s s
14 Cctober 2005'- 1 - DESCRI PTION TI LED DI SPLAY SYSTEM AND METHOD FOR

MANUFACTURI NG THE SAME 5 Technical Field The present '@¥8P%b&“ﬂf§'ates to
tiled display systens having a plurality of display panels or glsp | ay
units and relates to a method for manufacturing tiled display systens.

The present invention particularly relates to a tiled 10 display system
havi ng top em ssion-type organic EL (electrolum nescent) display panels
and relates to a method for manufacturing such a tiled display system
Background Art 15 Display systens 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 nisec or |less, duty
driving by passive 20. matrix dF@SHNPN s possible. However, when the
duty ratio is high when turning the display on and off; passive matrix
addr essi ng causes serious damage to the organic EL devices because a high
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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. 1In organic
EL display systems, since the response rate of the oréanic
EL devices is 1 um/sec or less, duty driving by passive |

20 matrix addressing is possible. However, wﬁen the duty ratio
‘is high when turning the display on and offr~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 pericd of time in order to obtain

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




- 2 addressing, a TFT (thin-filmtransistor) circuit is usually connected
to a capacitor to maintain a voltage applied to the of biser Bhoglevi ce.

" Therefore; active matrix addressing does not cause nuc anage to the
organi ¢ EL devices since a constant voltage can be applied to the organic
EL devices during one display franme, 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 occupy a certain area and the effective area of a pixel portion cannot
be sufficiently obtained, thereby Té%dting the aperture ratio. Atop .

em ssion-type device is effective in solving such a problem Anong Figs.
10A to 10D, Fig. 10A shows a conventional 15 organic EL device panel and
Fi g. 10Bdshewsiagtiop ERTS$thin-fype orgadictdal) devieel panelusdanifr g. 10A,

el ectrode wires 904 are disposed on-a substrate 902 with an interl ayer

i nsul at cngnkayed 866al ogpteidtdhetehes iveen n theveubsts adpp X0 das TFTs 900
arranged in a-matri x-t.hereon, and the el ectrode 20 wires 904 are connected
to the TREs0g0aniA pladavieeng Thasefate npdayer @O8anhdahoi<ing ect r odes
910 conprising a sem-transparent conductive material are disposed on the
el ect r odeedi nes oa8us¢ meght dyrzize . tahehaarnodianiet 6 rdriaisces) I0irsree aonnect ed

to the corresponding el ectrode wires 904. _
5 constant voltage can bhe 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
ftime. |
However, in display panels driven by active matrix
10 addressing using TFTs, the TFTsAoccupy 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 disposéd on a substrate 902 with an interlayer
insulating layer 906 located therebetween, the substrate 902
- has TFTs 900 arranged in a matrix thereén, and the electrode -
_20 wires 904 are connected to the TFTs 900. A planarizing
insplating layer 908 and anodic electrodes 910 comprising a
semi—transparent conductive material are dispoéed 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,




25 Ribs 912 are disposed above the anodic el ectrodes 910, 14 Cctober 2005 -

3 and organic EL |ayers 914 are disposed at portions h9galed 2005 the
anodi ¢ el ectrodes 910 and surrounded by the ribs 912. The organic EL
| ayers 914 include |um 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 |ayer (not
shown). A cathodic el ectrode 916 conprising netal is disposed over the
ribs 912 and the organic EL |ayers 8134.- Since the anodic el ectrodes 910
are sem -transparent and the 10 cathodic el ectrode 916 is reflective, |ight
output from organic EL layers 914 is emtted in the direction indicated
t.he to em_ssi on-t ani.c EL
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protective layer 930 and a senl-transparen are gﬁ |sposed over

ribs 91al§ﬁﬂa%bﬁgcaEBQdéQaﬁﬁfétrPQ& PRp | ?re HaRGFrdQﬁd ﬁ&g% (kjre anodic
el ectrodes 920 are reflective and the cathodic el éctrode 61S
senms transpargahicl Eghlayers 914 each have an electron transport
| 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 ﬁhe 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 arfangement of the above
components in Fig. 10B is the rgvérse of that in Fig. 10A.
A protective layer 930 gnd a semi-transparent sheet 932 are
20 disposed over ribs 912 and the cathodic electrode 926 in
| .fhét order. Since the anodic electrodes 920 are reflective
and tﬁe cathodic electrode 926 is semi—transparent, light
output from organic EL layers 914 islemiﬁted in the
-"direction indicated by the arrow Ff. In the cqnventional

25 type shown in Fig. 10A, 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 25 type shown in ki@ctob@A2005he TFTs
900 are located at the 14 Cctober 2005 - 4 |ight-em ssion side. However,
in the top emssion type .shown in Fig. 10B, the TFTs 900 are not | ocated
at the light-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
el ectrode 926 is a sem -transparent conductive film because emtted.
light is taken out of the cathodic él ectrode 926, nanel y, an upper
el ectrode. Generally, since a sem -transparent el ectrode 10 has a | arge
sheet resistance, a voltage gradient arises in the display surface when
t he senii¢hansphsendn ed Bid & odeoviesre) sposiate oMas dnkies dmai surface of
the display panel. Therefore, the brightness is decreased due to a
decr easshown iwlfage BB} hehedRr Tf0 tdee displaesisd ace.thds the 15
~di splay surface- becoses-l-atger, this phenonmenon becones nore serious,
t her ebyl Bilybi¢msntdy slely adilmydthe idigpasingearforapndaird raaridger to sol ve
this problem the following structure shown in Fig. 10C has been proposed:
auxiliary .y éheo3@pc emisisdong treealbragraidi Sposédpdayt peneilbs 912 and 20
are _connected to the cathodic el ectrode 926. In a display
5 having a large aperture ratio, the cathodic electrode 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 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
f15 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. 10C has been proposed: auxiliary
‘wires 950 comprising metal are disposed on the ribs 912 and
20 are connected to the cathodic electrode 926. In 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




