- 1 Tie-Ring Type Display Device, And Method O Manufacturing The

Di spl ay Device Technical Field The present invention relates to tiled

di splay systens having a plurality of display panels or display units and
relates to a method for manufacturing tiled display systens. The present
invention particularly relates to a tiled display system having top

em ssion-type organic EL (electrolum nescent) display panels and rel ates
to a method for manufacturing such & til ed di spl ay system Background Art
Di spl ay _systens including organic EL devices are expected to be used as

t he nexttGeRérs: fgReoPisParypRAEicedi Aptlalisthnd ©fcManebaveeciayi zation is
desired. In organic EL dispE&? By8PefE, P8VAER the response rate of the
organic EL devices is 1 nisec or |less, duty driving by passive matrix
addressing is possible. However, when the duty ratio is high when turning
the display on and off, passive matrix addressing causes serious damage
to the organic EL devices because a high current nust be applied to the
organic EL devices during a short period of tine in order to obtain
sufficient brightness. On the other hand, in active matrix - 2

Technical Field

The present invention relates to tiled display systems
having a plurality of display panels or display units and
relates té a method for manufacturing tiled display systems.
The present invention particularly relates to a tiled
display system having top emission-type organic EL
(electroluminescent) display panels and relates to a method

for manufacturing such a tiled display system.

Background Art

Display systems including organic EL devices are
expected to be used as the next-generation of flat panel
displays and their commercialization is desired. In organic
EL display systems, since the response rate of the organic
EL devices is 1 pm/sec or less, duty driving by passive
matrix addressing is possiblef However, when the duty ratio
is high when turning the display on and off, passive matrix
addressing causes seridus damage to the organic EL devices
because a high current must be applied to the organic EL
devices during a short period of time in order to obtain

sufficient brightness. On the other hand, in active matrix



addressing, a TFT (thin-filmtransistor) circuit is usually connected to
a capacitor to maintain a voltage applied to the organic EL device.
Therefore, active matrix addressing does not cause nuch danage to the
organi c EL devices since a constant voltage can be applied to the organic
EL devices during one display frame, that is, a high current are not
applied to the organic EL devices during a short period of tine. However,
in display panels driven by active matrix addressing using TFTs, the TFTs
occupy a certain area and the effective area of a pixel portion cannot be
sufficiently obtained, thereby reducing the aperture ratio. A top

em ssi on- type device is effective in solving such a problem Anong Figs.
10A to ég 10 A shgmg_a go ventional = organi c EL device Eanel and

Fi g. §ﬁ8\ﬁé gt BpTEhi sEMOATTE glaetsﬁaéhﬁéoa gevreétpafiersUphlki g. 10A,
electrode wire 904 are_disposed on,a substrate 902 with an interl ayer
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during one display frame, that is, a high current are not
applied to the organic EL devices during a short period of
time. |
However, in dieplay panels driven by active matrix
addressing using TFTs, £he TFTs occcupy a certain area and
the effective area of a pixel portion cannot be sufficiently
obtained, thereby reducing the aperture ratio. A top
emission-type device is effective in solving such a problem.
Among Figs. 10A to 10D, Fig. 10A shows a conventional
organic EL device panel and Fig. 10B shows a top emission-
type organic EL device panel. In Fig. 10A, electrode wires
904 are disposed on a substrate 902 with an interlayer
insulating layer 906 located therebetﬁeen, the substrate 902
has TFTs 900 arranged in a matrix thereen, and the eliectrode
wires 904 are connected to the TFTs 900. A planarizing
‘insulating layer 908 and anodic electrodes 910 comprising a
semi~-transparent conductive material are disposed on the |
electrode wires 904 in that order. The anodic electrodes
910 are connected to the corresponding electrode wires 904.

Ribs 912 are dispcsed above the anodic electrodes 910,



Ri bs 912 are di sposed above the anodic el ectrodes 910, 3 and organic EL
| ayers 914 are di sposed at portions |ocated on the anodic el ectrodes 910
and surrounded by the ribs 912. The organic EL |ayers 914 incl ude

| um nescent materials displaying, for exanple, red (R), green (G, and
blue (B). The organic EL | ayers 914 each have an el ectron transport

subl ayer, a lum nescent |ayer, and a hole transport layer (not shown). A
cat hodi c el ectrode 916 conpri sing tal is disposed over the ribs 912 and
the organic EL layers 914. Since the anodic el ectrodes 910 are

sem -transparent and the cathodic electrode 916 is reflective, |ight
output from organic EL layers 914 is emtted in the direction indicated
by t hexral rcowdbi.c 191, Riagre rE0B iIshawianglidier deap saimimsitaredy pe>organi ¢ EL

devi ce panel, the organic EL | ayers 914 and a cathodic el ectrode 926
conpr icgl nghea memid redreparcetds cdriductd v rmatretddlbyarighoisiposed 2on anodi ¢
el ectrodes 920 conprising netal in that order. The arrangenent of the
above Theonpoywemics Hin lEygrsl0B 4 sindladeviensiemagfedritatmd refHiggls 10A. A
protective |ayer 930 and a sem -transparent sheet 932 are disposed over
ri bs Slixaray itthe datthedisspelcectragte(FI26 dreert hi@) oradet biSienceB)t he anodic
el ectrodes 920 are reflective and the cathodic electrode 926 is
Seni_ﬂﬁghgpggqqﬁq BL gltyers 914 each have an electron transport

sublayer, a luminescent layer, and a hole transport laver
{not shown). A.cathodic electrode 916 comprising metal is
disposed over the ribs 912 and the organic EL layers 914.
Since the anodic electrodes 910 are semi-transparent and the
cathodic electrode 916 is reflective, light output from
organic EL layers 914 is emitted in the direction indicated
by the arrow Fb.

In Fig. 10B showing the top emission—-type organic EL
device panel, the organic EL layers 914 and a cathodic
electrode 926 comprising a semli—itransparent conductive
material are disposed on ancdic electrodes 920 comprising
metal in that order. The arrangement of the above
components in Fig. 10B is the rgvérse of that in Fig. 10A,.
A protective layer 930 and a semi-transparent sheet 932 are
disposed over ribs 912 and the cathodic electrode 926 in
that order. Since the anodic electrodes 920 are reflective
and the cathodic electrode 926 is semi-transparent, light
output from organic EL layvers 214 is emiﬁted in the
direction indicated by the arrow Ff. In the conventional

type shown in Fig. 102, the TFTs 900 are located at the



output fromorganic EL layers 914 is emtted in the direction indicated
by the arrow Ff. In the conventional type shown in Fig. 10A, the TFTs 900
are located at the 4 1light-em ssion side. However, in the top em ssion
type shown in Fig. 10B, the TFTs 900 are not |ocated at the

| i ght-em ssion side, thereby increasing the aperture ratio. In the top

em ssion-type organic EL display panel having a |arge aperture ratio, the
cathodic el ectrode 926 is sem-transparent, that is, the cathodic

el ectrode 926 is a sem -transparents conductive film because emtted
light is taken out of the cathodic el ectrode 926, nanely, an upper

el ectrode. Generally, since a sem -transparent electrode has a large
sheet resjstance, a voltage gradient arises in the display surface when

