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-1- SPECIFICATION Method of Adjusting Nozzle Clearance of Liquid .
Application Apparatus, and Liquid Application Apparatus 5 This
application claims the priority of the'japanese Patent Application No.

2005-345104 filed in the Japanese Patent Office on November 30, 2005,

the entirety of which is incorporated by reference herein. 10 Technical

Field The present invention gpRergHTaaiEINo a liquid application
apparatus used in production of liquid crystal display, semiconductors,

etc., and more particularly, to a method of adjusting, to a desired value,
the nozzle clearance which is a distance from a discharge port of a

nozzle of théViigihidcppicdiinnagMeatils Cleatamutstraietddvhich a
liquid is to be applied (hereinafter referred to simply as "work") and a

liquid appfiphtian apperptratadaptet[sothdtApe hoatteclegparaass so
adjustable. Background Art 20 Generally, the display panel of the liquid
crystal display is produced by applying a sealing material or sealant in the
form of a frame to a glass substrate, bonding another glass substrate to
Tdseppditgtins platms-tm phovitnoed thinlppapsdecRatentidtonplisptica No.
between the glass substrates. The conventional sealant application

2005-adpd duB it ingde d apairse ArdamidVidty 2eraltoyeiabro ditedhierdon,

~and a work table on which a glass substrate (work) is to -2 be placed. By
entirefyoufriyhithis dacsspasatad dinecipseresdieiaiBtively to each other

Technical Field

The present invention generally relates to a liquid application apparatus used
in production of liquid crystal display, semiconductors, etc., and more particularly,
to a method of adjusting, to a desired value, the nozzle clearance which is a
distance from a discharge port of a nozzle of the liquid application apparatus to a
substrate to which a liquid is to be applied (hereinafter referred to simply as
"work™) and a liquid application apparatus adapted so that the nozzle clearance is

so adjustable.

Background Art

Generally, the display panel Qf the liquid crystal display is produced by
applying a sealing material or sealant in the form of a frame to a glass substrate,
bonding another glass substrate to the sealed glass plate from above and filling
liquid crystal into a space between the glass substrates.

The conventional sealant application apparatus includes a head section having

a nozzle mounted thereon, and a work table on which a glass substrate (work) is to
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into a predetermined position, a sealant can be applied linearly in a
desired form. In such a sealant application apparatus, it is necessary to
keep a constant nozzle clearance {distance between the nozzle and
work) for an acceptable shape of 5 the applied sealant. In case the
surface height of the work is not constant, the distance to the work is

be plagrehsu By Wavhe thschsed septioshand therrpikdahisrelatiygiydorarh other
d the head k ta d h
into fayeﬂm‘iw BOSEI SREBLIoTR B SR U EShTa dggred Jorm.
arl on-contact distance sensor. Iaserdls ace ent sensotha
O s A et et Gy el
k, refl h d db

nozzi%&?i%%%@&?ﬁ@%%@é&%ﬁi i%%%ﬁ R %Iefétf%f LS epTiRlE shape of
e o o P T R B Rt
distan2Y ﬁsa'%@f(%e@!{%%g' n\%fliﬂﬂé %E‘%’%non%%ﬁ&%%?é&faﬁ Iz%ge sensor

sealant remains an more I € reservolr, the reservoir it Sre

moun?édtdi %?é’li’e%?@ Qengy éﬂcﬁht%é‘gﬁ%(ﬁ 58 Sucﬁ%ﬁg %ﬁ&l% {19998 %t#}i%ted in

replaced or a new nozile IS inst iS possible

heighl I8 XSG ARcmpcTElEs e lfisiens islies e caghiather, fxing

too use e existing and new 2 es are mec anically different

m‘;ﬁ&ﬂ&i‘i‘ﬁfl ré%ﬁ%ﬂ%'ﬁlﬁéﬁ%@ﬂ%ﬂswg}vﬁ%‘fﬁ a@éﬁ?{&ﬂtsfé%@br) is
that with

hich the existing nozzle was installed (which is called "case

mounfP6i) BHRALES B e R CSe 1R RORZ i REr BN GEnsor

distance sensor to be misaligned with each othef in the direction of the

to theREFIE HRIGREEHEnPRJHIFREINBHAR @%i&%ﬁ%%ﬁﬁﬁrﬁﬁ%@me the

adjusted for the distance measured by the -3-
distance L from the non-contact distance sensor to the work and the head section
and work table are moved until the distance L becomes constant, as shown in FIG,
11 for example.

In the above sealant application apparatus, when no sufficient amount of
sealant remains any more in the reservoir, the reservoir itself is replaced or it is
replaced along with the nozzle; and if the nozzle is clogged, it is replaced or a new
nozzle is installed. In such a case, it is possible that the existing and new nozzles
are different in shape from each other, fixing tools used for the existing and new
nozzles are mechanically different from each other or the new nozzle is installed
with accuracy different from that with which the existing nozzle was installed
(which is called "case error"). Such a case error will possibly cause the nozzle
and non-contact distance sensor to be misaligned with each other in the direction of

the nozzle clearance (Z-axial direction).

Even if the nozzle clearance is adjusted for the distance measured by the



10

15

20

25

non-contact distance sensor to be the same as that which was before the

nozzle replacement, the inaccurate alignment between the nozzle and

non-contact distance sensor makes;itimpossible to reproduce precisely

the nozzle clearance which was before the nozzle replacement. Thus,

since the sealant cannot be applied in 5 desired form, the nozzle
non-celgardisttaccisamseidjodredhainghasoistisratidnwes fosathe nozzle

displacement between the discharge port of the nozzle and non-contact
replacgiiencdhemasicasaie lignmenbbelovies tischazala auhneneteniithdsiance

To solve the above problem, there has been proposed a nozzle clearance -
sensongjakas diriBRW IRl G HCFERIRIER BIRFIRFIY Phechazaicaclranrpssiaipeh was

distance 10 over which the nozzle has to be moved until it touches the
befor{Bgdinwrdgit Rl aseBRERtd bl opics teSerlsneriRdmanpdistaet

distance sensor) and the nozzle an%optical digplacement gage are .

desireqliigta BREMOANEHHABEH BASHR Dnadits &P@%&é&&%ﬁ%@%@ﬂ the
e T L KT
ssor RS SRR, Aol o O S B

b R B R R RO
adius S e & BT S B S R B RIS M W e
ovr WS S R P re e g
R e T R
oSS MO TR e e
measured distance to adjust the nozzle clearance (as disclosed in the Japanese
Unexamined Patent Application No. H05-15819).

In the method disclosed in the above Japanese Unexamined Patent
Application No. H05-15819, however, even it the distance measurement is made by
the non-contact distance sensor with the discharge port of the nozzle put into touch
with the measuring jig in case the surface of the measuring jig has an Z-directional
error such as undulation, a position where the nozzle is put in touch with the
measuring jig and a position where the distance is measured by the non-contact
distance sensor are misaligned with each other.  So, accurate information on the
Z-axial relative position between the nozzle and non-contact distance sensor cannot
be provided, and thus the nozzle clearance cannot accurately be adjusted.

Also, since the position where the nozzle is in touch with the measuring jig

and the position where the measurement by the non-contact distance sensor is made
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-fl- are separated from each other, a slight inclination of the measuring jig
will result in a large Z-axial misalignment and tremendous amounts of
labor and cost are required for prodgction of a high-precision measuring
jig. Further, in the Japanese Unexamined Patent Application No.
HO05-15819, 5 when the nozzle is put into touch with the measuring jig,
are scphied ftahthecioether casbightiadunisenod tbamiseatiingig govmduesult in
strain. While such strain is taking place, the distance measurement is
a largeradiay thisaldgaeoprdardlseamenstnsornsaunisio hithsssymsicest are
_accurately measure the Z-axial alignment between the nozzle and
requirpskEUPTRS g liandohadisbfeesisier SEASBIEAAME: be adjusted
accurately. 10 Also, when the nozzle is put into touch with the measurin
igrthengsvdad anrnssssione aaind dedentne pdraidon el o s Py
no acceptable sealant application can be assured. It is an object of the
when ghequwalt EhRBh 1 @ VerTE tRd b BIRATHEM O HE BHSRLEL dhsro7le

conventigonal art by providing a.method of adjusting nozzle 15 . .
causet g SHE@G 2K GUFAESIEANG SBaHE SPAhich WHe sl Sifgin is taking

non-contact distance sensor can accurately be positioned relatively to
place, AR AEAHRIH BEANEHGRCCF (HaqoDY S EaaTaA (Haipbsseensor.  So.

s o e e SR e ST TR L
WP I L e T

e B S R SR e,
possi‘f\)’i@ e %%rr?t%ré%i(@%;t the front end thereof, so that no acceptable sealant
application can be assured.

It is an object of the present invention to overcome the above-mentioned
drawbacks of the conventional art by providing a method of adjusting the nozzle
clearance in a liquid application apparatus, in which the nozzle and non-contact
distance sensor can accurately be positioned relatively to each other in the direction
of the nozzle clearance and the nozzle clearance can accurately be adjusted under

less influence of undulation or inclination of the work, and a liquid application

apparatus adapted so that the nozzle clearance is so adjustable.

Disclosure of the invention

The present invention proposes a method of adjusting a nozzle clearance
between a nozzle and a work to a desired value in a liquid application apparatus
wherein a liquid discharged from the nozzle is applied to the work, comprising;

(a) a distance measurement step of measuring, by using a non-contact distance
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25 (a) a distance measurement step of measuring, by using a non-contact
distance -5- sensor positioned in parallel with the nozzle, a distance from
the non-contact distance sensor to & reference surface of a contact
detection sensor detecting a contact of the nozzle front end with the
reference surface opposite to the nozzle front end, 5 (b) a nozzle
Seﬂs%@ﬁ?d@ﬁﬁ’&‘%ﬂéb%ﬁﬁ&hﬂﬁ@o%&@%ﬁw thdiste frome dhie AperGhRtact
reference surface of the con#act d?;?]ction sensor to, obtain a F sitional

distanggiFRSA6 R HicheBsReSiEiaraiRlher GHRAR SESOF SRS

contagh Qi AR 1M E bR D AT 20 AGSQBRE S D AR 2l

fr tigd) a step of adjusting a nozzle clearance to a desired value based on the
on Eeftive positional information between the nozzle and the non-contact

A P R HREAL R
e LRSS S TIEAR E R s opedlscone adhi

; nfonjrpa\{?@ﬁi%'f'tﬁ és R %rable that the distance measurement step (a)
comprises a distance adjusting step of adjusting a distance between the

, f i ] :
e e R S e L P Sihrance
sensol§ HIRIGACE REWERD M elRIensqIRYLace Qin e (PRGLERIEGER Y e applying

sensor and the non-contact distance sensor based on the measurement
the H&g;&ll&p{ﬁ@%ﬁ@@ﬁg from the non-contact distance sensor to the

reference surface of the contact detection sensor by the non-contact

HSBRESHSSNSQusting a nozzle clearance to a desired value based on the
relative positional information between the nozzle and the non-contact distance
sensor determined by the distance measurement step (a) and the nozzle contacting
step (b) , and the distance determined by the distance measurement step (c).

In the nozzle clearance adjusting method in the liquid application apparatus
according to the present invention, it is preferable that the distance measurement
step (a) comprises a distance adjusting step of adjusting a distance between the
reference surface of the contact detection sensor and the non-contact distance
sensor to a desired value.

Further, it is preferable to adjust the distance between the reference surface of
the contact detection sensor and the non-contact distance sensor based on the
measurement result of the distance from the non-contact distance sensor to the
reference surface of the contact detection sensor by the non-contact distance sensor.

Furthermore, it is preferable to adjust the distance between the reference

surface of the contact detection sensor and the non-contact distance sensor by
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Furthermore, it is preferable to adjust the distance between the reference

25 surface of the contact detection sensor and the non-contact distance

sensor by -6- continuously measuring the distance from the non-contact

distance sensor to the reference surface of the contact detection sensor

_ by the non-contact distance sensor until the distance becomes the

contirgiyydy ParasurngRBE anesduasic hmboi GadischaISemagsb e

nozzle obtained 5 by the nozzle contacting step (b) is the coordinate value
referepgrcaiedeR of ths AR tast datRRECR IR Molhenrarerrchdisisece sensor
refrefhence surface of the contact detection sensor to each other.

until thg tHsfaRsk! ﬁqgrﬁﬁéfg?ﬁ et thdliérerence surface of the contact
etection sensor is @ movable surface mpyed by a contact pressure of . .
Sl B R0 ot Bl PO BRI Al LB BB apined
sensor is a sensor having a .movable reference surface moved by a . i
by th BF HERHNS P IR S RN S FAHEIH A RGO Toving uni,
. Jdistance of the moyable reference surfage, and it ispreferable that the .
whicl R B T B A3 AT 4ids L gt s AUt otection
sensogittstaerz'i(:%%ftfl%e movable reference surface moved by the contact pressure
bf the' 15 RozZle front end, and the positional information obtained by the

PR RECE R MR e O A 5 DR o
R L L e L

FERERY R ige‘f)f%ﬂﬁ%i?ee{ﬁ%ﬁlﬁ'éec?%%@??B"t%ﬁﬁ‘é‘i? Qi 19228 RN ERGng a

or at thé time the displacement of the reference surface becomes zero,

movatﬁk?é@ E%%%%ﬁ%%gg&&ieoﬁméggg% %%@}IR?%E dricclien SLSOLIE AU RYend and
measuring a moving distance of the movable reference surface, and it is preferable
that the nozzle contacting step (b) comprises a step of measuring the moving
distance of the movable reference surface moved by the contact pressure of the
nozzle front end, and the positional information obtained by the nozzle contacting
step (b) comprises the moving distance of the movable reference surface moved by
the contact pressure of the nozzle front end.

