; @G\BCe3eP~PvvwdyzZ~6~T~" f METHOD AND APPARATUS FOR MANUFACTURI NG ORGANI C
ELECTROLUM NESCENCE DEVI CE, AND SYSTEM AND METHOD FOR MANUFACTURI NG DI SPLAY
UNI T USI NG ORGANI C ELECTROLUM NESCENCE DEVI CES BACKGROUND OF THE | NVENTI ON
The present invention relates to a nethod and an apparatus for

manuf acturing an organi c el ectrol um nescence device (hereinafter referred
to as "organic EL device"), and a systemand a nethod for manufacturing a
di splay unit using the organic EL devices. In recent years, as a

pl anar-type display unit, one that uses organic EL devices as
light-emtting devicesﬁ&gereinafter referred to as "organic EL display")
has been pai d aMESHPPoANP, APPRRATUS, FOR MANYFAGTIRING §R§@NFCIight-enitting
type flat panel display which does not require a backlight, and has the
merit of beiABEE VHIRESCERCE ZPRYIGE di §§Pa§YﬁﬂM AND; METHQAB | EORf
visibility which is peculiar to the self-light-emtting type. In addition,
the organi ¢ EL di JfANUFACTURTNG tRESDLAY RET t USIMACRRERFICt ype (liquid
crystal display and the like) in that it is only necessary to turn ON only
the required pixels, and EREQIROLIMINESOENCE/ OENIOHS | ci ent response
performance for a high-definition high-speed video signal cooo00z whi ch
is expected to be put into practical use in the future. The organic EL
device for use in such an organic EL display generally has a structure in

whi ch an omgamicRombe OralTHES 3@mwiToed bet ween el ectrodes (an anode and a
cathode) fromthe upper and | ower sides. Holes are
The present invention relates to a method and an
apparatus for manufacturing an organic
electroluminescence device (hereinafter referred to as
“organic EL device”), and a system and a method for
manufacturing a display unit using the organic EL devices.
In recent years, as a planar-type display unit, one
that uses organic EL devices as light-emitting devices
(hereinafter referred to as “organic EL display”) has
been paid attention to. The organic EL display is a self-
light~emitting type flat panel display which does not
require a backlight, and has the merit of being capable
of realizing a display with a wide angle of visibility
which is peculiar to the self-light-emitting type. 1In
addition, the organic EL display is advantageous over the
backlight type (liquid crystal display and the like) in
that it is only necessary to turn ON only the required

pixels, and is considered to have a sufficient response

performance for a high-definition high-speed video signal
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injected fromthe anode into an organic |ayer forned of the organic
material, while electrons are injected fromthe cathode into the organic

| ayer, and the holes and the electrons are re-coupled in the organic |ayer,
wesulting in emssion of light. In this instance, in the organic EL device,
a lum nance of several hundreds to several tens of thousands of cd/n2 is
obt ai ned under a driving voltage of not nore than 10 V. Besides, by
appropriately selecting the organic naterial (fluorescent material), it is
possible to obtain light emssion in a desired color. Due to these

features, the_organic EL deyice is deened to be,very pron si as a

| Coht - e BPARY Gy PEReFGPooSebR BEna b onbE AL LE6Rgr “BF FH IS0l or “di spl ay
unit. Meanwhile, the organic layer in the organic EL device is generally
conpri sed £§tU&e|-ani nati on of three to five layers such as a hole injection
| ayer, a pole transport layer, a light-emtting layer, a charge injection
| ayer, etc. It sho@ldrganhotBd @eyeCehfprtWee2in syehaancoraeBLraFSs forni ng
t he conponent | ayers are low in water resistance, so that a wet process
cannot bedisplleyedentmeddfvohes in sftongitiget ha vhdahi enl sygania is a
general practice to sequentially formthe conponent |ayers by vacuum vapor
deposi ti omageirikcdi ig &andeticinethibe thiclem federitng desc Hral egywyde ardelay
obtaining the desired | am nate structure. Besides, in the case of

per f or m ngaahbodlel) - Ealoor theagepeirs pinay 1 overr exall.e, Holganiaeel ayers fornmed
of three kinds of organic materials corresponding to R (red) , G (green)
and B (bl ye) eetledr feompanenthodéstini® fer mediaati cdilfaesre foriexelofposi ti ons,
respectively. Therefore, in formng the organic |ayers coping with the

col or di sphay ordlglie hgdiaan usedia aEmirns areinghkald erymg film

formation is conducted for sequentially
the cathode into the organic layer, and the holes and the
electrons are re-coupled in the organic layer, resulting
in emission of light. In this instance, in the organic EL
device, a luminance of several hundreds to several tens
of thousands of cd/m? is obtained under a driving voltage
of not more than 10 V. Besides, by appropriately
selecting the organic material (fluorescent material), it
is possible to obtain light emission in a desired color.
Due to these features, the organic EL device is deemed to
be very promising as a light-emitting device for
constituting a multi-color or full-color display unit.

Meanwhile, the organic layer in the organic EL

device 1s generally comprised of a lamination of three to
five layers such as a hole injection layer, a pole
transport layer, a light-emitting layer, a charge

injection layer, etc. It should be noted here that the



form ng the conponent |ayers on a col or conponent basis by replacing, one
after another, masks provided with opening patterns correspondi ng
respectively to the col or conponents or by position-matching the masks with
tbe sane pattern each tinme of form ng each conponent |ayer. However,
according to the conventional technique, the formation of the organic |ayer
in the organic EL device is considered to be attended by the foll ow ng
difficulties. For exanple, in formng the organic |ayer having 3 t he

| am nate structure in the prior art, a technique of changing the vapor
source (the kind of the,organic paterjal) in a vacuum chanber _each tinme of
form ng ea%ﬁg%%hﬁdﬂ%ﬁ?r+%§grfﬂﬁwlﬂ%th%e AMReRANT| H2YRFE Bh€elC¥xtPa tine
is taken for raising the tenperature of the organic materjals for three to
five timesVdheh ESPOFL2BAPoneAt tHALI &, WaRdPEPRESFSCABBAEIP Or perf or ni ng
stabilization of the evaporation rate. Therefore, it is difficult to

speedi |y foEilinedeor gifrefioner imnfpreing thewiganherkay®y., bkt als
difficulty as to the tact tinme in manufacturing the organic EL device. In
addi ti on, &ngeherpiipragticet her eegugnhavdlveénrussieacomphneglie i n which,
for exanple, a plurality of vapor sources are arranged in the sanme vacuum
chanber antapachk by vheuumpvapsoudepssitionveteédliwinh a shouumr tbint he |ike
whi ch can be opened and cl osed so that selective formati on of each
conmponent fFayer feanihg pechnohedysperdrkpy bbthhhéngaske Hewdved, a period
of time of several tens of mnutes is needed for stably naintaining the

tenper at ureafinkbe stgastarsnt Béslddo) {OrtheogcL£Les o £opPerenhih@y£r, so
that even the organic materials being covered with the shutter or the |like
and not begpy1us8Uor image display, for example, organic layers
formed of three kinds of organic materials corresponding
to R (red), G (green) and B (blue) color components must
be formed at different pixel positions, respectively.
Therefore, in forming the organic layers coping with the
color display, there has been used a technique in which
patterning film formation is conducted for sequentially
forming the component layers on a color component basis
by replacing, one after another, masks provided with
opening patterns corresponding respectively to the color
components or by position-matching the masks with the
same pattern each time of forming each component layer.
However, according to the conventional technique,
the formation of the organic layer in the organic EL
device 1s considered to be attended by the following

difficulties.

For example, in forming the organic layer having



for formng the |Iayer would be nuch consuned until the evaporation rate is
stabilized. Nanely, when the 4 1 selective filmformation is perforned,
the organic materials woul d be wasted, and the increases in the nateri al
gonsunption nmay cause a rise in the cost of the organic EL devi ce.
Furthernore, a system nmay be contenplated in which the conponent |ayers are
formed respectively in different vacuum chanbers, i.e., one vacuum chanber
corresponds to one organic material. In this case, however, a multiplicity
of vacuum chanbers are required as the organic layer is conposed of a
multiplicity of conponent |ayers, so that there are difficulties as to the
equi prent thesiamingtal sarvonuspace the phéori Rt SAMVARNMOFUFHEL| NVENTI ON
Accordingly, it is an object of the present invention to provide a nethod
and an apphangisgf thenwapbactankng 4bher §andcoELtHevprganand a system and a
met hod for manufacturing a display unit using the organic EL devices, by
whi ch t hematgahat) Eindeviveeuamnchembanuéachutétlesp€edbkypiagdeathl ow cost
through enabling it to formfilms with a short tact tine and srmall nmateri al
consunpt i esfipohBnactaydanseywhhhieopeeaspeetl. of 1 heh s esed , i ewendi on, in
order to attain the above object, there is 5 provi ded a met hod of

manuf act ucing ap ekWani €EoELrde¥ifg tnel vemparatikur aki tieobrbanees

sequentially |am nated on
materials for three to five times on a color component
basis, and time is needed for performing stabilization of
the evaporation rate. Therefore, it is difficult to
speedily form the organic layer, and, as a result, there
may be a difficulty as to the tact time in manufacturing
the organic EL device.

