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(54) PILLAR MOUNTING METHOD AND PILLAR MOUNTING DEVICE

(57) An object of the present invention is to provide
a pillar placement method and apparatus with the ability
to efficiently place a plurality of pillars on a substrate while
reducing their positional shift. The pillar placement meth-
od is a method for placing a plurality of pillars (4) on a
substrate (1), including at least a glass pane (100), such
that the pillars (4) are arranged in a predetermined pat-
tern and spaced apart from each other. According to the
pillar placement method, first, the substrate (1) is set up
on a magnet stage (9). Next, the plurality of pillars (4),
each including a magnetic body, are placed in the pre-
determined pattern on the substrate (1).



EP 3 632 871 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present disclosure generally relates to a
method and apparatus for placing pillars, and more par-
ticularly relates to a method and apparatus for placing,
on a substrate including at least a glass pane, a plurality
of pillars in a predetermined arrangement pattern.

Background Art

[0002] A glazing unit with an evacuated space created
between a pair of substrates has been known in the art.
To manufacture this type of glazing unit, it is a general
practice to place a plurality of pillars (spacers) on one
substrate, arrange another substrate to interpose the plu-
rality of pillars between the former and latter substrates,
and then hermetically bond the two substrates together
with a sealing material applied to surround the plurality
of pillars (see, for example, Patent Literature 1).
[0003] To place the plurality of pillars on the substrate,
the pillars are often transported to the substrate using a
suction pad, for example. In that case, however, after the
pillars placed on the substrate have been released, the
pillars may shift from their intended positions due to the
tilt of the upper surface of the substrate, or the presence
of static electricity, for example.
[0004] It is therefore an object of the present disclosure
to provide a pillar placement method and pillar placement
apparatus with the ability to efficiently place a plurality of
pillars on a substrate while reducing their positional shift.

Citation List

Patent Literature

[0005] Patent Literature 1: JP 2005-231930 A

Summary of Invention

[0006] A pillar placement method according to an im-
plementation of the present disclosure is a method for
placing a plurality of pillars on a substrate, including at
least a glass pane, such that the plurality of pillars are
arranged to form a predetermined pattern and spaced
apart from each other. The pillar placement method in-
cludes: a setup step of setting up the substrate on a mag-
net stage; and a placement step of placing the plurality
of pillars, each including a magnetic body, in the prede-
termined pattern on the substrate.
[0007] A pillar placement apparatus according to an-
other implementation of the present disclosure is an ap-
paratus for placing a plurality of pillars on a substrate,
including at least a glass pane, such that the plurality of
pillars are arranged to form a predetermined pattern and
spaced apart from each other. The apparatus includes:
a magnet stage configured to support the substrate ther-

eon; and a transport mechanism configured to transport
the plurality of pillars, each including a magnetic body,
to predetermined positions on the substrate.

Brief Description of Drawings

[0008]

FIG. 1 is a side view illustrating a main part of a pillar
placement apparatus according to an exemplary em-
bodiment;
FIG. 2 is a side view illustrating how a pillar is mount-
ed on a substrate by the pillar placement apparatus;
FIG. 3 is a side view illustrating how the substrate is
displaced by a pitch by the pillar placement appara-
tus;
FIG. 4 is a side view illustrating how the next pillar
is transported by the pillar placement apparatus;
FIG. 5 is a perspective view illustrating how another
substrate is laid on top of the substrate; and
FIG. 6 is a perspective view illustrating a glazing unit
formed to include the substrate and the other sub-
strate.

