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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




addressing, a TFT (thin-filmtransistor) circuit is usually connected to a
capacitor to maintain a voltage applied to the organi (%o%?‘ﬁb@f-

" 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 T educi ng 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 orgadictdl) devieel panelusdanifrg. 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. 25 Ribs 912 are di sposed above

t he Sano@PBSERREL YOURRID102N 12¢ GRIVLETd Xppshe 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,




- 3 and organic EL layers 914 are di sposed at portions |located on the
anodi c el ectrodes 910 and surrounded by the ribs 912. 17beoegRasC 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 lum nescent |ayer, and a hole transport |ayer (not
shown). A cathodic electrode 916 conprising netal is disposed over the
ribs 912 and the organic EL |l ayers 914. Since the anodic el ectrodes 910
are sem -transparent and the 10 cathodi€ el ectrode 916 is reflective, |ight
output from organic EL layers 914 is emtted in the direction indicated
by the arrow Fb. In Fig. 10B showing the top em ssion-type organic EL

devi ce e ani yers 914 and cat hodi. ¢ | ectr de 926
conprlsgﬁg argégﬁf gagg gfgn%?conﬁuc BOSﬁatsg' PI§F8HE|EBS§§8 on anodi ¢

eleCtrOgﬁstﬁé QngaggrE%EQQEBES%gb%heargagug d§§ %PgegEng}Sf the

above conponents I n everse O

prot ect ipyg ggﬁgﬁlQSQEa@g¥@f$egiat%gggggéeﬂﬁmﬁﬁgggeg 2mg£§r§glglsposed over

ribs 912 and the cathodi ectro I ncé the anodic
el ect r odesp 9201 age E@E'@Qéh £e aPthhﬁ)Ca&PQQhC(ﬁiecéﬁﬁdghgéﬁ(b§
sem -transparent,; |ight ut puf fromorganic EL 9 is emtted in

the s di reetb6§ahndi £AL f-‘sly@yst@m AL oM Khvel An. eigétrSQHMEQﬁéB&ﬁk 25 type
shown in Fig. 10A, the TFTs 900 are | ocated at the
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
| .thét order. Since the anodic electrodes 920 are reflective
and tﬁe cathodic electrode 926 is semi—transparent, light
output from organic EL layers 914 is emitted in the
-"direction indicated by the arrow Ff. In the cqnventional

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




14 Cctober 2005 - 4 light-em ssion side. However, in the top em ssion type
.shown in Fig. 10B, the TFTs 900 are not |ocated at tha4d:iB 2@3i SSi on
side, thereby increasing the aperture ratio. In the top em ssion-type
organi ¢ EL display panel 5 having a | arge aperture ratio, the cathodic

el ectrode 926 is sem -transparent, that is, the cathodic el ectrode 926 is a
sem -transparent conductive film because emtted. light is taken out of

t he cat hodic el ectrode 926, nanely, an upper electrode. Cenerally, since a
sem -transparent electrode 10 has a | arge sheet resistance, a voltage
gradient arises in the display surtf dte when the sem -transparent el ectrode
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 di spiglytsemfacion Asiddie Ibowwpt ayis wHacehesormmsidarggis this
phenonenon beconmes nore serious, thereby significantly degrading the

di spl ayshqen f on néihge. 108, orleerThs sl v eatdirso tprioterad tde ftad | owi ng
~structure shown-in Fig~-10C has been proposed: auxiliary .wires 950

conpr i shigh et ssiren di sphos dtharehel g tesa QikRy artd: Feranerecamtdet.ed to the
cathodic el ectrode 926. In a display panel having this structure,

non- uni f or mIdi $hleayroppuenis stipa-typkt aggagigdEéntdidpésynpaneali se. However,
in the display panel having such wiring, since the reflection of external
I_igﬁt H@a\f}fé; aadxliqq%-yamqtégregg@itlo, 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,tq'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 prebiem, the following
structure shoﬁn in Fig. 1OC-hae been proposed: auxiliary
‘wires 950 comprising metal are dispoeed 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




