DESCRI PTI ON PRI NTI NG METHOD AND PRI NTI NG APPARATUS 5

TECHNI CAL FI ELD The present invention relates to a
printing met hod for transferring a printing paste retained on a
stencil (plate) onto an object on which a print is to be f or med
and printing apparatus for inplenenting the printing 10 met hod.
BACKGROUND ART Conventigpnal |y, according to a

pl anogr aphi c stencil (screen) type printing for printing, for
exanple, 15 sol der paste on Iands of a printed circuit board, as
shown in Fig. 18A and Fig. ?f n mask (metal mask) 1
havi ng through.holes |a arranged in a speC| I'ed pattern in '

correspondence with lands 5 of the printed circuit board 4 i's
placed in a specified position on the board 4 while

PRINTING METHOD AND PRINTING APPARATUS

5 . TECHNICAL FIELD
The present invention relates to a printing
.method for transferring a printing paste retained on a
stencil (plate) onto an object on which a ﬁrint is to be
formed and printing apparatus for implementing the printing'

10 method.

 BACKGROUND ART
| Conventionally, according to a planographic
stencil (screen) type printing for printing, for example,
15 solder paste on lands of a printed circuit board, as shown
in Fig. 18A and Fig. 18B, a screen mask (metal mask) 1
having through holes lé arranged in a specified pattern in
correspondence with lands 5 of the printed circuit board 4
is placed in a specified position on the board 4 while
20 béing-brought in contact with the board. Next, as shown in
Fig. 18C, Fig. 19A and Fig. 19B, solder paste 2 is supplied
to one end of the screen mask 1, and this solder paste 2 is
moved by a squeegee 3 from the one end of the screeﬁ mask 1
in a specified direction, thereby filling the solder paste
25 2 into each through hole la of the screen mask 1. .Next, as
shown in Fig. 18D, the screen mask 1 is separated from the
board 4 so as to move the solder paste 2 inside the through

holes la of the screen mask 1 onto the lands 5 of the board



20 bei ng brought in contact with the board. Next, as shown in

Fig. 18C, Fig. 19A and Fig. 19B, solder paste 2 is supplied - - to one
end of the screen nmask 1, and this solder paste 2 is noved by a
squeegee 3 fromthe one end of the screen mask 1 in a specified
direction, thereby filling the sol der paste 25 2 into each through
hole | a of the screen nmask 1. Next, as 2 shown in Fig. 18D, the
screen mask 1 is separated fromthe °* board 4 so as to nove the

sol der paste 2 inside the-through holes | a of the screen nmask 1

gnto the 1angs Bpgrebi® e ?r%rlﬁigq SQIAET RATEe | 1AYSTS 22 §P (the | Lands 55 pf

t he. board 4 afeS i e} However, according to
t he above struct%?ggd g s snbin ﬁ? qurl*?E‘ 19C, part of the sol der

paste 2 is left 5 %lr_de atc,}l:%rtdlrrﬁ"% hg.lee Akﬁ)r‘;g %}é}ﬁj?ﬁgﬁg %Sk 1

whi | e adherlng to thé i nner of the throug t he
viscosity of shbﬁnSth@‘fnga&'@@ | paaitf othaihd e gads®ske lis left 1S

separated fromthe board 4, and this disadvantageously causes a
phenodenon t hasitlkethel dthropait dodentlianwdisihe screen mask 1 while
adhering to the inner wall of the through hole due to the
viscosity of the solder paste itself when the screen mask 1
is separated from the board 4, and this disadvantageously
causes a phenomeﬁon that the solder paste continuously
10 extends across the left solder paste 2 and the solder paste
2 placed on the land 5 of the board 4. Consequently, as
the screen mask 1 moves away from the boafd 4, the relative
deformation (shear rate gradient) of the continuously
extending solder paste -increases to be pulled and broken at
‘15 an arbitrary portion between the screen mask'l and the
board 4. Part of the solder baste that has been pulled and
broken adheres to a portion other than the land 5 on the
board 4 as shown in Fig. 19D and adheres to the peripheral
portion of the through hole la on the rear surface of the
20 screen mask 1 on the board side. This has
disadvantageously caused a printing blur in the next
printing stage, the occurrence of a bridge defined by the
inadvertent adhesion of the solder paste to the adjacent
solder paste layer 2a on the board 4, and the insufficient
25 formation of a solder paste layer on the board due to the
adhesion of the solder paste to the screen mask.
Accordingly, the object of the present invention

is to solve the aforementioned issues and provide a



10 . extends across the left solder paste 2 and the sol der paste

2 placed on the land 5 of the board 4. Consequently, as the screen
mask 1 noves away fromthe board 4, the relative def ormati on
(shear rate gradient) of the continuously - ext endi ng sol der .paste

I ncreases to be pulled and broken at 15 an arbitrary portion between
the screen nask 1 and the board 4.3 Part of the sol der paste thalt
has been pul |l ed and - broken adheres to a portion other than the
land 5 on the board 4 as shown in Fig. 19D and adheres to the

peri pheral Prlntlnﬁmﬁ@tbmdoan@hér@nﬁénghamﬂaiatyﬂmcanﬁbkewpfsurface of
the 20 screen mask 1 on the hoard S|de Thi s has
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I nvention is to solve the aforenentioned i ssues and provide a
3 and causing no shortage of supply of the printing paste

onto the board.

‘ DISCLOSURE OF INVENTION
10 In order to achieve the above object, the present

invention is constructed so that the temperature of the .
portion which belongs to the stencil and on which the
ﬁrinting paste of the stencil is retained is increased so
as to reduce the viscosity of the printing paste that

_15 adheres to the printing paste retaihing portion and allow
the printing paste to be easily separated from the
retaining portion, thereby making the printing paste easy
to be printed on the object on which a print is to be
formed. _

20 | According to a first aspect of the present
invention, there is provided a printing method comprising:

retaining on a stencil a printing paste having a

characteristic that a viscosity reduces as temperafure
increases;

25 increasing a temperature of a portion which
belongs to the stencil and on which the pfinting paste is
retained so as to reduce the viscosity of the printing

paste to be brought in contact with the portion, thereby
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printing nethod and printing apparatus capabl e of accurately

pul l'ing and breaking the printing paste between the stencil on
which the printing paste is retained and the board whil e causing
no bridgi ng, causing no printing blur 5 attributed to the printing
paste left on the stencil side and causi ng no shortage of supply
of the printing paste onto -t he board. DI SCLOSURE OF

| NVENTI ON 10 ' In order to achi eve the above object, the
present . i nvention is constructed so that the tenperature of the
portion which belongs to the stencil and on which the grinting
paste of theM8kdRg Fhes Prdndiing Raste, asy &P sgeparate from e oquce t he
vi scosity of %he printi paste that 15 adheres to the printing paste
retai ni ng poPtEBFtard e ow ~ the printing paste to be easily

pastc casy T {0 SBEA Yy O iy pASEE Ve RERSY, brerRe O 00
formed. 20 stencil from thCGHRIAY I Gad i tSipRERECthof pEIRtPhESBAELe

i nvention, there is provided a printing nmethod conpri sing:

retai 85i ng onoa aheoddijlect ph RHikh RAYEinAVIsIt@ be formedcharacteristic
that a viscosity reduces as tenperature I ncr eases;

According to a second aspect of the present
invention, there is provided a printing method based on the
first aspect, whereinlthe portion which belongs to the
stencil and on which the prihting paste is retained is

10 heated by electromagnetic induction ﬁeating to increase the
temperature of the portion.

According to a third aspect of the present
invention, there is provided a printing method based on the
second aspect, wherein the stencil has an opening portion

15 to be arranged in a specified pattern for retaining the |

.printing paste, and the stencil and the object are
relatively separated apart after the stencil comes in
conﬁact with the object, thereby p:inting the printing
paste inside the opening portion onto the object.

20 According to a fourth aspect of the present
invention, there is provided a printing method based on the
third aspect, wherein an eleétromagnetic induction heating
unit for performing the electromagnetic induction heating
performs the electromagnetic induction heating of the

25 . stencil in a noncontact manner.

According to a fifth aspect of the present

invention, there is provided a printing method based on the

fourth aspect, wherein an interval between the



25 I ncreasing a tenperature of a portion which

bel ongs to the stencil and on which the printing paste is retai ned
so as to reduce the viscosity of the printing paste to be brought
in contact with the portion, thereby

4 maki ng the printing paste easy to separate fromthe

stencil; and . separating the printing paste retained on
the stencil fromthe stencil so as’to print the printing paste 5
on an object on which a print is to be forned. Accordi ng
to a second aspect of the present I nvention, there is provided a

printing metRbBChESBAIBALLKe induction heatingamit \anst dihe tskeneit i bw |
fotained i s SqpStiicted, ag By dbe oty AMAATIRILUGH Rk | PERes Fad
retai ned is e | ase -
t he : r f the portiqn. : .. . According to a

t hi r.d aspecthgaaﬁiggér §E§ﬁ?ht. gk %ﬁ\fé’r‘i’tqhorﬁhef IR 5%53 d ag_]pri nting
met hod baseds P8ctPBmagnetic IRAMRLiBN Eat ML R Lhe stencil has an

openi ng portion _
5 , According to a sixth aspect of the present

" invention, there is provided a printing method based on the
third aspect, wherein an elecfromagnetic induction heating
unit for performing the electromagnetic induction heating
performs the electromagnetic induction heating of the

10  stencil in a contact manner.

Accofding to a seventh aspect of.the present
invention, there is provided a printing method based on ény
one of the third through sixth aspects, wherein the
elect;omagnetic induction heating is performed after

15 retention of the printing paste on the opening portion of
the stencil is finished. |

According to an eighth aspect of the present
invention, there is provided a printing method based on any
one of the third through seventh aspects, wherein the

20 opehing portion is:a through hole, the stencil is a screen
mésk, and the printing paste is filled into the through
hole by moﬁing a'squeegee. '

According to a ninth aspect of the presént
invention, there is provided a printing method-based on any

25 one of the third through eighth aspects, wherein a print
state is detected after the printing paste is printed on
the object, and an electromagnetic induction heating

condition of the stencil or a condition of separation of



15 to be arranged in a specified pattern for retaining the

printing paste, and the stencil and the object are relatively
separated apart after the stencil cones in contact with the object,
thereby printing the printing paste inside the opening portion onto
the object. 20 According to a fourth aspect of the present
invention, there is provided a printing meghod based on the third
aspect, wherein an el ectromagnetic induction heating unit for
perform ng the el ectronmagnetic induction heat i ng performs the

el ectromagneghg EEQH%HHQ%I§ECOr é@@ %g %ntroiisac§ﬁ EﬂeabQQE%O@Ea%F

manner . aspect
i nventi on, tbgggltsogrqgﬂ@a{fbﬂN|ntlng nethod based on the : fourth
aspect, mhereln an interval between the

el ectromagneti c i nduct pesedicBinG¢dirk ttéaich t depstEn6 £l the present
constructed so as to have a di nension such that a specified

i nducti on cuinvattfibows thereudls tdmwidetia pyinbéng method bhsedr onagngt i C
i nducti on heating unit.

5 one of the third through ninth aspects, wherein the print
material has a temperature gradient such that the portion
put in contact with the portion retained by the stencil has
a2 high temperature and the temperature gradually reduces
departing from the portion in the electromagnetic induction

10 heating. |

AcCording to an e;eventh éspecf of the present
inventioh,.there is provided a printing method based on any
one of the third through tenth aspects, wherein an
induction current for generating the electromagnetic

15 - ‘induction heat flows in the lengthwise direction of the
opening portion of the stencil.

Accbrding to a twelfth aspect of the present
invention, there is provided a printing apparatus
comprising:

20 a heating unit for increasing a temperature of a
portion which belongs to a stencil for retaining a printing
paste having a characteristic that a viscosity reduces as
temperature increases and on which the printiﬁg paste is
retained so as to reduce the viscosity of the printing

25 paste to be brought in contact- with the portion, thereby
making the priﬁting paste easy to separate from the

stencil; and

a printing paste separation unit for separating



5 According to a sixth aspect of the present

I nvention, there is provided a printing nethod based on the third
aspect, wherein an el ectromagnetic induction heating unit for
perform ng the el ectromagnetic induction heating performns the

el ectromagneti c i nduction heating of the 10 stencil in a contact
manner . According to a seventh aspect of the present

i nvention, there is provided a printing nethod based on any one of
the third through sixth aspects, wherein the : el ectromagnetic
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sevent h aspe§§§ntm@grgbnb%hgofﬂ%d_ opening portion is a through hol e,
the stencil is a screen. mask, and the printing paste is filled into

the through - hohecbydipy t® & IHIGAFHth aspect of the prefefdr ding
~to a ninth aspect of the present i nvention, there is provided a

printdng net hodebhsed, othemye i25providek ofprivetinyg rapparatgd Bagbtihon
aspects, wherein a Erint state is detected after the printing
paste is prithedtyalith aspecthe fopjtdsr, comprisisien raemdl i fornducti on
NeAING  retaiffhg thd plintlng paste having & ChatActeriSErC that O
its viscosity reduces as its temperature increases.
| According to a fourteénth aspect of the present
10 invention, there is provided a printing apparatus based on
the twelfth or thirteenth-aspect, further comprising an
electromagﬁetic induction heatiﬂg unit for heating by
electromagnetic induction heating the portion which belongs
to the stencil and on which the printing paste is retained,
15 thereby increasing the temperature of the portion.
According to a fifteenth aspect of the present
invention, there is provided a printing appératus based on
the twelftﬁ or thirteenth-aspect, wherein the stencil has
an opening portion to be arranged in a specified pattern
.20 for retaining the printing paste, and the separation unit
separates the stencil relatively from the object after the
stencil comes in contact with the object, thereby printing
the printing paste inside the opening portion onto the
object.
25 According to a sixteenth aspéct of the present
invention, there is provided a printihg apparatus based on

the fifteenth aspect, wherein the electromagnetic induction

heating unit for performing the electromagnetic induction



6 the stencil fromthe object is controlled on the basis of a
result of detection. According to a tenth aspect of the
pr esent invention, there is provided a printing method based on
any 5 one of the third through ninth aspects, wherein the print
material has a tenperature gradient such that the portion put in
contact with the .portion retained by the gtencil has a high

t enperature and t he tenperature gradual ly reduces departing from
the portion in the electromagnetic induction 10 heating

According to,an .el eventh_as ec of he resen nve r
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el ectromagnetic uctrion oWws I'n the | engthw se direction:
of the Ope”'”QAéﬁﬁfdQH?Oéotgesé§§H€éEnth aspect of the present

According to a.twel fth aspect t he present I nvention, there is
provi ded a prinvdntgi Gippalpérs is provided a printing apparatus based on
5 - the sixteenth aspect, wherein an inter#al between the

electromagnetic induction heating unit and the stencil is
constructed to have a dimension such that a specified
induction cﬁrrent flows through the stencil by the
electromagnetic induction heating unit.

10 ‘According to an eighteenth aspect of the present
invention, there is provided a printing apparatus based en
the fifteenth aspect, wherein the electromagnetic induction
heating unit for performing the electromagnetic induction
heating performs the electromagnetic induction heating of

15 " the stencil in a contact manner.

According to a nineteenth aspect of the present
“invention, there is provided a printing apparatus based on
any one of the fifteenth through eighteenth aspects, |
wherein the electromagnetic induction heating is performed

20 after retention of the printing paste on the opening
portion of the stencil is finished.

' According to a twentieth aspect of the present
invention, there is provided a printing apparatus based on
any one of the fifteenth. through nineteéenth aspects,

25 . wherein the opening portion is a through hole, the stencil
is a screen mask, and the printing paste islfilled into the
through hole by moving a squeegee.

According to a twenty-first aspect of the present



conprising: 20 a heating unit for increasing a tenperature

of a portion which belongs to a stencil for retaining a printing
paste having a characteristic that a viscosity reduces as

tenperature increases and on which the printing paste is retai ned
so as to reduce the viscosity of the printing 25 paste to be brought
In contact wth the portion, thereby g making the printing paste easy
to separate fromthe stencil; and a printing
paste separation unit for separating ' :
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to be formedany one of the fifte&?ﬂ?rﬁiﬁﬂgu%ﬂ ewbAt{LeRNLBpasPECt fﬁ&thg%on

present 5 invention, there Is provided a printing apparatus base .
the twel fth eoreiiisiny tdhetoordl | SédiénsEepCabtéfting a printekéhfing the
printing paste having a characteristic that Its viscosity reduces

as its tenpenditere thecpaaisesing paste is printed on the object and
5 controls an elecfromagnetic induction heating condition of
the stencil or a condition of separation of the stencil
from the object on the basis of a result of detection.

