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SPECI FI CATION TI TLE OF THE | NVENTI ON Appar at us And thhoérﬁaé;? N
Printing.Sql der Paste BACKGROUND OF THE | NVENTI ON - The present
,5§$V%htiqn relates to an apparatus and a nethod for printing, applying
“sol der paste onto surf aces of circuit boards to be printed. In

the prior art of manufacturing electronic circuit boards, solder paste
has beeh primarily used to solder electronic conmponents such as chips or
the like onto printed boards. A solder paste printing apparatus has been
enpl oyed to print, apply the solder paste in a required pattérn
A squeegée head | oaded to a conventional solder paste printing apparatus
100 is constituted, for instance,
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SPECIFICATION
TITLE OF THE INVENTION '

Apparatus And Method For Printing Solder Paste

' BACKGROUND OF THE INVENTION

The present invention relates to an apparatus and
a method for printing, applying solder ﬁaste onto surfaces
of circuit boards to be printed.

In the prior art of manufacturing electronic
circuit boards, solder paste has beéen primarily used to
solder electronic components such as chips or the like onto
printed boards. A solder paste printing apparatus has been
employed to print, apply the solder paste in a r‘equired
pattern.

A squeegee head loaded to a conventional solder
paste prihting apparatus 100 is constituted, for instance,
as shown in Fig. 20. Generally, a squeegee head 102 moves
from left to right and from right to left in Fig. 20
alternately for every printed board 5 to print the solder
paste. A right squeegee 101a is used for printing in the
right direction, namely, from left to right in Fig. 20, and
a left squeegee 101b is for printing in the opposite left
direction. _

An operation for printing the solder paste to the

printed board 5 by the conventional solder paste printing



as shown in Fig. 20. Cenerally, a squeegee head 102 noves fromleft to
right .and fromright to left in Fig. 20 alternately for every printed
b&ard 5 to print the solder paste. A right squeegee 10la is used for
printing in the right direction, nanely, fromleft to right in Fig. 20,
and a left squeegee 101b is for printing in the opposite left direction.
An operation for printing the solder paste to the printed board 5 by the
conventional sol der paste printing - 2-
apparatus 100 will be described with reference to Figs. 20- 22. 1In Figs.
20-22, references respectively indicate: 3 a mask having openings 4 forned
in arequired pattern; 5 a printed board; 6 a land to which a sol der paste
7 is printed; and 8 a solder résist The above-nentioned required
pattern of the mask 3 is a pattern in which openings 4 are forned
corresponding to lands 6 on the

apparatus 100 will be described with reference to figs. 20~
22, In Figs. 20-22, references respectively indicate: 3 a
mask having openings 4 formed in a required pattern; 5 a
printed board; 6 a land to which a solder paste 7 is
.printed; and 8 a solder resist. The above-mentioned
required pattern of the mask 3 is a pattern in which
openings 4 are formed corresponding to lands 6 on the
printed board S.

Firstly, in printing in the right direction, the
printed board 5 is positioned and overlapped with the mask
3 so that the openings 4 agree with the 1lands .6.
Thereafter, while the left squeegee 101b is kept raised,
the right squeegee 10la is lowered to bring a squeegee
front end part 103 in touch with a surface 3a of the mask 3
with a suitable printing pressure. In this state, the
right sqﬁeegee 10ia is 1linearly moved in the right
direétion, thereby to fill the solder paste 7 provided at
the surface 3a of the mask 3 into the openings 4 of the
mask 3. The printed board 5 is separated from the mask 3
after the right squeegee 10la is moved to the right end of
the mask 3, when the printing is finished. Meanwhile, in
the case of printing in the left direction, the printed
board 5 1s positioned and overlapped with the mask 3,
similar to the above printing in the right direction.

Then, the left squeegee 101b is descended while the right



piinted board 5. Firstly, in printing in the right direction, the
pg%@ted board 5 is positioned and overlapped with the nask 3 so that the
openings 4 agree with the lands .6. Thereafter, while the |left squeegee
101b is kept raised, the right squeegee 10la is lowered to bring a
squeegee front end part 103 in touch with a surface 3a of the mask 3 wth
a suitable printing pressure. In this state, the right squeegee 10la is
linearly noved in the right direction, thereby to fill the solder paste 7
provided at the surface 3a of the mask 3 into the openings 4 of the mask
3. The printed board 5 is separated fromthe mask 3 after the right
squeegee 10la is noved to the right end of the mask 3, when the printing
is finished. Meanwhile, in the case df=printing in the left direction,
the printed board 5 is positioned and overl apped with the mask 3, simlar
to the above printing in the right direction. Then, the left squeegee 101b
I s descended while the right

squeegee 10la is held up, to bring the squeegee front end
part 103 in touch with the mask 3. The operation
afterwards is the same as in the case of printing in the
right direction. By repeating the operations in the right
direction and left direction alternately for every printed
board S5, the solder paste 7 1is continuously printed,
applied onto the lands 6 of each printed board 5 via the
mask 3.

In the conventional solder paste printing
ap?aratus 100, the squeegee 10la or 101b is moved while the
front end part 103 of the squeegee is kept in touch with
the surface 3a of the mask 3 with a suitable printing
pressure. As is made clear from this fact, each;of'the
conventional squeegees 101a, 101b .executes two kinds of
operationg, .i.e., a scraping operation of scraping the
solder paéte 7 at the surface 3a of the mask 3 and a
filling operation of filling the solder paste 7 to openings
4 of the mask 3, which will be described with reference to
Figs. 21 and 22.

Figs. 21 and 22 are enlarged views of the
printing squeegee 10la, etc. when the printing is carried
out in the right direction. As shown in Fig. 21, when the
right squeegee 10la is descended to bring the front end
part 103 in touch with the surface 3a of the mask 3 and

moved linearly in the right direction, the right squeegee



- 3- squeegee 10la is held up, to bring the squeegee front end part 103
in_touch with the nmask 3. The operation afterwards is the sane as
iﬁﬁfhe case of printing in the right direction. By repeating the
operations in the right direction and left direction alternately for every
printed board 5, the solder paste 7 is continuously printed, applied onto
the lands 6 of each printed board 5 via the nmask 3. In the
conventional solder paste printing apparatus 100, the squeegee 10la or
101b is nmoved while the front end part 103 of the squeegee is kept in
touch with the surface 3a of the mask 3 with a suitable printing

pressure. As is made clear fromthis fact, each of the conventional

squeegees 10l1a, 101b executes two ki fds- of operations, i.e., a scraping
operation of scraping the solder paste 7 at the surface 3a of the nask 3
and a filling operation of filling the solder paste 7 to openings 4 of

the mask 3, which will be described with reference to Figs. 21 and 22.
o 2L and BRcte AT Pl e Ph! TR U IREA0E 08 B
21, when thethe mask 3 moves while scraping the solder paste. The
scraped solder paste 7 flows accompanying a rotary movement
called rolling as indicated by an arrow I in Fig. 22. At
.this time, a fluid pressure is generated inside the solder
paste 7. When the right sgqueegee 10la moves further right
to reach the opening 4 of the mask 3 in the above
condition, the solder paste 7 is pressed into the opénings
4 because of the above-described fluid pressure, in other
words, the solder paste 7 is filled in the openings 4. A
pressure with which the solder paste 7 is pressed into the
openings 4 will be denoted as a “filling pressure"
hereinbelow. |
Supposing a coordinate system as shown in Fig. 23

to the printing squeegee 10la, when a viscosity of the

sclder paéte 7 is 9, an angle of the surface 3a of the mask
3 to a face 104 of the printing squeegee 10la facing the
surface 3a (referred to as a "squeegee angle" hereinafter)

is o, a speed of the moving sgueegee 10la (referred to as a

"squeegee speed") is v, it is known that a fluid pressure p
produced inside the solder paste 7 is expressed by an
equation below.

p=(2nv/r) * (Asinf+Bcosf) ... (1)

wherein r is an optional position in the polar coordinate

system of Fig. 23, § is an angle of the surface 3a of the

P



right squeegee 10la is descended to bring the front end part 103 in touch
with the surface 3a of the mask 3 and noved linearly in the right

d&rection, the right squeegee -4-
10l1a reaching the solder paste 7 fed to the surface 3a of the mask 3 noves
whi | e scraping the sol der paste. The scraped sol der paste 7 flows

acconpanying a rotary novenent called rolling as indicated by an arrow
inFig. 22. At this tinme, a fluid pressure is generated inside the sol der
paste 7. \When the right squeegee 10la noves further right to reach the
opening 4 of the mask 3 in the above condition, the solder paste 7
I's pressed into the openings 4 because of the above-described fluid
pressure, in other words, the solder Haste 7 is filled in the openings 4.
A pressure with which the solder paste 7 is pressed into the openings 4
will be denoted as a "filling pressure”

mask 3 to the above r, A=sin?a/f(o?-sin?az) and B=(a-
sina*cose) / (a?-sina) .

From ‘the above expression (1), a fluid pressure
.distribution in the solder paste 7 and a pressure
distribution at the face 104 of the printing squeegee 10l1a
are as indicated in.Fig. 24. Specifically, a shaded part
105 in Fig. 24 .is where the fluid pressure p, namely,
filling pressure is generated.

In the meantime, a print time for printing the
solder paste is required to be reduced in the printing
procéss from the viewpoint of improving productivity.
However, if the squeegee speed v is made faster in order to
shorten the print time in the conventional solder paste
printing apparatus 100, the amount of the solder paste 7
filled in the openings 4 of the mask 3 becomes scarce as
indicated in Fig. 25, resulting in printing failures with
non-filled parts 9 and hindering stable printing. The non-
filled part 9 is not generally brought about, for example,
if ink is printed in a method of screen printing, but is
given rise to when a paste-like substance of a mixture of a
high viscosity flux with powder solder, e.g., the solder
paste 7 or the like is used. That is, the non-filled part
9 is caused by the powder solder. In other words, there is

an issue that it is impossible to realize a reduction of



her ei nbel ow. Supposi ng a coordi nate systemas shown in Fig. 23
to,.the printing squeegee 10la, when a viscosity of the solder paste 7 is
[€Tr], an angle of the surface 3a of the mask 3 to a face 104 of the
printing squeegee 10la facing the surface 3a (referred to as a "squeegee
angl e" hereinafter) is [err], a speed of the noving squeegee 10la
(referred to as a "squeegee speed”) is v, it is known that a fluid
pressure p produced inside the solder paste 7 is expressed by an equation

bel ow. p=(2[err]v/r)*(Asin[err]+Bcos[err]) ... (1)- whereinr is
an optional position in the polar coordinate systemof Fig. 23, [err] is
an angle of the surface 3a of the mask 3 to the

above r, A=ssin[err]/([err]-sinfer+]g =and B=([err]- sina*cos) /

([err]-sin[err]).

the print time through an increase of the squeegee speed v
in the conventional solder paste printing apparatus 100.

The non-filled part 9 resulting from an increase
of the squeegee speed v is a phenomenon as follows. When
fhe squeegee speed v is increased more than in the prior
art, a time for the front end part 103 of the printing
squeegee 10la to pass over the opening 4 is reduced. In
consequence, a time for the solder paste 7 to be filled in
the opening 4 (referred to as a "f£ill time"} is naturally
shortened., The filling pressure becomes maximum when r=0,
i.e., at a contact point of the front end part 103 of the
printing squeegee 10la and the surface 3a of the mask 3, as
is understood from the expression (1) and Figs. 23 and 24.

-

Although p,=pg=x is theoretically held when r=0, the

contact point is practically a stagnation point and
accordingly shows a maximum value.

While the filling pressure itself is raised when
the squeegee speed v is increased, a high pressure range is
narrow as is seen from the pressure distribution of the
shaded part of Fig. 24. In addition, since the front end
part 103 passes over the opening 4 instantaneously, the
£ill time cannot be secured enough. As a result of this,
the non-filled part 9 is formed.

In order to prevent an occurrence of the non-

filled parts 9, from the expression (1), it can be



From t he above expression (1), a fluid pressure distribution in the sol der
paste 7 and a pressure distribution at the face 104 of the printing
ghueegee 10la are as indicated in Fig. 24. Specifically, a shaded part
105 in Fig. 24 is where the fluid pressure p, nanely, filling pressure is
gener at ed. In the neantine, a print tinme for printing the solder
paste is required to be reduced in the printing process from the
viewpoi nt of inproving productivity. However, if the squeegee speed v
is made faster in order to shorten the print time in the conventional

sol der paste printing apparatus 100, the anount of the sol der paste 7
filled in the openings 4 of the nask 3 becones scarce as indicated in Fig.
25, resulting in printing failures wth=non-filled parts 9 and hi nderi ng
stable printing. The non- filled part 9 is not generally brought about,
for exanple, if ink is printed in a nmethod of screen printing, but is
given rise to when a paste-like substance of a m xture of a high viscosity
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words, there is an issue that it is inpossible to realize a reduction of
at the same time, the filling pressure should be increased,
whereby the filling is completed even in a short £ill time.
' Hoyever, since the conventional printing sgueegee 10la
performs two operaéions, namely, the f£illing operation to
the solder paste 7 and the scraping operation from the
surface 3a of the mask 3 as described above, the front end
part 103 is deformed large if the £illing pressure is
increased, making it -impossible to scrape the solder paste
7 from the surface 3a of the mask 3. The solder paste 7 is
left at the surface 3a of the mask 3, as shown in.Fig. 26.
In the event that the front end part 103 of the squeegee
10la is further tightly pressed in touch with the surface
3a of the mask 3 so as to prevent the.solder paste 7 from
remaining at the surface 3a of the mask 3, as shown in Fig.
27, the éolder paste 7 is actually scraped, whereas the
amount of the deformation of the front end part 103 of the
squeegee is increased due to the larger contact pressure.
Therefore, when the front end part 103 reaches the opening
4, a part of the front end part 103 enters the opening 4
subsequent to the restoration of tpe front end part 103,
undesirably scraping the solder paste 7 already filled in
the opening 4. Moreover, the powdér solder included in the

solder paste 7 facilitates the scraping. The amount of the



- 6- the print time through an increase of the squeegee speed v in the
cgnventional sol der paste printing apparatus 100. The non-filled
part 9 resulting froman increase of the squeegee speed v is a phenonenon
as follows. When the squeegee speed v is increased nore than in the prior
art, atime for the front end part 103 of the printing squeegee 10la to

pass over the opening 4 is reduced. In consequence, a tine for the sol der
paste 7 to be filled in the opening 4 (referred to as a "fill tinme") is
naturally shortened. The filling pressure becones maxi num whén r=0, i.e.,

at a contact point of the front end part 103 of the printing squeegee 10la
and the surface 3a of the mask 3, as _is understood fromthe expression (1)
and Figs. 23 and 24. Although P[efrB=P[err]=[err] is theoretically

held when r=0, the contact point is practically a stagnation point and
accordi ngly shows a maxi num val ue. VWhile the filling pressure
itself is raised when the squeegee speed v is increased, a high pressure

range is solder paste 7 filled in the opening 4 is hence decreased,

obstructing stable printing.