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

gradi ent does not arise. However, in the display panel jhg¥ubhg ®ysgh W ring,
since the reflection of external light by the auxiliary wires 950 25 is
significant, the contrast of a displayed image is 14 COctober 2005 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 the contrast from being
reduced. A sealing 5 substrate 962 ha¥%ing the black.-matrix 960 is placed on
the top of the structure showmn in Fig. 10C with.an UV-curing resin 964

| ocated therebetween to formthe structure shown in Fig. 10D. Since the

bl ack Maekl;% 380 GRYEESoLOeeqaUXiLh BinW 1855830, LRELTBLLEFLEONRL ng

external Tight suppressed and the contrast becone g

teChn!QQ%lh%wKﬂB“@tgﬁcﬁu?EtQﬁgwhpﬁni?E@?a§bPghaghﬁeghsBL§¥o§E5?'.An this.

technique, a plurality of flat display “panel units are arranged in such a

manner bhatxt ReYridr §ebi kedal 9pboEM aphbebIenaChigny fhsp! @Yrelnobhis |arge
15 screen display formed by the tiling technique, it 1S necessary to nake

~ the bourdapiresehet veencadiassat rdbsphayngPanghscincoNspisyoss. The present
invention is based on the above findings. '
5 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 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. 1In this technique, a plurality of flat
: display panel units are arranged in such a manner that they
are tiled to form : 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 invent%on'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,
whereinrthe tiled display system provides a high—quality

display and has inconspicuous boundaries.

.25




It is an object of fhe present invention to provide a tiled 20 display

systemincluding organic EL display panels having inproyeeoh:gnosont rast by
using a black matrix and to provide a nmethod for manufacturing the tiled

di splay system wherein the tiled display system provides a high-quality
~di splay and has inconspi cuous boundaries. 25 14 Cctober 2005 6 10 15

Di sclosure of Invention In accordance with a first aspect of the present
invention, there is provided a tiled display systemhaving a |arge screen
display fornmed by joining a pluralifyﬁof di spl ay panel s together,
conprising: a plurality of cut display panels, each having. ribs; wherein
. each display panel is cut along the outside of the ribs close to end faces

of the digphayupanelrs mseatibar joining the display panels together, anmpng
all the end faces of the display panels; a sealing substrate di sposed over

‘the pluralit el s; a blag for .inproving the
contrast, dlﬁbogég%kaghg%eﬁg%al &Blé%bs PaFe ol prdEnd

invention, there is provided a tiled display system having
a large screen display fofmed by jeining a plurality of
5 display panels togéther, comprising:
a plurality of cut display panels, each having ribs;
wherein each display panel is cut along the outside
of the ribs close to end faces of the display panels used
for joining the display panels togethér, among all the end
105 faces of the display panels;
‘ a sealing substrate disposed over the plurality of
display panels; and
a black matrix, for improving the contrast, disposed on
the sealing substrate,
152 wherein the black matrix is positioned above boundaries

between the plurality of display panels.

In one of princibal embodiments, the display panels
20  each have a substrate, lower electrodes, 6rganic EL lqye;s,
‘and an upper semintransparent electrode disposed in that
:brder; énd~light eﬁitted from the organic EL layers is taken
‘out of the upper semi—transparent electrode. In another
EmbOQiment, the display panels have a sealing layer for

25. preventing the lower electrodes,lthe organic EIL layers, and




wherein the black matrix is positioned above boundaries between the
plurality of display panels. In one of principal enbodif®abss Jofe di spl ay
panel s 20 each have a substrate, |ower electrodes, organic EL |ayers, and
an upper sem -transparent el ectrode disposed in that order; and |ight
emtted fromthe organic EL layers is taken '25 out of the upper

sem -transparent electrode. In another enbodinent, the display panels have
a sealing layer for preventing the +toler el ectrodes, the organic EL

| ayers, and 14 Cctober 2005 7 the upper sem -transparent el ectrode from
bei ng damaged. In anot her enbodi ment, the display panels have ribs -

Surroundig |, Hac Qémii‘@ré’rﬁd%?é‘}érﬁglell@é/ﬁo%e LA 1S RADG 2 guxiliary
wire el ectri y connected to t

e upper sem - 5 transparent el ectrode, and

the bl ack,d@tdi XediSo@Oddd ONGLL. ARG Wsafid IHAFY MHLSudridbuvaRghber
enbodi nent, the auxiliary wres at the boundaries between the display

panel s have o Wik hotdalid SppRiaddmtely Mald afcit hewi dth of the ot her

auxiliary wires. 10 In accordance with a second aspect of the present
i nvent i GuxInens; ivei £ i detk dcdBth b iric @@ ciiy ivppea siendied di spl ay
system having a | arge screen di splay formed by '

5 transparent electrode, and the black matrix is positioned

above the aukiliary 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

other auxiliary wires.

10
5 In accordance with a second aspect of the present

invention, there is provided a method for manufacturing a
tiled display system having a large screen display formed by
joining a plurality of display panels together, comprising

15 the sfep of cutting each disblay 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 In one of principal embodiments, each display panel

:is cut along the outside of the ribs with a laser. In

another embodiment, the display panels have organic EL

:25f;




joining a plurality of display panels together, conprising 15 the step of
cutting each display panel, having ribs, along the ouusfePbodshe ribs
close to end faces of the display panels used for joining the display
panel s together, anong all the end faces of the display panels. 20 In one
of principal enbodinents, each display panel is cut along the outside of
~the ribs with a laser. In another enbodi nent, the display panels have
organi c EL 14 Cctober 2005 - 7a Iayerz and each di splay panel is cut with
.a laser before the organic EL | ayers ?e‘forned. The obj ect descri bed
above and others, the characteristic features, and the advantages of the
present invention will becone further clearer by the enbodi nents descri bed

below wi t hiapdesenadl cbendtashdy phiid £1: Desar bathon ofLhe [y aw ngs Figs.
1A to 1C are principal illustrations show ng a nanufac?urlng process

accordi ng t¥e adddrslc eabedi,apat of r nt.Lnyention.. Figs. 2Ato 2C
are principal i I% ustrati ong sho?/\,i ngft eeCRna%?{%f gtk:)f’ﬁ(r:?n%e%?% according to

the first ambadidRntobys,  Bie PLESEN. JMVENY 00, Figs 3,15 30 enl arged

. : rsy t

schemati ¢ perspective VlEM/O? a ¥6EN Fearurds, “and’ the
advantages of the present invention will become further

clearer by the embodiments described below with reference

to drawings.

