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systens having a plurality of display panels or display units and relates
to a method for manufacturing tiled display systenms. The present invention

_particularly relates to a tiled 10 displ ay systen1haV|ng|ﬂﬂmmﬁmﬂﬁﬁmmm type
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systens including organic EL devices-are expected to be used as the
next -generation of flat panel displays and their comercialization is

desired. In organic EL display systens, since the resp t he
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TILED DISPLAY SYSTEM AND METHOD FOR MANUFACTURING THE SAME

5 Technical Field

The present invention relates to tiled display systems
having a plurality of display panels or display units and
relates to a method for manufacturing tiled display systems.
The present invention particularly relates to a tiled

10 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

15 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

20 matrix addressing is possible. However, when £he 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 must be applied to the organic EL
devices during a short period of time in order to obtain

25 sufficient brightness. On the other hand, in active matrix



. addressi ng 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
time in order to obtain 25 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
devi ce. Therefore, active matri x addressing does not cause nuch danage to
the organic EL devices since a 5 constant voltage can be applied to the
organi ¢ 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 10 addressing using
TFTs, the TFTs occup ¥ a_certaijn area and the effective, area of a gyxel

f
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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 display panels driven by active matrix
10 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
emission-type device is effective in solving such a problem.
Among Figs. 10A to 10D, Fig. 10A shows a conventional
15 organic EL device panel and Fig. 10B shows a top emission-
type organic EL device panel. 1In Fig. 10A, electrode wires
904 are disposed on a substrate 902 with an interlayer
insulating layer 906 located therepetWeen, the substrate 902
has TFTs 900 arranged in a matrix thereon, and the electrode
20 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.

25 Ribs 912 are disposed above the anodic electrodes 910,



~insulating |layer 908 and anodi c el'ectrodes 910 conprising a

_sem -transparent conductive material are disposed on the electrode wres
904 in that order. The anodic el ectrodes 910 are connected to the
correspondi ng el ectrode wires 904. 25 Ribs 912 are di sposed above the

-anodi c el ectrodes 910, 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 layers 914 include |lum nescent materials displaying, for
exanple, red (R), green (G, and blue {B). 5 The organic EL | ayers 914 each
have an el ectron transport sublayer, a |um nescent |ayer, and a hole
transport layer (not shown). A cathodic electrode 916 conprising netal is

di sposed over the ribs 912 and the organic EL |ayers 914. Since the anodic
el ect r od®d o09R £C sl layans patkbrar et 3PS ad Tht Pkt ORT ek?FdHRA 916 i s

reflective, light output from organic EL layers 914 is emtfed |pn the
directioﬂniE@Fc%ﬁ%@lcb?l??ﬁf%ﬁ?%wﬁﬁﬁmaqql??Efoﬁﬁﬁ?%rkﬁw?ﬁFt?%P?o% 2.
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sublayer, a luminescent layer, and a hole transport layer
(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

10 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

15 electrode 926 comprising a semi-transparent conductive
material are disposed on anodic 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

20 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 layers 914 is emi;ted in the
direction indicated by the arrow Ff. In the conventional

25 type shown in Fig. 10A, the TFTs 900 are located at the



» 20 di sposed over ribs 912 and the cathodic el ectrode 926 in that order.
_Since the anodic el ectrodes 920 are reflective and the cathodic el ectrode
926 is sem -transparent, light output fromorganic EL |ayers 914 is
emtted in the direction indicated by the arrow Ff. In the conventional 25
type shown in Fig. 10A, the TFTs 900 are |located at the - 4 |ight-em ssion
side. However, in the top em ssion type shown in Fig. 10B, the TFTs 900
are not |located at the 1ight-em ssion side, thereby increasing the
aperture ratio. In the top em ssion-type organic EL display panel 5 having
a large aperture ratio, the cathodic electrode 926 is sem -transparent,
that is, the cathodic electrode 926 is a sem-transparent conductive film

because em tted |i t aken out of the cathodic .el ectrode 926, nanely,
an upper 1B & rbe'sri‘éjreallfo"%qu?d:e s e (O SO YRS ode 10 has a
| arge sheet resi anc t ient arises i splay surface
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t hereby signi |cantly deg ra ay per der to solve
th'SSp“ﬂ§¢¥HgtJ“iJfHé(gﬁéylure ratio, the cathodic electrode 926 1is

semi-transparent, that is, the cathodic electrode 926 is a
semi-transparent conductive film, because emitted light is
taken out of the cathodic electrode 926, namely, an upper
electrode. Generally, since a semi-transparent electrode

10 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 to ‘a decrease in
voltage at the center of the display surface. As the

15 display surface becomes larger, this phenomenon becomes more
serious, thereby significantly degrading the display
performance. In order to solve this problem, the following
structure shown in Fig. 1OC'hés been proposed: auxiliary
wires 950 comprising metal are disposed on the ribs 912 and

20 are connected to the cathodic electrode 926. 1In a display
panel having this structure, non-uniform display due to the
voltage gradient does not arise.

