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DESCRIPTION
SCREEN PRINTING APPARATUS AND SCREEN PRINTING ME THOD

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a screen printing
apparatus and a screen printing method which print a
pattern with paste on the surface of a substrate which is
aligned with a mask 1in which predetermined pattern
openings. are formed. |
2. Related Art

In a mounting process of electronic components,
screen printing of supplying a pasted conductive material
(conductive paste, hereinafter simply referred to as
'paste’) onto the surface of a substrate is used

frequently in order to mechanically and electrically join

electronic components to the substrate. The screen

printing includes supplying paste onto the surface of a
mask provided with pattern openings formed in a
predetermined pattern in a state where the mask is brought
into surface contact with the surface of a substrate, and
applying and spreading the paste on the surface 'of the
mask by means of a squeegee which slides on the surface of

the mask, thereby printing a pattern on the surface of the
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substrate with the paste stagnated in the pattern openings.
Electronic components are placed on the part where a
pattern 1is printed with the paste, and the electronic
components are mounted on the substrate in a state where
they are mechanically and electrically joined together
with the paste cured through a reflow process. As an
apparatus which performs such screen printing, an
apparatus described in JP-A-2005-205646 is known.
Meanwhile, in a screen printing process, when a
substrate is lowered and separated from a mask after
screen printing, the paste (flux Qhen the paste is cream
solder) adhering to the rear face of the mask may stick on
the surface of the substrate, and consequently the
substrate might drop out of the clampers holding the
substrate. Since the screen printing apparatus disclosed
in JP-A-2005-205646 provides clampers with claws which
projects above the substrate, the substrate is constrained
by the claws so as not to drop out from the clampers.
However, in this screen printing apparatus, since th
e claws are fixed to the clampers, a clearance which is eq
uivalent to the thickness of the claws between the mask an
d the substrate during printing will be created. If the p
aste stagnated in the pattern openings enter clearénce, it
may overflow to other parts than a predetermined part on

the surface of the substrate, and may have an adverse effe
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ct on printing quality. Therefore, in performing printing
on, in particular, a fine pitch substrate which requires

printing precision, the operation of removing the claws or
the operation of exchanging the existing clampers with cl
ampers with no claws is required. Moreover, there is a po
ssibility that, if an operator contacts the claws during t
he maintenance of the screen printing apparatus, the claws
may be damaged. Furthermore, if the claws are deformed b
y the contact, the clearance between the mask and the subs

trate may increase.

SUMMARY OF THE INVENTION

Thus, the object of the invention is to provide a
screen printing apparatus in which the safety of operation
is taken into consideration while avoiding deterioration
of printing quality.

According to an aspect of the invention, there is
provided a screén printing apparatus which prints a
pattern with paste on the surface of a substrate aligned
with a mask in which predetermined pattern openings are
formed. The apparatus includes: clampers which clamp and
hold opposite sides of the substrate; movable claws which
are provided in the clampers, respectively, so és to be
selectively movable to a position which the movable claws

have projected above the substrate provided in the
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clampers and to a position where the movable claws have
retreated from above the substrate; actuators which move
the movable claws to both the positions; and a substrate
elevating device which causes the substrate held by the
clampers to ascend and descend to relatively level the
surface of the substrate with the top faces of the
clampers.

According to another aspect of the invention, there
is provided a screen printing method in a screen printing
apparatus which prints a pattern with paste on the surface
of a substrate aligned with a mask in which predetermined
pattern openings are formed. The apparatus includes
clampers which clamp and hold opposite sides of the
substrate, and movable claws which are provided in the
clampers, respectively, so as to be selectively movable to
a position which the movable claws have projected above
the substrate held by the clampers and to a position where
the movable claws have retreated from above the substrate.
The method includes the steps: determining whether or not
the substrate is a substrate which requires the movable
claws to retreat from above the substrate; and causing the
movable claws to retreat from above the substrate and
relatively leveling the surface of the substrate Qith the
top faces of the clampers, if it 1is determined 1in the

determination step that the substrate is a substrate which
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requires the movable claws to retreat from above the
substrate.

According to the invention, since the movable claws
are provided so that the movable claws can be selectively
moved to a position which they have projected above the
substrate held by the clampers and to a position where
they have retreated from above the substrate, the safety
of operation is ensured by causing the movable claws to
retreat during maintenance. Moreover, high-precision
printing can be performed in a state where the surface of
the substrate and the rear face éf the mask are brought
into surface contact with each other without any clearance

by causing the movable claws to retreat.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a side view of a screen printing apparatus
according to one embodiment of the invention.

Fig. 2 1is a front view of the screen printing
apparatus according to one embodiment of the invention.

Fig. 3A is a plan view of a substrate supporter
according to one embodiment of the invention, ahd Fig. 3B
is a ﬁlan view of the substrate supporter according to one
embodiment of the invention.

Fig. 4A is a partial side sectional view of the

substrate supporter according to one embodiment of the
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invention, Fig. 4B is a partial side sectional view of the
substrate supporter according to one embodiment of the
invention, and Fig. 4C is a partial side sectional view of
the substrate supporter according to one embodiment of the
invention.

Fig. 5 is a plan view and partially enlarged plan
view of the substrate supporter according to one
embodiment of the invention.

Fig. 6A is an explanatory view of the operation of
the substrate supporter according to one embodiment of the
invention, and Fig. 6B is an explanatory view of the
operation of the substrate supporter according to one
embodiment of the invention.

Fig. 7A is a plan view showing the positional
relationship among a mask, a substrate, and a recognition
device according to one embodiment of tﬁe invention, and
Fig. 7B is a plan view showing the positional relationship
among the mask, the substrate, and the recognition device
according to one embodiment of the invention.

Fig. 8A is a plan view of the recognition device
according to one embodiment of the invention, and Fig. 8B
is a side view showing the-positional relationship among
the mask, the substrate, and the recognition‘ device
according to one embodiment of the invention.