t he se%?g??aﬂ§b%§%%ﬁ Bt r ?%?rdl%%dg%% %ﬂ@wem%ﬁﬁﬁﬁ?rﬁﬁﬁﬁﬂ surface of
the dis an refore ht ness js decreased due to a
decre:'ig}g % f@oﬁ%ge Q}%e tHe ¢ (gd &? e WS %?/ag?ﬁf?fce ‘?Ag the display
suerCf b%fones | ar dthLégg noanon becone serlous t her eby
signi fTt& |?F”dse ol ) %59 The Ui spiay " pert ot Hance: %eﬂa%? 15 401 ve this

problem the ng ;Stfucture shaown i.n Fig has been proposed:
auxiliary W r@se 8%4 gemlsrsllé ngl{ Vet aqu‘jziarn(:f-LCdllésl'péjlSc!ij W &% bs 912 and

are copnechgdsto,the ggéﬁ@&f& S5 F odee 9%0rnd 85 @ HEPLAYae 926 is

semi—-transparent, that is, the cathodic electrode 926 is a
semi-transparent conductive film, because emitted light is
taken out of the cathodic electrode 826, namely, an upper
electrode. Generally, since a semi—transparent electrode
has a large sheet resistance, a voltage gradient arises in’
the display surface when the semi-transparent electrode is
disposed over the principal surface of the display panel.
Therefore, the brightness is decreased due tQ'a decrease in
voltage at the center of the display surface. As the
display surface becomes larger, this phenomenon becomes more
serious, thereby significantly degrading the display
performance. In order to solve this problem, thé following
structure shoﬁn in Fig. loc_hés been proposed: auxiliary
wires 950 comprising metal are dispoéed on the ribs %12 and
are connected to the cathodic electrode 926. In a display
panel having this structure, non—uniform display due to the
voltage gradient does not arisé.

However, in the display panel having such wiring, since
the reflection of external light by the auxiliary wires 950

is significant, the contrast of a displayed image is



. panel having this structure, non-uniformdisplay due to the voltage

gradi ent does not arise. However, in the display panel having such wring,
since the reflection of external light by the auxiliary wires 950 is
significant, the contrast of a displayed image is 5 seriously
deteriorated. In order to solve this problem the follow ng structure
shown in Fig. 10D has been proposed: a black matrix 960 is di sposed above
the auxiliary wires 950 to prevent %he contrast from being reduced. A
sealing substrate 962 having the black matrix 960 is placed on the top
of the structure shown in Fig. 10C wth an U/-curing resin 964 |ocated

t herebetween to formthe structure shown in Fig. 10D. Since the black

mat ri xs860casver detheiocasxeli ar gnworesr9k0, sbheer ehliecpirablef, exther nal
light is suppressed and the contrast becones high. Atiling technique is
known &slaowehbodttorctiner ehswngint Régdi $pbayasi beenl probbsetiechai que, a
plurality of flat display panel units are arranged in such a manner that
t hey hkisackietdrin PoPmia Hasgessdrebnvdi speapuxfiniehiyswliargedsdcreen

di splay forned by the tiling technique, it is necessary to make the
boundatpPeprpeentenhadfavtnesti §ppaybepagersdiugednspAcaead inFhe present

invention is based on the above findings.
substrate 962 having the black matrix 960 is placed on the

top of the structure shown in Fig. 10C with an UV-curing
resin 964 located therebetween to form the structure shown
in Fig. 10D. Since the black matrix 960 cbvers the
auxiliary wires 950, the reflection of external light is
suppressed and the contrast becomes high.

A tiling technique is known as a method for increasing
the display size. 1In this technique, a plurality of flat
display panel units are arranged in such & manner that they
are tiled to form ; large-screen display. In this large—
screen display formed by the tiling technique, it is
necessary to make the boundaries between adjacent display
paﬁels inconspicuous.

The present invent%on‘is based on the above findings.

It is an object of the present invention to provide a tiled \
display system including organic EL display panels having
improved high contrast by using a black matrix and to
provide a method for manufacturing the tiled display system,

wherein the tiled display system provides a2 high-quality

display and has inconspicuous boundaries.



It is an object of the present invention to provide a tiled display
system i ncludi ng organic EL display panels having inproved high contrast
by using a black matrix and to provide a nethod for nmanufacturing the
tiled display system wherein the tiled display system provides a

hi gh-quality display and has inconspi cuous boundaries. 6 D sclosure of

I nvention In accordance with an aspect of the present invention, there is
provided a tiled display system haviag-a |large screen display formed by
joining a plurality of display panels together, conprising: a sealing
substrate di sposed over and extending continuously across the plurality

of displa anel s;. and pl ack matrix, for inproving the contrast,
dispos@&SSﬁogﬁﬁesgglf?@eaah%?rate, wherein the black matrix is positioned

above boundaries between the plurality of display panels. Exanple

enbodi nent $ncancprdende aithl|ed adssptay Syidteemrdsanitng nasharige, screen
display forned by joining a plurality of display panels together. The
tiled dhspeaysspstenedcd udescd despialg KuEdsy ateeidicspodedaever t he
plurality of display panels, and a black matrix, for inproving the
contra§t3,‘—”eéiﬂséé§§gaﬁnf@ﬁée@e@’iW%%taf alairadidveiod cheprlevack matrix is

posi ti oned_above boundaries between the._
panels together, comprising: a sealing substrate disposed

over and extending continuously across the plurality of
display panels; and a black matrix, for improving the
contrast, disposed on the sealing substrate, wherein the
black matrix is positioned above boundaries between the

plurality of display panels.

Example embediments can provide a tiled display system
having a large screen display formed by joining & plurality
of display panels together. The tiled display system
includes a sealing substrate disposed over the plurality of
display panels, and a black matrix, for improving the
contrast, disposed on the sealing substrate, wherein the
black matrix is positioned above boundaries between the
plurality of display panels.

In one of the embodiments, the display panels each have
a substrate, lower electrodes, organic EL layers, and an
upper semi-transparent electrode disposed in that order:; and
light emitted from the organic EL layers is taken out of the
upper semi-transparent electrcde. In another embodiment, the

displav panels have a sealing laver for



plurality of display panels. In one of the enbodi nents, the display panels
each have a substrate, |ower electrodes, organic EL |ayers, and an upper
sem -transparent el ectrode disposed in that order; and |ight emtted from
the organic EL |layers is taken out of the upper sem -transparent

el ectrode. In another enbodiment, the display panels have a sealing |ayer
for 6a preventing the | ower electr es, the organic EL |ayers, and the
upper sem -transparent el ectrode fron1be|ng darmaged. In anot her

enbodi ment, the display panels have ribs surrounding each of the organic
EL layers, the ribs each have a auxiliary wire electrically connected to
the Uppele\S8filind MRS Llectipde, and bheblack mbibxs s pesiti oned

above the auxiliary wires. In another embodinent, the “auxiliary wires at

t he boundanigsbelweenr rbhepdi-splhayipanebse have ]@e%@t@aﬁz?@éd' S In
approximately half of the width of the 7 - other auxiliary wires. Al so

di scl osedths:ra cigidaaccher, marubacbubiyN@adel il Béve di Pk ayu SySteMndg N whi ch
the nethod includes the step of cutting each display panel, having ribs,
al ong tdwehoutfsitde afrgartie MHIbd aclcose ttheendblzaeeshohatrke adi spl ay panel s
used for joining the display panels together, anong all the end faces
auxiliary wire electrically connected to the upper semi-
transparent electrode, and the bklack matrix is positioned
above the auxiliary wires. In another embodiment, the
auxiliary wires at the boundaries between the display panels

have a width that is approximately half of the width of the



of the display panels. In one of the enbodi nents, each display panel is
cut along the outside of the ribs with a laser. In another enbodi nent,
the di splay panels have organic EL |ayers, and each display panel is cut
with a |laser before the organic EL |ayers are fornmed. The advant ages of
t he exanpl e enbodi ments will beconme further clearer by the enbodinents
descri bed below with reference to dTamrngs. Brief Description of the