However, in the display panel having such wiring, since

the reflection of external light by the auxiliary wires 950

25 is significant, the contrast of a displayed image is



» structure shown in Fig. 10C has been proposed: auxiliary wres 950
.conprising netal are disposed on the ribs 912 and 20 are connected to the
cathodic el ectrode 926. In a display panel having this structure,
non-uni form di splay due to the voltage gradi ent does not arise. However,

-in the display panel having such wiring, since the reflection of external
light by the auxiliary wires 950 25 is significant, the contrast of a

di spl ayed image is seriously deteriorated. In order to solve this problem
the following structure shown in Fig.510D has been proposed: a black
matri x 960 is disposed above the auxiliary wires 950 to prevent the
contrast from being reduced. A sealing 5 substrate 962 havi ng the bl ack
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di spl ay. screen display forne y the tiling"technique, it
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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 covers the

auxiliary wires 950, the reflection of external light is
10 suppressed and the contrast becomes high.

A tiling technique is known as a method for increasing
the display size. In this technique, a plurality of flat
display panel units are arranged in such a manner that they
are tiled to form a large-screen display. In this large-

15 screen display formed by the tiling technique, it is
necessary to make the boundaries between adjacent display
panels inconspicuous.

The present invention'is based on the above findings.
It is an object of the present invention to provide a tiled

20 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 a high-quality
display and has inconspicuous boundaries.

25



- panel s i nconspi cuous. The present invention is based on the above fi-ndings.
It is an object of the present invention to provide a tiled 20 display

system i ncl udi ng organi ¢ EL display panels having inproved high contrast by

using a black matrix and to provide a nmethod for manufacturing the tiled
-display system wherein the tiled display system provides a high-quality
di spl ay and has inconspi cuous boundaries. 25 Disclosure of Invention In
order to achieve the above object, the present invention provides a tiled
di splay system having a |large screen glisplay forned by joining a plurality
of display 5 panels together. The tiled display systemincludes a sealing
substrate disposed over the plurality of display panels, and a bl ack
matrix, for % rovi n? #he contrast, disposed on the sealing substrate,
wher ei n ThechPak®nB Qve?El%%S|t|oned above boundari es between the
plurality of I els r|nC| al odinents, the
di spl ay paneln Or% hé% %ﬁﬁ%f? omer é%%ﬁb qié%ﬁ%anlc EL | ayers,
and an u ent t S [ o] and |ight
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Seni'traQéP@éﬁn&1§£f§§r99§me&nb9n?$fﬁing a plurality of display

5 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

10 display panels.

In one of principal 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

15 out of the upper semi-transparent electrode. In another
embodiment, the display panels have a sealing layer for
preventing the lower electrodes, the organic EL layers, and
the upper semi—transparent electrode from being damaged. 1In
another embodiment, the display panels have ribs surrounding

20 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. In another embodiment, the
auxiliary wires at the boundaries between the display panels

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



- enbodi nent, the display panels have a sealing layer for preventing the
_lower electrodes, the organic EL |ayers, and the upper sem -transparent
el ectrode from bei ng danaged. In another enbodi ment, the display panels
have ribs surrounding 20 each of the organic EL |ayers, the ribs each have
-a auxiliary wire electrically connected to the upper sem - transparent

el ectrode, and the black matrix is positioned above the auxiliary w res.
I n anot her enbodi nent, the auxiliary wires at the boundari es between the
di spl ay panels 25 have a width that -ig approximately half of the width of
the - 7 other auxiliary wires. The present invention further provides a
met hod for manufacturing a tiled display system in which the nethod

i ncludes the step.of cutting each display panel, having ribs, 5 along the
out si de V' FTh& YN 3TYodd 155 'end faces of the display panels used for

j ol ni th s t th 1, th d f th
5?23123 paﬁelbsp ZSEg@eﬁavﬁg ﬁengPréﬁﬁ %ﬁ@ﬁﬁéesgﬁgﬁe&%8§|iﬁopanef is cut
al ong t he sc#l;q:%n(?gf at rj!:J,le 3 ﬁvgéj')[/%rys syasscerme,aczhn ‘3”8:[ r.}'*1erthem?nodclhrl::e t 10 the