Further, it is preferable that the positional information of the nozzle is the
coordinates value of the moving unit at the time the contact detection sensor no
longer detects the contact pressure of the nozzle front end or at the time the
displacement of the reference surface becomes zero, after the reference surface of
the contact detection sensor is moved by the contact pressure of the nozzle front
end and then the displacement by the pressure is decreased,

Furthermore, it is preferable that the relative positional information includes a

distance between the nozzle front end and the non-contact distance sensor.
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end and then the displacement by the pressure is decreased,

Furthermore, it is preferable that the relative positional information

includes a 25 distance between thenozzle front end and the non-contact

distance sensor. -7- Further, it is preferable that the moving unit includes a

device for moving the nozzle vertically. Furthermore, it is preferable that

kngthesyihds e faabde thalddncaesingwiebiyahislan ¢ deuss sectpving the

having the nozzle and the non-contact distance 5 sensor. Further, it is
nozzle,negigdlihat the distance measurement step (a) comprises a step of

measuring a distance LI to, the reference surface of the contact detection

TSAberBETRe hinEs iR itk ch S aIRBIn G M bt G e veph ot
. detection. sensor gpposite to the reference surface of the non-contagct
verticafly THOY k& e APHOL HOY D (hsnEaEa AReb! ) ROmBRRECh Lsignse
measuring a position coordinate Zn of the moving unit when the nozzle
Se0S0%ont end is touched with the reference surface of the contact detection

by th [ fih Vi [ dth zzle cl i
ERHSE L B AT b RSO P LB 2 R QBRI
" relation bletweed11 St e noleletia%et?g egen-gon%ar(it gies'gafnt e se%?or dcc?f%r]]eg n
Siep o gnr%? %Hlé I&?sfianceq_nf ?rOm e”nOh-COI’]{%iC? 8lsta ce sengo(f(.{o ﬁ% 8 et%c?
snsof O A e PR R e DAL o
; L I ;
sensof B B R o B P PO G the

o R T A P ARt IRl 7
of theddiysiRE BY I PASRUILLIBS DRV YL tRRSEHAR MG he reference surface
of the contact detection sensor by the operation of thé moving unit, and the nozzle
clearance is adjusted by the operation of the moving unit based on a relative
positional relation between the nozzle and the non-contact distance sensor defined
by the distance L1 from the non-contact distance sensor to the contact detection
sensor and the position coordinate Zn of the moving unit which are determined by
the distance measurement step (a) and the nozzle contacting step (b).

Further, it is preferable that the distance measurement step (a) comprises a
step of measuring a positional coordinate Z1 of the moving unit at the time of
measuring the distance to the reference surface of the contact detection sensor, and
the nozzle clearance is adjusted by the operation of the moving unit based on the
relative positional relation between the nozzle and the non-contact distance sensor
defined by the positional coordinates Z1 and Zn of the moving unit.

Furthermore, it is preferable that the head section comprises at least one

secondary moving unit to move vertically and separately the nozzle and/or the
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relative positional relation between the nozzle and the non-contact
distance sensor defined by the positional coordinates Z1 and Zn of the
moving unit. Furthermore, it is preferable that the head section comprises
at least one 25 secondary moving unit to move vertically and separately
the nozzle and/or the -8- non-contact distance sensor, and it is preferable
non-cenbathpidansesenarstaplat adietmghis/torompissmastrandsicmel
contact detection sensor and the nozzle by the secondary moving unit

adjustipgaavertinal disincpbsimern ibrten behwisdaciien sentas arddbronozzle by

sensor and the nozzle, after the first step including the distance 5
the segondanement L Pasatioe fbs Rl dbreaniiony msjatonmhstven the
preferable that a distance between a position.on the reference surface of

contach dei5HHARR FERHOMN SRS FEks BT tETRbRleR Astb diag fe distance

sensor  in the distance measyrement step (a) and a position of the nozzle
meas"fmm%ﬁos{%po@c@aa{ H¢%4 W@%ﬁ%ﬁg)step (b) is shorter than

B AT AL G SRRt ek PR eI Feanes

s A R B e S oo

o A AR B B B R
li f f in.the.di
cona SIS e s T P
positigﬁtﬁ%%ls&fEgzrtﬁré%ﬁt%gﬁ}%)&hai%%{gg ARl FIsiRnes .%%ﬂ??ﬁq'@ftﬁ?e ozzle
Istance measdrement step (a) is the same as the pOSRIOﬂ of the nozzle

front SRALENS 1908 BRARCEA IR BRH RS FOHBRINA FER Bhrallel with the

reference surface of the contact detection sensor.

Furthermore, it is preferable that the distance from the non-contact distance
sensor is measured by irradiating a laser beam to the reference surface of the
contact detection sensor and by receiving the return light from the reference surface
in the distance measurement step (a).

Furthermore, it is preferable that the position of the contact detection sensor

irradiated by the non-contact distance sensor in the distance measurement step (a)

~ is the same as the position of the nozzle front end to be contacted in the nozzle

contacting step (b).

Further, it is preferable that the nozzle contacting step (b) is conducted at each
time of changing the nozzles.

Moreover, the present invention proposes a liquid application apparatus,
wherein a nozzle from which the liquid is discharged and a work disposed facing to

the nozzle and on which the liquid discharged from the nozzle is applied are moved
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Further, it is preferable that the nozzle contacting step (b) is conducted at
each time of changing the nozzles. Moreover, the present invention
proposes a liquid application apparagus, wherein a nozzle from which the
liquid is discharged and a work disposed facing to 25 the nozzle and on
. which the liquid discharged from the nozzle is applied are moved -9-
relativalid0eRah SHER ohai s IHECABL AL SUR IS S PR S RO 7le
the nozzle and the work to a desired value, comprising; a non-contact

and thgisyorkdQ@-desiprediti PAYEfBISwith the nozzle and configured to

measure a distance in the first direction jn a non ntac{gnn@nner égand

ABABCRASE AN QAFE P ORGP R ISER 5 RRLATS M RRAGHH
con iR HRULD TP B DLV 10 s AR e A
B b SR R R T RS AR e
surfadh SRR e AagEls A A uerUIP e SHiacR measpred by the
non-con ac%cﬂls% ce sensaor, anCYa controller con igured to adeSt the

gﬁﬁg@gﬁ%&%? %ﬁ@éﬂ%ﬁ%@g}mﬁﬁ&é& %ﬁ&%ﬂs%@w% RasRbaR: in

are position in th e nozzle and the non-contact
the ﬁ%!?&:}%:&i?%nsor derived from a distance information 15 concerning a
Istance from the non-contact distance sensor to the measurement

wadacs ohthereferrnca sifacsrehtaingd Ry MeasHinG &distan e thdieas a

reference surface by the non-contact distance sensor and a positional

detectRIRTEIAHAR CANGEILRR NOEHIRIEAARNACRS ROSIeNARIAINRA QrbMERDsurface

the nozzle contacted with the reference surface, and a distance to the
meast¥eluyaasuisd Ry Mg dsaiacAiRiansaed

a controller configured to adjust the clearance between the nozzle and the
work to a desired value, based on a relative position in the first direction of the
nozzle and the non-contact distance sensor derived from a distance information
concerning a distance from the non-contact distance sensor to the measurement
surface of the reference surface obtained by measuring a distance to the reference
surface by the non-contact distance sensor and a positional information concerning
nozzle’s contacting position obtained by having the nozzle contacted with the
reference surface, and a distance to the work measured by the non-contact distance
sensér before applying the liquid on the work.

Further, in the liquid application apparatus according to the present invention,
it is preferable that the moving unit is one for moving the nozzle vertically.

Further, it is preferable that the moving unit is one for moving vertically the
head section having the nozzle and the non-contact distance sensor mounted

thereon.
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20 sensor before applying the liquid on the work. Further, in the liquid
application apparatus according to the present invention, it is preferable
that the moving unit is one for moving the nozzle vertically. Further, itis
preferable that the moving unit is one for moving vertically the head
section having the nozzle and the non-contact distance sensor mounted
Baytherasne, 101snehighiedoipropidtoih bt ib grevigeondarstamang unit for
_secondary moving unit for moving separately and vertically the nozzle
movinghsgpertpis hoancbreaticallyaheanazde and(pibic R prerdaghidistgee sensor.
length between the outer edges of the reference surface of the contact
ioff seRsefornhlaitbatian Rl beiviacn the Sulphedes yefifiasyerence
conpecting an irradiation position of the, non-contact distance sensor on a
surfacg g difefinRt i daHRY RS HERIdHD %ﬁlaﬁ&mﬂg?i

et line segment
reference surface of the contact detectio nsor and a posjtion of the
defingehy| CANRaLNE 0 REHUR URHPR R ES B GEr P rbhatistre Sensor on

o g GBeA HENARE T a7 B 0 PeTerRHED SARRE SF IR

d [ d th le front end. her, iti f I
surta A SRS B R oot (R AR
shor B L e Ry e R R TR A e

® e . Stance |
semso e ISR SRR R D IRRR e

referei%@as%?dfﬁtggt \ H@ééﬁ&%@f&%ﬂdﬁtge§§89 %%e{h‘geirag&ﬂfg?t &R

presse reference surface. Further, it'1s pre e contact

PEIBRIOT SEDROFFRIRASAND 1Pt ce surface of the contact detection

sensor is provided on a surface of movable portion of the contact detection sensor
and adjusted to be possibly detected by the non-contact distance sensor.

Moreover, it is preferable that the contact detection sensor is configured to
move in a direction of pressure applied by the nozzle while keeping the reference
surface and the nozzle contacted with each other with the nozzle being pressed to
the reference surface.

Further, it is preferable that the contact detection sensor is provided on a work
holding device.

Further, it is preferable that the non-contact distance sensor is configured to
measure a distance by irradiating a laser beam to the reference surface of the
contact detection sensor and receiving a reflected light from the surface.

Moreover, according to the method of adjusting the nozzle clearance in the
liquid application apparatus of the present invention, the nozzle contacting step of

having the nozzle contacted the reference surface and the distance measuring step
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holding device. 20 Further, it is preferable that the non-contact distance

sensor is configured to measure a distance by irradiating a laser beam to

the reference surface of the contactigetection sensor and receiving a

reflected light from the surface. Moreover, according to the method of

adjusting the nozzle clearance in the liquid application apparatus of the
of megeasing ivehtrspnesdapAbecntustntrsted Yres a0y tedhpssference

contacted the reference surface and the distance measuring step -11- of
surfags s iR SHOHistaRAEIh tHBbmestERE SRt REnRSt R ctween the

reference surface are carried out separately, when measuring the relative
nozzlg 3aildHHBRNCEAHRET NBSARSSREIRSMARSEHERY CROFRE LS AR Out

.0of conventionally carrying out the distance measurement byt

h .
the dighRce A HIGIAED X LS AT B AT SR e st time of
A A S R S e o
preselfHiGRISIe LUFERBIS: hE OB OICTANTE SIASIAR fd ave gpd 2
.made closer than ceog}/(%ntion%lj}g{h which ene%g(l:?sdgs(?creasing the

iti It 11 nce & Non-¢ ance sefsor on the
posit R R o y windings, SaVEs P measuring Jigs or ol%her,

refere%%%“%ﬁ%?@éé’%tf"{ﬂi@QSHE%UPSOEP&BBH@@:{E&%“%% RRSULME %ﬁ@é*&%g oy than

Zzle and the non-contact distance sensor in the "vertical direction an

convelHEAEEAH, Wc%‘:étﬁﬁ%‘ﬂigs“&%&%é; B ANAGNRL GoRLGHPRAkAh IO

escription of the Drawings FIG? 1 is a perspective view’showing

heave%rk?t“%ﬂ%%%ié@ﬁ%%;ﬁgkq&ﬂdo@ﬂ@}j %a@g%maﬁlﬂfgqm@tf@& of the

present invention. . 2 schema illustrates a control system of the
relatiV8¥eBIBEIRRcn the nozzle and the non-contact distance sensor in the

vertical direction and more accurately adjusting the nozzle clearance than

conventional art.

Brief Description of the Drawings

FIG. 1 is a perspective view showing one embodiment of a liquid application
apparatus according to the present invention.

F1G. 2 schematically illustrates a control system of the liquid application
apparatus according to the present invention.

FIG. 3 is a flow diagram of the operation of the liquid application apparatus
according to the present inventton.

FIGS. 4 (a)-(c) are step charts showing an embodiment of a method of
a&justing the nozzle clearance according to the present invention.