Under the circumstances, when a printing is
performed, conventionally, a worker sets, adjusts and
.changes printing conditions based on experiments in order
to fully achieve both the scraping operation and the
£illing operation and print the solder paste stably. 1In
other words, the printing conditions are set, adjusted and
changed with a great personal difference and to maintain
stable printing is a hard task as an issue.

SUMMARY OF THE INVENTION

The present invention is devised to solve the
above-described inconveniences, and has for its object to
provide a solder paste printing apparatus and a solder
paste printing method whereby a solder paste can be printed
stably even when a print time is increased as compared with
the prior art.

In accomplishing these and other aspects,
according to a first aspect of the present invention, there
is provided a solder paste printing apparatus wherein a

. squeegee device moves in a printing direction to a surface
of a mask having openings formed therein, thereby to print
and apply solder paste on the surface via the openings to a
face of a circuit board positioned at a rear face of the

mask, said squeegee device comprising: a filling squeegee



narrow as i s seen fromthe pressure distribution of the shaded part of

Fig. 24. In addition, since the front end part 103 passes over the
opening 4 instantaneously, the fill time cannot be secured enough. As a
result of this, the non-filled part 9 is forned. In order to
prevent an occurrence of the non- filled parts 9, fromthe expression (1),
It can be - -7- consi dered that the
squeegee angl e a should be reduced and at the same tine, the filling
pressure should be increased, whereby the f illing is conpleted even in a
short fill tinme. However, since the conventional printing squeegee 10la
perfornms two operations, nanely, the filling operation to the sol der paste
7 and the scraping operation fromthe 8sarface 3a of the mask 3 as

descri bed above, the front end part 103 is defornmed large if the filling

pressure is increased, meking it inpossible to scrape the sol der paste

having a front end kept in a noncontact state via a gap to
the surface at the time of printing, and filling the solder
paste into the openings while moving in the printing
direction; and a scraping squeegee arranged behind the
£illing squeegee in the printing direction, moving in the
same direction as the filling squeegee while keeping touch
with the surface at the time of printing thereby to remove
unnecessary solder paste on the surface.

According to a second aspect of the present
invention, there is provided a solder paste printing
apparatus according to the first aspect, wherein the
scraping squeegee is provided for each direction behind the
filling squeegee with respect to the printing direction in
a case where the squeegee reciprocates to the surface of
the mask.

'According to a third aspect of the present
invention, there is provided a solder paste printing
apparatus according to the second aspect, wherein the
filling squeegee is divided to two in the printing
direction.

According to a fourth aspect of the present
invention, thefé is provided a solder paste printing
apparatus according to any one of the first to third
aspects, further comprising an angle setting device for

setting the scraping squeegee so that an angle of the



7 fromthe
surface 3a

emd part 103 of the squeegee

the surface

remai ning at the surface 3a of the mask 3, as shown in Fig. 27
sol der paste 7 is actually scraped, whereas the
of -the front end part 103 of the

surface 3a of the mask 3. The solder paste 7 is left at the

of the mask 3, as shown in Fig. 26. In the event that the front

3a of the mask 3 so as to prevent the solder paste 7 from
, the

contact pressure. Therefore, when the front end part 103 reaches the

opening 4,

a part of the front end part 103 enters the opening 4

subsequent to the restoration of the front end part 103, wundesirably
scrapi ng the sol der paste 7 already &0 "ed in the opening 4. Moreover,
powder solder included in the solder paste 7 facilitates the scraping.
amount of the - 8-

scraping squeegee in an axial direction thereof to the
surface of the mask is an optional acute or obtuse angle.

According to a fifth aspect of the present

invention, there is provided a solder paste printing

apparatus according to the fourth aspect, wherein the
scraping squeegee is inclined with the obtuse angle by the
angle setting device.

According to a sixth aspect of the present
invention, there is provided a solder paste printing
apparatus according to the fourth aspect, wherein the
scraping squeegee is inclined with the acute angle by the
angle setting device thereby to fill the solder paste into
the openings as well as remove the unnecessary - solder
paste.

According to a seventh aspect of the present
invention; there is provided a solder paste printing
apparatus according to any one of the first to sixth
aspects, wherein the scraping squeegee is disposed so that
an extending direction of a line of contact between the
scraping squeegee and the surface of the mask intersects
with .an extending direction of a side edge part defining
one of the openings.

According to an eighth aspect of the present
invention, there is provided a solder paste printing

apparatus according to any one of the first to seventh

101la is further tightly pressed in touch with

anount of the deformation
squeegee is increased due to the |arger

t he
The



Sol der paste 7 filled in the opening 4 is hence decreased,

obstructing

stabl e printing. Under the circunstances, when a printing is
performed, conventionally, a worker sets, adjusts and changes printing
conditions based on experinments in order to fully achieve both the

scraping operation and the filling operation and print the

sol der paste

stably. In other words, the printing conditions are set, adjusted and

changed with a great personal difference and to maintain st
is a hard task as an issue. SUMVARY OF THE | NVENTI ON
invention is devised to solve the above-described inconven

abl e printing
The present
ences, and has

for its object to provide a solder paste printing apparatus and a sol der

paste printing method whereby a soldefipaste can be printed

stably even

when a print tine is increased as conpared with the prior art.
In acconplishing these and other aspects, according to a first aspect

of the present invention, there is provided a sol der paste
apparatus wherein a squeegee device noves in a printing dir

printing
ection to a

surface of aspeckshavheyebpeai figeefof nbbet Adlding sgveegset oppesite tad

apply sol der paste on the surface via'the openings to a face of a circuit
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board positi

8d SHrfaGe 7L 1 fhe Ppagkeforms a ng pressuring face
which is inclined upward from the front end in the printing
direction so as to press tﬁe solder paste to the surface
and fill the solder paste to the openings.

According to a ninth aspect of the present
invention, <there is provided a solder paste printing
apparatus according to the eighth aspect, further
comprising a <£illing adjustment device for adjusting
filling of the solder paste to the openingé by varying at
least one of a size of the gap and an intersection angle of
the £illing pressuring face and the surface,

According to a tenth aspect of the .present

invention, there is provided a solder paste printing

- apparatus according to the ninth aspect, further comprising

a filliné pressure detector for detecting a change of a
£illing pressure of the solder paste filled into the
openings at the time of printing, and a control device for
controlling the f£illing adjustment device based on the
£illing pressure detected by the filling pressure detector.

According to an eleventh aspect of the. present
invention, there 1is provided a solder paste printing
apparatus according to the tenth aspect, wherein the
filling pressure detector is a reaction force detector for

detecting a reaction force which is a sum of the filling



mask, said s
-9- havi n
sarface at t
openi ngs whi
arranged beh

gueegee device conprising: a filling squeegee

g a front end kept in a noncontact state via a gap to the
he time of printing, and filling the solder paste into the
|l e nmoving in the printing direction; and a scrapi ng squeege
ind the filling squeegee in the printing direction, noving

e
in

the sanme direction as the filling squeegee while keeping touch wth the

he time of printing thereby to renbve unnecessary sol der paste
on the surface. According to a second aspect of the ‘present
I nvention, there is provided a solder paste printing apparatus according

surface at t

to the first
di rection be
direction in
mask.

aspect, wherein the scraging squeegee i s provided for each
hind the filling squee§ed®with respect to the printing
a case where the squeegee reciprocates to the surface of

pressures of the solder paste acting to the whole filling
pressuring face at the time of printing.
According to a twelfth aspect of the present

invention, there is provided a solder paéte printing

.apparatus according to the tenth aspect, wherein <the

filling pressure detector is a pressure detector set at the
filling pressuring face for detecting the filling pressure
of the solder paste directly.

According to a thirteenth aspect of the present
invention, there is provided a solder paste printing method
comprising: moving a filling squeegee in a printing
direction at time of printing while keeping a front end of
the filling squeegeé in a noncontact state via a gap to a
surface of a mask having openings formed therein, thereby
filling a solder paste on the surface to the openings; and
removing :unnecessary solder paste on the surface by a
scraping squeegee moving in touch with the surface in the
printing direction.

According to a fourteenth aspect of the present
invention, there is provided a solder paste printing method
according to the thirteenth aspect, wherein the scraping
squeegee is set so that an angle of the scraping squeegee
in an axial direction thereof to the surface of the mask is

an optional acute or obtuse angle.

t he



According to a third aspect of the present invention, there is provided a
sol der paste printing apparatus according to the second aspect, wherein
the filling squeegee is divided to two in the printing direction.
According to a fourth aspect of the present invention, there is provided a
sol der paste printing apparatus according to any one of the first to third
aspects, further conprising an angle setting device for setting the
scr.api ng squeegee so that an angle of the

- 10 - scrapi ng squeegee in an axial direction thereof to-the surface
of the mask is an optional acute or obtuse angle. According to a
fifth aspect of the present invention, there is provided a sol der paste
printing apparatus according to the fpuwth aspect, wherein the

According to a fifteenth aspect of the present
invention, there is provided a solder paste printing method
according to the fourteenth aspect, wherein, when the
scraping squeegee is set with the obtuse angle, the
scraping squeegee removes the unnecessary solder paste
without adversely influencing the solder paste filled in
the openings.

According to a sixteenth aspect of the present
invention, there is provided a solder paste printing method
according to the fourteenth aspect, wherein, when the
scraping squeegee is set with the acute angle, the scraping
squeegee f£ills the solder paste to the openings as well as
removes the unnecessary solder paste.

According to a seventeenth aspect of the present
invention, there is provided a solder paste printing method
according' to any one of the thirteenth +to sixteenth
aspects, vwherein the scraping squeegee is set so that an
extending d&irection of a 1line of contact between the
scraping squeegee and the surface of the mask intersects
with an extending direction of a side edge part defining
one éf the openings.

According to an eighteenth aspect of the present
.invention, there is provided a solder paste printing method
according to any one of the thirteenth to seventeenth

aspects, wherein a face of the filling squeegee opposite to



scrapi ng squeegee is inclined with the obtuse angle by the angle setting
devi ce. According to a sixth aspect of the present invention
tkere is provided a solder paste printing apparatus according to the
fourth aspect, wherein the scraping squeegee is inclined with the acute
angle by the angle setting device thereby to fill the solder paste into
the openings as well as renove the unnecessary solder paste.
According to a seventh aspect of the present invention, there is provided
a solder paste printing apparatus according to any one of the-first to
sixth aspects, wherein the scraping squeegee is disposed so that an
extending direction of a line of contact between the scraping squeegee and
the surface of the nmask intersects =wit#h—an extending direction of a side
edge part defining one of the openings. According to an eighth
aspect of the present invention, there is provided a sol der paste printing
apparatus according to any one of the first to seventh

the surface of the mask forms a filling pressuring face
which is inclined upward from the front end in the printing
direction so as to press the solder paste to the surface
and £ill the solder paste to the openings.

' According to a2 nineteenth aspect of the present
invention, there is provided a solder paste printing method
according to the tenth aspect, wherein a change of a
filling pressure of the solder paste when the solder paste
is filled by the f£illing squeegee to the openings at the
time of printing is detected by a filling pressure
detector, and at least one of an intersection angle of the
filling pressuring face and the surface and a size of the
gap is adjusted based on the detected filling pr,eséure R
thereby to change printing condition.

