi ngnt po‘é’ittgténég}l/de?r@ﬁéiﬁg""hﬁ?@cég ergnge Bk%@%irﬁ&?@a%% for
he t 5

normal process is 40 mi sec, relationshi p between e print

standby tine asfeihineadlj usaedapebstlspest Wist haindl é%g&gﬂla%@pra%praj ate
roll.ing characteristic to be maintained during WO 97/ 08655 PCT/ JP96/ 02432

57 a post - st andbgregmaentarigepriovesianasvigiper enenday [timedef eabdune thneAs a
result, it was found appropriate as_a reference criterion that, with a
standby tinme BPUBboft T Reitusted | peintdFReedd Vor it 18 paedsee Pelo

the speed Vi - SPREThaCs bHE 1 haRGHE 1o kS Bcindroares are Flidted” °0 7
at the speed V;, then the speed be changed to a second
adjusted print speed V, = 20 mm/sec, at which N, boards are
printed, and thereafter the speed be changed to a third
adjusted print speed V3 = 30 mm/sec, at which N, boards are

10 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

15 solder paste is resupplied. Since resupplied new solder
paste is usually hiéher in viscosity than the solder paste
remaining on the stencil, the values of N; to N3 that allow
appropfiate rolling characteristic to be obtained should be
increased or decreased according to the resupply amount of

20 solder paste.

If the adjusted print speed Vi for wvarious 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

25 criteria, then the adjusted print speeds Vi and the number

Ni of boards to be printed can be set responsively to the



adjusted print speed V2 = 20 mm sec, at which N2 boards are printed, and
thereafter the speed be changed to a third adjusted print speed V3 = 30
nm sec, at which N3 boards are 10 printed, and then the speed be returned
to the reference print speed V = 40 misec for the normal process. It is
noted that the val ues of the nunber of boards, Ni to N31 to be printed at
the indivi df¥?P98f%st ed print speeds are those experi nment BETAPS§82432 i ned
when a specified amount of 15 sol der paste is resupplied. Since resupplied
new sol der paste is usually higher in viscosity than the sol der paste
remai ning on the stencil, the values of Ni to N3 that allow appropriate
rolling characteristic to be obtai ned should be increased or decreased
according to the resupply amount of 20cgol der paste. If the adjusted print
speed Vi for various types of standby tine as well as the nunber N of

boards resposRaygctéridieideudPporcRIOpattel thaw saldernpisi s &\Eﬁhn
previously determ ned in accordance with the above 25 criteria, t e% t he

adj ust ed printhepseasddyf tame.t he nunber N of boards to be printed can be
set responsively to the WO 97/08655 PCT/ JP96/ 02432 58 characteristics of
sol der paste that have &h&5§8§ #eP itR) #6ChetBeaprintitiaref At sitaiisieds0 to

cpeed Vi o BBl uF SR Ror B A TS pPOSRareT cPETRG FBOSoNL4OE That

I's, Steps 5#60gofifilet M B2t RERS IheCBEEESRARNIL thnS! E8SSHERP 451 . That
is, Steps #60, #61, and #62 nearly correspond to Steps #52,
#53, and #54, respectively. The difference between them is
that the printing at Step #61 is executed at the adjusted
print speed Vi on Ni boards, whereas the printing at Step
10 #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,
15 and then, the printing is further executed. If it is
decided at Step #63 that the specified number Ni of boards
have been completely printed, the program returns to Step

#51.
With this arrangement, even if the
20 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
25 such faults as solder chipping, solder shortages, or blurs

can be prevented so that a stable print quality can be




#53, and #54, respectively. The difference between themis that the
printing at Step #61 is executed at the adjusted print speed Vi on N
boards, whereas the printing at Step 10 #54 is executed at the reference
print speed. At Step #63, it is decided whether or not the specified
nunber Ni of boards have been conpletely carried out at the adjusted

print speed™A9708655t he specified nunber Ni of boards have PGRIP9§@ad3heen
conpleted, the programreturns to Step #60, 15 and then, the printing is
further executed. If it is decided at Step #63 that the specified nunber
Ni of boards have been conpletely printed, the programreturns to Step
#51. Wth this arrangenent, even if the 20 characteristics of sol der
paste, such as viscosity, have changed _during the print standby, the
rolling characteristic of solder paste?gmhich is acritical factor of the
sol der paste priptigg, can be nmintained by printing at the adjusted print
speed. Therefore, the occurrence of 25 such faults as sol der chi pping,