F1G. 5 is a cross-sectional view of a touch sensor shown as an example of the

contact detection sensor used in the present invention.
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apparatus according to the present invention.. 20 FIG 3 is a flow diagram
of the operation of the liquid application apparatus according to the
present invention. FIGS. 4 (a)-(c) areystep charts showing an embodiment
of a method of adjusting the nozzle clearance according to the present
invention. FIG 5 is a cross-sectional view of a touch sensor shown as an
Elanipie ppeispesisenvachdefciion eahastiow nltAdigradeannhivatioon.
-12- FIG. 6 is a perspective view of other embodiment of a liquid
apparatysiieeers dstr Ahasnigssrdity @tpresent invention. FIGS. 7 (a)-(c)
are step charts showing other embodiment of a method of adjusting the
hi9leTclainislarastaraharts thopisgihayermpdsncit ofa eaﬁt?a?%f
step charts showing still other embodiment of a method of adjusting the

adjustig e dhosa R CAAUIIF-RAACBRIIAG IS BIEBTRSERtSRERON. FIG. 9 is
B e R SO ARSI sy o
R T e

e e s Sl BT caon
ﬁkegarance ccording to the R{egenhénvention 15 includes a distance
apparg 538?@%&355&%&9&%8%%uri1n§7 iSthince from a non-contact distance

BTG lt?aﬁ%ﬁfgéea%esﬁeu o &%ﬁg‘%ﬁg ts?ﬁfl%:[ﬂ%? éﬁ‘ﬂﬁ?&i%@iﬂ%}f a method

nhon-con stance sensor, a nozzle contacting step of having the

of ac{JSFAIE L 28] Sammaint M RISEES AHRRR BLIHA AaRIBE detection

Sens astep o |
FIG. 11 is a schematic view of the conventional liquid application apparatus,

Best Mode for Carrying out the Invention

The method of adjusting a nozzle clearance according to the present invention
includes a distance measurement step of measuring a distance from a non-contact
distance sensor to a reference surface of a contact detection sensor by the
non-contact distance sensor, a nozzle contacting step of having the nozzle front end
contacted the reference surface of the contact detection sensor, and a step of
adjusting a nozzle clearance by operating a moving unit based on a corresponding

relations among a distance from the non-contact distance sensor to the work, a

~ condition of the moving unit, and a nozzle clearance, which is derived from the

information obtained by the aforementioned steps.
Especially, in the present invention, a position of making the nozzle contacted
and a position of measuring the distance to the non-contact distance sensor on the

reference surface of the contact detection sensor are the same or made closer than
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adjusting a nozzle clearance by operating a moving unit based on a
corresponding 20 relations among a distance from the non-contact
distance sensor to the work, a condjtjon of the moving unit, and a nozzle
clearance, which is derived from the information obtained by the
aforementioned steps. Especially, in the present invention, a position of
conveniaRing #ié Ndvigh eprblesdearasingodiidnidrenessiningdryy dsdingto
the non-contact distance sensor on the 25 reference surface of the
heavegHislae decasubinadisoPhriigs asmuaiely aidadpisg inematon of the

. conventional art, which enables decreasing the influence caused by . _
relativg RasgonRetvesBileaeas g RsbisHast sReseolsaionhy the

. Information of the relative posi ion(%%ween he nozTIe nd the
verticghAigefias HstReErsRuakt thadiksticg tirRaeh sﬁzemar@sé%aiﬂatay
adjusting the nozzle clearance than 5 conventional art. Further, the
Conv%éQR@T%ﬁﬁt in the present invention is defined as a mechanism or device

Ewﬁ has a function of changing the relative pagsitional, relatign in the .
SRl TR S RO AB RLRA A TREh o bR ism or
cevie AR ARt SO D R O R g O

e D R R R PSS A S o

work fl’fgﬁlﬁ S 2hSHR plgn @E%Mﬁg%%@Egg@ l@%ﬁ&ﬁ!@g@@@t'on Sensor,
_6[ giot 1, the

apparatus 1 accordin e present invention as shown in FIG.

: oA e . | . oal e o
and aRAYRBH'YE é%@%%igfﬁ%)’grg%%@ whigh4 ISR device is

moving of a Z-axially moving table 6 which

not 1i§€§%§§n‘€%%f§?acemﬁ%ﬁ5é§%y Al Abend pilausikAeeSer dPthaving

_ . placed vertically rearward when a
afore RFAIS P AMICRILIO U BeAHHIB, in one embodiment of a sealant application
apparatus 1 according to the present invention as shown in FIG. 1, the moving unit
includes a Z-axially moving table 3 which enables vertical moving of a head
section 4, a sub Z-axially moving table 6 which enables vertical moving of a nozzle
unit 9°, and a touch sensor 16 having a reference surface 19a which is displaced
vertically rearward when a nozzle 9 is put into touch therewith.

Hereinafter, the liquid application apparatus according to the present invention
will be described with reference to FIG. 1. FIG. 1 shows one embodiment of the
sealant application apparatus 1 including the Z-axially moving table 3 as a primary
moving unit, and the sub Z-axially moving table 6 as a secondary moving unit
mounted on a head section 4.

On the front top of a body 2 of the sealant application apparatus 1, there are

provided the Z-axially moving table 3 and sub Z-axially moving table 6 as the

moving unit, respectively.  On the Z-axially moving table 3, a holder 7 as a nozzle
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Hereinafter, the liquid application apparatus according to the present

invention will be described with reference to FIG. 1. FIG 1 shows one

embodiment of the 20 sealant appligation apparatus 1 including the

Z-axially moving table 3 as a primary moving unit, and the sub Z-axially

~ moving table 6 as a secondary moving unjt mounted on a head section 4.
holdingimambemn 560 BodiP2z2e @ ad digat SSEHONBMABIS AR5 there
) are provided the Z-axially moving table 3 and sub Z-axially moving table 6

displagerrabechiN; égvﬂwhé%aé&%?gn@mﬁé%%%ﬂwfﬁ% pigdod movably
. holder 7 as a nozzle -14- holding member, reservoir 8, nozzle 9 and head
in the sa¥dpl AKEGHRPa laser displacement sensor 5 which is a non-contact

R R SR S B T BT o
e B B
it AR R S SR
e T SRR e

N L T T

cement sensor5int

nlaef PR ATEOY IS A o e Pl

e o s Al s e s o
used {RAURRATRMDG VEIL BT L Qv thae: s disnleaemanhsen apideement
sensor 5 in the Z-axial direction correspondingly to a desired nozzle clearance
before applying a sealant to the work 14 as will be described later.

Note that the sub Z-axially moving table 6 1s not limited to the
above-mentioned one that moves the nozzle unit 9' vertically in relation to the head
section 4 but may be a moving unit provided on the laser displacement sensor 5 to
move the laser displacement sensor 5 vertically for adjustment of the relative
position between the nozzle 9 and laser displacement sensor 5 in the Z-axial
direction. Also, the sub Z-axially moving table 6 may be a moving unit that
moves both the nozzle unit 9' and laser displacement sensor 5 vertically
independently of each other for the above adjustment.

The laser displacement sensor 5 is to measure a distance from the sensor 5 to
an object by emitting laser light from its irradiation surface to the object at a

predetermined angle and detecting, at its acceptance surface, the reflected light

coming from the object. It should be noted that the non-contact distance sensor
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move the laser displacement sensor 5 vertically for adjustment of the
relative position between the nozzle 9 and laser displacement sensor 5 in
the Z-axial direction. Also, the sub_Z-axially moving table 6 may be a
moving unit that 20 moves both the nozzle unit 9' and laser displacement
sensor 5 vertically independently of each other for the above adjustment.
couldtredssasdisilatcanemessnso tixidiganeasuid awitensbangotheiodisshsorhat
5to an object by emitting laser light from its irradiation surface to the .
is, it BBjebeA scpsetemingintaaayrdabaares aingasiittiadidianbosaridpsality
the reflected light 25 coming from the object. |t should be noted that the
of sugfbAubRRIMgis AR CRASBFOrISBIREIY AVvddpd A BE NS FELding the
distance without touching the object. That is, it may be a sensor usin
s blise:

Bolder, ihasebioreagmins oo ssakephaBfyd eRTinomE

distance sensars may.be provided on the head sectian. The holder 7 has .
thereqRe! QecRMBIHBIFHINE LR A HESREMIE Aol 216 BRI tHBRRBRIES es with a
e A T S SR SRR DM oy
o R IR P e o

Bt A e e DA B s R e g
o R PR B R I L Sy
ST WD D OB, o
that c%%&g(%}%%ﬁ%%rgg jf‘%}%%%%‘? ro%ﬁ%”r@éé%o@# @B%qé%ﬂﬁézgep%s%ﬂ@ﬁ the

arging 15 from the nozz
reservoir 8 by a mechanical driving unit or a unit including a large liquid reservoir

and pump or the like installed at other than the head section 4 to supply the sealant
under the action of the pump to the nozzle 9 on the head section 4 for discharging
from the nozzle 9.

In the lower part of the sealant application apparatus body 2, an X-axially
moving table 12 and Y-axially moving table 13 are provided perpendicularly to
each Othér. The Y-axially moving table 13 is disposed above the X-axially
moving table 12 and driven by the X-axially moving table 12 to move in the
X-axial direction. Further, a work table 15 for holding the work 14 is disposed on
the Y-axially moving table 13. The work table 15 is driven by the Y-axially
moving table 13 to move in the Y-axial direction.

That is, the X- and Y-axially moving tables 12 and 13 are driven in
combination to move the work table 15 in a desired direction in a plane defined by

the X- and Y-axial directions.
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In the lower part of the sealant application apparatus body 2, an X-axially
moving table 12 and Y-axially moving table 13 are provided
perpendicularly to each other. The jgaxially moving table 13 is disposed
above the X-axially moving table 12 and driven by the X-axially moving
table 12 to move in the 20 X-axial direction. Further, a work table 15 for
THutdingrkhablerk 3 fois g d wiorines plavietphsbing tabld @3 1 Thdt should
work table 15 is driven by the Y-axially moving table 13 to move in the
be noteddxavaiectiont. theavierlkriable dadsmaxkitimimevinguabladlangnanagturemay
driven in_combination to move the work table 15 in a desired direction in a
be a tahlmthathaddsm vasklenclampnaiianisbaisnandlbelpre dtklgmiiatiplds a
for holding a work is planer as shown in FIG. 1. It should be noted

work poorivesitesnge sfdhediierizoabe awies 1esliks-a planer one but may
be a table that holds a work by clamping from abqve an%}t%elow, a gfele
| tRs

It SR 8RB HOIN PHOPOARRAERRS df THE TalkdR Aol Delds BIeLRRES 330
v - A ) LU L AOR AP A6 AECHASLRIEIO e AR il
dircctiqy nRRISGEE o FIORLL AR B RN ATE RB P Vb iared in
e X R s e A5 BB -
et ) G e A T A0 A A BTy
et SN B0 8 L e AR A on o

shape'18'6% (YRS B Ui QR Studpss hsreo!

The work 14 is to be applied with a sealant. It should be noted that in the
production of a liquid crystal panel, a glass substrate is referred to as a "work".

The work table 15 has a plurality of suction holes formed in the top surface thereof
(hereinafter referred to as "work holding surface” ). The work 14 is thus held, by
suction, on the top of the work table 15.

On the top surface of the work table 15, there is provided the touch sensor 16
as a contact detection sensor beside the work holding surface, that is, on a part of
the work table 15, which is not covered with the work 14 placed on the work table
15. The touch sensor 16 includes a housing 18a (of which the body is indicated
with a reference numeral 18) and a movable part 17 fitted in the housing body 18 as
shown in FIG. 5.  When an object touches the top of the movable part 17, the latter
as a whole will go down.

As shown, the movable part 17 includes a reference-surface plate 19 having

on the top thereof a reference surface 19a of which the diameter is about 5 mm, a
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15 (hereinafter referred to as "work holding surface" ). The work 14 is thus
held, by suction, on the top of the work table 15. On the top surface of the
work table 15, there is provided thetouch sensor 16 as a contact
detection sensor beside the work holding surface, that is, on a part of the
work table 15, which is not covered with the work 14 placed on the work
slidingatief2QQ 5oThedimdcht seresond Shiecioliés thabustognetthsf veheshnpe-surface
body is indicated with a reference numeral 18) and a movable part 17
plate Fiteahih ardidingiblpood) 18 ahichdhe stz wiiba sidingshadulhds
the top of the movable part 17, the latter as a whole will go down. As

connegtisivil b dodovablefpdhe housugdbdad yeretiakiicaliblae pneng Wi 2

25 on the top thereof a reference surface 19a of which the diameter is

slidingbele 3 Anfermed thepughy theampordenih dbesgalt ineosmaumirals Withan

bottom of the reference-surface plate 19, and a sliding block 21 toﬂ\ﬁ/ehzi%h £4h
of the

insiderrpas s ectiot ireustiaghyBendrhoslidngnsialedl rd sHdingsble
housing 18a is cylindrical. The housing.18a has g_sliding hole 22 forme
movablfgh IR AL G SN B OR SRR RA @qg]ﬂ(ﬁé@sﬂ&@@% ole
of the housing 18a. The sliding shaft 20 and sliding block 21 of the
22. movable part 17 are fitted in the housing inside space 23 through the

SR e RS ML PR s
oI B DR R AT
G L e
reference surface 19a, the latter will not possibly be strained and the nozzle end
will not possibly be damaged.

The touch sensor 16 also includes electric terminals 25 and 26 at the top
surfaces, respectively, of the housing inside space 23 and sliding block 21.  When
nothing touches the reference surface 19a of the reference-surface plate 19, the
electric terminals 25 and 26 are electrically connected with each other.  When any
thing touches the reference surface 19a, the electric terminal 26 leaves the electric
terminal 25, that is, the electrical connection between the electric terminals 25 and
26 is broken. Thus, the touch sensor 16 detects whether an object touches the
reference surface 19a or not.

The above-mentioned touch sensor 16 may be a commercially available one.
It may be of any other design so long as it can recognize that an object touches the
reference surface 19a and has a movable part 17 that can absorb a long applied
when the object touches the reference surface 19a.

In the sealant application apparatus shown in FI1G. 1, since the laser
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surfaces, respectively, of the housing inside space 23 and sliding block
21. When 15 nothing touches the reference surface 19a of the
reference-surface plate 19, the electric terminals 25 and 26 are electrically
connected with each other. When any thing touches the reference
surface 19a, the electric terminal 26 leaves the electric terminal 25, that
displaissithen e kectsica bosninectian thetwerrctheaiedistaterenseato? Slande 28csce
broken. Thus, the touch sensor 16 detects whether an object touches the
surfac20l fxfasandcer sufiadshtdatorefccT hesebbgdvinte ritionesetodich lsensmnt Gensor
may be a commercially available one. It may be of any other design so
5. Fndeteciicanfabsphizententahobimndhenedarencefardiace $0faveylba
and has a movable part 17 that can absorb a long applied when the
finishedjdependinas e diertrie elafaca-1oatas ki shnsedeniippiedtion
apparatus shown in FIG. 1, since the laser - 18 displacement sensor 5 is
edasthecnsardohtasydistanesidenson, aHabladieviag sudh¥edimeiionally
. mirror-finished to reflect laser light to the laser displacement sensor 5. For
movingiEtoy bidigsaet ibent oidabis, ke rdriBRtEASEHARY ¥Wday be

finished depending upon the type of a non-contact distance sensor used.
XY-disepHonglhisenéae 1 haybeisridnearbiabisple RhBobe used but a
R e et SR e e,

be used but a_smaller, higher-precision XY-directional moving unit may
accurgle ACRIstHISHb %‘@CHP %a}ﬁéfﬁ{&i’?r of the nozzle clearance. 10

ELEE B i sene A i e s e e
signal 1R 28,2, Sensor gt puipHis 3 disfance aver hienhe oyable RAAT
sensor that outputs a distance over which the movable part 17 has been moved. In
this case, even if the moment when the nozzle 9 touches the reference surface 19a
during distance measurement by the non-contact distance sensor, it is possible to
determine a position (Z-axial coordinate) of the Z-axially moving table 3 when the
nozzle 9 touches the reference surface 19a by subtracting a distance over which the
movable part 17 has been moved due to the touch with the reference surface 19a
from the position of the Z-axially moving table 3 when the nozzle 9 touches the
reference surface 19a.