BRIEF DES;‘RIPTION OF THE DRAWINGS

.Tpese and other aspects and features of the
present invention will become clear from the <following
description taken in gonjunction with the preferred
embodimeﬁts thereof with reference to the accompanying
drawings, in which:

Fig. 1 .is a diagram showing the schematic
structure of a solder paste printing apparatus according to
one embodiment of the present invention;

Fig. 2 is a diagram of a front end part of a

£illing member of a filling squeegee of Fig. 1;



aspects, wherein a face of the filling squeegee opposite to the surface of
the mask fornms a filling pressuring face which is inclined upward fromthe
feont end in the printing direction so as to press the solder paste to the
surface and fill the solder paste to the openings. According to
a ninth aspect of the present invention, there is provided a sol der paste
printing apparatus according to the eighth aspect, further
conprising a filling adjustnent device for adjusting filling of the sol der
paste to the openings by varying at |east one of a size of the gap and an
I ntersection angle of the filling pressuring face and the surface.
According to a tenth aspect of the present invention, there is provided a
sol der paste printing apparatus aceol8lifg to the ninth aspect, further
conprising a filling pressure detector for detecting a change of a

filling pressure of the solder paste filled into the openings at the tine
of printing, and a control device for controlling the filling adjustnent

devi ce based on the fllllng pressure detected by th f||||n ressure
det ect or . is a diagram of a el for alnlng a

£illing pressure of solder paste by the filling member of
the filling squeegee of Fig. 1;

Fig. 4 is a diagram of a pressure distribution
obtained from the model of Fig. 3;

Fig. 5 is a diagram of the filling member of the
filling squeegee of Fig. 1 in a different embodiment;

Fig. 6 1s a diagram of the f£filling squeegee of
Fig. 1 in a different embodiment;

Fig. 7 is a diagram of the f£illing member of the
£illing squeegee of Fig. 1 in a yet different embodiment;

Fig. 8 is a flow chart of the operation of the
solder paste printing apparatus of Fig. 1; '

Fig. 9 is a diagram of a modified example of the
solder paste printing apparatus in Fig. 1;

-Fig. 10 is a diagram of an arrangement relation
between a 1line of contact of the scraping squeegee and
mask, and the opening in the solder paste printing
apparatus of Fig. 9;

Fig. 11 is a diagram of a state when the solder
paste is scraped while a side face of the scraping squeegee
is set at an obtuse angle to a surface of the mask in the

solder paste printing apparatus of Fig. 9;



According to an el eventh aspect of the present invention, there is

provi ded a sol der paste printing apparatus according to the tenth aspect,
wherein the filling pressure detector is a reaction force detector for
detecting a reaction force which is a sumof the filling

- 12 - pressures of the solder paste acting to the whole filling
pressuring face at the tine of printing. According to a twelfth
aspect of the present invention, there is provided a solder paste printing
apparatus according to the tenth aspect, wherein the filling pressure
detector is a pressure detector set at the filling pressuring face for
detecting the filling pressure of the solder paste directly.

According to a thirteenth aspect of-tphe present invention, there is

provi ded a sol der paste printing method conprising: noving a filling
squeegee in a printing

Fig. 12 is a diagram of a model explanatory of
why the solder paste is scraped by the scraping squeegee of
Fig. 11;

Fig. 13 is a diagram of a state when the solder
paste is filled in the openings while the side face of the
scraping squeegee is set at an acute angle to the surface
of the mask in the solder paste printing apparatus of Fig.
9;

Fig. 14 is a diagram when the angle of the side
face of the scraping squeegee to the surface of the mask is
changed variously in the solder paste printing apparatus of
Fig. 9;

Fig. 15 is a diagram when the angle of the side
face of the scrapind squeegee to the surface of the mask is
changed variously in the solder paste printing apparatus of
Fig. 9;

Fig. 16 is a diagram when the angle of the side
face of the scraping squeegee to the surface of the mask is
changed variously in the solder paste printing apparatus of
Fig. 9;

Fig. 17 is a diagram of a further modification of.
the solder paste printing apparatus of Fig. 1;

Fig. 18 is a perspective view of a filling member

of a filling squeegee in the solder paste printing

apparatus of Fig. 17;



direction at time of printing while keeping a front end of the filling
squeegee in a noncontact state via a gap to a surface of a mask having
apeni ngs fornmed therein, thereby filling a solder paste on the surface to
t he openi ngs; and renoving unnecessary sol der paste on the surface by a
scrapi ng squeegee noving in touch with the surface in the printing

di rection. According to a fourteenth aspect of the present

i nvention, there is provided a solder paste printing nethod according to
the thirteenth aspect, wherein .the scraping squeegee is set*so that an
angl e of the scraping squeegee in an axial direction thereof to the
surface of the mask is an optional acute or obtuse angle.

- 13 - According to a<fi¥teenth aspect of the present

i nvention, there is provided a sol der paste printing nethod

Fig. 1% is a sectional view of the £filling member
of Fig. 18;

Fig. 20 4is a diagram showing the schematic
structure of a conventional =solder paste printing

-apparatus;

Fig. 21 is a diagram showing a state when
printing is conducted with the use of a sgueegee of Fig.
20;

Fig. 22 is a diagram of a state when the solder
paste is fil}ed in the openings by the squeegee of Fig. 20;

Fig. 23 is a diagram of a model for obtaining a
£illing pressure produced to the solder paste by the
squeegee of Fig. 20; |

Fig. 24 is a diagram of a distribution of a
filling pressure generated in the solder paste by the
squeegee of Fig. 20;

Fig. 25 is a diagram of a state when non-filled
parts are brought about in the openings of the mask;

Fig. 26 is a diagram of a state where the solder
paste is left.on the surface of the mask when a front end
part of the squeegee of Fig. 20 is deformed large;

Fig. 27 is a diagram of a state where the solder
paste filled in the openings is scraped when the front end

part of the squeegee of Fig. 20 is deformed large;



according to the fourteenth aspect, wherein, when the scraping squeegee is
set wwth the obtuse angle, the scraping squeegee renoves the unnecessary
sel der paste w thout adversely influencing the solder paste filled in the
openi ngs. According to a sixteenth aspect of the present

I nvention, there is provided a solder paste printing nethod according to
the fourteenth aspect, wherein, when the scraping squeegee is set wth the
acute angle, the scraping squeegee fills the solder paste to the openings
as well as renoves the unnecessary sol der paste. According to a
seventeenth aspect of the present invention, there is provided a sol der
paste printing nmethod according to any one of the thirteenth to sixteenth
aspects, wherein the scraping squeega8 i=s set so that an extending
direction of a line of contact between the scraping squeegee and the
surface of the mask intersects wth an extending direction of a side edge
part defining one of the openings. According to an ei ghteenth

aspect of the present _.invention, there is provided a solder paste printing
method according to &MF-orf® o¥S tHedingFaReREh & SlakavRent B reartsion

wherein a faee.Qf &Q@eg:cln.lr'i Tk SEaEC9ES c%q{)eosiptr%n (:)mg squéegee in the
conventional solder paste printing apparatus of Fig. 20;
.and

Fig. 29 is a diagram explanatory of how the
reaction force detector of Fig. 28 cannot detect a reaction
force of the solder paste.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

An apparatus and a wmethod for printing agsoider
paste according to one embodiment of the present invention
will be described with feference to the drawings. The
printing ﬁethod is carried out by the printing apparatus.
Parts functioning the same or similarly are designated by
the same reference numerals throughout the drawings, the
description of which will be omitted here. In the
specification, a solder paste is a paste-like solder
cbtained by mixing powder solder with a high viscosity
flux. An up-down driving device 11 and an angle variable
device 12 for a filling squeegee 10 which will be described
later correspond to an embodiment fulfilling the function

of the filling adjustment device. A reaction force



- 14 - the surface of the mask fornms a filling pressuring face which is
I nclined upward fromthe front end in the printing direction so as to

press the solder paste to the surface and fill the solder paste to the
dpeni ngs. According to a nineteenth aspect of the present

I nvention, there is provided a solder paste printing nethod according to
the tenth aspect, wherein a change of a filling pressure of the sol der
paste when the solder paste is filled by the filling squeegee to the
openings at the tinme of printing is detected by a filling pressure
detector, and at |east one of an intersection angle of the filling
pressuring face and the surface and a size of the gap is adjusted based on
the detected filling pressure, therLepy to change printing condition.

BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her aspects and
features of the present invention will becone clear fromthe foll ow ng

detector 13 and pressure detectors 532a, 532b to be
described later correspond to an embodiment achieving the
function of the filling pressure detector.

Fig. 1 is a schematic diagram in the neighborhood
of a squeegee in a solder paste printing apparatus 51 of
the embodiment. The squeegee moves both in the right and
in the 1left directions in the solder paste printing
apparatus 51.

In addition to a scraping squeegee 14a for use in
printing in the right direction and a sc&aping squeegee 14b
for use in printing in the left direction, the solder paste
printing apparatus 51 has a £illing squeegee 10 arranged at
a position between the squeegees 14a and 14b in a pfinting
direction for filling a solder paste 7 to openings 4 of a
mask 3. _

Each of the scraping squeegees 14a, 14b scraping
unnecessary solder paste 7 on the mask 3 at the time of
printing is moved up and down between a standby position 18
and a scrape position 19 by an up-down driving device 15,
16 mounted to a bed plate 17 of a squeegee head
constituting the printing apparatus 51. The bed plate 17
is moved in the left, right printing direction by a driving
device 49 controlled by a control device 48. In Fig. 1
showing a state when the printing is conducted in the right

direction, the scraping squeegee 1l4a is lowered to the



*description taken in conjunction with the preferred enbodinents
thereof with reference to the acconpanying draw ngs, in which:

Fig. 1 is a diagramshowi ng the schematic structure of a sol der paste
printing apparatus according to one enbodi ment of the present invention;

Fig. 2 is a diagramof a front end part of a filling nenber of a filling
squeegee of Fig. 1; Fig. 3 is a diagramof a
nodel for obtaining a filling pressure of solder paste by the filling
menber of the filling squeegee of Fig. 1; Fig. 4 is a diagram of
a pressure distribution obtained fromthe nodel of Fig. 3; Fi g.
5is a diagramof the filling nmenber of the filling squeegee of Fig. 1 in
a different enbodi nment; - 20 -

scrape position 192, while the scraping squeegee 14b is
raised at the standby position 18. When the scraping
sgueegee 1l4a, l4b is at the scrape position 19, a front end
.part 20 of each squeegee comes in touch with a surface 3a
of the mask 3 so that a suitable pressure is impressed to
the surface 3a. Although a side face 21 of the front end
part 20 of each of the scrape sqgueegees 1l4a, 14b is
indicated to extend orthogonally to the surface 3a in ‘Fig.
1, the side face 21 of each of the squeegees 1l4a, 14b is
inclined at the actual time of printing with an optional
acute or obtuse angle to the surface 3a of the mask 3, for
example, as shown in Figs.. 11, 13, thereby scraping
unnecessary solder paste 7 on the surface 3a.: The
unnecessary solder paste 7 on the surface 3a is a solder
paste pregent swelling over the surface 3a and openings 4
at the surface 3a and openings 4 of the mask 3.

The driving device 45 and up-down driving devices
15, 16 are respectively connected to the control device 48
controlling operations of the solder paste printing
apparatus 51.

The £illing squeegee 10 schematically has a
£filling member 22 and a holding member 23 holding the
£filling member 22 and is coupled via the reaction force
detector 13 to a driving shaft 1la of an up-down driving

device 11 therefor mounted to the bed plate 17. The up-



Fig. 6 is a diagramof the filling squeegee of Fig. 1 in a different
enbodi nent ; Fig. 7 i1s a diagramof the filling nmenber of the
filling squeegee of Fig. 1 in a yet different enbodi nent; Fig. 8
is a flow chart of the operation of the solder paste printing apparatus of
Fig. 1, Fig. 9 is a diagramof a nodified exanple of the solder
paste printing apparatus in Fig. 1; Fig. 10 is a diagramof an
arrangenent relation between a |line of contact of the scraping squeegee
and mask, and the opening in the solder paste printing apparatus of Fig.
9; Fig. 11 is a diagramof a state when the solder paste is
scraped while a side face of the scraping squeegee is set at an obtuse
angle to a surface of the nmask in thel sol der paste printing apparatus of
Fig. 9; - 16 -

down driving device 11 is connected to the control device
48 and driven via the control device 48 based on output
information from the reaction force detector 13 thereby to
move the driving shaft 1ia up and down as will be described
in detail later.

In the embodiment, one f£filling squeegee 10 is
provided for both, right and left printing directions. The
filling member 22 is formed schematically in the shape of
the bottom of a ship as shown in the figure. A face at a
front end part of the filling member 22 opposing the
surface 3a constitutes, as is illustrated in a detailed
manner in Fig. 2, a filling pressuring face 25 inclined
upward from a front end 24 of the filling member 22 to each
printing direction. The filling member 22 can be formed of
rubber, metal or the like material used in the conventional
squeegees; " on the occasion of printing, the filling
squeegee 10 is arranged so that the front end 24 has a gap
H2 of a size h2 to the surface 3a, and moreover, an
intersecting part 26 between a side face 22a at the side of
the printing direction of the filling member 22 and the
£illing pressuring face 25 assumes a gap Hl of a size hl to
the surface 3a.

owing to the filling squeegee 10 with the above-
described filling member 22 and the scraping squeegees 14a,

14b provided in the apparatus, a part 9 is never left



Fig. 12 is a diagramof a nodel explanatory of why the solder paste is
scraped by the scraping squeegee of Fig. 11; Fig. 13 is a
di agram of a state when the solder paste is filled in the openings while
the side face of the scraping squeegee is set at an acute angle to the
surface of the mask in the solder paste printing apparatus of Fig. 9;
Fig. 14 is a diagramwhen the angle of the side face of the scraping
squeegee to the surface of the mask is changed variously in the sol der
paste printing apparatus of Fig. 9; Fig. 15 is a diagram when
the angle of the side face of the scraping squeegee to the surface of the
mask is changed variously in the solder paste printing apparatus of Fig.
9; Fig. 16 is a diagran1m@§% the angle of the side face of the
scrapi ng squeegee to the surface of t & mask is changed variously in the
sol der paste printing apparatus of Fig. 9; Fig. 17 is a diagram
of a further nodification of. the solder paste printing apparatus of Fig.
1; Fig. 18 is a perspective view of a filling nmenber

without being filled with the solder paste 7 in the

openings 4 of the mask 3 unlike the conventional apparatus .
even when a squeegee speed of the f£illing squeegee 10 is
increased, and stable printing is achieved. The reason for
this will be described below.