According to a twenty-second aspect of the
present invention, there is provided a printing apparatus

10 based on any one of the fifteenth through twenty-first
aspects, wherein the print material has a temperature
gradient such that the portion put in contact with the .
portionlretained by the stencil has a high temperature and
the temperature gradually reduces departing from the

15 portion in the electromagnetic induction heating.

_ According to a twenty-third aspect of thé present
invention, there is brovided a priﬁting apparatus basgd on
any one of the fifteenth through twenty—sedond aspects,
‘wherein an induction current for generating the

20 electromagnetic induction heat flows in the lengthwise
direction of the opening portion of the stencil.

According to the above aspects of the present
invention, the stencil itself is heated by induction
heating, so that the temperature of the printing paste

25 portion retained by the stencil (the portion of the
printing paste that comes into contact with the inner wall
surface of the through hole of the stencil and the portion

- in the vicinity of the portion) is increased more than in



According to a fourteenth aspect of the present 10 I nvention, there is
provided a printing apparatus based on the twelfth or thirteenth
aspect, further conprising an el ectromagneti c i nducti on heating
unit for heating by el ectromagneti c i nduction heating the portion.
whi ch bel ongs to the stencil and on which the printing paste is
retained, 15 thereby increasing the tenperature of the portion.
According to a fifteenth aspect of the préQent i nvention, there is
provi ded a printing apparatus based on the twelfth or thirteenth
aspect, wherein the stenci| has ) an opening portion to be arranged
in a specifi ganes portpion, reguliing inng redugedhMimeqsidie, &sdat he
separation uni arates the s enﬁil rel atively fromthe object

t e
after the tesult, §ﬂ§uﬁ4% & ToresnPicthfi Prinkdnghpsste helwagn
DL g the seoi PTG TRELELARY fRoLEC 80l aR T LR ont 0 the
Yo, (BB RE GESAp'h L00 BURE S CUERE O tne print
unit 5f or pephete 1% tasialeEddpPiRared i frondeRbi 8Rencil becomes small to
allow the stencil separation operation to be satisfactorily
achieved. Therefore, no printing paste is left on the
stencil side, so that no blur of printing is caused in the
. next printing stage and a specified amount of printing
10 paste is supplied, that is, the printing paste is supplied
in a specified shape to a specified position on the object
on which a print is to be formed, thereby allowing a
printing pasté layer to be formed by printing. According
to the above aspects of the present invention, the
15 resistance of the printing paste in the inner wall surface
portion of the through hole of the stencil becomes small.
Therefore, a satisfactory print result'can be obtained even
when the stencil separation velocity is set higher (for
example, not smaller than 1 mm/s and not greater than 3
20 mm/s) than the conventional stencil separation velécity
(for example, not smaller than 0.1 mm/s and smaller than 1
ﬁm/s) or without velocity control.
Accorxding to the above induction heating, the
stencil itself generates heat, and therefore, the discharge
25 of heat of the stencil can be immediately performed after
the stop of the induction heating. Therefore, the portion
other than the stencil is not heated, exerting no bad

influence on the next printing operation, the devices



8 heating perfornms the el ectromagnetic induction heating of

the stencil in a noncontact manner. According to a
"seventeenth aspect of the present i nvention, there is provided a
printing apparatus based on 5 t he si Xteenth aspect, wherein an

I nterval between the el ectromagnetic induction heating uni-t and
the stencil is constructed to have a dinension such that a

speci fied i nduction current flowdlthrough the stencil by the

el ectromagnetic i nduction heating unit. 10 According to an
ei ghteenth aspect- of the present i nvention, there is provided a
printing appafeund bheedtencil and Sotha fllme@mnhragbebo théerein the

el ectromagneti c i nduction eating unit for perfqormng the

el ect r omagneA§eOF &Gt F@nthe methOdh@Et hﬁ@tﬂjggf 5R@s StRBCAle &Y onmgnet i ¢
I nducti on heat| nci | bn ac tac%hnanne
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t hrough ei gh eeht’h aspec erern roimagneti c induction
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Accordi ng t(aﬁdtﬁﬁﬁﬂméﬁﬁeﬁ§p8ﬁ& girt 8oBh@SERE heating unit, which also
generates heat, are disadvantageously heated. Therefore,
bad influence is sometimes exerted on the next printing
operation, the devices around the stencil and so on.

10 According to the method 6f transmitting heat from the

heating unit to the stencil, the heat is conducted not only
to the stencil but élso to the heating unit and'the nmembers

and air around the stencil, resulting in the drawback that

heating efficiency is bad.

15 | When performing induction heating in a noncontact
manner without bringing the induétibn heating unit in
contact with the stencil, the induction heating unit is not
brought in contact with the printing paste on the surface
of the stencil, and therefore, thé induction heating unit

20 is not smeared by the printing paste. In the case where an
electronic component exists on the lower surface of the
object on which a print is té be formed, the noncontact
method can prevent the exertion of bad influence on the
electronic component during the induction heating because

25 of an increased distance from the electronic component.

BRIEF DESCRIPTION OF DRAWINGS



I nvention, there is provided a printing apparatus based on any one
of the fifteenth through nineteenth aspects, 25 wherei n the opening
portion is a through hole, the stencil is a screen mask, and the
printing paste is filled into the t hrough hol e by noving a
squeegee. According to a twenty-first aspect of ‘the
present 9

invention, there is provided a printing apb%ratus based on any one
of the fifteenth through twentieth aspects, further conprising a
control section for detecting a print state . after the printing

paste is printed on thenplyeeClay@d othier  aspRitsOl 8n8h 2L&ELEREROBE! I Ehe
i nducti on heating condition of the stencil or a condition of

separation oprkBengt eRfivbntion willl Obeébige Ot Rer OFrche Bhsi Sfefllawifgul t
of detection. According to -a twenty-second aspect of the

present invedekseripthehe |akewvi dad acemjumiciniprappaishus thd prelieseddon
any one of the fifteenth through twenty-first - aspects, wherein the
print nateri eftbbdimantenpeharecd with re@eaeneat sachthhatachempenyung
put in contact with the

5 drawings, in which: .

Fig. 1A, Fig. 1B, Fig. 1C, and Fig. 1D are,
respectively, explanatory views for explaining a printing
method according to one embodiment of the present
invention; -

10 Fig. 2 is a block diagram of a printing apparatus
according to one embodiment of the present invention;

Fig. 3 is a perspective view of the printing
apparatus of Fig. 2;

Fig. 4 is a flow chart of the printing operation

15 of the printing apparatus of Fig; 2;

Fig. 5 is a sectional view of a screen mask in a
state in which the screen mask is heated by a screen mask
heating unit of the above printing apparatus;

Fig. 6 is a perspective view of an induction coil

20 of the above screen mésk-heating unit of Fig. 5;

Fig. 7A, Fig. 7B, and Fig. 7C are a graph of a
viscosity distribution of solder paste, a graph of a
temperature distribution, and a state of the solder paste
inside the through hole of the screen mask, respectively,

25 by induction heating; |

Fig. 8 is a graph showing a relation between the

temperature and the viscosity of the solder paste;

Fig. 9 is a sectional view of one embodiment of



portion retained by the stencil has a high tenperature and t he

tenperature gradually reduces departing fronlthe 15 portion in the

el ectromagneti c i nducti on heating. According to a
twenty-third aspect of the present i nvention, there is provided a
printing apparatus based on any one of the fifteenth through
twent y- second aspects, wherei n an _i nduction current for generating
the 20 el ectromagnetic induction hea® flrows in the | engt hwi se
direction of the opening portion of the stenci

According to the above aspects of the present I nvention, the
stencil itsébe pgeﬁgaﬂednﬂpnuwnnnlxnnwhlch thehsgresy, nesk feattimg
tenperature of the printing paste portion retained by the stenci

(the porti oNndf ﬂﬁeln dlrecﬁnGQﬂﬁ#EFpﬂ%?% Fh8t5€6ﬁ§§ paskicontact with the
Ip(r)]p'?iro\rl:lal | I n th J\agcgll(r)?ﬂ'yr%‘f Lﬁé%br??%ﬁ) %QE ih%f}at EE'CI | r@ gatrp?gn I n
. nooHhSSHIEES PP A e A Nt b
5 screen mask are arranged in the X-direction, Y-direction,
and at an angle of 45 degrees, and a perspective view of a
QFP having a pattern.of through holes as shown in Fig. 10C,
reépectively;
Fig. 11A and Fig. 11B are a graph showing a
10 relation between a distance from the inner wall of the
through hole of the écreen mask and a shearing force and an
explanatory view thereof, reépéétively;
Fig. 12A and Fig. 12B are a perspective view of a
filling roller in one embodiment of the present invention
15 that employs the cylindrical filling roller in place of a
squeégee and a partially sectional explahatoiy view of a
print state achieved by tﬁe filling roller, respectively;
Fig. 13A and Fig; 13B are an explanatory view of
one embodiment of the present invention that takes
20 advantage of an extruding function of a piston in place of
a squeegee and an explanatory view of one embodiment of the
present invention that takes advantage of an extruding
function by compressed air, respectively;
Fig. 14 is an explanétory view of oﬁé embodiment
25 of the present invention in the case where the present
invention is applied to a direct-printing planographic
transfer printing system;

Fig. 15A and Fig. 15B are explanatory views of



the stencil and the printing paste is reduced, as a consequence of

whi ch a resistance force when the printing 5 paste is easily
separated fromthe stencil beconmes snmall to al l ow the stenci
separation operation to be satisfactorily achi eved. Therefore, no
printing paste is left on the stencil side, so that no blur of
printing is caused in the next pRigting stage and a specified
anount of printing 10 paste is supplied, that is, the printing paste
I's supplied in a specified shape to a specified position on the

obj ect ?%elgﬂb$Q§ﬁQB@ gf'Ehg gregeR% ER@%%%&O%P?&F@%&”&&’eruhékehe

printing pas ayer I'nting. ACcOr

above aspectghgfpfgﬁeﬂfe§ﬁggntPpﬁn&goaggiﬁéd 1o an JeSet ?ﬂﬁﬁ% K ough

printing paste i'nh the 1nner wa surfa portion o

hol e of the syeteh| bespaBeicaRyl . Therefore, a satisfactory print
result can be obtal ned even when the stencil separation velocity is
set higher (for Figxabpl s ant exphbhetotravribwna s onel enbodjinesiter
than 3 20 nm s) than the conventional stencil separation velocity

(for Zxanpl eof nbhespuesentt tmventionnis the casel whereathe present mmys)
or without velocity control._ According to the above

i nducti on hesRYeRtienels aPPlle@tEﬁcPlPF§§@9Fa§Bﬁ§r&P§§9%%% trgppfer
t herefore, the.dj scharg of heat of the stencil can be i mediately
performed aff%et n ing s SFﬁ% stop of the induction heating. Therefore, the

portion Fig. 17 is an explanatory view of one embodiment

of the present invention in the case where the present

10 invention is applied to an intaglio transfer printing

system (gravu:e prihting system) ; |

Fig. 18A, Fig. 18B, Fig. 18C, Fig. 18D, and Fig.
18E are; respectively, ekplanatory views showing the prier
ert screen printing system;-

15 . Fig. 19A, Fig. 19B, Fig. 19C, and Fig. 19D are,
respectively, explanato;y views showing the prior art
screen printing systeﬁ;

Fig. 20 is a pefspecﬁive view of an X-direction
‘driving unit according to the above embodiment of the
20 present invention:; |
Fig. 21 is a perspective view of a stencil
separation unit (Z-direction driving unit) eccording to the
above embodiment of the present invention;
Fig. 22 is a perspective view of another stencil

25 separation unit (Z-direction driving unit) according to the
above embodiment of the present invention:

Fig. 23 is a perspective view of a rectangular

induction coil according to another embodiment of the



other than the stencil is not heated, exerting no bad i nfl uence on

the next printing operation, the devices around t he
stencil and so on. In contrast to this, according to the nethod of
heati ng the stencil by external |y radiating heat as observed in
the case of hot air, radiation heating (infrared heating), or
conducti on 5 heating, the nenbers a air around the stencil are

heat ed and the nenbers and air around the heating unit, which also
generates heat, are di sadvantageously heated. Therefore, bad

I nfluence is ' rted on the next printing operation, the
devi ces arodﬁgggﬁékgggﬁgﬁﬁl%%d so on. 10 According to the nethod of

transmitiing heal fromeie 24 is a BRAHMENIVE Vit MMGUBRFid otdi& heal s

conducted not only to the s but also to the heating unit and

the menmbers which twénﬁlnahbtébﬁu%ltlbﬁoﬁ %QJJ 23 ed tPgrepdred hehdlr awback
t hat - heating efficiency is bad. When perform ng

i nducti on heatranged atnaweopbatiers locatedmnnmdnmgdnan Hjodigions tde a
|nduct|on heating unit in
5 QFP so as to flow an induction current in the lengthwise
direction of each through hole;

Fig. 25 is a perspective view showing a state in
which four induction coils of Fig. 23 are prepared and
arranged at the'four_corneré of a QFP so as to flow an

10 induction current in the lengthwise direction of each
through hole; and
_ Fig. 26 is a perspective view showing a state in
which one induction coil of Fig. 23 is prepared and
arranged above a QFP in a.form inclined at an angle of 45
15 dégrees with respect to the through hole pattern so as to

flow an equal amount of induction current through each

through hole.

BEST MODE FOR CARRYING OUT THE INVENTION

20 Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by 1like reference numerals throughout the accompanying

drawings.
Embodiments according to the present invention

25 will be described in detail below with reference to Fig. 1A
through Fig. 17 and Figs. 20, 21, and 22,
A printing method according to one embodiment of

the present invention is related to a planographic stencil



contact with the stencil, the induction heating unit is not br ought

in contact wwth the printing paste on the surface of the stencil,
and therefore, the induction heating unit 20 is not snmeared by the
“printing paste. In the case where an el ectroni c conponent exists
on the | ower surface of the object on which a print is to be
formed, the noncontact met hod can pgevent the exertion of bad

i nfl uence on the el ectroni c conponent during the induction heating
because 25 of an increased distance fromthe el ectronic conponent.

BRI EF DESCRI . s e
15 (3506 UL RETating method £9% BEAPting 3 Rringipg peste
present inveqiéRnadi kb1 88E0PRsELCn MaRAd e T h oM ircuit 9655F4PAsON
taken in conjunct?on W th ;ﬁgspreferrgd _ éﬁgﬁgﬁémﬁﬁgF% ereo% %ﬁ%ﬁ
reference t ashdwnatgorpanyindthrough FIIAWITES, The WHigting method

Fig. 1A Fig. 1B, Fig. 1C, and Fig.. 1D are, respectively,
expl anat ory acewsding eapthisi epbadimentt nigg as follows hodiasdgr disng to one
enbodi ment of the present -

5 shown in Fig. 1A, a screen mask (metal mask) 11 having
through holes lla arranged in a specified pattern in
correspondence with the lands 15 of a printed circuit board
14 is placed in a specified position on the board 14 while
being brought in contact with the board. Next, a solder

10 paste 12 is suppliéd onto one end of the screen mask 11,
and this solder paste 12 is.moved by a squeegee 13 in a
specified .direction from the one end of the screen mask 11,
thereby filling the solder paste 12 into the through holes
1la of the screen mask 11. Next, as shown in Fig. 1B, the

15 temperatures of the inner wall surfaces of the through
holes 1lla of the screen mask 1l are increased by induction
heating. In this stage, the temperatures of the inner wall
surfaces are incréased to temperatures at which the
viscosity of thé solder paste 12 to be used is reduced to

20 become hard to adhere to the inner wall surfaces of the
through holes 1lla of the screen mask 11. Néxt, as shown in
Fig. 1C, the screen mask 11 is separated from the board 14,
so that the solder paste 12 inside the through holes 1lla of
the screen mask 11 is moved onto the lands 15 of the board

25 14, thereby forming solder paste layers 12a on the lands 15
of the board 14 as shown in Fig. 1D. In this stage, the
viscosity of the solder paste 12 is reduced by the

induction heating, and therefore, the solder paste 12



I nvention; 10 Fig. 2 is a block diagramof a printing

appar at us according to one enbodinent of the present invention
Fig. 3 is a perspective view of the printing apparatus of Fig. 2;
Fig. 4 is a flowchart of the printing operation 15 of the printing
apparatus of Fig. 2; Fig. 5is a sectional view of a
screen mask in a state in which tgg screen mask is heated by a
screen mask heating unit of the above printing apparatus;

Fig. 6 is a perspective view of an i nduction coil 20 of the above
screen mask heat of Fi

and Fig. 7C J:ﬂsel% &fgnkt}blfogghghofés 1la.gE; FgengFFleBuma%# §ﬁ_ Fia%ge?lBY
paste, 2 9rapihdifed to the 1ASIPSLE ' CaflbsLLLbYE PR 2ATcACH Holed 111

sol der paste roug e of € screen

reSPGCt'Ve'YEhégifore}ntHéugﬁidé¥‘ﬂEﬁ%érED inside the through ﬁbgeSB is a
graph showi ng a relation between t tenperature and the viscosity

of the sol derlgaisd eleft formed as the solkileér PakBealgedsi onalthd Quneis one
enbodi nent of
5 15 of the board 14 even when the screen mask 11 is
separated from the board 14, so that the solder paste
layers 12a of specified shapes can be formed in specified
positions.
The printing method according to the above

10 embodiment can be implemented by a printing apparatus
according to one embodiment of the present invention as
shown in Figs. 2 and 3. More concrete operation of the
printing method executed by this printing apparatus is
shown in the flowchart of Fig. 4.