Fig. 9 is a side view of a case body of the screen
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printing apparatus according to one embodiment of the
invention.

Fig. 10A is a front view of a shutter mechanism
according to one embodiment of the invention, Fig. 10B 1is
a plan view of the shutter mechanism according to one
embodiment of the invention, and Fig. 10C is a back view
of the shutter mechanism according to one embodiment of
the invention.

Fig. 11A is an explanatory view the operation of the
shutter mechanism according to one embodiment of the
invention, and Fig. 11B is an explanatory view of the
operation of the shutter mechanism according to one
embodiment of the invention.

Fig. 12 1is a block diagram of a control system of
the screen printing apparatus accdrding to one embodiment
of the invention.

Fig. 13A is an explanatory view of the operation of
the screen printing apparatus according to one embodiment
of the invention, and Fig. 13B is an explanatory view of
the operation of the screen printing apparatus according
to one embodiment of the invention.

Fig. 14A 1is an explanétory view of the operation cof
the screen printing apparatus according to one embodiment
of the invention, and Fig. 14B is an explanatory view of

the operation of the screen printing apparatus according
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to one embodiment of the invention.

Fig. 15A is an explanatory view of the operation of
the screen printing apparatus according to one embodiment
of the invention, and Fig. 15B is an explanatory view of
the operation of the screen printing apparatus according

to one embodiment of the invention.

Fig. 16 is a flow chart showing the operation of a

movable claws according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment of the invention will be described
with reference to the accompanying drawings. Fig. 1 is a
side view of a screen printing apparatus according to one
embodiment of the invention, Fig. 2 is a front view of the
screen printing apparatus according to one embodiment of
the invention, Fig. 3A is a plan view of a substrate
supporter according to one embodiment cof the invention,
Fig. 3B 1is a plan view of the substrate supporter
according to one embodiment of the invention, Fig. 4A is a
partial side sectional view of the substrate supporter
according to one embodiment of the invention, Fid. 4B is a
partial side sectional vieQ of the substrate supporter
according to one embodiment of the invention, Fig.l4C is a
partial side sectional view of the substrate supporter

according to one embodiment of the invention, Fig. 5 1is a
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plan view and partially enlarged plan view of the
substrate supporter according to one embodiment of the
invention, Fig. 6A is an explanatory view of the operation
of the substrate supporter according to one embodiment of
the invention, Fig. 6B 1is an explanatory view of the
operation of the substrate supporter according to one
embodiment of the invention, Fig. 7A 1is a plan view
showing the positional relationship among a mask, a
substrate, and a recognition device according to one
embodiment of the invention, Fig. 7B 1is a plan view
showing. the positional relationship among the mask, the
substrate, and the recognition device according to one
embodiment of the invention, Fig. 8A is a plan view of the
recognition device according to one embodiment of the
invention, Fig. 8B is a side view showing the positional
relationship among the mask, the substrate, and. the
recognition device according to one embodiment of the
invention, Fig. 9 is a side view of a case body of the
screen printing apparatus according to one embodiment of
the invention, Fig. 10A 1is a front view of a shutter
mechanism according to one embodiment of the invention,
Fig. 10B is a plan view of fhe shutter mechanism according
to one embodiment of the invention, Fig. 10C ié a back
view of the shutter mechanism according to one embodiment

of the invention, Fig. 11A is an explanatory view the
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operation of the shutter mechanism according to one
embodiment of the invention, Fig. 11B is an explanatory
view of the operation of the shutter mechanism according
to one embodiment of the invention, Fig. 12 is a block
diagram of a control system of the screen printing
apparatus according to one embodiment of the invention,
Fig. 13A is an explanatory view of the operation of the
screen printing apparatus according to one embodiment of
the invention, Fig. 13B is an explanatory view of the
operation of the screen printing apparatus according to
one embodiment of the inventién, Fig. 14A 1is an
explanatory view of the operation of the screen printing
apparatus according to one embodiment of the invention,
Fig. 14B is an explanatory view of the operation of the
screen printing apparatus according to one embodiment of
the invention, Fig. 15A 1is an explanafory view of the
operation of the screen printing apparatus according to
one embodiment of the invention, Fig. 15B is an
explanatory view of the operation of the screen printing
apparatus according to one embodiment of the invention,
and Fig. 16 1is a flow. chart showing the operation of a
movable claws according to o.ne embodiment of the invention.

First, the entire configuration of thel screen
printing apparatus will be described with reference to

Figs. 1 and 2. In Figs. 1 and 2, the screen printing

10
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apparatus 1 1is an apparatus which prints a patter with
paste on the surface of a substrate 3 which is aligned
with a mask 2 in which predetermined pattern openings Z2a
are formed. The screen printing apparatus 1 includes
substrate holding device 4 which holds the substrate 3, a
substrate moving device 5 which moves the substrate
holding device 4 relative to a mask 2, and performs
alignment of the substrate 3 and the mask 2, a recognition
device 6 which moves horizontally between the mask 2 and
the substrate 3 to recognize the mask 2 from below and
recognize the substrate 3 from above, a squeegee unit 7
which applies and spread the paste supplied to the surface
of the mask 2 to cause a pattern to be printed on the
surface of the substrate 3 with the paste stagnated inside
the pattern openings 2a.

The substrate holding device 4 1is constituted by
éonveying rails 8 which convey the substrate 3 in an X
direction, and clampers 10 which clamp and hold the
substrate 3 conveyed by the conveying rails 8 with their
opposite sides. The clampers 10 are provided in the pair
of conveying rails 8, respectively, to make a pair, and
are adapted to be brought clése to.and separated from each
other by driving of the clamper moving device 11? In a
state where the clamperé 10 are separated from each other,

they are adapted so as not to disturb movement of the

11
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substrate 3 during conveyance of a substrate, and in a
state where the clampers 10 are brought close to each
other, they are adapted to clamp opposite sides of the
substrate 3 to hold the substrate 3 in a predetermined
position.