sol der shortages, or blargs, cewe bauRbeyerireds $Qddwt abl e pri quality
can -be WO 97/08655 PCT/ JP96/ 02432 59 ensur e?fﬁlAl so,ﬁ‘]{ﬁrne number tro}#e

adj ust ed pri nhspber dfhdoardsbes nf phrdatdd 4o e pdiukeddaprime sddast ed
print speed 1is set responsively to the resupply anmount of new print 5
paste, and aft&r SeheTRERPRFIEILVAdiUSERR FRFURDS YhaAMOuWSe®f e mstigity
print ed a% thSaSQéPS££§’£¥éé¥ t ee%%hbggeo rgg%usted prints have been
completely printed at the adjusted print speed, the print
speed is returned to the reference print speed. Therefore,
there can be obtained an advantage that the print speed can
be returned to the reference print speed without causing
10 any faults such as print paste chipping, print paste
shortages, or blurs.

In the fifth emboediment, the time duration for
which the screen printing is executed at the adjusted print
speed by the controller 15 has been set responsive to the

15 resupply amount of print paste. However, the present
invention is not limited to this.

For example, it may alternatively be arranged by
the controller 15 that over a specified time elapse after
the screen printing is started at the adjusted print speed,

20 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

25 print speed, the screen printing is executed at the

reference print speed. Further, the adjusted print speed



speed is returned to the reference print speed. Therefore, there can be
obt ai ned an advantage that the print speed can be returned to the
reference print speed without causing 10 any faults such as print paste
chi pping, print paste shortages, or blurs. In the fifth enbodi nent, the
time duration for which the screen printing is executed at the adjusted
print speedviy/ashss control |l er 15 has been set responsive POTUPIS/01432
resupply anmount of print paste. However, the present invention is not
limted to this. For exanple, it nmay alternatively be arranged by the
controller 15 that over a specified tinme el apse after the screen printing
is started at the adjusted print speed, 20 the screen printing is executed
at the reference print speed, which is i ndependent of the resupply anount
of print paste. It may also. be arrangé®® by the controller 15 that upon

conpleting the printing_of a specified nunber, of oards after the screen
printing is sPﬁEf‘h}dgé? Pﬁén%df%sﬁdedlisre&ﬁrﬁlteds%é)eafqet ﬁ‘@%%ﬁ%‘éﬁ Bfiting is
executed at t ef n pLint speed. E rs hee adj ed,pri speed
VO 97/ 08655 Pg‘%ﬁ ol 5455 V&0 uATe ¢ Re Isr;frllhtr%tqls’tr})’teeﬁfi gdér%ttsurﬁgd the PP
ref erence pri abnt&peeer My, kB isRtis NimMiebepldenal 6f tiaf rekapplhyahdient

controller 15, which is independent of the resupply anount of print paste.
According to bfii prgntnpiasgenet Fsrodding dddi thioh pointiagadwitcgesirof t he
printing q?thggdgiiégetopéggeggvéépgggg %g’t%geggigggngeﬁgﬁﬁégr§¥jé%glthher
present invention, there can be obtained a further
advantage that a wide range of short to long print standby
times can be weil handled because a one-step adjusted print
speed may appropriately be adopted for shorter print
10 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 the:;eof
15 with reference to the accompanying drawings, various
changes and modifications will be apparent to those skilled
in the art. Therefore, unless such changes and
modifications depart from the scope of the present

invention as defined by the appended claims, they should be

20 construed as included therein.