15 In the printing apparatus shown in Fig. 2, a
board carrying-in and carrying-out unit 21 provided with a
carrying-in unit 21; and a carrying-out unit 21b, a board
support unit 22, a scéreen mask 11, a squeegee head driving
unit 24, a stage section 20 provided with an XYg-position

20 correcting unit 25 and a stencil separation unit 26, and a
screen mask heating unit 27 provided with an incuction
heating section 28 and a timer 29 can be respectively
driven under control of a control section 34. The control
section 34 receives the inputs of board positior

25 recognition correction information from a board position
recognizing and correcting section 30 provided with a
processing operation section 31 and a recogniticn camera

section 32 as well as print inspection information from a



13 - the present invention, in which the screen mask heating

unit is in direct contact with the screen mask; : Fi g.

10A, Fig. 10B, Fig. 1CC, and Fig. 10D are expl anatory vi ews of
states in which through holes of the 5 ~screen mask are arranged in
the X-direction, Y-direction, and at an angle of 45 degrees, and a
perspective view of a QFP havingig pattern of through holes as
shown in Fig. 10C respectively; Fig. 11A and
Fig. 1B are a graph showing a 10 rel ati on between a di stance fromthe

inner wal I qir{he 1nspechngh§QHE§oﬁoh@ ﬁ&ob@?e&cﬁgﬁﬂ ga;%o@@gsqnﬁhearing

force and an ex at ory view t hereo respect |
Fig. 12A andoféfatidB 368t2oREBIPESt b¥EnYi 8WaBk detecting mfe'aHs' a9, @hlder

i.n one enbodi nent of the present invention 15 t hat enpl oys t he
cylindrical dnlinspetbibrrckrbterdaestdbrage sectionsqlicegrire avohtrpnrtially
sectional explanatory view of a print state achieved by the
filling rol Isectiempaétinphys process informationfFtg. andAoutpukisy. 13B are
an eéglanatory vi ew of one enbodi ment of the present invention that
t ake PrQﬁﬁ%ﬁtb@§°6ma§h°%fogﬂlﬁgPFBﬁéﬁﬁoﬁoﬁFrﬁ p§§F§ﬁ°Pn3§Ia0e of

d I t of d
b asent | A TrAEA e R 8 Pedade Du BPeSRELpr BAFkgon J6 and an

acceptable product print database 37 and receives the input
of information of the print sﬁate from the print inspecting
section 38, thereby executing process control. The control
10 section 34 displays the results of operation and inspection,
the state of the printed solder paste 12, and so forth on a
display section 33 as the odcaSidn demands.
| The board 14 is carried in to the stage section
20 by the carrying-in unit 2la of the board carrying-in and
15 - carrying-out unit 21, corrected in position in the stage
section 20, thereafter moved to a printing position,
printed in the printing position, and thereafter carried
out of the érinting apparatus from the printing position by
the carrying-out unit 21b of the board carrying-in and
20 carrying-out unit 21.

In the stage section 20, first, the board 14 is
retained in position by the board support unit 22 provided
in the stage section 20. The board 14 is retained in
position by, for example, a method for vacuum-sucking the

25 board 14 with a number of suction holes opened on the
surface of the board support unit 22, a method for
supporting the lower surface of the board 14 by means of a

number of backup pins or the like. In the state in which



function by conpressed air, respectively; Fig. 14 is an

expl anatory view of -one enbodi nent 25 of the present invention in the
case where the present ~ invention is applied to a direct-printing
pl anogr aphi c transfer printing system _ Fi g. 15A
and Fig. 15B are explanatory views of '

14 one enbodi nent of the presenﬁ I nvention in the case where

the present invention is applied to an of et printing system
respectively, Fig. 16 is an explanatory view of one
enmbodi nent of the present invention,in the case where the present

i nvention |§h§bﬁq4£ﬁt¥ﬁz% I%ﬁﬁ@&%ﬁﬂlénlﬁPﬁéFFBn?rén§P§Ftl°n c°rr%9§¥ﬂ9r@
system

of the pr esBRER (R)entt U ﬁtho"Fﬂ)e %és{eﬁs\hg? Bhg %ggéﬁ¥5%%%% g’%) :jggelnts
applied to %’édo’btrﬁ@lo% téﬁ{@é& sé’c&%ﬂ&h”QZ of g bhe, b%&%%\sgb%grti\é‘ﬁre printing

systen); I'g. 18D, and
Fig. recognizing and correcting section 30. The processing
5 operation section 31 calculates a positional displacement

between the recognized position of the board 14 and the
position of the screen mask 11, and calculates the position
correction amount of the board 14 for correcting this
positional displaceﬁent. Ihis result of calculation is

10 inputted to the XYg-position correcting unit 25 of the
stage section 20. On the basis of this inputted position
correction information, the'peeitibnal correction of the
board 14 relative to the screen mask 11 is executed by the
XYp-position correcting unit 25 of the stage section 20.

15 That is, the XY6-position correcting unit 25 executes the

positional correction of the board 14 in the orthogonal XY-
directions along the_horizontal plane of the printing
apparatus and ih a O6-direction around the Z~axis in the
vertical direction relative to the screen.mask 11 on the

20 basis of the above position correction information. The
XY0-position correcting unit 25 is cgnstructed so that a Y-
direction table 25b capable of moving in the Y-direction is
placed on an X-direction table 25a capable of moving in the
X-direction (direction in which the beard is carried in and

25 out) and a 6-direction table 25c capable of turning in the

O-direction is further placed on them. Then, by moving
each of the tables in the respective directions by the

position correction amount, the positional correction of



18E are, respectively, explanatory views show ng the prior art

screen printing system 15 Fig. 19A, Fig. 19B, Fig. 19C and
Fig. 19D are, respectively, explanatory views show ng the prior
art screen printing system Fig. 20 is a
perspective view of an X-direction driving unit according to the
above enbodi nent of the 20 present imyention; Fig.
21 is a perspective view of a stencil separation unit (Z-direction
driving unit) according to the above enbodi ment of the present
invention; the board 14 is exBcBred? | $r2iBOE3PBE! h¥ted YA @t her
stencil 25 separation unit ?Z-dlrectlon driving unit) according to

t he . péHLYEoRFDOEbrRBELIbN! e RRS ¥HdiiruAildIP s executed by the
Fig. 23 is a perspective view of a rectangul ar I nduction coi
accordi ng t XedbtéetienbodblentSaf atfiter the positional correction in

15 ' present invention; : Fig. 24 is a perspective

vi ew showi ngthhesYadleréeotion and the 6-direction is completed and before

5 the board 14 is brought in contact with the screen mask 11
after the boara 14 is moved to the printing position and
stopped there.

-l An X—difection driving unit 20x that concurrently
serves as this X-direction ﬁosition correcting unit is
10 shown in Fig. 20. 1In Fig. 20, the X-direction table 25a is
arranged movably in thé X-direction along a pair of linear
guides 25m extending in the X-direction, and a threaded
shaft 25n is rotated forwardly and revefsely by driving a
_ driving motor 25p forwardly and reversely, thereby moving
15 forwardly or backwardly the X-direction table 25a fixed to
a nut 25r meshed with the threadéd shaft 25n in:the X-
direction.
The board 14 retained by the board support unit
22 is moved in the X-direction to the printing position by
20 the X-direction driving unit 20x of the stage section 20.
In the printing position, the board 14 is positioned below
the screen mask 11 and moved up until the upper surface of
the board 14 is brought in contact with the lower surface
of the screen mask 11 by the stencil separation unit 26.
25 Then, in the state in which the lower surface of the screen
mask 11 is put in contact with the upper surface of the
board 14, the solder paste 12 is supplied to the one end in

the x-direction of the screen mask 11, and the squeegee 13



whi ch two induction coils of Fig. 23 are prepared and arranged at

two corners located in diagonal positions of a 5 QFP so as to flow
an induction current in the |engthw se di rection of each through
hol e; Fig. 25 is a perspective view showing a state in
whi ch four induction coils of Fig. 23 are prepared and ar fanged at
the four corners of a QFP so as to flow a 10 I nduct.ion current in
the | engt hwi se direction of each rizt]‘nrough hol e; and

Fig. 26 is a perspective view showing a state in whi ch one :
i nduction cojl of Fi.g. 23 is _prepared,an - ar.rangedq _abo a Pin
2 form ncl | HedeTSdrbunthe sRuaBdeesnend driving WALE Pdegach the e

L ug hol oL e oBhek ep, . b KMBRCEINR! AT cl ol
CARRYI NG OUTy H I f 9pe ; c 'Qkﬁﬁﬁ‘Of t he
pr esent invé%%ﬁgkﬁégg%g'f&h%%ﬁgeggg,s?%dﬁg FSSES ggtégQ?hgﬁélﬁké parts are
designated hole 11ab¥f thkesctetfirfagg 1mynerals throughout the

acconpanyi ng dr awi ngs. Enbodi ments according to
the psesent invention TR® screanl mabk désdsi bedsitrudeed bybdEoawminig,h
reference to Fig. 1A through Fig. 17 and Figs. 20, 21, and 22.

A printing mpénthacportiogst conpeisetodfnshrough holes 1la
corresponding to copper-made conductor pattern portions
(lands) 15 of the board 14 through, for example, a plate
made of nickel or stainless steel having a thickness of
10 about 150 pm.
The squéeﬁee head driving unit 24 is to move on
the screen mask 11 the squéegee 13 for filling the solder
paste 12 into the through holes 1lla of the screen mask 11.
The squeegee 13 is constructed of a flat plate or a plate
15 having a sword-like (roughly pentagonal). cross-section
shape. The squeegee 13 is moved on the screen mask 11 by
forwardly and reversely rotating a ball thread 24b by the
driving of a motor 24c and forwardly and baékwardly moving
o a squeegee head 24a meshed with the ball thread 24b in the
20 axial direction of the ball thread 24b. The squeegee head
24a can be moved up and down by the forward and reverse
rotation of a motor 24d. The tilt angle of the squeegee 13
itself relative to the screen mask 11 can also be adjusted
by a cylinder 24f. That is, the squeegee 13 is pivotally
25 supported at a portion that is not shown, and by upward or
downward moving one end of the squeegee 13 by driving the
cylinder 24f, the tilt of the squeegee 13 can be adjusted

by pivoting the squeegee 13 around the above support point



the present invention is related to a planographic stenci

16 (screen) type printing nmethod for printing a printing paste
such as sol der paste on lands of a printed circuit board as shown
in Fig. 1A through Fig. ID. The printing nethod according to this
enbodi nent is as follows. First, as 5 shown in Fig. 1A, a screen nask
(metal mask) 11 having t hrough h@2es 1l1a arranged in a specified
pattern in correspondence with the lands 15 of a printed circuit
board 14 is placed in a specified position on the board 14 while
bei ng broughiséd £9nd agtilvttk.t he board. Next, a solder 10 paste 12 is
supplied onto one end of the screen mask 11, ' and this sol der paste
12 is noved by a squeeDke d3lderapaste 12 fipjdeidf iadedicheotfi dhef tohincudyh one
end of the screen nmask 11, thereby filling the sol der paste 12
into the thriwkgs hbl@sof the screen maskhélscrmes taskave aNdepweraenshown
in Fig. 1B, the nperatures_of the_inner wall surfaces of the

t hr ough - surfa¢ﬁﬂggt|+% @?nFﬁﬁtsUFEEneﬁﬁ§k°f1tﬁ?e1PH@§eé§e8 fh¥henduct i on

heat ig’n g In bohal.rsd Sff 6r1trgsepé§<ggrelaa£grEﬁeogzhggtelghngce)&e\gallha, and by
separating the screen mask 11 from the board 14 by the
stencil separation unif 26, the solder paste layers 1l2a are
formed on the lands 15 of the board 14.
An example of the stencil separation unit 26 is

10 shown in Fig. 21. Ih Fig. 21, a driving nut 25v is rotated
forwardly and reversely vié é belt 25u by the forward and
reverse rotatiqnal drivinglof an AC servomotor 25t so as to
upward 6r downward move a threaded shaft 25w meshed with
the nut 25v, thereby upward or downward moving the board

15 support unit 22 fixed to the upper end of the threaded
shaft 25w for the upward.or downward movement of the board
14. Therefore, when the board 14 is moved in the X-
direction from a board position correcting operation
position to the printing position below the scfeen mask 11

20 by the X-direction drivihg.unit 20x of the stage section 20,
the AC servomotor 25t of the stencil separation unit 26 is
driven to move up the board 14 until the upper surface of
the board 14 is brought in contact with the lower surface
of the screen mask 11. After'the completion of the

25 printing, the board 14 is moved down relative to the screen
mask 11 by the driving of the AC servomotor 25t of the
stencil separation unit 26 in order to effect the stencil

separation operétion. The board 14 separated from the



surfaces -are increased to tenperatures at which the viscosity of

the solder paste 12 to be used is reduced to 20 becone hard to adhere
to the inner wall surfaces of the t hrough hol es ‘11a of the screen
mask 11. Next, as shown in Fig. 1C, the screen mask 11 is
separated fromthe board 14, so that the solder paste 12 inside
the through holes 1l1la of the screen nask 11 is noved onto the

| ands 15 of the board 25 14, thereb orm ng sol der paste |layers 12a
on the lands 15 of the board 14 as shown in Fig. 1D. In this stage,
t he VISCOSIty of the sol der as e 12 i s .reduced gy ?)

i nducti on h&hSAfg! &t Fertedreut ?dé’lrl dng ppparatus by the

17 inside th througg holes 1la of the screen mask 11 scarcely
adheres to & 5HME SE I ung ¢ % § of the through holes 1la.

Therefore, the sol der %?&tpast édgnggﬁe%hgggg ﬁoggiaragﬁ?nf -'.is

|eft forned as the sol is ont ["an e board
14 even whemny ﬁqécr&emf@%&nlé stage secteBar absdrir @aﬁd&@qm:&)m so

that the sol der paste | ayers 12a of specified shapes can-be forned
in sp@ecified0d2, an AC servo controller 417, an AC servomotor 414 to be
controlled by the AC servo controller 417, a ball thread
408 to be rotated forwardly and reversely by an AC
servomotor 414, an upper bearing 409 of the ball thread 408,
a lower bearing 410 of the ball thread 408, a pulley 411 on

10 the ball thread 408 side, a pulley 412 on the AC sérvomotor
414 side, a timing belt 413, and a iinear guide 415 that
guides_the upward and downward movement of the stage
section 402. This stencil separatiqn unit is constructed
so that the stage'section (board support unit) 402 can move

15 up and down at an arbitrarily set velocity within an
arbitrarily set range by the AC servo-controller 417, the
AC servomotof 414 and the ball thread 408, whereby the
stencil separation velocity of the board 14 with respect to
the screen mask 11 can be arbitrarily adjusted.