- Brief Description of the Drawings

Figs. 1A tq 1C are principal illustrations showing a
manufacturing process a;cording to a first embodiment of the

| present invention.

Figs. 2A té6 2C are principal illustrations showing the
maﬁufacturing 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 ZC.




part of.Figs. 2A to 2C. 14 Cctober 2005 8 . Figs. 4A to 4C are princi pal
illustrations show ng the nmanufacturing process accor gifgohd Jobe first
enbodi nent of the present invention Figs. 5A to 5B are principal
illustrations show ng the 5 manufacturing process according to the first
enbodi nent of the present invention. Figs. 6A to 6C are principal
illustrations show ng the manufacturing process according to the first
enbodi ment of the present invention. 10 Fig. 7 is a schematic perspective
view showing a situation in which a phlack matrix is placed on display

panels after tiling. Figs. 8Ato 8B are principal illustrations showing a
manuf acturing process according to a second enbodiment of 15 the present
invention. Figs. 9Ato 9D are principal illustrations show ng the

manuf act ur i NBipse océBstactOraragpt bnthpasetdhds enbodomenshafind highgpr esent
invention. Figs. 10A to 10D are principal sectional views showi ng 20
di spl aympanékstofinbeprekatedagrprdfingh&opitbsefit rehvenbpdameBesofMode for
Carrying Qut the |Invention | First Enbodi ment] A first enbodi nent of the
present the present invention.
Figs. 5A to 5B are principal illustrations showing the
5 manufacturing process accordiﬁgrto 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.
10 Fig. 7 is 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_inﬁention.

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




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

manuf acturing steps are described. Atiled 14 Cctober 2P8&:8:rdospl ay system
of this enbodinent is an active matrix addressing type. A TFT substrate 10 .
shown in Fig. 1(A) is prepared first Tli TFT substrate 10 has TFTs 12
arranged in a matrix corresponding to pixels. Various types of TFT 5
substrates and manuf acturing nethods 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 insul@ating |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 |ayer 14 conprises, for exanple, a

CbhoanhAREb ey DTS ELTR P LA Lo SUiBoATaShL, B0"an L ER i s Wires

(phospho- ass) contarning silicon .oxidé an
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first interlayer Ing layer y patterning.”The w res 16A and

16B funstépiras A}FyFNY SirgnabT | sB6Sc AR a1 6 £QONEEFS1 S OaLSPé*H&%d
el ectrodes or drain electrodes of the TFTs 12 through contact™ hol es (not

shown) , i dli spRsedi 4 edheedpssdingt €6 | gyes1si NSl along +@yes Jd TP Next, as
showmn in Fig. 1(B), a second interlayer insulating |ayer 18 is forned so
as 60 cavertidesMmaed dffufacturing 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. Wirés 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 throﬁgh
contact ppiés {(not shown), disposed in the first interlayer
 .insulating,lay§; 14,
20 Next, as shown in Fig. 1(B)}, a second interliayer
inéulating layer.18 is formed so as to cover the wires 1634
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-—




and 16B. The second interlayer insulating |layer 18 preferably conprises a

material that is capable of being readily planarized t?ogl&?bﬁ&p cover the
patterned wires 16A .25 and 16B. This nmaterial preferably has a small water

14 Cctober 2005 - 10 absorbing property because an organic |ayer fornmed by
deposition in a subsequent step is damaged by water and therefore high

bri ght ness cannot be achieved. In this enbodi nent, the second interl ayer
insulating layer 18 5 conprises polyimde. The second interlayer insulating
layer 18 is fornmed over the upper s Bfgce of the TFT substrate 10, and
contact holes 18A used for connection"to the wires 16A are then fornmed in
the second interlayer insulating layer 18. As showmn in FIG 1(C, anodic

el ectrodes (lower 10 electrodes) 20 for organic EL |layers are formed on
the sesbadrbhberpaypertnsobatisg.ah ayoyarll: laysx tfopred 381 on- type

di spl ay panel of this enbodi nent, the anodic el ectrodes 20 preferably
‘conpr i séeposbhidoet invea mateséatehavs tep ald atgeagadriky fwatetd emdand a high
refl ectance, such as—chrami.um iron, 15 cobalt, nickel, copper, tantalum

t ungst ephepeberaunighrbrghiness eamoerdighimyved he Ianddiic el ect rodes 20
conprise chromum Each anodic electrode 20 is patterned so as to

cor r espRgCd N @aEh Phrkereanrdi tntontded o leddfanilader6A8 t hr ough the

correspondi ng contact_ hole 18A disposed in the . .
. S 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 forﬁed in tﬁe 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 inéulating.layer 18. In a top emission-—
type display panel of this embodiment, the anodic electrodes
20 preferably comprise a conductive material having a largé
work function and a high reflectance, such as chromium, iron,
i5 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 td
cor;esﬁond to each pixel and is connected to.éach 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 depésition iﬁ a subsequént step.