The filling pressure generated when the solder
paste 7 is filled in the openings 4 by the f£filling squeegee
10 will be depicted with reference to Fig. 2. In the state
shown in Fig. 2, when the filling squeegee 10 is mnoved
right as indicated by an arrow, the solder paste 7 enters
from the side of the gap H1l to the filling pressuring face
25 of the filling member 22 and flows out of the gap H2.
This phenomenon can be explained by an example of a:flow of
a substance entering a narrow wedge-like gap, and
concretely, 'a model shown in Fig. 3 is used here to depict
the phenomenon. The model is a qeneially known one used in
the description of fluid lubrication at a bearing or the
like and is approximate to the £filling member 22 of the
right half from the gap H2 to the gap Hl. In Fig. 3,
supposing that a size of a gap at the entrance side of a
fluid between a wall body 301 and a reference face 302 is
h,, a size of the gap at the exit side is h;, a distance
between the entrance and exit gaps is L, a size of a. gap
between the wall body 301 and reference face 302 at a

distance x from the entrance gap is h, a speed of the



of a filling squeegee in the solder paste printing apparatus of Fig. 17,

- 17 - Fig. 19 is a sectional view of the filling nmenber of
Fig. 18; Fig. 20 is a diagram showi ng the schematic structure

of a conventional sol der paste printing apparatus; Fig. 21
s a diagram showi ng a state when printing is conducted with the use of a
squeegee of Fig. 20; Fig. 22 is a diagramof a state when the
solder paste is filled in the openings by the squeegee of Fig. 20;

Fig. 23 is a diagramof a nodel for obtaining a filling pressure produced
to the solder paste by the squeegee of Fig. 20; Fig. 24 is a

diagram of a distribution of a
-23-

moving wall body 301 is v, and a viscosity of the fluid is

7, a pressure p’ generated because of a flow of the fluiaq

at the distance x is expressed by the following equation.
. A distribution of the pressure p’ is as shown in Fig. 4, as
is well known.
p’=(69vL/ (hy?~h,?) ) # ((hy-h) (B=hy) /B%) ... (2)

The filling pressure and a pressure distribution
generated to the soldef paste 7 by the filling member 22 of
the filling squeegee 10 can be considered in the same way.
In comparing a shaded part 303 in Fig. 4 with the shaded
part 105 in Fig. 24, it is clear that the filling pressure
is generated high in a wide range with the employment of
the filling squeegee 10. Accordingly, the solder ééste is
perfectly filled into the openings 4 even if the f£ill time
is short. A £illing defect or failure such as the non-
filled part, etc. 1is never brought about even at an
increased squeegee speed, thus accomplishing stable
printing.

The above-described filling member 22 is held by
the holding member 23 in a manner to be able to swing both
in ihe right and in the left printing ‘directions at a pin
27 coaxial . with the driving shaft 1lia. As will Dbe
described later, the holding member 23 is provided with the
angle variable device 12 such as a motor or a cylinder so

as to make variable an intersection angle of the filling



filling pressure generated in the solder paste by the
Fig. 25 is a diagramof a state when non-filled parts are brought about

t he openi ngs of the mask; Fig. 26 is a diagramof a state where

the sol der

| ar ge;

squeegee of Fig. 20;

in

paste is left on the surface of the mask when a front end part
of the squeegee of Fig. 20 is deforned |arge; Fig. 27 is a
diagram of a state where the solder paste filled in the openings is
scraped when the front end part of the squeegee of Fig. 20 is deformed

Fig. 28 is a diagramof a st.ate when a

reaction force detector is set to the printing squeegee in the

conventi onal

sol der paste printing apparatus of Fig. 20; and

Fig. 29 is a diagram explanatory of how the reaction force detector of
Fig. 28 cannot detect a reaction

- 24 -

pressuring face 25 of the filling member 22 and the surface

3a of the mask 3 and maintain the filling member 22 which

can swing centering the pin 27, properly at the

intersection angle. One end of a‘main_body of the angle
variable device 12 is supported rotatably by the holding
member 23 and a front end part of a driving shaft 12a which
can move forward and backward to the main body is rotatably
coupled to a shoulder part 22a of the filling member 22,
Thexrefore, the £filling member 22 swings at a fulcrum of the
pin 27 when the driving shaft 12a is moved forwafd and
backward. The angle variable device 12 is also connected
to the control device 48, changing the intersection éngle
by advancing or retreating the driving shaft 12a under the
control of the control device 48.

' 'According to the present embodiment, the holding
member 23 is connected to the driving shaft 1ia of the up-
down driving device 11 wvia the reaction force detector 13
such as a load cell so as to detect a reaction force acting
to the filling pressuring face 25 of the f£illing member 22
via the solder paste 7 at the time of printing. The
reaction force cannot be detected simply by providing the
conventional solder paste printing apparatus with the
reaction force detector 13. The reason will be discussed
with reference to Fig. 28. The front end part of the

conventional printing squeegee 10la moves while keeping



force of the solder paste. DETAILED DESCRI PTI ON OF THE PREFERRED
EVMBODI MVENTS Before the description of the present invention
proceeds, it is to be noted that |like parts are designated by |ike
Teference nuneral s throughout the acconpanying draw ngs. An
apparatus and a nmethod for printing a solder paste according to one
enbodi nent of the present invention wll be described with reference t
t he draw ngs. The printing method is carried out by the printing

appar at us.

Parts functioning the sane or simlarly are designated by

sane reference nuneral s throughout the draw ngs, the description of

which wll

be omtted here. In the specification, a solder pas

is a paste-like solder obtained by_n%giﬂg powder solder with a high
e

Vi scosity

flux. An up-down driving device 11 and an angle variable

device 12 for a filling squeegee 10 which wll be described |ater
correspond to an enbodinent fulfilling the function of the filling

adj ust nment

devi ce. A reaction force
touch with the surface 3a of the mask 3, and consequently

is deformed large due to a friction, as shown in Fig. 29.

What’s worse, a contact point between the front end part of

~ the sgueegee 10la and the surface 3a of the mask 3 is not

present on a vertical direction of the reaction force
detector. When the contact point of the squeegee 1l0la is
pressed up by the reaction force of the solder paste 7, an
end part of the squeegee 10la at the side opposite to the
contact point is pulled towards the mask 3. The reaction
force detector virtually detects this tensile force to the
mask 3 in spite of the reaction force by the solder paste 7
acting to the squeegee 10la. The reaction force detector
hence cannot detect the reaction force of the soldér paste
7. In contrast, the filling squeegee 10 of the printing
apparatus:SI of the embodiment moves without touch with the
surface 3a of the mask 3, whereby the reaction force of the
solder paste 7 can be detected.

As is clear from Fig. 3 and expression (2}, the
reaction force acting to the filling pressuring face 25 can
be obtained by integrating the pressure p’ in a range of
x=0~L,. A -state of the filling pressure can be known from
the reaction force of the solder paste 7 detected by the
reaction force detector 13. Moreover, the pressure p’ can
be changed by adjusting the sizes hl and h2 of the gaps Kl

and H2, as is understood from the expression (2), and the

0
t he

te



- 19 -

| ater correspond to an enbodi nent achieving the

detector 13 and pressure detectors 532a, 532b to be described

pFessure detector. Fig. 1 is a schematic diagramin the
nei ghborhood of a squeegee in a solder paste printing apparatus 51 of

enbodi nent .
di rections

The squeegee noves both in the right and in the left
In the solder paste printing apparatus 51. I n

addition to a scraping squeegee 14a for use in printing in the right
direction and a scrapi ng squeegee 14b for use in printing in-the |eft
the sol der paste printing apparatus 51 has a filling squeegee

direction,

10 arranged at

direction for filling a sol der paste 3 to openings 4 of a mask 3.

Each of the scraping squeegees 14a, 14b scraping

7 on the mask 3 at the tine of printing is noved up and down between a
standby position 18 and a scrape position 19 by an up-down driving device
15, 16 nounted to a bed plate 17 of a squeegee head :

sizes hl and h2 can be adjusted by driving at least either
of the up-down driving device 11 and angle variable device
12 of the squeegees 10,

For the above purpose, the reaction force
detector 13 is connected to the control device 48. The
control device 48 controls the drive of the up-down driving
device 11 based on information of the reaction force
detected by the reaction force detector 13 thereby to move
the filling member 22 up/down via the driving shaft 1la so
as to adjust the size h2 of the gap H2 or the size hl of
the gap Hl to prevent the non-filled part 9 from being
formed in the openings 4 of the mask 3, or the drive of the
angle variable device 12 to adjust the intersection.aﬁgle.
For example, even if physical properties of the solder

paste 7,.particu1arly the viscosity n is changed due to an

environmental change or the like influence and the filling
pressure is changed or, the kind of the_ solder paste 7 is
changed when the t¥pe of products is to be switched, etc.,
the control device 48 operates at least one of the up-down

driving device 11 and angle variable device 12 so that the

function of the filling

information of the reaction force of the solder paste 7°

detected Dby the detector 13 is approximated to a preset
reaction force value or a reaction force value before the
type is switched. 1In this manner, at least one of a height

of the filling squeegee 10 and the intersection angle is

t he

a position between the squeegees 14a and 14b in a printing

unnecessary sol der paste



constituting the printing apparatus 51. The bed plate 17 is noved in the
left, right printing direction by a driving device 49 controlled by a

control device 48. In Fig. 1 showing a state when the printing is
conducted in the right direction, the scraping squeegee 14a is lowered to
t he - 20 - scrape position 19, while

the scraping squeegee 14b is raised at the standby position 18. When t he
scraping squeegee 14a, 14b is at the scrape position 19, a front end

part 20 of each squeegee cones in touch with a surface 3a of -the nask 3 so
that a suitable pressure is inpressed to the surface 3a. Al though a side
face 21 of the front end part 20 of each of the scrape squeegees 14a, 14b
is indicated to extend orthogonally 5p,ihe surface 3a in Fig. 1, the side
face 21 of each of the squeegees 14a, 14b is inclined at the actual tine
of printing with an opti onal '

changed and the sizes hi and h2 are adjusted, in other
words, printing conditions are automatically adjusted and
changed, achieving stable printing. The contreolling to the
~up-down driving device 11 and angle variable device 12 by
the control device 48 may be carried out in real time along
with the movement of the filling squeegee 10 or for every
circuit board or at every time of printing.

The printing conditions are :-thus automatically
adjusted and changed, maintaining stable printing and
shortening a work time.

Although the filling pressuring face 25 of the
filling member 22 of the filling squeegee 10 is flat in the
embodiment, the face 25 is not limited to this, but:may be
a curved face projecting to the surface 3a as exemplified
in Fig. 8. In other words, ; shape of the filling
pressuring face 25 is not specified so long as the size hil
of the gap between the filling pressuring face 25 and the
surface 3a of the mask 3 is larger than the size h2 with
respect to the printing direction, i.e., hi>dh2 is
satisfied. At the same time, the front end 24 of the
£illing member 22 may be sharp as in Fig. 2 or flat
parallel to the surface 3a over a suitable length in the
printing direction as shown in Fig. 7.

The reaction force detector 13 and angle variable

device 12 can be set at any positions so long as respective



acute or obtuse angle to the surface 3a of the mask 3, for exanple, as
shown in Figs. 11, 13, thereby scraping unnecessary solder paste 7 on

the surface 3a. The wunnecessary solder paste 7 on the surface 3a is a
sol der paste present swelling over the surface 3a and openings 4 at the
surface 3a and openings 4 of the mask 3. The driving device 49

and up-down driving devices 15, 16 are respectively connected to the
control device 48 controlling operations of the solder paste.
printing apparatus 51. The filling squeegee 10 schematically has
a filling nmenber 22 and a hol di ng menber 23 holding the filling nmenber 22
and is coupled via the reaction force detector 13 to a driving shaft 1lla
of an up-down driving device 11.thHfgCE nounted to the bed plate 17. The
up- - 21 -

functions are fulfilled, not restricted to the above-
described positions.

Since the printing apparatus 51 is a type moving

“both in the right and 1left directions, the printing
apparatus is equipped with two scraping squeegees i4a, 14b.
The printing apparatus may be a type moving in either
direction only, and in that case, the scraping squeegee 1l4a
or l4b corresponding to the moving aireétion is provided.

In the present printing apparatus S1, the filling
member 22 of the f£illing squeegeé' 10 is formed to be
symmetric right and left and the same f£filling squeegea 10
is used for both printing directions. However, as shown in
Fig. 6, the filling squeegee may be divided to & right
filling squeegea 305a and & left filling squeegee 305b to
operate apd‘print individually. To install two filling
squeegees 305a, 305b has the following merit. In the case
of the single filling squeegee 10, when the height or the
intersection angle of the squeegee 10 is not controlled in
real time, but is set before the printing is started, and
if the height or intersection angle of the squeegee 10 is
changed during printing in the right direction, the up-down
driving device 11 or angle variable device 12 should be
operated before the start of the left printing in order to
obtain the same printing conditions in the left printing as

well. To contrary, when two filling squeegees 305a, 30Sb



*down driving device 11 is connected to the control device 48 and driven
via the control device 48 based on output information fromthe reaction
force detector 13 thereby to nove the driving shaft 1la up and down as
‘Wi Il be described in detail later. In the enbodi ment, one
filling squeegee 10 is provided for both, right and left printing
directions. The filling nenber 22 is forned schematically in the shape of
the bottomof a ship as shown in the figure. A face at a front end part of
the filling nmenber 22 opposing the surface 3a constitutes, as is
illustrated in a detailed manner in Fig. 2, a filling pressuring face 25
inclined upward froma front end 24 of the filling nmenber 22 to each
printing direction. The filling neqpq{ 22 can be forned of rubber, netal
or the like material used in the convéhtional squeegees. On the occasion
of printing, the filling squeegee 10 is arranged so that the front end
24 has a gap H2 of a size h2 to the surface 3a, and noreover, an .
i ntersecting part 26 between a side face 22a at the side of the printing -

direction ofardepriohiiiag, Terler up2aanm taeivihg | idesriRiedssyii thd aahede
assunmes a gap Hl of a size hl to the surface 3a. Own ng to the
filling squeegdadle dénidde ¥boven bdegeivend skphratglyebbfordRanad iphe

scrapi ng squeegees 14a,
" accordance with the printing directions.