advant age that a wi de range of short to long print standby tinmes can be
wel | handl ed because a one-step adjusted print speed nay appropriately be
adopted for shorter print 10 standby tine, while the nunber of steps of
adjusted print speed nmay appropriately be increased as the print standby
time becones |onger. Although the present invention has been fully

descri bed i W@¥HI86¥cti on with preferred enbodi nents ther eobPcT/igssessh
reference to the acconpanyi ng drawi ngs, various changes and nodifications
will be apparent to those skilled in the art. Therefore, unless such
changes and nodifications depart fromthe scope of the present invention
as defined by the appended clains, they should be 20 construed as i ncluded
therein. WO 97/08655 PCT/JP96/02432 61 CL Al MS 1.- A screen printing
method for printing a circuit pattern &rresponding to a circuit pattern
of a stencil (4), onto a print-objgc£ fw#i le (1) placed on an 5
ascendabl e/ descendabl e positioni ng Stage £§, through a step of noving a

squeegee (5a, 15b) hori zpdalky iﬁeiﬁﬁrheﬁﬂﬁﬁe%g?eg%§ﬁtié )g | }#%ﬁiQed in on

a top surface of the stencil having the circuit pattern Tornge €reon so
that print ppsteefmd)cosrgyporidatigand apptireaito dadteephi bl- @bjAGINEQ article
via the stencil, the screen '"printing nethod conprising steps of: lifting
t he squeegee &%)l eamta o aanpainbnobipdécta article (1) placed on an
5 ascendable/descendable positioning stage (2), through a
step of moving a squeegee (5a, 5b) horizontally while the
squeegee (5a, 5b) is pushed in on a top surface of the
stencil having the circuit pattern formed thereon so that
print paste (8) is printed and applied to the print-object
10 article via the stencil, the screen printing method
comprising steps of:
lifting the squeegee at least to an extent of a
push-in sﬁroke, to which the squeegee has been pushed in on
the stencil; and
15 thereafter, separating the print-object article
away from a bottom surface of the stencil by moving the
positioning stage downward.
2. The screen printing method according to Claim 1,
in which an ascent standby position of the squeegee above
20 the stencil prior to the pushing-in, a push-in position of
the squeegee to the stehcil, 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 numerical value into a controller (15) of
25 a screen printing apparatus, and in which the controller

makes the following specified operations executed at the



push-in stroke, to which the squeegee has been pushed in on the stencil;
and 15 thereafter, separating the print-object article away froma bottom
surface of the stencil by noving the positioning stage downward. 2. The
screen printing nethod according to Claiml1, in which an ascent standby
position of the squeegee above 20 the stencil prior to the pushing-in, a
push-in posiW®8MH086S t he squeegee to the stencil, and a nomPETEPIE/ORAZi ti on
at which the squeegee is present at a nonent when the squeegee nakes
contact with the top surface of the stencil are entered each in nunerical
value into a controller (15) of 25 a screen printing apparatus, and in

whi ch the controller makes the follow ng specified operations executed at
the WD 97/ 08655 PCT/JP96/ 02432 62 positions entered in nunerical val ue,
the screen printing nethod conprising,sﬁefore the lifting and separating

steps, ,2tePs ooy cKasp g dhie squasges; o LAY 3l LheegRoenioe Byot andby

position bef oFe°a art- o e Screen printing; I"OWeri n e §ﬁueegee

from the ascepl.RLaANINLAQTHE, Wb idkd BRe PUSHL iy RAGIddlibatraRd SR&p4I the
squeegee execute the push-in operation to thereby execute a printing

operation, 10swhpsebf:in the separating step, upon conpletion of the
printing operation, the squeegee is lifted fromthe push-in position to
the momentary position kgepimidci-hehesqueegee on standby at the ascent

5 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,

10 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 squeegee makes
contact with the top surface of the stencil.

15 3. The screen printing method according to Claim 1
or 2, wherein the squeegee is moved up and down relative to
the stencil by digital control.

4. A screen printing apparatus for printing a
circuit pattern corresponding to a circuit pattern of a

20 stencil (4), onto a print-object article (1) placed on an
ascendable/descendable positioning stage (2), through a
step of moving a squeegee (5a, 5b) horizontally while the
squeegee (5a, 5b) is pushed in on a top surface of the
stencil having the circuit pattern formed thereon so that