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




20 second interlayer insulating |layer 18. As showmn in FIG 2(A), ribs 22
are formed so as to surround pixels (organic EL |ayers$jocdhe Jobbs 22 have
a height sufficiently larger than the thickness of-the organic EL |ayers
formed by deposition in a subsequent step. 25 Therefore, the ribs 22
function as spacers for a mask when 14 COctober 2005 - 11 the organic EL

| ayers are formed on the anodic el ectrodes 20 by patterning. In this
enbodi nent, each rib 22 includes silicon oxide stinmulater 22A and 228, and
the silicon oxide sublayer 22B has ah al umi numlayer functioning as an 5
auxiliary wire 23 thereon. The silicon oxide sublayers 22A are fornmed in
such a manner that the contact holes 18A are filled with the silicon oxide

subl a t il i : .COVEar ri-pheri es of
t he cgﬁ'{}g%%%f%% %Aﬂ_ %Q%ﬁ{?o%%oﬁlggerﬁgﬁﬁa%%ﬁl eé#e}%t%gs_n Zgajlch 10
formed an ghe £or1,65PoNdl NG, S 14 G0y e Lliavans 2224, iaddi s

structure, the ribs 22 have a sufficient ‘height. The silicon oxide

subl ayeyss) 22 THICId s gdit erdaysla Jasulald ngd awansand.Like silicon
oxi de sublayers 22B function as ribs. 15 The ribs 22 have tapered walls,

as showubiuyg.224 Mas 50 AuddiGuFRilRGAIN IR 1GAER0& 0fzpan upper conmon
el ectrode cat hodi c el ectrode) above the ribs 22 having a considerably
5 auxiliary wire 23 thereon. The silicon oxide sublayers 224
are formed in such a manner that the contact holes 18A are
filled with the silicon oxide sublayers 22A and the silicon
oxide sublayers 22A cover the peripheries of the contact
holes 18A., The silicon oxide sublavers 22B are then each
10 formed on the corresponding silicon oxide sublayers 22A. 1In
this structure, the ribs 22 have a sufficient height. The
silicon oxide sublayers 227 function as interlayer
iﬁSUlating layers éhd the silicon oxide sublayers 22B
function as ribs.
i5 - The ribs 22 have tapered walls, as shown in Fig. 2 (A),
s0 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. Aé shown in FIG.
| Z(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 clese to end

faces 50A and 50B which are joined to corresponding end

_25 faces of the other.display panéls,_among all the end faces




| arge height. Fig. 2(B) is a schematic view show ng a display panel 20 50
having the ribs 22 formed as above. As shown in FI G 214&dober WogH t he

di spl ay panels 50-56 are joined together to forma tiled display system
the TFT substrate 10 of the display panel 50 nust be cut al ong portions
close to end faces 50A and 50B which are joined to corresponding end 25
faces of the other display panels, anong all the end faces 14 Cctober 2005
- 12 of the display panel 50. In this enbodi nent, as shown in Fig. 2(B),
the TFT substrate 10 is cut al ong t_hizou_tsi de of .the ribs 22 (or the end
portions of auxiliary wres 23), as ‘i'ndicated by the arrows in Fig. 2(B),
using a laser cutter. 5 A laser cutter can performhighly precise cutting
and does not require water as a coolant. Therefore, such a laser cutter
i s suit elfl éhkodiepdami paBkldéVicedn whishembedtlasmyedas byhowat etn The | aser
cutter preferably uses a high-powered 10 infrared | aser such as a carbon
di oxi deFligse?.(Blas&heb&ERssubatpatebyOt he taterlane tipploedsoie @
predet er mi ned -porti of--of-~t-he di splay panel substrate to rapidly heat the
porti ontheogabFyZ2dndorhéhpeanrddrpbridnn P ahehl juenchetedy2Applad ng air,
t hereby causing the substrate to be cut by the stress 15 generated by the
above opBHAaFRSRI RYgthg eRBWAESalgoFheér 2(B), using a laser cutter.

5 A laser cutter can 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
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 guenched by applying
air, 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 énlarged
 manner._ The laser cutting must be finished before the
'organic‘EL layers are formed, because the laser cutting
: temporafily increases fhe temperature of the display panel
- 20 SQ 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,




consisting of the end faces 50A and 50B in an enlarged .manner. The | aser
cutting nust be finished before the organic EL |ayer sjsasg.tdcpno®d, because
the laser cutting tenporarily increases the tenperature of the display
panel 20 50 and organic EL |ayers described bel ow are sensitive to heat,
that is, they are damaged by heat. In the display panel 50 including’

el ectrodes and organic EL |ayers, when the end faces 50A and 50B and end
faces of the TFT substrate 10 are in the sane plane, it is 25 not necessary
to cut the TFT substrate 10. Furthernwre, 14 Cctober 2005 - 13 anot her
substrate for tiling my be prepared to arrange the display panels 50-56
thereon to-join themtogether As shown in Fig. 4, organic EL | ayers

di spl ayi T ed G ,.and bl B f db d ition.
o o0 VL0 hed (M SLERNEL0) 00, Ot (0, 8o ol el B, opor, depost {on.
EL | . di spl ayi lue, h i.c EL | di spl ayi d

L 1 YoR SRRl Y0 B A fapathet bt el i S i redare

i 24A . f i Qi | i AL t i 10.
openi ng .Agosrt}]crvﬁ'{@}f%i%. %,aﬂg?a%lg;e@nga;%ﬁe{gegggg I;Lg gagent 15

performed in such a nmanner  that the o ed "above the

anodi ¢ ekpclEpden Ofap, WSELUZCLE) A ! ASMAL AN gl !c%\gb%rsi?tqg'ni.s formed
on a green anodic electrode 2Z0 by vapor deposi‘tion using resistance
heati NOin 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(a4), a metal mask 24 having an opening 24A
for forming R, G, and B pixels_is prepared. Alignment is
-10. perfeormed 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 .
eiectrode 20 by vapor deposition using resistance heating.
(1) 4,4',4"—tris (3~
15 methylphenyliphenylamino) triphenylamine (m—MTDATA) is
deposited to 25 nm to form a hole injection layef 26Ga.
(2) 4,4'-bis(N-1-naphthyl~-N-phenylamino}biphenyl (d—NPD}
is deposited to 30 nm to form a hole transport layer 26Gb.
(3) Tris(S—quindlino;ato)aluminum(III)(Aqu) is deposited
 20 to 50 nm to form a luminescent layer 26Ge. The above
déposition of each layer is consegquently performed in a
 _deposition apparatus.
| As shown in Fig. 4(B), alignment is performed in such a
‘manner tha£ the opening 244 is poéitioned above the anodic