di spl ay "pét ave -organic ay panel 1s cut with
:bgsze;ng&hggers ﬁ} sgﬂ%inarac %€?§%$cg%§%té?ég?g%négﬁﬁgbl %gﬁggzgébg?dthe
pres§ntalong the outside of 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. 1In one of
principal embodiments, each display panel is cut along the
outside of the ribs with a laser. In another embodiment,
10 the display panels have organic EL layers, and each display
panel is cut with a laser before the organic EL layers are
formed. The object described above and others, the
characteristic features, and the advantages of the present
invention will become further clearer by the éembodiments

15 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
20 present invention.

Figs. 2A 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

25 part of Figs. 2A to 2C.



invention will "becone further clearer by the enbodi ments 15 descri bed bel ow
wWth reference to draw ngs. Brief Description of the Drawings Figs. 1A to

1C are principal illustrations showing a nanufacturing process according
to a first enbodi nent of the 20 present invention. Figs. 2Ato 2C are
-principal illustrations show ng the manufacturing process according to the

first enbodi nent of the present invention. Fig. 3 is an enlarged schematic
perspective view of a 25 part of Figs. 2A to 2C. Figs. 4A to 4C are
principal illustrations showi ng the —ngnufacturing process according to the
first enbodi ment of the present invention. Figs. 5A to 5B are principal
illustrations showng the 5 manufacturing process according to the first

enbodi ment of_, the present invention., Fi 6A to 6C are principal
i |l ustrations tFowi Hy the CH%ﬁ%f%ﬁ%%ﬁ+%@§p+%%%%§r%5%%ﬁﬂl Y99 he*F i r st

enbodi nent o% % . present inventio 10 _Fi 7S g tic perspectlve
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panels after_ti 8A to 8B are principal |IIustrat|ons showi ng a
Eﬁ reseng gntl

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

Figs. 6A to 6C are principal i1llustrations showing the
manufacturing process according to the first embodiment of
the present invention.

10 Fig. 7 1s a schematic perspective view showing a
situation 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

15 the present invention.

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

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

20 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,

25 principal manufacturing steps are described. A tiled



- manuf acturi'ng process according to a second enbodi nrent of 15 the present

dnvention. Figs. 9A to 9D are principal illustrations show ng the
manuf act uri ng process according to the second enbodi nent of the present
invention. Figs. 10A to 10D are principal sectional views show ng 20

.di splay panels of the related art of the present invention. Best Mde for

Carrying Qut the Invention [First Enbodinent] A first enbodi nent of the

present invention will be described on detail. First of all, 25 principal

manuf acturing steps are described. A-tgled 9 display systemof this

enbodi ment is an active matrix addressing type. A TFT substrate 10 shown

in Fig. (A is prepared first. The TFT substrate 10 has TFTs 12 arranged

in a mtrix orresgonding to,gixe . Varjous t%pes of TFT_ 5, substrates and

r 6Bt

manuf act &+ FRGA ¥ret HoHE™ A _ a?@géﬂbmﬁn nd® & yaﬁﬁévﬁp@aBﬁlﬁsed. A gate
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g Tayer fpri seés, or “exanple, a sTlicon-oxide-based materi al
such as )|} cpne 081 96, PLsFSFa{ RGOEBNPI gL 5CAL G20} 85S) £ FROL AL I pgrsi | 1 con
5 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 circuit (not shown).
A first interlayer insulating layer 14 is formed on the
upper surface of the TFT substrate 10 so as to cover the
10 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
15 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 holes (not shown), disposed in the first interlayer
insulating layer 14.
20 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 interlayer insulating layer 18
preferably comprises a material that is capable of being

readily planarized in order to cover the patterned wires 16A

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



- oxi de and phosphorus. WriE~s 16A and 16B conpri sing- al um num or
.alum num copper alloy is formed on the first interlayer 15 insulating |ayer
14 by patterning. The wires 16A and 16B function as driving signal |ines
and are connected to source electrodes or drain electrodes of the TFTs 12
.through contact holes (not shown), disposed in the first interlayer

