PASTE COATING APPARATUS AND PASTE COATING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to & paste coating apparatus and a paste coating

method for costing paste on a substrate.

Description of the Related Art

In mamnfacturing an orgamic EL (Electro Luminescence) panel, in & process for
sticking 4 sealing glass sheet on & subsirate on which an organic EL element is
vapor-Geposited, the sealing glass sheet is stuck on the substrate by coating paste (glass
paste) on the substrate and irradiating glass paste with a laser bearm.

In this process, as uniformity with high accuracy of the height (coating height}
of glass paste coated on the subsiyate Is required, glass paste is offen coated on the
substrate by a prmtmg method.

In & printing method, glass paste is coated on a substrate through a screen
provided with a patiern (coating pattern) for coating glass paste, and a problem is
cauaed that individual screens are necessary for respective forms of caaﬁﬁg patterns.

Further, thers Is a Himit of the size allowsd for manufactiring 2 screen because
a screen 13 an extremely thin member. Accordingly, there is a problem that the size of an
organic EL panel manufactured by a printing method using 2 screen is limited,

A screen is formed to coat glass paste, which is at the portion of a coating
paitern, on 2 substrate, and the portion except the portion for forraing the coating pattern
is o portion to be masked. As glass paste of the magk portion remains, this remaining
glass paste bevomes surplus (a waste), which causes a problem of & low efficiency in the

use of glass paste.



As nmethod of coating glass pasie solving such problems with 5 printing
metkod, there is known & method of coating glass paste on a substrate from a nozele that
moves along a costing pattern.

For example, Patent Document 1{JP 2002-31 6082 A) discloses a peste coating
apparatus that coats paste moving a nozzle while adjusting nozzle height in coating
paste from and after the secozﬁ time, based on nozzie height in the last coating of paste.

in case of coating glass paste moving a nozzle, in order to coat paste
continuously and without discontiniity in the periphery of an organic EL element
vapor-deposited on & substrate, it is preferable that glass paste is coated such that olass
pasie is overlapping with each other between the start point of moving a nozzle and the
end point of moving the nozzle. With such an arangement, it is possible to coat paste
continuously without a discontinuity between the start point and the end point.
However, if the nozzle contacts glass pasie coated previcusly af the overdapping portion,
plass paste is scraped off, and further the scraped-off glass paste overlaps previously
coated glass paste, and coating height thereby becomes high.  Accordingly, thereisa
problem that coating height of glass pasts cannot bé made uniform.

For the paste coating apparatus disclosed by Patent Document 1, 7 is not
considered to prevent the nozzle from scraping off paste when paste is coated with an
overlap between & start point of moving the nozzle and an end point of moving the
nozzZiE. | |

Further, in case of coatng paste moving 8 nozzle, coating height may be
slightly different depending on & difference in the moving direction of the nozzle oven
wher the height of the nozzle (nozzle height) from 2 substrate and the moving speed of
the nozzle are unchangad.  This is caused, depending on the moving dirsction, by 2
slight change in the heighs from the subsirate to g jetting opening for jetting paste dus to
a shape error or a fitting error (inclination or the tike) at the tip end portion of the

nozzie, The pasie cogting apparatus disclosed by Patent Document 1 can mainiain
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coating height with high accuracy, absorbing a changs in coating height cansed by the
non-fiamess of 2 substraie, howsver, carmot shsorb e slight change in soating height
generated by a difference In the moving divection of the nozzle, and the accuracy of

coating height 1s low in this regard,

SUMMARY OF THE INVENTION

Embodiments of the present invention seek to provide a pasie coating
appéra‘am and & pasts coating method that enable satisfactorily maintaining of costing
hieight of glass pasts in e predetermined error range.

According to a first aspect, there is provided a paste coating apparatus, comprising:

a support table which has a length m a longitudinal direction, a width in a width
direction and a height in a height direction;

a substrate holding table on which 2 substrate is mounted, the substrate holding table
being arranged on the support table;

a nozzle for coating paste on the substrate; and

a moving unit which moves the nozzle i the longitudnal direction, the width
direction or the height direction,

wherein the paste coating apparatus_continuously coats the paste in a periphery of a
predetermined region on a plane of a substrate, by moving the nozzie,

and wherein the paste coating apparatus further comprises:

a contro! section which

moves the nozzle, setting nozzle height from the substrate to the nozzle to be lower
thar a predetermined standard height, at a start end portion that extends by a preﬂetcrmin'ed
length from a start point of starting movement of the nozzle;

moves the nozzle, setting the nozzie height to be higher than the standard height, at a
terminal end portion that extends by another predetermined length fo an end point of
terminating the movement of the nozzie,

moves the nozzie, setting the nozzle height to be the standard height at a part
excluding the start end portion aﬁd the terminal end portion; and |

moves the nozzie such that the paste is coated with an overlap at least parfially

between the start end portion and the terminal end portion; and
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wherein at the start end portion, the conirol section sets the nozzle height to be lower
than the standard height by an amount equivalent to an allowable error allowed for coating
height of the paste to be coated on the substrate,
and wherein at the terminal end portion, the control section sets the nozzie height to
be higher than the standard height by the amount equivalent to the aliowable error,
and wherein the allowable error is an allowable rangs of a coating height for
preferably joining the substrate by making temperature rise of the paste by heat irradiation be
uniform over a whole circuit of a coating pattern when the substrate is Jjoined.
According to a second aspect, there is provided a ?aste coating method of continuously coating
paste in a periphery of 2 predetermined region on a plane of a substrate by moving a nozzie
for continuously coating the paste,
- the method ‘bcing performed by a past coating apparatus including:
a support table which has a length in a longitundinal direction, 2 width in a width
direction and a height in a height direction;
& substrate holding table on which 2 substraie is mounted, the substrate holding table
being arranged on the support table;
a nozzle for coating paste on the substrate; and
a moving unit which moves the nozzle in the longitudinal direction, the width direcﬁon
or the height direction,
and wherein the method comprises:
& start end portion forming process that moves the nozzle, setting nozzie height from

the substrate to the nozzle to be lower than a predetermined standard herght, and
thereby forms a start end portion that extends by a predetermined length from & start point of

starting movement of the nozzle;

a terminal end portion forming process that moves the nozzle, setting the nozzle
height to be higher than the standard height, and thereby forms. a terminal end portion that
extends by another predetermined length 1o an end point of terminating the movement of the
nozzie; and

a normal moving process that moves the nozzle, setting the nozzle height to be the
standard height at a part exciuding the start end portion and the terminal end portion,

wherein the nozzle is controlled to move such that the paste is coated with an overlap
at least partially between the start end portion and the terminal end portion

wherein the start end portion forming process sets the nozzle height to be lower than
the standard height by an amount equivalent 1o an allowable error allowed for coating height

of the paste to be coated on the substrate,
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and wherein the terminal end portion forming process sets the nozzle height to be
higher than the standard height by the amount equivalent to the allowable error,

and wherein the allowable error is an allowable range of a coating height for
preferably joining the substrate by making temperature rise of the paste by heat irradiation be

uniform over a whole circuit of a coating pattern when the substrate is joined.
According to a third aspect, there is provided & paste coating method of continuously coating paste

in 2 periphery of 2 predetermined region on a plane of a substrate by moving a nozzle for
continuously coating the paste along the periphery of the region in a X axis direction
and/or a Y axis direction, comprising:

a preparation process that sets correction amounts of nozzle height that is from the
substrate to the nozzle in moving the nozzie, for respective moving directions during the
movement of the nozzle along the periphery of the regiorn; and

a coating process that moves the nozzle along the periphery of the region, correcting
the nozzle height by the correction amounts corresponding to the respective moving
directions of the nozzle,

and wherein, for each of an X axis direction moving pax't; a Y axis direction moving
part, 2 reverse X axis direction moving part of which moving direction is opposite to a
moving direction of the X axis direction moving part, a reverse Y axis direction moving part
of whick moving direction is opposite to a moving directior of the Y axis direction moving
part, a first corner moving part that connects the X axis direction moving part to the Y axis
direction moving part, a second corner moving part that connects the Y axis direction moving
part to the reverse X axis direction moving part, 2 third corner moving part that connects the
reverse X axis direction moving part to the reverse Y axis direction moving part, and a fourth
corner moving part that commects the reverse Y exis direction moving part to the X axis
direction moving part along the periphery of the region,

the preparation process executes in advance by using a substrate which is for the

preparation process a process that sets the correction amount to
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a difference between coafing height of the paste coated on the substrate when the nozzie
moves with the nozzle heighi being set to a standard hcight, and the standard coating height
1o be a farget valﬁe of the coating height s0 as to correct an error in a paste cdaﬁﬁg heignt for
each of moving directions, the error being generated by a deformation of 2 distal end porfon

of the nozzle in the X axi_s direction and/or in the Y axis direction.

Agcording to a fouﬁ aspect, there 15 provided z paste coating apparatus that coats paste in a
periphery of a predetermined region on a plane of a substrate, comprising:

a support table which has a length in a longitndinal direction, a width in a width
direction and a height in a height direction;

a substrate holding table on which a substrate is mounted, the substrate holding table
being arranged on the support table;

a nozzle for coating paste on the substrate, and

a moving unit which moves the nozzie in the longitudinal direction, the width
direction or the height direction,

wherein the paste 1s coated by moving the nozzle,

and wherein the paste is coated on the substrate by the paste coating method

according to the third aspect.
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According to an embodiment, a paste coating apparatus includes: a nozzle for
continuously eoating paste; and a conirol section _for contimuously coating the pasicin a
pf:rip.hszry of a predetermined region on 2 plane of & substrate, by moving the nozzle,
wherein the control section: moves the nozzle, setting nozzie height from the substrate
to the nozzle to be lower than 2 predetermined standard height, at 2 start end portion that

dends by & predetermined length Tom = atart point of sterting movement of the
nozzie; moves the nozzle, ssting the nozzls height to be higher then the standard height,
at & termingl end portion thet exends by another predetermined length 1o an end point
of terminating the moverent of the nozzle, moves the nozzle, setfing the nozzle height
£0 be the standard height at & part excluding the start end portion and the terminal end
portion; and moves the nozzle such that the paste is coated with an overlap #t least
partially between the start end portion and the terrminal end portion.  Further, in & paste
coating method according to an embodiment, paste is coated in guch a manner.

Further, according to an embodiment, a paste coating method of continuousty
costing peste in & periphery of & predsiermined reglon on & plane of a substrate by
moving & nozzle for continnously coating the waste slong the perivhery of the region
incindes: & preparation process that sets corvection amounts of nozzle height that is from

the substrate to the nozzle i moving the nozzle, for respective moving directions during



e movement of the nozzle along the periphery of the rc:giﬁn; and & coating process that
moves the nozzle along the periphery of the region, correcting the nozzle height by the
correction amounts corresponding to the respective moving dirsctions of the nozzle.