FIG. 2 shows a control system of the sealant application apparatus shown in
F1G. 1. The control system includes a controller having an input unit and display
unit. The apparatus operator can operate the input unit to make entry of liquid
applying conditions and visually recognize, on the display unit, the information

entered and information collected from various units connected to the controller,

The controller sends a drive signal to each of the X- | Y- and Z-axially moving
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this case, even if the moment when the nozzle 9 touches the reference
surface 19a during distance measurement by the non-contact distance
sensor, it is possible to 15 determingga position (Z-axial coordinate) of the
Z-axially moving table 3 when the nozzle 9 touches the reference surface
19a by subtracting a distance over which the movable part 17 has been

tablesmmbed-dueatbytheotoinghtabile thelreferkrtablsydndd ig@ad fappl itaipositiber ant
of the Z-axially moving table 3 when the nozzle 9 touches the reference

informsatfacdd de ABpame2 $hows hcontubiigtenmofalsctibealahtapmsiication
apparatus shown in. FIG. 1. The control system includes a controller

supplisdvirepathie gispmisend dtephy rassrvoiietapagbstbp aisimbeahlopetitdhe
the input unit to make entry of liquid applying conditions and visually

other I@m@rﬂ@ep@ntrnawép|&vnmi@dn@1thf@aﬁ%mﬁl@mr@h anBosfbfmdsnals from
collected from various units connected to the controller. 25 The controller

the tablasdggamwediardreat ther prexdisplagamend senyomnvinychgr no touch
tables, sub Z-axially moving table and waork table, and liquid

of an ghisirlatTEH- tBRVaneNisRIPRELGh P IEIIYB ARA FORHE BN cen the

controls the volume of air supplied from the dispenser 11 to the reservoir

elec“@ﬁ%ﬁ’@}rﬁ%%ﬁng@iﬂ?@q the other hand, the controller is supplied

41 iormaign sch as pesi gl gm it e mermired
o 1 G o en e
R R T e R <
oo R AT NS ol
specialized inputting devices or personal computers. In that case, a personal
computer could be used as the controller in the apparatus of the liquid application
apparatus. In such case, a personal computer is used only for making programs
and the control in the liquid application apparatus is made by the above described
electric circuit, however, the control is possibly made by the electric circuit
mounted in the personal computer.

The personal computer could be set separately from the apparatus of the liquid
application apparatus as described above, or could be accommodated in the liquid
application apparatus body.

Next, there will be described how the nozzle clearance is adjusted in the
sealant application apparatus according to the present invention. It should be noted
that in the embodiment explained below, the coordinate (position and value) of the

Z-axially moving table 3 depends upon the position of the head section 4 in relation

to the Z-axially moving table 3 and the coordinate of the sub Z-axially moving
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specialized inputting devices or personal computers. In that case, a
personal computer could be used as the controller in the apparatus of the
liquid application apparatus. In su_cQchse, a personal computer is used
only for making programs 15 and thé control in the liquid application
apparatus is made by the above described electric circuit, however, the

table GORpRhissnassPIHdRsistuntaE gledittdeirclih moatited: inttiespbrbaalally
computer. The personal computer could be set separately from the

- movirdPRyRigs of the liquid application apparatus as described above, or

could be accommodated in the liquid 20 application apparatus body.
(EmbddExictitere will be described how the nozzle clearance is adjusted in the
sealant application apparatus according to the present invention. It should

"Dein otab othatén the the hgdideppdiqitved ipoy shehoemimatd G. 1) using

(position and value) of the Z-axially moving table 3 depends upon the
the Z-pasifibnobtnehéddsdctiob ZinxeaHjomasitg b B-dxdad toashnge tsiole 1 as
and the coordinate of the sub Z-axially moving -20- table 6 depends upon
the vettizpbpitkition tahgider incrolitios tlanasap B-asiamedi/ g thsle 6.

(Embodiment 1) This embodiment is the liquid application %aratus

explaigedhaliwrrathraSingneette thafiaw drgiagushevn subKatiamnt FIGS. 4
moving table 6 and touch sensor 16 as the vertical position changer. The
(a)-4(ddzzle clearance is adjusted as will be explained below with reference to

the flow diagram shown in FIG. 3 and FIGS. 4 (a)-4(d). (1) Step 1

Q@om@k@@:@?@@@%@b& (Setting of liquid applying conditions):

(2) Step 2 (Setting of liquid applying conditions):

The apparatus operator makes entry of liquid applying conditions such as a
position where the application is to be started, pressure of air supplied from the
application apparatus 11, nozzle clearance, etc.

(3) Step 3 (Distance measurement step):

As shown in FIG. 4(a), the X- and Y-axially moving tables 12 and 13 are
driven for the laser displacement sensor 5 to come to just above the touch sensor 16,
laser light is emitted from the laser displacement sensor 5 to the reference surface
19a of the touch sensor 16, and return light from the touch sensor 16 is detected by
the laser displacement sensor 5 to measure the distance (L1) from the laser
displacement sensor 5 to the reference surface 19a of the touch sensor 16 and also
the position coordinate (Z1) of the Z-axially moving table 3 when the laser
displacement sensor 5 has come to just above the touch sensor 16.

(4) Step 4 (Installation of the nozzle):

The nozzle 9 is installed to the holder 7 of the sub Z-axially moving table 6.

It should be noted that since the nozzle 9 is disposed below the reservoir § to
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The apparatus operator makes entry of liquid applying conditions such as
a position where the application is to be started, pressure of air supplied
from the application apparatus 11, Rpzzle clearance, etc. (3) Step 3
(Distance measurement step): 15 As shown in FIG. 4(a), the X- and
Y-axially moving tables 12 and 13 are driven for the laser displacement
comnsatisatedidicohtel sotgusiadinud dHectoucth 1Seh sopdibicdasahlidiet issemittard to
from the laser displacement sensor 5 to the reference surface 19a of the
the hathlest7séGenelf]pritie ot kght &rbtheheotoie!? demedrit Gisctstactepdsytion m
the laser displacement sensor 5 to measure the distance (LI) from the
relatidaser e tisptatisplane segaeh tontichafevency suvtatattgniofste wilidte
sensor 16 and also the position coordinate (ZI) of the Z-axially moving
nozzledbind wiservivie fafermuisptdecthenttbensoasdasconfahe jnstalbaienty the
touch sensor 16. (4) Step 4 (Installation of the nozzle): The nozzle 9 is
apparaistafipdradahectivder 7 of the sub Z-axially moving table 6. 25 It should
be noted that since the nozzle 9 is disposed below the reservoir 8 to -21-
(GmmitanchENnial theortast mSHEMY be installed together with the
reservoir 8 to_the holder 7. (Generally, the front end of the nozzle 9 is not

sabonsdndésidsRinhertcmeb Xrekadbt mepingemBlssbagds! 3 are
aiveRIERiEE Sh2 aloionin e ing hrel s and sl 3 e cnc
2 S AT ) ot €6 A e C 0oy
nere A BRe s cueh snior 15, 20 e e, o el .
position coordinate (Zn) of the Z-axially moving table 3 at the instant of the touch
sensor 16 no longer detecting pressures applied by the contact of the front end of
nozzle 9 or displacement of the reference surface 19a becoming zero. This
positional coordinate (Zn) of the Z-axially moving table 3 becomes the information
of the nozzle’s position.

In this embodiment, the distance between the position on the reference surface
19a of the touch sensor 16 where the laser light is incident as in step (3) and
position where the front end of the nozzle 9 touches the reference surface 19a as in
step (5) are desirably shorter than the distance between the position in a plane
parallel to the reference surface 19a of the touch sensor 16, which plane is defined
including the front end of the nozzle 9, where the laser light emitted from the laser
displacement sensor 5 is.incident and the position of the front end of the nozzle 9.
That is, the distance between the outer edges of the touch-sensor reference surface
19a in a direction parallel to a line connecting the position in the plane parallel to

the reference surface 19a of the touch sensor 16, which plane is defined including
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10 thereof with the reference surface 19a of the touch sensor 16 to
measure the position coordinate (Zn) of the Z-axially moving table 3 at
the instant of the touch sensor 16 ng,longer detecting pressures applied
by the contact of the front end of noZzle 9 or displacement of the
reference surface 19a becoming zero. This positional coordinate (Zn) of

the fréhg éndxiditheeyindciabieibechmpsdhei itfofaatiane 1asef theplazzlasnt
position. In this embodiment, the distance between the position on the

sensofelakenraduiiagad IRatidhe fahehfeansend 6 fitheradhe dbardghisisably
incident as in step (3) and position where the front end of the nozzle 9

shortdotehe slib el ratarenbesustacehteosiion steth(S) ares debesbthshaseerlight
than the distance between the position in a plane 20 parallel to the

from théctkeswedsspiacenOat sttivetduchisendant 1 dvybistt ward ihddfimetend of the
including the front end of the nozzle 9, where the laser light emitted from

nozzleh® tasthie gisgilace mdrered¢hsdaSeis lighitientramdanedessitbly aftineidsistwith
end of the nozzle 9. That is, the distance between the outer edges of the

the pasilttnsehsoe thierarezdesy toehd9thin igigivendenpanskel %a.a line
connecting the position in the plane parallel to 25 the reference surface
hothefanevendhsangale sloatdtkphdivgt me el adkismag the stepsiaint

~end of the nozzle 9, where the laser light from the laser displacement

distangemaasusamaatandrazadeinuveneaiiontenaloMib s pdageee surface
desirably shorter than the distance between the position in the plane

are efjesed sRaengnelrdhe thislanes QRPISCEMBADOSHIOR DTS hRirIRT GRS

position of the front end of the 5 nozzle 9 or the position where the laser,
surfagiylOR sHciheipuekipaBRPEdRCHRETGE 1R %ﬁwa&m@ﬁgﬁi@@m
touches the reference surface 19a, In the convention nozzle clear

where ReRAEASHS AR HRIEIEAS UIF OB R RS R b B Tisshee

moyvement for touch with the reference surf
surface 19a 15 a d?stance b_etween tﬁe posttion, v@ﬁ

ere the laser hght from the laser
displacement sensor 5 is incident, in a plane parallel to the reference surface 19a of
the touch sensor 16 and which is defined including the front end of the nozzle 9 and
the position of the front end of the nozzle 9 and thus it cannot be shorter. In this
sealant application apparatus 1 according to this embodiment, however, since the
steps of distance measurement and nozzle movement for touch with the reference
surface are effected separately, the position where the distance measurement by the
laser displacement sensor 5 is done and position where touch of the front end of the
nozzle 9 with the reference surface 19a of the touch sensor 16 is detected can be
nearer to each other than in the related art or be coincident with each other. Thus,
itis possible to minimize the Z-axial displacement due to the distortion, inclination
or the like of the touch sensor, accurately measure the Z-axial relative position

between the nozzle and non-contact distance sensor and adjust the nozzle clearance

always to a constant value.
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are effected simultaneously, the distance between the position on the
reference 10 surface 19a of the touch sensor 16 where the laser light is
incident and position where the no%e 9 is put into touch at the front end
thereof with the reference surface I9a is a distance between the position,
where the laser light from the laser displacement sensor 5 is incident, in a
(@E”@E&p’ @|€Af%jﬁ%‘m&@fﬁr@E‘@Eeswféﬁeelﬁéﬁﬁdh%@%ﬁ@héﬁo&@i@%d laser
which is defined including the front end of the nozzle 9 and 15 the position
displaetthedreeheos iaf dhe Nazdld drsectibuy it cannot be shorter. In this
sealant application apparatus | according to this embodiment, however,
Binegl tbe (BtepslabdidianZe Adasucameot dndtepazieamd e tieny falitecidbnal
with the reference surface are effected separately, the position where the
relativigtantdom éaswemeht mottre (B serdlisptachspdac sersdrsbrisatohédasidnce
position where touch of the front end of the 20 nozzle 9 with the reference
Zn-Zlstidacehtmittbedaitthsensmid 6 i»dbettedicanirer refemtocenutiace 19a
other than in the related art or be coincident with each other. Thus, itis
when pbeslitate enfnimizb eHe Bradisp ispheshremsoud tw the dimiohisansor
inclination or the like of the touch sensor, accurately measure the Z-axial
refererglatiugfpssitlShr sdnlcsritiernvkd. ahdnuva-¢ ehsemdasthsoelabiye
_adjust the nozzle clearance 25 always to a constant value. -23- I%6) Step 6
positipadisisenkfitantie repaivellssdmshersiden e lvore Bgdade 0 o move the
displacement sensor in the Z-axial direction): Based on the values (LI, Zn,
sub Zzax inlnduedng sabie 6 uedisathe thenebatiddistagibe pogasrclriness to a
. the nozzle 9 and laser displacement sensor 5 (distance 5 Zn-Z1 from the
desirgdoyitl®8el of the nozzle 9 to the touch-sensor reference surface 19a when
the distance from the laser displacem%nt ensor\%to the touch-sensor

Idratancd sasadbisslenued 18 Hug FmRedRYK ”s@ﬁjﬁé% RiAgeiment

relative . . .
sensor 3 to provide an output Lc when the desired nozzle clearance is Nc as shown

in FIG. 4(¢), the distance from the front end of the nozzle 9 to the touch-sensor
reference surface 19a is (Zn + Z1) + (L¢ — LI) when the Z-axially moving table 3 is
driven to move the head section 4 vertically for the output from the laser
displacement sensor S to be Le.  Thus, for the desired nozzle clearance Nc, the sub
Z-axially moving table 6 should be moved down over a distance of Zn — Z1 + Lc —
L1-Nec.