25 print paste (9) is printed and applied to the print-object

article via the stencil, the screen printing apparatus

THIS SHEET HAS BEEN
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squeegee i s present at a nonent when the squeegee makes contact with the
top surface of the stencil. 15 3. The screen printing nmethod according to
Claim1 or 2, wherein the squeegee is noved up and down relative to the
stencil by digital control. 4. A screen printing apparatus for printing a
circuit pattern corresponding to a circuit pattern of a 20 stencil (4),
onto a printWeny/esess article (1) placed on an ascendabl e/ dePCFIeLsNR€32
positioning stage (2), through a step of nobving a squeegee (5a, 5b)
horizontally while the squeegee (5a, 5b) is pushed in on a top surface of
the stencil having the circuit pattern forned thereon so that 25 print
paste (9) is printed and applied to the print-object article via the
stencil, the screen printing apparatus % H S SHEET HAS BEEN REPLACED WO
97/ 08655 PCT/JP96/ 02432 63 conprising:~a controller (15) for controlling
a squeegee agggp}igggggnt driving unit (700) and a positioning stage
ascent/ descent rving unit (3) in such a way that the 5 squeegee is lifted

at least to an extent of acpesdridy 3LEPKEort LMt 1tiRg SUBgEES S been
pushed in on the stencil, and that, thereafter, the print-object article

IS separat edaavant fdescenthalrtioingunhace (0t hends tae poiski t hgningvstapgd he
positioning stage dowmward. 10 5. The screen printing apparatus according
to 'Clam ascent/descent driving unit (3) 1in such a way that the
5 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.
10 5. . The screen printing apparatus according to Claim
4, 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 to which the
squeegee has been pushed in on the stencil, and a momentary
15 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 numerical wvalue from an input
means (100) into the controller (15), and in which the
controller makes the following specified operations
20 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;

25 the squeegee is lowered from the ascent standby

position to the push-in position by the squeegee

THIS SHEET HAS BEEN
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4, 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 stenci
to which the squeegee has been pushed in on the stencil, and a nonentary
15 position at which the squeegee is present at a nonment when the squeegee
makes contact with the top surface of the stencil are entered each in
nuneri cal vYAR7/86%m an i nput neans (100) into the controlPCeaPged2432 and in
which the controller nmakes the follow ng specified operations 20 executed
at the positions entered in nunerical 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; 25 the
squeegee is |owered fromthe ascent st by position to the push-in
position by the squeegee TH' S SHEET HAS BEEN L REPLACED WD 97/ 08655

PCT/ JP96/ 0243508 /ASCEDNL UgorPitly M NGridliche BRfhcbBEeSGUCRAgE 5 Made to

execute the pus operation to thereby execute a printing operation;
upon conpl et iR R et Fike RiUsAL i AdopPRIEildrORo Mbﬁek@@uﬁ@@%&%ﬁthﬁg' ifted

to the extent of the push-in stroke, the squeegee is lifted by the
squeegee asceiierdedosnt driving unit fromthe push-in position to the
nmonmentary position at which the squeegee is present at a nonent_when
upon completion of the printing operation, when
5 the squeegee is lifted to the extent of the push-in stroke,
the squeegee is 1lifted 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 ﬁakes contact with the top surface of the
10 stencil; and
the positioning stage is 1lowered by the
positioning stage ascent/descent driving unit so as to
separate the print-target arﬁicle away from the bottom
surface of the stencil.
15 6. The screen printing apparatus according to Claim
4 or 5, wherein theisqueegee ascent/deécént driving unit
(700) comprises a motor (12a, 12b), a screw shaft (13a,
13b) connected to a rotary shaft of the motor, and a mover
(14a, 14b) which is screwed to the screw shaft and which
20 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.
7. The screen printing apparatus according to any
one of Claims 4 to 6, wherein the squeegee is moved up and

25 down relative to the stencil by digital control with the

controller.