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




(1) 4,4 , 4"-tris (3 15 nethyl phenyl phenyl am no) tri phenyl am ne( m MIDATA)
is deposited to 25 nmto.forma hole injection |ayer 2668oher 0805 4,4 '-bis
(N-1- napht hyl - N- - - phenyl am no) bi phenyl (a-NPD) is deposited to 30 nmto
forma hole transport layer 26Gh. (3) Tris (8-quinolinolato) alum num(lIl)
(Al'g3) is deposited 20 to 50 nmto forma |um nescent |ayer 26Gc. The
above deposition of each |ayer is consequently performed in a deposition
apparatus.. As shown in Fig. 4(B), alignnent is perfornmed in such a nanner
that the opening 24A is positioned_abgve the anodic. 25 electrode of a blue
pi xel.. A blue organic EL |ayer 26B iS 14 Cctober 2005 - 14 forned on a
bl ue anodi c el ectrode 20 by vapor deposition using resistance heating. (1)
4, 4" ,4"-tris (3- nethyl phenyl phenyl am no)triphenyl am ne(m MIDATA) is 5
deposi tieerned 1@ mmhiod armmal hotledjabt i26h Hvay@pa6Bepos(iios, 4' -bis
(N- 1- napht hyl - N- phenyl am no) bi phenyl (a--NPD) is deposited to 30 nmto
f or m a WOl tyefisiciice atiaeBb.  (3) 2, 9-di met hyl -4, 7-di phenyl -1, 10
. phenant hr ol i ne( bat hecupr-ei-ne) is deposited to 14 nmto form 10 a
| umi nescehlt) | dyet’ ZoBctFiimtti oning as a hol e-bl ocking |ayer.
methylphenylphenylamino) triphenylamine (m~MTDATA) is
5 deposited to 18 nm to form a hole injection layer 26Ra.
(2} 4,4'-bis(N-l1l-naphthyl-N-phenylamino)biphenyl (0¢t~NPD)
is deposited to 30 nm to form a hole transport layer 26Bb.
(3 2,9-dimethyl-4,7-diphenyl—-1i,10-
. phenanthroline (bathocuproine) is deposited to 14 nm to form
10 a luminescent layer 26Bc functioniﬂg as a hole-blocking
layer.
{4) Tris(8~quinolinolato)aluminum(III)(Aqu) 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
fofmed on a red anodic electrode 20R by vapor deposition
20 using resistance heating.
(1) 4,4',4"-tris(3-
methylphenylphenylaminq)triphenylamine(m—MTDATA) is
deposited to 55 nm to form a hole injection layer 26Ra.

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

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




(4) Tris(8-quinolinolato)al umnun(l1l)(A g3) is deposited to 30 nin to-
forma lum nescent |ayer 26Bd. The above deposition ofs@agh:!aper is
consequent |y performed in.a .15 deposition apparatus. As shown in Fig.

4(C), alignnment is performed in such a nmanner that the opening 24A is
posi ti oned above the anodic electrode of a red pixel. A red organic EL

| ayer 26R is formed on a red, anodic el ectrode 20R by vapor deposition 20
usi ng resistance heating. (1) 4,4 ,4"-tris(3

net hyl phenyl phenyl ami no) tri phenyl am ne(i-n- MTDATA) is deposited to 55 nmto
“forma hole injection layer 26Ra. (2) 4,4 '--bis

(N—-1-naphthy| N- phenyl am no) bi phenyl (a-NPD) 25 is deposited to 30 nmto
forma hoI ran Q I Iay r oQer 2005 - 15 (3)

2, 5-bi s[ 4- ? % o%y% ﬁ ﬁégﬁ@xY&ﬁeg?i E N
pheny' aghemg»amb Q%g%@p%éné%ggmoa% éuc,s@@?lﬁgmsadﬁ&@ﬁ'%d to T4

forma |l um nesce ayer

Trl s(8 QEPBEh'EQHaTtQ)@ﬁHHIﬂWH( EbLh (A 9§I}llhé3939981£§9r 3830 nmto forman

el ectron transport |ayer 26Rd. The above deposition of each |ayer is

consequentthy perferBRduhdlifoI8POPhIRDNARPRE ) UR1qHS ShaMpddtRg. 5(A), a
cathodlc el ectrode (upper
5 to 30 nm to form an electron 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 brganic EL layers 26
10 are formed. The cathodic electrode 28 functions as a common
electrode of each pixel. The cathodic electrdde 28 is
forméd 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 or§anic EL layers
'26. Such a material includes, for example, magnesium and
silver.l In this embodiment, magnesium and silver are co-
deposited o 14 nm to fprm the cathodic electrode 28. The
20 cathpdic électrode 28 is electrically connected to the
.aiuminum auxiliary wires 23 disposed on the ribs 22.
As shown in Fig. 5(B), a passivation layer 30
functioﬁing_as;auprotective 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



el ectrode) 28 is fornmed after the above organic EL |ayers 26 10 are
formed. The cathodic el ectrode 28 functions as a commoty oghgstiese of each
The cathodic electrode 28 is fornmed using another mask in the above

pi xel .
deposi ti on apparat us

in order to prevent the above organic EL | ayers 26

from being damaged. The cathodic el ectrode 28 preferably 15 conprises a
material having a small work function in order to efficiently inject