The operation when the solder paste is printed
with the use of the above-constituted printing apparatus 51
will be described with reference to Fig, 8. The up-down
driving device(s) 11 and angle variable device(s) 12 are
controlled in real time in the description hereinbelow.

The following operations are carried out in step
1 (indicated by “Si1i" in Fig. 8). A predetermined amount of
the solder paste 7 is supplied to the surface 3a of the
mask 3. When the printing is performed in the right
direction, the printed board 5 is positioned and oveflapped
with the mask 3 and the filling squeegee 10 and right
scraping squeegee 14a are descended respectively by the up-
down driving devices 11 and 15. At this time, the front
end part 20 of the scraping squeegee 1l4a is brought in
tout":h with the surface 3a of the mask 3 with a suitable
pressing force. The filling squeegee 10 is, as shown in
Fig. 2, not in touch with the surface 3a of the mask 3,
securing the gap H2 of ' the predetermined size h2. The
squeegeé 10 is moved down so that the gap H2 is located
behind the supplied solder paste 7 in the printing
direction.



14b provided in the apparatus, a part 9 is never |left
- 22 - w thout being filled with the solder paste 7 in the openings 4
af the mask 3 unlike the conventional apparatus even when a squeegee speed
of the filling squeegee 10 is increased, and stable printing is achieved.
The reason for this wll be described bel ow The filling
pressure generated when the solder paste 7 is filled in the openings 4 by
the filling squeegee 10 will be depicted with reference to Fig. 2. In the
state shown in Fig. 2, when the filling squeegee 10 is noved right as
i ndicated by an arrow, the solder paste 7 enters fromthe side of the gap
Hl to the filling pressuring face 25 of the filling nmenber 22 and fl ows
out of the gap H2. This phenonenoA zan-be expl ai ned by an exanple of a
flow of a substance entering a narrow wedge-Ilike gap, and
concretely, a nodel shown in Fig. 3 is used here to depict
In step 2, while the state is maintained, the bed
plate 17 is moved right by the driving device 49 and the
filling squeegee 10 and scraping squeegee 1l4a are moved
linearly in the right printing direction. The f£filling of
the solder paste 7 to the openings 4 of the mask 3 by the
£illing squeegee 10 is thus started.
The reaction force acting to the filling squeegee
10 is detected by the reaction force detector 13 in step 3.
Whether or not the detected reaction force is, for example,
within the preset reaction force value as described before
is judged in step 4. When the detected reaction force is
outside a proper range, the control device 48 drives at
least one of the up-down driving device 11 and éngle
variable device 12 to bring the detected reaction force
within the proper range in step 5. At least one of the
height and the intersection angle of the f£filling squeegee
10 is changed accordingly.
In step 6, a layer of the solder paste 7 formed
on the surface 3a of the mask 3 because of the gap H2 of
the filling squeegee 10 is scraped by the scraping squeegee
l14a. Through the scraping by the scraping squeegee 14a,
the unnecessary solder paste 7 on the surface 3a of the
mask 3 is removed, so that the solder paste 7 filled in the

openings 4 to swell over the surface 3a is turned to be

even with the surface 3a.



t he phenonenon. The nodel is a generally known one used in the description
of fluid lubrication at a bearing or the like and is approxinate to the
filling nmenber 22 of the right half fromthe gap H2 to the gap HIL. In
Fig. 3, supposing that a size of a gap at the entrance side of a fluid
between a wall body 301 and a reference face 302 is h[err], a size of the
gap at the exit side is h[err], a distance between the entrance and exit
gaps is L, a size of a gap between the wall body 301 and reference face
302 at a distance x fromthe entrance gap is h, a speed of the

- 23 - noving wall body 301 is v, and a viscosity of the fluid is
[err] , a pressure p' generated because of a flow of the fluid at the

di stance x is expressed by the follow ng equation. A distribution of the
pressure p' is as shown in Fig. 4, as3l i3 well known.

Thereafter, the printed board 5 is separated from
the mask 3 to print the solder paste 7. In the left
printing similar to the right printing, after the printed

.board 5 is positioned and overlapped with the mask 3, the
£filling squeegee 10 and the left scraping squeegee 14b are
lowered by the up-down driving devices 11 and 16. In this
case also, the front end part 20 of the scraping squeegee
14b are brought in touch with the surface 3a of the mask 3
with a suitable pressing force, while the filling-:squeegee
10 is not in direct touch with the surface 3a of the mask 3
with maintaining the gap H2 of the predetermined size h2.
The filling squeegee 10 is lowered so that the gap H2 is
positioned behind the solder paste 7 in the éfinting
direction leftward. The subsequent operations are carried
out in the same manner as in the right printing.

The above-described ‘érinting operations are
repeated alternately, whereby the solder paste 7 is
continuously printed and applied on lands 6 of the printed
board 5 via the mask 3.

According to the present embodiment, the side
face 21 of the scraping sgqueegee 14a, 1l4b is inclined with
an optional acute or obtuse angle to the surface 3a of the
mask 3 at the time of actual printing thereby to scrape
unnecessary solder paste 7. However, the scraping squeegee

14a, 14b may be inclined beforehand axially to the surface



P =(6[err]vL/(h[err]-h[err]))*((h[err])(h-h[err])/h[err]) ... (2)

The filling pressure and a pressure distribution generated to the sol der
paste 7 by the filling menber 22 of the filling squeegee 10 can be
considered in the sane way. In conparing a shaded part 303 in Fig. 4 with
t he shaded part 105 in Fig. 24, it is clear that the filling pressure

IS generated high in a wde range with the enpl oynent of the filling
squeegee 10. Accordingly, the solder paste is perfectly filled into the
openings 4 even if the fill tinme s short. Afilling defect ,or failure
such as the non- filled part, etc. is never brought about even at an

I ncreased squeegee speed, t hus acconpli shing stabl e printing.

The above-described filling menber 22 js held by t he hol di ng menmber 23 in
a manner to be able to swing both i%f the right and in the left printing
directions at a pin 27 coaxial. with the driving shaft 1la. As
will be described later, the holding nenber 23 is provided with the
angl e variabl e device 12 such as a notor or a cylinder so as to nmake

variabl e an jftggseakl HaskN e ndrateli,! i) that the side face 21 of
the squeegee 1l4a, 14b may be inclined beforehand with an
optional acute or obtuse angle, as will be described

~ hereinbelow.

More specifically, in a solder paste printing
apparatus 501 shown in Fig. 9, the scraping squeegees 1l4a,
14b are held by holders 507, 510 which are set to holding
members 506, 509 fitted to driving shafts 15a, 16a of the
up-down driving devices 15, 16 via pins 505, 508. The pins
505, 508 are arranged coaxially with the driving shafts
15a, 16a, supporting the holders 507, 510 so that the
holders 507, 510 can swing in the left and right printing
directions <to the holding members 506, 509." In
consequence, the side face 21 of each scraping sgueegee
1l4a, 14b can be set to the surface 3a of the mask 3 with an
optional angle in a range from an acute angle to right
angles to an obtuse angle. The pins 505, 508 are, for
instance, constituted of clamping members such as bolts and
nuts. The holders 507, 510 are stopped to swing and the
squeegees 14a, 14b are fixed at the optional angle by
clamping of the pins 505, 508.

The holders 507, 510 may be acdapted to swing
centering the pins 505, 508 by a known mechanism using,
e.g., a motor or the like thereby to be fixed at the
optional angle.



- 24 - pressuring face 25 of the filling nmenber 22 and the surface 3a
of the mask 3 and maintain the filling nmenber 22 which can sw ng
centering the pin 27, properly at the intersection angle. one end
of a main body of the angle variable device 12 is supported rotatably by
the holding nenber 23 and a front end part of a driving shaft 12a which
can nove forward and backward to the main body is rotatably coupled to a
shoul der part 22a of the filling nmenber 22. Therefore, the filling nmenber
22 swings at a fulcrumof the pin 27 when the driving shaft 12a i s noved
forward and backward. The angle variable device 12 is also connected to
the control device 48, changing the intersection angle by advancing or
retreating the driving shaft 12a unde 3t_k_le control of the control device
48. According to the present”enbodi nent, the holding nenber 23
I's connected to the driving shaft 11a of the up- down driving device 11
via the reaction force detector 13 such as a load cell so as to detect a
reaction force acting

As described hereinabove, the pins 505, 508,
holding members 506, 509 and holders S07, 510 constitute
angle setting devices 502, 503 for the scraping .squeegees

14a, 14b. |

The solder paste printing apparatus 501 of Fig. 9
is in the same constitution except the above points as the
printing apparatus 51 described with reference to Fig. 1.

In the case where the side face 21 of the
scraping squeegee 1l4a, 14b is set, for example, at an
obtuse angle to the surface 3a of the mask 3, as indicated
in Fig. 11, the unnecessary solder paste 7 on the surface
3a can be removed without influencing to the utmost the
solder paste 7 filled in the openings 4 of the mask 3 by
the filling squeegee 10. The reason will be made clear
with reference to Fig. 12 showing a general shearing model
of cutting a structure 521 by a tool 520. When the
structure 521 is cut by the tool 520 as shown as the above
model, a shear force by the tool 520 acts mainly to an
upper part than a finish face 522, namely, a shaded shear
area 524 in Fig. 12. That is, the shear force acts only to
a portion which becomes a chip part.523. Therefore, in
Fig. 12, if the tool 520 is replaced with the scraping
squeegee l4a, 14b, the work 521 lower than the finish face
522 with the solder paste 7 filled in the openings 4, and

the chip part 523 with the unnecessary solder paste 7 on



to the filling pressuring face 25 of the filling nmenber 22 via the sol der
paste 7 at the tinme of printing. The reaction force cannot be detected
sinmply by providing the conventional solder paste printing apparatus
with the reaction force detector 13. The reason will be discussed wth
reference to Fig. 28. The front end part of the conventional printing
squeegee 10la noves whil e keeping - 25
- touch with the surface 3a of the mask 3, and consequently is deforned
| arge due to a friction, as shown in Fig. 29. What's worse, a contact

poi nt between the front end part of the squeegee 10la and the surface 3a
of the mask 3 is not present on a vertical direction of the reaction force
detector. \Wen the contact point of_tgg squeegee 10la is pressed up by the
reaction force of the solder paste 7, an end part of the squeegee 10la at
the side opposite to the

the surface 3a, the shear force acts solely to the
unnecessary solder paste 7 on the surface 3a when the side
face 21 of the scraping squeegee is set at an obtuse angle,
.and accordingly the unnecessary solder paste 7 on the
surface 3a can be removed without affecting the solder
paste 7 filled in the openings 4.

On the other hand, when the side face 21 of the
scraping squeegee 14a, 1l4b is set to be an acute angle to
the surface 3a of the mask 3, the following effect is
obtained. For instance, even when the solder paste 7 is
filled insufficiently by the filling sgqueegee 10 to the
openings 4 thereby forming the non-filled parts 9, the
solder paste 7 can be surely filled in the openings-4 by
the scraping squeegee 1l4a, 1l4b with the acute angle. That
is, when. the scraping squeegee 14a, 14b is set with the
aéute angle as in Fig. 13, not only the £filling squeegee
10, but the scraping squeegee 1l4a, 14b supplementarily
produces the filling pressure. Therefore, the scraping
squeegee 14a, 1l4b can be effective to re-fill the solder
paste 7 to the openings 4 where the non-filled parts 9 are
present and at thg same time, remove the unnecessary solder
paste 7 on the surface 3a.

As shown in Figs. 14-16, the same effect as
described above can be attained also when the side face 21

is set with an obtuse angle or right angles to the surface



contact point is pulled towards the mask 3. The reaction force detector
virtually detects this tensile force to the mask 3 in spite of the
reaction force by the solder paste 7 acting to the squeegee 10la. The
reaction force detector hence cannot detect the reaction force of the

sol der paste 7. In contrast, the filling squeegee 10 of the printing
apparatus. 51 of the enbodi nent noves wi thout touch with the surface 3a of
the.mask 3, whereby the reaction force of the solder paste 7 can be

det ect ed. As is clear fromFig. 3 and expression (2); the
reaction force acting to the filling pressuring face 25 can be obtained by
I ntegrating the pressure p' in a range of x=0-L. A state of the filling

pressure can be known from the reactpzgn-force of the solder paste 7

detected by the reaction force detector 13. Mreover, the pressure p' can

be changed by adjusting the sizes hl and h2 of the gaps HL and H2, as is

understood fromthe expression (2), and the

T 20 3a. That is, when, depending on the configuration of the
front end part 20 of each of the squeegee 1l4a, 14b, an
angle of the face 2la which is arranged beforehand in the

~ printing direction and is separated from the side face 21

is acute to the surface 3a as compared with the front end
part 20 of the scraping squeegee 14b being brought in touch
with the surface 3a, even though an angle of the side face
21 is set to be obtuse or right angle, the effect similar
to that in a case where the angle is acute can be obtained.
The solder paste % is filled to the openings 4 mainly by
the filling squeegee 10, while the scraping squeegee 14a,
14b assists the filling. Therefore, it is enough that the
filling pressure generated by the scraping squeegee-14a,
14b is smaller than that of the filling squeegee 10,
thereby gllowing the side face 21 of the squeegee 1l4a, 14b

to be set with a large angle, without inviting the issue as

when the sgqueegee angle o is reduced in the conventional

squeegee. The non-filled part 9 can be prevented even when
the squeegee speed is enhanced, and stable printing can be
achieved.