25 is significant, the contrast of a displayed image is 14 October 2005 5
seriously deteriorated. In order to solve this probl emgbhgnefbtow 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 having the black matrix 960 is placed on
the top of the structure shown in Fig. 10Cwith an UV-curing resin 964

| ocat ed t herebetween to formthe 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 .beconmes high. Atiling
technique is known as a nethod for increasing the display size. In this.

techni dueriduplyr bLEy;BE-LLAL diaPlaycpang! ualbs.ae sranged fn such

manner that t are to forma arge SCireen I'S | arge

15 scre%alqb§ahaysteﬁgﬁqrgyshaﬁntah'Fggteibﬂlﬁgszbg&ni%r pesegsary to mike

t he boundari es between adjacent displa panel s i ncons ous.  The present

i nventi g aick Bﬁ%%@xogﬁbh§§699¥gogé8d588§e thk hﬁxﬁﬂlgPyeﬁirQE bhg present
invention to provide a til 0 display systemincluding organic EL

~ di spl aytpapeksechaving tonteysd high BeRhyastal¥edSi g dcRiggk matrix and to
provide a nethod for manufacturing the tiled display system  wherein the
tiled dsapkayasysbem paovhgesha bBigbkodatiriy 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




di spl ay and has inconspi cuous boundaries. 25 14 Cctober 2005 6 10 15

Di sclosure of Invention In accordance with a first aspesbc@bertdtgspresent
invention, there is provided a tiled display systemhaving a |arge screen
di splay formed by joining a plurality of display panels 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 displ-ay panels used for joining the display-panels together, anpng
all the end faces of the display pénél§; a sealing substrate di sposed over
the plurality of display panels; and a black matrix, for inproving the

. contrast, disposed on the sealing substrate, wherein the black matrix is

posi ti opedcikeve bamdaress iohet ween the plurality of display panels. In
one of princi pal enbodi nents, the display panels 20 each have a substrate,

e Shechy SRR Syl ke WD MEPRE St
layers i1$,4@%88n, there is provided a tiled display system having
a large screen display fofmed by jeining a plurality of
5 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 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




'25 out of the upper sem -transparent el ectrode. In another enbodinent,
the di spl ay panels have a sealing |ayer for preventingsbhgpd-008E

el ectrodes, the organic EL |ayers, and 14 Cctober 2005 7 the upper

sem -transparent el ectrode from being damaged. In another enbodi ment, the
di spl ay panels have ribs surrounding each of the organic EL |ayers, the
ri bs each have a auxiliary wire electrically connected to the upper sem- 5
transparent el ectrode, and the bl ack-nmatrix is positioned above the
auxiliary wires. In another enbodinent, the auxiliary wires at the
boundaries between the display panels have a width that is approxi mately

nal . of $he it O ey o BLNEE XL LANOAN [m Wity dfeigdence i th

second aspect the present” invention, there is provided a method for

manuf actifd itk A edibd @i P! e YNV IH N £ HAFIS 13 e/t rdunpliay for med
by joining a plurality of display parel's together, conprising 15 the step

of cuttidyriearh tHSAYaPaNalr, MAMMNY HHS riddHPNhcH henveutasi de of the ribs
close to end faces of the display panels used for joining the display

panel s tagetielry afbng eBddtditeniand dagrewda the wespipperparalis. 20 I n one
of principal enbodi nents, each display panel '
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;




is cut along the outside of the ribs with a laser. In another enbodi nent,
t he display panels have organic EL 14 October 2005 - 7a oddd¥ebsos and each
di splay panel is cut with a |aser before the organic EL |ayers are formned.
The obj ect described above and others, the characteristic features, and
the advantages of the present invention will becone further clearer by

- the enbodi nents descri bed below wth reference to drawi ngs. Brief

Description of the Drawi ngs Figs. 1A_tg 1C are principal illustrations
showi ng a nmanufacturing process accor ‘?n@ to a first enbodi nent of the
present invention. Figs. 2Ato 2C are principal illustrations show ng the

manuf acturing process according to the first enbodiment of .the present

i nvention. 1dy@rs,3 4 aRc@nhasges tiL r tive vie a part
of .Figs. 2A to 2C. 14 Cct oberg 036?9 TR gsor?let i‘\ﬁ%ﬁ ac?%?%r \é%re?gr?m pal

illustrati h u t Rces ord| the first
. s 1?0 ELNE 5 yAROUS ACT HIL] Igng%% j%é% %#%Qﬁﬁ

enbodi nent of the present |nvent| on are pal

11 ustrati gns,show darkle, BN ARG R 98883, 2500rd] N Lo the first

errbodl ment of

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.