el ectrons into the organic EL layers 26. Such.a nmaterial includes,

f or

exanpl e, magnesium and silver. In this enbodi nent,. nagnesi um and sil ver
are co- deposited to 14 nmto formth& Cathodic el ectrode 28. The
cathodic electrode 28 is electrically connected to the alum num auxiliary
wires 23 disposed on the ribs 22. As shown in Fig. 5(B), a passivation

| ayer 3fotfuacékposagtias eaphodbctelVectayds 28 fortted aowersghesre pri nci pal

surface of the display panel

t he abober depaspieonsabparatwstsidasiddaproberd 200500m 16 not to
t he cat hodi c el ectroge~=28~0 the at nosphere. For exanple, silicon
i s depos¢mperatureobytanpéPanathodyta CobrnthRopaseiterhenhéapassdfati on

| ayer 30.

20

50. The passivation 25 layer 30 is fornmed in

expose
nitride

The organic EL | ayers 26 are seriously danaged at 100C or 5 nore

and t hefig oP BIRREC i s53 07 Dri g Fr s3eF 50wk etageaied it dPeC 18 preventi ng
Iay%rs frompeeling off, it is '

10

15

25

more and therefore the emission brightness is decreased. 1In
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 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
display panels 50-56 are joined together at the
corresponding.end faces theieof; 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,

'green, and,blue.pixels is uniform over the display panels

50-56.

As shown in Fig. 6(34), e UV-curing resin 62 is applied
Qnto the principal surface of the tiled display panel 60.
This application is performed using a dispenser for

discharging a resin, wherein the dispenser is a syringe type




preferable to formthe organic EL | ayers 26 under conditions in which the
stress in the layers is mnimzed. Therefore, the aboyeodsne3iobs on net hod
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 forma tiled display panel 60. As descri bed above, the
15 di splay panels .50-56 are joined together at the correspondi ng end
faces thereof, these end faces having7been fornmed 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-di nensional arrangenent of the red, 20
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shown i sealigg §é‘2_§£éﬁ£§e§6 hayd Nge 21 Ph@ckupdBili &4 i Yenaled. The

seal ing substrate 66 is not used
S5  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 re;in 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
-séaling substrate 66 is aligned with the pixels of the tiled
15 display. panel 60. When the UV-curing resin 62 is not set,r
the position of the sealing substrate 66 on the tiled
'_display panel 60 can be chaﬁged by severai hundred nm. The
tiled display panél 60 has boundaries 68 between the display
‘, panels 50-56. As shown_in Fig. 6(C}, the adjuétment of the
20 position is performed in such a manner_thét 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. G(C) to cure the UV-curing resin 62 to fix the sealing




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 prodgjepabosurface of
the tiled display panel 60 on which the LNLcurlng resin 62 is applied. In
this step, it nust 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 showmn. 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 di spllaytrpand & 50-196: tAd shadisplayFipgned( 6D, thesadpugtieeinhgof the 20
pasition is perforned in such a manner.that the black matrix 64 are

posi t i onetdi eyt rddctd yavalsoxsg-cthe/ Ocor responding auxiliary wires 23 of the
ribs 22 and are positdened..- correctly above the boundaries 68. The

UV-curi ng r & iwhe2 tiidedr dadbatgdswstam U0 betins rafleatednbyfthe arrows
shown in 25 Fi 6(C) to cure the UV-curing resin 62 to. fix the sealing
14 ot gyereTiors Liohy comised dvve t6 poxdhdary| wdrdisspBajyspaneiesdedt hus

congletinq: atiled dlsplay systen170
by “the black matrix .. The boundarles 68 between the

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(4A) to
15 é(C), the organic EL layers 26 are partly covered by the
| black matrix 64, thereby reducing the brightness. : In
contrast, when the black matrix 64'd§es not entireiy cover
. the organic EL'layers 26 in order to obtain high brightnesé;-'
'~ 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



In the tiled display system 70, the reflection of external |ight caused by
the auxiliary wires 23 is prevented 5 by the bl ack mat40¥ob4.200he
boundari es 68 between the display panels 50-56 are covered by the black
matrix 64. Therefore, a high-quality |arge-screen display having high
contrast and inconspi cuous boundaries can be obtained. [Second Enbodi nent)
A second enbodi nent of the present 10 invention will now be described. In
t he above enbodi nent, as shown in Figs. 6(A) to 6 (C) , two of the ribs 22
are .adjacent each other at each beundary 68 between the display panels
50-56. When the black matrix 64 entirely covers the auxiliary wres 23 of
the ribs 22, as shown in Fig. 6(A) to 15 6(C), the organichELbIayﬁrs 26 a{e
artl r 4. _therepy reducing the i ghtness. In
Eontrgsgﬁgmkgﬁpgﬁgkgﬁacghggér|x GH %e%rno?aeﬁt?refy c%%e?lr?hééorganic EL
| ayers r L Al righ S undari.es, 8 are
ex%osedggﬁag%giﬂg %%g% %%t?%gbggeg %E Egge 9r5% %ﬁﬁlg l%od%&%ﬁ#es 68 to

appear ﬁ@t&beh§§r§e@argénf@fﬁ@&téﬁcéoLYﬁhtP§ﬁ§Q§¥etgrfﬁ%fﬁ@ié;$%gé4lOmnng

met hod i s proposed: each of the ribs 22 at t oundari es d be cut

in hal fpekipuevethetbbeosHl t LRE tSmPOLta PRSSI @erthérhﬁibé Sp2 Wsh @K cutting
is performed, the 25 object to be cut nust absorb | aser beans to rapldly

i ncreaséndAe&Eb@bey 28998r-idPadiation.