In addition, in the prior art, there may have been
used a technique in which, for example, a plurality of
vapor sources are arranged in the same vacuum chamber and
each of the vapor sources is covered with a shutter or
the like which can be opened and closed so that selective
formation of each component layer can be performed
speedily. In this case, however, a period of time of
several tens of minutes is needed for stably maintaining
the temperature of the organic material for forming each
component layer, so that even the organic materials being
covered with the shutter or the like and not being used

for forming the layer would be much consumed until the

evaporation rate is stabilized. Namely, when the



a substrate, wherein the plurality of layers are lamnated at a film
formation portion on the substrate by varying the relative positions of the
substfate and a plurality of vapor sources arranged side by side so that
the substrate passes sequentially through positions opposed to the
plurality of vapor sources. In accordance with another aspect of the
present invention, in order to attain the above object, there is provided
an apparatus for manufacturing an organic EL device including a plurality
of layers sequentially |am nated on a substrate, wherein a plurality of
vapor sources corresponding to the plurality of |ayers are arranged in an
al i gned meg@kectiavel Blkmnieynagleoahs Peripvededtioroya@yiag the rel ative
positions of the substrate and the plurality of vapor sources so that a
filmfornandoerbolsiveubd baevasbedr adrd palkgetnseeaens i at | Yhehr ough
positions opposed to the plurality of vapor sources. In accordance with a
further aspatérpdltdenpueseidnimyentaome anrbdsedeint dhattash ochetlhbove
object, there is provided a systemfor manufacturing a display unit using
organi ¢ ElofgantesEkRag&vbEewhi ch includes a plurality of 6 Y Y layers
sequentially | am nated on a substrate, wherein the manufacturing system

i ncludes a pl ur alfdtrdfrmappar al usas:ddmaamy asdniddigl e driganicidil devi ce,
in each of which a plurality of vapor sources corresponding to the

plurality Qﬁe!@&ﬁﬁén@ﬁ@ fnyapgedrbNrapmali 9860 FRIELy B8R4 EORYRYI NY
means i s provided for varying the relative positions of the substrate and

the pluralyiy.gh ¥RRAbeSOUN £€8 . SOohbals8ulih! BhiREERt LOP-BOHLHLAR €8 the

substrate passes sequentially through positions opposed
one organic material. In this case, however, a

multiplicity of vacuum chambers are required as the
organic layer is composed of a multiplicity of component
layers, so that there are difficulties as to the

equipment cost, installation space and the like.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a method and an apparatus for
manufacturing an organic EL device, and a system and a
method for manufacturing a display unit using the organic
EL devices, by which the organic EL device can be
manufactured speedily and at low cost through enabling it
to form films with a short tact time and small material
consumptions.

In accordance with one aspect of the present

invention, in order to attain the above object, there is



to the plurality of vapor sources, and the manufacturing apparatuses form
the organic EL devices corresponding to different col or conponents
respéctively. In accordance yet another aspect of the present invention, in
Qrder to attain the above object, there is provided a nethod of

manuf acturing a display unit using organic EL devices each of which
includes a plurality of layers sequentially |lam nated on a substrate,
wherein the relative positions of the substrate and a plurality of vapor
sources arranged side by side are varied so that the substrate passes
sequentially through positions opposed to the plurality of vapor sources,
to therebprpuiiladt &8 mhchpbupsl hapudpictayényg an Qrianpict BEndevdseporti on on
the substrate and to forman organic EL device corresponding to one col or
conponent inahddihgsappbuesdiicy 3f layeepeaeqdeatphiigl lapiokteidnes whil e
changing the filmformation portion on the substrate so as thereby to

manuf act uaestibetdbspl, ayhenetini thehbthrahe tgr g@gnileyklrsdavieces correspondi ng
to a plurality of color conponents are arranged on the substrate. According
to the nethadnboedmarubaEilfmn fgraatabganostEondev ¢@el Babgdiraget b
above-nenti oned procedure and the apparatus for manufacturing an organic EL
devi ce copstritingednas rahaveveepbisaRednst be fhlemshidsaiten a0 & vapor
deposition material from each vapor source at the filmformation portion on

the subst b@.‘h%a‘lﬁt‘%OBQU%l?@reégl&rtc'e@E alrh@ngels ke pRASISR %%ql{:%'&tt' ally
t hrough each of the positions opposed to tthe vapor Sources. Nanely, when

the subst gLe <85 0uChLLaLLY RaRsed LnQUIR HhePoRlLiaRR 0PPOsed to the

vapor sources Ity of |"ayers aré sequent ormed at the film
formatlonopposed to the plurality of vapor sources.

In accordance with another aspect of the present
invention, in order to attain the above object, there is
provided an apparatus for manufacturing an organic EL
device including a plurality of layers sequentially
laminated on a substrate, wherein a plurality of vapor
sources corresponding to the plurality of layers are
arranged in an aligned manner, and a conveying means is
provided for varying the relative positions of the
substrate and the plurality of vapor sources so that a
film formation portion on the substrate passes
sequentially through positions opposed to the plurality
of vapor sources.

In accordance with a further aspect of the present
invention, in order to attain the above object, there is
provided a system for manufacturing a display unit using

organic EL devices each of which includes a plurality of



portion on the substrate. Therefore, in formng the plurality of |ayers on
the substrate, the preparatory treatnents (raising of tenperature,
stabilization of vapor deposition rate, etc.) for each of the vapor sources
can be conducted substantially simultaneously, and, even in this case, the
vapor deposition materials fromthe vapor sources are wastel essly used for
filmformation. 8 Y In addition, according to the systemfor

manuf acturing a display unit constituted as above nentioned and the net hod
for manufacturing a display unit including the above-nentioned procedure,
an organic_ EL device including a plurality of |ayers sequentially |am nated
on each ot}R¥ers FRAMRYCIF WY hbARERRLSRAPRra aZURHEERES ab®RRL FEht Fofied

met hod for manufacturing an organic EL device and the above-descri bed
appar at us PRUHRREEBERUr YRt en brohrdes B BEYFREItunef t APR2 PR BRR]S s
repeated a nunber of tinmes corresponding to a plurality of color

conponent sfoThearibretueied ¢n ohgarhscEbf demhes aciureaghacdivhliay unit
including a plurality of organic EL devices arranged on a substrate,
formati on afpkachl btythe vapgeni soELcdevicesesponddengetdothed conti nuously,
and it is possible to realize enhancenent of efficiency of the preparatory
treat ment splwraliityn 66rbayeosn aned yapangeépbsi anoaligbedi mhnsensunpti ons
with respect to each of the organic EL devices. Thus, according to the

met hod andam@par adbused Dignasahaci gir bAgv 8de@r gani cazidgvtre and the system
and nethod for manufacturing a display unit using organic EL devices

accordi ng +@14Peverpesentibnyesti fRe thBstehabi ¥8APEREt p0ASaDE t{yhersubstrate
on which to formthe organic
vapor sources so that a film formation portion on the
substrate passes sequentially through positions opposed
to the plurality of vapor sources, and the manufacturing
apparatuses form the organic EL devices corresponding to
different color components respectively.

In accordance yet another aspect of the present
invention, in order to attain the above object, there is
provided a method of manufacturing a display unit using
organic EL devices each of which includes a plurality of
layers sequentially laminated on a substrate, wherein the
relative positions of the substrate and a plurality of
vapor sources arranged side by side are varied so that
the substrate passes sequentially through positions
opposed to the plurality of vapor sources, to thereby
laminate the plurality of layers at a film formation

portion on the substrate and to form an organic EL device

corresponding to one color component, and this process is



EL device and the plurality of vapor sources arranged 9 side by side
are varied so that the substrate passes sequentially through positions
opposed to the vapor sources, to thereby sequentially |am nate the
pturality of layers at the filmformation portion on the substrate.
Therefore, it is possible to formthe |layers with a shorter tact tinme and

| ess material consunptions as conpared with those in the prior art, and, as
aresult, it is possible to manufacture the organic EL device speedily and
at | ow cost. The above and ot her objects, features and advantages of the
present invention will becone apparent fromthe fol] ow ng description and

appended ciSRSRLed fdnt 4457 1ddny t 51336 i kS S RARDIRANY I of HBwi ngs whi ch
show by way of exanple sone preferred enbodi nents of the invention. BRI EF
DESCRI PTI A7 TR Rt igas 9t ihel sub stz i &S diRRFehy sHowi ng an
exanpl e of general constitution of a manufacturing apparatus according to
t he preseanyiRadiith;tim GB.sRR\AN DB i evibetenehe comdar@ansl of an exanpl e
of constitution of an essential part of the manufacturing apparatus
accor di ng devi¢es praseaspinidard iton,a iplwha kit Fig Aleox gompemeniys ew of the
10 essential part, and FIG 2B is a side view of the essential part;
FIG 3 is arscernmiged dagrleen siioskrmgtan exanpl e of
According to the method for manufacturing an

organic EL device including the above-mentioned procedure

and the apparatus for manufacturing an organic EL device

constituted as above-mentioned, the film formation of a

vapor deposition material from each vapor source at the

film formation portion on the substrate is conducted each

time the substrate passes sequentially through each of

the positions opposed to the vapor sources. Namely, when

the substrate has sequentially passed through the

positions opposed to the vapor sources, the plurality of

layers are sequentially formed at the film formation

portion on the substrate. Therefore, in forming the

plurality of layers on the substrate, the preparatory

treatments (raising of temperature, stabilization of

vapor deposition rate, etc.) for each of the vapor

sources can be conducted substantially simultaneously,

and, even in this case, the vapor deposition materials

from the vapor sources are wastelessly used for film

formation.