Further, as indicated in a schematic view of an
upper face of the mask in Fig. 10, the scraping squeegee
14a, 14b is preferably arranged so that a line of contact
515 between the front end part 20 of the squeegee and the

surface 3a of the mask 3 is not parallel to an extending



sizes hl and h2 can be adjusted by driving at |east either of the up-down
driving device 11 and angle variable device 12 of the squeegee 10.
For the above purpose, the reaction force detector 13 is connected

to the control device 48. The control device 48 controls the drive of
t he up-down driving device 11 based on information of the reaction force
detected by the reaction force detector 13 thereby to nove the filling

menber 22 up/down via the driving shaft 1la so as to adjust the size h2 of
the gap H2 or the size hi of the gap HlL to prevent the non-fi.lled part 9
frombeing forned in the openings 4 of the mask 3, or the drive of the
angl e variable device 12 to adjust the intersection, angle. For exanple,
even if physical properties of the sojgler paste 7, particularly the
viscosity [err] is changed due to an. environnental change or the |ike
i nfluence and the filling pressure is changed or, the kind of the sol der
paste 7 is changed when the type of products is to be switched, etc., the
control device 48 operates at |east one of the up-down driving device 11 .
and angl e vadimbttidavofealdide tdae pinet def mimd itine odpétibng eacinothéorce
of the solder paste 7 detected by the detector 13 is approximated to a
preset reacmdsk Berc&healapenings dead ithe fmasie Y are sdehetimeseformed

in a pattern so that the extending direction of the side

~edge part defining the opening 4 is linear and a straight

part 4a is formed having its extending direction orthogonal

to a printing direction shown by an arrow. In this state,

if the scraping squeegee 143, 14b is moved in the printing

direction while an extending direction of the 1line of

contact 515 is orthogonal to the printing direction,

namely, the extending direction of the line of contact 515

is in parallel to the extending direction of the straight

part 4a, the front end part 20 of the scraping squeegee

14a, 14b is caught by the straight part 4a of the oéening 4

of the mask 3, whereby the front end part 20 or opening 4

is possibly broken. Therefore, the scraping squeegee 1l4a,

14b is preferably fitted to the driving shaft 15a, 16b of

the up-down driving device 15, 16 so that an angle 516 of

the extending direction of the line of contact 515 to the

extending direction of the straight part 4a is acute or an

angle 517 is obtuse to let the extending direction of the

line of contact 515 intersect with the extending direction

of the side edge part defining the opening 4. The above

angle 516 1is preferably approximately 1 to 45°, most

preferably 45°.



type is switched. In this manner, at |east one of a height of the filling
squeegee 10 and the intersection angle is

- 27 - changed and the sizes hl and h2 are adjusted, in other words,
printing conditions are automatically adjusted and changed, achieving
stable printing. The controlling to the up-down driving device 11 and
angl e variable device 12 by the control device 48 may be carried out in

real tinme along wth the novenent of the filling squeegee 10 or for every
circuit board or at every time of printing. The printing
conditions are thus automatically adjusted and changed, nmaintaining stable
printing and shortening a work tine. Al t hough the filling

pressuring face 25 of the filling Leqyper 22 of the filling squeegee 10 is
flat in the enbodinent, the face 25 1s not limted to this, but nmay be

The scraping squeegee 1l4a, 14b may be fitted to
the driving shaft 15a, 16b in a manner to make the angle
516, 517 changeable.

In the foregoing emboéiment, the  scraping
squeegee 1l4a, 1l4b is orientated te the mask 3 so that the
openings 4 of the mask 3 are not parallel to the extending
direction of the line of contact 515. Opposite to the
above, the mask 3 may be shifted to the scraping squeegee
l4a, 14b so as to make the straight part 4a not parallel to
the line of contact 515 with the extending direction of the
line of contact 515 kept orihogonal to the printing
direction.

In the event that the openings 4 of the mask 3
are formed in pattern not to have the straight parts 4a
parallel to the extending direction of the line.of contact
515, it is unnecessary to orient the scraping squeesgee 14a,
14b, for example, to assume the acute angle 518.

In the embodiment as above, the reaction force
detector 13 is set to the driving shaft 1la of the up-down
driving device 11 for the filling squeegee 10 to detect the
reaction force of the solder paste 7 acting to the whole
face of the filling squeegee 10. However, the filling
pressure by the solder paste 7 to the opening 4 can be
detected directly in a constitution as will be described

below.



a curved face projecting to the surface 3a as exenplified in Fig. 5. 1In

ot her words, a shape of the filling pressuring face 25 is not specified
so long as the size hi of the gap between the filling pressuring face 25
and the surface 3a of the mask 3 is larger than the size h2 with respect
to the printing direction, i.e., hl>h2 is satisfied. At the sane
time, the front end 24 of the filling nmenber 22 nmay be sharp as in Fig.
2 or flat parallel to the surface 3a over a suitable length in the
printing direction as shown in Fig. 7. The reaction ‘force
detector 13 and angle variable device 12 can be set at any positions so

| ong as respective - 28 - functions

are fulfilled, not restricted to the 3®ove- described positions.
Since the printing apparatus 51 is a type noving

In a solder paste printing apparatus 535 shown in
Fig. 17, a filling squeegee 530 corresponding to the above
filling squeegee 10 generally includes, similar to the

~ £illing squeegee 10, a filling member 531 corresponding to
the f£illing member 22 and a holding member 23 holding the
£illing member 531, and is coupled to the driving shaft 1lla
of the up-down driving device 11, for the f£filling sgueegee
530, mounted to the bed plate 17. The up-down driving
device 11 is connected to a control dJdevice 536 and is
driven via the control device 536, as will be detailed
later, based on information of outputs of a pressure
detector 532a or 532b such as a pressure detecting sensor
thereby to raise or lower the driving shaft 1l1ia.

As shown in Figs. 18 and 19, the pressure
detector 532a, 532b is built in the filling member 531 in
the vicinity of approximately the center in an axial
direction of the filling member 531 and at a front end part
534 of the filling member 531 inside a £filling pressuring
face 533. The pressure detector 532a, 532b is set at a
position where ‘the solder paste 7 is present at the time of
printing so as to detect the filling pressure generated
when the solder paste 7 is filled in the openings 4 by the
filling squeegee 530. At least one detector is provided
for each (filling pressuring face 533, As described

earlier, the filling pressure shows a maximum value in the



‘both in the right and left directions, the printing apparatus is equipped
wth two scraping squeegees 14a, 14b. The printing apparatus may be a type
noving in either direction only, and in that case, the scraping squeegee
4a or 14b corresponding to the noving direction is provided. In
the present printing apparatus 51, the filling nenber 22 of the filling
squeegee 10 is formed to be symmetric right and left and the sane filling
squeegee 10 is used for both printing directions. However, as shown in
Fig. 6, the filling squeegee may be divided to a right . filling squeegee
305a and a left filling squeegee 305b to operate and, print individually.’
To install tw filling squeegees 305a, 305b has the followng nerit. In
the case of the single filling squeegee-10, when the height or the

i ntersection angle of the squeegee 10 is not controlled in real tine, but
I's set before the printing is started, and if the height or intersection
angl e of the squeegee 10 is changed during printing in the right

direction, the up-down driving device 11 or angle variable device 12

shoul d be optEErtEubLeRr dnt Fhestekqingity hef| the Fuont ngndn53ddeaf t the
obtain the sape_printing conditions in the left printing as well. To
contrary, whehliwgefin s@ddegetd 38hgrefgrg the pressure detector

532a, 532b is preferably set in the wicinity of the front
end 534 of the f£illing member 531. Moreover, in order to
| more cofrectly detect the f£illing pressure, the pressure
detector 532a, 532b is built in the filling member 531 so
as to have its pressure éetection face exposed to the
£illing pressuring face 533 as illustrated in the drawings.

The other structure of the solder paste printing
apparatus 535 in Fig. 17 is egqual to those of the. solder
paste printing apparatuses 51, 501 shown in Figs. 1 and 9,
except the above points.

A difference of the reaction force Qetectof 13 of
the printing apparatus si and the pressure detectors 532a,
532b of the printing apparatus 535 in the above embodiments
will now' be described. Although both detectors are
installed to detect a state changa of the filling pressure
of the solder paste 7 at the time of printing, the pressure
detector 532a, 532b directly detects the filling pressure,
whereas the reaction force detector 13 detects the reaction
force which is a sum of the filling pressures acting to the
whole face of the filling pressuring face 25, in other
words, detects the filling pressure indirectly.

Even when the filling pressure is the same, the

reaction force detector 13 detects the reaction force



- 29 - are provided, the up-down driving devices 11 and angle variable
devices 12 can be driven separately beforehand in accordance with the
printing directions. The operation when the sol der paste is
printed with the use of the above-constituted printing apparatus 51 wl|
be described with reference to Fig. 8 The up-down driving device(s) 11
and angl e variable device(s) 12 are controlled inreal tine in the
description hereinbel ow. The foll owi ng operations are carried out
in step | (indicated by "S1" in Fig. 8). A predeterm ned amount of the
sol der paste 7 is supplied to the surface 3a of the mask 3. \Wen the
printing is perforned in the right direction, the printed board 5 is
positioned and overl|lapped wth the k 3 and the filling squeegee 10 and
right scraping squeegee l1l4a are descended respectively by the up- down
driving devices 11 and 15. At this tine, the front end part 20 of the
scrapi ng squeegee 14a is brought in touch with the surface 3a of the nmask
3 with a suitable :

different in accordance with an area of the <£filling
pressuring face 25. For example, if a size of the filling
member 22 is changed to fit the printed board 5, it takes a
. lot of labor to refer to the previously accumulated
information of reaction forces, thus causing to reproduce
printing conditions. Needless to say, it is easy to refer
to the previously accumulated information unless the area
of the filling pressuring face 25 is changed when the same
£illing member 22 is used. On the other hand, since the
£illing pressure is detected directly with the use of the
pressure detector 532a, 532b, the previously detected
information of pressures can be readily referred to even if
the £illing member 531 is changed in size, whereby érinting
conditions can be reproduced easily, which is preferable.

. The thus-constituted printing apparatus 535
operates in the same manner to print the solder paste as
the printing apparatus 51 of the above embodiment.
Fundamentally, the "reaction force" in steps 3, 4 in Fig. 8
is replaced with the !"pressure”. More specifically, the
filling pressure generated when the solder paste 7 is
filled in the openings 4 by the f£illing squeegee 530 is
detected by the pressure detector 532a in step 3, and
whether or not the detected pressure is, for instance,
within a preliminarily set value range is judged in step 4.

If the detected pressure is outside the proper range, in



pressing force. The filling squeegee 10 is, as showm in Fig. 2, not in
touch with the surface 3a of the mask 3, securing the gap H2 of the
predet erm ned size h2. The squeegee 10 is noved down so that the gap H2
is located behind the supplied solder paste 7 in the printing direction.

- 30 - In step 2, while the state is nmaintained, the bed plate
17 is noved right by the .driving device 49 and the filling squeegee 10 and
scrapi ng squeegee 14a are noved linearly in the right printing direction.
The filling of the solder paste 7 to the openings 4 of the mask 3 by the
filling squeegee 10 is thus started. The reaction force acting to
the filling squeegee 10 is detected by the reaction force detector 13 in
step 3. \Wether or not the detectqg4&egption force is, for exanple,

step 5, the control device 536 drives at least one of the

up-down driving device 11 and angle variable device 12 so

as to set the detected.pressure in the proper range. In

consequence, at least one of the height and intersection
_ angle of the filling squeegee 530 is changed.

The other operations than the above are.the same
as in the printing apparatus 51. The solder paste 7 is
continuously printed and applied onto lands 6 of the
printed board 5 via the mask 3 through the alternate
repetition of the above operations.

In the foregoing description, only one of the
reaction force detector 13 and the pressure detectors 532a,
532b is arranged in the apparatus. However, both3of-the
detectors may be set in thé printing apparatus to detect
both the reaction force and the filling pressure.

According to the solder paste printing apparatus
according to the first aspect of the present invention and
the solder paste printing method according to the second
aspect of the present invention, as is fully described
above, the filling squeegee and scraping squeegees are
provided. The filling squeegee 'is moved in a state without
contact with the surface of the mask thereby to fill the
solder paste in openings of the mask, then the unnecessary
solder paste on the mask is removed by the scraping

squeegee. Accordingly, the solder paste 1s prevented from



W thin the preset reaction force value as described before is judged in
step 4. Wen the detected reaction force is outside a proper range, the
control device 48 drives at |east one of the up-down driving device 11
and, angle variable device 12 to bring the detected reaction force wthin
the proper range in step 5. At |least one of the height and the

I ntersection angle of the filling squeegee 10 is changed accordingly.
In step 6, a layer of the solder paste 7 forned on the surface 3a of the
mask 3 because of the gap H2 of the filling squeegee 10 is scraped by the

scrapi ng squeegee 14a. Through the scraping by the scraping squeegee 1l4a,
t he unnecessary sol der paste 7 on the surface 3a of the mask 3 is renoved,
so that the solder paste 7 filled in IQQ‘ openings 4 to swell over the
surface 3a is turned to be even wth The surface 3a.