20 Immediately before executing the stencil
separation operation, i.e., immediately'after the
completion of the printiné with the solder paste 12, the
screen mask 11 is heated by induction heating by the screen
mask heating unit 27. In the screen mask heating unit 27,

25 as Shown in Figs. 5 and 6, a ring-shaped induction coil 28a
of the induction heating section 28 is arranged in a state
in which the coil is separated apart by a specified

distance above the screen mask 11. When the solder paste



posi tions. The printing nmethod according to the above

10 enbodi nent can be i nplenented by a printing apparatus

according to one enbodi nent of the present invention as shown in
Figs. 2 and 3. More concrete operation of the printing method
executed by this printing apparatus is shown in the flowhart of
Fig. 4. 15 In the printing apparatus shown in Fig. 2, a
board carrying-in and carrying-out unit 212frovided with a

carrying-in unit 2la and a carrying-out unit 21b, a board support
unit 22, a screen mask 11, a squeegee head driving unit 24, a stage
section 20 pﬂévudeirmhddammﬁ@ﬂtnnxmhrqughzmoles 1b@rc§cthegsqneen25aakd a
stencil separation unit 26, and a screen mask heating unit 27
provi ded wit Alananne@ledtaic current Hestmade sket Fbew 2Bhzaugh ghﬁer 29 can
be respectlve driven under control, of a control sgecti ﬂ 34, The
control nduc§é€’?‘| Geid4 28a Fior 2 tHime Bk sblﬁftIB%aFﬁmﬁﬁsgg ﬁ absis,

iti f f b
Fecogni zi ng SR S3PB lﬂ@oéﬁl{% e RTRERE FPRL he8Conds o severat,g
oper akj on Segkian 31 ANd A JeGARNI AN £ TEKGuction nagEELEOR dFadinye

as print inspection infor
flow an induction current through the screen mask 11 1tself,

thereby directly heating the screen mask 11 itself by the
induction heating. An example of this induction coil 28a
has a circular doughnut-shape of an inner wire diameter of

10 50 mm, an outer diameter of 170 mm and a thickness of 2 mm,
and the inductibn coil is constructed by windipg 35
conductivé eﬁaﬁeled wires or cdppef wires having a low
electrical resistance (generating no Joule's heat) by the
number of turns h = 21. In regard to induction heating

15 conditions, the induction heating is executed by supplying .
an eléctric power of 1400 W for several seconds at 100 V
and 60 Hz. In the present embodiment, the induction coil
28a is arranged a specified interval apart from the upper
surface of the screen mask 11 in a néncontact manner as

20 - shown in Fig. 5. It is acceptable to retreat the coil from
above the_Screen mask 11 during the printing of the solder
paste 12 so as not to hinder the printing of the solder
paste 12 and move the coil to the place above the screen
mask 11 during the induction heating so as to allow the

25 induction heating to be effected. .It.is preferred that the
interval between the induction coil 28a and the screen mask
11 is arranged to a dimeﬁsion such that a specified current

flows through the screen mask 11 by the induction coil 28a.



18 print inspecting section 38 provided with a processing

operation section 39, a print state detecting neans 40, and an

i nspection criteria storage section 41. The control section.34

i nputs process information to and out puts 5 process information from
a process control section 35 provided with a processing operation
section 36 and an accept abl e progggt print database 37 and

recei ves the input of informatio f the print state fromthe
print inspecting -~ section 38, thereby executing process control. .
The control 10 sectioon 34 displays the results of operation and

i nspection, t Pardng &her imduckion heabingr #sirduotigRd so forth

o] di spl ' 33 h ' ds.
The-board 14PEEERE, FAGWEn SLBGE T8 SF SO 11 18 Badh) Bf 2ne
ini 1217 cor PRaPREEERR metBedRY B A AL deaey, UG, .,

moved 10 a PsiBihNEsBOSeNor the likdMdY & g%f_b&{@'r pfé@iéagnees'tahﬁn,
and thereafter carried out of the printing apparatus fromthe

printéng postbppBrPyand therefldte,Caileyisiradii nHik AdeDf Gorebaoed
carrying-in and 20 carrying-out- unit 21. In the
st age secti oche2b, fImstonthasbotodthdsisthe solder paste 12, which has
a small solder particlé diameter or a cream-like form due
to the flux, exhibits no electric conductivity, so that no
induction current flows to generate no heat. Thereforé, as
10 shown in Fig. 7, if the screen mask 11 is heated by the
induction heating, then the témperatures of the inner wall
surfaces of the through holes 1lla of the screen mask 11 are
increaséd. Therefore, the temperature increases in the
portion which beiongs to the solder paste 12 and is put in
15 contact with the inner wall surface of each through hole
;1a and around the portion. In contrast to this, the
temperature does not increase in the center portion of the
solder paste 12, so that a témperature'gradient as shown in
Fig. 7B is formed between the center portion of the solder
- 20 paste 12 and the peripheral portion (the portion in contact
with the through hole 1lla). That is, the solder paste 12
comes to have a tempeiature_éradient-such that the portion
put in contact with the inner wall surface of the through
hole lla has a high temperature and the temperature
25 gradually reduces.from the portion toward the center
portion bf the solder paste 12. Consequently, as shown in
Fig. 7A, the viscosity of the solder paste 12 reduces in

the peripheral portion than in the center portion. This is



retained in position by the board support unit 22 provided in the
stage section 20. The board 14 is retained in positian by, for
exanple, a method for vacuum sucking the 25 board 14 with a nunber of
suction hol es opened on the surface of the board support unit 22,
a nmethod for supporting the |l ower surface of the board 14 by neans
of a nunber of backup pins or the like. In the state in which
19 the board 14 is retained in pd&ition, a position correcting
mar k(s) (not shown) of the board 14 is recognized by the

recognition canmera section 32 of the board position recogni zi ng
and correcti bgcsusei the3@older pasiesdithdras & chamgureatiisin ¢ e | sowdd

cal cul ates a, positional displacenent . between the recognized
position of tReFhb@ar@,14-.-8nd e charactemighiiq dihalr the wiEeasitwsk 11,
and cal cul ates .t he position correction anmount of the board 14 for

correcting t hfduces as thg,temperaturss dngraasns - TBYs thésyipdyction
the o " hiprilo o theoRaEoRat R SIS SRR R0 SE PR T on
5 reduced between the inner wall surface of the through hole
lla of the screen mask 11 and the solder paste 12 put in
contact with the inner wall surface, for which the solder
paste 12 is easy to separate from the through hole 1lla of
the screen mask 11, meaning that the stencil separation is
10 satisfactorily achieved.
One example of the material of the solder paste
12 should breferably include 90 percent by weight of metal
powder and 10 percent by weight of flux. The metal powder
contains about 62 percent by weight of tin and fhe othef
15 component of lead, and its particle diameter is 20 to 40 um.
_The flux has a solvent of 75 to 40 percent by weight of
alcohol and the likg and 25 to 60 percent by weight of
other solid components. The solid components include rosin,
activator, and thixotropic agent. As a concrete product
20 name of the solder paste, there can be enumerated the
solder paste of a product number M37125 having 63 percent
by weight of tin. and 37 percent by weight of lead, pfoduced
by Panasonic.
As a material of the screen mask 11, there can be
25 enumerated a stainless-steel-based metal (e.g., SUS304) of
nickel-chrome system etc., a nickel-based metal or the
like . It is also acceptable to use a screen mask

constructed by forming a conductive vapor-deposited film or



correction information, the positional correction of the board 14

relative to the screen mask 11 is executed by the XY[err]-position
correcting unit 25 of the stage section 20. 15 That is, the
XYe-position correcting unit 25 executes the posi tional correction
of the board 14 in the orthogonal XY- ' directions along the

hori zontal plane of the printing apparatus and in a
[err]-direction around the Z-axis in the 217 vertical direction
relative to the screen nask 11 on the 20. basis of the above position
correction information. XY[err]-position correcting unit 25

is construcﬁbdﬂéﬁqﬂﬁﬂf%ﬂmﬂon the Sur€ﬁ¢%c?foﬁ %X%FEEQSE EepiBl sush asdvi ng
t he Y-di t d di bl bl
of i ng | ¢ 'Onc{e and she;iReY ot fhi FEEach ©F bRPcHEEREoBoRPere
ied i d t bl e
T o cne O TR SO SRR,

movi ng giaﬁélarbeof a@i@%dﬁﬁﬁ@ﬁéé%ﬁéfﬂ&eﬂa§fe&a%myokhe
_position correctlo nount, the positional correction
20 s tHe @ 1RAANY 1k 1 &%Q%E ethnd# w&allosheraeéedst bRé theough
positional correction1n the X-direction is executed by the
hole.

Furthermore, if the board 14 that serves as the
object on which a print is to be formed is'constructed of
copper having an excellent conductivity, then no heat is

- 10 generated in the board 14 by the eiectromagnetic induction,
causing nocbad influence on the clectronic components and
so forth on the board.

| The print inspecting section 38 measures the
- state in which the solder paste layef 12a is formed on the

.15 lland 15 of the board 14, i.e., the shape and position of
the solcer pééte layer 12a by means of a camera or a laser
length measuring instrument as an example of the print
state detecting means- 40, and the volume and the amount of
positional displacement of the solder paste layer 12a are

20 calculated by the processing operation section 39 on the
basis of the results of measurement. The laser length
measuring instrument applies a laser becm to the solder
‘paste layer 12a and calculates the height-and so on of the
solder paste layer 12a from the position of reflection

25 light. The above results of calculation are compared with
the inspection criteria stored in the inspection criteria
storage section 41, and it is decided whether the print is

good or not. The result of decision is outputted to the



X-direction table 25a after the positional correction in t he
Y-direction and the [err]-direction is conpleted and before 5 t he
board 14 is brought in contact with the screen mask 11 after the
board 14 is noved to the printing position and st opped there.

An X-direction driving unit 20x that concurrently serves as this
X-direction position correcting unit is 10 shown in Fig. 20. In Fig.
20, the X-direction table 25a is &% anged novably in the
X-direction along a pair of linear gui des 25m extending in the
X-direction, and a threaded shaft 25n is rotated forwardly and
reversely bycqmtv¢hgsactlon 34, dendi A Mbreoprimy figr wiekBotivel rehversel y,
t her eby. novi ng forwardly or backwardly the X-direction table 25a
fixed to conte%tﬁu?fZBFen@gﬁﬁgtwﬁfﬁ prBenicaddet Rresserh and t Hee x-
direction

: d t d by th d
uni 1 mgyeTic Folne; i ALSR ARFEREESH 5 (I FATRNGL RREPBnoby 20

he X-di I h
printi ng posiilih, 4raspig dpeRdr on 18, ?%%%ét%%%bc‘)”f%% *RIYcr cen mask
11 argl moved-ytcuitingEndPRELgAY] T 348tH| volume drliP S9! et 41%e br ought

in contact wth the [ower sur the screen nask 11 by the
stencil sepasslder paste2baye2512a fIBAN, forr Eangilal,e dh Hdgd ¢dpthpser

surface of the screen mask 11 is put in contact with the upper

'surface of thhe the camera of the print state detecting means 40 or
position data measured by the laser length measuring
instrument, comparing the decision data of the height,

10 width, volume and so on of the solder paste layer stored in
the inspection criteria storage section 41 with the above
calculatéd values in the processing-operation section 39,
and deciding whether the print is good or not.

The process control section 35 changes the

15 parameter setting of the printing épparatus on the basis of
the post-printing data of the state in which the solder
baste 12 is printed, made by the print insﬁecting section
38. In this case, the above parameteré include, for
example, the parameters of each unit stored in the

20 acceptable product print database 37 (for -example, printing

_velocity, tilt angle of the squeegee 13, environmental
temperatﬁre.during printing (for example, sdqueegee
temperature, screen mask temperature, board temperature,
and temperatufe of air and the like Around-them, enumerated

25 in the order of importance), printing pressure, i.e.,
pressure of the squeegee 13 pressed against the screen mask
11, stencil separation velocity of the board 14, and

profile of acceleration) and induction heating conditions



board 14, the solder paste 12 is supplied to the one end in t he
X-direction of the screen mask 11, and the squeegee 13

21 - is noved by the squeegee head driving unit 24 fromthe one

end to the other end in the X-direction of the screen mask 11,
thereby filling the solder paste 12 into the through hol e-1 1a of
the screen nmask 11. 5 Th screen mask 11 is constructed by
f orm ng, openi ng portions conprlsgd of through holes 1la
corresponding to copper-nade conduct or pattern portions (lands) 15

f the board 14 th f Le kel
Stai ni ess st AT ﬁa{ﬂ%@%{ (et eipdyf Redeing,imgsoRhg, Peating™

Th ¢ K 11
The Sancooes Y Sinitdl, el é‘%éé”% Betii¥én The par a"l’étépfoé‘?ﬂe@?%?gﬁgh
ol es "11a Oyt S1ARfL YRk Weored as aalbBas8UC8ARCEA3 bpLaRNRL rUCted of

a flat plate or a plate havi ng a sword- ke (roughly pentagonal)

cro;s secti garameters ﬂ‘arﬁal&tmaﬁéwasgwhé%récagsgﬂg%péhata@heen mask
11 y

section 36 of the process control section 35.

The above printing method to be implemented by
the above printing apparatus will be described with
reference to the flowchart of Fig. 4. It is to be noted
that this sequence 6f operations is controlled by the

10 control section 34. |

In step S1, the screen mask 11 is carried in to
the stage section 20 by the carrying-in unit 21a of the
board cérrying—in and carrying-out unit 21.

Next, in step S2, the board 14 carried in to the

15 ~ stage seétioh 26 is supported by the board-support unit 22.

Next, in step S3, the board position recognlzlng
and correcting section 30 recognizes the p031tlon of the
board 14 retained by the board support unit 22 and
calculates the position correction amount of the board 14

20 relative to the screen mask 11.

Next, in step S4, the positions in the XYO6-
directions of the board 14 relative to the screen mask 11
are each corrected by the XY6-position correcting unit 25
of the stage section 20 on the basis of the above.

25 calculated position correction amount. a

Next, in step S5, the board 14 is positioned in

the printing position below the screen mask 11 by the stage

section 20, and the board 14 is moved up by the stage



forwardly and reversely rotating a ball thread 24b by the driving
~of a notor 24c and forwardly and backwardly noving a squeegee head
24a neshed with the ball thread 24b in the 20 axial direction of the
ball thread 24b. The squeegee head 24a can be noved up and down
by the forward and reverse rotation of a notor 24d. The tilt angle
of the squeegee 13 itself relative to the screen nask 11 can al so
be adjusted by a cylinder 24f. TB&t is, the squeegee 13 is
pivotally 25 supported at a portion that is not shown, and by upward
or downward nmovi ng one end of the squeegee 13 by driving the
cyl i nder 24fsecthernt i20 sd theet stheeseredd maskbiladpmesein contactbylth

pi voting 't he squeegee 13 around the above support point

22 . thes atprer suifageiref the board 14. The sol der paste 12

filled in each of the through - _ holes | 1a of the screen mask 11
conmes to have a | ower N&#F, 1in Steps%?faE%epﬁﬁu?ﬂgeﬁn%éc%smw?ﬁe@aEH Ehet he

and by . screen hask T theteR ek ETEERS' e Sl oRe BRgPE" 12‘“ e
5 the through holes lla of the screen mask 1l.

Next, in step 87, it is decided whether or not
the screen mask 11 is to be inductively heated. When the
induction heating is not executed as in the case where the
solder paste 12 easily separates from the through holes 1la,

10 the program flow. proceeds to step S8. When the inductioﬁ

_heating is executed, the program flow proceeds to step S9

to set the timer 29 to a predétermined heating time.
Immediately after the completion of the.printing of the
solder paste 12 in step S10, the screen mask 11.is

15 inductively heated by the induction coil 28a of the
induction heating section 28. |

When the induction heating is exécuted, the-
stencil separation operation-is executed in step S8
immediately aftér-the execution of the induction heating.