insul ating layer 14. 20 Next, as shown in Fig. | (B), a second interl ayer
insulating layer 18 is formed so as to cover the wires 16A and 16B. The
second interlayer insulating |ayer 181opreferably conprises a material that
is capable of being readily planarized in order to cover the patterned
wires 16A 25 and 16B. This nmaterial preferably has a snall water - 10
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el ectrod organi c | ayers are forned
5 comprises polyimide. The second interlayer insulating 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), anodic electrodes (lower
10 electrodes) 20 for organic EL layers are formed on the
second interlayer insulating layer 18. 1In a top emission-
type display panel of this embodiment, the anodic electrodes
20 preferably comprise” a conductive material having a large
work function and a high reflectance, such as chromium, iron,
15 cobalt, nickel, copper, tantalum, tungsten, platinum, or
gold. 1In this embodiment, the anodic electrodes 20 comprise
chromium. Each anodic electrode 20 is patterned so as to
cor;espond to each pixel and is connected to each wire 16A
through the corresponding contact hole 18A disposed in the
20 second interlayer insulating layer 18.
As shown in FIG. 2(A), 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 deposition in a subsequent step.

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



+ second interlayer insulating layer 18. In a top em ssion- type display
_panel of this enbodi nent, the anodic electrodes 20 preferably conprise a
conductive material having a large work function and a hi gh refl ectance,
such as chromum iron, 15 cobalt, nickel, copper, tantalum tungsten,
-.platinum or gold. In this enbodi ment, the anodic el ectrodes 20 conpri se
chrom um Each anodic electrode 20 is patterned so as to correspond to
each pixel and is connected to each wire 16A through the correspondi ng
contact hole 18A disposed in the 20-serond interlayer insulating | ayer 18.
As shown in FIG 2(A), ribs 22 are formed so as to surround pixels
(organic EL layers). The ribs 22 have a height sufficiently |arger than

the thickness of the organic EL |ayers forned by depositign in a
SubsequARE QERR IS5 B dPergie A thd TTISE. 52 (v PG s ASS0ePEFor% mask
when - ani c l.avers _are,.formed on,the,a gch ctrodes 20 by
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are formed in such a manner that the contact holes 18A are

filled with the silicon oxide sublayers 22A and the silicon

oxlide sublayers 22A cover the peripheries of the contact

holes 18A. The silicon oxide sublayers 22B are then each

10 formed on the corresponding silicon oxide sublayers 22A., In
this structure, the ribs 22 have a sufficient height. The
silicon oxide sublayers 22A function as interlayer
insulating layers and the silicon oxide sublayers 22B
function as ribs.

15 The ribs 22 have tapered walls, as shown in Fig. 2(A4),
so as to maintain the coverage of an upper common electrode
(cathodic electrode) above the ribs 22 having a considerably
;afge height.

Fig. 2(B) is a schematic view showing a display panel

20 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 joined to corresponding end

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



+ holes 18A. The silicon oxide sublayers 22B are then each 10 forned on the
.correspondi ng silicon oxide sublayers 22A. In this structure, the ribs 22
have a sufficient height. The silicon oxide sublayers 22A function as
interlayer insulating |ayers and the silicon oxide sublayers 22B function
~-as ribs. 15 The ribs 22 have tapered walls, as shown in Fig. 2(A), so as
to maintain the coverage of an upper comon el ectrode (cathodic el ectrode)
above the ribs 22 having a considerably large height. Fig. 2(B) is a
schematic view showi ng a display paneli2 20 50 having the ribs 22 fornmed as
above. As shown in FIG 2(C), when the display panels 50-56 are joined
together to forma tiled display system the TFT substrate 10 of the

di spl ay anel 50, nust be cut gbongéﬁortlons clgse to end faces, 50A and 50B
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such a la
5 A laser cutter can perform highly precise cutting and does

not require water as a coolant. Therefore, such a laser
cutter is suiltable for organic EL devices, which are damaged
by water.
The laser cutter preferably uses a high-powered
10 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
ailr, thereby causing the substrate to be cut by the stress
15 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
20 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

25 not necessary to cut the TFT substrate 10. Furthermore,



rcutter is suitable for organic EL devices, which are danaged by water. The
laser cutter preferably uses a high-powered 10 infrared | aser such as a
carbon di oxi de | aser. Laser beans output by the |laser 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 hereby causing the substrate to be cut by the stress 15 generated by the
above operation. Fig. 3 shows a corner consisting of the end faces 50A and
50B in an enlarged manner. The | aser 1gutti ng nust be finished before the
organic EL |l ayers are forned, because the |laser cutting tenporarily

i ncreases the tenperature of the display panel 20 50 and organic EL | ayers
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5 In this embodiment, an organic EL layer displaying 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
10 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.
(1) 4,4',4"-tris(3-
15 methylphenylphenylamino) triphenylamine (m—MTDATA) is
deposited to 25 nm to form a hole injection layer 26Ga.
(2) 4,4'-bis (N-1l-naphthyl-N-phenylamino)biphenyl (ad—-NPD)
is deposited to 30 nm to form a hole transport layer 26Gb.
(3) Tris(8—quinolinolato)aluminum(III) (Alg3) is deposited
20 to 50 nm to form a luminescent layer 26Gc. The above
deposition of each layer is consequently 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