general constitution of an organic EL device manufactured by the

manuf acturi ng apparatus according to the present invention; FIG 4 is a
schemati ¢ di agram showi ng an exanpl e of general constitution of a conveying
ji,g used in manufacturing an organic EL device; and FIG 5 is a schematic
di agram showi ng an exanple of constitution of a systemfor manufacturing a
di splay unit using organic EL devices according to the present invention.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Now, the net hod and
apparatus for manufacturing an organic EL device and the system and net hod
for manufacturing_a display unit using organic EL devices according to the
present inventi ontMi3qddbeleRsctFHREH Y obP bekeEbHEeMhel @ awi ngs, in which
FIG 1 is a schematic di agram showi ng an exanpl e of general constitution of
t he manuf avenpfagtappagatudigpéardingtt gonhéippesdnasi apereiron; FIGS. 2A
and 2B are schematic di agrans show ng an exanple of constitution of an 11
X essentimbnpaptedf anbHethenmeabbdr fng mppafattusrifgGa 8isplaysohéfmatic

di agram showi ng an exanpl e of general constitution of an organic EL device
manuf act ur edchydtihg mherubbovermpgtappadapusceBhte,4ansoagachhentli ¢ di agram
showi ng an exanpl e of general constitution of a conveying jig used in

manuf act ur gagitheiacganiagEs geviraeitgnd fFi&Gyebsi sequsakematiyc di agram
showi ng an exanpl e of constitution of the manufacturing systemusing the
manuf act ur i AgiaRRAHALYS caeBObLENBE §8 FhemeHESER! thaveBhkOmanhkksks general

constitution of the organic EL
in the above-mentioned method for manufacturing an
organic EL device and the above~described apparatus for
manufacturing an organic EL device, and this process is
repeated a number of times corresponding to a plurality
of color components. Therefore, even in the case of
manufacturing a display unit including a plurality of
organic EL devices arranged on a substrate, formation of
each of the organic EL devices can be performed
continuously, and it is possible to realize enhancement
of efficiency of the preparatory treatments for film
formation and vapor deposition material consumptions with
respect to each of the organic EL devices.

Thus, according to the method and apparatus for
manufacturing an organic EL device and the system and
method for manufacturing a display unit using organic EL
devices according to the present invention, the relative

positions of the substrate on which to form the organic

EL device and the plurality of vapor sources arranged



device will be described in brief. As shown in FIG 3, the organic EL
device 1 manufactured in the present enbodinent is forned on a gl ass
substrate 2 for constituting an organic EL display, and conprises a
plurality of organic layers la to 1d which are fornmed of different
materials and are sequentially |lam nated on the glass substrate 2. Wile
the case where four |layers are lamnated is shown here, this constitution
is naturally not limtative. Though not shown, a plurality of organic EL
devices 1 corresponding for exanple to R G and B col or conponents are
arranged in a predetermned matrix pattern_on the glass substrate 2. The

di f f er enc8496eP¥edRdehaTE2 Variegr §anithatL theyseRs tatice PRFSERe or gani ¢
materials (fluorescent materials) constituting the organic Layers la to |d.
By this, PRIUREtdRdaANI EhELUGNSPLAY téoRpr PPPRGeEhé&ogitiss Vémdtrate 2 and the
organic EL devices 1, display of a color inmage can be achi eved by

sel ect i vebpuragsi.ngot hbegepaniseaBenddeildys lenigerner dhe pilgea liitivh
predet er mi ned wavel engt hs. The arrangenent of the organic EL devices 1 for
di spl ayi ngfsudelyearscaltorthienddémc dio rbve tieal pred iloy foor rbheg stulves taagani ¢ EL
devices by patterning filmformation corresponding to each of R G and B
col or conmbhrerifsref,0n texanplos.sibake togdretmltheo Nslyicngt wdrthofa a conveyi ng
jig for use in the patterning filmformation will be described. As shown in

FI G 4, thehpatieer Rlakg fuilid bedMaleiseN mat ctdall edr@impdy onse a@f a netal mask
3 which is flat plate-like in shape and is fornmed of a ferromagnetic

materi al sWapaded WAtn( k@bsand nnithleelp i) arthe st alasmask-euig provi ded
with a plurality of openings 3a corresponding to a predeternlned film
formationit is possible to manufacture the organic EL device

speedily and at low cost.

The above and other objects, features and

advantages of the present invention will become apparent

from the following description and appended claims, taken

in conjunction with the accompanying drawings which show

by way of example some preferred embodiments of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing an example of
general constitution of a manufacturing apparatus
according to the present invention;

FIGS. 2A and 2B are schematic diagrams of an
example of constitution of an essential part of the
manufacturing apparatus according to the present

invention, in which FIG. 2A is a front view of the

10



pattern. The metal mask 3 is fixed in the condition of close contact with
the gl ass substrate 2 on which to formthe film so as to cover one side of
the gl ass substrate 2, by a nagnetic force generated by a magnet 4 di sposed
on the other side of the glass substrate 2. By use of 13 1 such an
integral -type conveying jig, filmformation in a predeterm ned pattern can
be achieved on the glass substrate 2. Besides, when a plurality of kinds of
nmetal masks 3 are prepared, it is possible to forma nulti layer filmin
different layer patterns, and, as a result, it is possible to arrange a
plurality of organjic EL deV|ces lina natrlx pattern. Next, a systemfor

manuf act ur¢#geaR ¥t gadF - ERnd EpF ay2Bint ¢ %ys¥%?nYh@Wo?6aﬁh% EL devices 1 on
a glass substrate 2 by use of the above-nentioned conveying jig will be
descri bed. eshenhbdbf BRTHI i ng systemto be described in the present
enbodiment is for arranging a plurality of organic EL devices 1 in a matrix
pattern on the glEss slbist raatschenatrigughi genamnersiioniid lan fetampiomt
corresponding to each of R G and B col or conponents so as to constitute
t he organigekérdlspbayttapabbe of ansprggnhg BLcOkwvicemageuf&otutrhds
pur pose, as shown in FIG 5, the manufacturing systemto be described in
t he presenbyetthedharafacsugéngr abpyradupr asedrdalng sabsheapeesapply station
11 to which the glass substrate 2 is supplied fromthe exterior, a
pre-treat neatestabhon 12 for performng pre-treatnents such as cl eani ng and
activation on the glass substrate 2, an R color alignnent station 14
FIG. 4 is a schematic diagram showing an example of
general constitution of a conveying jig used in
manufacturing an organic EL device; and
FIG. 5 is a schematic diagram showing an example of
constitution of a system for manufacturing a display unit
using organic EL devices according to the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, the method and apparatus for manufacturing an
organic EL device and the system and method for
manufacturing a display unit using organic EL devices
according to the present invention will be described
below based on the drawings, in which FIG. 1 is a
schematic diagram showing an example of general
constitution of the manufacturing apparatus according to
the present invention; FIGS. 2A and 2B are schematic

diagrams showing an example of constitution of an

11



t v 13r for performng alignnment (position matching of the glass substrate
2 and a netal mask 3 and fixing thereof) corresponding to R color, an R
color filmformation station 14r for perform ng patterning filmformation
corresponding to the R color, a G color alignnent station 13g for
perform ng alignnent corresponding to Gcolor, a Gcolor filmformation
station 14g for performng patterning filmformation corresponding to the G
color, a B color alignnment station 13b for perform ng alignnment
corresponding to B color, a B color filmformation station 14b for
performng patterning filmformation corresponding to the B cqglor, an
after-tre8ffBRt18LaPRER 25 B ParpbpRTHELARF: ePPRresPsenfdiCsudhiss
separation between the glass substrate 2 and the netal mask 3, a return
station 16 PehemagdcngieaEameshPvWAngkas s&paPare@ff G6REIAE gl ass substrate
2 and the like to the R color alignment station 13r, and a substrate

di schar geconatiiontianf of dinsolgryiingELhdeyliges ngnbsacavaed pyorhged t her eon
with the organic EL devices 1 corresponding to the respective colors by the
pat t er ni ngahulfactariati eppa®htiises€ISt atdi diss alschembtict hieaBraal or fil m
formation station 14r, the G color filmformation station 14g and the B

col or fil ghbaifgt aanexbapilen ok4genernds pond tia uttie napfarkaicesee yiowk

manuf acturing the organic EL 15 devi ces described in the present

enbodi ment i gNagely int kanRreekr ihigl Ahlkeobiglanar: $iAalded ck4r anlde 16 .col or
filmformation station 14g and the B color filmformation station 14b form