Description of Embodiments

[0009] FIGS. 1-4 schematically illustrate a pillar place-
ment apparatus according to an exemplary embodiment.
The pillar placement apparatus is an apparatus for plac-
ing a plurality of (or multiple) pillars on the upper surface
11 of a substrate 1 in a predetermined pattern.
[0010] The substrate 1 and the plurality of pillars 4
placed thereon are members that form respective parts
of a glazing unit.
[0011] After the plurality of pillars 4 have been placed
on the substrate 1, another substrate 2 (see FIGS. 5 and
6) is laid on top of the substrate 1 to face the upper surface
11 of the substrate 1, and then these two substrates 1
and 2 facing each other are hermetically bonded together
with a sealing material 31 in a frame shape. The plurality
of pillars 4 are arranged to be surrounded with the sealing
material 31.
[0012] An internal space S1 is created between the
substrates 1 and 2 bonded together (see FIG. 6). In the
internal space S1, arranged are the plurality of pillars 4.
The plurality of pillars 4 keeps a predetermined gap dis-
tance between the substrates 1 and 2. In an exemplary
embodiment, the internal space S1 is evacuated to a pre-
determined degree of vacuum through an evacuation
port 32 (see FIG. 5) of the substrate 2 and then the evac-
uation port 32 is sealed up. In this manner, the glazing
unit shown in FIG. 6 is obtained.
[0013] The substrate 1 includes a glass pane 100, and
the substrate 2 includes a glass pane 200. Optionally,
the surface of the glass pane 100 may be coated with an
appropriate film such as a low-emissivity (low-E) film.
Likewise, the surface of the glass pane 200 may also be
coated with an appropriate film such as a low-emissivity
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(low-E) film.
[0014] As shown in FIGS. 1-4, the pillar placement ap-
paratus according to this exemplary embodiment in-
cludes a magnet stage 9 having a supporting surface 90
provided to support the substrate 1 thereon, and a trans-
port mechanism 5 for transporting one of the plurality of
pillars 4 after another onto the upper surface 11 of the
substrate 1 supported by the magnet stage 9. Each of
the pillars 4 is formed to include a magnetic body such
as a metal.
[0015] The magnet stage 9 is a stage, at least a portion
of which is configured to generate a magnetic field. In
this exemplary embodiment, that portion of the magnet
stage 9 is implemented as an electromagnet 95. The
electromagnet 95 is configured to generate a magnetic
field over itself when supplied with electricity, weaken the
magnetic field when the supply of the electricity decreas-
es, and dissipate the magnetic field when the supply of
the electricity is cut off.
[0016] The magnet stage 9 includes a plurality of rollers
82. Each of the rollers 82 is provided to readily protrude
from, or be retracted into, the supporting surface 90 of
the magnet stage 9 through an associated through hole
92 cut through the magnet stage 9. When the substrate
1 needs to be moved, an upper part of each roller 82
protrudes from an associated through hole 92 to drive
the roller 82 in rotation in one direction (see FIG. 3).
[0017] In this exemplary embodiment, these rollers 82
constitute a displacement mechanism 8 for changing the
relative position of the substrate 1 with respect to the
magnet stage 9. When the pillars 4 need to be placed on
the substrate 1, for example, the substrate 1 is firmly
supported on the supporting surface 90 of the magnet
stage 9 with the rollers 82 retracted into the respective
through holes 92 (see FIG. 2, for example).
[0018] The transport mechanism 5 includes a suction
pad 52 with the ability to suck the pillar 4 and then release
the pillar 4 when suction is no longer required. The suc-
tion pad 52 is able to transport the pillar 4 to a target
position on the upper surface 11 of the substrate 1 while
being sucked to the upper surface 40 of the pillar 4 with
a pillar (or cylindrical) shape, and then release the pillar
4 at the target position. Releasing the pillar 4 allows the
pillar 4 to be mounted at the target position on the upper
surface 11 of the substrate 1.
[0019] In FIGS. 1-4, only one suction pad 52 is illus-
trated. However, this is only an example and should not
be construed as limiting. Alternatively, a plurality of suc-
tion pads 52 may be provided for the transport mecha-
nism 5 and used to transport a plurality of pillars 4 simul-
taneously. Nevertheless, the transport mechanism 5
does not have to have such a configuration with a single
or a plurality of suction pads 52 but may also be config-
ured to transport the pillars 4 using a different structure
from the suction pad(s) 52.
[0020] To place a plurality of (or multiple) pillars 4 on
the upper surface 11 of the substrate 1 using the pillar
placement apparatus according to the exemplary em-