20 That is, by driving the stencil separation unit 26 of the
stage section 20, the board 14 is moved down relative to
the screen-mask 11 to separate the board 14 from the screen

-~ mask 11 and transfer the solder paste 12 from inside the
‘through holes 1la of the screen mask 11 onto the lands 15

25 of the board 14. When no induction heating is executed,
the.above—stencil separation operation is executed after
the completion of the printing of the solder paste 12,

thereby transferring the solder paste 12 from inside the



stencil separation unit 26, the solder paste |ayers 12a are f or med
on the lands 15 of the board 14. An exanpl e of the
stencil separation unit 26 is 10 shown in Fig. 21. In Fig. 21, a
driving nut 25v is rotated forwardly and reversely via a belt 25u
by the forward and reverse rotational driving of an AC servonot or
25t so as to upward or downward nove a threaded shaft 25w neshed
with ‘the nut 25v, thereby upward3dr downward noving the board 15
support unit 22 fixed to the upper end of the threaded shaft 25w
for the upward or downward novenent of the board 14. Therefore,
when the bodhdrough haodredlia eofethe screen magkr ddt poisof tbm dabdsr A5
position correcting operation position to the printing position
bel ow t he s&fedh nd 1%9 by the X-direction driving unit 20x of the

t ti 20, the AC 25t _of th il ti
unit 26 1s oAk 11 D B e not BaPRRRR=nPPPLEABREpAER €6 1 ace
f h d i tq] t Wi t f

gf t he scr eé’hﬂ %a?;%q%gbi]f#ezﬁ béar‘om coJFr% € ?g%égf f%{gg%gﬁ ltﬂ\éﬂeo%f)%gdngf&et he

boar ¢ 14 isa%qulsfw&é&'@iM?et;(s%iltktﬁeiﬁéﬁ@Etmg sectiBak3gl by the

driving of the AC Servonotor 25t Stencil separation unit 26
in order to effect thevstiehcin step s13separasi @ecogedavhethethéhkoard 14

separated fromthe

print state is good or not as the result of the above
inspection. When it is determined that the print state is
good, the program flow préceeds to step S14 to carry the

10 board 14 out of the printing apparatus by the carrying-out
unit 21b in step S14, and the sequence of printing
_operatiqns ends. When it is determined that the pfint
state is defective in step S13, the program flow proceeds
to step S15 to change the design of the process

15 . parameter(s) by the process control section 35 and end the
sequence of printing operations. Ehe next. printing of the
solder paste 12 is executed on- the basis of the optimum
condition information obtained through the design change in
step S15, and the post-printing stencil separation process

20 in step S8 and the induction heating process of the screen
mask 11 in step S10 are executed. Depending on cases, it
is also acceptabié.to remove the solder paste layer(s) that
has been determined to be defective print, execute a new
printing operation under the condition(s) obtained through

25 the design change in step S15 and execute the post-printing
stencil separation process in step S8 and the induction
heating process of the screen mask 11 in step S10.

In this flowchart, the process of executing the



23 stencil is carried out of the printing apparatus by the
carrying-out unit 21b. Fig. 22 shows anot her stenci
separation unit. In Fig. 22 are shown a stage section (board

. support unit) 5 402, an AC servo controller 417, an AC servonotor 414
to be controlled by the AC servo controller 417, a ball thread

408 to be rotated forwardly and reversely by an AC - servonotor 414,
an upper bearing 409 of the ball thread 468, a |l ower bearing 410
of the ball thread 408, a pulley 411 on 10 the ball thread 408 side, a
pul l ey 412 on the, AC servonptor . 414 side, a timng belt 413, and a
| i near gui deS¥encihzgeparation pypgesst B8 FHeR $8ky FANEMY e ment of

Lhe SLa0°, | ansian SECHhS Hi08e 1T hEpaea i, PR, Y 5 cOnStfuct ed
doun 200 EBAIEET S8 ig BERESY S Uedhs 5g g, 3 W) PladpRg [
L o, e s g e sadhensbh BRaNAY tenlat Pt e O 1
I med at el y fefal eeeae@erd | nrdhe i £N6atameter design change, all the
parameters are not simultaneously changed in design, but
only the appropriately selected parameter(s) are changed in
design according to the print state.
According to the above embodiment, the screen
10 - mask 11 itself is heated by the induction heating, so that
the outer peripheral portion of the solder paste 12 put in
contact with the inner wall surface of each of the through
holes 1lla of the screen mask 11 comes to have a temperafure
increased more than that in the center portion,
15 . consequently acquiring a reduced viscosity. As a result,
| the adhesive force between the inner wall surface of the
through hole 1la of the screen mask 11 and the solder paste
12 is reduced, so that the solder paste 12 easily separates
from the screen mask 11, thereby allowing the .stencil
20 separation operation to be satisfactorily achieved.
Therefore, the solder paste 12 is not left on the screen
mask 11-side.éausiﬁ§ no blur of print in the next printing
stage, so that a specified amount of solder paste 12 can be
supplied, that-is, the solder paste 12 can_be supplied in
25 the specified shape to the specified position, thereby
allowing the solder paste layer(s) 12a to be formed as a
print.

Furthermore, according to the above induction



separation operation, i.e., imediately after the conpl etion of the
printing wwth the solder paste 12, the screen mask 11 is heated by
i nduction heating by the screen . " mask heating unit 27. In the screen
mask heating unit 27, 25 as shown in Figs. 5 and 6, a ring-shaped

i nduction coil 28a of the induction heating section 28 is arranged
in a state in which the coil is separated apart by a specified

di stance above the screen nmask 11. Wen t h&3sol der paste

24 12 is filled into the through holes 1la of the screen mask

11, an electric current is made to flow through the I nduction coi
28a for a tireaEindyy tthe dcreen Aaskhhl itself generates beatpl ep &hhitne
wi-thin several mlliseconds to several 5 seconds so as to generate an
i nducti on madie ieal dibscharge of thefsconeen nagkclionanubeepertormedh the
screen mask ‘11 itself, hereby directly heating the screen mask 11
itself by thémmedlatelXrﬁﬁRﬂF(ﬁh¢m§ﬁ9mg°fAﬁh%xbﬂﬁpﬁtanth?§tiﬁﬂuct|on coi l

28a as C|rcular hnut que of an i nner i.ameter of 10
50 mm an out®er X r 15 @ %%@ na: n{h V%ndthe sCreen

5 - mask 11 are not heated, so that no bad influence is exerted

on the next printing operation, the peripheral units around
the screen mask 11 and so on. In contrast to this,
according to the method of merely radiéting heat from the
outside of the screen mask 11 to heat the screen mask 11 as

10 observed in the case of hot air, fadiation heating
(infrared heating), or conduction heating, the members and
air afbund the screen mésk 11 are heated, and the members
and air around the heating unit is heated due to the
heating of the heating unit itself. This sometimes might

15 - exert bad influence on the next printing operation, the

| units around the screen mask 11 and so on. Furthermore,

accordiﬁg to the method of conducting heat from the heating
unit to the screen mask 11, heat is conducted not only to
the'screen mask 11 but also to the heating unit and the

20 members and air around the screen mask 11, causing a
drawback that the heating efficiency is bad.

When éxecuting.the induction heating in a
noncontact manner without putting the induction heating
section 28 in contact with the screen mask 11, the |

25 induction coil 28a of the induction heating section 28 does
not come in contact with the solder paste 12 left on the
surface of the screen mask 11, and therefore, the induction

coil 28a is not smeared by the solder paste 12. According



and the induction coil is constructed by w nding 35 conductive
enanel ed wires or copper wires having a | ow el ectrical resistance
(generating no Joule's heat) by the nunber of turns h = 21. In
regard to induction heating 15 conditions, the induction heating is
execut ed by supplying an electric power of 1400 Wfor several
seconds at 100 V and 60 Hz. In the present enbodi nent, the

i nduction coil - 28a is arranged a §ﬁecified interval apart fromthe
_upper- surface of the screen mask 11 in a noncontact manner as 20
shown in Fig. 5. It is acceptable to retreat the coil from above
the screen rfeakthis meneontaet prehhedg whephthsspdds an electpgsie 12 so as
not to hinder the r|nt|n of . t he .sol der E te 12 and nopve the coi
to the placé: 4% scPRehhe lower surfage fir tR§ PRETXAndAet THR heat i ng
so as to all tion heat be effected

et errad  ifAStHHice o the ¢REHFLOREG ERERATERE PRuTLEFERSEH Soakbaky « ne
soreen Mk the pogeifle! SxBHEABAHr 8.0 IhFTILAR SHCPyLNEhoRcoRAGL | o

current hroug e Screen nas uction coi
28a. 5 component during theé induction heating cdR be prevented.

In this case, an experiment was conducted to
assure hew much degree the solder paste 12 of a fine
pattern could be satisfactorily separated from the through

. holes 1la by induction heating. The diameter of the
10 through hole was about 0.1 mm, and the distance between the
centers of through holes, i.e., the pitch between adjacent
through holes was 0.2 mm. The environmental temperature of
the air, solder paste, screen mask and so on around the
through hole was 23 °C. The experiment results are shown
15 in Fig. 11A and Fig. 11B. As shown in Fig. 11A and Fig.
11B, according td.this experiment, the shearing fofce of
the solder paste 12 filled in the through hole 1la of the
screen mask 11 at the time of sepafation from ‘the stencil
exhibits no reduction in shearing force in the portion of a
20 through hole pitch of not greater than 0.2 mm. This
implied that a pitch of 0.2 mm is the limit of the fine
printing and no significant reduction in'shearing force
could be expected when.a distance d from the inner wall.
surface of the through hole was not greater than 0.05 mm.
25 Therefore, according to the present invention, by
taking-advantage of the induction heating, the fine
printing at a pitch of 0.3 mm, which has been difficult,

conventionally can be satisfactorily performed, and fine



During the induction heating, an induction current flows since the

screen mask 11 is made of a conductive material such as stainless
steel. However, the stainless steel or the |ike has a greater
resi stance than 5 copper, and therefore, the screen nask itself
gener at es heat. In contrast to this, the solder paste 12, -which
has a small solder particle dia r or a creamlike form due

-to the flux, exhibits no electric-conductiVity, so that no
i nduction current flows to generate no heat. Therefore, as: - 10 shown in

Fig. 7, if . screen mask, 11 j s heated b he | nducti_o eat | ng,
then the t edDrRinGedR Thed: hioPeReprmed £8° ehe pxeenn WH' ] ilhelf Gebn
hol es 1la of r .are LA Grs e ket r t he
tenperature %%J}%egb%%%eﬁ&lﬁ& on Egret icgﬁh\?\'kcﬁl?%%b%fongs tegoéjjtcgeer sol der
paste 12 angistdPWnd "so 1én. contact- with the'inner wall surface of each
t hrough hol é 11a and around the portion. In contrast to this,. the
tenmperat ure does not iWwltleage€gapdt be e¢het éhdpettiocdn hefatiitly conditicsrs der

paste 12, so that a tenperature gradient as shown in Fig. 7B is
f or méd bet wéanh sipplgein@rtiper éleatoiict peweal dér 1420 W fopasine 12 dmwb t he
peri pheral portion (the portion in contact with the through hole

1la). That isgcondssdihrertemperatpre of thecspreeromagke 1d @mdrature
e R NS IR e R T e
tenperatureof 1 mm. Furthermore, by setting the supply power to about
2000 W, the equivalent temperature increase can be.achieved
10 within one second, whereby the solder paste inside the
through hole 1lla is allowed to achiéve a greater
temperature differeﬁce between the inner wall surface of
the thréugh hole 1la and the center portion thereof. By
putting the induction coil in contact with the screen mask
15 11, a more efficienf temperature increase can be achieved.
According to the above induction heating stencil
separation process, the temperature difference between the
inner wall surface of the through hole 1lla and the center
portion of the throﬁgh hole 1l1la depends on the through hole
20. width. Therefore, according to the screen mask_having-a
plurality of types of through hole widths, it is preferable
that the condition setting is performed in accordance with
the minimum through hole size among the plurality of
through holes to be subjected to the induction heating.
25 That is, if the minimum through hole width is about 0.15 mm,
then, as described above, then there is necessitated such a
sharp control as the supply of a power of 2000 W to the

induction coil for a supply time of about one second.



25 gradual |y reduces fromthe portion toward the center portion

of the solder paste 12. Consequently, as shown in Fig. 7A, the
viscosity of the solder paste 12 reduces in t he peri pheral portion
than in the center portion. This is

26 because the sol der paste 12 has a characteristic as shown

in Fig. 8, i.e., the characteristic that the viscosity reduces as
“the tenperature increases. By this inductidf heati ng, the
.viscosity of the solder paste 12 becones 5 reduced between the inner
wal | surface of the through hole 1la of the screen mask 11 and the
sol der past e HbWewer, nin the caseonf axtplmtalite ofinthroagh bolfacwhithr
whi ch the sol der paste 12 is easy to separate fromthe through

hole 11la of are so relplisgleerronghdy1arrergedgthatt thaeménémum through
oxampi e of 1 Hearddth B Wi Weteidh fieles 15 1 mm, SheRobhe SREPEFabI y
et 20, PRESRR ¥ A ofe T Hooo w g PRAGGRATYLORBSIEET O
wei ghtg of - t1 31300 dd'& P B "two to three seconds. Thereéfore, the heating
conditions of the induction coil can be preparatorily
determined according to the pattern of the screen mask
(i.e., the arrangemeht, size and so on of the through
holes). In such a case, the induction coil heating
10 conditions_conforming to .the through hole size may be set
to the heating conditions close to the.optimum
characteristic values appropriate for the separation from
the stencil of each through hole obtained from the
previously-measured characteristic values (viscosity,
15 shearing stress value and yield value with respect to
temperature) of the_solder paste.

It is to be noted that the temperature control
can also be executed by induction heating when executing
the mask cleaning of the screen mask 11. By this operation,

20 the solder paste left inside the through hole and the rear
surface of the screen mask can be more efficiently removed.

The conditions ih the case are not required to be

-controlled strictly as compared with the time of separation“
from the stencil, and the screen mask is required to be

25 heated to such an extent that the solder paste comes to
have a good flowability. The heating may be executed with,
for example, a power of 1000 W during the cleaning time.

It is to be noted that the present invention is



15 component of |lead, and its particle dianeter is 20 to 40 [err]m

The flux has a solvent of 75 to 40 percent by wei ght of al coho
and the like and 25 to 60 percent by wei ght of ot her solid
conponents. The solid conponents include rosin, activator, and

t hi xotropic agent. As a concrete product 20 name of the sol der paste,
there can be enunerated the soldeévpaste of a product nunber
MR7125 havi ng 63 percent by wei ght "of tin and 37 percent by wei ght

of | ead, produced by Panasoni c. As a material -of
t he screen mas i he 25 nune ate

stai nl ess- st é8 kt E;ésr%lot?fi a?qé gabmS?JS%‘&?g nt, and Fﬁ"%ké\wﬁﬂFbﬂB S8t em
etc., a nick 0 is al so acceptable to
use a screen%#ﬁg%ﬁﬁ%ﬁgﬁég% % |ﬂ§r%FE¥ ?% %ﬁng a conductive

vapor - deposi ted f'lmorFo? xa%ﬁl in he_above_embodﬁment, the board 2/
a plating filmon the surfac a synthetic resin suc

pol yi m de and 4 hies intiRsd Védwn Sid fake Sfatdein hiol@h et escreen mask! Dithis
case, an el ectronmagnetic induction can be generated - in the portion
of thé condudts wadeaEatdeposry eith fotdeorto separate the screen mask 11
from the board 14 relative to each other. However, the
present invention is not limited to this, and the screen -
mask 11 may be moved in a state in which the board 14 is
made stationary. It is alsb acceptable to move both the
10 screen mask 11 and the board 14 in directions in which they
are separated from eaéh other.. |
The printing paste is not limited to the solder
paste 12, and any arbitrary material may be used so long as
the present invention can be applied. For example, the
15 material may be constructed'of'a metal po&der having a
minute particle diaméter‘qf not greater than about 200 pm
and a flux instead of the solder paste. As an example of
this metal powder, there can bé enumerated silver or copper.
In the case of screen printing, the induction
20 heating is effected after the completion of the printing
| paste scraping operation by the squeégee. However, the
present invention is not limited to this, and it is
acceptable to start the inductioh_heating simultaneously
with the scraping operation, execute the heating at a
25 _ temperature lower than the specified heating temperature in
the initial stage and increase the temperature of the outer
peripheral portion of the.printing paste to the above

| specified temperature by the induction heating after the



5 the plating filmon the inner wall surface of the through

hol e. Furthernore, if the board 14 that serves as the
obj ect on which a print is to be forned is constructed of copper
havi ng an excellent conductivity, then no heat is 10 generated in the
board 14 by the el ectromagnetic induction, causi ng no bad
“influence on the el ectronic conponents and so forth on the board.
The -print inspecting section 38 neasures tR8 state in which the
sol der paste layer 12a is formed on the 15 | and 15 of the board 14,
.i.e., the shape and position of . the sol der paste |ayer 12a by
means of a-c&fBPdedion [ofsdthe scraping eperabienufPhgthasredushions ian
exanple of the print state detecting neans 40, and the volunme and
the anount oF1scosity ofodihg RRAL&4 spl acenent of the sol der paste |ayer

12a are 20 cal cul at ed by the processing. operation.segtion,39 on the
basis of the results o Qﬁﬁ%ﬁéﬁuihﬁ?ﬁe+%2e+slﬁﬂgt Ini 283 konﬁ ?uring :
i nstrunment apghki a s ; & I ~Bas e and
cal cul ates tﬁeaﬁg?ghtl g?ll?tsl%qgnrﬂéo%]f% oP! £ w%%}%lekr)oggs{t’g géergcjf %nf rom

t he pQSitiOhm@EkVQﬁLeﬁhHQ&ti%% acceﬁﬁéﬁ%s td NRaREOOVRe £88LEE18h coil

cal culation are conpared wt the inspection criteria stored in
the inspectiBacpairtiadly face thd @ogieicecinoshidh Bhe sépasattonded

whet her the print is good or not. The result of decision is

out putted totheesolder paste 12 from the stencil is unsatisfactory
among the circuit pattern, and inductively heat only the
portion.