the OrQQnBCiELad%%b%ﬁ%tlcc@ﬁ%%&ﬁ&ﬂ@h@@ih% tahe eRang1@nG B col or conponents,
respectively. Wthin the range fromthe col or alignment station
constitution of the manufacturing system using the
manufacturing apparatus according to the present
invention.
First, general constitution of the organic EL
device will be described in brief. As shown in FIG. 3,
the organic EL device 1 manufactured in the present
embodiment is formed on a glass substrate 2 for
constituting an organic EL display, and comprises a
plurality of organic layers la to 1ld which are formed of
different materials and are sequentially laminated on the
glass substrate 2. While the case where four layers are
laminated is shown here, this constitution is naturally
not limitative.
Though not shown, a plurality of organic EL devices
1 corresponding for example to R, G and B color

components are arranged in a predetermined matrix pattern

on the glass substrate 2. The differences between the
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13r to the after-treatnent station 15, the glass substrate 2 is dealt with
in the state of constituting an integral-type conveying jig together with
the netal nask 3 and the magnet 4. Therefore, the conveying jig constituted
of the glass substrate 2, the netal nask 3 and the nagnet 4 passes
sequentially through the Rcolor filmformation station 14r, the G col or
filmformation station 14g and the B color filmformation station 14b. In
addition, since the R color alignment station 13r, the G col or alignment
station 13g and the B color alignnment station 13b are arranged on the
previous stage of the Rcolor filmformation station 14r, the Gcolor film
formati on Q¥R bH HudeantCehel BLtoI B $he ¥R S i BAHERT 2190 14b,
respectivelg, it is possible to cope with alignment (patterning film
formati on) (Fhugmesesnty meteriaht) comestibasinghehe rangie:s havghdent
adjustnents and the |ike of the glass substrate 2 or the conveying jig
anong t heskastatlidns Byl thd s1.7 iar &heararget icutEIpyd iggel ang compyfi sdmn
handl i ng robots, conveyors and the |ike, though description thereof is
onitted hetke Flashesyubshesee s aandnshd lotgad¥cfBkndevitesed, | oop structure
due to the presence of the return station 16. Therefore, the netal nmask 3
and t he nagbhepldycofisdi tolodngindge coaneye ngchigvadebyi selkatedeln t he

cl osed | oop conprised of the Rcolor filmformation station 14r, the G

color fil ntfesiRyi eReSbaganic 18D, déMecEs cobogehiétatéol phtoRighati on 14b
and the return station 16. Specifically, the Rcolor filmformation station

14r, the 8Ot thi AR A ONEREL OAgEhat i on 149, the B color filmformation
station 14b and the return station 16 are laid out in a rectangular pattern

with the R col or fid Byt B 1o dhfarG CORIadH uentest ation 13g,

the B color alignnent station 13b and the after-treatnent station 15 as

vert exes. Eﬁ@pfé?gﬁ‘gi %8%y§%8%£‘@m£’8¥ 09h pecessaibby B EBehapgular in

shape. For exanp
the organic EL devices by patterning film formation

corresponding to each of R, G and B color components, for
example. Here, general constitution of a conveying jig
for use in the patterning film formation will be
described. As shown in FIG. 4, the patterning film
formation is carried out by use of a metal mask 3 which
is flat plate-like in shape and is formed of a
ferromagnetic material such as iron (Fe) and nickel (Ni).
The metal mask 3 is provided with a plurality of openings
3a corresponding to a predetermined film formation
pattern. The metal mask 3 is fixed in the condition of
close contact with the glass substrate 2 on which to form
the film, so as to cover one side of the glass substrate
2, by a magnetic force generated by a magnet 4 disposed

on the other side of the glass substrate 2. By use of
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be contenplated to construct the closed | oop structure by |aying out the
return station 16 along the R color alignnment station 13r, the G col or
alignnent station 13g and the B color alignnent station 13b which are
atranged in a rectilinear pattern. Next, details of the apparatuses for
manuf act uring the organic EL devices used in the above-nentioned 17 a
manuf acturing system i.e., the Rcolor filmformation station 14r, the G
color filmformation station 14g and the B color filmformation station 14b
will be described referring to FIGS. 1, 2A and 2B. As shown in FIG 1, the
R color filmformation station 14r, the Gcolor filmformation station 14g
and the B toflrariinteorahr FvRescabyenindbl {Ger E1 Haf fermehiede #RI® be
referred to sinply as "the device manufacturing apparatuses”) each conprise
a vacuum chee@efrenmined patrarnt ganfboapohicvedces theagiadsis2d arranged
side by side in the vacuum chanber 141, a conveying neans 143 for varying
the rel ati sebpbsateéods degibegl assernsubgtiutal 2t daicidfof e tedpor
sources 142a to 142d, and a feeding-in port and a discharging port (both
not shown)mésksfaedragptbparatiegial isypessbhieytagfpryg anmoaland out of the
vacuum chanber 141. O these nenbers, the vapor sources 142a to 142d
correspondiLsgspeciimely Hofdepbntalayyropaotgansc hayerasl a tesdltwhich are
to be formed on the glass substrate 2. For exanple, where the nunber of the

organi c | ayerssl pokeiblei 8of a¥kangs shpWMirkDitlyGof2b6cghhibsegonsi dered to
provi de four vapor sources 142a to 142d arranged in a row al ong the

direction havybeshithg pehatiy@ pasttians can be varied by the conveying
means 143, and to evaporate 18

Next, a system for manufacturing an organic EL
display unit by forming organic EL devices 1 on a glass
substrate 2 by use of the above-mentioned conveying jig
will be described. The manufacturing system to be
described in the present embodiment is for arranging a
plurality of organic EL devices 1 in a matrix pattern on
the glass substrate 2 through patterning film formation
corresponding to each of R, G and B color components so
as to constitute the organic EL display capable of
displaying a color image.

For this purpose, as shown in FIG., 5, the
manufacturing system to be described in the present
embodiment is generally comprised of a substrate supply
station 11 to which the glass substrate 2 is supplied
from the exterior, a pre-treatment station 12 for

performing pre-treatments such as cleaning and activation

on the glass substrate 2, an R color alignment station
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~t Ndifferent organic materials fromthe vapor sources. It should be noted
here that while the case where the nunber of the vapor sources 142a to 142d
arranged in an aligned manner is four is shown as an exanple, this
constitution is naturally not limtative, in the same nanner as the case of
t he nunber of the organic layers la to 1d. Moreover, the nunber of the
organic layer la to 1d and the nunber of the vapor sources 142a to 142d may
not necessarily be equal to each other. For exanple, two or nore vapor
sources for evaporating the sanme organic material may be provided side by
side; in that case, the nunber of the vapor sources 142a to 142d is five or
nmore, al théd@ghfprePrufbERing ehéovrgati drpajsien| matehing eff §he. Nanel y,

t he nunber corresponding to the organic layers la to 1d here includes not
only the ngkbes egbhakreset Reandnbemettlt haskr gannd Fayéng thereofd but al so
nunbers greater than the nunber of the organic layers la to 1d. In
addi ti on, asrshkepnnidanfl G RBcoflhe,vapoR solpcefila2dormatdd are each
constituted in a linear formextending in a direction substantially

ort hogonal stattibe dérecbiroperfiovhial pheteehdhpvEiposifbroasioan be vari ed
by the conveying neans 143. Nanely, each of the vapor sources 142a to 142d

has such aceyapeespdapasyt itonthedRhcasot) a Gocsubki aileéghhpntoventibe | ength
of the side of the glass substrate 2 substantially orthogonal to the noving

direction Q%gtEgrgb@&$o§m9§bran@ Amedfd cd rRisbenhali digsS bl BUltibad of at he

organic material wll be obtalneg over the entire range of the vapor

depositi ongW-dtBr film formation station 14g for performing
patterning film formation corresponding to the G color, a
B color alignment station 13b for performing alignment
corresponding to B color, a B color film formation
station 14b for performing patterning film formation
corresponding to the B color, an after-treatment station
15 for performing after-treatments such as separation
between the glass substrate 2 and the metal mask 3, a
return station 16 for feeding the metal mask 3 separated
from the glass substrate 2 and the like to the R color
alignment station 13r, and a substrate discharge station
17 for discharging the glass substrate 2 provided thereon
with the organic EL devices 1 corresponding to the
respective colors by the patterning film formation.

Of these stations 11 to 17, the R color film

formation station l4r, the G color film formation station

l4g and the B color film formation station 14b correspond

to the apparatuses for manufacturing the organic EL
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Furt her, each of the vapor sources 142a to 142d is for evaporating the
organic material by heating with a heater 144, for exanple. In this case,
an i ndependent tenperature controller 145 is connected to each vapor
source, and the tenperature controller 145 nonitors the thickness of the
filmbeing formed through a filmthickness sensor 14& so that an arbitrary
vapor deposition rate is stably naintai ned. Nanely, the vapor deposition
rate at each of the vapor sources 142a to 142d is individually controlled
by the tenperature controller 145 and the filmthickness sensor 146. It
shoul d be noted here that the systemof controlling the vapor deposition
rate by tRHeviiegsedssgrdbeshtinolther Pres eaid erfpediment.s Nemelymi taei ve:
nanely, it nmay be considered to provide, for exanple, a mechanismfor

i ndi vi dualR goddjrustiiling ficmmadiismasde tiemwddr eddle & adiowdgdm sour ces 142a
to 142d and the gl ass substrate 2, in place of or in addition to this
system | rfoirderttianl stattidns ldesianablthe @ prodwdde idmr eéemestizth  vapor
source installation space in the surroundings of the vapor sources 142a to
142d so t hatatiton 9 4p0FRidd eHed cragirix @ipelemildesarl icwrmsagworiditdie nunmber
of the organic layers in the future. Besides, in FIG 1, the conveying

nmeans 143 4cs t91@ GONS ke & sl di0 deabriditcd ntwegipdcdiwpe eonveying jig
i nclusive of the glass substrate 2, thereby varying the relative positions

between the gl asgisHbat tAkerdngld rirBR LRAROR $0ULEES11dAmeh® b43diohn this
case, it may be considered to realize the novenent of the conveying jig by

adopting a3y 1R %M%@J@ﬂﬁr‘@&&r& CHadfdiCk g 0 fRuIng1 418 conveying jig

thereon is connected to a closed wire and the wire is pulled at a fixed

speed by & 3RRALPIPLaddl% hith P RADS EHETd L cod S gk 10 CaprccouNt
integral-type conveying jig together with the metal mask
3 and the magnet 4. Therefore, the conveying jig
constituted of the glass substrate 2, the metal mask 3
and the magnet 4 passes sequentially through the R color
film formation station 14r, the G color film formation
station 14g and the B color film formation station 14b.