bodiment described above such that the pillars 4 are
spaced apart from each other, first, the substrate 1 is set
up on the supporting surface 90 of the magnet stage 9
(in the setup step). This allows the substrate 1 to be held
facing up (i.e., with its upper surface 11 facing vertically
upward).
[0021] Next, the plurality of pillars 4 are placed, using
the suction pad 52, one after another on the upper surface
11 of the substrate 1 supported on the magnet stage 9
(in the placement step).
[0022] The placement step includes alternating the
step of mounting one of the plurality of pillars 4 on the
upper surface 11 of the substrate 1 (i.e., the mounting
step) with the step of horizontally changing the relative
position of the substrate 1 with respect to the magnet
stage 9 (i.e., the displacement step).
[0023] On the upper surface 11 of the substrate 1, a
region where each pillar 4 is mounted in the mounting
step is a region 115 located over the electromagnet 95
that forms part of the magnet stage 9 (see FIGS. 1 and
2). Before the pillar 4 is mounted there, the electromagnet
95 is supplied with electricity to generate a magnetic field
in at least this region 115 in advance. Then, the magnetic
attraction generated between the pillar 4 including the
magnetic body and the electromagnet 95 effectively re-
duces the chances of the pillar 4 shifting from its intended
position on the substrate 1.
[0024] Next, in the displacement step, the substrate 1
is displaced in one direction by rotating the rollers 82
protruding upward from the respective through holes 92
(see FIG. 3). In this process step, the supply of electricity
to the electromagnet 95 is either decreased or cut off to
weaken or dissipate the magnetic attraction between the
pillar 4 and the electromagnet 95.
[0025] After the substrate 1 and the pillar 4 mounted
thereon have been horizontally displaced by a predeter-
mined pitch in the displacement step, the mounting step
is performed again in the same procedure (see FIG. 4).
After that, the displacement step and the mounting step
will be performed alternately over and over again.
[0026] This allows for efficiently placing a plurality of
(or multiple) pillars 4 on the substrate 1 while reducing
the chances of the pillars 4 shifting from their intended
positions.
[0027] As can be seen from the foregoing description
of exemplary embodiments, a pillar placement method
according to a first aspect is a method for placing a plu-
rality of pillars (4) on a substrate (1), including at least a
glass pane (100), such that the plurality of pillars (4) are
arranged in a predetermined pattern and spaced apart
from each other.
[0028] The pillar placement method according to the
first aspect includes a setup step and a placement step.
The setup step includes setting up the substrate (1) on
a magnet stage (9). The placement step includes placing
the plurality of pillars (4), each including a magnetic body,
in the predetermined pattern on the substrate (1).
[0029] The pillar placement method according to the
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first aspect allows a plurality of pillars (4) to be placed
efficiently on the substrate (1) with their positional shift
reduced by utilizing magnetic attraction generated be-
tween each pillar (4) and the magnet stage (9).
[0030] A second aspect may be implemented in com-
bination with the first aspect described above. In a pillar
placement method according to the second aspect, the
magnet stage (9) includes an electromagnet (95) in-
stalled in a portion of the magnet stage (9).
[0031] The pillar placement method according to the
second aspect allows the electromagnet (95) to generate
a magnetic field at a timing to place each pillar (4) on the
substrate (1) and also allows the magnetic field to be
weakened, or even dissipated, at the other timings.
[0032] A third aspect may be implemented in combi-
nation with the second aspect described above. In a pillar
placement method according to the third aspect, the
placement step includes a mounting step and a displace-
ment step. The mounting step includes mounting at least
one of the plurality of pillars (4) on a region (115), located
over the electromagnet (95), of the substrate (1). The
displacement step includes changing a relative position
of the substrate (1) with respect to the magnet stage (9).
The mounting step is performed repeatedly and alternat-
ed with the displacement step.
[0033] The pillar placement method according to the
third aspect allows, even without installing many electro-
magnets (95), magnetic attraction to be generated to re-
duce the chances of the pillars (4) shifting during the
mounting step, thus simplifying the equipment used.
[0034] A pillar placement apparatus according to a
fourth aspect is an apparatus for placing a plurality of
pillars (4) on a substrate (1), including at least a glass
pane (100), such that the plurality of pillars (4) are ar-
ranged in a predetermined pattern and spaced apart from
each other.
[0035] The pillar placement apparatus according to the
fourth aspect includes: a magnet stage (9) configured to
hold the substrate (1) thereon; and a transport mecha-
nism (5) configured to transport the plurality of pillars (4),
each including a magnetic body, to predetermined posi-
tions on the substrate (1).
[0036] The pillar placement apparatus according to the
fourth aspect allows a plurality of pillars (4) to be placed
efficiently on the substrate (1) with their positional shift
reduced by utilizing magnetic attraction generated be-
tween each pillar (4) and the magnet stage (9).
[0037] A fifth aspect may be implemented in combina-
tion with the fourth aspect described above. In a pillar
placement apparatus according to the fifth aspect, the
magnet stage (9) includes an electromagnet (95) in-
stalled in a portion (115) of the magnet stage (9).
[0038] The pillar placement apparatus according to the
fifth aspect allows the electromagnet (95) to generate a
magnetic field at a timing to place each pillar (4) on the
substrate (1) and also allows the magnetic field to be
weakened, or even dissipated, at the other timings.
[0039] A sixth aspect may be implemented in combi-