t he squeegee makes contact with the top surface of the 10 stencil; and the
positioning stage is lowered by the positioning stage ascent/descent
driving unit so as to separate the print-target article away fromthe
bottom surface of the stencil. 15 6. The screen printing apparatus
according to Claim 4 or 5 wherein the squeegee ascent/descent driving
unit (700) WONPBE8es a notor (12a, 12b), a screw shaft ( 1BEI/IPS8/Blap2
connected to a rotary shaft of the notor, and a nover (14a, 14b) which is
screwed to the screw shaft and which 20 noves the squeegee al ong upward and
downward directions, wherein the upward and downward novenent of the
squeegee is controlled by rotational control of the notor. 7. The screen
printing apparatus according to any o of Clains 4 to 6, wherein the
squeegee is noved up and 25 down relative to the stencil by digital

control withgthe contggl l@éree\Ppp%yi/rQ§§§5aF%éAE§§/ D24323ifp & e screen

printing apparatus according to any oné o ains 4 to 7, wherein after
t he squeegeechs bffetkfimdy tbe7squsagde ascent titesepricgdei ¥snhifkded at
| east to the extent of the push-in stroke, to which the squeegee has 5
been pushed by bhe Sanesgenciscentdaresnti énl VRS 1AGE Fodeastdbarihd d by the
posi tioning stage ascent/descgnt drivi ng unit, at, a speed sl ower, than a

S

speed at whi EFEERE SGuEBGeBUSPSIR| PEERRS whk? eBh thet T i FEUSH St tP i ticle i s

separateqs 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
igs lifted, whereby the print-object article is separated
away from the bottom surface of the stencil, and thereafter
i0 the squeegee is lifted up to its standby position by the
squeegee ascent/descent driving unit.
9. A screen printing method for printing; with use
of a screen printing apparatus, solder paste (122) on an
electrode (125). of a board (102) to be printed, by
15 ©positioning a screen mask (101) onto the board and by
printing the solder paste supplied onto the screen mask
into the screen mask with a squeegee (123) of a print head
(103) which moves parallel to the screen mask while being
kept in contact with the screen mask, wherein
20 the board is classified into a first area (121)
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 (120) where a value
of each of opening sizes of the mask is not smaller than
25 the threshold, and a speed of the squeegee at the first

area is made slower than a speed of the squeegee at the



away fromthe bottom surface of the stencil, and thereafter 10 the squeegee
is lifted up to its standby position by the squeegee ascent/descent

driving unit. 9. A screen printing nmethod for printing, with use of a
screen printing apparatus, solder paste (122) on an el ectrode (125).

of a

board (102) to be printed, by 15 positioning a screen mask (101) onto the

board and b¥O$084Fi ng t he sol der paste supplied onto the BeyEFH0M43% Kk
the screen mask with a squeegee (123) of a print head
parallel to the screen mask while being kept
mask, wherein 20 the board is classified into a first area (121)

into

(103) which noves
in contact with the screen
where a

val ue of each of opening sizes of the nask along a direction in which the
squeegee noves is smaller than a specified threshold, and a second area

(120) where a val ue

of each of opening Sizes of the mask is not snaller

than 25 the tlyesholde,and a speed of the squeegee at the first areais

made sl ower t

further conprising steps of:

area and the second area, into the screen printing apparatus by a
operator or from a hi gEBEeBRrdatdRfuttdte thidistc @HE0ea9 kBesSFERRpri nt i ng

appar at us;

10
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25

and
a

rea as well as data of the squeegee speeds corresponding
to the first area and the second area, into the screen
printing apparatus by an operator or from 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 as well as the data of the
squeegee speeds corresponding to the first area and the
second area.
11. The screen printing method according to Claim 3,
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
(107), and entering into the screen printing apparatus data
of the squeegee speeds corresponding to the first area and
the second area by an operator or a higher-order computer
that controls the screen printing apparatus; and

switching the squeegee speed between the first
and second areas based on the entered data of the first
area and the éecond area by the recognition of the visual

recognition camera (107) and the entered data of the

an a speed of the.squeegee at the WD 97/ 08655 PCT/JP96/ 02432
66 second argp. 10. TheesSséeam PriAting methedl srecorddhgord @idiai o, 9,
entering data of the first area and the second