The substrate moving device 5 1s , constructed by

stacking a Y table 20, an X table 21, and a O table 22

which move the substrate 3 held by the substrate holding
device 4 in a horizontal direction (X, Y, and 6 direction),
and a Z table 23 which moves the substrate in a vertical
direction (Z direction), and the Z table 23 is disposed
above a plate 24 attached to an upper portion of the ©
table 22. The Z table 23 has a rectangular shape in plan
view, and the Z table is horizontally supported in a state
where it is screwed to four corners with four ball screws
25 whose feeding direction is the vertical direction (Fig.
1 shows two side ball screws, and Fig. 2 shows two front
ball screws). The plate 24 is provided with a motor 26 as
a driving device which rotates the ball screws 25. The
ball screws 25 and the motor 26 are provided with pulleys
27 and 28, respectively, and rotational driviﬁg of the
motor 26 is transmitted to>the four ball screws 25 by a
timing belt 29 which is suspended over the pulleyé 27 and
28. This causes the four screw balls 25 to rotate in

synchronization with one another and causes the Z table to

12



10

15

20

25

WO 2007/055409 PCT/JP2006/322901

ascend and descend while being kept horizontal. By
controlling driving of the Y table 20, X table 21, 0 table
22, and 27z table 23 configured as such to move the
substrate holding device 4 relative to the mask 2, the
alignment between the substrate 3 and the mask 2 is made.
The substrate elevating device 30 which causes the
substrate 3 to ascend and descend to perform relative
leveling of the surface of the substrate 3 and the top
faces of the clampers 10 relatively is disposed below the
substrate holding device 4. The substrate elevating
device 30 is mainly composed of avmovable table 31 having
a rectangular shape in plan view, and is horizontally
supported in a state where it is screwed to four corners
with four ball screws 32 whose feeding direction is the
vertical direction (Fig. 1 shows two side ball screws, and
Fig. 2 shows two front ball screws). The Z table 23 is
provided with a motor 33 as a driving device which rotates
the ball screws 32. The ball screws 32 and the motor 33
are provided with pulleys 34 and 35, respectively, and
rotation of the motor 33 is transmitted to the four ball
screws 32 by a timing belt 36 which is suspended over the
pulleys 34 and 35. This cauées the four ball screws 32 to
rotate in synchronization with one another, and caﬁses the
movable plate 31 to ascend and descend while being kept

horizontal. A spacer 37 is provided in an upper portion

13
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of the movable plate 31 in a vertical lower position of
the substrate 3. By causing the movable plate 31 to
ascend and descend in a state where the spacer 37 1is
caused to abut on the rear face of the substrate 3, the
substrate 3 can ascend and descend with respect to the
clampers 10 to perform relative leveling of the surface of
the substrate 3 and the top faces of the clampers 10.

In Fig. 2, the screen printing apparatus i is
covered with and shielded by the box body la, and openings
40 through which the sﬁbstrate 3 to be carried into and
out of the screen printing apparatus 1 passes are formed
in side walls 1lb, respectively, of the box body 1la.
Through these openings 40, transfer of the substrate 3 1is
performed between a carrying-in path 41 or a carrying-out
path 42, which is disposed outside the side wall 1b, and
the conveying rails 8. The conveying rails 8 extend to
the vicinities of the side walls 1lb, and the ends of the
conveying rails 8 are provided with adjusting parts 9
which adjust clearance with the side walls 1b.

Next, with reference to Figs. 3 to 6, the substrate
holding device 4 will be described in detail. In Fig. 3A,
the clampers 10 are provided in the pair of conveying
rails 8, respectively, to make a pair, and are adépted to
clamp the opposite sides of the substrate 3 to hold the

substrate 3. Recess parts 12 are formed in the top faces

14



10

15

20

25

WO 2007/055409 PCT/JP2006/322901

of the clampers 10, respectively, and movable claws 13 are
provided in the recess parts 12. In Fig. 4A, each movable
claw 13 is composed of a flexible plate-like member having
a thickness of about.0.1 mm, and is formed in a shape
having flat plate parts 13a and 13b which are bent into a
hook and have different stages. The lower-stage flat
plate part 13a is attached to a movable part 14a of an
actuator 14 provided inside each clamper 10. A top face
of the upper-stage flat plate part 13b becomes flush with
a top face the clamper 10 so as not to project above the
clamper 10. The actuator 14 is coﬁposed of a driVing part
14b using magnetic force or pressure and the above-
mentioned movable part l4a. By controlling driving of the
driving part 14b in a Y direction, the movable part 1l4a
moves horizontally. With the horizontal movement of the
movable part 14a, the movable claw 13 moves horizontally,
and thepupper—stage flat plate part 13b of the movable
claw 13 moves selectively to a position (arrow 'a' of Fig.
47) where it has projected above the substrate 3, and to a
position (arrow 'b' of Fig. 4B) where it has retreated
from above the substrate 3.

When the movable claw.13 is in the position (arrow
'a' of Fig. 4A) where it projects above the subsfrate 3,
upward movement of the substrate 3 1is constrained. Since

the substrate 3 after printing is caused to descend and

15
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separated from the mask 2 in a state where the substrate
is held by the clamper 10, the movable claw 13 can prevent
that the paste which has adhered to a rear face of the
mask 2 adheres on the surface of the substrate 3 and the
substrate 3 floats and drops out from the clamper 10.