In addition, since the R color alignment station
13r, the G color alignment station 13g and the B color
alignment station 13b are arranged on the previous stage
of the R color film formation station 14r, the G color
film formation station 14g and the B color film formation
station 14b, respectively, it 1s possible to cope with
alignment (patterning film formation) in mutually
different conditions. The transfer, alignment adjustments

and the like of the glass substrate 2 or the conveying

jig among these stations 11 to 17 are carried out by use
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need for noving the conveying jig in vacuum the problem of dust attendant
on vapor deposition, and the like. It should be noted here that a conveying
systemusing a ball screw, a belt conveyor or the like which is a known
technol ogy may naturally be adopted, provided that a nmeasure for degassing
or the like is made. Next, an exanple of process in the device
manuf act uri ng apparatuses constituted as above, i.e., the nethod for
manuf act uri ng an organi c EL device according to the present invention wll
be described. 21 f In formng the organic EL device 1 on the gl ass
substrate 2, first, a preparatory step in the device nanufacturing

appar at us, °§p&Bprnchrnglipgeepbetal i gaREAYOSF 8Rd §hasdikabsthavgh2 and the
metal mask 3 is conducted at the R color alignnent station 13r, the G col or
al i gnment deaciréptigy therkeiBisobwitakhgheer/t station 13b. The precise
alignment is carried out, for exanple, by detecting and recognizing a
prelimnarily appraethat| gomese sreakidoms olbhto nhigefpriocassliogedrlode |ike.
After the precise alignnent, the glass substrate 2 and the netal nask 3
const i t ut estlrecitnregdak- typeheopregenge] b theoughutrhe stagieti a6f.or ce
generated by the magnet 4, and the conveying jig is fed into the vacuum

chanber l4thefelfbeedetheemerauf agkur sngnappakahdgnkhr augbnishe th@edigng-in
port by the handling robot, conveyor or the like. In the vacuum chanber

141, wher ethaec@h%Piiﬁgl gx@r arkactechda®bdmherhal $18se8 160pnd D, for
exanple, are to be formed on the gl ass substrate 2, the vapor sources 142a

to 142d copLasheRdingrt hekeRO 318 rarianIed rnAtiBe Qrdenopl 1uhe makerials A,

B, Cand D along the direction in which the relative positions can be

varied by hh%olor film formation station 1l4g, the B color film
formation station 14b and the return station 16.
Specifically, the R color film formation station 14r, the
G color film formation station 14g, the B color film
formation station 14b and the return station 16 are laid
out in a rectangular pattern with the R color alignment
station 13r, the G color alignment station 13g, the B
color alignment station 13b and the after-treatment
station 15 as vertexes. The closed loop structure may not
necessarily be rectangular in shape. For example, it may
be contemplated to construct the closed loop structure by
laying out the return station 16 along the R color
alignment station 13r, the G color alignment station 13g
and the B color alignment station 13b which are arranged
in a rectilinear pattern.

Next, details of the apparatuses for manufacturing

the organic EL devices used in the above-mentioned
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conveyi ng nmeans 143. As has been descri bed above, each of the vapor sources
142a to 142d has such a vapor 22 deposition width as to sufficiently
cover the lateral width of the glass substrate 2 and has a uniform

di stribution. Therefore, when the integral-type conveying jig fed into the
vacuum chanber 141 is noved by the conveying neans and a filmformation
portion of the glass substrate 2 constituting the conveying jig, i.e., the
portion of the glass substrate 2 corresponding to an opening 3a formed in
the netal nmask 3 passes sequentially through positions opposed to the vapor
sources 142a to 142d arranged in the order of the materials A B, C and D

t he or ganM@nNNARELEriact 6Visd sy e if. 6r nedthen Rt gelpirl Aifer Fermefipdrti on of the
gl ass substrate 2 in the state of being lamnated in the order of the

mat eri al s sAatBonClawd DheN&melogort Hé lfnofiwamiadionf stthdiongddioc anglyers la to
ld is carried out continuously as the integral-type conveying jig passes
over the tapoB solpcesild?otrmaldda. sAktiibns ldbnwililthdevdescrddedsi tion
rates at the vapor sources 142a to 142d are controlled individually by the
t enper at ure feanntingl ter FI45 .and ke amick@B.according to preset conditions.
The vapor deposition rates are so set that the ratios between the film

t hi ckness ratiosaef shbRnoiganic.| ayetBel R £614d a8DUmt BerMapobndeposi tion
rates of the vapor sources 142a to 142d corresponding thereto are 23

equal and stthati ohhe 44apehedePeP1lroF inal % rafttahbnt e a3aldn NG ARAGTEXI M zed.

For this purpose, it suffices to
the B color film formation station 14b (hereinafter these
will be referred to simply as “the device manufacturing
apparatuses”) each comprise a vacuum chamber 141, a
plurality of vapor sources l42a to 142d arranged side by
side in the vacuum chamber 141, a conveying means 143 for
varying the relative positions of the glass substrate 2
and each of the vapor sources 142a to 142d, and a
feeding—-in port and a discharging port (both not shown)
for feeding the integral-type conveying jig into and out
of the vacuum chamber 141.

Of these members, the vapor sources 142a to 142d

correspond respectively to a plurality of organic layers
la to 1d which are to be formed on the glass substrate 2.
For example, where the number of the organic layers la to
1d is four, as shown in FIG. 2A, it is considered to
provide four vapor sources 142a to 142d arranged in a row

along the direction in which the relative positions can

be varied by the conveying means 143, and to evaporate
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adj ust the vapor deposition rates to the one which is nbst severe as to the
heat resistance characteristic of the organic material. Specifically, it is
considered to set the vapor deposition rates at the vapor sources 142a to
142d as follows. For exanple, there is taken as an exanpl e the case where
when filmformation is conducted at the maxi num vapor deposition rates

whi ch can be set for the vapor sources 142a to 142d, it takes 10 mn, 8
mn, 12 mn and 5 mn respectively for formng the organic |layers la to 1d
in the required filmthicknesses. In this case, when the organic layers |la
to ld are all forned at the nmaxi nrum vapor deposition rates, the organic

| ayers | a €6LE8TQRE| ohgRnhavBAERELIYES| FEEMf ENfh YAPEKNESYESESs| nkfe t he

i ntegral -type conveying jig passes through the vapor sources 142a to 142d
at a fixedshehddibg. nFhedehere, thatt whileathe cheeveperedeposhuimbarrates at
t he vapor sources 142a to 142d are adjusted to the vapor source 142c which
correspondsft bheheapongestirteaeléfallonilAZdaadrangetit ingansatbgdadt ed so
that the organic layers la to |d are fornmed in the desired fil mthicknesses
Wi t hin thahathee. 14t fohrsiki BRowhf asequi eRdmplep @hiBDEengapatut24n

sources corresponding to one organic |layer may be provi ded adjacent to each

other, thepebMaachhevingodnloptcaumseffiai eneysamet hanapoasdepesition
rates as a whole. Incidentally, how long tinmes are taken for form ng the

organi c | aygss d& tRelfuhBethgrr €dui begahibmEbiekneases gan be determ ned
fromthe vapor deposition rates at the vapor sources 142a to 142d and the
velocity ofokB8vERt eghat Rdmb¥PeoEORKBY bPGahig- 12D8Lehareo 1k 9BY

the number of the vapor sources 142a to 142d may not

necessarily be equal to each other. For example, two or

more vapor sources for evaporating the same organic

material may be provided side by side; in that case, the

number of the vapor sources 142a to 1424 is five or more,

although the number of the organic layers la to 1d is

four. Namely, the number corresponding to the organic

layers la to 1ld here includes not only the number equal

to the number of the organic layers la to 1ld but also

numbers greater than the number of the organic layers la

to 1d.