. Still further, according to an embodiment, 2 paste coating apparatus coats paste

g

o & substrate by this coating method.

BRIEF DESCRIFTION OF THE DREAWINGS

FI 1 is & perspective view of & peste coating apparatus,

F1G.24 is & side view of & coating head, FIG. 2B is 2 perspective view of the
costing head;

F1G. 3A shows s first coating patiern of coating glass paste in tﬁze periphery of
a vapor-deposited portion, FIG, 3B shows 2 second costing patisrn of coating glass
paste in the periphery of the vapor deposited portion; '

FIG, 4A shows the start end pertion of the first pattern, FIG. 4B shows the
' terminal end pdrﬁion of the first patiem,

FIG. 5A shows the stert end porton of the second pattern, FIG. 5B shows the
terminal end portion of the second pattern;

FIG. 6A is a side view of the cﬁaﬁng head of & paste coating spparatus in
Example 7, FIG. 6B is a perspective view of the coating head;

FI3. 74 shows the shape of the tip end portion of an inchined nozzie and
cogtng height, FIG. 7B shows the shape of & nozzle with a concave and/or & convex
and coating height;

FIG. 8A shows an exarnple of divisions of & costing pattern, FIG. 8B flusiratws
a nozzle correction amount, FIG. 8C shows measuring points; and

FIG, 9 dhows connection points where nozrle heigitt N is changed n coating

glass paste,



DETAILED DESCRIPTION OF THE PREFERRED EMRODIMENTS

Preferred embodiments and examples of the present invention will be deseribed
below, referring to the drawings &s appropriate.

Example 1

A paste coating apparatus 100 in Example 1 includes, as shown in FIG. 1, &
support table 1, a frame 2,fixed sections 3A, 3B, movable sections 44, 4B, a coating
head 5, a substrate hoiding table 6 on which 2 substrate 8 is to be mounted, a control
section 9, a momitor 11, and a keyboard 12.

Further, coordinate axes are set whereln X axis renresents the longitudingl
direction of the support table [, Y axis represents the lateral divection, and Z axis
represents the height direction (vertical dirsction).

One coating head 5 is shown in FIG. 1, howsver, the paste coating apparatus
100 may be provided with plural coating heads 5.

Further, an X-axis moving mechanism including the fixed sections 3A, 3B and
the movable sections 4A, 4B is provided on the support table 1. The fixed sections
3A, 3B are, for example, fixed along X axis direction at the both end portions, with
respect to Y axis direction, of the support table | and function as the guide members of
the movable sections 44, 4B, The movable section 44 and the movable section 48 are
movably provided respectively on the fixed section 3A and the fixed section 3B, and
further, a frame 2 1s arranged connecting the movable section 4A and the movable
section 48 (in other words, along Y awis divection).  The frame 2 is arranged such as to
extend along Y axis direction.

The X-axis moving mechanisrn is arranged such that the movable sections 44,
&% can move slong the fixed sections 34, 3B by a drive unit such as 2 ball screw
mechanism, & linear motor, or the like.

The frame 2 is provided with the cozting head 5 that is movable in the

fougituding] dirsction (namely in Y axis direction). Hereinafter, the moving
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mechanism for moving the coating head 5 in the longituding! direction of the frame 2
will be referred to as the Yeaxis moving mechenism.  The Y-axis moving mechanism is
arranged such that the coating head 5 s moveble along the frame 2 by & drive unit, such
at a ball screw mechanism, a linear motor, or the like.

Further, in the reglon between the fixed sections 3A, 3B on the upper surface of
the support teble 1, the substrate holding table 6 is provided as a table for mounting
thereon a subsirate 8 on which an organic El element is vapor-deposited.  The substrate
halding table € is arranged to be able to fix the substrate 8 mounted thereon by an
absorption-fiving mechanism, not shown, or the like.

Sl further, the support table 1 Is provided with the monitor 11 and the
keyboard 11 for operation, and incorporates the contral section 9 as a control unit for
confrolling the paste coating apparatus 100.

Vet further, the paste coating apparatus 100 is provided with a pressure source
10 that pressurizes air and supplies the i to a paste storage scction {syringe 55) of the
coating head 5, thus providing a syringe 55 with a pressure (jetting pressure) for jerting
glass pasie Gp from & nozzle 5a.

The pressure sowrce 10 is connected through a pressurizing pipe 10c to the
syrings 55 of the coating head 5 to pressurize inside the syringe 55 by supplying

pressirized air, and thereby supplies a jetting pressure 10 the coating head 5. The
pressurizing pipe 10¢ is provided with a positive pressure regulator 10a for adjusting the
presgure of the air having been pressurized by the pressure source 10 to a desired
pressure (jetiing pressure) and a valve 10b for shutting off flow of the pressurized air,
The valve 10 is an electrical on~-off valve to open and close the pressurizing pipe 10c,
secording to a control signal from the control section 9, and is arranged such that flowr
of air in the pressurizing pipe 10c is shut off when the vaive 10b is closed.

As shown in FIGs.2 A and 2B, the coating head 3 has a base table section 50

fitted to the frame 2 through the Y-axis moving mechanism such as to be able to be
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driven, and the base table section 50 is provided with & detector 51 for detecting the
linear scale 2a of the frame 2. The Hnear scale 2a is extended along Y axis direction
on ane side surface of the frame 2, while the detector 51 for detecting the linear scale 2a
ig fitted to the base table section 50, facing the linear scale 2a.  The control section 9
{see FIG. 1) coptrols the Yeaxis rnoving mechanism, based on a result of detecting the
linear scals Za by the detector 51, and thereby controls the position, with respect o Y
axis direction, of the coating head 5 (nozzle 55a). It is preferable that the X-axis
moving mechanisim is also provided with a linsar scale and s detestor, not shown, so
that the positian, with respect to X axis direction, of the cozting head 5 (nozzle 55a) can
be controlied.

A Z-axis guide 52 having s Z-axis servo motor 52a is Hited to the base table
section 50 of the coating head 5, and a Z-axis table 33 moving in Z axis direction
{vertical direction) by the Z-axis servo motor 524 is fitted to the Z-axis puide 52,
Further, the Z-axis table 53 {s provided with the paste storage section (syringe 35) for
storing glass paste Gp.  Further, the syringe 55 is provided with the nozzle 552 for
coating the stored paste (glass paste Gp in Example 1) on a substrate 8 (see FIG. 1) and
a distance meter (for example, an optical distance meter 54) for measuring the height
{nozzle height Nh) from: the substrate 8 mounted on the substrate holding table 6 to the
npzzle 55a.

The optical distance meter 34 shown in FIG. 2B inclndes g light ersitiing
section and a light recelving section, wherein nozzls height Nk from the subsirate 8 10
the nozzle 55a is measured, based on the amount of received light of a reflection light
fhat is reflection of a light (a laser beam) projected from the light enitting seetion to the
substrate 8 (see FIG, 1)

Concretely, according to the fact that the longer nozzle height Nh is, the more
the amourt of Heht, received by the light receiving sectivn, of the reflection light drops,

the optieal distance meter 54 measures nozzle height Wh, based on the ratio of the
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amount of light received by the light receiving section to the amount of light emitted
from the light ermtting section.

Controlled by the eontrol section @ (see FIG. 1) based on a measurernant value
by the optical distance meter 54 installed on the Z-axis table 53, the Z-axis servo motor
52a moves the syringe 55 (nozzle 55a) in Z axis direction, vertically in other words,
flrough the Z-axis able 53, | |

The paste coating apparatus 100 (see FIG, 1) with such & structure is & device,
as shown in FIG. 3A for exemple, that coats glass paste Gp for joining a sealing glass
sheet with the substrate § on which an organic EL element is vapor-deposited.  The
paste cnaﬁng apparatus 100 coats glass peste Gp on the periphery of a predetermined
region defined by a vapor-deposit section A1 where an organic EL element is
vapor-deposiied, In a substantially rsctangldar flat shape for example, such that giass
paste Gp is coated up 1o 2 predetermined height (coating height Hi). A sealing glass
sheet is, in & subsequent process, stuck on the subsirate 8 on which glass paste Gp hes
been coated by the paste coating apparatus 100, and then a laser beam is ircadiated on
glass paste Op so that the sealing glass sheet is joined. Herein, the sealing glass sheet
is vacuum-stiuck in 4 vacuum environment so that the vapor-deposit section Al of the
organic BL elerment becomes In a vacuuin state.

It i3 required that the vepor-deposit section Al, formed on the substrate 8, of
the organic EL element is maintained in the vacuum staie by the sealing glass sheet.
Accordingly, the paste coating apparatus 100 (see FIG. 1) is required to continnously
coal glass paste (p without discontinuity on the periphery of the vapor-deposit section
Al where the orpanic EL element is vapor-deposited substanially in a rectangnlar
sheps.

For example. the control section 9 (see FIG. 1) of the paste coating apparatus
100, as shown in FIG. 3A, moves the nozzle 554 to a start point Ps that is a point {the

holiow circls) in the periphery of the vapor-deposit section Al of the organic EL
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element on the substrate 8, wherein movement of the nozzle 55a starts at the start point
Ps.  That is, the start point Ps 18 set to.a. point in the periphery of the vapor-deposit
section Al,

Fuzrther, the conirol section 9 transmits a control signal to the valve 10b (see
FIG. 1) of the pressurizing pipe 10¢ to open the valve.  Air whose pressure has heen
adjusied as approprigie is supplied from the positive pressure regaiator 10a (see FIG, 1)
to the syringe 55 (see FIG. 1), and 2 jetting pressure is thereby supplied to the syringe
55. The pressure inside the syringe 55 rises by the jetting pressure, and the stored
glass paste Gp is pushed out by the jetting pressure from the syringe 55 to be
cortinuounsly coated from the nozzle 55a.

In this state, the control section 9 (see FIG, 1) moves the nozzle 354 along the
periphery of the vapor-deposit section Al.  In case of moving the nozzle 553 in X axis
direction, the control section 9 moves the movable sections 44, 48 (see Fig. 1) slong
the fixed sections 34, 3B (see FI1G. 1) by the X-axis moving mechanism.  In case of
moving the nozzle 552 in Y axis direction, the contro! section % moves the coating head
5 along the frame 2 (see FIG. 1) by the Yeaxis moving mechanism.

Accompanying the movement of the nozzle 55a, glass paste Gp to be coated
from the nozzie 55ais continuousty coated on the periphery of the vapor-deposit section
Al so that a coating pattern {a fivst pattern Ptl) is conﬁnucmsly formed along the track
of the movement of the nozzle 55a.