Drawi ngs Figs. 1A to 1C are principal illustrations showi ng a
manuf acturi ng process according to a first enbodi ment of the present
inventi gineFi 9%xi 210 L2Gare principal illustrations show ng the

manuf acturing process according to the first enbodi nent of the present

i nvention. Figso 3isc@ansanl o gednsahaiatd € rperspeshiMeviewiafeca part of
Figs. 2Ato 2C. 8 Figs. 4Ato 4C are principal illustrations show ng the

manuf act usphgy ps psess, aceowi ag tive thecfidd stnenboh ngd afep tdfe present
invention. Figs. S5A to 5B are principal illustrations show ng the

manuf actut i hgg peadesst secoy dbange 1,0 Haeirdfd nsitb senbddingentheofouttshelepogsent
invention. Figs. 6A to 6C are principal illustrations show ng the
the ribs close to end faces of the display panels used for
joining the display panels together, among all the end faces
of the display panels. In cne of the embodiments, each
display panel is cut along the outside of the ribs with a
laser. In another embodiment, the display pansls have
organic EL lavyers, and each display panel is cut with a laser
before the crganic EL layers are formed. The advantages of

the example embodiments will become further clearer by the

embodiments described below with reference to drawings.

Brief Description of the Drawings

Figs. 1A to 1C are principal illustrations showing a
manufacturing process according to a first‘embodiment of the
present invention.

Figs. 2R to 2C are principal illustrations showing the
manufacturing process according to the first embodiment of
the present invention.

Fig. 3 is an enlarged schematic perspective view of a

part of Figs. 2A to 2C.



nanufacturfng process according to the first enbodi nent of the pr
invention. Fig. 7 is a schematic perspective view showng a situation in
which a black matrix is placed on display panels after tiling. Figs. 8A

to 8B are principal illustrations showing a mnmanufacturing process
according to a second enbodi nrent of the present invention. Figs.
are principal illustrations show ng the nmanufacturing process acc

esent

9A to 9D
ordi ng

to the second enbodi nent of the present invention. Figs. 10A to 10D are
princi pal sectional views show ng -dgsplay panels of the related art of

the present invention. Best Mde for Carrying Qut the Invention |
Enbodi nent] A first enbodi nent of the present invention will be described

First

bed. A

on detail. First of all ri nci pal , mnufacturing, steps are descri
tiled 9 diSp¥ay ’gﬁ‘zs’f%n%%fgfﬁi%fg%bla?ﬂeﬁﬁ}iétﬁﬁgéﬁ??v%h%%w xth@ddr essi ng

t ype.

A_TFT substrate 10 shown in Fig. 1(A) is. first. The TFT
SUbst r BB T0ChAG HETE" 128 ARGEAC T 4 klFi ¥ \E6FT BAPORAFRGLL Bpi xel s

Variou%htyges of TET s%g%trates and manuf acturing net hods thereof

known an any o

resenﬁelﬁgﬁnbe sed. A gate electrode of each TFT 12 is

Figs. 5A to 5B are principal illustrations showing the
manufacturing process according.to the first embodiment of
the present invention.

Figs. 6A to 6C are principal illustrations showing the
manufacturing process according to the first embodiment of
the present invention.

Fig. 7 is a schematic perspective view showing a
Situatibn in which a black matrix is placed on display
panels after tiling.

Figs. 8A to 8B are principal illustrations showing a
manufacturing process according to a second embodiment of
the present invention.

Figs. 9A to 9D are principal illustrations showing the
manufacturing process according to the second embodiment of
the present_inﬁention.

Figs. 10A to 10D are principal sectional views showing

display panels of the related art of the present invention.

Best Mode for Carrying Out the Invention
[First Embodiment] A first embodiment of the present
invention will be described on detail. First of all,

principal manufacturing steps are described. A tiled

ar e



connected to a scanning circuit (not shown). A first interlayer insulating
| ayer 14 is forned on the upper surface of the TFT substrate 10 so as to
cover the TFTs 12. The first interlayer insulating |ayer 14 conpri ses,

for exanple, a silicon-oxide-based material such as silicon oxide or PSG
(phospho-silicate glass) containing silicon oxide and phosphorus. Wres
16A and 16B conprising alum num or alum num copper alloy is fornmed on the
first interlayer insulating |layer 14 by patterning. The wires 16A and 16B
function as driving signal lines and®are connected to source el ectrodes
or drain electrodes of the TFTs 12 through contact holes (not shown),

di sposed in the first interlayer insulating |layer 14. Next, as shown in

Fig. 1§Blp1aysesondnintephayesnpbasubati ng hayskci8el satpiged so as to
cover the wites 16A and 16B. The second interlayer insulating |ayer 18

pref er abhye500RGi @52 NAteftrabubbataks capabbenofinbeing 1repdiky
pl anarized in order to cover the patterned wires 16A and 16B. This

mat er i gtepaeber abtythasrire SRT| suBkerat@ 18brasbirRrysplopgrtynhegause an
organic layer formed by deposition in a subsequent step is danmaged by
wat er &nda hberekocerhéghohaight nespirannot WBerachkevedes| 8ft hFS

enbodi nent, the second interlayer insulating | ayer 18

substrates and manufacturing methods thereof are known and

any one may be used. A gate electrode of each TFT 12 is
connected to a scanning circult {not shown).

A first interlayer insulating layer 14 is formed on the
upper surface of the TFT substrate 10 so as to cover the
TFTs 12. The first interlayer insulating layer 14 comprises,
for example, a silicon—-oxide-based material such as silicon
oxide or PSG (phospho~silicate glass) containing silicon
oxide and phosphorus. Wires 16A and 16B comprising aluminum
or aluminum-copper alloy is formed on the first interlayer
insulating layer 14 by patterning. The wires 16A and 16B
function as driving signal lines and are connected to source
electrodes or drain electrodes of the TFTs 12 through
contact boiés {not shown), disposed in the first ihterlayer
insulating layer 14.