In addition, as shown in FIG. 2B, the vapor sources

142a to 142d are each constituted in a linear form

extending in a direction substantially orthogonal to the

direction in which the relative positions can be varied

by the conveying means 143. Namely, each of the vapor

sources l1l4Z2a to 142d has such a vapor deposition width as
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be contenplated to control the filmthicknesses of the organic layers la to
1d by controlling the velocity of the conveying jig. \Wen the passage of
the integral -type conveying jig over the vapor sources 142a to 142d, i.e.,
the formation of the organic layers la to 1d is continuously conducted as
above-nenti oned, the conveying jig after the filmformation is fed out

t hrough the discharging port to the exterior of the vacuum chanber 141 of

t he devi ce manufacturing apparatus by the handling robots, conveyors or the
| i ke. Then, the conveying jig is fed to the device manufacturing apparatus

correspondi ng ta.the next col or conponent, and the sane precise alignnment
ond Ti 1 m Ebr B EroLds s AESaNaRE oot iy SR Bia i hrgead  Thi s
procedure is repeated, whereby the 25 organi ¢ EL devices 1

corr espon@PR§ e tené RUPELARF1B 1LY OF tEORIPEReNnt® dPe FOVaARGed in a matri x
pattern on the glass substrate 2. Thus, according to the method for

manuf act udiiggctienordahe Bl ag6yist®strate® the agelyidc nddi9dact uri ng
apparatus for carrying out the method as described in the present

enbodi mendisthd biuttiegr QIf- thjyge ocarendy Mg teirg alneiiddi e obtaliaeyl ass
substrate 2 is noved so as to pass sequentially through the positions
opposed t ovehre thleuraltiite clangaporf $her vepodZapos it42a ariddiiged si de by
side, whereby the organic layers la to 1d are sequentially |lam nated at the
filmformation pButtbarpnebhd gFashesubpbrateuZceblaimly, tdbhe4Rdl dsf or mati on
usi ng the vapor deposition material fromeach of the vapor sources 142a to
142d is cendueegoriatifeg fihlemdrejaifld @ tearitbilobyomddid ng agsisupstrate 2

each tinme the gl ass
heater 144, for example. In this case, an independent
temperature controller 145 is connected to each vapor
source, and the temperature controller 145 monitors the
thickness of the film being formed through a film
thickness sensor 146, so that an arbitrary vapor
deposition rate is stably maintained. Namely, the vapor
deposition rate at each of the vapor sources 142a to 142d
is individually controlled by the temperature controller
145 and the film thickness sensor 146. It should be noted
here that the system of controlling the vapor deposition
rate by the temperature controller 145 and the like is
not limitative; namely, it may be considered to provide,
for example, a mechanism for individually adjusting the
distance between each of the vapor sources 142Z2a to 142d
and the glass substrate 2, in place of or in addition to

this system.

Incidentally, it is desirable to provide a reserve
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substrate 2 passes sequentially through each of the positions opposed to

t he vapor sources 142a to 142d. Therefore, according to the nethod for
manuf acturing the organic EL device 1 and the device manufacturing
apparatus in the present enbodinment, in formng the organic layers la to 1d
on the glass substrate 2, the preparatory treatnents (raising of
tenperature, stabilization of vapor deposition rate, and 26 the like)
for the vapor sources 142a to 142d can be carried out substantially

si mul t aneously. Accordingly, there is no need for surplus time for raising
the tenperature or stabilizing the evaporation rate on the basis of each
organi ¢ nERBPFapouseet hastapéadyonopracrohnothenheusrganpénpayefs 1a to 1d
can be realized, resulting in that an inprovenent of the tact tinme in

manuf act ukhagveherosganresEL4davicel42danobthexpétt éd. pSgedbflecably, in the
same manner as in the above described case, there is taken as an exanple

t he case whsidywhepet wethi bm Locmatsenihsthendumbed af the pegianim vapor
deposition rates which can be set for the vapor sources 142a to 142d, it
takes 10 mhper8 whnthé2fuaktirand 5 nmin respectively for fornmng the organic
| ayers la to 1d of the four-layer structure, for exanple, in the required
filmthicknessesped udd) Si€ABEG. aLCOFIEk NGoh Ry NEg CRENLHT 1 OBal st @ghni que, it
is considered that it takes 10 mn + 8 min + 12 min + 5 mMn =35 mnin

t ot al forcbhgtthbge&oaga%omvép@ﬁred&ﬂgetgeaqh%ygsan%a%?&h@gjri%t hod and the
devi ce manufacturing apparatus in the present enbodi nent, on the other

hand, theiggihiags 8rcRd] ysbed LOpkhgavaper deBoshY 0843k Gakr esponding
so that 12 8 (the tofal

to the | ongest tine, mn + mn (t t timefor passage

through t?@lX%EQE EBHE%?En;4g@t§8eﬁ4%ﬂL @l%gsngﬂbg%r%%%ab and the

vapor sources 142a to 142d. In this case, it may be
considered to realize the movement of the conveying jig
by adopting a simple system in which a car truck to mount
the conveying jig thereon is connected to a closed wire
and the wire is pulled at a fixed speed by a servo motor
or the like from the exterior, taking into account the
need for moving the conveying jig in vacuum, the problem
of dust attendant on vapor deposition, and the like. It
should be noted here that a conveying system using a ball
screw, a belt conveyor or the like which is a known
technology may naturally be adopted, provided that a
measure for degassing or the like is made.

Next, an example of process in the device
manufacturing apparatuses constituted as above, i.e., the
method for manufacturing an organic EL device according

to the present invention will be described.
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27 r for the filmformation. As a result, the tact tine can be shortened
by about 40% In addition, according to the nethod for nmanufacturing the
organi c EL device 1 and the device manufacturing apparatus in the present
embodi ment, the glass substrate 2 passes sequentially through the positions
opposed to the vapor sources 142a to 142d, whereby formation of the organic
| ayers la to 1d is carried out continuously and, accordingly, the vapor
deposition materials fromthe vapor sources 142a to 142d are wastel essly
used for the filmformation. Thus, it is possible to contrive enhancenent
of the efficiency of material consunptions at the vapor sources 142a to
142d, and a reduéRi éarmangatbei argedhsulipt denicat & eanthe expested in the
same manner as the reduction in the tact tine, so that a reduction in cost
of the orgamstriEitedevi d6 rsdn ke peoegpecieddrys s¢ceppamedha devtie prior art.
Furt hernore, according to the nethod for manufacturing the organic EL

devi ce 1 amachutflae tohendinoe apmaufasatsyr ispeg cadfjardtlys iprediesepradsiemmesrtbodi ment ,
formation of the plurality of organic layers la to 1d is continuously
conduct ed dfn thee glacisumutizaraaie 24 hnds aHehaie tne maadkuBmighanber 141
suffices even where a multiplicity of organic layers la to 1d are to be

formed. Namdtctdd 2& tHe H TQSSIAliQrienaoriddtien 193eedhd id m formation

process, an enhancenent of efficiency of material consunptions and
color alignment station 13g or the B color alignment
station 13b. The precise alignment is carried out, for
example, by detecting and recognizing a preliminarily
applied alignment mark through image processing or the
like. After the precise alignment, the glass substrate 2
and the metal mask 3 constitute the integral-type
conveying jig through the magnetic force generated by the
magnet 4, and the conveying jig is fed into the vacuum
chamber 141 of the device manufacturing apparatus through
the feeding-in port by the handling robot, conveyor or
the like.

In the vacuum chamber 141, where the organic layers
la to 1d of materials A, B, C and D, for example, are to
be formed on the glass substrate 2, the vapor sources
1l42a to 142d corresponding thereto are arranged in the
order of the materials A, B, C and D along the direction
in which the relative positions can be varied by the

conveying means 143. As has been described above, each of

the vapor sources 142a to 142d has such a vapor
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the like without needing a multiplicity of vacuum chanbers. Therefore, it
is possible to realize an inprovenent of tact time, a reduction in cost and
the I"ike in manufacturing the organic EL device 1, w thout causing

i ncreases in equi pnent cost, installation space or the like. Besides, in
t'he devi ce manufacturing apparatus according to the present enbodi nent, the
vapor sources l1l42a to 142d are each arranged in a linear formextending in
a direction substantially orthogonal to the direction in which the relative
positions are varied by the conveying neans 143. Therefore, the film

t hi ckness of each of the organic layer la to 1d in the orthogonal direction
i s made ufEPEPHELSE WHEPadEuitee ¥ ST {CAEELYMCONIPEK #E€s 1gte&3eh of the
organic layers la to 1d _and the |like can be secured very easily even where
t he organWédithyefs the gdass sudstaermed 2camd hasugl ynifigitme it is desirable
t hat the vapor sources 142a to 142d are each arranged in the

above- mendiiened buitiear. form they nmay not necessarily be arranged in the
linear form For exanple, even where the vapor sources 142a to 142d are
arranged in the Thenebbrepowkenanhar inhggnehttppet hensppisgi nignfad F
aligned formnmakes it possible to realize an inprovenent of manufacturing
tact tinmeinxor ethec tviagmumn chasibeand 41hd sl inkered byt MbesammveBAmey as in the
case where the vapor sources 142a to 142d are each arranged in a |inear

form In agdinisi @hd ian flinen dRnea i Woadtivn RE apRaAlbEs aekddate to the
present enbodi nent, the conveying neans 143 noves the integral -type

conveyi ng o icknsWieh@lvid R e RIaieA mROSiilg,0ns Lf, e gdassomkstirate 2 and

each of the vapor sources 142a to 142d are varied. Therefore, the
the glass substrate 2 corresponding to an opening 3a
formed in the metal mask 3 passes sequentially through
positions opposed to the vapor sources 142a to 142d
arranged in the order of the materials A, B, C and D, the
organic layers la to 1ld are formed on the film formation
portion of the glass substrate 2 in the state of being
laminated in the order of the materials A, B, C and D.
Namely, the formation of the organic layers la to 1ld is
carried out continuously as the integral-type conveying
jig passes over the vapor sources 142a to 142d.