10 ' The present invention is not limited to the
noncontact induction heating, and as shown in Fig. 9, it is
acceptable to inductively heat the induction heating
section 28 in contact with the upper surface of the screen
mask 11. In this case, the distance between the induction

15 coil 28a of the induction heating section 28 and the.screen
mask 11 reduces, and‘therefore, the induction heating'can
be efficiently effected in a locally concentrated manner, .
It is to be noted that the refereﬁce numeral 28b in Fig. 9
denotes an induction magnetic fieldT

20 There is a tendency that the inner wall surface
of a through-hole elongated in a direction in which the
induction heating induction current flows is easily
inductively heated, and the inner wall surface of a through
hole elongated in a direction perpendicular to the

25 direction in which the induction current flows is hardly
inductively heated. Therefore, as shown in Fig. 10A, it is
preferable in terms of heat generating efficiency for the

through hole 1la elongated in the X-direction to arrange an



28 con¥rol section 34, and if the print is defective, the

contents of the defect are nunerically expressed and the numeri c
value is also outputted to the control section 34. Thi s deci di ng
operation is executed by, for exanple, 5 cal cul ating the height,

wi dt h, volune and so on of the sol der paste layer 12a fromfor
exanpl e, an inmage captured by the canmera of the print state
detecting neans 40 or position ?a neasured by the | aser length
measuri ng i nstrunment, conparing the decision data of the height,

10 wi dth, volume and_so on of the sol der pasti%LQ%er storeg N
t he i nspect iBAUEEieBr £81dt 385gd nsdhg Jengthyise (krephier of this

Gl o a1 KL Bl LSS L AL Barrent iy (0
trol thaon.35 ch h . Set ] . ha: 0Lk At
controf 520 By, T BIRen enckigy, 8 AURICE, O 2400 o SRRSERLEN ",

R e e LT
. , paraneters include, for
5 shown in Fig. 10B, it is also preferable for the through
hole 1lla elongated in the Y-direction to arrange an
induction coil 28c in the lengthwise direction of the hole
1la and generéte an induction current by flowing a current
through the induction coil as indicated by the line denoted
10 by 28c in Fig. 10B. In this Fig. 10B, if the induction
coil is arranged in the direction of arrow 28e and flow an
induction curreht through the induction coil, then t?g
inner wall surface of the through hole 1la along the Y-
direction generates'heat not so much. in_the case of a QFP
15 (Quad Flat Package) aé shown in Fig. 10D, the lengthwise
| directions of the through holes 1la of adjacent sides cross
each other at an angle of 45 degrees. Therefore, it is
preferable in terms of heat geherating efficiency to
arrange an induction coil in a V-figured shape as shown in
20 Fig. 10C and genérate an induction current by flowing a
current through the induction coil as indicated by the line
denoted b§ 28c in Fig. 10C. |
For example, it is acceptable to overlap first
induction coil for flowing a current in the X-direction as
25 shown in Fig. 10A and a second induction coil for flowing a
current in the Y-direction as shown in Fig. 10B and then,

use the coils as one induction heating section. By

supplying an electric power to either one of the first



exanpl e, the paraneters of each unit stored in the 20 accept abl e

product print database 37 (for exanple, printing vel ocity, tilt
angl e of the squeegee 13, environnent al tenperature during printing
(for exanple, squeegee tenperature, screen mask tenperature, board
t enper at ur e, and tenperature of air and the like around them
enunerated 25 in the order of inpor ?nce), printing pressure, i.e.,
pressure of the squeegee 13 pressed agai nSt the screen mask 11,
stencil separation velocity of the board 14, and profil e of

sgoelerati o guetd PR SO0GK LBBerion potl g eRbREPAGeLY
start timng), gl atin &d‘@@f‘oﬁgé?ﬁer%xg?t&ﬁé 808-h8%induction BB A

quality are stored as database paraneters are

cal cul ated Ry, i PHRAESSEIEW R@@Eﬁl¢0§ect§on in ﬁsféhoewéfilﬁau&moar ocess
control section 35. he above printing nethod to be

i mpl ement eddoils are ovéf&hpﬁ@dea$rd@é¢ﬁﬂb@@p@b@#us @véh beRodghcthbed with
reference to the flowhart of Fig. 4. It is to be noted
5 through hole pattern is varied, an identical induction
heating section can flow a current through the induction
coil only in the X-direction for the through hole along the
X-direction as shown in Fig. 10A, flow a current through
the induction coil only in the Y—direction:for the through
10 hole along the deirection as shown.in Fig. 1OB,.or flow a
current through the two induction coils alternately in the
X-direction and the Y-direction for thé through holes
extending in both the X-direction and Y-direction as shown
in Fig. 10C and-Fig. 10D. As a result, both the through
15 hole 1la along the X-direction and the through hole 1la
-along the Y-direction can be roughly equally heated
inductively for the through holes shown in Fig. 10C and Fig.
10D. Even if the through hole pattern is varied as shown
in Fig. 10A, Fig. 10B, Fig. 10C,'af1d Fig. 10D, then the
.20 identical induction heating section can flow a current
.through the induction coil only in the X-direction, flow a
current through the induction coil only in the Y-direction,
or flow a current through the induction coils alternately
in the X-direction and the Y-direction, so that the
25 general-purpose properties of the induction heating section
can be improved.
Fig. 12A and Fig. 12B show an embodiment of the

present invention according to the screen printing system,



that this sequence of operatlons Is controlled by the 10 control

section 34. In step S1, the screen mask 11 is carried in
to the stage section 20 by the carrying-in unit 2la of the

board carrying-in and carrying-out unit 21. Next, in
step S2, the board 14 carried in to the 15 stage section 20 is
supported by the board support unit 22. 41 Next, in step
S3, the board position recogni zing and correcting section 30
recogni zes the position of the board 14 retai ned by the board

he board 147 HLEh a EiLL1nE FET 1AL T0poeRE adn 13 pe” PHe Sardes" Faste
oxt, 10 SUSn S 4 Nele L0850+ N hRosHYLEREE.  1n thisCbhBBbiARLO (e

board 14 relative he Scr een each correc
Xylerr]- pOS'ttHéDQ:ﬂ%{&ﬁéé‘E f'i‘liu@é roller 108f ikheothegd $echAAl 20 0“ the

basi s of the above cal cul ated position correction anount.
Next, in Stmﬁﬂ:mdmnéwﬂaﬂ ésSgppstheopeddelr paste 12t Badrioridikdy
position bel ow the screen mask 11 by the stage section 20, and the

boar& 14 is fithiedthep snlddwe paspe 12 into the through holes 1lla of the
screen mask 11. The cylindrical shape of the filling
roller 100 may alternately be fhe sawtooth—-shaped one
having spiral grooves 100a shown in Fig. 12A. It is to be
noted that the reference numeral 101 denotes a solder

10 pasfe-scraping-use scraper in Fig. 12A. |

According to an embodiment in which the present
inventipn is applied to a diépense system, it is acceptable
to forcibly fill a print material 112 such '‘as solder paste
into the through holes 1la of the screen:mask 11 by means

15 of a nozzle 111 having an extruding function of a piston
110 as shown in Fig. 13A or an extrﬁding function of
compressed air as shown in Fig. 13B. In Fié. 13B, the
reference numeral 112 denotes a solder paste-scraping-use
scraper provided af the tip of the nozzle 111.

20 : The present invention can also be applied not
only to the screen printing but also to other printing
methods. |

For example, Fig. 14 shows . an embodiment in which
the present invention is applied to a direct—printing

25 planographic transfer printing system. In this case, a
print material 122 supplied in a specified pattern on a
flat plate 120 is directly transferred to a specified
position 115 of a board 114 that is the object on which a



30 section 20 so that the screen mask 11 cones in contact with

t he upper surface of the board 14. Next, in step S6, the
squeegee 13 is noved on the screen mask 11, thereby filling the
sol der paste 12 into 5 the through holes 1la of the screen nask 11.
Next, in step S7, it is decided whether or not the screen mask 11
Is to be inductively heated. Wen the 42 I nduction heating is not
executed as in the case where the sol der paste 12 easily separates
fromthe through holes 1la, the program flow, proceeds to step S8.

When the | NdYerhonss o pe ;ﬁ%ﬁ{edng b3 ERESURES, uhe REOLAMIL UL pEgcEg s

to step S9 o.ap etérn1ne

| medi at el y BELGEahNEnEORRLE! 9B R 100° oBld Hiid pint Material 1z§ohger

paste 12 in step he screen mask 11 is i nductively heated by

the inducti opeg@tbd?B8g ¢hdupeively heaﬂﬂﬁéﬂgléﬁrﬁﬁﬁﬁldﬁlﬁEﬁ&hOﬁh88pr1nt
When the induction heating is executed, the stencil separation

operation i smakéribddlle isepnS8&lose contaatnxﬁtheﬂheeﬁlaﬁ phetex&EOtlon
of the induction heating. 20 That is, by driving the stenci
separati on ubhergbyoproducing an effiegde ofefacid Kmting Heeranigratiapyed
down relative to the screen mask 11 to separate the board 14 from
the screen ©f the print material to the specified position 115 of the
object 114 on which a print is to be formed.
Fig. 15A and Fig; 15B show an embodiment in which
the present invention is applied to an offset printing
10 system. A print material 142 is supplied from a tank 139
stored with the print material 142 to recess bortions 136a
of a.plate cylinder 136 by three rollers 140, thereby
transferring the print material 142 inside the recess
portions 136a onto a rubber cylinder 137. The print
15 material 142 on the rubber cylinder 137 is transferred and
printed on a paper 135 that serves as the object which is
to be put between the rubber cylinder 137 and an impression
cylinder 138 and oﬁ which a print is to be formed. 1In this
embodiment, by inductively heating the inner wall surfaces
20 of the recess portions 136a of the plate cylinder 136 with
which the print material 122 is closely put in contact, the
adhesive force'between the inner wall surface of the recess
portion 136a of the plate cylinder 136 and the print
material 122 is reduced, thereby allowing the print
25 material to be easily transferred onto the paper 135.
Further, Fig. 16 shows an embodiment in which the

present invention is applied to a planographic intaglio

transfer printing System. In this embodiment, by



mask 11 and transfer the solder paste 12 frominside the t hr ough
hol es 1la of the screen mask 11 onto the lands 15 25 of the board 14.
When no induction heating is executed, t he above stenci

separation operation is executed after the conpl etion of the
printing of the solder paste 12, thereby transferring the sol der
paste 12 frominside the 43 31
t hrough hol es 11a of the screen nask 11 onto the | ands 15 of the
board 14. Next, in step S12, the shapes, positions'and

SO 2 t%bﬁ‘%” ngei':e gg%gt’u%%% 2933 %g%@i‘ioo'istohﬁt@%ﬁrfd 14

ar e |nspecte I NS I'ng section Ne t,

in step S13, thfoﬁ?hdfﬁ&@é@l%@?9hﬁéafﬁﬁg the inta &h6t1§baEQMfid¥N¥$(Hhé““
as the result of tThe above I nSpecti on. en it is determ ned that

the print ste¢feés printing §98€den|hehpiregeaf beowbiaiaedd:Heo efifeirtS14 t 0
carry the 10 board 14 out of the printing apparatus by the _
carryi ng- outthat the sheatifigbfoncet ofi Ehé, paddtthatéedaénsaom=qairning
OpGF%%IOﬂS %ggfdegﬁggséé igzd§;e£ggn$gnggaaaageSEL%gLe of each of
recess portions 150a is reduced and the transferability to
specified positions 155 such as lands of a board 154 is
improved.
Fig. 17 shows an embodiment in which the present
10 invention is applied to an intaglio'transfer printing
system. (gravure printing system). A print materiai such as
solder pasfe 162 inside a tahk 165 is supplied to recess
portions 163a of'a plate cylinder 163 by a supply roller
166, and the print méterial 162 in the recess portions® 163a
15 is transferred and printed onto a base material 160 held
between the plate cylinder 163 and an impression cylinder
161. In Fig. 17, the reference numeral ;64 denotes a
doctor, and fhis doctor 164 scrapes off an'excessive amount
of-pfint material 162 of the print material 162 filled into
20 the recess portions 163a. In this embodiment, by
increasing the temperature of the plate cylinder 163 itself
through inductively heating the plate cylinder 163 similar
to.the screen printing system, there can be_pbtained the
effect that the shéaring force of the print material 162 on
25 the inner wall surface of each of the recess portions. 163a
is reduced and the transferability to the base material 160
is improved.

Fig. 23 shows a perspective view of an induction



state is defective in step S13, the program fl ow proceeds to step
S15 to change the design of the process 15 paraneter(s) by the process
control section 35 and end the sequence of printing operations.
The next printing of the sol der paste 12 is executed on the basis
of the optimm - condition information obtained through the design
change in step S15, and the post-pdinting stencil separation
process 20 in step S8 and the induction heating process of the screen
mask 11 in step S10 are executed. Depending on cases, it is al so

accept abl e t eoi@mavRordd nzpltderanier | éntesd snehBabf the prebasitbeen
‘determ ned to be defective print, execute a new printing operation

under the coddventdies). ofthei haducitiemglroiZs is not Heimlidsed)ntahnge in step
S15 and execute the post-printing - - stencil 'separation process in '
step S8 and ehouilagueomiegn and the inductienpeotisvapfbena saunasa-fusretl in

step S10. ] In this flowhart, the process of,fx uting
t he shaped or a rectangular-frame-shaped 1§§uctlon coi s?éﬁci

separgti on process 0 Siep 9 W YAl lEve view sndfEhg"aobebiE in
which two units 728a and 728b of the induction coil 728 of
Fig.'23 ére prepared and arranged at two corners located in
diagonal positions of a board on which a QFP is to be
positioned and an induction current 729 is fléwed in the
10 " lengthwise directiqn_of each through - hole 1la. The two
induction coils 728a and 728b are preferably operated
simultaneously. |
| Fig. 25 is a perspective view showing a state in
which four units 728c, 728d, 728e, and 728f of the
15 induction coil 728 of Fig. 23 are prepared and arranged at
the four corners of a board on which a QFP is to be
positioned and an induction current 729 is flowed in the
lengthwise di;ection of each through hole 1la. In this
.case, the four induction coils 728c throﬁgh 728f are also
20 operated simultaneously.

Fig. 26 is a persbective view showing a state in
which one induction coil 728g. of Fig. 23 is prepared and
arranged above a board portion on which a QFP is to be
positioned and one side edge of the induction coii 728g is

25 arranged in a form inclined at an angle of 45 degrees with
respect to the direction in which the through holes 1lla are
arranged, so that an equal amount of induction current 729

flows through each through hole 1lla.



i nduction heating process in steps S9 and 10 by changi ng t he

design of the induction heating condition(s) are shown 5 as an
exanple. For this paraneter design change, all the paranmeters are
not si nmul taneously changed in design, but only the appropriately
sel ected paraneter(s) are changed in design according to the print
state. According to the above enbodi nent, the screen 10
mask 11 itself is heated by the induction $®ating, so that t he
outer peripheral portion of the solder paste 12 put in cont act
with the inner wall surface of each of the through hol es 1la of

the screen mask 11 conBbet o aavére tedpecioguce ~of Japaneseed Parent han
that in the center ggrtion, 15 consequent |y acquiring a reduced
viscosity. HRPhifatiep No. 8-123393 fikedi v@ fMar¥elbet &80/t HOGHIEINGAI |
surface of the . . throu hole Ila,of fhe screen,mask 11 and the

sol der past eSPecificationy g rgg'@e&f' so TFRWIRGR 5ol BRA paSUEMES Yoasidke

. , 11w h il
e es, . dnerepobhERy hErSiAoBY Tadbebhed I8 sk Alag (e otenc

_ ctorily achieved.
Therefore, the solder ?i‘%h&ul&ﬂ. 'tﬁe”gtre's%fntt QR i 8% been fullpsk 11
side causing no blur of prin h

int next printing. st age, “so that

a specified @qo@epibed $Al é6hnBatienl ¥itdN the preferreds éddEtherithat is,
the sol der paste 12 can be supplied in 25 the specified shape to the

speci fi ed poshereof whthebgference toalthewaogonpanydinge dryaasingd,ayidr (i 12a
to be forned as a
to be noted that wvarious changes and modifications are

apparent to those skilled in the art. Such changes and
10 modifications are to be understood as included within the
scope of the present invention as defined by'the appended

claims unless they depart therefrom.