In addition, leveling of the surface of the
substrate 3 and the top face of the clamper 10 is
performed by causing the movable plate 31 to ascend and
descend in a state where the spacer 37 is caused to abut
on the rear face of the substrate 3 to adjust the height
position of the substrate 3. Therefore, when the upper-
stage flat plate part 13b of the movable claw 13 is in the
position (arrow 'a' of Fig. 4A) where it has projected
above the substrate 3, the height of the substrate 3 is
adjusted to such a degree that the surface of the
substrate 3 contacts the rear face of the upper-stage.flat
plate part 13b of the movable claw 13. Although this
amount of height adjustment is changed according to the
thickness of a substrate 3, even in a case where the
substrate 3, as shown in Fig. 4C, ascends excessively due
to erroneous input of thickness data of a substrate, or
the like, the movable claw i3 having flexibility is bent
upward so as to prevent damage tO the movable 4claw 13
itself or the substrate 3. Moreover, in a case where the

substrate 3 is a substrate which does not require a high

16
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degree of printing precision, even if the height of the
substrate 3 is adjusted so that the surface of the
substrate 3 may become almost flush with the top face of
the clamper 10, printing quality does not deteriorate due
to a gap created around the movable claw 13 between the
mask 2 and the substrate 3 since the thickness of the
movable claw 13 is small.

On the other hand, when the movable claw 13 is in
the position (arrow 'b' of Fig. 4B) which it has retreated
from . above the substrate 5, upward movement of the
substrate 3 is not constrained, but the substrate 3 can be
caused to ascend until the surface of the substrate 3 and
the top face of the clamper 10 Dbecome flush with each
other. Thereby, when the substrate 3 is brought into
surface contact with the mask during printing, any
clearance which is equivalent to the thickness of. the
movable claw 13 between the mask 2 and the substrate 3 1is
not created. Thus, the rear face of the mask 2 and the
surface of the substrate 3 can be brought into surface
contact with each other without any cleafance. If
printing is performed in this state, the paste.stagnated
in the pattern openings 2a will not overflow into other
parts. When the substrate 3 is a fine pitch substrate,
print precision can be improved by locating the movable

claw 13 in the position (arrow 'b' of Fig. 4B) where it

17
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has retreated from above the substrate 3 to perform
printing. Moreover, even during the maintenance of the
screen printing apparétus 1, by locating the movable claw
13 in the position (arrow 'b' of Fig. 4B) where it has
retreated from above the substrate 3, an accident that an
operator contacts the movable claw 13 projected from the
clamper 10, and damages the movable claw can be prevented
beforehand to enhance the safety during maintenance.

In a case where printing is performed in a state
where the movable claw 13 is in the position (arrow 'b' of
Fig. 4B) where it has retreated from above the substrate 3,
the constraint of the upward movement of the substrate 3
vanishes. Thus, the substrate 3 is attracted toward the
spacer 37, thereby preventing dropout of the substrate
caused by its floating from the clamper 10.

In addition, a plurality of the movéble claws 13, as
shown in Fig. 3B, may be provided in the clamper 10. By
selecting movable claws 13 (three movable claws excluding
the movable claws at both ends in Fig. 3B) corresponding
to the width in the X direction of the substrate 3 among
the plurality of movable claws 13 to cause them to project
above the substrate 3, dropout of the substrate 3 can be
prevented positively.

As such, since the movable claws 13 are provided in

the clamper 10 holding the substrate 3 so that the movable

18
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claws 13 can be selectively moved to the'position where
they have projected above the substrate 3, and to the
position where they have retreated from above the
substrate 3, the safety of operation is ensured by causing
the movable claws 13 to retreat during maintenance.
Moreover, since the surface of the substrate 3 and the
surface of the mask 2 can be brought into surface contact
with each other without any clearance by causing the
movable claws 13 to retreat, thereby leveling the surface
of the substrate 3 and the top face of the clamper 10,
advanced printing quality can be expected.

In Fig. 5, grooved conveying paths 8a are formed in
the top faces of the pair of conveying rails 8,
respectively, and side parts of the substrate 3 are held
by the conveying paths 8a to thereby stabilize the
conveyance posture of the substrate. A clearance cl 1is
formed between the adjusting parts 9 and the side wall 1b
provided at both ends of the conveying rails 8 (see the
enlarged view). This clearance ¢l Dbecomes movement
margins in the X direction and the 0 direction. of the
substrate holding device 4 which is moved relative to the
mask 2 by driving of the substrate moving device 5 at the
time of the alignment of the substrate 3 and the.mask 2.
By this clearance cl; the movement spaces for the

conveying rails 8 in the X direction and the 0 direction

19
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can be ensured, and the substrate 3 held by the clamper 10
can be moved in the X direction and the 6 direction.

Each adjusting part 9 is attached to one end of a
rod-shaped body 8c inserted through a supporting part 8b
attached to an end of each conveying rail 8. The rod-
shaped body 8c is inserted through the supporting part 8b,
and is movable in the conveying direction of the substrate
3, so that the adjusting part 9 can be brought close to
and separated from the end of the conveying rail 8. A
spring 8d that 1is a biasing device is formed at a
periphery of the rod-shaped body 8c between the supporting
part 8b and the adjusting part 9, and the adjusting part 9
is biased in a direction (arrow 'a') away from the end of
the conveying rail 8. A stopper 8e is provided at the
other end of the rod-shaped body 8c to regulate a maximum
separation distance of the adjusting parf 9 biased by the
spring 8d and the end of the conveying rail 8 to a
clearance c2. The top face of the adjusting part 9 1is
formed with a conveying path 9e having the same cross-
sectional shape as the conveying path 8a formed on the top
face of the conveying rail 8, and the conveying path 9e is
integrated with the conveyiﬁg path 8a to form a conveying
path for the substrate 3. |

By causing the adjusting part 9 configured in this

way to approach and separate from the end of the conveying
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rail 8, the extension of the conveying path for the
substrate 3 in the X direction can be adjusted. Moreover,
the clearance between the conveying path and the side wall
1b can be adjusted. When the adjusting part 9 is moved
toward the conveying rail 8 (arrow 'b') against the
biasing force of the spring 8d, the clearance cl will
increase as much as the clearance c2 decreases, and will
increase up to a maximum clearance C3 (c3 = cl + c2).
Therefore, if the movement margins of the substrate
holding device 4 in the X direction and the 6 direction
for the alignment of the substraté 3 and the mask 2 are
required to exceed the clearance cl, the clearance can be
increased up to the maximum clearance c3 by moving the
adjusting part 9 toward the conveying rail 8. Thereby,
the movement space of the conveying rail 8 in the X
direction and the 6 direction can be increased to greatly
move the substrate 3 held by the clamper 10 in the X
direction and the 6 direction.