- 31 -

being filled ih the openings defectively or scraped
improperly even when the squeegee speed is increased, so
that the solder paste can be printed stably on the circuit

_ board. The print time can be reduced, thereby improving
productivity.

The entire disclosure of Japanese Patent
Applications No. 8-329758 filed on December 10, 1996 and
No. 9=~134778 filed on May 26, 1997, including
specification, clains, drawings, and summary are
incorporated herein by reference in its entirety.

Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawingé; it is
to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.



Thereafter, the printed board 5 is separated from the mask 3 to print the

sol der paste 7. In the left printing simlar to the right printing,
after the printed board 5 is positioned and overl apped with the nask 3,
the filling squeegee 10 and the left scraping squeegee 14b are |owered by

t he up-down driving devices 11 and 16. In this case also, the front end
part 20 of the scraping squeegee 14b are brought in touch with the surface

3a of the mask 3 with a suitable pressing force, while the filling
squeegee 10 is not in direct touch with the surface 3a of the mask 3 wth
mai ntai ning the gap H2 of the predeterm ned size h2. The filling squeegee

10 is lowered so that the gap H2 is positioned behind the sol der paste 7
in the printing direction |leftward_ e_subsequent operations are carried
out in the sane manner as in the right™ printing. The
above-described printing operations are repeated alternately, whereby
the solder paste 7 is continuously printed and applied on |ands 6 of the
printed board 5 via the nask 3. According to the present ~
enbodi ment, whETsislecL.imeED s of the scrapi ng squeegee 14a, 14b is inclined
with an optional acute or obtuse angle to the surface 3a of the nmask 3 at
the tinme of hctuad polderngpaste gyintirsrrapparatus wherein a sgueegee
device moves in a printing direction to a surface (32) of a
‘mask (3) having openings formed therein, thereby to print
and abply solder paste (7) on the surface via the openings
to a face of a circuit board positioned at a rear face of
- the mask,

said squeegee device comprising:

a filling squeegee (10) having a front end (24)
kept in a noncontact state via a gap (H2) to the surface at
the time of printing, and £illing the solder paste into the
openings while moving in the printing direction; and

a scraping squeegee (14) arranged behind the

£illing squeegee in the printing direction, moving in the
same direction as the filling squeegee while keeping teuch
with the surface at the time of printing thereby to remove
unnecessary solder paste on the surface.
2. A solder paste printing apparatus according to claim
1, wherein the scraping squeegee is provided for each
direction behind the filling squeegee with respect to the
printing direction in a case where the squeegee
reciprocates to the surface of the mask.

3. A solder paste printing apparatus according to claim

2, wherein the filling squeegee is divided to two in the

| ”NEN O A

printing direction.



unnecessary

sol der paste 7. However, the scraping squeegee 14a, 14b may be

I nclined beforehand axially to the surface

-.32 - 3a of the mask 3, concretely, so that the side face 21 of the

squeegee 1l4a, 14b may be inclined beforehand with an optional acute or
obtuse angle, as wll| be described hereinbel ow. Mor e
specifically, in a solder paste printing apparatus 501 shown in Fig. 9,

t he scrapi ng squeegees 14a,

to hol di ng

up-down driving devices 15, 16 via pins 505, 508. The pins 505 are
arranged coaxially with the driving shafts 15a, 16a, ortg “ﬁ&k
hol ders 507, 510 so that the hol der§6507, 510 can M‘“ sand

right printi
I n

menbers 506, 509 fitted to driving shafts 15a, 16a, of the

ng directions to the” s

| ding nenbers \W“L

4. A solder paste printing apparatus according to any one
of claims 1-3, further comprising an angle setting device

(502, 503) for setting the scraping squeegee so that an

.angle of the scraping squeegee in an axial direction

thereof to the surface of the mask is an optional acute or
obtuse angle.

5. A solder paste printing apparatus according te claim
4, wherein the scraping squeegee is inclinéd with the
obtuse angle by the angle setting device.

6. A solder paste printing apparatus according to claim
4, wherein the scraping squeegee is inclined with the acute
angle by the angle setting device thereby to £ill the
solder paste into the openinés as well as remove the
unnecessary solder paste.

7. a so;dér paste printing apparatus according to any one
of claims 1-6, wherein the scraping squeegee is disposed so
that an extending direction of a line of contact between
the scraping squeegee and the surface of the mask

intersects with an extending direction of a side edge part

‘defining one of the openings.

i : A solder paste printing apparatus according to any one

of claims 1-7, wherein a face of the filling squeegee
opposite to the surface of the mask forms a filling
pressuring face (25) which is inclined upward from the

front end in the printing direction so as to press the

14b are held by hol ders 507, 510 which are set



consequence, the side face 21 of each scraping squeegee 14a, 14b can be
set to the surface 3a of the mask 3 with an optional angle in a range from
gn acute angle to right angles to an obtuse angl e. The pi ns 505, 508
are, for instance, constituted of clanping nenbers such as bolts and
nuts. The hol ders 507, 510 are stopped to swing and the squeegees 1l4a,
14b are fixed at the optional angle by clanping of the pins 505, 508.

The hol ders 507, 510 nay be adapted to swing centering the pins 505, 508
by a known nmechanismusing, e.g., a notor or the like thereby.to be fixed
at the optional angle. - 33 -

As descri bed herei nabove, the pins 505, 508, holding nenbers 506, 509 and
hol ders 507, 510 constitute angle seffing devices 502, 503 for the
scrapi ng squeegees

solder paste to the surface and £ill the solder paste to
the openings. ‘
9. A solder paste printing apparatus according to claim
. 8, further comprising a filling adjustment device (11, 12)
for adjusting filling of the solder paste to the openings
by varying at least one of a size of the gap and an
intersection angle of the filling pressuring face and the
surface.
10. A solder paste printing apparatus according to claim
9, further comprising a f£illing pressure dJetector (13,
532a, 532b) for detecting a change of a £illing pressure of
the solder paste filled into the openings at the time of
printing, and a control device (48) for controlling the
f£filling adjustment device based on the filling pressure
detected by the £illing pressure detector.
11. A solder paste printing apparatus according to claim
10, wherein the filling pressure detector is a reaction
force detector (13) for detecting a reaction force which is
a sum of the filling pressures of the solder paste acting
to the whole filling pressuring face at the time of
printing.
12. A solder paste printing apparatus according to claim
10, wherein the filling pressure detector is a pressure

detector (532a, 532b) set at the f£illing pressuring face

L




14a, 14b. The sol der paste printing apparatus 501 of Fig. 9 1is
in the sane constitution except the above points as the printing apparatus
51 described with reference to Fig. 1. In the case where the side
face 21 of the scraping squeegee 14a, 14b is set, for exanple, at an
obtuse angle to the surface 3a of the mask 3, as indicated in Fig. 11, the
unnecessary sol der paste 7 on the surface 3a can be renpved w t hout

i nfluencing to the utnost the solder paste 7 f illed in the openings 4 of
the mask 3 by the filling squeegee 10. The reason will be nade cl ear

with reference to Fig. 12 showi ng a general shearing medel—of——Tutting a
structure 521 by a tool 520. When the structure 5 t 00
520 as shown as the above nodel, a shear force by thezlmm‘llg “ﬂﬁllln’ |nI y
to an upper part than a finish face 2, nanely, a sha earn asea 524
in Fig. 12. That is, the shear force acts only to a portion which becones
a chip part 523. Therefore, in Fig. 12, if the tool 520 is replaced with
t he scraping squeegee 14a, 14b, the work 521 lower than the finish face

522 with theggp ’?%OF%’ el 'fPf’inﬂl;]t g,%eg&%%n%f%@dsoﬂerc hpRspart

523 with the unnecessar
directly.

13. A solder paste printing method comprising:

moving a filling squeegee (10) in a printing direction
at time of printing while keeping a front end of the
filling squeegee in a noncontact state via a gap (H2) to a
surface (3a) of a mask (3) having openings formed therein,
thereby filling a solder paste (7) on the surface to the
openings; and

removing unnecessary solder paste on the surface by a
scraping squeegee (14) moving in touch with the surface in
the printing direction.
14. A solder paste printing_method according to ciaim 13,
wherein the scraping squeegee is set so that an angle of
the scraping squeegee in an axial direction thereof to the
surface of the mask is an optional acute or obtuse angle.
15. A solder paste printing method according to claim 14,
wherein, when the scraping squeegee is set with the obtuse
angle, the scraping squeegee removes the unnecessary solder
paste without adversely influencing the solder paste filled
in the openings.
16. A soidef paste printing method according to claim 14,
wherein, when the scraping squeeqgee is set with the acute
angle, the scraping squeegee fills the solder paste to the

openings as well as removes the unnecessary solder paste.



- 34 - the surface 3a, the shear force acts solely to the unnecessary
sol der paste 7 on the surface 3a when the side face 21 of the scraping
squeegee is set at an obtuse angle, and accordingly the unnecessary

sol der paste 7 on the surface 3a can be renoved w thout affecting the
solder paste 7 filled in the openings 4. On the other hand, when
the side face 21 of the scraping squeegee 14a, 14b is set to be an acute
angle to the surface 3a of the nask 3, the followng effect is obtained.
For instance, even when the solder paste 7 is filled insufficiently by the
filling squeegee 10 to the openings 4 thereby formng the non-filled parts
9, the solder paste 7 can be surely filled in the openings 4 by the
scrapi ng squeegee 14a, 14b with the_agpte angle. That is, when the
scrapi ng squeegee 14a, 14b is set with the acute angle as in Fig. 13, not
only the filling~squeegee 10, but the scrapi ng squeegee 14a, 14b

suppl enentarily

17. A solder paste printing method according to any one of
claims 13-16, wherein the scraping squeegee is set so that
an extending direction of a line of contact between the
_scraping squeegee and the surface of the mask intersects
with an extending direction of a side edge part defining
one of the openings.

18. A solder paste printing method according to any one of
claims 13-17, wherein a face of the £illing squeegee
opposite to the surface of the mask forms a filling
pressuring face (25) which is inclined upward from the
front end in the printing direction so as to press the
solder paste to the surface and £ill the solder paste to
the openings. |

19. A solder paste printing method according to claim 18,
wherein a change of a filling pressure of the solder paste
when the solder paste is filled by the filling squeegee to
the openings at the time of printing is detected by a
filling pressure detector (13, 532a, 532b), and at least
one of ﬁn intersection angle of the filling pre;suring face
and the surface and a size of the gap is adjusted based on

the detected filling pressure, thereby to change printing

condition.

AR AR



produces the filling pressure. Therefore, the scraping squeegee 14a,

14b can be effective to re-fill the solder paste 7 to the openings 4 where
the non-filled parts 9 are present and at the sane tinme, renove the
unnecessary sol der paste 7 on the surface 3a. As shown in Figs.

14-16, the sane effect as described above can be attained al so when the
side face 21 is set with an obtuse angle or right angles to the surface

- 35 - 3a. That is, when, depending on the configuration of the front
end part 20 of each of the squeegee 1l4a, 14b, an angle of the.face 2la
which is arranged beforehand in the printing direction and is separated
fromthe side face 21 is acute to the surface 3a as conpared with the
front end part 20 of the scraping saygegee 14b bei ng brought in touch
with the surface 3a, even though an angle of the side face '

ABSTRACT OF THE DISCLOSURE

TITLE OF INVENTION: APPARATUS AND METHOD FOR PRRINTING
SOLDER PASTE

A filling squeegee and a scraping squeegee are

provided. The filling squeegee is moved in a state without

_contact with a surface of a mask thereby to fill a solder
paste in openings of the mask, then the unneéessary solder

paste on the surface of the mask is scraped by the scraping

squeegee. The solder paste is prevented from being filled

in the openings improperly or scraped improperly even if a

speed of the squeegee is increased, so that the solder

paste is printed stably on circuit boards.

Figure 1.



21 is set to be obtuse or right angle, the effect simlar to that in a
case where the angle is acute can be obtained. The solder paste 7 is
filled to the openings 4 mainly by the filling squeegee 10, while the

Scrapi ng squeegee 14a, 14b assists the filling. Therefore, it i's enough
that the filling pressure generated by the scrapi ng squeegee 14a, 14b is
smal l er than that of the filling squeegee 10, thereby allow ng the side

face 21 of the squeegee 14a, 14b to be set with a |large angle, w thout
inviting the issue as when the squeegee angle a is reduced in the
conventional squeegee. The non-filled part 9 can be prevented even when

t he squeegee speed is enhanced, and stable printing can be achieved.
Further, as indicated in a schematic view of an upper face of the mask in
Fig. 10, the scrapi.ng squeegee 14a, 14b is preferably arranged- so that a
line of contact 515 between the front end part 20 of the squeegee 'and the
surface 3a of the mask 3 is not parallel to an extending

Fig. 1
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- 36 - direction of a side edge part defining the opening 4 in the

mask 3. The openings 4 of .the mask 3 are sonetinmes formed in a pattern so
that the extending direction of the side edge part defining the opening 4
is linear and a straight part 4a is formed having its extending direction
orthogonal to a printing direction shown by an arrow. In this state, if
the scraping squeegee 14a, 14b is noved2in the printing direction while an
extending direction of the Iine of - contact 515 is orthogonal to the
printing direction, nanely, the extending direction of the line of contact
515 s in parall;}jto t he extendlng direction of the straight part 4a,

the front end par 0gbf. t 2 scrapi ng squeegee 1l4a, 14b is caught by the
straight part 4a of the opening 4 of ghe mask 3, whereby the front end .
part 20 or opening 4 is possibly|brokehy Therefore, the scrapi ng squeegee
l4a, 14b is preferably fitted to't ljzplving shaftiyza, 16b ﬁ; the
up-down driving devi endi ng
direction of the lin Chlrectyon of the
straight part 4a is R
direction of the |

of éontact 51p to the ext

c%é or an anPIe 517 i s obt
contact 5 i

3

direction
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o6f the side edge part defining the opening 4. The above angle 516 is
preferably approximately 1 to 45[err], nost preferably 45.