25 electrode of a blue pixel. A blue organic EL layer 26B 1is



5 In this enbodi nent, an organic EL layer displaying green, another organic
_EL l ayer displaying blue, and another organic EL |ayer displaying red are
formed in that order. As shown in Fig. 4(A), a nmetal mask 24 having an
opening 24A for forming R G and B pixels is prepared. Alignnent is 10
-performed in such a manner that the opening 24A is positioned above the
anodi c el ectrode of a green pixel. A green organic EL layer 26Gis forned
on a green anodic electrode 2'0 by vapor deposition using resistance
heating. (1) 4,4 ,4"-tris(3 15 - 14 -

met hyl phenyl phenyl am no) tri phenyl am ne(m MIDATA) is deposited to 25 nmto
forma hole injection | ayer 26Ga. (2)

oo AR s Phenyl el Lok gy WRlod sdfgeslisg to 20 o
Tris(8- qylnoll cgfgé%é%éy“%%ggA%l)(Al93) i s deposited 20 to 50 nmto form

a | umi nescent ove deposition of each layer is
consequent!y pegfgrngd tplg. deposition apparatus. As shown in Fig. 4(B),
alignment I's perforhed in such a manner that the opening 24A is positioned

above trméggyggﬁén§@bﬁ%ﬁ§iéﬁgkbf%rfbﬁg 5mf§g£?jM@ﬁA@Aorg@nlc EL layer 26B
is - formed on bl ue anodi c el'ectrode 20 by vapor deposition using
reS'Stan£§p$§¥%é@9&o 18 nm to form a hole injection layer 26Ba.

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

(3) 2,9-dimethyl-4,7-diphenyl-1,10-
phenanthroline (bathocuproine) is deposited to 14 nm to form

10 alluminescent layer 26Bc functioning as a hole-blocking
layer.

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

15 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

20 using resistance heating.

(1) 4,4 ,4"—tris (3~
methylphenylphenylamino) triphenylamine (m—-MTDATA) is
deposited to 55 nm to form a hole injection layer 26Ra.

(2) 4,4'-bis(N-1l-naphthyl-N-phenylamino)biphenyl (0—NPD)

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



(1) 4, 4 , 4"-tris (3 nethyl phenyl phenyl am no) triphenyl am ne(m MIDATA) is
5 deposited to 18 nmto 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. (3) 2,9-dinethyl-4,7-diphenyl-1,10

. phenant hr ol i ne( bat hocuproine) is deposited to 14 nmto form 10 a

| um nescent | ayer 26Bc functioning as a hol e-blocking |ayer. (4)
Tris(8-quinolinolato)al um nun(I11)(Alg3) is deposited to 30 nmto forma

| um nescent | ayer 26Bd. The above depasi-tion of each |layer is consequently
performed in a 15 deposition apparatus. As shown in Fig. 4(C, alignnment is
perforned in such a manner that the opening 24A is positioned above the
anodi ¢ . a re anic EL layer 26R is forned on

a red anod chr 4840 b?eghﬁﬁprgﬁ3gLﬁTon 20 us:ng resi stance heating.
1) 4,4 ofer : ' DATA) |
(1) 4, bfien yggm yoyﬁﬁgnﬁo neny” Q"‘ngg # Lphen %Egﬂbﬁgéghbﬂis ) Is

deposite 8 |njec ron rayer

4, 4' - bi S&%&Pésg%gat lex' 1 Rmeﬂe}sa@mgé%QQ@%&@M@%%%tﬁcdepOS' ted to 30

nmto for transport
(4) Tris(8—-qunolinolato)aluminum(IIT) (Alg3) is deposited

5 to 30 nm to form an electron transport layer 26Rd. The
above deposition of each layer i1s 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
10 are formed. The cathodic electrode 28 functions as a common
electrode 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
15 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
20 cathodic electrode 28 is electrically connected to the
aluminum auxiliary wires 23 disposed on the ribs 22.
As shown in Fig. 5(B), a passivation layer 30
functioning as a protective layer is formed over the
principal surface of the display panel 50. The passivation