Next, as shown in Fig. 1(B), a second interlayer
insulating layer_18 is formed so as to cover the wires 16A
and 16B. The second interlavyer insulating layer 18
preferably comprises a material that is capable of being

readily planarized in corder to cover the patterned wires 16A

and 16B. This material preferably has a small water-



conprises polyimde.” The second interlayer insulating layer 18 is forned
over the upper surface of the TFT substrate 10, and contact hol es 18A
used for connection to the wires 16A are then forned in the second
interlayer insulating layer 18. As shown in FIG 1(C), anodic el ectrodes
(lower electrodes) 20 for organic EL |ayers are formed on the second
interlayer insulating layer 18. In a top em ssion- type display panel of
this enbodi ment, the anodic el ectrodes 20 preferably conprise' a
conductive material having a |l arge- mork function and a high refl ectance,
such as chromum iron, cobalt, nickel, copper, tantalum tungsten,

plati num or gold. In this enbodinent, the anodic el ectrodes 20 conpri se
chrom u Each anodic el ectrode 20 is atterqed so_.as tg _correspond to
each pPPREPERAHS §¥OBRAGE: BF TG EaEh WHETI6A | VAT ohGRTERe or r espondi ng

tact, hol e 18A di in th dinterl [ | ati I 18.
Ae ShollREPR SR SUAR, SHEBE 5 oy & Pt ned RS 57 SALFGuRRoH xol s

(or ganig Bl Larer ke Lh5.:22 NaYE A LAl UL Chgnthy l arger than

t he t hickness “of e org ers tormed by deposition in a

saeeouggl iy TN SRy UIRSA2 et A ggmca o o sk

by patkg&gkﬁgesl%oﬁg&%i%%bOd%%En%edﬁﬂa1ﬂﬂé%f%%y@%chﬂgﬁiating layer
18 is formed over the upper surface of the TFT substrate 10,
and contact holes 18A used for connection to the wires 16A
are then formed in the second interlayer insulating layer 18.

As shown in FIG. 1(C), ano@ic electrodes (lower
electrodes) 20 for organic EL layers are formed on the
second interlayer insulating layer 18. In a top emission-—
type display panel of fthis embodiment, the ancodic electrodes
20 preferably comprise a conductive material having a large
work function and a high refléctance, such as chromium, iron,
cobalt, nickel, copper, tantalum, tungsten, platinum, or
gold. In this embodiment, the anodic electrodes 20 comprise
chromium. Each anodic electrode 20 is patterned so as to
correspond to each pixel and is connected to each wire 16A
through the corresponding contact hole 18A disposed in the
second interlayer insulating layer 18.
As shown in FIG. 2(4), ribs 22 are formed so as to

surround pixels {organic EL layers). The ribs 22 have a
height sufficiently larger than the thickness of the organic
EL layers formed by depositicon in a subsequent step.

Therefore, the ribs 22 function as spacers for a mask when



silicon oxide sublayer 22A and 22B, and the silicon oxide sublayer 22B°
has an al um num | ayer functioning as an auxiliary wire 23 thereon. The
silicon oxide sublayers 22A are forned in such a manner that the contact
holes 18A are filled with the silicon oxide sublayers 22A and the silicon
oxi de subl ayers 22A cover the peripheries of the contact holes 18A. The
silicon oxide sublayers 22B are then each formed on the correspondi ng
silicon oxide sublayers 22A. In this structure, the ribs 22 have a
sufficient height. The silicon oxidelstibl ayers 22A function as interlayer
insulating layers and the silicon oxide sublayers 22B function as ribs.
The ribs 22 have tapered walls, as shown in Fig. 2(A), so as to maintain

the covefragerffnad MPPERIyEOIMDI: ef Balsdden {icathasi oo el pedvde)s ahpve the
ribs 22 having a considerably large height. Fig. 2(B) is a schematic view

showi ngoya wh s ayidanel 1n 56h favinighd fieert pSeeh f priezk amn @howss As shown

in FIG 2(C, when the display panels 50-56 are joined together to form
a til eds i sqdayossd esnbldeeTER s uhsd raie, ldnhaftlidesi i spl ayxjprnel 50 nust
be cut along portions close to end faces 50A and 50B which are joined to

cor r es pouigli ayge e P B flace saof a Tlmei ot era ks pfaycpbamelsy @mong all the end
faces 12
auxiliary wire 23 thereon. The silicon oxide sublayers 222

are formed in such a manner that the contact holes 18A are
filled with the silicon oxide sublayers 22A and the silicon
oxide sﬁblayers 222 cover the peripheries of the contact
holes 18A. The silicon oxide sublavyers 22B are then each
formed on the corresponding silicon oxide sublayvers 22A. 1In
this structure, the ribs 22 have a sufficient height. The
silicon oxide sublayers Z22A function as interlaver
insulating layers and the silicon oxide sublayers 223
function as ribs.

The ribs 22 have tapered walls, as shown in Fig. 2(a),
so as to maintain the coveragée of an upper common electrode
(cathodic electrode) above the ribs 22 having a considerably
large height.

Fig. 2(B) is-a_schematic view showing a display panel
50 having the ribs 22 formed as above. As shown in FIG.
2{(C}, when the display panels 50-56 are joined together to
form a tiled display system, the TFT substrate 10 of the
display panel 50 must be cut along portions close to end
faces 50A and 50B which are jolned to corresponding end

faces of the other display panels, among all the end faces



of the display panel 50. Inthis enbodi ment, as shown in Fig. 2(B), the
TFT substrate 10 is cut along the outside of the ribs 22 (or the end
portions of auxiliary wires 23), as indicated by the arrows in Fig. 2(B)
using a laser cutter. A laser cutter can performhighly precise cutting
and does not require water as a coolant. Therefore, such a |aser cutter
is suitable for organic EL devices, which are damaged by water. The | aser
cutter preferably uses a high-powered infrared |aser such as a carbon
di oxi de | aser. Laser beans output- hy the |aser are applied onto a
predeterm ned portion of the display panel substrate to rapidly heat the
portion locally and the heated portion is then quenched by applying air,
t her eby cau5|ng the substrate to_be cut by the stress generated by the
above Bperafi g Sp%?@ P3N&Rons -a &Br hBA-S €Bﬁ§ﬁéﬁﬁﬁé of:St FBC¥Ad iflaces 50A
and 50? eg The | aser cutting nmust be finished before
t he dgnigqéﬁ'lgbgr FgréugﬁFﬁﬁae bacadsENtha P §th€u9PFﬁddet@ﬁporarlly
i ncreases the t rature of the ay _panel, . .50 and c EL layers
descri GEd BaPSwrar Oge% 2 fod' Pi-tidke bet S’Pxﬁélaﬂe;‘?’léﬁé %aamgea by’ heat.
In the I p I g.el ec ges and anic EL er when
t he en&gpggegggoﬁg 58§rgw eﬁdFIPacgég f Pﬁén?F? gﬁﬁgerPEtT% are in
the Sa%?lgsggecukEekscan perform highly precise cutting and does

not require water as a coolant. Therefore, such a laser

cutter is suitable for organic EL devices, which are damaged

by water.

The laser cutter preferably uses a high-powered

infrared laser such as a carbon dioxide laser. Laser beams

output by the laser are applied onto a predetermined portion

of the display panel substrate to rapidly heat the portion

locally and the heated portion is then quenched by applying

air, thereby causing the substrate to be cut by the stress

generated by the above operation. Fig. 3 shows a corner

consisting of the end faces 50A and 50B in an enlarged

manner. The laser cutting must be finished before the

organic EL layers are formed, because the laser cutting

temporarily increases the temperature of the display panel

50 and organic EL layers described below are sensitive to

heat, that is, they are damaged by heat.