Note that in this embodiment, the output values L] and Lc of the laser
displacement sensor 5, coordinate values ZI and Zn of the Z-axially moving table 3
and nozzle clearance Nc are all in the same unit and defined so that the coordinate
value of the Z-axially moving table 3 will increase as the head section 4 and the
touch-sensor reference surface 19a move toward each other while the outputs of the
laser displacement sensor 5 and nozzle clearance Nc increase as the nozzle 9 moves

away from the touch-sensor reference surface 19a.
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position is sent from the controller to the sub Z-axially moving table 6 to
move the sub Z-axially moving table 6 vertically, thereby adjusting the
nozzle clearance to a 10 desired valye. That is, in case it is desired in this
embodiment for the laser displacemént sensor 5 to provide an output Lc
when the desired nozzle clearance is Nc as shown in FIG 4(c), the

Eistancedhemithedtoticchendl dbetinoralaf torthd deddhaensahgefgisencecially
surface 19a is (Zn + ZI) + (Lc - LI) when the Z-axially moving table 3 is 15
movirtfivesidproayetedfaad wegionls viestiaatylfontieco unpad diomtie thser
displacement sensor 5 to be Le. Thus, for the desired nozzle clearance
Z-axidlby thewing Zebidlynhovingthbin 6lstuibedabosved dvendber mozzle is
distance of Zn - ZI + Lc - LI - Nc. Note that in this embodiment, the output
replaoelydseliciiviepofsitiotabetvedisivtacerrdansdnson 5;ccdecd idstenegusmsor
Zl and Zn of the Z-axially moving table 3 and nozzle clearance Nc are all
can bénathje stathby ditisimgzdufiyeths subaf theigByriinaio giabke 6. thd husxiuyhe
moving table 3 will increase as the head section 4 and the touch-sensor
sealantfgphcat nfapparstumbyeingithcd swhch -l e irgoatpats ef thethis
laser displacement sensor 5 and nozzle clearance Nc increase as the
embodgpgiat othsoilsReeamnsitinsnb ety esndhasresisardarr-soptass divtance
-24- In this embodiment, the head section 4 has provided thereon the sub
sensop canaNy sV AoTd e gk SRS tRe doAReasiS the distance
__addition to the Z-axially moving table 3 as having been described above.
with a\rghateareAeYs replaced, the relative position between the nozzle and

non-contact distance sensor 5-can be adjusted by drjving only the sub
@hxi§ﬁ9ﬁﬁo%&%l%p@.hﬁﬁﬂé’ﬂ%rﬂ’f@ %ﬁ%ﬁgﬂégﬁo\l{ aratus

having the sub Z-axially maving table 6 as in,thi .
Fﬁ'st,% wor ?42 18 ﬂlogntedv(l)ngt ¢ work Fable 155 and held by suction.

Thereafter, the sealant applying conditions entered in step 1 are sent from the
controller to the X- and Y-axially moving tables 12 and 13. According to the
sealant applying conditions, the X- and Y-axially moving tables 12 and 13 are
driven to move the work table 15 so that the liquid application to the work 14 can
be started beneath the nozzle 9.

Further, a drive signal is sent from the controller to the Z-axially moving table
3. The Z-axially moving table 3 is thus driven to move the head section 4
vertically for the distance from the work 14 to the laser displacement sensor 5 to be
Lc (output of the laser displacement sensor 5 when the desired nozzle clearance is
Ne). Since the Z-directional relative position between the nozzle 9 and laser
displacement sensor 5 has already been adjusted in step 6, the nozzle clearance is
always to the desired value Nc even in case the work 14 is distorted or inclined.

Then, the X- and Y-axially moving tables 12 and 13 are moved for the nozzle

9 to move along a route of sealant application having been set in step 1, to thereby
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embodiment, the relative position between the nozzle and non-contact
distance sensor can be adjusted for the non-contact distance sensor to
measure the distance with a highest accuracy. 10 (7) Step 7 (Liquid
application from the nozzle to the wrk): First, a work 14 is mounted on
the work table 15 and held by suction. Thereafter, the sealant applying

onditio, s sentfr th ller to th
move (LI RV ABARTS SR AcSIRG 10 e et EBpuTg rom

o T P TR P e
: d.b h zZ iV
v 5 S O TG ST D IO ASHA R o

10to &} SCSE%Fgffeon t%%ipé)n SN 3SoH0 @nérg%%ogqyéﬂ g disianeg from the

aser displacement se Le (output of the laser
p deswedn le cl is Nc). Si
e A e AE enween the novsle o and faser
Wﬁ@@ﬁ?&%ﬁﬂ@@%&J&%@'ﬂﬁ@@ﬂ&ﬁsmﬁ@yé{%&e@@ &n 1R ROGALE] 4, the

clearance Is always to the desired value Nc even in case the work 14 is

X- and@'9tased o incines «hes 1hed a9d%-aphedavnrgtaiiesitRendia the air

are moved for the'hozzle 25 9 to move along a route of sealant

suppl FRRICAIIRNARIIRGRSSASHSAIRSIEP! s dpprabyt 2 Bage tinavorkiatier, the

15 in the XY plane. At the same time, a signal is sent from the controller

7-axid¥iNe GPRlisaion anRalaiienld tsvprhedicuidecddiesapwddyingreby
been set in step 1. from the application apparatus 11 to the reservoir 8 via

endin@ifieReaR{aphsehaien. a sealant from the nozzle 9 provided on the
reservoir 8. 5 (8) Step 8 (End of application):

Thereafter, the sealant application is made on a next work 14 or discontinued.
When it is decided that the application is not to be stopped, it is determined in step
9 whether the nozzle has to be replaced or not.  In case no sufficient amount of the
sealant remains in the reservoir § or the nozzle 9 is found clogged, the nozzle 9 has
to be replaced.  Otherwise, it may be judged based the sealant applying conditions
having been set in step 1, such as a time of application, number of works, etc.
whether the nozzle has to be replaced or not. In case it is decided that the nozzle
may not be replaced, the controller returns to step 7 and starts the procedure of
sealant application. On the other hand, in case it is decided that the nozzle has to be
replaced, the controller returns to step S4 and adjusts the Z-axial relative position
between the nozzle 9 and laser displacement sensor 3.

Note that in step 3, with the value to be measured L1 by the laser displacement
sensor 5 being preset to a desired one, the distance measuring from the laser

displacement sensor 5 to the reference surface 19a of the touch sensor 16 could be

repeated until the value measured by the laser displacement sensor 5 becomes L1
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When the nozzle 9 arrives at the end point of application on the work 14,
the X- and Y-axially moving tables 12 and 13 are stopped from being
driven and the air supply from the application apparatus 11 is stopped at
the same time. Further, the Z-axiallgémoving table 3 is driven to move the
head section 4 upward, thereby 10 ending the sealant application.

ST T T
pos e e B TR B B
e R A S s s AL R o
o o O S AL S

. npt ke replaced, the.controller re Step 7 and starts the procedure
S1mp1(1)1$l e CcaiCl a?mnt.et‘“or %ﬁ?ﬁeuéé%ﬂ%é%ﬁ‘

sealant application. nd, ™ case it is decided that the

e T R S

axl een the'nozz aser |splacement

value(sjﬁsﬁgég’sﬂggpbf%@1&&%?&5%1%@%@%'&?1%?3 WREAUIRIddReinRasRy

Isplacement sensor 5 beingpreset to a desired one, the distance

cleardBERINMY B RR 1859, (SRACRSN SNSRI E—%Bdﬁ?%@&?ﬁ%?ﬁﬁe%w&ﬁ%e

1.9a of the touch sensor 16 could be 25 repeated until the value
nozzldeasuadRy thedpsensisnlassspenst sensor S becomes L1 -26- based on

which the Z-axially moving table 3 could be operated to memorize the

PRpibOR ppoHRah & 1bE SRvdahe MAEASHED a3 deilisMetaedsure the

because the value LI measured by the laser displacement sensor 5 is
distaddeadhkiiVHiglidveyc ool siokadbtaathdnasswiesdasy. fherthesr

setting of the value LI to zero will
displacement sensor 5 is zero, so the displacement between the nozzle 9 and laser
displacement sensor 5 can be corrected accurately.

In case it is decided in step 9 that the nozzle has to be replaced, the controller
may return to step 3 and effect the distance measurement by the laser displacement
sensor 5 again.  Thus, the position of the laser displacement sensor 5 can be
confirmed at each replacement of the nozzle. However, since the laser
displacement sensor 5 is always left installed, it is unlikely that the position of the
laser displacement sensor 5 varies. So, the distance measurement 1n step 3 should
preferably not be effected at each replacement of the nozzle for quick adjustment of
the Z-directional position between the nozzle and laser displacement sensor.

In this embodiment according to the present invention, the steps of distance
measurement and nozzle movement into touch with the touch-sensor reference

surface 19a are effected separately, and the nozzle clearance is adjusted on the basis

of information obtained in the above steps. So, the nozzle may be moved into
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5 simplify the calculation for easier understanding. Also, in step 6, the sub
Z-axially moving table 6 may be driven so that the value Lc measured by

the laser displacement sensor 5 when the desired nozzle clearance is Nc
becomes zero, to thereby adjust thelZ-axial position between the nozzle 9
and laser displacement sensor 5. 10 Especially, since the laser

oven JTACHEER SEOSR0AAED BTSN AEUENE Aol Brtes o
the org‘%{&?%ﬁq%%ggc%ﬁf@ (%%P'ﬁ?ﬂ@?@&@ﬂ@ R NEMRZAISI%ARY 188515

Isplacement sensor be corrected accurately. In case it is decided
in step 9 that the nozzle has to be replaced, the controller 15 may return
to step 3 and effect the distance measurement by the laser displacement

(Embggﬂﬁgﬁpz'a)gain.-Thus, the position of the laser displacement sensor 5 can
be confirmed at each replacement of the nozzle. However, since the laser

TIRRRGEMe Seneeh &inaw ay i destahng. flgs utikehhiniat G PDignhe

of the laser displacement sensor 5 varies. So, the distance measurement

step chinsian FRHguI @9-pieferakitnoidieseiiesiedal eatinrenlacamentalhihe

nozzle for quick adjustment of the Z-directional position between the
applicadAiepparaser(dispRicensgnh sehteh iy iseialigdinemh acabididgital touch
the present invention, the steps of distance measurement and nozzle
sensoff®yemeidnio oy obrtiithltbe snimh densgrefetendmgidacoita are
effected separately, and the nozzle clearance is adjusted on the basis 25
embodfrindatroétiba plysine dincieahovét stemsldSbe ihetedtizie npEyrdfeomoupdo step
into -27- touch with the reference surface 19a before the distance is
5 in Fikg b ured:ffegardashafingcbeate destitite desdpective steps. In this case,

step 3 is effected after step 5. (Embodiment 2)

In step 6, the Z-axial relative position between the nozzle 9 and laser
displacement sensor 5 is adjusted. In this adjustment, a Z-axial relative position
between the nozzle and laser displacement sensor (distance Zn-Z1 from the front
end of the nozzle 9 to the touch-sensor reference surface 19a when the distance
from the laser displacement sensor 5 to the touch-sensor reference surface 19a is
L1) is obtained based on the values (L1, Z1, Zn) measured in steps 3 and 5 as shown
in FIGS. 7(a) and 7(b).  So, a value Lc is measured based on the relative position
by the laser displacement sensor when the desired nozzle clearance to the work 14
is Nc. (see FIG. 7 (¢).)

That is, when the desired nozzle clearance is N¢, the value Lc measured by the
laser displacement sensor is Le¢ = —Zn + Z1 + Nc + L1 In step 7, the Z-axially
moving table 3 is driven for the laser displacement sensor to measure the value Lc,

to thereby move the head section 4 and adjust the nozzle clearance to the value Nc.

Step 7 and subsequent steps are effected as shown in FIG: 3.
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5 There will be explained with reference to the flow diagram in FIG 3 and
the step chars in FIGS. 7 (a)-7(c) how to adjust the nozzle clearance in a
sealant application apparatus (see FIG. 6) in which the Z-axially moving
table 3 and touch sensor 6 are usedfas the vertical position changers
according to another embodiment of the present invention. It should be
(Bm b noted th;%operations up to step 10 5in FI_G. 3 are effected as having
ribed above. In step 6, the Z-axial relative position between the

rg"zz'e r%f‘;{agﬁm%@ RN ﬁd Adid sés&ﬂe t%ﬁ@@éﬁ%@t

positio e nozz e and laser ISp lacement

apphcta ALY s@% ReEAB Bp E?:li@ﬁ E‘\leﬁidhﬁﬂé’@ﬂ? £dmifeat in the

sor reference su en the distance 15 from the laser

embogﬁ?éﬁ%%me“ﬁ}%‘%’&ﬁﬁé&ﬁﬁ@ﬁﬂ?%S&ﬁﬁeﬁi%%fﬁnpﬁl%iff&&&aﬂénkléaéh

ained based on the values [, Zn) measured in steps 3 and 5 as

other a@w@owsF'Grﬁ R A TR0 AV AIUE KO8 MYIREAASO0 OMmheed into

relafive position by the laser displacement sensor when the desired

touchRoaReleataRsEIodngaverkdd tieNVCat688 ¥ Keo Vit faBR T divndieto put

the desired nozzle clearance is Nc, the value Lc measured by the laser

the ndisRlarams i sens@kie Weont A d Bhrebewith fifesteferkribe Frefwedyl 9a of the

moving table 3 is driven for the laser displacement sensor to measure the

touch\@Hsoka.610 themby mdiihechead bestiard dndsat) Btttialhpaaleving table 6
clearance to the value Nc. Step 7 and subsequent steps are effected as

is drivhewpaiiie 8025138 tkombadimanha)ftiereoni betkthiairderbnoe teurface
adjust the nozzle clearance in the sealant application apparatus shown in

19a oFiGe lolwhaseigihotidifférerthieonitiia ienthediment 1, the Z-axially moving

table 3 is driven to move the nozzle 9 vertically in step 7. In this embodiment 3,

however, the sub Z-axially moving table 6 is driven to move the nozzle 9 vertically.