25 layer 30 is formed in the above deposition apparatus so as



*(3) 2,5-bis[4-(N et hoxyphenyl -

_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-qunolinolato)al um num(111)(A g3) is deposited 5 to 30 nmto form an
-electron transport |ayer 26Rd. The above deposition of each layer is
consequently performed in a deposition apparatus. As shown in Fig. 5(A), a
cathodi c el ectrode (upper electrode) 28 is forned after the above organic
EL layers 26 10 are forned. The cathaedi ¢ el ectrode 28 functions as a
common el ectrode of each pixel. The cathodic electrode 28 is formed using
anot her mask in the above deposition apparatus in order to prevent the

b EL | 26 f b Th t hodi | ectrode 28
ot or abia 1 EoCERBPESetn %ﬁ%“@afe’ﬁf;%?ﬁ%‘gigeﬂgl Foﬁgﬁ% FHRRIPBFES 0 or der
to effic entl% |nhect e ectronstln 0 the gr% quers 26. Such a
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ectrode ectrlc Iy connécted to
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5(B), a passrvation unctronrn rot ayer 1s forned
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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.
10 A plurality of display panels prepared by the above
procedure are joined together with an adhesive 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
15 display panels 50-56 are joined together at the
corresponding end faces therecf, 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-dimensional arrangement of the red,
20 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 60.
This application is performed using a dispenser for

25 discharging a resin, wherein the dispenser is a syringe type



25 layer 30 is forned in the above deposition apparatus so as - 16 not to
_expose the cathodic electrode 28 to the atnosphere. For exanple, silicon
nitride is deposited at roomtenperature by a CVD nethod to formthe
passivation |layer 30. The organic EL |ayers 26 are seriously danmaged at
.100C or 5 nore and therefore the em ssion brightness is decreased. In

order to preventing |layers frompeeling off, it is preferable to formthe
organic EL layers 26 under conditions in which the stress in the layers is
m nim zed. Therefore, the above depogihtion nmethod is used. 10 A plurality
of display panels prepared by the above procedure are joined together with
an adhesive agent in such a manner that the tiles are set. For exanple, as
shown in Fig._2(C, the display panels 50-56 are joined together to form
a tiled 8Fspl ay1paRerz6e. tx\gedes@ghﬁédk%meme%%d%s1&1?%p@%yapa%-"rs 50- 56
are joined together at the corresponding,end faceg t hereof, these. end
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5 for each of the display panels 50-56 but is used for the
tiled display panel 60. The sealing substrate 66 is joined
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
10 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
15 display panel 60. When 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 adjustment of the
20 position is performed 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 with UV beams indicated by the arrows shown in

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



onto the principal surface of the tiled display panel 60. This application
.is perfornmed using a dispenser for 25 discharging a resin, wherein the

di spenser is a syringe type - 17 or a slit nozzle type. O her known

nmet hods such as a roll coating nmethod and a screen printing nmethod nay be
used. As shown in Fig. 6(B), a sealing substrate 66 having a black matrix
64 is prepared. The sealing substrate 66 is not used 5 for each of the

di spl ay panels 50-56 but is used for the tiled display panel 60. The
sealing substrate 66 is joined to thegptincipal surface of the tiled

di spl ay panel 60 on which the UV-curing resin 62 is applied. In this step,
it nust be avoided that bubbles are between the UV-curing resin 10 62 and

t he seali substrate 66. Fig. 7 shows a step of _joining the sealing
Substr At TE 1P 159 G i Pt o) PRIy GO St o ALY 1 osi n 62
is not shown. shawn in Fig. C), the black matrix 64 of the sealing
subst r at® %@‘?{S%ﬁpér@a Ws[tf?q? h720(“pi xels of the tiled 15 display panel 60.
When the UV-curi resi 2 1S _not set e Siti of .the sealing
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display panels 50-56 are covered by the black matrix 64.
Therefore, a high—-quality large-screen display having high
contrast and inconspicuous boundaries can be obtained.
[Second Embodiment] A second embodiment of the present
10 invention will now be described. In the above 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. When the black matrix 64 entirely covers the
auxiliary wires 23 of the ribs 22, as shown in Fig. 6(A) to
15 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 brightness,
the boundaries 68 are exposed under the black matrix 64,
20 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

25 object to be cut must absorb laser beams to rapidly increase



*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 with UV beans indicated by the arrows
shown in 25 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 splay system 70. In the tiled display system 70, the reflection of
external |ight caused by the auxiliary wires 23 is prevented 5 by the

bl ack matrix 64. The boundari es 68 betjween the display panels 50-56 are
covered by the black matrix 64. Therefore, a high-quality |arge-screen

di spl ay having high contrast and i nconspi cuous boundaries can be obt ai ned.
[ Second
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bri ghy neg$gcreased by laser irradiation.