In the display panel 50 including electrodes and
organic EL layers, when the end faces 50A and 50B and end

faces of the TFT substrate 10 are in the same plane, it is

not necessary to cut the TFT substrate 10. Furthermore,



not necessary to cut the TFT substrate 10. Furthernore, - 13 another
substrate for tiling may be prepared to arrange the display panels 50-56
thereon to join themtogether. As shown in Fig. 4, organic EL | ayers

di splaying red (R), green (G, and blue (B) are fornmed by vapor _
deposition. In this enbodi nent, an organic EL |ayer displaying green,
anot her organic EL |ayer displaying blue, and another organic EL |ayer

di splaying red are formed in that order. As shown in Fig. 4(A), a netal
mask 24 havi ng an opening 24A for ﬂérnlng R, G and B pixels is prepared.
Alignment is performed in such a manner that the opening 24A is
posi ti oned above the anodic el ectrode of a green pixel. A (green organic

EL | aygho2RG-1 Sub9f PRE: OR: QiﬁﬁﬂﬁaxﬂQQ' Be ﬁk@g&f@é%@oapyae@@%hgep%' tion
usi ng resistance heating. -tris(

net hyl § h@gﬂphl@aﬁé@m sl@msl@H@M&@ntaeﬁa&M@ﬁgﬁ)m@em@POSI ted to 25 nmto
forma hole injection layer 26G. (2)

4, 4' - bi s(N-Ads naphkhyin N pheny) asgd) He E)fb%?nyiy(e(ﬁ& NRRp 1 sy depasid ed to 30 nm

to forma hole transport |ayer 26Ch.
Tri s(8¢muj ngkéan! atp) ahudi BLa¢ | (B) (Arg3fokmedeppsiipdr &epbdPitmhao forma

| um nescent | ayer 26Gc_ The above deposition of each |ayer is
conseqleenthys penbodimdntn an depesiti D apparafiisplaying green,
another organic EL layer displaying blue, and another
organic EL layer displaying red are formed in that order.
As shown in Fig. 4(A), a metal mask 24 having an opening 24A
for forming R, G, and B pixels is prepared. Alignment is
performed in such a manner that the opening 24A is
positioned above the anodic electrode of a green pixel. A
green organic EL layer 26G is formed on a green anodic
electrode 20 by vapor deposition using resistance heating.
{1y 4,4' ,4"—tris{3-
methylphenylphenylaminoe) triphenylamine (m—MTDATA) is
deposited te 25 nm to form a hole injection layer 26Ga.
(2) 4,4'-bis(N-l-naphthyl-N-phenylamino}biphenyl (¢~NPD}
is deposited to 30 nm to form a hole transport layer 26Gbh.
(3) Tris(8—quinolinolato)aluminum(III)(Alq3) is deposited
to 50 nm to form a luminescent layer 26Gc. The above
deposition of each layer is conseqguently performed in a
deposition apparatus.
As shown in Fig. 4(B), alignment is performed in such a
manner that the opening 24A is positioned above the anodic

electrode of a blue pixel. A blue organic EL layer 2EB is,



As shown in Fig. 4(B), alignnent is perfornmed in such a manner that the
opening 24A is positioned above the anodic electrode of a blue pixel. A
blue organic EL |l ayer 26B is. 14 formed on a blue anodic el ectrode 20 by
vapor deposition wusing resistance heating. (1) 4,4 ,4"-tris(3-

met hyl phenyl phenyl am no) t ri phenyl am ne(m MIDATA) is deposited to 18 rim
to forma hole injection |ayer 26Ba. (2)

4, 4" - bi s(N-1- napht hyl - N- phenyl am no) bi phenyl (a-NPD) is deposited to 30 nm
to forma hole transport |ayer 26Bb.14 (3) 2,9-dinethyl-4, 7-diphenyl-1, 10
phenant hr ol i ne( bat hocuproine) is deposited to 14 nmto form a |um nescent
| ayer 26Bc functioning as a hol e-blocking |ayer. (4)

Tris(8-quinalinolato)alum nunm(1L1)(A g3) .is.deposited to. 30 nmto forma
| uni negé‘wgl 8y ef 5@%8. a’?ﬁalﬁbB\H/@c(tHB%Ss?pi ¥ gFP%cHePaﬁéFlP%
consequently performed {n_a. deposition apparatus. As shown in Fig. 4(0)),
alignnﬁﬁfngsrgéﬁﬁgﬁﬁﬁa bﬁag&EH'a manner that the opening 24A is
positiongg abﬂVﬁ-tQ€~%99Qk§_ el ectrode of a red pixel. Ared organic EL

| ayer 26 ?s formed on~a'red anodi c el ectrode 20R by vapor deposition

using ﬁg%h§agﬂgﬁyﬁgﬁghggamino)triphenylamine(m—MTDATA) is

deposited to 18 nm to form a hole injection layer 26Ba.

(2) 4,4'-bis(N-1l-naphthyl-N-phenylamino)biphenyl {(d—NPD)
is deposited to 30 nm to form a hole transport layer 26Bb.

{3y 2,9-dimethyl-4,7-diphenyl-1,10~
phenanthreline (bathocuproine) is deposited to 14 nm to form
a.luminescent layer 26Bc functioning as a hole-blocking
layer. |

(4) Tris (8—quinolincliato) aluminum(III) (Alg3) is deposited
to 30 nm to form a luminescent layer 26Bd. The above
deposition of each laver is consequently performed in a
deposition apparatus.

As shown in Fig. 4{C}, alignment is performed in such a
manner that the opening 24A is positioned above the anodic
electrode of a red pixel. A red organic EL layer 26R is
formed on a red anodic electrode 20R by vapor deposition
using resistance heating.

(1) 4,4",4"-tris{3-
methylphenylphenylamino) triphenylamine (m—MTDATA) is
deposited to 55 nm to form & hole injection layer 26Ra.
(2) 4,4'-bis (N-1-naphthyl-N-phenylamino)biphenyl (a-NPD)

is deposited to 30 nm to form a hole transport layer 26Rb.



(1) 4,4 ,4"-tris(3- nethyl phenyl phenyl am no) tri phenyl am ne(m MIDATA) is
deposited to 55 nmto forma hole injection |ayer 26Ra. (2)

4, 4" - bi s(N-1- napht hyl - N- phenyl am no) bi phenyl (a-NPD) is deposited to 30 nm
to forma hole transport layer 26Rb. - 15 - (3)

2, 5- bi s[ 4- (N- net hoxyphenyl - N

phenyl am no) styryl ] benzene-1, 4-di carbonitril e(BSB-BCN) is deposited to 14
nmto forma |um nescent |ayer 26Rc. (4)
Tris(8-quno|inolato)aluninun(lII)CAP&BT‘is deposited to 30 nmto form an
el ectron transport |ayer 26Rd. The above deposition of each |layer is
consequently performed in a deposition apparatus. As shown in Fig. 5(A),

a cat hodi(g)el ectrpdgeupRenet8beebrede)-R8 is forned after the above
organic EL layers 26 are formed. The cathodic el ectrode 28 functions as a

commonphehgttnode) et yeathbphxehe-The-gathedibeiekectrede-88ni sisf or ned
usi ng another mask in the above deposition apparatus in order to prevent
t he abawpoetgadi eoEL4| ayers 26rfar anmlulhehbgcdamagagerThereat hodi ¢ el ect rode
28 preferably conprises a material having a small work function in order
to effici(éntl grinjléctiuabéchrdnsol alomthemdiganiia1ER)| ayedspo26teSuch a
mat eri al includes, for exanple, magnesiumand silver. In this enbodi nent,
magnesicam3@ndmsicbvéprar encelectron transport layer 26Rd. The

above deposition of each layer is consequently performed in

a deposition apparatus.