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 fhe 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 aﬁxiliary 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 aﬁxiliary wires 123 has a small width. Fig. 8(B),
which correspogds to Fig..3, shows the display-panel end

20 -faces in this embodiment. The substrate is cut aleng the

| dotted lines, which extend along the edges of the ribs 122,
with iaser beams. After the cutting is finished, the
organic EL léyers 26, the cathodic electrode 28, and the
ﬁassivation layer 30 are formed dn the principal face in.

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




the tenperature thereof, However, each auxiliary wire 23 conprising netal
is disposed on the corresponding rib 22 and netal hasigolagsgensef! ectance
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 and auxiliary wires 123 are di sposed 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,}22. The wdth WA of the auxiliary
wires 123 is smaller than the width 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 15 constant pitch.
Si nce t ls@bggiiengry wires 123 have a small width, the reflection of |aser
beanms by the auxiliary wires 123 is suppressed. Cutting is possible in
“such a manneRs shavnthe BIXi |7 €y, iitred I8 hvapamedmaldo-wiedielre Fi g. 8(B),

whi ch corresponds to-Hﬁgi--«-S, shows the di spl% panel end 20 faces in this
enbodi mBRENeFhéCgabEeFate ferputhal bhfed sy errnehe) - whirchheet end

al ong the eﬂges of the ribs 122, wth |aser beans. After the cutting is
fi ni sheGMPPAENCBEgaf? cSREVT afRrEi26, 9 ik cCEROHRS Sl4Lthastid® @8 and t he

PassjvaLlgn, | aver 30812l Of MRk P 108 RIASS PR) J A58 J B3 AL o der 1
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 thé-_
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 sc 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 is 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
ébove_procedures, the ribs 122 are joined each other at the
- jJunction of the display panels. The joined auxiliary wires

25 located at the boundaries have approximately the same width




14 Cctober 2005 - 20 enbodinment. As shown in FIG 2(C), the display
panel s 50-56 are joined together to formthe tiled di sp emonraebs 60. In
this enbodinment, 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 width of WB. That is, the bonded ribs 122 have
approximately the sane wdth as that of the ribs 22. As shown in Fig.
9(B), the UV-curing resin 62 is applied onto the passivation |ayer 30. 10
“A bl ack matrix 164 is provided on theg; sealing substrate 66 and the
resulting sealing substrate 66 is placed onto the UV-curing resin 62 of

the tiled display panel 60, as showmn in Fig. 9(C). The position of the
y so as tg align the black matrix

| trate-66 i dj ust.ed slightl )
T i 19 b SIS KBTSy A GOT e e Taesshonn | n
Fig. 9 ,.. t.,he UV- i in 62 is i diated wi.th UV b i ndicated b
tlhg ar ﬁdg)msn%toeaspé%ea?%u:adr{]J%-r’(r:eLJefsil%geerr]els‘f"is %%‘% Ihgr‘? Pvr%négglé_'é’ﬁsﬁg%glﬁg’lfer a!te 66 isy
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system he procedures shown 1n
PO B pe AT 1 H1OE el DL IR LT L0
j oi ped 183fh At e AtidiN@nd 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
'métal{ alloy, or an intermetallic compound having a émall
work function sc 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 inﬁo'the
hoie—transport layef.

(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




junction of the display panels. The joined auxiliary wires 25 |ocated at

t he boundari es have approxi mately the sane width 14 OcipBgbhe2Chs- 21 of
that of the other auxiliary wires. Therefore, boundaries do not appear on
the screen and the high brightness can be obtained. In practice, in the

| aser cutting, the object to be cut preferably has a tab for cutting
depending on the 5 kind of material and the laser. [Qher Enbodi nents] In
the present invention, various enbodinents are possible and various

nodi fications are al so possible bQ§§%%Qp the above enbodi nents. For
exanple, the follow ng enbodi nents  al so possible. 10 (1) The positions
of the cathodic electrode and the anodic electrode nmay be reversed with
respect to those in the above enbodi nents. The cat hodi c el ectrode may
conpri séy metislatisn eynd drheare fiomeertiret abllee iodapoind bayamgl atwned | wor k
function so as to efficiently inject electrons into the 15

el ect r ors-itgraifdpant lvayerte riloeadeddi ¢ Telect Aodésnayefenprlgeto net al , al |l oy,
or an internetallic coenpouwnd. having a large work function so as to

ef fici emoyidg écreerdliay leyer RbovRoklet paaspdrtELayayer . 1%} ¥4 hough t he
di splay panel 50 is a top emi ssion type, 20 the structure is not limted
to the &HGFETORSSdiSReRS. YooPreX Rl uchheospppents eST@MaMking Figs. 10C to

10D g\re . . : .
contact with the atmosphere. The following structure is

aiso 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 obtéined.

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

: 25 screen can be obtained.




possi ble. Cenerally, organic materials used for the organic EL |ayers are
damaged by water and oxygen and therefore the [|ight-ep&iibng 2005
characteristics are decreased. Furthernore, 25 the cathodic el ectrode and
t he anodic. el ectrode are damaged 14 Cctober 2005 - 22 by oxidation and
therefore the hole-injection capability is significantly deteriorated.
Thus, it is preferable to provide a sealing |ayer above the organic EL

| ayer and the electrodes so as to prevent such conponents from making 5
contact with the atnosphere. The fal bgwing structure is also proposed: an
organic resin layer is disposed between the protective |ayer 930 and the
sem -transparent sheet 932 in Fig. 10C. The present invention is also
appl i cabl structure, 1 I n_t he, above enbodi ments, .the

h 0 (3
present |Eaigt?gﬁg?s%hﬁpﬁP?%ﬁr?Beaﬁfgﬁ i TR KA P&t ovidver, the
' t i ti I l.icable t tiled_di t h
P aema B SPFRG Barers SPurEher T Er O AR T TAhy PIRRISS iy e used.
15 As d i s A0 ing.to th t i tiqn, , the foll ow
2vant asasPRas R Ee o¥F, ERE AT B lin BESAN AN M 2 Sieed above”

boundar zgs, hetweep.a plurality of display panels, |arge-sized displays
havi ng I nconspi cuous boundari es on the screen can be :