In this embodiment, as shown in Fig. 8(A), 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

10 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

15 constant pitch. Since the auxiliary wires 123 have a small
width, the reflection 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

20 faces in this embodiment. The substrate is cut along the
dotted lines, which extend along the edges of the ribs 122,
with laser beams. After the cutting is finished, the
organic EL layers 26, the cathodic electrode 28, and the
passivation layer 30 are formed on the principal face in

25 that order in the same manner as that in the first



*the boundaries 68 are exposed under the black matrix 64, 20 thereby
.allowi ng the boundaries 68 to appear on the screen. |In order to solve the
above problem the following nethod is proposed: each of the ribs 22 at

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

possi ble. That is, when laser cutting is perforned, the 25 object to be cut
must absorb | aser beans to rapidly increase - 19 the tenperature thereof.
However, each auxiliary wire 23 conprising netal is disposed on the
corresponding rib 22 and netal has-azlarge reflectance with respect to
infrared | aser beans. Therefore, the tenperature of the ribs 22 cannot be
5 increased by laser irradiation. In this enbodi nent, as shown in Fig.
8(A), ribs, 122 an auxiliary wires 123 are disposed at the end faces 50A
and 50BSBPOPHBERFspl ay panel 50 which are each joined to an end face of
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the auxi{;i@t¥ YerE8proximately 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 22. As shown in Fig. 9(B), the
UV-curing resin 62 is applied onto the passivation layer 30.
10 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. 9(C). The position of the sealing substrate 66 is
adjusted slightly so as to align the black matrix 164 with
15 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 i1s then fixed to the tiled
display panel 60 to complete a tiled display system 170.
20 The procedures shown in Figs. 9(B) to 9(D) are approximately
the same as those in the first embodiment.
In the tiled display system 170 manufactured by the
above procedures, the ribs 122 are joined each other at the
junction of the display panels. The joined auxiliary wires

25 located at the boundaries have approximately the same width



+ 123 i s 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 20 faces in this enbodi nent. The substrate is cut
~along the dotted lines, which extend along the edges of the ribs 122,
~wWith laser beans. After the cutting is finished, the organic EL |ayers 26,
the cathodic el ectrode 28, and the passivation |layer 30 are fornmed on the
principal face in 25 that order in the same manner as that in the first -
20 enbodinent. As shown in FIG 2(Gj; the display panels 50-56 are joined
together to formthe tiled display panel 60. In this enbodi ment, as shown
in Fig. 9(A), the ribs 122 having a 5 width of approximately WB/ 2 are
bonded to each other to form boundaries 68. The bonded ribs 122 have a
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5 kind of material and the laser.

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

10 (1) The positions of the cathodic electrode and the
anodic electrode may be reversed with respect 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 electrons into the

15 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 into the
hole~transport layer.

(2) Although the display panel 50 is a top emission type,

20 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,

25 the cathodic electrode and the anodic electrode are damaged



15 the-pixels of the tiled display panel 60. Finally, as showmm in Fig.
9(D), the WH-curing resin 62 is irradiated with U/ beans 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 conplete a tiled display system
-170. 20 The procedures shown in Figs. 9(B) to 9(D) are approxinmately the
sane as those in the first enbodinent. In the tiled display system 170
manuf actured by the above procedures, the ribs 122 are joined each other
at the junction of the display panelszp The joined auxiliary wires 25

| ocated at the boundaries have approxi mtely the sane width - 21 of that
of the other auxiliary wires. Therefore, boundaries do not appear on the

screen and the h brig ess can b ained. In practi e, .in the | aser
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in the a
5 contact with the atmosphere. The following structure is

also proposed: 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.

10 (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.

15 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

20 obtained.

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

25 screen can be obtained.



~metal, alloy, or an internetallic conpound having a small work function so
.as to efficiently inject electrons into the 15 electron-transport |ayer.
The anodic el ectrode nay conprise netal, alloy, or an internetallic
conmpound having a large work function so as to efficiently inject holes
-into the hole-transport layer. (2) Al though the display panel 50 is a top
em ssion type, 20 the structure is not limted to the above enbodi nent.