Then, when the nozzle 55a has raade one circuit of the periphery of the
vapor-deposit section Al and returns to the position of the start point Ps, the control
section 9 {sse FIG, 1) transmits a conirol signal to the valve 10h (see FIG. 1) of the
pressurizing pipe 10¢ 1o close the valve.  Further, the control section 9 moves the
nozzle 552 wp tﬁ an end point Pe (the hollow squere), where movement of the nozzle
53413 terminated, such that the nozzle 558 overlaps the spatial portion along apd above

glass paste Gp having been previously coated.  That is, the end point Pe is also setasa
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point on the periphery of the vapor-deposit section Al

Even if the valve 100 is closed and supply of the jetting pressure to the syringe
55 (see FIG. 1) is stopped, the high pressure state inside the syringe 55 continues dus to
the residual pressure of the jetting pressure, and coating of glass paste Gp from the
nozzie 53a is continned.  Then, the pressure inside the syringe 55, whete supply of the
Jetting pressure has been stopped, gradually decreases.  Accompanying the decresse in
the pressure inside the syringe 53, the coating amount of glass paste .Gp from the nozzle
552 decreases, and coating of glass paste Gp fom the nozzle 533 stops when the
pressure inside the syringe 55 has decreased down zpproximately to the atmospheric
pressure,

In such & manner, by providing an overlap portion 101, where glass paste Gp is
coated from the start point Ps to the end point Pe such as to overlap the coafing pattern
for coafing glass paste Gy, it is possible to form the first pattern Ptl in 2 continuous
rectangilar shape without discontinuity in the periphery of the vapor-deposit section Al
by coating glass paste Gp.

Alternatively, as shown in FIG. 3B, the control section 9 sets a start point Ps
(holiow circle) at a point on a line extended from one side of the vapor-deposit section
- Al substantially in a rectengular shape, and moves the nogzzle 553 to the start point Ps.
I this arrangement, the starf point Ps is set at a point that is outside the periphery of the
vapor-deposit section Al |

Further, the control section 9 fransimits a contro! signal to the valve 10b (see
FIG. 1) of the pressurizing pipe 100 to open the valve, and suppliss zir, whose pressure
having been adjusted as appropriate, fror the positive pressure regulator 10a (sss FIG.
1) to the syringe 55 (see FIGL1 ). As the jetting pressure is supplied to ﬂ.m syringe 55,
glass paste Gp is continuously coated from the nozzle 554,

in this state, the conirol section 9 (see FIG, 1) moves the nozzle 552 along the

periphery of the vapor-deposit section A1, (lass paste Gp is coated from the nozzle
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553 on the periphery of the vapor-deposit section Al so that a costing pattern (z second
pattern Pt2) along the track of the movernent of the nozzle 55a is continonaly formed,
Then, when the nozzle 55a has made one circuit of the periphery of the vapor-deposit
section Al and reaches the portion where glass paste Gp has been coated from the start
point Ps to the vapor-depoesit section Al (this portion will be referred to as the start end
porfion 1018), the control section 9 moves the nozzle 554 such that the nozzle 35a
moves agross the start end portion 1018, and stops the nozzle 552 at a point (hollow
square), which is determined as appropriate and set as ap end point Pe.  Then, the
control section 9 transmits a control signal to the valve 10b (see FIG. 1) of the
pressurizing pipe 10c to close the valve.  In this arrsngement, the end point Pe is set af
& point that is outsids the periphery of the vapor-deposit section Al

In such a mansner, by providing an intersection point 103 (sold circle), where
glass paste Op infersects, to a coating paitern of coating giass paste Gp, it is possible to
formn the second pattern Pt2 in 2 continums shape without discontinuity in the periphery
of the vapor-deposit section Al by coating glass paste Grp.

Further, when the control seetion 9 (see FIG. 1) coats glass paste Gp on the
substrate 8 in the first patiern Pt or the second pattern P12, the control section % moves
the nozzle 534, adiusting nozzie h&ight Nh to coating height Ht of glass paste Gpio be
coatzd on the substrate 8.

For example, in case of setting a standard value of costing height Ht (standard
conting helght Std) to 30 nm', the control section § moves the nozzle 55a,
maintaining nozzle height Nh be the standard coating height 8tdH of 30 pm!, in other
words, assigning the stendard coating height StdH to the standard height of nozzie
height Nb.  For exarmple, the contrel section % obtins & measurement vaine by the
optical distance meter 34 (see FIG. 2A), moves the Z-axis table 33 (see FIG. 2A)n Z
axis direction (vertica! direction) so that this measurement value becomes the standard

coating height 8:dH (30 pm), and mainteins nozzle height Wh fo be 30 pm'.
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In the proeess for joining & sealing glass sheet, it is preferable that coating
height Ht of glass paste Gp is vniform over the whole cirouit of a coating patiem (the
first coating pattern Ptl or the second coating pattern P2) so that the rise in temperature
of glass paste Gp by irradiation with & laser beain becomes uniform over the whole
clreuil of the coating pattern,  In thig situation, the control section 9 (see FIG. 1) is
arranged to move the nozzle 55a (see FIG. 2A), maintaining nozzle height Nh with high
acouracy to be the standard coating height StdH.

In such a manner, a coating pattern {the first patiern Pt or the second pattern
PtQ) is formed by coating glass paste (Gp such that coating beight Hi of glass pasie Gp
coated on a substrate 8§ is maintained fo be the standard coating height StdH (for
exampie, 30 pm).

Further, in the process for joiﬁing & sealing glass sheet by a laser beam, it is
required that coating height Ht 13 subjected to ¢rror management with high ascuracy so
that the temperature of glass paste Op irradiated with a laser beam is uniform over the
whole circuit of a coating pattern and the sealing glass sheet is satisfactorily joined.
For example, & sealing glass sheet can be safisfactorily joined if it is possible to restrict
a change in coating height Hi fo a range of ervor (hereinafter, réferred to a8 allowable
errar AHt) within, for example, approximately '£10 Lm' from the standard coating
height StdH of 30 wm' over the whole cirouit of 2 coating patter.

In this situation, the control section 9 is configured to foﬁn a cogting patiern,
controlling nozzle height Nh such that nozzle height Nh varies within 2 range of the
aliowabie error AHt (£10 pum) from the standard coating height StdH '(30 j.sm}

That is, the allowable error AHL is an ervor allowed for coating height Ht of
glass paste Gp.

However, with the first pattern Ptl shown in FIG. 34, there is a case that
coating héi it Hi of glass paste (p becomes higher than the standard coating height

StdH in the overlap portion 101, For example, when the nozzle 552 moves,
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overlapping glass paste (p having been previously coated from the start point Ps to the
end point Pe, there is 2 case that gless paste Gp 15 scrapped off if the nozzle 554 contacts
the glass paste Gp previcusly costed. In this case, although glass paste Gp is newly
coated from the nozzle 355 on the posterior side with respect to the moving direction of
the nozzle 55a, there is a case that glase paste Gp is scraped off by the nozzle 552 on the
anterior side with respect to the moving direction of the nozzle 55z, and when the
movement of the nozzle 55a stops at the end point Pe, the scraped-off glass paste Gp is
accumulated at 3 position corresponding o the amerior side with réspfact 1o the moving
direction of the nozzle 55z, resulting in that coating height Fit becomes high.

Further, with the second patiern P2 shown in FIG. 3B, there is & case that the
nozzle 558 moves through the interseetion point 103 where glass paste Gp intersects,
soraping off glass paste Gp having been coated at the start end portion 1018, Inthis
case, glass paste Gp coated in the periphery of the vapor-deposit section Al
comtinuously from the start end portion 1018 may be seraped off together with the start
end portion 1018, resulting in that coating height Ht of glass paste Gp becomes Jow.

In this sitnation, the control section 9 (see FI(3.1) in Example 1 controls the
operation of the coating head 5 {nozzle 552) such that coating height Hi, in the vi{;initiaé
of the start peint Ps and the end peint Pe of the coating pattern formed by coating glass
paste Op, can be satisfactorily managed.

First Embodiment

A first erpbodiment for carrying out Example 1 is an embodiment for coating
glags paste Gp in the shape of the first pattern P11 shown in FIG. 3A.

When coating glass paste Gp in the shape of the first pattern Pel, the control
section 9 (see FIG. 1) transmits a control signal a7 the start polnt Ps to the valve 10b (see
FIG, 1) to open the valve, and starts coating glass paste Gp, setting nozzle height Nh to
& height lower than the standard comting height $«dH.  For example, as shown in FIG.

4A, the control section 9 {see FIG. 1) coats glass paste Gp st norzle height Nb lower
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them the standard coating height StdH by an amoun! equivaient to the zllowable error
AHt allowed for a coating height Ht.  In this state, the control section 9 moves the
nozzie 55a along the periphery of the vapor-deposit section Al (see FIG. 1) by a
predetermined length (a first predetermined length L11), and then moves up the nozzle
55a such that nozzle height Nh becomes the stendard coafing height StdH.  Glass paste
CGp is coated at a coating height Hi lower than the standard coating height 8tdH by the
ailowable error AH: for the first predetermined length L11 starting from the start point
Ps.

In the first embodiment, this portion with the predetermined length (st
predetermined length L11) from the start poirg Ps will be referred to as a start end
portion 1018, Thatis, the control section 9 (See FIG, 1) moves the nozzle 552, setting
nozzle height Nh o be lower than the standard coating height StdH by the amount
equivalent to the allowable error AHY, and executes a process (start end portion forming
process) for forming the start end portion 1015 extending by the first predetermined
length L11 along the periphery of the vapor-deposit section Al (see FIG. 34).  Insuch
8 manrier, glass paste Gp Is costed af a coating height Hi that is lower than the standard
coating height StdH by the allowable error A, sxtending by the first predetermined
length L1 (start end portion 1018) from the start poirt P, The start end pordon 1618
is formed along the periphery of the vapor-deposit section Al.

The start end partion forming process is & prooess for forming the start end
pottion 1018 by setting the start point Ps to a point on the periphery of the vapor-deposit
section Al and moving the nozzle 552 along the periphery of the vapor-deposit section
Al,

Incidentally, the nozzle 552 may be moved such that nozzle height WNh is set to
be lower thas the standard coating height $tdH by the amount equivalent to the
allowable error AHt, at least at a part of the portion exiending by the first predetermined

length L11 from the start point Ps.
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For example, the nozzle 552 may be moved such that nozzle height Nk 13 set to
be lower than the standard coating height Std¥ by the amount etuivalent to the
allowable error AHt only in the region where the overlap portion 101 is formed.