5 neating, the screen mask 11 itself gener Qfei‘bﬁéiltllllﬂn Illﬂﬂl i ||||
t he heat discharge of the screen mask 11 can be perforned

i medi ately after the stop of the induction heating operation. In
addi tion, the nenbers other than the screen 5 mask 11 are not heat ed,
so that no bad influence is exerted on the next printing
operation, the peripheral units around 46 the screen mask 11 and so
on. In contrast to this, according to the nethod of nerely

radi ati ng heat fromthe outside of the screen mask 11 to heat the
screen mask 11 as 10 observed in cthaiMsse of het air, radiation

heat i ng - (infrared heating), or conduction heating, the nenbers and
air around the screen nmask 11 are heated, and the nenbers and air
around the heating unit is heated due to the - heating of the

heating unil-itself. PhP¥isding metheggompsisingexert bad influence on

;ES ggxgnprkﬂﬁiEgrﬁgfégyéyﬂlné1on a stenc1f Efl?rfggd igg siggenl%%%k 11

5 printing paéte (12, 122, 142, 152, 162) having a
characteristic that a viscosity reducés as temperature
increases;

increasing a temperature of a portion which
belongs to the stencil and on which the .printing paste is
10 - retained so as to reduce the viscosity of the printing
paste to be brought in contact with the portion, thereby
-making the printing paste easy to separate from the
stencil; and
separating the printing paste retained on the
15 stencil from the stencil so as to print the printing paste
on an object (14, 114, 135, 154, 160) on which a print is
. to be formed.- _
2. A printing method as claimed in claim 1, wherein
the portion which belongs to the stencil and on which the
20 printing paste is retained is heated by electromagnetic
induction heating to increase the temperature of the
portion.
3. A printing method as claimed in claim 2, wherein
the stencil has an opening portion (lla, 150a, 163a) to be
25 arranged in a specified pattern for retaining the printing
paste; and the stencil and the object are relatively
separated apart after the stencil comes in contact with the

object, thereby printing the printing paste inside the



pecording Lo he et hod of conducting heat from vt o“eat e lllllmllllluﬂﬁm I

mask 11 but also to the heating unit and the 20 nbers andcaly¥ arosnd*
the screen mask 11, causing a dr awback t hat the heating efficiency
I s bad. When executing the induction heating in a
noncont act manner w thout putting the induction heating section 28
in contact with the screen mask 11, the 23 induction coil 28a of the
i nduction heating section 28 does not conme in contact with the

sol der paste 12 left on the surface of the screen mask 11, and
therefore, tdpenimpgdminion onto tleloBPacts not snmeared by the sol der
paste 12. According- - 34

to this nondontact nethaingtiag tietkodsaanckhénedoincclaim 3, wherein
conponent (s) on the lower surface of the board 14, the di stance to

the eIectroﬁQ:Q%ﬁﬁﬁﬁﬂﬂﬁgngiﬁ¢u#¥§ﬁ@%ﬂ°%oh?ﬁﬁ%ng unit (27 hefpsssi bl e

exertion of bad. inf.l uenge o e electronlc 5 onent d the
i nducti on h&®&5 &gh ktLt gnetic induction ﬁe? 1PEi B f? :

expe%;nent\%ﬁ%(g¥g@g§6%Lénetlc induction heating of the stencil in a
noncontact manner. .
5. A printing method as claimed in claim 4, wherein
an interval between the electromagnetic induction heating
~ unit and the stencil is constructed so as to have a

10 dimension such that a specified induction current flows
through the stencil by the electromaqnetic induction
heating_unit._.
6. A printing method 55'claimed in claim 3, wherein
an electromagnetic induction heating unit (275 for

15 performing the electromagnetic induction heating performs
the electromagnetic induction heating of the stencil in a
contact manner.
7. A printing method as claimed in ahy one of claims
3 through 6, wherein the electromagnetic induction heating

20 is performed after retention of the printing paste on the
opening portioq.of the stencil is finished.
8. A printing method as claimed in any one of claims
3 through 7, wherein the opening portion is a through hole
(11a), the stencil is a screen mask (11), and the printing

25 paste is filled into the through hole by moving a squeegee
(13).
9. A printing method as claimed in any one of claims

3 through 8, wherein a print state is detected after the



assure how much degree the solder paste 12 of a fine
be satisfactorily separated fromthe through hol es 1l imm"l" m""m " I"I
i nducti on heating. The dianmeter of the 10 t hrough hol e was *abeutt0.M s =+
mm and the di stance between the centers of through holes, i.e.,

the pitch between adjacent t hrough holes was 0.2 mm The

environnental tenperature of the air, solder paste, screen mask

and so on around the t hrough hol eA®as 23 C. The experinent results

are shown 15 in Fig. 11A and Fig. 11B. As shown in Fig. 11A and Fig.

| 1B, according to this experinent, the shearing force of . the

sol der past eprintiinigegraistet He Hrioimgd ol e elgfedathe and an - screen nmask

11 at the time of separation fromthe stencil ... exhibits no

reduction i nedgeirrRganetde iimduet iger hentigig fomdition afrthgysteneibitch

of not greater than 1.2 mm This . inplied that, a pitch of 0,2 rm

is the IimtS&f 2 FEPFLtdon of separgtiom et %u?%ﬁ%ﬁﬁ#Jié%ﬂ theyRRiestin
shearing forge ul d be expected when a .distan d fromthe inner

el 18, cPPEERIdFY e TR B R O e SO A S SR, 05 25
Theregkore, aggording t I [ | QIY,5 3 : [ ' age

of thg i nducfetigén heat i %g?)l}?ﬁe l?%ﬁgéetlh%\éegé %&rﬁl%%/ﬁdnglnatana}’ pért?ééhggfégg@%m

whi ch has begntHirbhighlbl,. wherein theORaMNt aRAldriamhde &5 atdnderdQitd Y

perfornmed, and fine

gradient such that the portion put in contact with the
portion retained by the stencil has a high temperature and
the temperature gradually reduces departing from the

10 ~portion in the eleétromagnetic induction heating.
11. A.printing method as élaimed in any one of claims
3'throu§h 10, wherein an induction current for generating
the electromagnetic induction heat flows in a lengthwise
direction of the opening portion of the stencil.

15 12. A printing apparatus comprising:

a heating unit (27) for increasing a temperature

of a portion which belongs to a stencil (11, 120, 136, 150,
163) for retaining a printing paste (12, 122, 142, 152,
162) ‘having a characteristic that a viscosity reduces as

20 temperature increases and on which the printing paste is
retained so as to reduce the viscosity of the printing
paste to be brougﬁt in éontact with fhe portion, thereby
making the printing paste easy to separate from the
stencil; and | o

25 a printing paste separation unit (26, 137, 138,
161) for separating the printinglpaste retained on the
stencil from the stencil so as to print the printing paste

on an object (14, 114, 135, 154, 160) on which a print is



about 0.2 WSQLQEAPEQCZ‘R o0 be performed 1o the extent o allﬂllltﬂlllfﬂllullllllllll

SO on. Wth regard to the induction heating tondi t4 oms, *
5 by supplylng the electric power of 1400 Wfor one to two

seconds, the tenperature of the screen mask 11 can be i ncreased to
about 50 to 70[errJ]Cwith interposition of a gap of 1 nmm
Furthernore, by setting the supply power tdé9about 2000 W the
equi val ent tenperature increase can be achieved 10 Wi t hin one second,
wher eby the sol der paste inside the t hrough hole 1la is allowed to
achieve a grést e formed. tenperature difference between the inner wall -
surface of - the through hole 1la ‘and the center portion thereof. By

putting the ildduction d‘omrmn‘tmt@pamtmﬂhé sl;azaleﬁdrmskclasm 12, 11, a

nore efficient tenperature I ncrease can be_ achi eved.
Accor di ng t oftké &SO@@mRﬁiﬁﬁanFhﬁxﬁ¢?EF%%ehél# '120, 136:5559raiﬁ§h for

h diff b h f
D e 1 hr ouBREAGRA L8 Fhm P Ty i Aete (12,198, 142, of SEnseth, bagioess o
11a dgpends gacm%atct&re%%@'&a@%ts oL b1 vy TPEEEEQECasAEEEr ding tO the

screen nas
temperature increases.

14. A printing apparatus as claimed in claim 12 or 13,
further comprising an electromagnetic induction heating
unit (27) for heating by electromagnetic induction heating

10 the portion which belongs to the stencil and on which the
printing paste is retained, thereby-increasing the
temperature of the poition.

15. : A printing apparatus as claimed in claim 14,
wherein the stencil has an opening portion (1lla, 150a,

15 163a) to be arranged in a specified pattern for retaining"
the printing paste, and the separation unit separates the
etencil relatively from the object after the stencil comes
in contact with the object, thereby printing the printing
paste inside the opening portion onto the object.

20 16. A printing apparatus as claimed in claim 15,
wherein the electromagnetic induction heating unit (27) for
performing the electfomagnetic induction heating pefforms
the_electromagnetic'induction heating of the stencil in a
noncontact manner. |

25 17.. A printing apparetus as claimed in claim 186,
wherein an interval between the electromagnetic induction
heating unit and the stencil is constructed to have a

dimension such that a specified induction current flows



Phe' condltion setting i s pertorned in accordance with o |[IM gIIHIIﬂJHIII I
tochbee ® s =

t hrough hol e size anong the plurality of t hrough hol es*

subjected to the induction heating. 25 That is, if the mninmm

t hrough hole width is about 0.15 mm t hen, as descri bed above, then
there is necessitated such a sharp control as the supply of a power
of 2000 Wto the i nduction coil fobBOa supply tinme of about one
second. 36

However, in the case of a plurality of through holes which are so
relatively rdahgohgharttengstrbridicl byethié neleidtttmaggdétic inductiene w dth of
the through holes is 1 mm then the supply power is allowed to be
1000 Wand t headdipgl ynxiite is 5  allowed to be two to three seconds.
Therefore, the heating .. conditions of the induction_coil can be
preparatorily8- AHnrnging apraratey a8 cheipedt épncdpimhd Sscreen
mask i.e., .the arrangenent, size and so on of .the through

nor6s) . 11 SHERTELEL SRS (SheCIRRAGHAT £6; {naearEon ast 1he Bhnt: tedis for

confogning tBéEQ%rhgg%“¥héugf%é%fghégﬂééféSfﬁduction heating performs

10

15

20

25

the electromagnetic induction heating of the stencil in a

contact manner.

19, A printing apparatus as claimed in any one of

claims 15 through 18, wherein the electromagnetic induction
heating is performed-hfter retention of the printing paste
on the opening portion of the stencil is finished.

20. . A printing apparatus as claimed in any one of
claims 15 through 19, wherein the opening portion is a
through hole (11la), the stencil is a screen mask (11), and
the printing pasteée is filled into the through hole by
moving a squeegee (13). - '

21. A printing apparatus as claimed in any one of
claims 15 through 20, further comprising a control section
(34) for detecting a print state after the printing paste
is printed on the object and controls an electromagnetic
induction heating condition of the stencil or a condition

of separation of the stencil from the object on the basis

of a result of detection.

22. A printing apparatﬁs as claimed in any one of
claims 15 through 21, whefein the print material has a
temperature gradient such that the portion put in contact
with the portion retained by the stencil has a high

temperature and the temperature gradually reduces departing



to the heating conditions close to the optinmum char actlm“mmllllulllm”lll
val ues appropriate for the separation from t he stenci

t hrough hol e obtained fromthe previ ousl y- measur ed chartactéeritstlc 3
val ues (viscosity, 15 shearing stress value and yield value with
respect to tenperature) of the sol der paste. . It
is to be noted that the tenperature control can al so be executed
by induction heating when executing 51 the mask cleaning of the
screen mask 11. By this operation, 20 the sol der paste |eft inside

t he through hole and the rear surface of the screen mask can be
nore effici efidopm rdreo\pektion in thd hel ectcbhhagmstio induca$enahean®hg.
required to be controlled strictly as conpared with the time of
separation 23. f r SmpHa Ging Apparakus has selabredath 8BYrenei p€d to be
25 heated _tq such an extent_ that the sol der paste cones to have
a good fl onaGLeiig 1%@%?%&%%’@%&}?@ ’F]lon currenf o fogxanpl e,
ﬁofgge[hgz %000 W urln Lhe cleanlqg etlc induction heat flowétlhsato be

37 5 lengthwise direction of the opening portion of the stencil.
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not limted to the above enbodi nent, and the i nvention can be

inplemented in a variety of forns. For exanple, in the
above enbodi ment, the board 14 is noved down in the state in which
the screen mask 11 5 is made stationary in order to separate the
screen mask 11 fromthe board 14 relative to each other. However,
t he present invention is not limted to this, and the screen

mask 11 nay be noved in a state in which tB2 board 14 is made
stationary. It is also acceptable to nove both the 10 screen mask 11
and the board 14 in directions in which they are separated from
each other. o The printing paste is not timted to the

sol der paste 12, and any arbitrary material may be used so |ong as
the present invention can be applied. PBSTRA&¥pl e, the 15 mat eri al may
be constructed of a netal powder having a m nute particle dianmeter

of not greater than abdie Jtemperature of a pexdien |thatnbedenas t@ea
o PS5, TP 1o tocasel"sh LG RSy, LS S
bf Th by i nt FREATHING Binting 'BABEES (12 o ek add {ICHERIBLILNET
hceptabl e t SLSEasEty, HETEhARId thactd! et P adicre ol LS portion
scrapi ng opetathffingXetid eriit Nfpipd¥t &) €hereby allowing the printing

" paste to be easily separated from the retaining portion for

the achievement of easy printing on an object (14) on which

10 a print is to be formed.



25 tenperature | ower than the specified heating tenperature .in
the initial stage and increase the tenperature of the outer

peri pheral portion of the printing paste to the above specified
tenperature by the induction heating after the
38 conpl etion of the scraplng operation for the reduction in
viscosity of the paste. 1/19 The present invention is not
limted to the uni forminduction heating of the whole body of the
screen 5 mask 11, and it is acceptable to nake the induction coi
28a partially.face the portion in which the separation of t he
sol der paste 12 fromthe stencil is unsatisfactory . anong t he
circuit pattern, and inductively heat only the portion. 10.
The present invention is not linmted to the noncont act i nduction
heating, and as shown in Fig. 9, it is acceptabl e to inductively
heat.- t he i nduction heating . section 28 in contact with the upper
surface of the screen mask 18 In this case, the distance: between
t he |nduct|on Q a ' -
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15 coil 28a of the induction heating section 28 and the screen

mask 11 reduces, and therefore, the induction heating can be
efficiently effected in a locally concentrated nmanner. It is to be
noted that the reference nuneral 28b in Fig. 9 denotes an
I nduction magnetic field. 20 There is a tendency that the
I nner wall surface of a through hol e el ongated in a direction in
whi ch t he i nduction heating i & i on current flows is easily
i nductively-heated, and the inner wall surface of a through hol e
el ongated in a d|rect|on perpendi cul ar to the 25 direction in which
the induction current flows is hardly I nducti vel y heat ed.
Therefore, as shown in Fig. 10A, it is preferable in ternms of heat
denerating efficiency for the - t hrough hole 1la elongated in the
X-direction to arra e an _ 39
I nducti on c0|I j?the | engt hwi se direction of this t hrough hol e
| 1a and genera I nduction current by fI3ﬂ|ﬁ;éicurrent t hr ough
t he i nduction coi OARIS r(‘)r;\RHYING IN_AND by the line zienot ed by 28c in Fig.
10A. Therefor a8 ‘
21~ UNIT k BOARD POSITION
CARRYING-OUT | REC % g’;‘“é':'t‘r?NG
2 AND C
1 32 - 1 [PoARD SUPPORT UNIT SECTION 322
SCREEN || SQUEEGEE HEAD PROCESSING] RECOGNITION
MASK DRIVING UNIT OPERATION CAMERA '
- _ - | _ SECTIO
25— 3 — .
- XY@-POSITION | \ _ 33
STAGE | CORRECTING UNIT | 31 | }
SECTION STENCIL fee——t————
| sepARATION UNIT | _JlconTRoL SECTION]|—| SSELAY
~ .| SECTIO
¢ 34 T 35
20 26 -
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HEATING TIMER G PRINT
SECTION 3 ) T
38 29 | 36 37
|| PRINT INSPECTING SECTION 38
S g
391~ ECTING
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414 INSPECTION CRERIA] 40
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5 shown in Fig. 10B, it is also preferable for the through hol e
1lla elongated in the Y-direction to arrange an i nduction coil 28c
in the |l engthwi se direction of the hole | la and generate an

i nduction current by flowng a current t hrough the induction coi

as indicated by the line denoted 10 by 28¢c in Fig. 10B. In this Fig.
10B, if the induction coil is gynaenged in the direction of arrow
28e and fl ow an - induction current through the induction coil, then
t he inner wall surface of the through hole 1la al ong the Y- -
direction generates heat not so nuch. In the case of a QFP 15 (Quad
Fl at Package) as shown in Fig. 10D,  the | engthw se directions of
the through holes 1la of adjacent sides cross ~ .each other at an
angl e of 45 degrees. Therefore, it is . preferable in terns of heat
generating efficiency to arrange an induction coil in a V-figured
shape as shown in fé/g & g. 10C and generate an.induction current by
flow ng a “current through the induction coil as indicated by the
l'ine denoted by 28c in Fig. 10C _ For exanple, it
is acceptable to overlap first i nduction coil for flowng a current
in the X-direction as 25 shown in Fig. 10A and a second induction coi
for flowng a = | current in the Y-efregtion as showmn in Fig. 10B and

t hen, use the coils as one jp#duction heating section. By

supplying an electric power :to either o2Adt t he~L{r st

14
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40 I nduction coil and the second induction coil or alternately

to the first induction coil and the second induction coil in the

i nduction heating section in which two induction _ coils are
over | apped as descri bed above, even though the 5 t hrough hol e pattern
is varied, an identical induction heati ng section can flow a _
current through the induction coil only in the X-direction for the
t hrough hole along the X-di redtABh as-shown in Fig. 10A, flow a
current through the induction coil only in the Y-direction for the
t hrough 10 “hol e along the Y-direction as shown in Fig. 10B, or. flow a
current through the twg induction coils alternately in the

X-direction and 'E@Yﬁﬂi'rect ion for the through hol es extending in
both the X-directi'®d"and Y-direction as shown in Fig. 10C and Fig.