In addition, the movement of the adjusting part 9
(arrow 'b') toward the conveying rail 8 is performed by
abutment of the adjustiﬁg part 9 on the side wall 1b when
the conveying rail 8 moves in the X direction and the ©
direction beyond the clearance cl during alignmeﬁt. For
example, as shown in Fig. 6A, if a movement margin in the

X direction required for alignment is larger than a space
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ensured by the clearance cl, the adjusting parts 9a and 9b
abut on the side wall 1b, and move toward the conveying
rail 8, sc that the space equivalent to the maximum
clearance c3 can be ensured as the movement margin in the
X direction. Moreover, as shown in Fig. 6B, when a
movement margin in the 6 direction required for alignment
is larger than a space ensured by the clearance cl, the
adjusting parts 9b and 9c abut on the side wall 1b and
move toward the conveying rail 8, so that the space
equivalent to the maximum clearance c3 1is ensured as the
movement margin in the 6 direction.

As such, since the adjusting part 9 which is brought
close to and separated from the end of the conveying rail
8 is provided so that the length of the conveying path in
the substrate conveying direction can be adjusted, the
stability of the conveyance posture of the substrate 3
during substrate transfer and ensuring of the movement
margins of the substrate holding device 4 during substrate
alignment can be realized compatibly. That is, during the
substrate transfer, the conveying path 8a of the conveying
rail 8 and the conveying path 9e of the adjusting part 9
are integrated with each other in a state where they are
separated from each other, and consequently the cénveying
path of the substrate 3 1is lengthened, so that the

clearance of the conveying path and the carrying-out path
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41 (carrying-in path 42) can become small, and the
conveyance posture of the substrate 3 can be stabilized.
Moreover, during the alignment between the substrate 3 and
the mask 2, the conveying path 8a of the conveying rail 8
and the conveying path 9e of the adjusting part 9 approach
each other, and consequently the conveying path of the
substrate 3 is shortened, so that the clearance c3 as the
movement margin of the substrate holding device 4 can be
ensured greatly.

_In addition, in Fig. 2, even in a case where the
height position of the conveying rail 8 which are caused
to ascend and descend by driving of the Z table 23 is
located in any position, the adjusting part 9 is formed
long in the vertical direction (Z direction) that the
adjusting part 9 may not project from the opening 40. The
supporting part 8b 1is also formed to have the length
corresponding to the length of the adjusting part 9, and a
plurality of rod-shaped bodies 8c, springs 8d, and
stoppers 8e are formed at suitable intervals.

Next, with reference to Figs. 2, 7, and 8, the
recognition device 6 will be described in detail; In Figs.
2 and 7B, the recognition aevice 6 is provided in an X
beam 50 extending in the X direction, and is adaptéd to be
movable in the X direction. The X beam 50 extends beyond

the length of the mask 2 in the X direction, and the
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recognition device 6 is adapted to be able to advance and
retreat between the mask 2 and the substrate 3. The
recognition device 6 advances between the mask 2 and the
substrate 3 during recognition, to recognize the positions
of the mask 2 and the substrate 3, and the recognition
device retreats from between the mask 2 and substrate 3
during printing so as not disturb the ascent of the
substrate 3 aligned with the mask 2. The X beam 50 is
provided in a Y beam 51 extending in the Y direction, and
is adapted to be movable in the Y direction. By
controlling driving of the X beam 50 and the Y beam 51,
the recognition device 6 can be caused to advance and
retreat between the substrate 3 and the mask 2, and can be
moved to an arbitrary position between the mask 2 and the
substrate 3.

In Figs. 7A and 7B, a first recognized part 3m and a
second recognized part 2m to be used as the references of
alignment are provided on the surface of the substrate 3
and the rear face of the mask 2, respectively. By
overlapping the first recognized part 3m with the second
recognized part 2m, the mask 2 and the substrate 3 are
aligned with each other. |

In Figs. 8A and 8B, the recognition deviée 6 1is
attached to the X beamYSO py means of a bracket 52. The

recognition device 6 is composed of a first recognition
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device 53 and a second recognition device 54, including
image pick-up device, such as CCD cameras. The first
recognition device 53 and the second recognition device 54
are arranged in parallel in a state where they are offset
in the Y direction (offset amount c). In Fig. 8B, the
first recognition device 53 1is disposed with its 1light-
receiving part 53a turned to the vertical lower side, and
is adapted to recognize the first recognized part 3m
provided on the substrate 3. On the other hand, the
second recognition device 54 is disposed with its light-
receiving part 54a turned to the vertical upper side, and
is adapted to recognize the second recognized part 2m
provided on the mask 2. During recognition of the
substrate 3 and the mask 2, the substrate 3 1is offset
(offset amount c) in the Y direction with respect to the
mask 2, and the first and second recognized parts 3m and
>m are offset (offset amount c¢) in the Y direction.
Thereby, the first recognition device 53 can be located in
a position above the first recognized part 3m, and the
second recognition device 54 can be locatéd below the
second recognized part 2m, so that the simultaneous
recognition becomes possible,lWhich is efficient.