Thé nozzle clearance adjustment by this method will be explained below with
reference to the flow diagram in FIG. 3 and the step charts in FIGS.8 (a)-8(d). It
should be noted that the description having previously been made of the
embodiment 1 covers all things not particularly described herebelow.

(1) Step 1 (Power-up):

(2) Step 2 (Setting of liquid applying conditions):

(3) Step 3 (Distance measurement step):

As shown in FIG. 8(a), the X- and Y-axially moving tables 12 and 13 are
driven for the laser displacement sensor 5 to come to just above the touch sensor 16,
laser light is emitted from the laser displacement sensor 5 to the reference surface
19a of the touch sensor 16, and return light from the touch sensor 16 is detected by

the laser displacement sensor 5 to measure the distance (L) from the laser

displacement sensor 5 to the reference surface 19a of the touch sensor 16.
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embodiment 1. This embodiment 3 and embodiment 1 are different from
each 5 other as follows. In the embodiment 1, in step 5 where the nozzle 9
is moved into touch with the reference surface 19a, the Z-axially moving
table 3 is driven to put the nozzle 92%to touch at the front end thereof with
the reference surface 19a of the touch sensor 16. In this embodiment 3,

w su X|al vm e 6 is driven to put the nozzle 9
%ﬁ % Hﬁl’ﬁ%@%’f & retirence surface 10 19a of cheZtouch
the in th em nt 1, the Z-axiall ing table 3 i
(gi a{%)m O%een%%% 4 %?{%ﬁ/ in stes 7. ?ri(lt%iz ?rggg]cﬁmgnteB >
AQuessh erih il Roving RIaAIs fibeRinme (e gaeR.

vertica y The nozze tlearance adjustment by this will be

driven ﬁ‘?) i |n %t}g‘ggg g%ﬁ |oMe AL AL EHG 63 AR G I8P sub

hou e noted that the description

) i f t t t
2 AT en e e A e

thered SEHNYIRS liorirbapp yingeendtionsihd B RBRE (LIS RS MeRsuEament
step): 20 As shown in FIG 8(a), the X- and Y-axially moving tables 12 and

positids @68rJIAR Q7P JASRE diSPIACRRLNY S80S © (ehtoBatitiusinbake nozzle
the touch sensor 16, laser light is emitted from the laser displacement

9 touctRRSPI R dhesseigrenee surface 19a of the touch sensor 16, and return
light from the touch sensor 16 is detected by the laser displacement

nsgidpta ?}%ﬁm’@ distanaeldtivisgroshladet Redishiacemsstand laser

sensor b to the reference surface 19a of the touch sensor 1.6. -29- (4)
displaStench(lnsiatiatinyohthel dozttelon(p) Step 5 (Nozzle contacting step):

Based on the values (L1, SZn) measured in steps 3 and 5, the Z-directional
relative position between the nozzle 9 and laser displacement sensor 5 is
determined.

That is, when the distance from the laser displacement sensor 5 to the
touch-sensor reference surface 19a is L1 and the sub Z-axially moving table 6 isin a
position indicative of the coordinate SZn, the front end of the nozzle 9 will be in
touch with the touch-sensor reference surface 19a. Therefore, for a desired nozzle
clearance Nc¢ when the laser displacement sensor 5 outputs an output Lc, the sub
Z-axially moving table 6 should be driven for the coordinate to be SZn — (L1 - Lc)
— Ne.

Note that in this embodiment 3, the output values L1 and Lc of the laser
displacement sensor 5, coordinate SZn of the sub Z-axially moving table 6 and
nozzle clearance Nc are all in the same unit and defined so that the coordinate value

of the sub Z-axially moving table 6 will increase as the head section 4 and work 14

move toward each other while the output values from the laser displacement sensor



10

15

20

25

As shown in FIG 8(b), the X- and Y-axially moving tables 12 and 13 are
driven for the nozzle 9 to come to just above the touch sensor 16, and
then the sub 5 Z-axially moving table 6 is driven to put the nozzle 9 into
touch at the front end thereof with tR€ reference surface 19a of the touch
sensor 16 to measure the position coordinate (SZn) of the sub Z-axially

5 and g{%%%rl? (IE bl?a & ﬁ‘@ ﬁ%}%é@g Ko ﬁ%éem?lz%%c@ ‘?ﬁ&@&ta%zﬁ;&ﬁ? f(lfsfw@k 14.

P justment o erelative position between the € and laser

T S e D A 3 B o
BRANSPR IR 192 GR AN PSRIRISHBRR AN SenaRt hitaeiiRiie  The

afis, when Istance from the laser displacement sensor 5 to the 15
sub Zlgﬂgl?ﬁ?ﬁﬁfiﬁ%f?ﬁﬁﬁ@ﬁ ?é‘ﬂﬂﬁ?eﬁ%%éﬂcﬁ%%éﬂ@r%ﬂ%@%iﬁ@‘ﬁ%@gmg

table 6'is In a position indicative of the coordinate SZn, the front en

conditsheerale Qv hedn ipEcRithdhetauebmenrer tefaience sugraxi fay

Therefore, for a desired nozzle clearance Nc when the laser

movitiSRIBREMEN; $ENSP! S/0HBHISRAN O UL Hlattenpply drasighiitioNiNthe X-
table 6 should be driven for the coordinate to be SZn - (LI - Lc) 20 - Nc.

and YNGR IRahinHhis: eamtesimentiB 1 herewlpvicraiuan sl antelw ofitheliases so that

displacement sensor 5, coordinate SZn of the sub Z-axially moving table 6

the liqnd A97dedeatente Nodd 4ltimtbe samed bisresadldgfinedzsdetiSat the
coordinate value of the sub Z-axially moving table 6 will increase as the

Feat aeatidri veangnabik eh P& omtbdawatticdketother Avaitealte mapintg table

values from the laser displacement sensor -30- 5 and nozzle clearance Nc
3. Theréaseialdthendnz)eddncvisstbwagriran themvork the head section 4
vertically for the distance from the work 14 to the laser displacement sensor 5 to be
Lc (output of the laser displacement sensor 5 when the desired nozzle clearance is
Nc¢) as shown in FIG. 8(c). The value Lc should be a one for the highest accuracy
of measurement by the laser displacement sensor 5. Also, since the sub Z-axially
moving table 6 has already been moved up, the nozzle 9 will not possibly collide
with the work 13.

Thereafter, the sub Z-axially moving table 6 is moved for the coordinate of the
sub Z-axially moving table 6 to be (SZn — (L1 — Lc¢) — Nc) as shown in FIG. 8(d).

In this embodiment, since the horizontal positions of the nozzle 9 and work 14
are changed by driving the X- and Y-axially moving tables 12 and 13 without
driving the Z-axially moving table 3, so the work 4 is not moved vertically (in the
Z-axial direction). The output value Lc from the laser displacement sensor 5 will
be changed correspondingly to an undulation or inclination of the surface of the
work 14. However, even if the output Lc has varied, the ﬁozzle clearance Nc can

be adjusted to a desired value by moving the sub Z-axially moving table 6
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(7) Step 7 (Liquid application from the nozzle to the work): First, a work 14
is mounted on the work table 15 and held by suction. The sub Z-axially
moving table 6 is moved upward. Thereafter, the sealant applying 5
conditions entered in step 1 are sertlifrom the controller to the X- and
Y-axially moving tables 12 and 13. According to the sealant applying

he X- and Il I
COHGSCO l%%rgv&%r aﬁa%rllfg & a ﬁ;% I%%l|ta%§§ %)pﬁ iljgﬁﬁe Wor can n 0~

Ne) be started beneath the nozzle 9. Further, a drive signal is sent from the
' controller to the Z- axiaIIy moving table 10 3. The Z-axially moving table 3

eé‘;;glrgq ;igfsg Syae N‘?a %&)ch WVRICHY, Tor dhedbstanceiiomy

ce ents nsor 5 to be Lc (output of the

apphch‘?]&’i HisP @%e{%k?gﬁ ASAE VW08 196 B 1944616 BRCRIBMNAN Afe Teft

own in e value Lc should be a oné for the highest accuracy

fixed &f[ %%%@gﬁgb &%@gfnd@g@@‘%QWensor 5. Also, since the sub

Z-axiglly 15 moving table 6 has already been moved up, the nozzle 9 will

(Rpt @éﬂtgy Eﬂh({?fﬂﬁ Mitheingrk 13. Thereafter, the sub Z-axially moving

table 6 is moved for the coordlnate of the sub Z-axially moving table 6 to
be (SZn - (LI - Lc) - Ne) as shown in FIG. 8(d). In this embodiment, since
the horizontal positions of the nozzle 9 and work 14 20 are changed by

(EmbdéHivitg il X- and Y-axially moving tables 12 and 13 without driving the
Z-axially moving table 3, so the work 4 is not moved vertically (in the

ﬂs@ﬁi@ﬂ‘ﬂ@ie@ﬁﬁfﬁd’ﬁhemlﬁﬁﬂwﬁt&m frove it senditipldoeeljt sengdhe
5 will be changed correspondingly to an undulation or inclination of the

nozzlsuttacemidive wirg the Howil eppdienisiheppatpind withsvtaredeehio FIG. 9,
nozzle clearance Nc can 25 be adjusted to a desired value by moving the
havinguheZsakidlyarialingiabiagtable 6 provided on the head section 4 as a moving
unit will be explained below with reference to the flow diagram in FIG. 3 and the
step charts in FIGS. 10 (a)-10(d). 1t should be noted that the description having

previously been made of the embodiment 1 covers all things not particularly
described herebelow.

(1) Step 1 (Power-up):

(2) Step 2 (Setting of liquid applying conditions):

(3) Step 3 (Distance measurement step):

As shown in FIG. 10(a), the X- and Y-axially moving tables 12 and 13 are
driven for the laser displacement sensor 5 to come to just above the touch sensor 16,
laser light is emitted from the laser displacement sensor 5 to the reference surface
of the touch sensor 16, and return light from the touch sensor 16 is detected by the
laser displacement sensor 5 to measure the distance (L1) from the laser

displacement sensor 5 to the reference surface of the touch sensor 16.

(4) Step 4 (Installation of the nozzle):
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correspondingly to the varied output Lc for the coordinate to be (SzZn - (LI -
Lc) - Nc). Also, the nozzle clearance Nc may be adjusted only at start of
the sealant application to each work and the sub Z-axially moving table 6
may normally be left 5 fixed during #8e sealant application, as necessary.
(8) Step 8 (End of application): (Embodiment 4) As another embodiment

@th§%§ﬁewgﬁ %Figog%gcq}gthgg ~adjusting the 10 nozzle clearance by
in qui icati

n"apparatus with reference to FIG. 9, having the

A DETAERNS Ko SR e s e

unit X OW with reter lagram In FIG. 3

drivelg@grtﬁle _ﬁbe#féhé% KIS % jzgt(ﬁi)&{?édt}lét@ﬁ%ﬁ@eﬁfsgﬁoi‘?ﬂ It then the sub

escription having previou een made of the embodiment 1 covers all

Z~axi@é§§%&}gﬁe¢%ﬁﬁi‘}fé@r%,gﬁ%ﬁq hrEsheIoNE $LhRITBIHPAVRE WIn{2hd

ing of liquid app ying conditions): (3) Step 3 (Distance
thereRSATH BSOS IGR ASrFROWNIR 51 Gh @M REsoANE Yo-Adaluraaving

tables 12 and 13 are 20 driven for the laser displacement sensor 5 to

positil%ﬁﬁ%%é?cﬂﬂﬁtéleSﬁsf@ftﬂfecmﬁﬁsgﬁaﬁy Rasrilightislemitethtemte nozzle

aser displacement sensor 5 to the reference surface of the touch sensor

9 toudif2iMe it Hghtdhona the touch sensor 16 is detected by the laser
displacement sensor 5 to measure the distance (LI) from the laser

%?L?%S@g g(}\(ﬁlﬁgﬁﬁaﬁ%ﬁ;fﬁgﬁztﬁﬁe@) @%@_ﬁﬁﬁdﬁi@d@u@heﬁ@zﬂelﬁld laser
displacement sensor in Z-axial direction):

Based on the values (L1, SZn) measured in steps 3 and 5, the Z-directional
relative position between the nozzle 9 and laser displacement sensor 5 is
determined.

That is, when the distance from the laser displacement sensor 5 to the
touch-sensor reference surface 19a is LI and the sub Z-axially moving table 6 is in a
position indicative of the coordinate SZn, the nozzle 9 will be in touch at the front
end thereof with the touch-sensor reference surfape 19a. Therefore, for a desired
nozzle clearance Nc when the laser displacement sensor 5 outputs an output Lc, the
sub Z-axially moving table 6 should be driven for its coordinate to be SZn — (L1 -
Lc) — Nc as shown in FIGS. 10(c) and 10(d).