1D. As a result, both 15 - hol e 11a along the X-direction
and the through hole 14g al ong the Y-direction can be roughly
equal 'y heat ed indudtivelyfar the through holes shown in Fig. 10C
and Fig. SEI,(FD; CARRY BOARE:INhrjough hol e pattern-is @ed as shown
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in Fig. 10A, Fig. 10B, Fig. 10C, and Fig. 10D, then the 20 I denti cal

I nduction heating section can flow a current _ t hrough t he induction
coil only in the X-direction, flow a current through the induction
coil only in the Y-direction, or flow a current through the

I nduction coils alternately in the X-direction and the
Y-direction, so that the 25 ‘gener al - pur pose properties of the

i nducti on heating section - cans?qginproved. Fi g.
12A and Fig. 12B show an enbodi nent of "t he present invention

according to the screen printing system

41 in which a filling roller 100 for filling the sol der paste

12 is used instead of the squeegee. In this enbodinent, . t he
cylindrical filling-roller 100 is rotated to hold printing .
material, e.g., the solder pastg 12 and forcibly 5 fill the sol der
paste 12 into the througﬁrhg7e Ha of the screen mask 11." The
cylindrical shape of the filling roller 100 may alternately be the
saw oot h- shaped one havi ng spirral grooves 100a shown in Fig. 12A. .

It is to be

28\

280

28a




noted that the reference nuneral 101 denotes a solder 10

past e- scrapi ng-use scraper in Fig. 12A . According to an
enbodi ment in which the present invention is applied to a di spense
system it is acceptable to forcibly fill a print material 112
such as sol der paste into the through holes 1l a of the screen mask
11 by neans 15 of a nozzle 111 having an extrudi ng function of a

pi st on 110 as shown in Fig. 13r an extrudi ng function of
conpressed air as shown inFig. 13B. In Fig. 13B, the reference
nuneral 112 denotes a sol der paste-scrapi ng-use scraper provided
at thetip of the nozzle 111. 20 The present invention can
al so be applied not only to the screen printing but also to other
printing met hods. For exanple, Fig. 14 shows an
enbodi ment in which the present invention is applied to a
direct-printing 25 pl anographic transfer printing system In this
case, a print material 122 supplied in a speécified pattern on a
flat plate 120 is directly transferred to a specified position 115

of a board 114 _that is . the object -on which a
Fig 74 |
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42 print is to be forned. In this Fig. 14, the adhesive force

between the flat plate 120 and the print material 122 is reduced by
i nductively heating a surface on which the print material 122 is in
cl ose contact with the flat plate 120, 5 t her eby producing an effect
of facilitating the emigration of the print material to the
specified position 115 of the obj ect 114 on which a print is to be
f or med. ' Fig. 15A amdrfdg. 15B show an enbodi ment in
whi ch the present invention is applied to an offset printing 10
system A print material 142 is supplied froma tank 139 stored
with the print material 142 to recess portions 136a - of a plate
cylinder 136 by three rollers 140, thereby transferring the print
material 142 inside the recess portions 136a onto a rubber
cylinder 137. The print 15° material 142 on the rubber cylinder 137 is
transferred and printed on a paper 135 that serves as the object
which is to bérfdy. ween the rubber cylinder 137 and an
i npression - cylinder 138 and on which a print is to be fornmed. In
this enbodi nment, by inductively heating the inner wall surfaces 20
of the recess portions 136al of the plate cyli-nder 136 with whi ch
the print material 122 is cjosely @gut in contact, the adhesi ve
force between the inhner walj surfade of .the recess
100
ADHESIVE
FORCE
(gf) 39
o 1 1

50 100

TEMPERATURE (°C)



portion 136a of the plate cylinder 136 and the print material 122

is reduced, thereby allowng the print 25 material to be easily
transferred onto the paper 135. ' ~ Further, Fig. 16 shows
an enbodi ment in which the present invention is applied to a

pl anographic intaglio transfer printing system In this enbodi nent,
by . : _ 43 i ncreasi ng
the tenperature of an intagli O 150 it g¥{9 t hrough inductively -~
heating the intagliO 150 sinmlar to the screen printing system

t here can be obtained the effect that the shearing force of the -
print material such as 5 sol'der paste 152 on the inner wall surface
of each of recess portions 150a is reduced and the transferability
to- specifiedfp?i5ttggs 155 such as lands of a board 154 is .

i nproved. . ig. 17 shows an enbodi nent in which the
present 10 invention is applied to an intaglio transfer printing
system (gravure printing systemj. A print nmaterial 'such as sol der

paste 162 inside a tank 165 is suppl@ed to recess
28b 28 .28a  28b
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portions 163a of a plate cylinder 163 by a supply roller 166, and
the print material 162 in the recess portions' 163a 15 Is transferred
and printed onto a base material 160 held - between the plate
cylinder 163 and an inpression cylinder 161. In Fig. 17, the
reference nuneral 164 denotes a doctor, and this doctor 164
scrapes off an excessive anount of -print material ‘162 of the print -
material 162 filled into 20 the 9£d@ss portions 163a. In this
enbodi nent, by i ncreasing the tenperature of the plate cylinder
163 itself t hrough inductively heating the plate cylinder 163
~simlar - to the screen printing system there can be obtained the
effect that the shearing force.of the print material 162 on 25 t he
inner wal | surface of each of the red®#ss portions 163a i's reduced
and the transferability to the base-material 160 IS inproved.

Fig. 23 shows aﬁpﬁgpﬁéAe view of an i nducFihg.lOC
6

44 co g to another enbodi nent of the present
i nvention. The indyction coil is not limted to thq45° annul ar one,-
and the induction R Me a squar e-frane- o :
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shaped or a rectangul ar-frane-shaped i nduction coil 728. 5

Fig. 24 is a perspective view showng a state in . which two units
728a and 728b of the induction coil 728 of - Fig. 23 are prepared
and arranged at two corners |located in di agonal positions of a
board on which a QFP is to be posi ti oned and an i nduction current
729 is flowed in the 10 | engt hwi se ,di recti on of each through hol e
1lla. The two i nducti on coil§q7f§b and 728b are preferably

oper at ed si mul t aneousl y.. Fig. 25 is a
perspective view showing a state in whi ch four units 728c, 728d,
728e, and 728f of the 15 i nduction coil 728 of Fig. 23 are prepared

and arranged at 4 our corners of a board on which a QFP is to
be ' posi ti oEelganlth nduction current 729 is flowed in the

| engt hwi se direction of each through hole 1la. In this - case, the
four induction coils 728120 ' _ :
si mul t aneousl y.

state in whi ch
arranged above a board porty on on
and one side edge of the inductionic
inclined at an angle of 49 degreesiwt
in which the t$gHRARINGw 0! es [L1la arej|

e View showi ng a
3 is prepared and
posi ti oned
arranged in a form
o the direction
hat an equal

amount of i ndUGTRESSUT r eipt] 729 i
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-flows through each through hole 11a.

45 The entire disclosure of Japanese  Patent
Application No. 8-123393 filed on May 17, 1996, i ncl uding
speci fication, cl ai s, dr awi ngs, and sunmmary are
I ncor porated herein by reference inits entirety. -5
Al t hough the present invention has been fully described-in
connection with the preferred enbodi néhw’d9 t hereof with reference
to the acconpanying drawings, it is to be noted that wvarious
changes and nodifications are apparent to those skilled in the
art. Such changes and 10 nodi fi cations are to be understood as
l-ncl uded within the scope of the present invention as defined by
t he appended claims unless they depart therefrom
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46 CLAI M5 1. A

printing method conprising: retaining on a stencil (11,
120, 136, 150, 163) a 5 printing paste (12, 122, 142, 152, 162)
havi ng a characteristic that a viscosity reduces as tenperature

i ncr eases; increasing a tenperature of a portion which
bel ongs to the stencil and on which the. printing paste is 10 retained. -
so as to reduce the viscosity of. the 1@4ﬁ ing paste to be brought
‘in contact with the portion, ‘thereby maki ng the printing paste
easy to separate fromthe stencil; and

separating the printing paste retained on the 15 stencil fromthe
stencil so as to print the printing paste on an object (14, 114,
135, 154, 160) on which a print is to be fornmed. ' :

A printing method as claimed in claim1l1, wherein t he portion which
bel ongs to the stencil/ﬁﬁ@ygn]uﬂich the 20 printing paste is retained
i s heated by -el ectronagnet’ c.. i nduction heating to increase the

tenperature of the - portion.

INDUCTION MAGN:ETIC_- FIELD
o) 3

S

- 122 . _ -

[IZS NNANN AN
11}5 - |

Fig.l5A

135

S

T

R, R )

{

|
L2




3. A printing nmethod as clainmed in claim2, wherein t he

stencil has an opening portion (1la, 15a, 163a) to be 25 arranged in a
specified pattern for retaining the printing - paste, and the st.enci
and the object are relatively separated apart after the stenci
comes in contact wth the object, thereby printing the printing
paste inside the _ . 47 -
openi ng portion onto the object. 13/19%. A printing nethod as
clainmed in claim3, wherein an el ectromagnetic induction heating
unit (27) for perform ng the el ectromagnetic induction heating
perforns 5 t he electronagnetlc i nduction heating of the stencil in a.
Aoncont act nmanner. A printing method as clained in claim
4, wherein ‘ an inffrval d%_ween t he el ectromagnetic induction’

heati ng unit andAAgGstfdcil is constructed so as to have a 10

di mensi on such that a specified induction current flows t hr ough
the stencil by the el ectromagnetic induction ' heatlng unit.

INDUCTION MAGNETIC FIELD-

b fﬂ 50
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6. A printing nethod as claimed in claim3, wherein an

el ectromagnetic induction heating unit (27) for 15 perform ng the

el ectromagneti c i nduction heating perforns the el ectromagnetic

i nduction heating of the stencil in a contact manner. 7.
A printing nmethod as clainmed in any one of clains 3 through 6,
wherein the el ectromagnetic induction heating 20 is perfornmed after
retention of the printing paste on th openi ng portion of the
stencil is finished. ﬁ prlntlng met hod as clained in any
one of clains 3 through 7, mhereln t he opening portion is a through
hol e ' .(X1a), the stencil is. a screen nmask-(11), and the printing 25
paste is filled into the through hole by noving a squeegee (13).

9, A printing nmethod as clainmed in any one of clains

through 8, Wwherein a print state is detected after the 0 [err]

48 printing paste is printed on the object, and an

electronagnetic i nduction heating condition of the stencil

Fig.18A
.Fig.188 i
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or a condition of separation of the stencilfromthe obj ect i's

controlled on the basis of a result of detection. 5 10. A
printing nethod as clainmed in any one of cl.ains 3 through 9,
wherein the print material has a tenperature gradi ent such that the
portion put in contact with the portion retained by the stencil has
a high tenperature and the tenperature gradually reduces departing
fromthe 10 portion in the electro netic induction heating. B
11. A printing nethod as clai ned ﬂﬁgggy one of clains 3 t hrough
10, wherein an induction current for generating ' the el ectromagnetic
i nduction heat flows in a | engthw se direction of the opening
portion of the stencil. 15 12. A printing apparatus conpri sing:
a heating unit (27) for increasing a tenperature " of a portion which
bel ongs to a stencil (11, 120, 136, 150, 163) for retaining a
printing paste (12, 122, 142, 152, 162) having a characteristic
that a viscosity reduces as 20 tenperature increases and on which the
printing paste is “retained so as to reduce the viscosity of the
printing ' paste to be brought in contact with the portion, thereby
maki ng the printing past®Q easy to separate fr e stencil; and
25 . a leﬂi&% paste separation 26, ,137, 138,

inting pa®&ts ' 1

161) for separating the
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stencil fromthe stencil so as to print the printing paste on an
object (14, 114, 135, 154, 160) on which a print is [err]

49 to be forned. 13. ‘A printing apparatus as clained
inclaiml12, further conprising the stencil (11, 120, 136, 150,
163) for retaining the printing paste (12, 122, 142, 152 162)

havi ng 5 a characteristic that its viscosity reduces as its
tenperature increases. - - 14. 16X1Printing apparatus as clained in
claim112 or 13, . : further conprising an el ectromagnetic induction
heating unit (27) for heating by el ectromagnetic induction heating
10 t he portion which belongs to the stencil ‘and on which the

printing paste is retained, thereby increasing the t emper at ure of
t he portiom 15. A printing apparatus as clained in claim 14,
wherein the stencil has an opening portion (1la, 150a, 15 163a) to be
arranged in a specified tte for retaining thé printing paste,
and the separation unitfgaghr S the . " .
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stencil relatively fromthe object after the stencil cones in

contact with the object, thereby printing the printing paste inside
t he opening portion onto the object. 20 16. - A printing apparatus
as claimed in claim15, wherein the el ectromagnetic induction
heating unit (27) for - performing the el ectromagnetic induction
heating perforns t he el ectronmagpejic induction heating of the
stencil in a noncont act manner 17738 17. A printing
apparatus as clainmed in claim116, . wherein an interval between the
el ectromagneti c. i nduction heating unit and the stencil is
constructed to have a dlnen5|on such that a specified induction
current flows err] _ 50

t hrough the stencil by the elec ronagnetlc i nduction heating unit.
18. A printing appar gz Ialned in claim1l5, . wherein the
el ectromagneti c i nduction tTmg unit (27) for 5 perform ng the

el ect romagneti c i nducti on heating perforns the el ectromagnetic

i nduction heating of ‘the stencil i
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contact manner. 19. A printing apparatus as clainmed in any one
of clains 15 through 18, wherein the el ectromagnetic induction 10
heating is performed after retention of the printing paste on the
opening portion of the stencil is finished. . 20. A printing
apparatus as clainmed in any one of clainms 15 through 19, wherein
the opening portion is a throagh ole (11a), the stencil is a
screen nmask (11), and 15 the pri (ﬁ . paste is filled into the through
hol e by : novi ng a squeegee (13). 21. A printing
apparatus as clainmed in any one of : clainms 15 through 20, further
conprising a control section (34) for detecting a print state after
the printing paste 20  is printed on the object and controls an

el ect romagnetic : i nduction heating condition of the stencil or a
condi tion of separation of the stencil fromthe object on the basis
of a result of detection. 22. A printing apparatus as cl ai ned
in any one of _ 25 .clainms 15 through 21, wherein the print material has
a t efpér@t, U gr adi ent such that the portion put in contact

with the portion retained by the stencil _Aas_a high t enperature and

the tenperature gradually reduces depagZFhg .
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[err] ‘ 51 fromthe portion in the

el ectromagneti c i nduction heati ng. 23. A printing apparatus as
claimed in any one of claims 15 through 22, wherein an induction
current for generating the el ectromagnetic induction heat flows in a
5 )l engt hwi se direction of the opening portion of the stencil
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