For exanple, the structures shown in Figs. 10C to 10D are possible.
Generally, organic materials used far otshe organic EL |ayers are damaged by
wat er and oxygen and therefore the light-emtting characteristics are
decreased. Furthernore, 25 the cathodic electrode and the anodic el ectrode
are danageq 22, by oxidatjon and therefore the hole-injection c QablIlty
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Fig. 10C OggenBEegﬁgg |nvent|on is also applicable to such a structure. 10
(3) In tﬁe above e oglnents thelpresent invention is



- appltied to an organic EL display panel. However, the preSsent invention is
~applicable to any tiled display systenms such as plasma di splay panels.
Furthernore, various driving methods may be used. 15 As descri bed above,
according to the present invention, the follow ng advantages can be
.obtained. (1) Since a black matrix is positioned above boundari es between
a plurality of display panels, |arge-sized displays having inconspicuous
boundari es on the screen can be 20 obtained. (2) Since ribs |ocated at end
faces of the display panels have a-spall. wdth and are joined together,

t he boundaries of the display panels are covered by the black matrix,

hi gh- quality |arge-sized displays having no boundaries on the 25 screen
can be obtained. - 23 (3) Since thg é&&étrate of each display panel is cut
with a laser before organic EL |ay - e formed, precise cutting is
possi ble and the deterioration of the organic EL | ayers does not arise. -
24 CLAIMS 1. Atiled display systemhaving a | arge screen display forned

by joiniTg aApkgighi5Xs8£a9igggggmpﬁggkﬁgtggfépgé’screen display
formed by joining a plurality of display panels together,
5 comprising:
a sealing substrate disposed over the plurality of
display panels; and
a black matrix, for improving the contrast, disposed on
the sealing substrate,
10 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,

15 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.

20 3. The tiled display system according to Claim 2, wherein
the display panels have a sealing layer for preventing the
lower electrodes, the organic EL layers, and the upper semi-

transparent electrode from being damaged.

25 4., The tiled display system according to Claim 2,



*5 conprising: a sealing substrate di sposed over the plurality of display
panels; and a black matrix, for inproving the contrast, disposed on the
“sealing substrate, 10 wherein the black matrix is positioned above
boundaries between the plurality of display panels. 2. The tiled display
-system according to Caim1l, wherein the display panels each have a
substrate, |ower electrodes, 15 organic EL layers, and an upper

sem -transparent el ectrode disposed in that order; and light emtted from
the organic EL layers is taken out —opsthe upper sem -transparent

el ectrode. 20 3. The tiled display systemaccording to Caim2, wherein
the di splay panels have a sealing | ayer for preventing the |ower

el ectrodes, the organi.c | ayers, and the upper sem - tragnsparent
ol ect rode | r JHTRAY Past it Navcod s Sy opeiaR &6r di ng to

Claim2, - géi wherein ﬂe di spl ay,_panel,s have r.ibs surroundi ng each of

tha or gaRf oFRE FHORPEE BhaldYRES oubhe MatR® aeh 118 v AH ALt bt 1 oal Ly

connected,to the er.sen -tran rent,, el ectrode, and the black matrix is

post 11 ontht Brovee FRECE BT ARERT B0 cné SRLS Sen AL AT
electrode, and the black matrix is positioned above the

5 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

10 of the other auxiliary wires.

6. A method for manufacturing a tiled display system having
a lafge screen display formed by joining a plurality of
display panels together, comprising the step of cutting each
15 display panel, having ribs, along the outside of 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.

20 7. The method for manufacturing a tiled display system
according to Claim 6, wherein each display panel is cut

along the outside of the ribs with a laser.

8. The method for manufacturing a tiled display system

25 according to Claim 7, wherein the plurality of display



*5. TFhe tiled display systemaccording to Caim4, wherein the auxiliary
wires at the boundaries between the display panels have a wwdth that is
“approximately half of the width 10 of the other auxiliary wires. 6. A
met hod for manufacturing a tiled display systemhaving a |arge screen
-display formed by joining a plurality of display panels together,
conprising the step of cutting each 15 display panel, having ribs, along
the outside of the ribs close to end faces of the display panels used for
joining the display panels together, o2gmang all the end faces of the
di splay panels. 20 7. The nethod for manufacturing a tiled display system
according to Claim®6, wherein each display panel is cut along the outside
of the ribs with a laser. 8. The nmethod for manufacturing a tiled display
syst em 2B2BE€¢8r BRAME Pégé?éFnﬁy,lﬁM%FéinaPﬂee%?ﬁr%}?Q§a%fp@?%bl%@ Cubg
panel s haye organic EL |ayers, and each djsplay panel s cut with a | aser
bef ore t K&tBr §a FEeEL%F§9g?StQ?eOF8?ﬂéH.gL Pagdr8%¥e tormea.