The recognition device 6 configured in this way
advances and retreats between the substrate 3 and the mask

2 by controlling driving of the X beam 50 and Y beam 51
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that are moving device, and moves horizontally in a range
including the first recognized part 3m and the second
recognized part 2m to pick up the .images of the first
recognized part 3m and the second recognized part 2m using
the first recognition device 53 and the second recognition
device 54. The picked-up image data is analyzed by a
control unit 60 (refer to Fig. 12), and thereby the
positional deviation amount between the substrate 3 and
the mask 2 is detected. By controlling driving of the Y
table 20, X table 21, and © table.22 on the basis of the
detected positional deviation amount, positional
correction of the substrate 3 is performed, and the
alignment between the substrate 3 and the mask 2 in the X,
Y, and 6 directions (horizontal direction) 1is performed.
In addition, in this alignment, the driving of the Y table
20 may be controlled in consideration of the offset amount
c between the first recognition device 43 and the second
recognition device 44, or the substrate 3 may be moved by
the offset amount c after the positional correction of the
substrate 3 is performed in the offset state.

When the alignment between the substrate 3 and the
mask 2 in the horizontal direction has been completed, the
alignment between the substrate and the mask iﬁ the Z
direction (vertical direction) is then performed. The

alignment in the vertical direction 1is performed by
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raising the 2 table 23 to bring the top face of the
substrate 3 into surface contact with the rear face of the
mask 2.

Meanwhile, since the Z table 23 is configured such
that it is fed in the vertical direction by the ball
screws 25 so as to ascend and descend, any positional
deviation in the X, Y, and O directions may occur in the
process of the ascent and descent ‘due to an error
resulting from the machining accuracy of the ball screws
25, an installation error caused during installation of
the ball screws 25, and the like. The accuracy of
position of the Z table 23 in the X, Y, and 6 directions
deteriorates in proportion to the feeding amount by the
ball screws 25. As a result, in a case where the
substrate 3 which has been aligned in the X, Y, and ©
directions is raised and brought into surface contact-with
the rear face of the mask in a state where the clearance
from the mask 2 1is ensured in order to move the
recognition device 6, any positional deviation occurs in
the X, Y, and © directions of the substrate 3 due to the
ascent of the 7 table 23, and consequently the aécuracy of
alignment Dbetween the substrate 3 and the mask 2
deteriorates.

Therefore, in this embodiment, since the height of

the recognition device 6 is controlled by offsetting the
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first recognition device 43 and the second recognition
device 44 and arranging them in parallel in the horizontal
direction (Y direction) as shown in Fig. 8B, the clearance
d required during recognition can be controlled small.
Thereby, since the ascending stroke of the 2 table 23
during the alignment in the Z direction can be shortened,
deterioration of the accuracy of alignment between the
substrate 3 and the mask 2 can be suppressed, and the
reliability of printing quality can be improved.

_Next, with reference to Figs. 9 to 11, a shutter
mechanism provided in the opening 40 will be described.
In Fig. 9, an opening 40 serving as a passage for the
substrate 3 during substrate transfer is formed in a side
wall 1b of the box body la. In the wvicinity of the
opening 40, the shutter mechanism 45 is formed within the
box body la.

In Fig. 10A, the shutter mechanism 45 includes an
upper shutter 43 and a lower shutter 44 which narrow an
upper portion and a lower portion of the opening 40 to
such a degree that the substrate 3 can pass, and shutter
holding parts 46 which hold the upper shutter 43 and the
lower shutter 44, respectiveiy, so as to be movable up and
down. The shutter holding parts 46 are erected'on both
sides of the opening 40.

Elongate holes 46a and 46b extending in up-and-down
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directions are formed vertically in each shutter holding
part 46. The upper shutter 43 1is attached to the upper
elongate holes 46a with screws 46c, and is adapted to be
movable in the up-and-down directions along the elongate
holes 46. The lower shutter 44 is attached to the lower
elongate holes 46b with the screws 46c, and is adapted to
be movable in the up-and-down directions along the
elongate holes 46b. The upper shutter 43 narrows the
upper portion of the opening 40 to such a degree that the
substrate 3 can pass in a state where it is locked to the
lower portion of the elongate hole 46a, and the lower
shutter 44 narrows the lower portion of the opening 40 to
such a degree that the substrate 3 can pass in a state
where it is locked to the upper portion of the elongate
hole 46b.

"In Fig. 10B, each of both ends of the upper shutter
43 and the lower shutter 44 is formed in the shape of a
hook in plan view, and, as shown in Fig. 10C, it has
portions where a hook part 43a extending downward from the
upper shutter 43 and a hook part 44a extending upward from
the lower shutter 44 overlap each other. Sensor holes 43Db
and 44b are formed in the portions where the hook part 43a
and the hook part 44a overlap each other. Thesé sSensor
holes 43b and 44b overlap each other in a state where the

upper shutter 43 and the lower shutter 44 are locked to
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the lower portion of the elongate hole 46a, and the upper
portion of the elongate hole 46b, respectively. An upper
portion of the hook part 44a is provided with a metal part
which is magnetized by a magnet 47 provided in the shutter
holding part 46. As the metal part is magnetized by the
magnet 47, the lower shutter 44 is temporarily locked to
the upper portion of the elongate hole 46b. When an
operator's hand or finger, a foreign object, or the like
contacts the lower shutter 44, the lower shutter 1is
released from the temporary locked state by the
magnetization, and is dropped and moved downward.

In Figs. 10B and 10C, a transmissive sensor 48 1is
provided in each shutter holding part 46, and is adapted
to project and receive sensor light 48a in a state where
the upper shutter 43 and the lower shutter 44 are locked
to the lower portion of the elongate hole 46a and the
upper portion of the elongate hole 46b, respectively, and
thereby the sensor holes 43b and 44b overlap each other.
The sensor 48 detects that the relative position of the
sensor holes 43b and 44b deviates, and thus the sensor
light 48a has been shielded, thereby detecting that at
least any one shutter of fhe upper shutter 43 and the
lower shutter 44 has moved in the up-and-down diréctions.
For example, when the upper shutter 43 moves up as shown

in Fig. 117, the sensor hole 43b will also move up and the
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relative position with respect to the sensor hole 44b will

deviate. Thus, the sensor light 48a is shielded by the
hook part 43a. Moreover, when the lower shutter 44 moves
down as shown in Fig. 11B, the sensor hole 44b will also
move down and the relative position with respect to the
sensor hole 43b will deviate. Thus, the sensor light 48a
is shielded by the hook part 44a. By detecting that the
sensor light 48a has Dbeen shielded in this way, the
sensor detects that at least any one shutter of the upper
shutter 43 and the lower shutter 44 has moved in the up-
and-down directions.