At this time, the vapor deposition rates at the
vapor sources l42a to 142d are controlled individually by
the temperature controller 145 and the like, according to
preset conditions. The vapor deposition rates are so set
that the ratios between the film thickness ratios of the

organic layers la to 1d and the vapor deposition rates of

the vapor sources 142a to 142d corresponding thereto are
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variation of the relative positions can be achieved very easily by a sinple
met hod and with high accuracy. It should be noted here that the vapor
sources 142a to 142d may naturally be noved, instead of noving the glass
substrate 2. Besides, in the device manufacturing apparatus according to

t he present enbodi ment, the tenperature controllers 145 and the |ike are
provi ded correspondingly to the vapor sources 142a to 142d, whereby the
vapor deposition rates can be individually controlled on the basis of each
of the vapor sources 142a to 142d. Therefore, the filmthi cknesses of the
organic layers la to 1d can be set to the desired val ues, even where the

i ntegral - egpalcandeyhag thg passesdepepithenyvapbessafitessthg2a to 142d at a
fixed velocity. Further, it is possible 30 4 to performfeed-back
control opethényi Reebmssimprethe Nonithiedueseses bt shefi¢eés thi ckness on
t he basis of each of the vapor sources 142a to 142d, so that it is possible
to real i zedaubtir ther vephandepent tobnt hetasctpratreobnki Winitbr st i on.
According to the system for nanufacturing an organic EL display and the
manuf act umbbg setrbed asi g the heatf aeslisitagceyshamadesctiished of t he
present enbodi nent, the conveying jig constituted of the glass substrate 2,
the netal tRaskrdaand iheemagnet 4 passes sequentially through the R color
filmformation station 14r, the Gcolor filmformation station 14g and the

B color filmforgpééppisiptyonidibs dbgsehorea té &étpﬁﬁéi@éﬁoio _
continuously construct the organic EL display conprised of the organic EL

devi ces 14epb5eeR8AJIAGeL0akNenB vEpRRd sBuseLar 12893PRReAlSq ard, in this

case, it is possible to
follows. For example, there is taken as an example the
case where when film formation is conducted at the
maximum vapor deposition rates which can be set for the
vapor sources 142a to 142d, it takes 10 min, 8 min, 12
min and 5 min respectively for forming the organic layers
la to 1d in the required film thicknesses. In this case,
when the organic layers la to 1ld are all formed at the
maximum vapor deposition rates, the organic layers la to
1d will not have the desired film thicknesses, since the
integral-type conveying jig passes through the vapor
sources 142a to 142d at a fixed velocity. Therefore, in
this case, the vapor deposition rates at the vapor
sources 1l42a to 142d are adjusted to the vapor source
142¢c which corresponds to the longest time of 12 min, and
a setting is conducted so that the organic layers la to

1d are formed in the desired film thicknesses within that

time. At this time, 1f required, two or more vapor
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real i ze enhancenent of the efficiency of the preparatory treatnents for
filmformation, vapor deposition material consunptions and the like, as has
been “descri bed above for each of the organic EL devices 1. Furthernore,
accordlng to the manufacturing systemin the present enbodi nent, the R

col or alignment station 13r, the G color alignnment station 13g and the B
color alignnent station 13b individually conduct the alignnent 31 rt
correspondi ng to each color, the patterning filmformation corresponding to
each col or can be perfornmed appropriately, even where the R color film
formation station 14r, the G color filmformation station 14g and the B

col or fil spiocenat conrssppndnngdboconei nugasliy layartmeyobgani ¢ EL devices 1
for each color. In addition, according to the manufacturing systemin the
present epbodidedt adfheenkosedebhobposhenct therebycanhteuthgdadue to the
presence of the return station 16, so that the conveying jig is circul ated
in the cl epedmbfoprfibeentor ef eMenvaperedepesatfani eakksdaygi aes 1
corresponding to the col or conmponents are forned continuously, it is
possi bl e {poreal i ze full automation of the series of processing, which is
very suitable for contriving enhancenent of the efficiency in manufacturing

the organic EL dieplduncRery| oMbl long 2iiés Deensiessr ibpdrahpysy where

the closed loop structure i's rectangular in shape, the noving distance of

the convey}agok| gnm; &ﬁgegetg n.Stahl 94 1fcCc28 H%r%s%lgﬂo”e”ed and the

instal lation ar nanu acturing systen1can be reduced, resulting in

that it i5,pagablbest 8.6aBE! YetBahifla" PUUA! LS vhBoLMBebegcARY cost of

the system ~an

rates at the vapor sources 142a to 142d and the velocity
of the integrated-type conveying jig. Therefore, it may
be contemplated to control the film thicknesses of the
organic layers la to 1d by controlling the velocity of
the conveying jig.

When the passage of the integral-type conveying jig
over the vapor sources l1l42a to 142d, i.e., the formation
of the organic layers la to 1d is continuously conducted
as above-mentioned, the conveying jig after the film
formation is fed out through the discharging port to the
exterior of the vacuum chamber 141 of the device
manufacturing apparatus by the handling robots, conveyors
or the like. Then, the conveying jig is fed to the device
manufacturing apparatus corresponding to the next color
component, and the same precise alignment and film
formation process as the above-described are again

performed. This procedure is repeated, whereby the
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i ke. 32 Wil e specific exanples of carrying out the present invention
have been described in the present enbodinent, the invention is not limted
to the exanples, and various nodifications are possible. Nanely, the
materials, the shapes, the operating mechanisnms and the |ike of the series
of conponent el ements constituting the device manufacturing apparatus
described in the present enbodinent are not limtative, and they can be
freely nodified as far as the functions of each of the conponent el enents
can be secured in the same nmanner as above. In this case, also, the sane
effects as in the gresent enbodi ment can be obtained. For exanple, while
the case @KERBIEhBLoAGHAFESEL devreaonding torkbe Bm & prdtB-1ike gl ass
substrate 1 has been described as an exanple in the present enbodinent, it

i s possi brelpys coppohantheasanermanged @it A makolik- beksesnbeonr he such as a
filmmterial consisting of a resin material. 33 i a WHAT IS CLAIMED | S:
1. A net hgdaker sphatirateuRi.ng an organi ¢ el ectrol um nescence device
conprising a plurality of layers sequentially |lam nated on a substrate,
wherein said pl uriahs | yaodotdyey St@rehe attad®df @t mahnfaetwr adgi tie porti on
on said substrate by varying the relative positions of said substrate and a
pluralityocebanaporLsaukeées arkaadgeHestdeiby mhdarsetuffahgsai d substrate

passes sequentially through positions opposed to said plurality of vapor

Sources. apparatus for carrying out the method as described in the
present embodiment, the integral-type conveying jig
inclusive of the glass substrate 2 is moved so as to pass
sequentially through the positions opposed to the
plurality of vapor sources 142a to 142d arranged side by
side, whereby the organic layers la to 1ld are
sequentially laminated at the film formation portion on
the glass substrate 2., Namely, the film formation using
the vapor deposition material from each of the vapor
sources 1l42a to 142d is conducted at the film formation
portion on the glass substrate 2 each time the glass
substrate 2 passes sequentially through each of the
positions opposed to the vapor sources 142a to 142d.

Therefore, according to the method for

manufacturing the organic EL device 1 and the device
manufacturing apparatus in the present embodiment, in
forming the organic layers la to 1ld on the glass
substrate 2, the preparatory treatments (raising of

temperature, stabilization of vapor deposition rate, and
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2. An apparatus for manufacturing an organic el ectrol um nescence device
conprising a plurality of layers sequentially Iamnated on a substrate,
wherein a plurality of vapor sources corresponding to said plurality of
l,Layers are arranged in an aligned nmanner, and a conveying neans i s provi ded
for varying the relative positions of said substrate and said plurality of
vapor sources so that a filmformation portion on said substrate passes
sequentially through positions opposed to said plurality of vapor sources.
3. An apparatus for manufacturing an organi c el ectrol um nescence device as
set forth in claim2, wherein 34 w all of said plurality of vapor

sour ces artéepildkiededoin the viaper fsoumcest diddiendoi A 4&ddicedcbeon
substantially orthogonal to the direction in which the relative positions
are vari eg¢abyisai dudosubgiteg tieddy. sdmulArtaaygearsdtyus hocomdhufdgt uri ng an
organi c el ectrol um nescence device as set forth in claim2 or 3, wherein
sai d conveyeng MEame meees foai ¢usylistsr atimes d oas ralierielgy the vary t he
relative positions of said substrate and said plurality of vapor sources.
5. An appasedipes sftonr erenu fsaeiburliing nan threg @viap oalagdiono Irnadenescaihee devi ce as
set forth in any one of the preceding clains, wherein a control nmeans is

provi ded s iGORIT @aldhn® rdam ARt dERAS I Haat &pdrdiy ifdiraddticen the
basis of each of said plurality of vapor sources.

of the organic layers la to 1d can be realized, resulting

in that an improvement of the tact time in manufacturing

the organic EL device 1 can be expected.