For example, if the standard coating height StdH is 30 pm' and the llowable
error AFt ig 210 pn', the control section 8 (see FIG. 1) coats glass paste Op, setting
nozzle helght Nh to 20 pm (30 pum ~ 10 pm) for the portion (staxt end portion 1018)
extending hy the first predetermined length L11 from the start point Ps.  Thereafier, the
control section 9 coats glass paste Gp, moving up the nozzle 55a unti nozzle height Nh
becomes the standard costing height StdH (30 um).

When the nozzle 552 has made approximately one circuit of the periphery of
the vapor-deposit section Al (see FIG. 3A) and reached, 25 shown in FIG. 48, a
position that is a predetermined length (second predetermined lenpth L12) before the
gtart point Ps, the conirol section 9 (see FIG. 1) executes a process for closing the valve
10b (see FIG. 1) by transmifiing a control signal to the valve 10b.

| Supply of the jetting presswee to the syriage 535 (see FIG. 1) is stopped, and
glass paste Gp stored in the syringe 55 is coated from the nozzle 55z by the residual
pressure of the jetting pressur&..

The process for closing the valve 10b is a process {coating stopping process)
that stops coating of glass paste Gp from the nozzle 553, The control section g
executes the coating stopping process that stops coating of glass paste Gp prior to
execution of 2 process (terminal end portion forming process) that forms a terminal end
portion 101E.

Further, when the nozzle 55a has reached g position that is a predetermined
length (& third predetermined Jength L13) befors the start point Ps, the predetermined
length being shorter than the second predetermined length L12, the contrel section 9
(see FIG. 1) moves up the Z-axis table 53 (see FIG. 24) to move up the nozzle 55a,

thereby increasing nozzle height Wh,  Concretely, the control section 9 moves up the
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nozzle 55z by the amount equivaient to the allowable error AHt.  For example, if the
standard coating height StdH is '30 um' and the ellowable error AH! is %10 (un', the
control section @ moves up the nozzle 55a by 10 pm, and changes nozzle height Nh
from a height of the standard coating height StdH (30 wm) 10’40 pm (30 pro + 10 gmy)
As described above, in the first embodiment, the portion where the nozzie 552 moves at
nozzle height Nh higher than the standard coating height 8tJH is referred to as the
terminal end portion 101E,  The lengih of the terminal end portion 101E will be
referred fo as the fourth predetermined length L4, That is, the terminal end portion
101E is a portion extending by the fourth predetermined length L14 fo the end point Pe,
and is formed on the perphery of the vapor-deposit section Al {see FIG. 3A).  Further,
in the first pattern Pt1, glass paste Gp is coated at a coating height He that is higher than
the standard coating height StdH by the allowsble error AHLY, at least at 2 part of the
terrminal end portion 101E.

Tn the first embodiment, supply of the jetting pressure from the pressurs source
10 (see FI1G. 1) to the syringe 55 (see FIG. 1) is stopped before the terminal end portion
101E, for which nozzle height Nh becomes higher, is formed.

(ilass paste Gp is then coated from the nozzle 553 by the residunl pressure of
the jetting pressure.  When the nozzle 552 moves in this state from the start point Ps to
the snd point Pe, overlapping with glass paste Gp having previously been coated. glass
paste Gp is coated from the nozzle 55a, overlapping glass paste Gp previously coated,
and the overlap portion 101 is thus formed.

Herein, the coating amount of glass paste Gp Is an amount that varies
depending on the residual pressure value in the syringe 35 (see FIG, 2A}, and is not a
controlled coating amount.  However, at the overlap portion 101, as glass paste Gp has
been previously coated at a coating height Ht, which is lower than the standard coating
height StaH by the allowable error AHt, in case that glass paste Gp Is newly coated with

an overlap on the previously coated glass paste Gp, 2 height higher than the height,
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which is lower than the standard coating height StdH by the allowable arror AHL, is
ensured as g coating beight Ht.

Further, even when the pressure inside the syringe 55 drops approximately to
the atmospheric pressure before the nozele 554 reaches the end point Pe and coating of
glass paste Gp stops, coating height that is lower than the standard conting height StdH
by the allowable error AHt ean be ensured.  In other words, coating height Fit does not
becarms lower than the standard coating height StdH at the start end portion 1018 by an
amount exceeding the aflowable error AHt.  Further, as nozzle height Nhis higﬁer than
the standard coating height StdH by the amount equivalent to the allowable error AHL it
does not occur that glass paste Gp is coated at a height excesding the aliowable error
AHt from the standard coating beight StdH.  From the above, it 15 possible fo restrict
coating hetght Ht of glass paste Gp to a range within the allowable error AHt from the
standard coating height StdH at the start end portion 1015,

Further, even in case that coating height Hi of glass paste Gp previously coated
at the star end portion 1018 is higher than the standard coating height $t4H, 2s nozzle
height Eit of the nozzle 552 moving with an overlap swith the start end portion 1018 is
higher than the standard cozting height StdH by the amount equivalent to the allowable
error A, contact between glass paste Gp previcusly coated at the start end poriion
1018 and the pozzle 55 is prevented, and it does not cccur that glass paste Gp is
scraped off by the nozzle 35a.  Thus, it is prevented that coating height Hi becomes
higher by glass paste Gp scraped off by the nozzle 582 ‘

The predetermined length (the frat predetermined length L1113 of the start end
portion 1018, the second predetermined length L12 before the stars point Ps, the valve
10b {see FIG. 1) being closed at the second predetermined length 112, the third
predetermined length L13 before the start point Ps, the nozzle 552 being moved up at
third predetermined length 113, and the predetermined lengih (the fourth predeterrnined

length L.14) at the terminal end portion 101E are preferably values that are suitably set,
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according to & result of preliminery testing, measurement, or the fike.

For exemple, the third predetermined length L13 and the fourth predetermined
length 114 are preferably set such that the nozzle $5a moves, overlapping the start end
portion 1018, during when the nozzle 55a moves at the terminal end portion 101E
formed in the fowrth predetermined length 114, Further, the first predetenmined length
L11 is preferably set such that the end point Pe is formed overlapping the position of the
start end portion 1018,  That is, the terminal end portion 101E is preferably formed
such that the terminal end portion 101E aud the start end portion 1018 ai least partially
oveslap with each other.

Further, the second predetermined length L12 is preferably set as follows.
That is, costing of glass paste Gp stops at a certain fime that is afier the time the vaive
10b s closed at & position being the second predetermined length 112 before the start
point Ps and is before the time the nozzle moves up to the end poiut Pe, and glass paste
Gp is coated, overlapping the start end portion. 1018, to form the everlap portion 101,
In other words, an arrangement is preférably made such that glass paste Gp is coated
with an overlap at least at a part of the portion where the stact end portion 10185 and the
terrainal end portion 101E overlap with each other,

With this arrangerment, in the terminal end portion formdng process, the end
point Pe 18 set to-a point in the periphery of the vapor-deposit section Al (see FIG. 3A),
and the nozzle 552 is moved along the periphery of the vapor-deposit section Al such
that the start end portion 1015 and the terminal end portion 101 at least partially
overlap with each other, snd the terminal end portion 101E is thus forped.

With such an arrangement, before the nozzle 558 having made approximately
one circuit of the vapor-deposit section Al (see FIG. 34) reaches the start point Ps
(uamely, at the portion extending by the third predetermined lenpth L13 before the start
point Ps), as nozzle height Nb beeomes higher by the amount equivalent to the

aHowable eror A, i is avoided that glass paste Gp is scraped off by a contact of the
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nozzic 553 with glass paste Gp previously coated at the start end portion 1018 even in
case that coating height Ht of glass paste Gp previously coated at the start end portion
1018 is higher than the standard coating height 8td¥,  Accordingly, it is prevernted that
the coating height Ht becomes high, exceeding the allowable error AHY, by glass paste
Gp scraped off by the nozzle 55a.

In such & manner, the control section 9 (see FIG. 1) executes the terminal and
forming process that moves the nozzle 558, sstting nozzle height Nh to be higher than
the standard coating height StdH by the amount equivalent o the aliowable error AHY,
and thereby forms the terminal end portion 101E with the fourth predetermined length
L.14 extending to the end point Pe along the periphery of the vapor-deposit section Al
(see FIG. 3A), with an overlap at least partially between the start end portion 1018 and
the terminal end portion 101E.

Further, the confrol section & executes a preeess {normal moving process) that
moves the nozzle 55a, meking nozzle height Whi be the standard coating heaght S1JH
from the front end of the start end portion 1015 to the rear end of the terminal end
portion 101E (in other words, the part excluding the start end portion 1018 and the
terming) end portion 101E), and coats glass paste Gp on the substrate 8 (see FIG. 1) by
moving the nozzle 552 along the fivst pattern Ptl.

As described above, In the first embodiment for coating glass paste Gp along
the first pattern Ptl, shown in FIG. 3A, execuling a start end portion forming process
for forming the start end portion 1018, the conirol section 9 {see FIG. 1) couts, as shown
in FIG. 44, glass paste Gp at a coating height Hi lower than the standard coating height
StdH by the allowable error AHt at the start end portion 1018 extending by the first
predetermined length L11 from the start point Ps.  Further, executing the terminal end
forming process for forming the terminal end portion 101E, the control section ¥ moves
up hozzle height Nh by the amount squivalent to the allowable error AHt at the position

that is the third predetertnined length L13 before the start peint Ps and moves the nozzle
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558 with the fourth predetermined length 114 up to the end point Pe, overlapping the
start end portion 1015,  Befween the start end portion forming process and the terminal
end portion forming process, in execution of the normal moving process for moving the
nozzie 55a, the control section & coats glass paste Gp on the substrate &, making nozzle
height Nh be the standard coating hefght StdH. With such an arrangement, in forming
the first pattern Pt] by coating glass paste Gp, the coating height Ht in the vicinities of
the start point Ps and the end point Pe can be restricted to 2 range within the allowable
error AHY frorn the standard coating heipht StdH.

Second Embodiment

A second embodiment for carrying out Example 1 is an embodiment for
coating glass paste Gp in the shepe of the second pattern Ft2, shown in FIG, 3B.