5 area as welfumhedatcampiisieg stharsyed :speeds corresponding to the first



swi tching the squeegee speed between the first 10 and second areas based
on the entered data of the first area and the second area as well as the
data of the squeegee speeds corresponding to the first area and the
second area. 11. The screen printing nethod according to aim9, 15
further conprising steps of: entering data of the first area and the second
area into t NeO®HI8E8n printing apparatus by recogni zi ng t hepComssionnd2 si zes
of the mask by a visual recognition canera (107), and entering into the
screen printing apparatus data 20 of the squeegee speeds corresponding to
the first area and the second area by an operator or a higher-order
conputer that controls the screen printing apparatus; and swtching the
squeegee speed between the first and second areas based on the entered
data of the first 25 area and the secofid area by the recognition of the
vi sual recognition %qurac£}012 and the en%er%% d?La ﬁf t he WD _97/ 08655
PCT/ JP96/ 0243 EAHUETEE SEEFEPEBFRIp6RAITRG o Fhe 2FFRsAREr &8%and t he

second area byeddity QRRIALY' £RE 51!;&@&11]?;],- theﬁiggigg%ﬁ{er uLRe screen

printing nethod according™to any one of Cains 11, wher & n when
openi ngs where2a val ue Tofe Sceaeh mfimpien mgthbdescobrdirey mslargl ong t he

squeegee's noving direction is smaller than a specified threshold and
openi ngs wheref Lhaimse ttoeddh Wherpiahiwhgnscpenings t weermsk vadluengit he
squeegee'g ntg;g g%rggéhfﬁbigiggg ggak grm%g nalong the sqgqueegee’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
10 direction intersecting the squeegee’s moving direction, the
scqueegee is moved at the speed corresponding to the first
area by assuming as the first area based on the smaller
opening sizes.
13. The screen printing method according to any one
15 of Claims 9 to 12, wherein when external terminals of
components to be mounted to the boafd are placed on the
solder paste formed by the printing, the threshold is a
pitch between the external terminals.
14. A screen printing apparatus for printing solder
20 paste (122) on an electrode (125) of a board (102) to be
printed, by positioning a screen mask (101) onto the board
and by printing the solder paste supplied onto the screen
mask into the screen mask with a squeegee (123) of a print
head (103) which moves parallel to the screen mask while

25 being kept in contact with the screen mask, the screen

printing apparatus comprising:



the specified threshold are m xedly present along a 10 direction

I ntersecting the squeegee's noving direction, the squeegee is noved at the
speed corresponding to the first area by assuming as the first area based
on the smaller opening sizes. 13. The screen printing method according to
any one 15 of Clains 9 to 12, wherein when external term nals of
conponent s twobwossssunted to the board are placed on the secusrIspaste
formed by the printing, the threshold is a pitch between the external
termnals. 14. A screen printing apparatus for printing solder 20 paste
(122) on an el ectrode (125) of a board (102) to be printed, by positioning
a screen mask (101) onto the board and by printing the sol der paste
supplied onto the screen mask into the screen nask with a squeegee (123)
of a print head (103) which noves parafPel to the screen mask while 25

being kept in contact wth th creen_mask, the sgreen ripting apparatus
conprising: ul WD 97/ 0§6§%n5@e']/]}f3©6(f62143 OF (XEFUIREr GPPEYC Pfﬂ%elsﬁr
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a first area{ ) re a value of eac openi'ng sizes of thé™ mask
al ong a direciien (12mhivtlerehe s6U8E08E ERYESOf Sofersify |Lzelha® @nepecified

threshol d, and a second area (120) where a value of each of opening sizes
i s not snal | exagkhamlondeat ldieektlidn &dmd whiath atlspesguedgddemsyeecedse at t he
5 smaller than a specified threshold, and a second area (120)
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 speed of the squeegee at
the second area.

10 15. The screen printing apparatus according to Claim
14, 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

15 controls the controller, and wherein the squeegee speed is
switched between the first and second areas by the
controller based on these entered data.

16. The screen printing apparatus according to Claim
14, further comprising a visual recognition camera (107)

20 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

25 entered by an operator or a higher-order computer that

controls the controller, -and wherein the squeegee speed is



first area is made slower than a speed of the squeegee at the second area.
10 15. The screen printing apparatus according to Caim 14, 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 conputer that 15
control s t h&QYMBESElI | er, and wherein the squeegee speed i SPCEHIR9s01I82
between the first and second areas by the controller based on these
entered data. 16. The screen printing apparatus according to daim 14,
further conprising a visual recognition canera (107) 20 for recognizing a
state of openings of the nmask, wherein data of the first area and the
second area are entered into the controller by the visual recognition
canera recogni zing the openings of the®fmsk, and data of the squeegee