nation with the fifth aspect described above. A pillar
placement apparatus according to the sixth aspect fur-
ther includes a displacement mechanism (8) configured
to change a relative position of the substrate (1) with re-
spect to the magnet stage (9).
[0040] The pillar placement apparatus according to the
sixth aspect allows, even without installing a lot of elec-
tromagnets (95), magnetic attraction to be generated to
reduce the chances of the pillars (4) shifting during the
mounting step, thus simplifying the equipment used.
[0041] Note that embodiments of the pillar placement
apparatus and pillar placement method described above
with reference to the accompanying drawings are only
examples of the present disclosure and should not be
construed as limiting. Rather, those embodiments may
naturally be readily modified as appropriate in various
manners depending on a design choice or any other fac-
tor.

Reference Signs List

[0042]

1 Substrate
115 Region
100 Glass Pane
4 Pillar
5 Transport Mechanism
8 Displacement Mechanism
9 Magnet Stage
95 Electromagnet

Claims

1. A method for placing a plurality of pillars on a sub-
strate, including at least a glass pane, such that the
plurality of pillars are arranged to form a predeter-
mined pattern and spaced apart from each other, the
method comprising:

a setup step of setting up the substrate on a
magnet stage; and
a placement step of placing the plurality of pil-
lars, each including a magnetic body, in the pre-
determined pattern on the substrate.

2. The method of claim 1, wherein
the magnet stage includes an electromagnet in-
stalled in a portion of the magnet stage.

3. The method of claim 2, wherein
the placement step includes:

a mounting step of mounting at least one of the
plurality of pillars on a region, located over the
electromagnet, of the substrate; and
a displacement step of changing a relative po-
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sition of the substrate with respect to the magnet
stage, and
the mounting step is performed repeatedly and
alternated with the displacement step.

4. An apparatus for placing a plurality of pillars on a
substrate, including at least a glass pane, such that
the plurality of pillars are arranged to form a prede-
termined pattern and spaced apart from each other,
the apparatus comprising:

a magnet stage configured to support the sub-
strate thereon; and
a transport mechanism configured to transport
the plurality of pillars, each including a magnetic
body, to predetermined positions on the sub-
strate.

5. The apparatus of claim 4, wherein
the magnet stage includes an electromagnet in-
stalled in a portion of the magnet stage.

6. The apparatus of claim 5, further comprising a dis-
placement mechanism configured to change a rela-
tive position of the substrate with respect to the mag-
net stage.
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