In cogting glass pasie Gp in the shape of the second pattern P12, the contro}
section 2 (See FIG. 1) transmits a control signal fo the valve 10b (see FIG, 1) ata
start point Ps that is set on a line extended from one side of 2 vapor-deposit section Al
substantially in a rectangular shape o the plane of 2 subsirate 8 to open the valve, and
starts coating of glass paste Gp, setting nozxle height Nh to be lower than the standard
coating height StdH. For example, as shown in FIG, 5A, glass paste Gp is coated at
nozzle height Nk lower than the standard coating height Std"ﬁ.by the amount equivalent
to the allowable error At that is allowed for coating height Bt In fhis stats, the
control section 8 moves the nozzle 55a by & predetermined length (fifth
predetermined length 121) toward the vapor-depasit section Al, along the side with the
start point Ps on its extended line.  The portion (the region extending by the fifth
predsfermined length L21 from the start point Ps) where giass paste Gp is coated, In
such 2 manner, at a coating height Ht lower than the standaxd coating height StdH by the
allowable error AHt is a start end portion 1015 in the second embodiment.  The length
(fifih prodetermined length L21) of the start end portion 1018 is preferably longer than

the distance between the start point Ps and the vapor-deposit section AL
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The start point Ps in the second patiern P12 is a point that is outside the
periphery of the vapor-deposit section Al, and the control section 9 (see FIG. 1) sets
nozzle height Nh to be lower than the standerd coating height 8tdH by the amount
gquivalent to the allowable error AHt, moves the nozzle 55z from the start point Ps
toward the periphery of the vapor-deposit section Al, and in such a manpet, and thus
executes the start end portion forming process for forming the start end portion 1018
extending by the fifth predetermined length 121,

In case that the fifth predetermined length L21 of the start end pordon 1018 is
longer than the distance befween the start polnt Ps and the vapor-deposit section A1, the
start end portion 1018 is formed including a part of the periphery of the vapor—deposit.
section Al. However, at the start end portion 1018, coating height Ht is lower than the
stendard coating height StdH by the allowable error AHL, and even in case that $e start
end portion 1018 is formed including a part of the periphery of the vapor-deposit
section Al, it is possible fo restrict coating height Ht in the periphery of the
vapor-deposit section Al to a range within the sllowable error AHt from the standard
coating height StdH.

For example, if the standard coating height StdH is 30 ' and the allowable
error AHt is '+ 10 pr', the control section 9 (see FIG. 1) coats glass paste Gp, making
nozzle height Nh be 20 um {30 o~ 10 pun) ' at the part extending by the fifth
predeterrnined length L21 from the start point Ps.  Then, the control section 9 coats
glass paste Gp in the periphery of the vapor-deposit section Al, sefting nozzle height Nh
o be the standard coating height StdH (30 wm).

Alternatively, the control section 9 may move the nozzle 533, setting nozzle
height Nh to be lower then the standard coating height StdH by the amount equivalent
to the allowable error At only at a part of the portion exieﬁdiﬁg by the fifth
predetermined lepgth L21 from the start point Ps.

For example, the conirol section 9 may move the nozzle 554, setting nozzle
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height Nh to be lower than the standard coating height StdH by the amount equivalent
1o the allowahle error AHt only in the vicinity of an intersection point 103 where glass
paste Gp intersects.

As shown in FIG. 5B, when the nozzle 552 has made approximately one cirouit
of the vapor-deposit section Al and reaches a position: that is on the side perpendicular
1o the start end portion 1018 and is predetermined length {sixth predetermined length
L.22) before the start end portion 1018, the control section 9 (sze FIG. 1) moves up the
nozzle 55a,  Concretely, the control section  moves up the nozzle 55a by the amount
equivalent to the allowable error AHL  For example, if the standard coating height
StdH is 30 pr' and the allowable error AFt is ' 10 pm!, the control section 9 moves up
the nozzle 552 by 10 wm to change nozzle height Nh from the standard coating height
8tdH (30 pm) to 40 pen (30 pum + 10 umy.

In this state, the contro! section 9 (ses FIG, 1) moves the nozzle 55a across the
start end portion 1018, and stops the movement of the nozzle 55a at the end point Pe
that is set 88 appfopriate. Further, the conmrol section 9 transmits a control signal to the
vaive 10b {see FIG, 1) to close the valve.

The control section 9 moves up nozzle height Nh by the amount equivalent to
the allowsable error AFt from the standard coating height StdH and thus moves the
nozzle 358, thereby forming the terminal end portion 101E in the second embodiment.

The seventh predetermined length L23 represents the length of the ferminal end
portion 101E, in other words, the length that extends from the position that is the sixth
predetermined length 122 hefore the start end portion 1018 to the end point Pe, wherein
the conirol section 9 sets nozzle height Nh fo be higher in the above-describad length.

In such a manner, in the second embodiment, the second pattern Pr2 (see FIG.
1B} is formed, wherein the start end portion 1018 and the terminal end portion 101E
intersect with each o’thér at the intersection point 103,

That is, the coptrol sectfon 9 (see FIG. 1) exevutes the ferminal end forming
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process in which the control section @ moves up nozzle height Nh by the amount
equivalent to the allowabie error AHt from the standard coating beight StdH apd moves
the nozzle 55a toward the end peint Pe outside the periphery of the vapor-deposit
section Al and snch that the nozzie 552 intersects with the start end portion 1018 af the
intersection point 103, thereby forming the terminal end portion 101E extending by the
seventh predetermined length 123,

The control section 9 executes a notmal  moving proesss in which the control
section 9 moves the nozzle 55&, making nozzle height Nh be the standard coating height
3tdH between the front end of the start end portion 1018 and the rear end of the
terminal end portion 10LE {in other words, at the part excluding the start end portion
1618 and the terminal end portion 101E}, and the control sestion § thus moves the
nozzle 55z along the second pattern P12 (see FIG. 38) to coat glass paste Gp on the
substrate 8 (see FIG, 1).

Herein, the predetermined length (sixth predetermined length 1.22) before the
start end portion 1018, wherein the control section 9 (see FIG. 1) staris moving up the
nozzle 554 gi this part of the predetermined length, can be any length that enables the
nozzle 55a to move up by the amount equivalent to the allowable error AHt from the
standard coating height St1dH during when the nozzle 55a maoves by the sixth
predeiermined length L22 to the start end portion 1018.

In case that coating height Ht at the start end portion 1015 and nozzle height
Nh of the nozzle 552 at the time of moving across the start end portion 1015 are equal
to each othet, the nozzle S5a may contact previously coated glass paste Gp dus to an
arror or the like so that the previously coated glass paste Gp is scraped off,  On this
occasion, if a part of glass paste Gp coated along the vapor-deposit section Al is
scraped off together with glass paste Gp of the start end portion 1018, coating height Ht
at the part becomes lower, and coating height Ht in the periphery of the vapor-deposit

saction A1 becomes nonuniform,
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[n the second embodiment, coating height Hi of glass paste Gp coated af the
atart end portion 10185 is set to be lower by the allowable error AHt than the standard
coating height StdH, and nozzle height Nh at the time the nozzle 552 moves across the
start end portion 1018 is set fo be higher by the amovnt equivalent to the allowable error
AHY than the standard coating beight StdH.  Thus, it is possible to avoid that giass'
paste Gy coated at the start end portion 1015 and the nozzle 55a contact with each other
when the nozzie 552 moves across the start end portion 1018,

Accordingly, it is possible to prevent that glass paste Gp coated in the periphery
of the vapor-deposit section Al is scraped off by the nozzle 552 together with glass
paste Gp coated at the star{ end portion 1018, and it is possible fo restrict coating height
Ht of glass paste Gp in the periphery of the vapor-deposit section Al to & range within
the allowable error ATt from the standard coating height StdH.

Further, nozzle height Wh at the termina! end portion 101E is higher by the
amomnt eguivalent to the allowable error AHt than the standard coating height $idH, and
it is thereby possible to resirict coating beight Hi of glass pasie Gp at the terminal end
portion 101E to a range within the allowable error AHt from the standard coating height
SidH.

As described above, in the second emboediment in whick glass paste Gp is
coated along the second pattern P2, shown in FIG. 3B, the comtrol section 9 (see FIG.
1} executes the start end portion forming process for forming the start end portion 1018
(see FIG. 5A), and the control section 9 thereby coats glass paste Gp at & coating height
i lower by allowable ervor AHx than the standard coating height StdH for the fifth
predetermined length 121 extending from the start point Ps to form the start end portion
1018, Further, when the nozzle 55a has made spproximalely one cireuit of the
vapor-deposit section Al of ap organic element, the controt section 9 executes the
terminate end portion forming process for forming the terminal end portion 101F (see

FIG. 5B), and thereby moves the nozzle 35a such that the nozzle 552 moves actoss the
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start end portion 1018, setting nozzle height Wh o be higher by the amount equivalent
fo the allowable error AH at the position that is the six predetermined length 122 before
the start end portion 1018, Between the start end portion forming process and the
terminal end portion forming process, the control section © exscuies the normal moving
process for moving the nozzle 55a, making nozzle height Nh be the standard coating
height StdH, and the control section 9 thereby coats glass pests Gp on a substrate 8.

With such an arrangement, 1t is avoided that the nozzle 553 contacts the
previously coated glass paste Gp when the nozzle 558 moves across the start end
portion 1018, and it is thersby possible to prevent fhat glass paste Gp s scraped off by
the nozzle 55a.

Further, it is possible to restrict coating height Ht in the vicinities of the start
poirt Ps and the end point Pe in forming the second pattern P2 to a range within the
aliowable error AH! from the standard coating height StdH.

Incidentally, the present example is aiso applicable to a case of ceaﬁng glass
paste Gp along a coating pattern other than the first pattern Ptl, shown in FIG. 34, and
the second paitern P2, shown in FIG. 3B.

Example 2

In BExample 2 according to the present invention, a paste coating apparatus 100,
shown in FIG.1, is used wherein the coating head 5 is, a5 shown in FIGS. 64 and 6B,
provided with a displacement sensor 56 for messuring 2 change (displacemeant) in the
height (coating height Ht shown in FIG. 7A) of glass paste Gp coated on a sebstrate 8.

The displacement sensor 56 shown in FIG. 68 can be arranged, for example,
similarly to the optical distance meter 54 so that the displacement sensor 56 measyres
the height from glass paste Gp t6 the nozzle 534, based on the received light amownt of
& reflection light obtained by irradiating the peak portion (ridge portion) of glass paste
Gp coated on the substrate 8. Further, as described later, the ayrangement can be made

such that the control section ¢ (see FIG. 1) compuies coating helght Ht of glass pasts
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Gp, based on 2 measwrement value by the displacement sensor 56,

Incidentally, instead of the displacement sensor 36, it is also possible to provide
an image capiring device (an image capturing camera) that is capable of captoring an
image of glass paste Gp coated on the substrate 8. In this case, further, an arrangement
may be made such that, a focal length 1o the pesak portion of glass paste Gp is measured,
for example, by an autofocusing function, and the control section 9 (See FIG. 1)
computes coating height Ht of glass paste Gp, based on the measured focal length.

As shown in FIGS. 6A and 6B, the paste costing apparatus 100 {see FIG. 1)
provided with the coating head 5 having the displacement sensor 56 costs glass paste
Gp on the periphery of a predetermined region defined by the vapor-deposit section Al
of 2 substrate §, for example, similarly to Examyple 1 as shown in FIG, 34, such that
glass paste Gp is coated up to a predetermined height (coating height Ht).