As shown in Fig. 5(A), a cathodic electrode {upper

electrode) 28 is formed after the above organic EL layers 26

are formed. The cathodic electrode 28 functions as a common

elactrode of each pixel. The cathodic electrode 28 is

formed using another mask in the above deposition apparatus

in order to prevent the above organic EL layers 26 from

being damaged. The cathodic electrode 28 preferably

comprises a material having a small work function in order

to efficiently inject electrons into the organic EL layers

26. Such a material includes, for example, magnesium and

silver. In this embodiment, magnesium and silver are co-

deposited to 14 nm to form the cathodic electrode 28. The

cathodic electrode 28 1s electrically connected to the

aluminum auxiliary wires 23 disposed on the ribs 22.

As shown in Fig. 5(B), a passivation laver 30
functioning as a protective layer is formed over the

principal surface of the display panel 50. The passivation

layer 30 is formed in the above deposition apparatus so as



deposited to 14 nmto formthe cathodic el ectrode 28. The cathodic
electrode 28 is electrically connected to the alumnumauxiliary wres 23
di sposed on the ribs 22. As shown in Fig. 5(B), a passivation |ayer 30
functioning as a protective layer is formed over the principal surface of
the display panel 50. The passivation layer 30 is formed in the above
deposition apparatus so as 16 not to expose the cathodic electrode 28 to
t he atnosphere. For exanple, silicon nitride is deposited at room
tenperature by a CVD nethod to formjtghe. passivation |ayer 30. The organic
EL | ayers 26 are seriously damaged at 100C or nore and therefore the

em ssion brightness is decreased. In order to preventing layers from
peeling off, it is preferable to formthe organic EL | ayers 26 under

condi t PGS toj ﬁXWWﬁ@htPﬁeC§FP€§§Clﬁlﬁﬁéxpgfeﬁg it§ ﬁ@ﬁiﬁ?%@ﬁp heRéref ore,

t he above dep05|t|on nethod I.S ysed pl ural dlsplay panel s

pr epar E@ ThP*ERE Lgpove 16P80§65F&d§résj&QRQTH%%% W't h an adhesive

¢ .
Flg. ate %‘é?rﬁé:uaf. "%@Q%r Bine g T ) %@M@?’% a0t ed

di spl a pane scrlb abave I 5,30-96 ,are joined
togethé a?ﬁﬁ? lc 535%&' énd Fggés é?zg egg eng fal&s havi ng
" been

more and therefore the emission brightness is decreased. In
order to preventing layers from peeling off, it is
preferable to form the organic EL layers 26 under conditions
in which the stress in the layers is minimized. Therefore,
the above deposition method is used.

A plurality of display panels prepared by the above
procedure are joined together with an adhesiﬁe agent in such
a manner that the tiles are set. For example, as shown in
Fig. 2(C), the display panels 50-56 are joined together to
form a tiled display panel 60. As described above, the
display panels 50-56 are joined together at the
corresponding end faces thereof, these end faces having been
formed by the laser cutting. The red, green, and blue
pixels in the display panels 50-56 are arranged in such a
manner that the two-dimensicnal arrangement of the red,
green, and blue'pixels is uniform over the display panels
50-56.

As shown in Fig. 6(A), a UV-curing resin 62 is applied
onto the principal surface of the tiled display panel &0.
This application is performed using a dispenser for

discharging a resin, wherein the dispenser is a syringe type



formed by the laser cutting. The red, green, and blue pixelsin the

di spl ay panels 50-56 are arranged in such a nmanner that the

t wo- di nensi onal arrangenent of the red, green, and blue pixels is uniform
over the display panels 50-56. As shown in Fig. 6 (A) , a W-curing resin
62 is applied onto the principal surface of the tiled display panel 60.
This application is perforned using a dispenser for discharging a resin,
wherein the dispenser is a syringe type - 17 or a slit nozzle type. O her
known nmet hods such as a roll coatihg nethod and a screen printing nethod
may be used. As shown in Fig. 6(B), a sealing substrate 66 having a bl ack
matrix 64 is prepared. The sealing substrate 66 is not used for each of

e PRI S R el Sy e 80, T

seal i ng substra to the principal sur tiled

di spl gy, panel 00 Wi ch dhe AV-euning, & 63 th 82 day, anpli gty | md his

step, It nust be avolded that bubbles are between the UV-curing resin 62

and t %&%@lm%%b% (@t € B8 thy 75 9H0MSa Ee Sé@nq@iimjhos ning-it he sealing
substrate 66 to the tiled display panel 60, wherein the UV-curing resin

62 is potrshon.; Sawed N Fige S0 ind hsubl gedededg i X5 G ofuddhe

sealing substrate 66 is aligned with the pixels of the tiled
for each of the display panels 50-56 but is used for the
tiled display panel 60. The sealing substrate 66 is jolned
to the principal surface of the tiled display panel 60 on
which the UV-curing resin 62 is applied. 1In this step, it
must be avoided that bubbles are between the UV-curing resin
62 and the sealing substrate 66. Fig. 7 shows a step of
joining the sealing substrate 66 to the tiled display panel
60, wherein the UV-~curing resin 62 is not shown.

As shown in Fig. 6(C), the black matrix 64 of the
sealing substrate 66 is aligned with the pixels of the tiled
display panel 60. When the UV-curing resin 62 1s not set,
the position of the sealing substrate 66 on the tiled
display panel 60 can be changed by several hundred nm. The
tiled display panel 60 has boundaries 68 between the display
panels 50-56. As shown in Fig. 6(C), the adjustment of the
position is performed in such a manner that the black matrix
64 are positioned correctly above the corresponding
auxiliary wires 23 of the ribs Z2Z2 and are positioned
correctly above the boundaries 68. The UV-curing resin 62
is irradiated with UV beams indicated by the arrows shown in

Fig. 6(C) to cure the UV-curing resin 62 to fix the sealing



di spl ay panel 60. Wien the UV-curing resin 62 is not set, the position of
the sealing substrate 66 on the tiled display panel 60 can be changed by
several hundred nm The tiled display panel 60 has boundaries 68 between
the display panels 50-56. As shown in Fig. 6(C), the adjustnment of the
position is perforned in such a manner that the black matrix 64 are
positioned correctly above the corresponding auxiliary wires 23 of the
ribs 22 and are positioned correctly above the boundaries 68. The
UV-curing resin 62 is irradiated-wjigh_-UV beans indicated by the arrows
shown in Fig. 6(C) to cure the UV-curing resin 62 to fix the sealing - 18
substrate 66 to the tiled display panel 60, thus conpleting a tiled

di spl ay systen170 In the tiled display system 70, the reflection of
ext er naf TT@W(E' Gluset Hie thel e d 1IR3y ianal 29 i e caMRIE tiBg t he bl ack

mat ri x_ 64, e bo darles 68 between the display panels 50-56 are covered
by t he? bT%% 3643 SH9RrEfore, a hlgh qual ity |arge-screen display

Second £ tﬁeeen 3k ] Sheaa e Yof e bﬁg&%ﬁ % fdenti on ui 11 now
be described., | t}:e above nbo | rent as s 6 %g:to 6(0,
two of “the Ti JZgzhare Sath ot ey %{o]%ﬁ(fé]?%’ 5kt ween
the diﬁf'@ﬂe biack matrix 64. The boundaries 68 between the

display panels 50-56 are covered by the black matrix 64.

Therefore, a high—guality large—screen display having high

contrast and inconspicuous boundaries can be obtained.