20 obtained. (2) Since ribs |ocated at end faces of the display panels

have a small width and are joined together, the boundafj@sonPirobhre. display
panel s are covered by the black matrix, high- quality |arge-sized displays
havi ng no boundaries on the 25 screen can be obtained. 14 Cctober 2005 - 23
(3) Since the substrate of each display panel is cut with a |aser before
organic EL layers are fornmed, precise cutting is possible and the
deterioration of the organic Bl |ayers does not arise. 14 Cctober 2005 - 24
CLAIMS 1. Atiled display systemhaving a | arge screen display forned by
joining a plurality of display panels together, conprising: a plurality of
cut display panels, each having ribs; wherein each display panel is cut

al ong the outside of the ri6§A%WBse to end faces of the display panels used
for joining the display panels together, anong all the end faces of the
di spl ay panels; a sealing substrate di sposed over the plurality of display

panel sj_ang @ifgénaisﬂ§é§ig&stgﬂrhééﬂﬂbo%iqgr&Qeséégyhr%§£pléy Hesed on the

by joining a plurality of display panels together, comprising:

a plurality of cut display panels, each having ribs;

wherein each display panel is cut 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;

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

a black matrix, for improving the contrast, disﬁosed 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




seal ing substrate, wherein the black matrix is positioned above boundaries
between the plurality of display panels. 2. The til ed dicddbay 26055t em
according to Claim1l, wherein the display panels each have a substrate,

| ower el ectrodes, organic EL |layers, and an upper sem -transparent

el ectrode disposed in .that order; and light emtted fromthe organic EL

| ayers is taken out of the upper sem -transparent electrode. .3. The tiled
di splay system according to Caim2, wherein the display panels have a
sealing layer for preventing the2i4 CQctober 2005 - 25 . | ower el ectrodes,
the organic EL | ayers, and the upper sem transparent el ectrode from being
damaged 4. The tiled display systemaccording to Claim?2, wherein the

displai ﬁaneli avg ribz surrounding each of the organic EL | ayers, the
ribs eaf~haVe d RARP1 i &Py WFPEM el Bbt rif¥8FTy EBRAndBE ed Tt HEMpper
sem -t I d nd the black matrix is positioned above the
auxiliggg%&%gggﬁE%F%%%%%i?Fg 6}Dcfillglgl%aﬁnas(g‘s?gltemaccording to daim4, 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. 46. tharetihed Jieplapniyisash WdRGdand idoed1 glinspl,ay system having a large
screen display forned by joining a plurality of display
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 i1s approximately half of the width of the other

auxiliary wires.

6. A method for manufacturing a tiled display system having a
large screen display formed by joining a plurality of display
.panels together, comprising the step of cutting each 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.

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.




. panel s together, conprising the step of cutting each display panel,

having ribs, along the outside of the ribs close to end4taees Rfps t he

di spl ay panels used for joining the display panels together, anong all the

end faces of the display panels. 7. The nethod for manufacturing a tiled

di splay system according to Caim6, wherein each display panel is cut

along the outside of the ribs with a |laser. 14 Cctober 2005 - 26 8. The

met hod for manufacturing a tiled display system according to daim?7,

wherein the plurality of drsf ay panels have organic EL | ayers, and each

di splay panel is cut wwith a |aser before the organic EL |ayers are forned.

ABSTRACT A high-quality tiled display systemand a nethod for

manuf agturing the sane are provided, wherein the tiled display system

i ncl udés oFﬁgnilﬁet@E’ddi $BF ay™FUHSFSURRE ng  itAPedvediImlgh cevtedast by using

a black matrix and has_inconspi.cuous boundaries. A UV-curing resin (62) is
o, 2 ‘Q%‘g Lg1F‘i Pegrat <y /F

appl i eGCONTE%rincirpal dur FARES Toft pEreteyY (Bwelsand a

sealinga§%ﬁg%$§gfé %gGha&%ﬁépfghﬁhs%ggcﬁgtgaﬁéég%ﬁa%% Q%&qut%h% resin

t her eon. I'S operat e avol
laser before the organic EL layers are formed.




that there are bubbles between the UV-curing resin (62) and the sealing
substrate (66). The position of the sealing substratei{6&hberobhe tiled

di spl ay panel (60) i's then adjusted. This adjustnent is perforned so as to
allow the black matrix (64) to be positioned correctly above the auxiliary
wires (23) of the ribs (22) and to be positioned correctly above the
boundari es (68) of the display panels - (50). The UW/-curing resin (62) is
irradiated with UV beans to set the resin to fix the sealing substrate
.(66) to the tiled display panels (607 and a tiled display system (70) is

t hen conpl et ed.

ABSTRACT

A high-qdality tiled display system and a method for
_manufadtnring the same are provided, wherein the tiled
5 display system includes organic EL display panels having
‘improved high contrast by using a black matrix and has
inconspicuous boundaries. A UV-curing resin (62} is applied
onto principal surfaces of tiled display panels 660), and a
sealing substrate (66) is then placed onto a surface having
10 the resin thereon. In this operation, it must be avoided
~ that there are bubbles between the UV-curing resin (62} and
the sealing substfate (66) . " The position of the sealing
substrate (66) on the tiled display panel (60) is then
adjusted. This adjustment is performed so as to allow the
15 'Ablack matrix'(64)_to be positiéned correctly above the
auxiliary wires (23) of the ribs (22} and to be positioned
‘ correctly above the boundaries (68) of the display panels
(50) . The UV-curing resin (62) is irradiaﬁed-wifh UV beams
g to set the resin to fix the sealing substrate (66) to the
20 tiled display panels (60), and a tiled diéplay system (70)

is then completed.