If the sensor 48 transmits a detection signal to the
control unit 60 (refer to Fig. 12), and the control unit
60 receives the detection signal, various drive systems of
the screen printing apparatus 1 will be stopped. As a
result, when an operator's hand or finger, or a foreign
object approaches the opening 40, and intersects the
sensor 1light 48a to shield the sensor light, or an
operator's hand or finger, or a foreign object does not
intersect the sensor light 48a, but contacts the upper
shutter 43 and the lower shutter 44 to move thém in the
up-and-down directions, various drive systems of the
screen printing apparatus 1 are stopped, sé that
operator's safety is ensured. As shown in Fig. 10C, since

the upper shutter 43 and the lower shutter 44 are brought
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close to each other to a distance 's' that the upper and

lower portions of the opening 40 are narrowed to such a
degree that the substrate 3 can pass, and the sensor light
48a scans almost a middle portion of a separation distance
s between the upper shutter 43 and the lower shutter 44,
an operator's hand or finger which enter the opening 40 is
positively detected by the sensor light 48a, the upper
shutter 43, or the lower shutter 44. Moreover, since the
whole opening 40 is used as an area which can be detected
by one sensor 48 using movement of the upper shutter 43
and the lower shutter 44, it is possible to obtain an
economical simple structure without providing a plurality
of sensors.

As such, since a set of upper and lower shutters 43
and 44 which narrows the opening 40 to such a degree that
the substrate 3 can pass are prévided, and drive systems
of the screen printing apparatus 1 are stopped if an
operator's hand or finger which has approached the opening
40 contacts the shutter 43 or 44 to move the shutter,
special operation for safety measures is not needed, and
operator's safety <can Dbe ensured without degrading
manufacturing efficiency.

Next, the configuration of a control systemlof the
screen printing apparatus 1 will De described with

reference to Fig. 12. The control unit 60 is connected to
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the above-described squeegee unit 7, conveying rails 8,

clamper driving device 11, actuator 14, Y table 20, X
table 2, © table 22, motors 26 and 33, sensor 48, X beam
50, Y beam 51, first recognition device 53, and second
recognition device 54, and controls each of the above
operations on the basis of sequence data 60a. The control
unit 60 includes a storage region and stores the sequence
data 60a, substrate data 60b, various control parameters
60c, and the like. An operation/input unit 61 is composed
of an operation/input device, such as a dry beam and a
keyboard, for performing input of fhe sequence data 60a,
substrate data 60b, and control parameters 60c, each
manual operation of the above operations, etc. A display
unit 62 is constituted by a display device, such as a CRT
or a liquid crystal panel, which visually displays the
control status by the control unit 50, guidance of input
items, and the like.

The screen printing apparatus 1 according to this
embodiment is configured as described above. Hereinafter,
with reference to Figs. 13 to 15, the screen printing
operation in the screen printing apparatus 1 will be
described.

In Fig. 13A, the substrate 3 which has been éarried
into a predetermined position by the conveying rails 8 1is

raised by the movable table 31, and held by the clampers
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10.

In Fig. 13B, the substrate 3 is offset (arrow 'e')
with respect to the mask 2 by driving of the substrate
moving device 5.

In Fig. 14A, the recognition device 6 is moved to
recognize the first recognized part 3m and the second
recognized par 2m. Since the substrate 3 and the mask 2
are offset, the first recognized part 3m and the second
recognized part 2m can be simultaneously recognized by the
first_ recognition device 53 and the second recognition
device 54. The recognition resulfs are analyzed in the
control wunit 60, ‘and thereby the amount of positional
deviation between the substrate 3 and the mask 2 1is
detected.

In Fig. 14B, the control unit 60 controls driving of
the substrate moving device 5 on fhe basis of the detected
positional deviation amount to perform positional
correction of the substrate 3, and to perform alignment
between the substrate 3 and the mask 2. Thereby, the
surface of the substrate 3 abuts on the rear face of the
mask 2 (arrow 'f'). As described above, this alignment is
performed in consideration of the offset of the substrate
3, and includes an operation of moving the substrafe 3 in
a direction (arrow 'g') opposite to an offset direction

(arrow 'e'). The recognition device 6 retreats from
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between the substrate 3 and the mask 2 so as not to
disturb the ascending movement of the substrate 3.

In Fig. 157, by causing a squeegee 7c of the
squeegee unit 7 to slide on the surface of the mask 2 in a
state where the squeegee is caused to abut on the surface
of the mask, the paste supplied to the surface of the mask
2 is applied and spread, and stagnated in the pattern
openings 2a, thereby printing a pattern on the surface of
the substrate 3. In addition, as shown in Figs. 1 and 2,
the squeegee unit 7 is adapted to be supported by the
frame 7a, and be movable horizontaily in the Y direction
above the mask 2, and the squeegee 7c¢ is lowered by the
elevating device 7b, and is caused to abut on the surface
of the mask 2.

In Fig. 15B, the substrate 3 on which a pattern is
printed with paste is lowered, and separated from the ‘mask
2.