Specifically, in the same manner as in the above-
described case, there is taken as an example the case
where when the film formation is conducted at the maximum
vapor deposition rates which can be set for the vapor
sources l42a to 142d, it takes 10 min, 8 min, 12 min and
5 min respectively for forming the organic layers la to
1ld of the four-layer structure, for example, in the
required film thicknesses. In this case, according to the
conventional technique, it is considered that it takes 10
min + 8 min + 12 min + 5 min = 35 min in total for the
film formation. According to the manufacturing method and
the device manufacturing apparatus in the present
embodiment, on the other hand, the settings are adjusted
to the vapor deposition rate corresponding to the longest
time, so that 12 min + 8 min (the total time for passage

through the vapor sources 1l42a to 142d) = 20 min in total
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6. A systemfor manufacturing a display unit using organic

el ectrol um nescence devices each of which conprises a plurality of |ayers
sequéntially |lam nated on a substrate, wherein said manufacturing system
gohprises a plurality of apparatuses for manufacturing an organic

el ectrol um nescence device in which a plurality of vapor sources
corresponding to said plurality of layers are 35 w arranged in an

al i gned manner, and a conveying neans is provided for varying the relative
positions of said substrate and said plurality of vapor sources so that a
filmformati on portion on said substrate passes sequentially through

posi ti onsf@ppshedfidnsAPEmpLLPRLi tAS B XRPBt sotheekachntingiepn be
manuf act uri ng apparatuses respectively form said organic

el ectr ol ushnesesrdebdeabous 46fresponding to different color conponents. 7.
A system for manufacturing a display unit using organic el ectrol um nescence
devi ces as set fImtddditidmj nadcomthimei o sthel mebsodaferand a nask used for
patterning said filmformation portion on said substrate pass sequentially
t hrough sabduffapthadchur the appanatuBksde8icA dyahdmther demhgkact uring a

di splay unit using organic electrolum nescence devices as set forth in
claim7, wheu€adtamiak gppanttdeviae ther ppesiehitoampatichient beéheeen said
substrate and said mask Is provided at the preceding stage of each of said

Hngfactubhagsaaﬁ%@%&u&@sz 9ashesy skgiiches amagui-acbughngna di splay unit

’ positions opposed to the vapor sources 142a to 1424,
whereby formation of the organic layers la to 1ld is
carried out continuously and, accordingly, the vapor
deposition materials from the vapor sources 142a to 142d
are wastelessly used for the film formation. Thus, it is
possible to contrive enhancement of the efficiency of
material consumptions at the vapor sources 142a to l42d,
and a reduction in material consumption rate can be
expected in the same manner as the reduction in the tact
time, so that a reduction in cost of the organic EL
device can be expected as compared with the prior art.

Furthermore, according to the method for

manufacturing the organic EL device 1 and the device
manufacturing apparatus in the present embodiment,
formation of the plurality of organic layers la to 1ld is
continuously conducted in one vacuum chamber 141, so that

one vacuum chamber 141 suffices even where a multiplicity

of organic layers la to 1ld are to be formed. Namely, it
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organi c el ectrol um nescence devices as set forth in claim8, wherein 36
r a return device for supplying said mask havi ng passed t hrough said
namufacturing apparatus at the last stage to said alignnent device at the
hegi nning stage is provided in addition to said plurality of manufacturing
apparatuses and said alignnment devices arranged correspondingly to said
manuf act uri ng appar at uses, and sai d nmanufacturing apparatuses, said
al i gnnment devices and said return device constitute a closed | oop
structure. 10. A systemfor manufacturing a display unit using organic
el ectrol um nescence devices as set forth in claim9, wherein said closed
| oop struéBuPesEdRpri §6scontdivanal aPeeAyndidpparamaddonapdossisg r et urn
device arranged in a rectangular pattern with said alignment devices as
vert exes. abl enhameened tf of edfdlaengyi o madiegpldy comisumpsilogsorgani c
el ectrol um nescence devi ces each of which conprises a plurality of |ayers
sequent i althg Nakenatidtioan aecsdisgr at eulwhieddici tan odr gamucim
el ectrol um nescence device corresponding to one col or conponent is produced
by | am nachagbargl.urahétgfotel ayer ssapoasiblen tor ratl bnepanti on on said
substrate through varying the relative positions of said substrate and a
pluralityigpreteaiensOdCcescar ranggd aSiré@iution in cost and the

like in manufacturing the organic EL device 1, without

causing increases in equipment cost, installation space

or the like.

Besides, in the device manufacturing apparatus

according to the present embodiment, the vapor sources

142a to 142d are each arranged in a linear form extending

in a direction substantially orthogonal to the direction

in which the relative positions are varied by the

conveying means 143. Therefore, the film thickness of

each of the organic layer la to 1d in the orthogonal

direction is made uniform, so that accuracy of the film

thickness of each of the organic layers la to 1d and the

like can be secured very easily even where the organic

layers la to 1d are formed continuously. While it is

desirable that the vapor sources 142a to 142d are each

arranged in the above-mentioned linear form, they may not

necessarily be arranged in the linear form. For example,

even where the vapor sources 142a to 142d are arranged in

the form of spots, an arrangement of the spots in an
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i by side so that said substrate passes sequentially through positions
opposed to said plurality of vapor sources, and this procedure is repeated
nore “t han once while changing said filmformation portion on said substrate
so as thereby to arrange said organic el ectrolum nescence devices
corresponding to a plurality of color conmponents on said substrate. 38
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manufacturing system described in the present embodiment,
the conveying jig constituted of the glass substrate 2,
the metal mask 3 and the magnet 4 passes sequentially
through the R color film formation station 14r, the G
color film formation station 14g and the B color film
formation station 14b. Therefore, it is possible to
continuously construct the organic EL display comprised
of the organic EL devices 1 corresponding to the R, G and
B color components, and, in this case, it is possible to
realize enhancement of the efficiency of the preparatory
treatments for film formation, vapor deposition material
consumptions and the like, as has been described above
for each of the organic EL devices 1.

Furthermore, according to the manufacturing system
in the present embodiment, the R color alignment station
13r, the G color alignment station 13g and the B color

alignment station 13b individually conduct the alignment
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continuously, it is possible to realize full automation
of the series of processing, which is very suitable for
contriving enhancement of the efficiency in manufacturing
the organic EL display.

Particularly, as has been described above, where
the closed loop structure 1s rectangular in shape, the
moving distance of the conveying jig by the return
station 16 can be most shortened, and the installation
area of the manufacturing system can be reduced,
resulting in that it is possible to easily realize
reductions in the size and cost of the system, and the

like.
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embodiment are not limitative, and they can be freely

modified as far as the functions of each of the component
elements can be secured in the same manner as above. In
this case, also, the same effects as in the present
embodiment can be obtained. For example, while the case
where the organic EL devices 1 are formed on a plate-like
glass substrate 1 has been described as an example in the
present embodiment, it is possible to cope in the same
manner with a roll-like substrate such as a film material

consisting of a resin material.
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and said plurality of vapor sources.
5. An apparatus for manufacturing an organic
electroluminescence device as set forth in any one of the

preceding claims, wherein

a control means is provided for controlling the
vapor deposition rate individually on the basis of each
of said plurality of vapor sources.

6. A system for manufacturing a display unit using
organic electroluminescence devices each of which
comprises a plurality of layers sequentially laminated on
a substrate, wherein

said manufacturing system comprises a plurality of
apparatuses for manufacturing an organic
electroluminescence device in which a plurality of vapor

sources corresponding to said plurality of layers are
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said substrate and a mask used for patterning said
film formation portion on said substrate pass
sequentially through said manufacturing apparatuses.

8. A system for manufacturing a display unit using
organic electroluminescence devices as set forth in claim
7, wherein

an alignment device for position matching between
said substrate and said mask is provided at the preceding
stage of each of said manufacturing apparatuses.

9. A system for manufacturing a display unit using

organic electroluminescence devices as set forth in claim

8, wherein
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passed through said manufacturing apparatus at the last
stage to said alignment device at the beginning stage is
provided in addition to said plurality of manufacturing
apparatuses and said alignment devices arranged
correspondingly to said manufacturing apparatuses, and
said manufacturing apparatuses, saild alignment devices

and said return device constitute a closed loop structure.

10. A system for manufacturing a display unit
using organic electroluminescence devices as set forth in
claim 9, wherein

said closed loop structure comprises said
manufacturing apparatuses and said return device arranged
in a rectangular pattern with said alignment devices as
vertexes.

11. A method for manufacturing a display unit
using organic electroluminescence devices each of which
comprises a plurality of layers sequentially laminated on
a substrate, wherein

an organic electroluminescence device corresponding
to one color component is produced by laminating a
plurality of layers at a film formation portion on said
substrate through varying the relative positions of said

substrate and a plurality of vapor sources arranged side
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by side so that said substrate passes sequentially
through positions opposed to said plurality of vapor
sources, and

this procedure is repeated more than once while
changing said film formation portion on said substrate so
as thereby to arrange said organic electroluminescence
devices corresponding to a plurality of color components

on said substrate.
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