Further, stmilarly to Example 1, the control section 9 {see FIQ. 1) of the pasia
coating apparatus 100 sets a start point Ps of starting movemsnt of the nozzle 35a to, as
shown in FIG. 34, a point (the hollow circle) in the periphery of the vapor-deposit
section Al of the organie EL element on the subsimats 8.

Ther, the contrel seetion 9 formas the first pattern Ptl by coating glass paste Gp
from the start point Ps to the end point Pe (hollow square), similarly to Example 1.

When the nozzle 55z has made one cireuit of the vapor-deposit section Al and
returns to the position of the start point Ps, the control section 9 (see FIG. 1) transmits 2
conirol signal to the valve 10b (see FIG, 1} of the pressurizing pipe 10¢ to close the
valve. Further, the contfrol section 9 moves the nozzle 558 with an overlap along the
previously coated slass paste Gp.  Hereln, the nozzle 555 may move while going U

The high pressure state of the pressure inside the syringe 55 is maintained doe
td the residual pressure of the jetting preasure even when supply of the jetting pressure
to the gyringe 55 (sée FIG, 1) is stopped by closing the valve 10b, and coating of glass

paste {}p from the nozzle 53a is continued.  Accordingly, when the nozzle 55a moves
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with an overlap with the previously coated glass paste Gp, glass paste Gp is coated with
an overlap,  Then, the pressure inside the syringe 53, to which supply of the jetting
pressure has been stopped, gradually decreases.  Accompanying the decrease in the
pressure inside the syringe 53, the conting amonnt of glass paste Gp from the nozzle 552
{see F1G. 6A) decreases.  Coating of glass paste Gp by the nozzle 553 stops whex the
pressure inside the syringe 55 has decreased approximately to the stmospheric pressure,
and the nozzle 55a reaches the end point Pe (hollow sguare).

(lass paste GP 15 coated with an overlap from the start point Ps 1o the end point
Pe in such a manner, and isf is thereby possible to form the first patiern Pt1 that is
approximately in a comtinugus rectangular shape withowt discontinuity, as shown in
FIG. 3A, in the periphery of the vapor-deposit section Al by coating glass paste Gp.

Furiher, in forming the first pattern P by coating glass paste GP on the
substrate 8, the control section 9 (see FIG. 1) moves the nozzle 554, setting nozzie
height Nh such that coating height It of glass paste Gp to be coated on the substrate 8
becomes the predetermined standard coating height Stdf (FIG. 8B).

For exampie, in case that thc standard coating height SidH of coating height Ht
is 30 pm', the control section 9 moves the nozzle 55a, adjusting nozzle height Nh such
thet the coating height Hi of glass paste Gp becomes ‘30 um’,  Such nozzle height Ni
i preferably set in sdvance, [t is preferable that nozzle heights Wh in coating glass
paste (p are respectively set, for example, for the kinds of glass paste Gp, standard
coating heights StdH, and moving speeds of the norzle 553, In couting glass paste Gp,
the conirol section 9 obtains a measurement value by the optical distapee meter 54 (see
FIG. 6A), moves the Z-axis table 53 (see FIG. 6A) in Z-axis direction (vertical
direction) such that the measurement value becomes nozzle height Nh baving been set,
and thereby maintains coating height Ht of glass paste Gp to be the standeard coating
height StdH (for example, 30 pm)

In the process for joining & sealing glass sheet, it is preferable that coating
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height Ht of glasa paste Gp s uniform over the whole cireuit of the first pattern Ptl so
that the rise in temperature of glass paste Gp by radiation with a laser bearn becomes
uniform over the whole cireuit of the first patterny Pt1.  In this situation, the control
section 9 (see FIG. 1) is preferably arranged such as to adjust nozzle helght Nh with
high accuracy so that coating height 5t of glass paste Gp is maintained with high
accuracy to be the standard coating height StdH,

Howsver, a shape error in menufacturing or the like may cause, as shown in
FIG. 7A for example, distortion and inclination of the tip end portion of the nozzle 55a.
Further, as shown in FIG. 78, distortion with a convex and/or cancave curvature may be
caused et the tip end portion of the nozzle 554 In case that the shape of the tip end
portion of the nozzle 553 is distorted in such & way, coating height Ht of glass paste Gp
stightly changes, as shown, depending on the moving direction of the nozzle 55a
represented by an arrow in the figure, even If nozzle heig}ﬁ Wh is constant.

Further, also i case that inclination of the nozzie 55a with respect to the
syringe 55 (see FIG. 1) or inclination of syringe 55 with respect to the substrate holding
tabls 6 {see FIG. 1) is caused, coating height Ht of glass paste Gp slightly chaoges,
depending on the moving direction of the nozzle 55a.

For example, even in case that the kind (viscosity and the like) of glass paste
(ip, the jetting pressure, nozzle height Nh, and the moving speed of the nozzle 558 are
unchanged, coating height Ht of glass paste Gp coated on a substrate 8 is different,
depending on whether the nozzle 532 moves in X axis direction on in Y axis direction.
Also, depending on the difference in the moving direction along X axis direction
(horizonizl direction in FIG. 3A). or depending oun the difference in the moving
direction along Y axis direction (vertical diraétion in FI1G. 3A), coating height Ht of
glass paste Gp costed on the substeate 8 is different.

Tn this siuation, the paste coating apparatus 100 (see FIG. 1) according to

Exsmple 2 is arranged to be able to coat glass pasie Gp at the standard coating height
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5tdH] with high accuracy, absorbing a difference in coating height Ht caused by &
differenice in the moving direction of the nozzle 532 (see FIG. 1).

Coneretely, prior to a process (coating process) for coating glass paste Gp on
the substrate 8 (see FIG. 1) by moving the nozzle 55a along the periphery of the first
pattern Ptl (see FIG. 3A), the paste coating apperatus 100 executes a process
{(nreparation process) for measuring in advance differsnces in cozting height Ht due to
differences in the moving direction of the nozzle 53a, and sets correction amounts
(nozzle correction amounts AIT) of nozzle height Nh that correspond respective cozting
heights Ht which are different depending on the moving direction of the nozzle 55a.
Then, in the coating process for coating glass paste Gp on the substrate 8, the paste
coating apparatus 100 moves the nozzle 55a, correcting the nozzie heights Nh for the
respective moving directions of the nozzle 552 by the nozzie correction amounts AH
having been set for the respective moving directions of the nozzle 53a, thus absorbs a
differences in coating height Ht due to differsnces in the moving divection of the nozzle
53z, and can thereby coat glass paste Gp at the standard coating height StdH with high
ACCUTACY.

For exampie, as shown in FIG, 8A, in case that the vapor-deposit section Al is
in a rectangular shape having ling porfions extending along X eds direction and Y exis
direction, whes the control section 9 (see FIG. 1) executes the preparation process for
gefting nozzle correction amounts AH, the control section 9 sefs the first pattern P11 {see
FIG. 3A) to be o rectangular shape (& rectangular shape with rounded coners in more
detail} along the periphery of the vapor-deposit section Al, apd divides the first pattem
Ptl into X-direction moving portions (X1, X2} where the nozzle 53a moves in X axis
direction and Y-direction moving portions (Y1, Y2) where the nozzle 55a moves in Y
axis direction. '

in Example 2, the X-direction moving portion X1 and the X-direction moving

portion X2 face each other, and the respective moving directions of the nozzle 55a are
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opposite to sach other.  For example, if the X-direction moving portion X1 is assumed
to be a moving portion where the nozzle 352 moves to the right in the figure, thén the
H-direction moving portion X2 is assumed to be & moving portion where the nozzle 552
moves to the left in the figure.  Likewise, the Yedirection moving portion Y1 and the
Y-direction moving portion Y2 face each other, and the respective moving directions of
the nozzle 552 are opposite to each other.  For exarple, if the Y-direction moving
portion Y1 is assumed to be a2 moving pertion where the nozzle 352 moves upward in
the figure, then the Y-direction moving portion Y2 is assumed to be 2 moving portion
where the nozzle 55a moves downward in the figure.

Further, the Y-direction moving portion Y! is assumed to be a moving portion
where the nozzle 552 moves from the X-direction moving portion X1 to the X-direction
moving porion X2, and the Y-direction moving portion Y2 is assumed to be a moving
portion where the nozzle 55a moves fom the X-direction moving portion X2 to iﬁa
H-direction moving portion X1,

Further, when the nozzle 53a moves from the X-direction moving portion X1 to
the Y-direction moving portion Y1 (that 15, when the moving direction of the nozzle 552
changes 4t an edge pordon of the vapor-deposit section Al), the nozzie 55a moves such
as to draw an arc, and this moving portion 18 accordingly referred to as the corner
moving portion C11.  Likewise, the moving portdon where the nozzle 558 moves from
the Y-direction moving portion Y1 to the X-direction moving portion X2 is referred {0
gs the corner moving portion C12, the moving portion where the nozzle 552 moves from
the ¥-dirzction moving poriion X2 o the Y-direction moving portion Y2 is referred 1o
as the corner moving porfion C22, and  the moving portien where the nozzie 55a
moves from the V-direction moving portion Y2 1o the X-direction moving portion X1 is
referred to as the corner moving porfion C21.

When the control section 9 (see FIG. 1) executes the preparation process for

setting nozzle correction amounts AH as described above, the control section 9 divides
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the first pattern Pt1 (see FIG. 3A) into eight portons comresponding to the moving
directions of the nozzle 534,

| Incidentally, the lengths of the X-direction moving portions X1, X2, and the
tengths of the Yedirection moving portions Y1, Y2 are not required to be the same
lengths as the lengths of the respective sides of the vapor-deposit section Al, and can be
any length fhat enables satisfaciory measuring of coating height Ht.  Further, the
tengths of the comer moving portions C11, C12, C22, and C22 can also be any length
that enables satisfactory measuring of coating height Ht.

Incidentally, i is preferable that setting of nozzle comrection mmounts AH by the
preparation process s executed as appropriate, for sxample, when production of organic
FL panels is started, when the nozzle 552 or the syringe 55 {(see FIG. 1) is replaced,
when the kind (viscosity and the like) of glass paste Gp to be coated on a substraie 8
(see FI(3. 1) is changed, when the shape of the first pattern Ptl (gee FIG. 3A) is
changed. Alternatively, setting of nozzie correction amounts AH may be periodically
executed af predetermined temporal intervals.

Further, an arrangement may be made such that the preparation process is
started, for example, by operation by & manager who manages the paste coating
apparatus 109 (ses FIG. 1), or the preparation process is attomatically started by
executing a program integrated in the control section 9 (see FIG. 1).