[Second Embodiment] A second embodiment of the present

invention will now be described. 1In the abové embodiment,

as shown in Figs. 6(A) to 6(C), two of the ribs 22 are

adjacent each other at each boundary 68 between the display

panels 50-56. Whén the black mafrix 64 entirely covers the

auxiliary wires 23 of the ribs 22, as shown in Fig. 6(A) to

6 (C), the organic EL layers 26 are partly covered by the

black matrix 64, thereby reducing the brightness. 1In

contrast, when the black matrix 64 does not entirely cover

the organic EL'layers 26 in order to obtain high brightnesé,

the boundaries 68 are exposed under the black matrix 64,

thereby allowing the boundaries 68 to appear on the screen.

In order to solve the above problem, the following

method is proposed: each of the ribs 22 at the boundaries

68 should be cut in half. However, the cutting is not

possible. That is, when laser cutting is performed, the

object to be cut must absorb laser beams to rapidly increase



panel s 50-56. Wen the black matrix 64 entirely covers the auxiliary
wires 23 of the ribs 22, as showmn in Fig. 6(A) to 6(C, the organic EL

| ayers 26 are partly covered by the black matrix 64, thereby reducing the
brightness. In contrast, when the black matrix 64 does not entirely cover
the organic EL layers 26 in order to obtain high brightness, the :
boundari es 68 are exposed under the black matrix 64, thereby allow ng the
boundaries 68 to appear on the screen. In order to solve the above
problem the followi ng nethod i s"pt8pdsed: each of the ribs 22 at the
boundaries 68 should be cut in half. However, the cutting is not

possi ble. That is, when laser cutting is perfornmed, the object to be cut

nust abser beh @S t RLAMBhE Beb AP dhywdNEeF ca8ech @ ilhery eppesajyre thereof .
However, each auxiliary wire 23 conprising netal is disposed on the

cor r espamsh Ngh tid; bn@PaBnds dAeépbsd@som tias georeddpehiance mi s espect to
infrared | aser beans. Therefore, the tenperature of the ribs 22 cannot be

i ncr easeta byhdaserlirgadiariontathoe tii sh enbgsdente asrshovd idsdn 9. 8(A),
ribs 122 and auxiliary wires 123 are di sposed at the end faces 50A and
50B ofbtdwes di sphayepane] Hewhempeazeueachf j tioedib® Zh enthof ase of the
ot her display panels, wherein each auxiliary wre 123 is disposed on the
cor r espondéaged i by 1P@sefTherradiation.
In this embodiment, as shown in Fig. 8{(ad), ribs 122 and

auxiliary wires 123 are disposed at the end faces 50A and

50B of the display panel 50 which are each joined to an end

face of the other display panels, wherein each auxiliary

wire 123 is disposed on the corresponding rib 122. The

width WA of the auxiliary wires 123 is smaller than the

width WB of the auxiliary wires 23, for example, WA < (WB/2).

The auxiliary wires 23 are each disposed on the

corresponding rib 22, which are regularly arranged at a

constant pitch. Since the auxiliary wires 123 have a small

width, the réflection of laser beams by the auxiliary wires

123 is suppressed. Cutting is possible in such a manner

that the auxiliary wires 123 has a small width. Fig. 8(B),

which corresponds to Fig. 3, shows the display—-panel end

faces in this embodiment. The substrate is cut along the

dotted lines, which extend along the edgeés of the ribs 122,

with laser beams. After the cutting is finished, the

crganic EL layers 26, the cathodic electrode 28, and the

passivation layer 30 are formed on the principal face in

that order in the same manner as that in the first



width WA of the auxiliary wires 123 is snaller 'than the width WB of the
auxiliary wires 23, for exanple, WA < (WB/2). The auxiliary wires 23 are
each di sposed on the corresponding rib 22, which are regularly arranged
at a constant pitch. Since the auxiliary wires 123 have a small wdth,
the reflection of |aser beans by the auxiliary wires 123 is suppressed.
Cutting is possible in such a manner that the auxiliary wires 123 has a
small width. Fig. 8(B), which corresponds to Fig. 3, shows the

di spl ay-panel end faces in this enlodi-rent. The substrate is cut al ong
the dotted lines, which extend along the edges of the ribs 122, wth

| aser beans. After the cutting is finished, the organic EL |ayers 26, the

cat hodi ¢ ekFctrqge 28, and the passivation |ayer 30 are fornmed on the
1EntT .

princiﬁgﬁx?ace inm that order in the same manner as that in the first - 20
- enbodi nen o] Ln .Fl C, t Lspl a ne -56 are joined
t oget her to%FoéﬁP?EewFiFgﬁ'd|éBféy{BSngﬁsgggg|H¥P%?§ géﬁggdﬁﬁﬁnt, ag shown
in Fig. i Vi v dt f r.oxi ely VB/2.are
bondeg:Fgggg%ﬁ&%%ﬁ%%gfgifgfﬁgl6%%% éﬁﬁ%gcgﬁgﬂfﬁﬁeﬁ%%ﬁggﬁ%i%gnlfglﬁave a

T St BT e2 e gpanes ket e sar
width of approximately WB/2 are bonded to each other to form
boundaries 68. The bonded ribs 122 have a width of WB.

That is, the bonded ribs 122 have approximately the same
width as that of the ribs Z2. As shown in Fig. 9(B), the
UV-curing resin 62 is applied onto the passivation layer 30.
A black matrix 164 is provided on the sealing substrate 66
and the resulting sealing substrate 66 is placed onto the
UV—curing resin 62 of the tiled display panel 60, as shown
in Fig. 92(C). The position of the sealing substrate 66 is
adjusted slightly so as to align the black matrix 164 with
the pixels of the tiled display panel 60. Finally, as shown
in Fig. 9(D}), the UV-curing resin 62 is irradiated with UV
beams indicated by the arrows to set the UV-curing resin 62,
and the sealing substrate 66 is then fixed to the tiled
display panel 60 to complete a tiled display system 170.
The procedures shown in Figs. 9(B) to 9(D}) are approximately
the same as those in the first embodiment.

In the tiled display systeﬁ 170 manufactured by the
above procedures, the ribs 122 are joined each other at the
junction of the display panels. The joined auxiliary wires

located at the boundaries have approximately the same width



UV-curing resin 62 is applied onto the passivation |layer 30. A black
matrix 164 is provided on the sealing substrate 66 and the resulting

seal ing substrate 66 is placed onto the UV-curing resin 62 of the tiled
di spl ay panel 60, as shown in Fig. 9(C). The position of the sealing
substrate 66 is adjusted slightly so as to align the black matrix 164
with the pixels of the tiled display panel 60. Finally, as shown in Fig.
9(D), the WV-curing resin 62 is irradiated with U/ beans indicated by the
arrows to set the UV-curing resin 6221 and the sealing substrate 66 is
then fixed to the tiled display panel 60 to conplete a tiled display
system 170. The procedures shown in Figs. 9(B) to 9(D) are approxi mately

the sams asdfiose L0 thedi st prbod) nentes I n the LhLed display syst em 170

manuf act ur e above proce are’ joi ne ach ot her

ocat o bt T he BRarHarT co Rave Shar okt o1 Y Tha e Ut (o) 56 ¢ hat o

| ocat e oundari es have approxi mately

the ot hete AUXEA T ar ¥, W £ £S5 1 Jher ef ofg. M%&@ﬁﬁp apd appear Qp the

screen and the high brightness can be obtained. practice, in the |aser
cuttinthe ther OPLEELri1y D sUL PLET £5ADLY MBSy a3diabh d O g Ciit tig dependi ng

on the kind of material and the |laser. [Q her Enbodinents] In the present
I nvent 119ihd V&f | @A8erial and the laser.