In the above-described screen printing operation,
the movable claws 13 provided in the clampers 10 are
adapted to move selectively to the position (arrow 'a' of
Fig. 4A) where they have projected above the substrate 3,
and the position where they have retreated from above the
substrate 3 (arrow 'b' of Fig. 4B). Hereinafter, mévement
of the movable claws 13 will be described with reference

to a flow chart shown in Fig. 16.
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When screen printing starts, first, it is determined
whether or not ﬁhe substrate 3 to be a target for screen
printing is a substrate which needs to locate the movable
claws 13 in the position where they have retreated from
above the substrate (ST1). This determination may be made
while an operator visually recognizes the substrate 3, and
may be made while the recognition device 6 recognizes the
type of a substrate 3 to collate it with the substrate
data 60b. In a case where the substrate 3 1is particularly
a substrate which requires printing accuracy, such as a
fine pitch substrate, it is determined that the substrate
is a substrate which needs to locate the movable claws 13
in the position where they have retreated from above the
substrate 3, and the movable claws 13 is caused to retreat
from above the substrate 3 (ST2). Thereafter, the surface
of the substrate 3 is substantially leveled with the top
faces of the clampers 10. Thereby, the rear face of the
mask 2 and the surface of the substrate 3 can be brought
into surface contact with each other without any clearance,
and overflow of the paste stagnated in the pattern
openings 2a into other parts than a printed part of the
surface of the substrate 3 cah be avoided.

In a case where the substrate 3 as a printing'target
is an ordinary substrate which 1is not a fine pitch

substrate, the movable «claws 13 project above the
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substrate 3 (ST3). Since this constrains upward movement
of the substrate 3, the substrate 3 can be prevented from
dropping out of the clampers 10 in the printing operation
(ST4) due to sticking to the paste adhering to the rear
face of the mask 2.

In the process in which the printing operation (ST4)
is performed, it is determined whether or not it is
necessary to retreat the movable claws 13 from above the
substrate 3 (ST5). For example, when an operator opens a
safety guard provided in the screen printing apparatus 1
during maintenance, it 1is determinéd that it 1is necessary
to retreat the movable claws 13 from above the substrate 3,
and the movable claws 13 is caused to retreat from above
the substrate 3 (ST6). If the movable claws 13 are caused
to retreat from above the substrate 3, the removal of the
substrate 3 becomes smooth, and the safety of the operator
during maintenance can be enhanced.

After the screen printing on the substrate 3 is
completed, it is determined whether or not retooling to
the next substrate 3 is required (ST7). If retooling is
required, the movable claws 13 are caused to retfeat from
above the substrate 3 (ST8) ih preparation for carrying in
of the next substrate 3.

In addition, the configuration, operation, etc.,

which have been described hitherto, illustrate one
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.embodiment of the invention, and the invention are not

limited to the above configuration, operation, etc.

INDUSTRIAL APPLICABILITY

According to the screen printing apparatus and
screen printing method of the invention, since the movable
claws are formed in the clampers holding the substrate so
that the movable claws can be selectively moved to a
position where they have projected above the substrate,
and to a position where they have retreated from above the
substrate, the safety of operatioﬁ is ensured by causing
the movable claws to retreat during maintenance, and the
surface of the substrate and the rear face of the mask can
be brought into surface contact with each other without
any clearance by causing the movable claws to retreat to
level the surface of the substrafe with the top faces of
the clampers. Thus, the invention has an advantage that
advanced printing quality can be expected, and is useful
in the field of the screen printing of printing a pattern
with paste on the surface of the substrate which 1is
aligned with the mask in which the predetermined pattern

openings are formed.
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CLAIMS

1. A screen printing apparatus which prints a pattern
with paste on a surface of a substrate aligned with a mask
in which predetermined pattern openings are formed, the
apparatus comprising:

clampers which clamp and hold opposite sides of the
substrate;

movable claws which are provided in the clampers,
respectively, so as to be selectively movable to a
position which the movable claws have projected above the
substrate provided in the clampers énd to a position where
the movable claws have retreated from above the substrate;

actuators which move the movable claws to both the
positions; and

a substrate elevating device which causes the
substrate held by the clampers fo ascend and descend to
relatively level the surface of the substrate with top

faces of the clampers.

2. The screen printing apparatus according to Claim 1,
wherein the movable claws are provided 1in recesé

parts formed in the top fades of the clampers, and top

faces of the movable claws are substantially fluéh with

the top faces of the clampers.
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3. A screen printing method 1in a screen printing
apparatus which prints a pattern with paste on a surface
of a substrate aligned with a mask in which predetermined
pattern openings are formed, the apparatus including
clampers which clamp and hold opposite sides of the
substrate, and movable claws which are provided in the
clampers, respectively, so as to be selectively movable to
a position which the movable claws have projected above
the substrate held by the clampers and to a position where
the movable claws have retreated from above the substrate,

the method comprising the stebs:

determining whether or not the substrate 1is a
substrate which requires the movable claws to retreat from
above the substrate; and

causing the movable claws to retreat from above the

" substrate and relatively leveling the surface of. the

substrate with the top faces of the clampers, if it is
determined in the determination step that the substrate is
a substrate which requires the movable claws to retreat

from above the substrate.

4, A screen printing method in a screen printing
apparatus which prints a pattern with paste on the surface
of a substrate aligned with a mask in which p:edetermined

pattern openings are formed, the apparatus including
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clampefs which clamp and hold opposite sides of the
substrate, and movable claws which are provided 1in the
clampers, respectively, so as to be selectively movable to
a position which the movable claws have projected above
the substrate held by the clampers and to a position where
the movable claws have retreated from above the substrate,

the method comprising the steps:

determining whether or not the movable claws are
required to retreat ffom above the substrate; and

.causing the movable claws to retreat from above the
substrate if it is determined in fhe determination step
that the movable claws are required to retreat from above

the substrate.

5. The screen printing method the method according to
Claim 4,

wherein the step of determining‘whether or not the
movable claws are required to retreat from above the
substrate is performed by determining a maintenance time

or a retooling time of a substrate.
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