speeds cor respandlo 40: 4, fiiial 2iea;and.d he second area gre 23 enter ed

by an operator or a higher-order conpu con

control | er, - apchtwaeneirNbhbes sshieapee speededSadiy 97/ 08655 PCT/ JP96/ 02432
69 switched between the first and second areas by the controller based on

these enteredata. 17Th§hscseseeprinting rpreppanst ascoedondi 8g hAyany one
of dains 14 to 16, wherein when openings where a value 5 of each of
openi ng si ze$n§f of Helairsk 14 AL h¥hegaée gerens operingsdvbens isoNaluesnal | er
than a spgcitjed Egrg§hglgkfguiSf)é%ngggshmhere a_val ue of each of opening
si zes of The SfasR pening 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
10 direction intersecting the squeegee’s moving direction, the
controller makes the sgueegee move at the speed
corresponding to the first area by assuming as the first
area based on the smaller opening sizes.
18. The screen printing apparatus according to any
15 one of Claims 14 to 17, wherein when external terminals of
components to be moﬁnted to the board are placed on the
solder paste formed by the printing, the threshold is a
pitch between the external terminals.
19.. The screen printing apparatus according to any
20 one of Claims 14 to 18, further comprising:
a loader (117) for carrying in a board (102) on
which the solder paste (122) is to be printed;
a stage (113).for holding the board, which has
been carried in by the loader, to perform screen printing

25 on the board; and

an unloader (11i8) for carrying out the board, on




al ong the squeegee's noving direction is not smaller than the specified
threshold are m xedly present along a 10 direction intersecting the
squeegee's noving direction, the controller nakes the squeegee nove at the
speed corresponding to the first area by assuming as the first area based
on the snaller opening sizes. 18. The screen printing apparatus according
to any 15 &v@97486sS] ains 14 to 17, wherein when external teCTAPREIOB3IDS
conponents to be nmounted to the board are placed on the solder paste
formed by the printing, the threshold is a pitch between the external
termnals. 19. The screen printing apparatus according to any 20 one of
Clains 14 to 18, further conprising: a |loader (117) for carrying in a board
(102) on which the solder paste (122) is to be printed; a stage (113) for
hol di ng the board, which has been carri’@d in by the | oader, to perform

screen printing. .25.0n t board; and an unl ader .(118) far carrying out

The board. | on 56 Hob e asEr Pt THea TR eIt | REPu R Hagk o has

been pri nt ed, fro”‘thet%k@%%ntFBQfefCEEﬁ 4$y' ,onpri sing: storage neans
t he

(I'''b) for storing data for classifyin oard into the first area 5
(121) where the value of each of stheagpamidig Si12es)ofothetsbmlg alakag t he

direction in which the squeegee noves is snmaller than the specified
for classifying the board into the first area
5 (121) where the wvalue 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 (120) where the
value of each of the opening sizes is not
10 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 (1llc) for
15 generating a program by which the squeegee speed
of the print head is switched on the way of a
printing process based on the data stored in the
storage means, and
the print head (103) comprising squeegee-speed
20 on-process switching means (103a) for switching the
squeegee speed on the way of the printing process based on
control of the controller in accordance with the program.
20. A screen printing method for screen printing
solder paste at a reference print speed by using a
25 squeegee, the screen printing method comprising:

a step for, upon an occurrence of print standby



t hreshol d, and the second area (120) where the value of each of the
opening sizes is not 10 smaller than the threshold, data of the squeegee
speed at the first area, and data of the squeegee speed at the seco

sl ower than

t he squeegee speed at the first area; and program gener

nmeans (111c) for 15 generating a program by which the squeegee spee
the print hé¥SV®6Hwit ched on the way of a printing proce¥ecThems®dsen the
data stored in the storage neans, and the print head (103) conpri si
squeegee- speed 20 on-process smﬁtching means (103a) for switching the
squeegee speed on the way of the printing process based on control

controll er

in accordance with the program 20. A screen printing ne

for screen printing solder paste at a reference print speed by usin
squeegee, the screen printing nethod co ising: a step for, upon an

occurrence of Lnt Jp96/ 02432 . 71 me_dur.i
printing opera?ﬁon UEE urlnﬁg%ﬁZQQ e?gg Adby "FATET 1BEd g?st%iFQ%
resunption ofsgahabyr@hm@thnkhe prlnt st andby cancel ed, screen-prin

t he .sol der

paste 5 placed on a screen mask during the standby tinme,
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by

movi ng the squeegee at arstag) fistedaprd Messppedoh o primdingheith efied ence
print speed based on a rel ati onshi betmeen t he
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print standby cancele 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.