- 37 - The scrapi ng squeegee 14a, 14b may be fitted to the
driving shaft 15a, 16b in a manner to nmake the angle 516, 517 changeabl e.
In the foregoing enbodinent, the scraping squeegee 14a, 14b is
orientated to the mask 3 so that the aopenings 4 of the mask 3 are not
parallel to the extending direction of the Iine of contact 515. Qpposite
to the above, the mask 3 may be shifted to the scraping squeegee 14a, 14b
so as to nmeke the straight part 4a not parallel to the line of contact 515

with the extending direction of the 1line of contact 515 kept orthogonal to
the printing direction.
Fig. 5
22

25 : .2‘5 3a

Fig. 6




fn the event that the openings 4 of the mask 3 are forned in pattern not
to have the straight parts 4a parallel to the extending direction of the
lLine of contact 515, it is unnecessary to orient the scraping squeegee
14a, 14b, for exanple, to assune the acute angle 516. In the
enbodi nent as -above, the reaction force detector 13 is set to the driving
shaft 11la of the up-down driving devick 11 for the filling squeegee 10 to
detect the reaction force of the solder paste 7 acting to the whole face

of the filling squeegee 10. However, the filling pressure by the solder
paste 7 to the opening 4 can be detected directly in a corstitution as

wi || be described below. ) - 38 -

In a solder paste printing apparatus 535 shown in Fig. 17, a filling

squeegee 530 corresponding to the above

Fig.7
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filling squeegee 10 generally includes, sinmilar to the filling squeegee
10, a filling nmenber 531 corresponding to the filling nmenber 22 and a
hol di ng menber 23 holding the filling menber 531, and is coupled to the
driving shaft 1la of the up-down driving device 11, for the filling
squeegee 530, nmounted to the bed plate 17. The up-down driving device
11 is connected to a control device 536gand is driven via the control
devi ce 536,pj gT.ItI & detailed |ater, based on information of outputs of
a pressure t 32a or 532b such as a pressure detecting sensor

thereby to raise or lower the driving shaft 1la. As shown in
Figs. 18 and 19, the pressure detector 532a, 532b is built in the
filling menber 531 in the vicinity of approximately the center in an axi al
direction of the filling nenber 531 . ont end part 534 of the

face 533. The pressure

filling nmenber 531 inside a filling
l ¢ the solder paste 7 is

detector 532a, 532b is set at a po
present at the time of printing so as tq detect the filling pressure
generated when the sol der pastg@edmis-fil¥od lun-the openings 4 by the
filling squeegee 530. At |east| one detector is provided for each

filling pressuring face 533. i tﬁ@ETﬁEﬂ?ﬂéﬁ¥i earlier, the filling

pressure shows a maxi mum val ue

FILL SOLDER PASTE -

v

DETECT REACTION FORGE

ADJUST AT
S REACTION FORGE WITHIN LEAST ONE OF
PROPER RANGE? GAP AND ANGLE

SORAPE SOLDER
PASTE -

SEPARATE MASK AND
BOARD
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-7 39 - distribution in the vicinity of the front end 534 of the filling
menber 531, and therefore the pressure detector 532a, 532b is preferably
set inthe vicinity of the front end 534 of the filling nmenber 531.
Moreover, in order to nore correctly detect the filling pressure, the
pressure detector 532a, 532b is built in the filling nmenber 531 so as to
have its pressure detection face exposeg to the filling pressuring face
533 as illustrated in the draw ngs. The other structure of the
sol der paste printing apparatus 535 in Fig. 17 is equal to those of the
sol der paste printing apparatuses 51, 501 shown in Figs. 1 and 9, except

t he above points. A difference of the reaction force detector 13
of the printing apparatus 51 and the pressure detectors 532a,. 532b of the
printing apparatus 535 in the above enbodiments wll now be described.

Al 't hough both detectors are installed to detect a state change of the
filling pressure

Fig. 9
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of the solder paste 7 at the time of printing, the pressure detector 532a,

532b directly detects the filling pressure, whereas the reaction force
detector 13 detects the reaction force which is a sumof the filling
pressures acting to the whole face of the filling pressuring face 25, in
other words, detects the filling pressure ingjrectly. : Even when
the filling pressure is the sanme, the reactidn force detector 13 detects
the reaction force - 40 - di fferent
in accordance with an area of the filling 'pressuring face 25. For exanpl e,
if a size of the filling member 22 is changed to fit the printed board 5,

it takes a |lot of |abor to refer to the previously accunul at ed

information of reaction forces, thus causing-to reproduce printing
conditions. Needless to say, it is easy to refer to the previously
accunul ated information unless the area . ’
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of the filling pressuring face 25 is changed when the same filling nenber
22 is used. On the other hand, since the filling pressure is detected
directly with the use of the pressure detector 532a, 532b, the previously
detected information of pressures can be readily referred to even if the
filling nmenber 531 is changed in size, whereby printing conditions can be
reproduced easily, which is preferable. g The thus-constituted
printing apparatus 535 operates in the same nanner to print the sol der
paste as the printing apparatus 51 of the above enbodi nent.

Fundanental |y, the "reaction force' in steps 3, 4in Fig. 8 1is replaced
with the "pressure”. Mrre specifically, the filling pressure generated
when the sol der gps?e 7 i? filled in the openings 4 by the filling
squeegee 530 is e dZted b& the pressure detector 532a in stép 3, and
whet her or not the detected pressure is, for instance, wthin a.

prelimnarily set value range is judged in step 4. |If the detected -
pressure is outside,the raf@¢, in
14q
20
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-7 41 - step 5, the control device 536 drives at |east one of the
up-down driving device 11 and angle variable device 12 so as to set the
detected pressure in the proper range. In consequence, at |east one of
the height and intersection angle of the filling squeegee 530 i s changed.
The ot her operations than the above are the same as in the printing
apparatus 51. The solder paste 7 is @ontinuously printed and applied
onto lands 6 of the printed board 5 via the mask 3 through the
alternate repetition of the above operations. In the foregoing
description, only one of the reaction force detector 13 and the pressure
detectors 532a, 532b is arranged in the apparatus. However, both of the
detectors may be set in the printing apparatus to detect both the reaction
force and the filli-ng pressure. According to the sol der paste
printing apparatus according to the first aspect of the present invention
and the solder paste printing nethod according to the second aspect of
the present invention, as is fully described above, the filling squeegee
and scrapi ng squeegees are provided. The filling squeegee is noved in a
state w t hout C(F‘[ﬁ? y\AyrBthe surface of the mask thereby to fill the

144
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§ol der paste in openings of the mask, then the unnecessary solder paste on
the mask is renobved by the scraping squeegee. Accordingly, the sol der
paste is prevented from - 42 -

being filled in the openings defectively or scraped inproperly even when
t he squeegee speed is increased, so that the sol der paste can be printed
stably on the circuit board. The pring tine can be reduced, thereby

i nprovi ng productivity. The entire disclosure of Japanese
Pat ent Applications No. 8-329758 filed on Decenber 10, 1996 and No.
9-134778 filed on My 26, 1997, including specification,

cl ai ns, dramﬁng;, and éiunnary are incorporated herein by reference
inits entirety. 157. ! | t hough the present invention has been fully
described in connection with the prefeared enbodi ments
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‘t hereof with reference to the acconpanying drawings, it is to be noted

t hat various changes and nodifications are apparent to those skilled in
the art. Such changes and nodifications are to be understood as included
within the scope of the present invention as defined by the appended
clainms unless they depart therefrom _ -
43 - WHAT IS CLAIMED IS: 1. A soltter paste printing apparatus wherein
a squeegee device noves in a printing direction to a surface (3a) of a
mask (3) having openings fornmed therein, thereby to print and apply sol der
paste (7) on the surface via the openings to a face of a circuit board

positioned at a rear face of the nask, sai d squeegee device
conpri si ng: a filling squeegee (10) having a front end (24)
Fig. 17
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k%pt in a noncontact state via a gap (H2) to the surface at the tine of
printing, and filling the solder paste into the openings while noving in
the printing direction; and a scrapi ng squeegee (14) arranged
behind the filling squeegee in the printing direction, noving in the same
direction as the filling squeegee while keeping touch wth the surface at
the fime of printing thereby to renpve qsannecessary sol der paste on the
surface. 2. A solder paste printing apparatus according to claim 1,
wherein the scraping squeegee is provided for each direction behind the

filling squeegee with.respect to the printing direction in a case.
wher e t he squeegee reciprocates to the surface of the mask. 3. A
sol der paste printing apparatus according to claim 2, wherein the filling
squeegee is divided to two in the printing direction.

- 44 - Fig.
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4. A solder paste printing apparatus according to any one of clains 1-3,
further conprising an angle setting device (502, 503) for setting the
scrapi ng squeegee so that an angle of the scraping squeegee in an axi al
Hirection thereof to the surface of the mask is an optional acute or
obtuse angle. 5. A solder paste printing apparatus according to claim 4,
wherein the scraping squeegee is inclifngd with the obtuse angle by-the
angl e setting device. 6. A solder paste printing apparatus according to
claim 4, wherein the scraping squeegee is inclined with the acute angle

by the angle setting device thereby to fill the solder paste into the
openings as well as renove the unnecessary solder paste. 7. A solder
paste printing gpp?gatus rding to any one of clainms 1-6, wherein the
Scrapi ng squeeg€e drsp so that an extending direction of a line of

contact between the scraping squeegee and the surface of the mask
intersects with an extending direction of a side edge part tﬂiﬁ)ﬂ ng one of
the openings. 8. A solder paste printing apparatus according to any one
of claims 1-7, wherein a face of the filling squeegee opﬁgsite to the
surface of the mask forms a filling

102
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pressuring face (25) which is inclined upward fromthe front end in the
printing direction so as to press the -
45 - sol der paste to the surface and fill the solder paste to the
dpenings. 9. A solder paste printing apparatus according to claim 8,
further conprising a filling adjustnment device (11, 12) for adjusting
filling of the solder paste to the opeggngs by varying at |east one of a
size of the gap and an" intersection angle of the filling pressuring face
and the surface. 10. A solder paste printing apparatus according to claim
9, further conprising a filling pressure detector (13, 532a, 532b) for
detecting a change of a filling pressure of the solder paste filled into
the openings at the time of printing, and a control device (48) f or
controlling the

Fig. 21
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ffl1ing adjustment device based on the filling pressure detected by the

filling pressure detector. 11. A solder paste printing apparatus according
tpo claim 10, wherein the filling pressure detector is a reaction force
detector (13) for detecting a reaction force which is a-sumof the filling
pressures of the sol der paste acting to the whole filling pressuring face
at the tinme of printing. 12. A solderqpaste printing apparatus accordi ng
to claim 10, wherein the filling pressure detector is a pressure detector
(532a, 532b) set at the filling pressuring face
- 46 - for detecting the filling pressure of the sol der paste
directly. 13. A solder paste printing nethod conprising: novi ng a
filling squeegee (10) in a printing direction at tinme of printing while
keeping a front end of the

- Frg. 23
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#illing squeegee in a noncontact state via a gap (H2) to a surface (3a) of
a mask (3) having openings forned therein, thereby filling a solder paste
(7) on the surface to the openings; and renovi ng unnecessary sol der
paste on the surface by a scraping squeegee (14) noving in touch with the
surface in the printing direction. 14. A solder paste printing nethod
according to claim 13, wherein the scrigi ng squeegee is set so that an
angle of the scraping squeegee in an axial direction thereof to the
surface of the mask is an optional acute or obtuse angle. 15. A sol der
paste printing nmethod according to claim 14, wherein, when the scraping
squeegee is set wwth the obtuse angle, the scraping squeegee renoves the
unnecessary sol der paste w thout adversely influencing the sol der paste
filled in the openings. 16. A solder paste printing nethod according to
claim14, wherein, when the scraping squeegee is set with the acute
angl e, the scraping squeegee fills the solder paste to the openings as
wel | as renpves the unnecessary sol der paste. )

Fig. 25
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s 47 - 17. A solder paste printing method according to any one of
clainms 13-16, wherein the scraping squeegee is set so that an extending
direction of a line of contact between the scraping squeegee and the
durface of the mask intersects with an extending direction of a side edge
part defining one of the openings. 18. A solder paste printing nethod

according to any one of «clains 13-17, qgherein a face of the filling
squeegee opposite to the surface of the mask forns a filling pressuring
face (25) which is inclined upward fromthe front end in the printing
direction so as to press the solder paste to the surface and fill the
sol der paste to the openings. 19. A solder paste printing nethod
according to claim18, wherein a change of a filling pressure of the

sol der paste when the solder paste is filled by the filling squeegee to-
the openings at the tinme of printing is detected by a filling pressure

detector (13, 53%F:(ﬁ92$)égqu at least one of an intersection angle of
a -

the filling pressur
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*and the surface and a size of the gap is adjusted based on

filling pressure, thereby to change printing condition.

q- .
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Fig.28
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