[Other Embodiments] In the present invention, wvarious
embodiments are possible and various modifications are also
possible based on the above embodiments. For example, the
following embodiments are also possible.

{1} The positions of the cathodic electrode and the
anodic electrode may be reversed with resgspect to those in
the above embodiments. The cathodic electrode may comprise
metal, alloy, or an intermetallic compound having a émall
work function so as to efficiently inject eléctrons into the
electron—transport layer. The anodic electrode may comprise
metal, alloy, or an intermetallic compound having a large
work function so as to efficiently inject holes inteo the
hoie—transport layer.

(2) Although the display panel 50 is a top emission type,
the structure is not limited to the above embodiment. For
example, the structures shown in Figs. 10C to 10D are
possible. Generally, organic materials used for the organic
EL layers are damaged by water and oxygen and therefore the
light-emitting characteristics are decreased. Furthermore,

the cathodic electrode and the anodic electrode are damaged



enbodi nents are possi ble and various nodifications are al so possible
based on the above enbodi nents. For exanple, the follow ng enbodi nents
are al so possible. (1) The positions of the cathodic el ectrode and the
anodi c el ectrode may be reversed with respect to those in the above
enbodi nents. The cathodic el ectrode may conprise netal, alloy, or an
internmetallic conpound having a small work function so as to efficiently
inject electrons into the electron-transport |ayer. The anodi c el ectrode
may conprise netal, alloy, or an_.pternetallic conpound having a |arge
work function so as to efficiently inject holes into the hole-transport

| ayer. (2) Although the display panel 50 is a top em ssion type, the
structure is not limted to the above enbodinent. For exanple, the

st ruct BvegxdHewmonnaprdgshergfore 10D hréepsssphréonceprahll yty okganic
materials used for the organic EL |ayers are damaged by water and oxygen
and t héienadfécenrsly| dgheréniretedg chBRact éFi 3fi Bse ?éaﬁiéréﬁsed.
Furthernore, the cathodic el ectrode and the anodic_el ectrode are danaged
- 22 ByOSirgati 662aA8%t haverorBoVRethEI BRI BAPAEL Fbnte¥PRLALHL {PE s
significantly deteriorated. Thus, it %s greferable to Brovide a sealing
| ayer SB6FE PAESoPGaRc CRLPFEYEF taflCrhE ™ BPBERFBIEECR0NAkIES prevent such

Conpon%g%%aggogkgﬁk%g% atmosphere. The fecllowing structure is

aiso prbposed: an organic resin layer is disposed between
the protective layer 930 and the semi-transparent sheet 932
in Fig. 10C. The present invention is also applicable to
such a structure.

(3) In the above embodiments, the present invention is
applied to an organic EL display panel. However, the
present invention is applicable to any tiled display systems
such as plasma display panels. Furthermore, various driving
methods may be used.

As described above, according to the present invention,
the following advantages can be obtained.

(1) Since a black matrix is positioned above boundaries
between a plurality of display panels, large-sized displays
having inconspicuous boundaries on the screen can be
obtained.

(2) Since ribs located at end faces ofrthe display panels
have a small width and are joined together, the boundaries
of the display panels are covered by the black matrix, high-
guality large-sized displays having no boundaries on the

screen can be obtained.



contact with the atnosphere. The follow ng structure is also proposed: an
organic resin layer is disposed between the protective |layer 930 and the
sem -transparent sheet 932 in Fig. 10C. The present invention is also
applicable to such a structure. (3) In the above enbodi nents, the present
invention is applied to an organic EL display panel. However, the

present invention is applicable to any tiled display systens such as

pl asma di spl ay panels. Furthernore, various driving nethods may be used.
As descri bed above, according to thé&3present invention, the follow ng
advant ages can be obtained. (1) Since a black matrix i s positioned above
boundaries between a plurality of display panels, |arge-sized displays

boundari'es et ity of ¢ i zed di spl a
s Tochiba S and 19cee ort Ehe o opta wanel & et SRt bl ana

are j ol rq f erdi a el ered b
t he Lﬁgc H%?g§§$§%?g gﬁ%ﬁ%#??@ 1%?%%?5?%£df%#§%$hysféégéﬁdﬁ%gt%%%ndarieg

on the; g sgseen,tan e Obt ahedei 5r 2310k 3) £ SERE e, Lhe, subst rate.0f each
di splay panel is cut with a laser before organic EL layers are forned,

preci sgo&stfdNlarise.



is possible and the deterioration of the organic EL |ayers does not

arise. - 24 - CLAIMS 1. Atiled display systemhaving a | arge screen

di splay formed by joining a plurality of display panels together,
conprising: a sealing substrate di sposed over and extending continuously
across the plurality of display panels; and a black matrix, for inproving
the contrast, disposed on the sealing substrate, wherein the black matrix
is positioned above boundaries between the plurality of display panels.

2. The tiled display systemaccording to Claim1, wherein the display
panel s each have a substrate, |lower el ectrodes, organic EL |ayers, and an
upper semi-transparent el ectrode dispdsed in that order; and |ight
emtted fromthe organic EL layers is taken out of the upper

sem -transparent electrode. 3. The tiled display systemaccording to
Claim2, wherein the display panel grjhave a sealing |layer for preventing
the 25 |ower electrodes, the organic EL |ayers, and the upper sem -
transparent el ectrode from bei ng damaged.

1. A tiled display.system having a large screen display
formed by joining a plurality of display panels together,
comprising:

a sealing substrate disposed over and extending
continuously across the plurality of display panels; and

a black matrix, for improving the contrast, diSposed on
the sealing substrate,

wherein the black matrix is positioned above boundaries

between the plurality of display panels.

2. The tiled display system according to Claim 1, wherein
the display panels each have a substrate, lower electrodes,
organic EL layers, and an upper semi-transparent electrode
disposed in that order; and light emitted from the organic
EL layers is taken out of the upper semi-transparent

electrode.

3. The tiled display system according to Claim 2, wherein

the display panels have a sealing layer for preventing the



4. The tiled display systemaccording to Caim2, wherein the display
panel s have ribs surroundi ng each of the organic EL |ayers, the ribs each
have a auxiliary wire electrically connected to the upper

sem -transparent electrode, and the black matrix is positioned above the
auxiliary wires. 5. The tiled display systemaccording to Caim4, wherein
the auxiliary wires at the boundaries between the display panels have a

width that is approximately half of the._wi dth of the other auxiliary
Wi res. - 25

lower electrodes, the organic EL layers, and the upper semi-

transparent electrode from being damaged.

4. The tiled display system according toc Claim 2,

wherein the display panels have ribs surrounding each of the
organic EL layers, the ribs each have a auxiliary wire
electrically connected to the upper semi-transparent electrode,

and the black matrix is positioned above the auxiliary wires.

5. The tiled display system according to Claim 4, wherein
the auxiliary wires at the boundaries between the display
panels have a width that is approximately half of the

width of the other auxiliary wires.