21. 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.

22. The screen érinting 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.
23, 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.

24. 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

set into a plurality of steps.



print standby tine and a print tinme due to the adjusted print speed after
the resunption of printing. 10 21. The screen printing nmethod according to
Claim 20, wherein a tinme for which the screen printing is executed at the
adjusted print speed is set according to a resupply anount of the sol der
paste. 22. The screen printing nethod according to Caim20 15 or 21,
wherein oveWd79p&ssi fied tine el apse after the screen priRCT/RYeOB3BL art ed
at the adjusted print speed, the screen printing is executed at the
reference print speed. 23. The screen printing nmethod according to Caim
20 or 21, wherein upon conpletion of the screen printing of a 20 specified
nunber of boards after the screen printing is started at the adjusted
print speed, the screen printing is exgcuted at the reference print speed.
24. The screen printing method accordi to any one of Clains 20 to 23,

wherein the gj ust ed pii%grle:eg)e?gtiﬂ?%%% aalg.%?%r%é)réoqi fs%gggg b’?%@}gﬂ# ned to

the referenc& print spee Ity of steps. 08655

PCT/ JP961024321 342 Zusth SGEeed ReifekbAge aRpaial Uspbed I6f eaBipgi Ming

sol der paste at a reference print speed by using a squeegee, the screen
printing appagategeepnie SHdrgenapednting| appdddtlls ftomprapbngan occurrence
of 5 print standby time during a printing operation, neasuring the print
standby tine, and for,a a€oRt¥ t { I Jof Eo%yr | RO A PRCYREERHS rRE st andby

cancel ed,_ screen-printing . . . . .
5 prgntpstanébéltlme 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 moving the squeegee at an adjusted print speed
10 lower than the reference print speed based on a
relationship between the print standby timé and a print
time due to the adjusted print speed after the resumption
of printing.
26. The screen printing apparatus according to Claim
15 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.
27. The screen printing apparatus according to Claim
25 or 26, wherein, by the controller, over a specified time
20 elapse after the screen printing is started at the adjusted
print speed, the screen printing is executed at the
reference print speed.
28. The screen printing apparatus according to Claim
25 or 26, wherein, by the controller, upon completion of
25 the screen printing of a specified number of boards after

the screen printing is started at the adjusted print speed,



the sol der paste placed on a screen mask during the standby tine, by
novi ng the squeegee at an adjusted print speed 10 | ower than the reference
print speed based on a relationship between the print standby tinme and a
print tinme due to the adjusted print speed after the resunption of
printing.. 26. The screen printing apparatus according to Claim 15 25,
wherein, by WR&R8t roller, a tine for which the screen pPCRIPISF2433
executed at the adjusted print speed is set according to a resupply anount
of the sol der paste. 27. The screen printing apparatus according to Caim
25 or 26, wherein, by the controller, over a specified time 20 el apse
after the screen printing is started at the adjusted print speed, the
screen printing is executed at the reference print speed. 28. The screen
printing apparatus according to Claim 25 or 26, wherein, by the

controller, u C ti.on _Qf. h e riptin f_a specified
nunber of boaﬁ:g% a%%e%t e sn%rlélﬁsipéri%'ﬁé%teledg és)tf a{g}%‘%dggg T HRC dpﬁé?téd print
speed, WD 97/ PCT/ JP96/ 02432 73 the screen printing i s executed at
the .reference print speed. 29. The screen printing apparatus according to
any one of Czsi.ns 25 tTh&8scideen eprinthing hppaaatiusl beeoribrg bo aghyst ed
print speed until the print speed is returned to the reference print speed
is set into a‘i‘[ﬂeut%fl iqlfims SBey®. 28| wherein, by the controller, the

5 adjusted print speed until the print speed is returned to

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