(7) Step 7 (Liquid application from the nozzle to the work):

First, a work 14 is mounted on the work table 15 and held by suction. The
sub Z-axially moving table 6 is moved upward. Thereafter, the sealant applying
conditions entered in step 1 are sent from the controller to the X- and Y-axially

moving tables 12 and 13, According to the sealant applying conditions, the X-

and Y-axially moving tables 12 and 13 are driven to move the work table 15 so that
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(5) Step 5 (Nozzle contacting step): As shown in FIG 10(b), the X- and
Y-axially moving tables 12 and 1.3 are driven for the nozzle 9 to come to
just above the touch sensor 16, and then the sub Z-axially moving table 6
is driven to put the nozzle 9 into toush-at the front end 5 thereof with the
reference surface 19a of the touch sensor 16 to measure the position

. cogrdinate (SZ h —axiall i t4he fi |
e R T T
LA PR s st o o

time and %fé’@ﬁﬁ@@ﬁﬁf%ﬁﬂgﬁm&%twﬁ% WENQZER Rabddaseate to be (SZn
ISp r5is d

splacement sens ermined. That is, when the distance from the

_ lagendi t 188 PROEIGHRIBPCNTWACBl AR
(L1 Lliée?r?d ti%{%%% -axiglgﬁrﬁ)%%loé%}éqg%? i§1 a 15 position indicative of the !

desire@@féjcizﬂ%@ SZn, the nozzle 9 will be in touch at the front end thereof with
the touch-sensor reference surface 19a. Therefore, for a desired nozzle

GlafianReadNa vhen, thelasesdisplaseaeniseriser tatdutpl?saaid dBtaut isoved

the sub Z-axially moving table 6 should be driven for its coordinate to be

durinSEPplitatidslo MeaagshheniniFbaE] bogiand AD(H) A6 Stapd work 14.

Liquid application from the nozzle to the work): First, a work 14 is
TiRupiggaTibe bk ke diSpdactheald thessotiony s dapeidiagliypon

moving table 6 is moved upward. Thereafter, the sealant applying
undulatigitonsehterteninStbe hiafaseof tloemwbekcbhitrollerdn ihghx-cariput Le

Y-axially moving tables 12 and 13. According to the sealant applying
variegahditons]¢hdesan ey earidiy keptiagatalsissetbvatae1syamoging e sub

move the work table 15 so that _ . .
Z-axially moving table 6 correspondingly to the variation of the output Lc for its
coordinate to be {SZn - (L1 — L¢) — Nc).

Also, the nozzle clearance Nc¢ may be adjusted only at start of the sealant
application to each work and the sub Z-axially moving table 6 may normally be left
fixed during the sealant application, as necessary.

(8) Step 8 (End of application}):

(Embodiment 5)

Next, there will be explained how to adjust the nozzle clearance in case the
movable part 17 of the touch sensor 16 is supplied with a signal of a distance over
which the reference surface 19a of the touch sensor 16 has been moved.

For example, in the liquid application apparatus according to the embodiment
1, in case the reference surface 19a of the touch sensor 16 has been moved down
over a distance of d when the coordinate of the Z-axially moving table 3 is Zn in

step 3, the distance from the front end of the nozzle 9 to the touch-sensor reference
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-33- the liquid application to the work 14 can be started beneath the
nozzle 9. With the output of the laser displacement sensor 5 being taken
as Lc at this time and the sub Z-axially moving table 6 being driven for its
coordinate to be (SZn - (LI - Lc) - N&§ as shown in FIG. 10(d), the nozzle
clearance Nc can be made a 5 desired distance. In this embodiment, the

X-.and. Y axial ing, t 12 and.13 j igati
o SRR R A A TR o roR

displaQaiRL e IaseL dRRIRRENIRNL PRORAL RS RPANG G ypon

ion or Inclina e sur e work 14. Even Iif the output
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moving the s axially moving table 6 correspondingly to the variation
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nozzle clearance Nc may be adjusted only at start of the sealant

refercARRIGAY gt‘? Wl‘%‘i’ggﬁgﬁdﬂﬁﬁﬁqﬁqﬂ@u Mpvingiaieiésmaye over which

normally eft 15 during the sealant application, as necessary. (8)

the subtoRALEN PhRRYGatan) i bRdinRRRIINextfdhere ddkhedxplaied

how to adjust the nozzle clearance in case the 20 movable part 17 of the

cleardQMCRSE830F 16 srupRliedwithia:signal ol digtance over which the

reference _surfac_e 1_9a of the touch sensor 16 has been moved. For
SHAMAIR, ihthe liggideaplitie apppatus aecoutitio otththe ratrddidientnt 2,
1, in case the reference surface 19a of the touch sensor 16 has been

in casPayedadomn ce Vel tadistancefahd whah thensoortinizae béthenzoaxidilown over

moving table 3 is Zn in 25 step 5, the distance from the front end of the
a distnezelg Hiethdtotsbréantergbiarereaxially moving table is Zn, the distance
from the front end of the nozzle 9 to the touch-sensor reference surface 19a is Zn —
d ~ Z1 under the assumption that the distance from the laser displacement sensor 5
to the touch-sensor reference surface 19ais LI So, when the desired nozzle
clearance is Nc, the output of the laser displacement sensor 5 will be ~Zn + d + ZI
+Nc+ LI  Therefore, by moving the head section 4 with the Z-axially moving
table 3 driven for the output of the laser displacement sensor 5 to be Lc, the nozzle
clearance will be adjusted to the desired distance Nc in step 7.

Also, in the liquid application apparatus according to the embodiment 3, in
case the reference surface 19a of the touch sensor 16 has been moved down over a
distance d when the coordinate of the sub Z-axially moving table is SZn, the
coordinate of the sub Z-axially moving table will be SZn — d in step 5 under the
assumption that the distance from the laser displacement sensor 5 to the
touch-sensor reference surface 19ais LI Since the front end of the nozzle 9

touches the reference surface 19a at this time, the nozzle clearance will be adjusted

to the desired distance Nc by moving the sub Z-axially moving table for the
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-34- surface 19ais Zn - d - ZI under the assumption that the distance from

the laser displacement sensor 5 to the touch-sensor reference surface

19ais LI. Therefore, in case it is arranged that the output of the laser

displacement sensor 5 is Lc, the didfance from the front end of the nozzle

9 to the touch-sensor 5 reference surface 19a will be (Zn - d - ZI) + (Lc -

LI), and the distance .over which the {afly meving fahle &4s to
coord AT B B P A g S e R Wb e o st
7 - LI - Nc - d. Similarly, in the liquid application apparatus according to the

embodiment 2, in case the reference surface 19a of the touch sensor 16

o ; : : _
R B RN B b A GIAAIES AR RO et 4, in
case tﬂé%ﬁf‘réﬁﬂg%ﬁﬁ%’ NEfRIENce RIMEACRASS IS #Rastbedh wRseEdNEown over a

assumption that the distance from the laser displacement sensor 5 to the

distaniV8NARNS B dRIE5PIRE RUHRAS 1A I Idx ROIYMRER e [des 60 a8Zzlein step 5,

clearance is Nc, the output of the laser displacement sensor 5 will be -Zn

the frdnd dndl dPtdNozAd Theneiaie (hy adnectheurfad Seetiaménvtitle trerdinate

Z-axially moving table 3 driven for the output of the laser displacement

of theSEISP-2xNe hotRenasiies slegrancedvihberativatad igpthendgsitatic

distance Nc in step 7. Also, in the liquid application apparatus according to

distaribe onihedineshae iudase lta refereneamshrfaasctdecdbthe tosah Hensorzie
16 has been moved down over a 20 distance d when the coordinate of
cleardheeswt] Zhaxialjy snalvioglishle i &7 didhe codidinmtsopl THeysotoZiagigily sub
moving table will be SZn - d in step 5 under the assumption that the
7-axidlpjames frgndbk: lafer disptaceient sefsbeSub thextibhmendog table 6 to
reference surface 19a is LI. Since the front end of the nozzle 9 touches
be SAhe-réfdrerice)suiface d9a at this time, the nozzle clearance will be
adjusted

Industrial Applicability
As having been described in the foregoing, the liquid application apparatus
and nozzle clearance method according to the present invention are applicable to a

liquid application apparatus for applying a liquid discharged from a nozzle to an

object as well as to the fields of liquid crystal display, semiconductor device, etc.



25 to the desired distance Nc by moving the sub Z-axially moving table for
the -35- coordinate of the sub Z-axially moving table to be SZn - (LI - Lc) -
Nc - d in step 7. Further, in the liquid application apparatus according to

the embodiment 4, in case the refefénce surface 19a of the touch sensor
16 has been moved down over a 5 distance d when the coordinate of the

sub Z-axially moving table 6 is %%ﬂg%l\gfgp 5, the front end of the nozzle 9
touches the reference surface 19a whenthe coordinate of the sub

Z-axially moving table 6 is SZn - d under the assumption that the distance
to the reference surface 19a of the touch sensor 16 is LI. So, the nozzle

10'ea%ﬁ%@@&r}%ﬁé@ﬁ%ﬁ%&%ﬂ&%@t%t%%ﬁea'}h%%%m& Dy /BHia%

the s axially 6 for the coordinate of the sub Z-axially

desireﬁ?éﬁﬂ% Eﬁbﬁ%ﬁ% %%@g&l 160 abGArabl v dRAUSK L ARPHFRIIBE &6 from the

ving been descri In the foregoing, the liquid application apparatus

nozzletR %%gﬁgg%ﬁﬁg%pﬁje )diagcording to the present invention are
app

le to a liquid application apparatus for applying a liquid

(A5 RBLaGHE AR AHAZHEIOSH %@ﬁfézﬁ%ﬁ’ﬁ%ﬁ%ﬁ%l\ﬂ fieletsnob dgtidt distance

crystal display, semiconductor device, etc. -3 1. A method of

sensoPiSHRg AR P AR PRINE ERARDZAE Rdstaneskitom destied- bt a
liquid application apparatus wherein a liquid discharged from the nozzle is

distan2PRESAIP the \WeldscpRRBHRNG: () Actstancdaeatsmanpesisiepceting a

measuring, by using a non-contact distance sensor positioned in parallel
contadVidiT the nezzk, Aslistandeidniibeasforenontastface opposite to the nozzle
front end,

(b) a nozzle contacting step of making contacts with the nozzle front end and
the reference surface of the contact detection sensor to obtain a positional
information of the nozzle,

(c) a distance measurement step of measuring, by the non-contact distance
sensor, a distance from the non-contact distance sensor to the work before applying
the liquid to the work, and

(d) a step of adjusting a nozzle clearance to a desired value based on the
relative positional information between the nozzle and the non-contact distance

sensor determined by the distance measurement step (a) and the nozzle contacting

step (b) , and the distance determined by the distance measurement step (c).

2. A method of adjusting the nozzle clearance in the liquid application
apparatus according to claim I, the distance measurement step (a) comprises a step
of adjusting a distance between the reference surface of the contact detection sensor

and the non-contact distance sensor to a desired value.



distance sensor to a reference surface of a contact detection sensor
detecting a contact of the nozzle front end with the reference surface
opposite to the nozzle front end, (b) a nozzle contacting step of making
contacts with the nozzle front end-ahti- the reference surface of the
contact detection sensor to obtain a positional information of the nozzle,

3(C) dl"l%’(ta%ﬂgﬁ ae a(ﬁgll; r%:%?tﬁBzo% g‘@i%ﬁ?ﬁﬁ@e by the i 1&2@?@&%% n

dlstance Sensor, rom the non-contact stan es
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nozzle on the relative positional

of the 'PiIRAL %ﬁ%@tﬁ\q‘ﬁ%&;ﬁggﬂﬁﬁfﬁl@%ﬁh@oﬂ%&%‘fg%{&%@ﬂ&% ReN$Risted
ed by the

etermin stance measurement step (a) and the nozzle

based Qﬁmﬁﬁtiﬂ%aﬁﬁ@r{@m apdiPe pialRare Arieminethnibe- disiang&iistance

measurement step (c). 2. A method of adjusting the nozzle clearance in

sensof8 tkid-anelicationapparalis @naarding e dndbe slistanedn-contact

measurement step (a) comprises a step of adjusting a distance between
distanthed@fgggnce surface of the contact detection sensor and the non-contact
distance sensor to a desired value. -37- 3. A method of adjusting the
nozzle clearance in the liquid application apparatus according to claim 2,
wherein the distance between the reference surface of the contact

fletestiorserBor adfhithih pahccontatt distancesénsbe i quijdsipplitaised

on the measurement result of the distance from the non-contact distance
apparsensacdorthie geferdnne Jyunkdea ahthiecodistacicedietiiensénsoefoyethes surface

non-contact distance sensor. 4. A method of adjusting the nozzle
of theateatantd dtettéolinsed sppiicdtiba non-contact distance sensor is adjusted by
continuously measuring the distance from the non-contact distance sensor to the
reference surface of the contact detection sensor by the non-contact distance sensor

until the distance becomes to be a predetermined value.

5. A method of adjusting the nozzle clearance in the liquid application
apparatus according to any one of claims 1-4, wherein the positional information of
the nozzle obtained by the nozzle contacting step (b) is the coordinates value
indicated by a moving unit, which relatively moves the nozzle and the reference

surface of the contact detection sensor to each other.