When the conirol section 9 {see FIG. 1) has started the preparation process, the
control section 9 moves the nozzle 558 (see FIG. 1) to a start position, having the start
position be, for exemple, a connection point Pex2 betwesn the corner moving porfion
C21 and the X~direction moving portion X1. Then, the control section 9 sets nozzle
height Ni 1o 2 predetermined standard height (referred to as the initial height FNh) and
opens the valve 10b (see FIG. 1} to {heraby supply the jetiing pressure fo the syringe 33
{see FIG. 1), thus siarting coating of glass paste Gp from the nozele 552.

Hersin, a substrate § 1o be mounted on the substrate holding table 6 in
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executing the preparation provess can be any substrate for the preparation process, in
other words, the substzate 8 is not raquired 1o be 2 substrate & with a vapor-deposited
organic EL element. _

The initis] height PNk s preferably a stendard nozzle height Nh, which enables
coating of glass paste Gp at the standard coating height StdH on 8 substrate 8 (zee FIG.
13, and is preferably a value predetermined, based on, for example, the kind of glass
paste Gp, the standard coating height StdH, the moving speed of the nozzle 558, and the
iike, For example, an srrangement can be made such that the control section 9 sets the
initia) height FNB, based on the kind of glass paste Gp, the moving speed of the nozzle
55a, and the like that a manager sets on the paste coating apperatus 100 (FIG. 1), using
the moniior (see FIG. 1) and the keyboard 12 (see FIG. 1).

Adjusting the height of the nozzle 552 (see FIG, 1) so that nozzle height Wh
becomes the initial height FiNh, concretely, so that 2 measurement value by the optical
distance meter 54 (see FIG. 1) becomes the value of the initial height FNh, the contzel
section 9 (see FIG. 1) moves the nozzle 552 along the X-direction moving portion X1 at
a moving speed having been set, and thus coats glass paste Gp on the subsirate 8 (see
FIG. 1) mounted o the substrate holding teble 6 (see FIG. 1). Further, based on a
measuremnent vaiue by the displacement sensor 36, the control section 9 computes the
vertical difference (a devistion amount) of coating height Ht of glass paste Gp coated on
ihe substrate § from the standard coating height StdH, and sets a nozzle correction
amnount AH to this deviation amount,

For example, as shown in FIG. 8B, representing a measurersent value, which is
measured by the displacement sensor 56 (see FIG. 6A) when coating height Ht is the
standard coating height StdH, by & standard measurement value L1, if an sctual coating
height Ht of glass paste Gp coated on the substrate 8 is different from the standard

coating height StdH, & measurement valug (an actual measurement value L2) by the

displacement sensor 56 is different from the standard measurement value L1, In this
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case, the control section 9 computes the difference between the standard measursment
value Lt and the actal measurement value L2 (L1-1.2}, and can thersby compute the
deviation amournt (nozzle correction amount AF) of coating height Ht from the standard
coating height StdH.

The sontrol section 9 may compute the deviation amount (nozzle correction
gemount AH) of coating height Ft from the standard coating height StdH at arbitrary
several poinis on the X-direction moving portion X1,

For éxample, as shown in FIG. 8C, setting plural measurement points (P1 to P5
are shown as an example in FIG. 8C) on the X-direction moving portion X1, the control
section 9 (see FIG. 1) obtains measurement values (actual measurement values L2) by
the displacement sensor 56 2t the measurement points Pl to P5.  Then, the control
section 9 computes respective differences between the standard measurement value L1
and the actual measurement values L2 at the measurement points P1 to P5, and assigns
the &x’f.arage value of the differences at the measurement points P1 1o 25 to the nozzle
correction amount AH (AHX1) at the X-direction moving portion X1.

Incidentaily, in Exampie 2, a deviation amount (a nozzle correction armoust
AH) of & coating height Ht is taken to be positive in case coating height Ht is higher
than the standsrd coating height 51dH, and taken o be negative in case coating height
Ht is lower than the standard coating beight StdH.

Likewise, the control section 9 compuies a nozzle comrestion amount AHCI] at
the comner moving portion C11, a nozzle correction amount AHY1 at the Y-direction
moving portion Y1, a nozzle correction amount AHCI2 at the corner moving portion
12, anozele correction amotnt AHX2 at the X-direction moving portion X2, a nozzle
cotrection amourt AHC22 at the soraer moving portion C22, a nozzle correction
amount AHY?2 at the Y-direction moving pottion Y2, and 8 nozzie comection armount
AFIC21 at the comer mmrimg portion C21.

Further, the control section 9 preferably stores all of the nozzle correction
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amounts AH (AFIX1, AHCIL, AHYY, AHC12, AHX?, AHC22, AHYZ, AHC21) ina
storage section, not shown.

With an arrangement of computing the nozzle correction amounts AH (AHX1,
AHCLI, AHY1, AHCI2, AHX2, AHC22, AHY2, AHC21) insuch e manmer, the
preparation process sets nozzle correction amounts AH for the respective moving
directions of the nozzle 558 (see FIG. 1) slong the periphery of the vapor-deposit
section Al

The preparation process is a Process théi executes for the each moving
direction of the nozzle 55a the process for, when glass paste Gp is coated accompanying
the movement of the nozrles 558 with nozzle height Nh having been set to the injtial
height FNh, setting the nozzle correction amount AH to the deviation between coafing
height Ht of glass paste Gp and the standard voating height StdH.

Further, as shown in FIG. 9, in executing the coating process for coating glass
paste Gp on the substrate § provided with the vapor-deposit section A1 by
vapoi-depositing an organic EL element, if the start point Ps is at the X-direction
moving portion X1, the control section 9 moves the nozzie 532 to the start point Ps and
sets nozzie height Nh to g value corrected from the iniiial height FNH by the nozzle
correction amount AHX1, That is, the control section 9 corrects nazzle height Nh by
the nozzle correction amonnt AHXI.

For example, If coating height Ht at the X-direction moving portion X1 is
higher than the standard coating height StdH, in other words, the deviation amount of
coating height Ht from the standard coating height StdH is positive (the nozzle
correction amowmt AHX1 is positive), the contro! section 9 determines that coating
height Ht of glass paste Gp at the X-direction moving portion X1 is high than
appropriate, and sets nozzle height Nh to a height lower than the initiel height FNh by
an amotnt equivalent to the nozzle correction amount AHX1.  On the other hand, if the

deviation amount of coating height Hi from the standard coaing height BtdH is negative
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(the nozele correction amount AHXI is negative), the control section 9 determines that
corting height Ht of glass paste Gp af the X-direction moving perfion X1 is lower than
appropriate, and sets nozzle height Wh to a height higher than the initial height FNh by
an amount equivalent to the nozzle correction amount AFX1.

That is, if the nozzle correction amount AHX 1 is positive, nozzle height Nh is
gorrectad 1o 3 divection downward, and if the nozele correction amount AFI is
negative, nozzle height Nh is corrected to & divection upward

Then, the control section 9 moves the nozzle 55z along the X-direction moving
portion X1, maintaining nozzle height Nh having beens corrected, and thus coats glass
peste Gp on the substrate 8.

Further, in case of moving the nozzle 532 along the comer mqving portion C11
continuously from the movement along the X-direction moving portion X1, the control
section 9 (see FIG, 1) corrects nozzle height Nh at the conrection point Pxcl between
the X-direciion moving portion X1 and the corner moving portion C11 by the nezzle |
correction amount AHC11.  Thatis, the control section 9 sets nozzle height Nhto a
value corrected from the initial height FNh by the nozzle correction mpount AHCI.
Then, the control section 9 moves the nozzle 55a slong the corner moving portion C11,
maintaining the comrectad nozzle height W, and thus coats glass paste Gp on the
subsirate 8.

Likewise, the control section 9 (see FIG. 1) corrects the nozzie height Nh af the
connection potnt Peyl between the corper moving portion C1 and the Y-direction
moving portion Y1 by the nozzle correction amotmt AHY 1, then moves the nozzle S5a
along the Y-direction moving portion Y1, maintaining the corrected nozzle height Nh,
and thus coats the glass paste Gp on the substrate 8.

Further, the control section 9 corrects the nozzle height Nh at the connection
point Pyel between the Y-dirsction moving portion Y1 and the corner moving portion

12 by the nozzle correction amount AHCI2, then moves the nozzle 55 along the
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corner moving portion C12, maintaining the corrected nozzle height Nh, and thus coats
the glags paste Gp on the subsirate 8.

Stit] further, te control section 9 corrects the nozzle height Nh at the
connection point Pexi between the corner moving portion C12 and the X-direction
moving portion X2 by the nozzle correction amount AHX2, then moves the nozzle 55a
along the X-direction moving portion X2, maintaining the corrected nozzle height Nh,
and thus coats the glass paste Gp on the substrate 8.

Yet further, the conirol section 9 corrects the nozzle height Nh af the
connection point Pxc? between the X-direction moving portion X2 and the corner
moving portion C22 by the nozzle correction amount AHC2Y, then moves the nozrle
53a slong the corner moving portion C22, maintaining the corrected nozzle height N,
and thus coats the glass paste Gp on the substrate 8.

Further, the control section 9 corrects the nozzle height Nk at the connection
point Poy2 between the comer moving portion C22 and the Yedirection moving portion
Y2 by the nozzle correction amount AHY?2, then moves the nozzle 553 along the
Y-direction moving portion Y2, mainiaining the corrected nozzle height Nh, and thus
coats the glass paste Gp on the substrate 8.

Still further, the control section ¥ corrects the nozzle height Nh at the
connection point Pye? between the Y-direction moving nortion Y2 end the corner
moving portion 21 by the nozzle correction amount AHCZ1, then moves the nozzle
55 along the corner moving portion C21, mﬂjmaimng'the: corrected nozzle height Nh,
and thus coats the glass paste Gp op the substrate §.

Yet farther, the control section ¢ corrects the nozzle height Nh af the
connection point Pox? between the corner moving portion C21 and the X-direction
moving portion X1 by the nozzle correction amount AHX1, then moves the nezzle 55z
slong the Xedirection moving portion X1, maintaining the corrected nozzle height Nh,

and thus coats the glass paste Gp on the substrate 8,
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As described above, in the coating process that coats the glass paste Gp on the
substrate & (see FIG, 3A), moving the nozzle 55z (see FIG. 3A) along the periphery of
the vapor-deposiied ssction A1 (see FIG. 3A), the control section 9 coats the grass paste
Gp on the substrate § for fhe respective moving dirsctions, moving the nozzle 55z with
corrections of the nozzie height Wh by the nozzle correction amounts AH (AFXI,
AHCIL, AHYT, AHCL2, AHXZ, AHC22, AHY2, AHC21) comresponding to the
regpective moving directions.