6. A method of adjusting the nozzle clearance in the liquid application
apparatus according to any one of claims 1-5,wherein the reference surface of the
contact detection sensor is a movable surface moved by a contact pressure of the

nozzle front end.



apparatus according to claim 2, wherein the distance between the
reference surface of the contact detection sensor and the non-contact
distance sensor is adjusted by continuously measuring the distance from
the non-contact distance sensor to the- reference surface of the contact
detection sensor by the non-contact distance sensor until the distance
i?%‘%ﬁé‘%‘r?&& 8¢ zﬁiﬁﬁg ﬁﬁfﬂ@é}ﬁ)dzilféﬁeg}aﬁ@?ﬁ‘ﬁ%q{ SiRgi&agion
nozzle clearance-n thediquid application apparatus according to any one

appar%uglgwqrﬁiﬁ'%vggﬁﬁépéﬂg Bg)éillté?trﬁfgl i%”WﬁEthﬂh@@diﬁéék%@P%@éﬂﬁ@ dMsor

e nozzle co step ( coordinates value indicated by a
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e FCsy
of the contact detection sensor to each other. 6. A method of adjusting the

nozzl PEAIE SIRPERCE Eh i figuidApplifatinnaARRA RIS ASSORIRI ETREN RNGurface,

of claims 1-5,wherein the reference surface of the contact detection

and {IRCASLFIIS GoMAVARIE ﬁaéaﬂﬁ PR s GRBER6T BreasUFmel diotinz @istance

front end. -38- 7. A method of adjusting the nozzle clearance in the liquid

of theaRBNGMIE RIRRH LS RELI IS I By thBeohelatmpeck e bendin thezle front
contact detection sensor is a sensor having a movable reference surface

end, aM@YRE RysaeAHBH freaatenabibine nedaxietfromcentearshmedsgringpa(b)
moving distance of the movable reference surface, and the nozzle

compgieatatiingsiapgrlisempeisttieesiepvabieaasersga snofing oistaatbydhe
the movable reference surface moved by the contact pressure of the

contactozzesiiont it aogAkefnasitoral information obtained by the nozzle
contacting step (b) comprises the moving distance of the movable
reference surface moved by the contact pressure of the nozzle front end.
8. A method of adjusting the nozzle clearance in the liquid application
8. A method of adjusting the nozzle clearance in the liquid application

isas

apparatus according to any one of claims 1-7, wherein the positional information of
the nozzle is the coordinates value of the moving unit at the time the contact
detection sensor no longer detects the contact pressure of the nozzle front end or at
the time the displacement of the reference surface becomes zero, after the reference
surface of the contact detection sensor is moved by the contact pressure of the

nozzle front end and then the displacement by the pressure is decreased,

9. A method of adjusting the nozzle clearance in the liquid application
apparatus according to any one of claims 1-8, wherein the relative positional
information comprises a distance between the nozzle front end and the non-contact

distance sensor.

10. A method of adjusting the nozzle clearance in the liquid application

apparatus according to any one of claims 5-9, wherein the moving unit comprises a



apparatus according to any one of claims 1-7, wherein the positional
information of the nozzle is the coordinates value of the moving unit at the
time the contact detection sensor no longer detects the contact pressure
of the nozzle front end or at the tim&the displacement of the reference
surface becomes zero, after the reference surface of the contact
. ction : ' contact pressure of the nozzle front end
dev1c§§§?t#§r¥ @%ﬁ%pﬂ%%éﬁ%}&%& 'pressurg is decreased, 9. A method of
adjusting the nozzle clearance in the liquid application apparatus
according to any one of claims 1-8, wherein the relative positional

{nfoxmation, eUPRHRESR Jiflanrs PRIVRARIASNAZAE fignieagrnchilth

non-contact distance sensor. 10. A method of adjusting the nozzle

appar&lGeaRes dnbedi Sﬁ%ﬂ AprpligatiannarneraitsAseorting s Ay afie @mprises a

claims 5-9, wherein the moving unit comprises a -39- device for moving

devict®PozER YRRV oA Saatoec Rikivsting leebezLierel¢ aranesninc tgtact

liquid applicafion apparatus according to any one of claims 5-9, wherein

distaribe Jepvbrgddiiheampiésess device for vertically moving a head section
having the nozzle and the non-contact distance sensor mounted thereon.

12. A method of adjusting the nozzle clearance in the liquid application
apparatus according to any one of claims 5-11, wherein the distance
teasuiethedtostebi(s)ingripsisesdsEpavhmeasuting ladistapedithtmthe
reference surface of the contact detection sensor by the non-contact
appardistancecsdhsptoadtey positidrilzgitiseS-ddntadiateiactiondstasmeoppasitestoent
the reference surface of the non-contact distance sensor, and the nozzle
step (adnmoingsiepsopaimpesas mgteplstmeaslling theoveltioencesaifane of the
Zn of the moving unit when the nozzle front end is touched o
contact detection sensor by the non-contact distance sensor, after positioning the
contact detection sensor opposite to the reference surface of the non-contact
distance sensor, and the nozzle contacting step (b) comprises a step of measuring a
position coordinate Zn of the moving unit when the nozzle front end is touched
with the reference surface of the contact detection sensor by the operation of the
moving unit, and the nozzle clearance is adjusted by the operation of the moving
unit based on a relative positional relation between the nozzle and the non-contact
distance sensor defined by the distance L1 from the non-contact distance sensor to
the contact detection sensor and the position coordinate Zn of the moving unit

which are determined by the distance measurement step (a) and the nozzle

contacting step (b).

13. A method of adjusting the nozzle clearance in the liquid application
apparatus according to claim 12, wherein the distance measurement step (a)

comprises a step of measuring a position coordinate Z1 of the moving unit at the



with the reference surface of the contact detection sensor by the operation
of the moving unit, and the nozzle clearance is adjusted by the operation
of the moving unit based on a relative positional relation between the
nozzle and the non-contact distaric&’sensor defined by the distance L1
from the non-contact distance sensor to the contact detection sensor and

time oahi%18Q%}?ﬁgcﬁ%rﬂﬁﬂﬁ@g%%%%Y&Qé’ Bilrbichare: deferpings dyihe

stance mé&asurement step the nozzle contacting step (b). 13. A

sensopMQ%%QEi%t@Q%E@ﬁéIﬁ§@§@5§ i dslasidharatigatiftving unit

apparatus according to claim 12, wherein the distance measurement step

based @) GRMPISRRHSERGIANSASWIROR RESHPMEsRISNaied s Hishroaving:

unit at the -40- time of measuring the distance to the reference surface of

distantlle SARACHIGIREIIBY (BRNSS4itARS daeravaaie CIERNCE IS Gihstatbbinbenit.

operation of the moving unit based on the relative positional relation
between the nozzle and the non-contact distance sensor defined by the
position coordinates Z1 and Zn of the moving unit. 14. A method of
BgjustiRe iR RPZAlpucieasaneenoAbk: ideidanplication lispidratpsication
according to any one of claims 1.1-13, wherein the head section

appar8QIBRKEsesEh eashagesecondrinmAving i eno e /ketichdigcaiod
separately the nozzle and/or the non-contact distance sensor, and the

compriwibad leampiresesaudny stepiafadiistnge venicd! cittpace sepaesnly the
the contact detection sensor and the nozzle by the secondary moving unit

nozzlbasedorribarcelativet perstistal e lstivrorbanddie thetbodtzonaetsstiasecond
sensor and the nozzle, after the first step including the distance

step afiedpisengeatverirtd)iastdithe hovrienshmcintpstefelbyiing sensethailohe

adjusting the nozzle clearance in the liquid application apparatus )
nozzladoptiingeooadgnnmot tigimgit based ey shre s pitadeostitwaahrglation

between the contact detection sensor and the nozzle, after the first step including

the distance measurement step (a) and the nozzle contacting step (b).

- 15. A method of adjusting the nozzle clearance in the liquid application
apparatus according to any one of claims 1-14, wherein a distance between a
position on the reference surface of the contact detection sensor measured by the
non-contact distance sensor in the distance measurement step (a) and a position of
the nozzle front end to be contacted in the nozzle contacting step (b) 1s shorter than
a distance between a position measured by the non-contact distance sensor and a
position of the nozzle front end on a plane defined including the nozzle front end

and parallel with the reference surface of the contact detection sensor.

16. A method of adjusting the nozzle clearance in the liquid application

apparatus according to any one of claims 1-15, wherein the distance is measured by



position on the reference surface of the contact detection sensor
measured by the non-contact distance sensor in the distance
measurement step (a) and a position of the nozzle front end to be
contacted in the nozzle contactingsfdp (b) is shorter than a distance
between a position measured by the non-contact distance sensor and a
irradi ?%lg.q QL e%xor%%%ﬁrlot tee#gn‘??oﬁpiépﬁiggﬁﬁgdsg?g&j o e BRsece
ont end” and parallel with the reference surface of the contact detection

surfacséegf%?]c% i %1%@%%883@ U00408 BO7EEHERPARSALIRS ligWlfom the

applicafion apparatus according to any one of claims 1-15, wherein the

refereﬂé@%&éﬁ%ﬁgr@@tgﬁééﬁérﬁ@gﬁm&ﬁi?a?'@ﬁam from the

non-contact distance sensor to the reference surface of the contact
detection sensor and by receiving the return light from the reference
surface in the distance measurement step (a). 17. A method of adjusting
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one of claims 1-16, whereéin the position of the contact ection sensor

appar4tadiated iped dnyconeast disianse SEsehitéhe tisieaggion of the contact

measurement step (a) is the same as the position of the nozzle front end

detecibiscRBERGd ndioyazdais caacinglstemds) séBsé nehodistance
adjusting the nozzle clearance in the liquid application apparatus

meas@Rsadingtip any ienbotalaims thtpodieneintibaoszid edriatting stebe
(b) is conducted at each time of changing the nozzles. 19. A liquid

contaepli¢atine appaeitusomthetiig stapZbe from which the liquid is
discharged and a work disposed facing to the nozzle and on which the
liquid discharged from the nozzle is applied are moved relatively to each
other in a first direction to adjust a clearance between the nozzle and the
Woritmattedietirdaistingdinprisxle clearance in the liquid application
apparatus according to any one of claims 1-17, wherein the nozzle contacting step

(b) is conducted at each time of changing the nozzles.

19. A liquid application apparatus, wherein a nozzle from which the liquid is
discharged and a work disposed facing to the nozzle and on which the liquid
discharged from the nozzle is applied are moved relatively to each other in a first
direction to adjust a clearance between the nozzle and the work to a desired value,
comprising;

a non-contact distance sensor disposed in parallel with the nozzle and
configured to measure a distance in the first direction in a non-contact manner,

a contact detection sensor disposed facing to the nozzle and having a reference
surface extending in a plane which is vertical to the first direction,

a moving unit for moving relatively the nozzle and the work to each other in

the first direction,



a non-contact distance sensor disposed in parallel with the nozzle and
configured to measure a distance in the first direction in a non-contact
manner, a contact detection sensor disposed facing to the nozzle and
having a reference surface extendifg in a plane which is vertical to the
first direction, a moving unit for moving relatively the nozzle and the work
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b k to a desired
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Ive position in t direction of the nozzle and
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concerning a ce from e non-contact distance sensor to the
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distance to the reférence surface by the non-contact distance sensor and
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by having the nozzle contacted with the reference surface, and a distance
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the liquid on the work. 20. A liquid application apparatus according to

surfa&dain b8, \whetgioctRarmev obtamit donamiarsmoning tistneze e thdicafyence
21. A liquid application apparatus according to claim 19, wherein the

surfadedyynth ehiirisconeatar divying: weriigallyttie hesd ectlan foaviagitmeconcerning
nozzle and the non-contact distance sensor mounted thereon. 22. A liquid

nozzleppliocatiartiapparaitismotnding! toyclaimi2d thheoeinatessceed with the

reference surface, and a distance to the work measured by the non-contact distance

sensor before appiying the liguid on the work.

20. A liquid application apparatus according to claim 19, wherein the moving

unit is one for moving the nozzle vertically.

21. A liquid application apparatus according to claim 19, wherein the moving
unit is one for moving vertically the head section having the nozzle and the

non-contact distance sensor mounted thereon.
22. A liquid application apparatus according to claim 21, wherein at least one
secondary moving unit is provided for moving separately and vertically the nozzle

and/or the non-contact distance sensor.

23. A liquid application apparatus according to any one of claims 19-22,



secondary moving unit is provided for moving separately and vertically the
nozzle and/or the non-contact distance sensor. 23. A liquid application
apparatus according to any one of claims 19-22, -43- wherein a length
between the outer edges of the refefiérice surface of the contact detection
sensor in a direction parallel with a line segment defined by connecting

wherezfel: f%l rﬁ@#}?ﬁ?ﬁ??ﬁ%’é Hﬁﬂ%?q%8&@%@%@%@&%@'9{@00nt60t

€ noz end and In parallel with the reference
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nd is shorter than a distance between the irradiation position of the

an irQRAFANFGLFIBIRBEEIREASAr Qhthe: Bidnmdeleadinelidinghe auralal

ront end and in parallel with the reference surface of the contact
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apparatus according to any one of claims 19-23, wherein the reference

contaSHHaGR 9bHhs-sepiaat dlatpetiRiusEas didpalid Gbanendwidesr @l than a
movable portion of the contact detection sensor and adjusted to be

distarRessilysigieriedhiiihe aoprentacodigianagnsepstrcP8isfatiqeisensor on the
application apparatus according to any one of claims 19-24, wherein the

planeGTiaekideicielitin s ens aniszte fifigured dambie paral difectibriie rpfessoce
applied by the nozzle while keeping the reference surface and the nozzle
surfacopgtedovith@abitation withstheandzitie heing efesseditd.the reference
~surface. 26. A liquid application apparatus according to any one of claims
19-25, wherein the contact detection sensor is provided on a work holding
device. 27. A liquid application apparatus according to any one of claims
19-26 |ighteippgheatimeppacttdistaccedogsty myomigoicdaonnd&dd
a distance by irradiating a laser beam to the reference surface of the
whereonthetrdteotion semsor afithe contact detection sensor is provided on a
surface of movable portion of the contact detection sensor and adjusted to be

possibly detected by the non-contact distance sensor.

25. A liquid application apparatus according to any one of claims 19-24,
wherein the contact detection sensor is configured to move in a direction of
pressure applied by the nozzle while keeping the reference surface and the nozzle

contacted with each other with the nozzle being pressed to the reference surface.

26. A liquid application apparatus according to any one of claims 19-25,

wherein the contact detection sensor is provided on a work holding device.

27. A liquid application apparatus according to any one of claims 19-26,
wherein the non-contact distance sensor is configured to measure a distance by

irradiating a laser beam to the reference surface of the contact detection sensor and



-44- receiving a reflected light from the surface.
- 44 -

receiving a reflected light from the surface.