In such a manner, on the coating apparatus 100 (see FIG. 1) according to
Example 2, the contrel section 9 executes the preparation process prior io the coating
process for coating the glass paste Gp on the substrate 8 (see FIG. 1), wherein, based
on the difference in the coating height Ht due to 2 difference in the moving direction of
the nozzle 55a (see FI1G, 1), the control section $ sets 4 nozzls correction amount AR
for correction of the nozzle beight Nh individually for each moving direction of the
nogzle 55a.  Further, in the coating process in which the control section 9 moves the
nozzle 55g along the periphery of the vapor-deposited section A1 {see FIG. 1), the
control section 9 corrects the nozzle height Nh by a nozzle correction arnovmt AH for
each moving direction of the nozzle 5353, and thus coats the glass paste GP on the
substrate §,

With this arrangernent, it is possible to ebsorb differences i the coating height

Ht caused by differences in the moving direction of the nozzle 55a, and coat the plass
paste Gy on the substrate 8§ at the stapdard coating height StdH with high aceuracy,

An arrangement may be made to execne the preparstion process such as to
computes, when the syringe 55 (see FIG, 1) or the nozzle 55a (see FIG. 1) has been
replaced, plural nozzle correction emounts AH in advance, corresponding to plural
combinations of the kind of glass paste Gp, the moviang speed of the nozzle 554, and the |
standard coating height StdHL

Purther, 2n arrangement may be made such that, for example, st the time of
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starting the coating process for coating the glass pasie Gp on the substrate & (see FIGL
1}, when 2 manager of the paste coating apparatus 100 (see FIG. 1) has set the kind of
glase paste GP, the moving speed of the nozzle 553, and the standavd coating height
StdH, using the monitor 11 (see FIG, 1) or the keyboard 12 {see FIG. 1), the couirol
section 9 reads a corresponding initial height FNb and nozzle correction amounts AH
(AHXIAHCU, AHY1, AHCL2, AHXZ, AHC22, AFTY2, AHC21) from the storage
section, not shown, and coats the plass paste Gp on the substraie 8, correcting a nozzle
height Nh as appropriate.

Further, fhe configuration of the paste coating apparams 100 is not limited fo a
configuration including the displacement sensor 56 (see FIG. 6A) at the coating head 5
(see Fip. 1). For example, the paste coating apparatus 100 may be configured as
follows. That is, setting the initial height FNh to the nozzle height Nh, the controf
saction 9 (see FIG. 1) moves the nozzle 55a at all of the moving portions (X-direction
moving portions X1, X2, Y-direction moving portions Y1, Y2, corner moving portions

CCl1, €12, €22, C21), and thus coats glass paste Gp on a subsirate 8. Thercafier, by a
measurement device, not shown, provided with a displacement sensor 36, deviations
between the coating height Ht of glass paste Gp and the reference coating height
reference coating height 8tdH are messured at alf the moving portions, and the
measured deviations at the respective moving portions are sst as the nozzle correction

- amounts AH (AHX 1, AHCLL, AHYL, AHCILZ, AHX2, AHC22, AHY2, AHC21} at the

réspéctive moving portiots.
According to the invention, it is possible to provide a paste costing apparatus
and a paste coating method that enable satisfactorily medntaining of coating height of

glass paste in a predetermined error range.
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What is claimed is:
1. A paste coating apparatus, comprising:

a support table which has a length in a longitudinal direction, a width in a width
direction and a height in a height direction;

a substrate holding table on which a substrate is mounted, the substrate holding table
being arranged on the support table;

a nozzle for coating paste on the substrate; and

a moving unit which moves the nozzle in the longitudinal direction, the width
direction or the height direction,

wherein the paste coating apparatus_continuously coats the paste in a periphery of a
predetermined region on a plane of a substrate, by moving the nozzle,

and wherein the paste coating apparatus further comprises:

a control section which

moves the nozzle, setting nozzle height from the substrate to the nozzle to be lower
than a predetermined standard height, at a start end portion that extends by a predetermined
length from a start point of starting movement of the nozzle;

moves the nozzle, setting the nozzle height to be higher than the standard height, at a
terminal end portion that extends by another predetermined length to an end point of
terminating the movement of the nozzle;

moves the nozzle, setting the nozzle height to be the standard height at a part
excluding the start end portion and the ferminal end portion; and

moves the nozzle such that the paste is coated with an overlap at least partially

between the start end portion and the terminal end portion; and

wherein at the start end portion, the control section sets the nozzle height to be lower
than the standard height by an amount equivalent to an allowable error allowed for coating
height of the paste to be coated on the substrate,

and wherein at the terminal end portion, the control section sets the nozzle height to
be higher than the standard height by the amount equivalent to the allowable error,

and wherein the allowable error is an allowable range of a coating height for
preferably joining the substrate by making temperature rise of the paste by heat irradiation be

uniform over a whole circuit of a coating pattern when the substrate is joined.
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2.

The paste coating apparatus according to claim 1,

wherein the control section moves the nozzle such as to form the start end
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portion along the periphery of the region, setting the start point to a point in the periphery of
the region, and to form the terminal end portion along the periphery of the region, sefting the
end point to be another point in the periphery of the region, such that the terminal end portion

and the start end portion at least partially overlap with each other.

3. The paste coating apparatus according to claim 2, further comprising:

a paste storage section for storing the paste; and

a pressure source for supplying a jetting pressure to the paste storage section to coat
the paste from the nozzle,

wherein supply of the jetting pressure from the pressure source to the paste storage

section is stopped before the terminal end portion is formed.

4. The paste coating apparatus according to claim 1,

wherein, setting the start point to a point outside the periphery of the region, the
control section moves the nozzle from the start point toward the periphery of the region to
form the start end portion,

and wherein, setting the end point to another point outside the periphery of the region,
the control section moves the nozzle from the periphery of the region toward the end point to
form the terminal end portion such that the terminal end portion intersects with the start end

portion.

5. A paste coating method of continuously coating paste in a peripbery of a
predetermined region on a plane of a substrate by moving a nozzie for continuously coating
the paste,

the method being performed by a past coating apparatus including:

a support table which has a length in a longitudinal direction, a width in a width
direction and a height in a height direction;

a substrate holding table on which a substrate is mounted, the substrate holding table
being arranged on the support table;

a nozzle for coating paste on the substrate; and

a moving unit which moves the nozzle in the longitudinal direction, the width direction
or the height direction,

and wherein the method comprises:

a start end portion forming process that moves the nozzle, setting nozzle height from

the substrate to the nozzle to be lower than a predetermined standard height, and
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thereby forms a start end portion that extends by a predetermined length from a start point of
starting movement of the nozzle;

a terminal end portion forming process that moves the nozzle, setting the nozzle
height to be higher than the standard height, and thereby forms a terminal end portion that
extends by another predetermined length to an end point of terminating the movement of the
nozzle; and

a normal moving process that moves the nozzle, setting the nozzle height to be the
standard height at a part excluding the start end portion and the terminal end portion,

wherein the nozzle is controlied to move such that the paste is coated with an overlap
at least partially between the start end portion and the terminal end portion

wherein the start end portion forming process sets the nozzle height to be lower than
the standard hejght by an amount equivalent to an allowable error allowed for coating height
of the paste to be coated on the substrate,

and wherein the terminal end portion forming process sets the nozzle height to be
higher than the standard height by the amount equivalent to the allowable error,

and wherein the allowable error is an allowable range of a coating height for
preferably joining the substrate by making temperature rise of the paste by heat irradiation be

uniform over a whole circuit of a coating pattern when the substrate is joined.

6. The paste coating method according to claim 5,

wherein the start end portion forming process moves the nozzle along the periphery of
the region, setting the start point to a point in the periphery of the region, and thus forms the
start end portion,

and wherein the terminal end portion forming process moves the nozzie along the
periphery of the region, setting the end point to be another point in the periphery of the
region, such that the terminal end portion overlaps at least partially with the start end portion,

and thus forms the terminal end portion.
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7. The paste coating method according to claim 6, further comprising:
a coating stopping process that stops coating of the paste,
wherein the coating stopping process is executed prior to execution of the terminal

end portion forming process.

8. The paste coating method according to claim 5,

wherein, setting the start point to a point outside the periphery of the region, the start
end portion forming process moves the nozzle toward the periphery of the region, and thus
forms the start end portion,

and wherein, setting the end point to another point outside the periphery of the region,
the terminal end portion forming process moves the nozzle from the periphery of the region
toward the end point such that the terminal end portion intersects with the start end portion,

and thus forms the terminal end portion.

9. A paste coating method of continuously coating paste in a periphery of a
predetermined region on a plane of a substrate by moving a nozzle for continuously coating
the paste along the periphery of the region in a X axis direction and/or a Y axis direction,
comprising:

a preparation process that sets correction amounts of nozzle height that is from the
substrate to the nozzle in moving the nozzle, for respective moving directions during the
movement of the nozzle along the periphery of the region; and

a coating process that moves the nozzle along the periphery of the region, correcting
the nozzle height by the correction amounts corresponding to the respective moving
directions of the nozzle,

and wherein, for each of an X axis direction moving part, a Y axis direction moving
part, a teverse X axis direction moving part of which moving direction is opposite o a
moving direction of the X axis direction moving part, a reverse Y axis direction moving part
of which moving direction is opposite to a moving direction of the Y axis direction moving
part, a first corner moving part that connects the X axis direction moving part to the Y axis
direction moving part, a second corner moving part that connects the Y axis direction moving
part to the reverse X axis direction moving part, a third corner moving part that connects the

reverse X axis direction moving part to the reverse Y axis direction moving part, and a fourth
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corner moving part that connects the reverse Y axis direction moving part to the X axis
direction moving part along the periphery of the region,
the preparation process executes in advance by using a substrate which is for the

preparation process a process that sets the correction amount to
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a difference between coating height of the paste coated on the substrate when the nozzle
moves with the nozzle height being set to a standard height, and the standard coating height
to be a target value of the coating height so as to correct an error in a paste coating height for
each of moving directions, the error being generated by a deformation of a distal end portion

of the nozzle in the X axis direction and/or in the Y axis direction.

10. A paste coating apparatus that coats paste in a periphery of a predetermined region on
a plane of a substrate, comprising:

a support table which has a length in a longitudinal direction, a width in a width
direction and a height in a height direction;

a substrate holding table on which a substrate 1s mounted, the substrate holding table
being arranged on the support table;

a nozzle for coating paste on the substrate, and

a moving unit which moves the nozzle in the longitudinal direction, the width
direction or the height direction,

wherein the paste is coated by moving the nozzle,

and wherein the paste 1s coated on the substrate by the paste coating method

according to claim 9.

43