the present invention. Figs. 6A to 6C are principal illustrations show ng
the manufacturing process according to the first enmbogyfBBherOlost he
present invention. 10 Fig. 7 is a schenmatic perspective view show ng 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 enbodi nent of 15 the present invention. Figs. 9A to
9D are principal illustrations show ng the manuf act uri ng process according

to the second enbodi ment of the presg invention..Figs. 10A to 10D are
princi pal sectional views showing 20%display panels of the related art of
t he present invention. Best Mdde for Carrying Qut the Invention [First
Enbodi ment] A first enbodi nent of the present invention will be described
on detail. FFig$.ofRatd, 4Q5apeimcipaipabnilhesturatioss episowtey ddser i bed. A
tiled 14 Cctober 2005 9 display systemof this enbodinment is an active
natri x magdiessingnoypeocAsFFIcsabdingt §0l0hehdwmsinekbgditéAy o8 prepared
first. The TFT subst+ate -k has TFTs 12 arranged in a matrix correspondi ng
to pi xetde VireEens typpestépPnTFT 5 substrates and manufacturing net hods

t hereof are known and
Figs. 5A to 5B are pr1n01pal illustrations showing the

5 manufacturing process accordlng to the first embodiment of
the present invention.

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

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




any one may be used. A gate el ectrode of each TFT 12 is connected to a

scanning circuit (not shown). A first interlayer insul aopghdraes 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 conprises, for exanple,
a silicon-oxide-based material such as silicon oxide or PSG
(phospho-silicate glass) containing silicon .oxide and phosphorus.. Wres
16A and 16B conprising al um num or al um num copper alloy is forned on the
first interlayer 15 insulating |layer214 by patterning. The wires 16A and
16B function as driving signal lines and are connected to source

el ectrodes or drain electrodes of the TFTs 12 through - contact hol es (not

Shom)zdﬁ]gggg;ig%%?erah@ff{ﬁgg.éﬂg%mx&fc igngﬁggéwg?;@ee{g{-m- 20 Next, as

shown in a second interlayer 1nsu I Ng 18 is formed so

as t0 COYgFelbEnyi £55e 16Ay ARd &%ftgﬁg?%ogﬁo&@}gﬁ'a 4 iin g@ul Ating layer

18 preferably conprises a materia I's capa 0 readily

pl anarigeshd Pe@r feFs to-opyerrihesPRLL L PEd: Wi K eS PHA - 2D and. JOBy This
material preferably has a small water 14 October 2005 - 10 absorbing

pr oper tyn @Qﬂ@ﬁﬁ%@fﬂ@éﬁ&néﬂﬂcﬁrt‘f) op &l by Weposit i Oppéd S Spsequent
step is danmaged by water and therefore high brightness cannot be achi eved.
| n 6hi sserdath tentand hearserameut @ rheyesds NSk Béd N G @ Vietow8 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,laygx 14,
20 Next, as shown in Fig. 1(B)}, a second interliayer
| inéulating 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-—




5 conprises polyimde. The second interlayer insulating layer 18 is forned
over the upper surface of the TFT substrate 10, and CQﬂ@&&&ng@bfs 18A used
for connection to the wires 16A are then fornmed in the second Interlayer
insulating layer 18. As shown in FIG 1(C), anodic electrodes (lower 10

el ectrodes) 20 for organic EL layers are fornmed on the second interlayer
insulating. layer 18. In a top em ssion- type display panel of this

enbodi ment, the anodic electrodes 20 preferably conprise a conductive
material having a large work funcgig and a high reflectance, such as
chromum iron, 15 cobalt, nickel, c gper, tantal um tungsten, platinum or
gol'd. In this enbodi nent, the anodic el ectrodes 20 conprise chrom um Each
anodic electrode 20 is patterned so as to correspond to each pixel and is
connect edsbobikag hpwoper 6 Abetan o gin t dreyaoor e elspondi fiigreahttgct hol e 18A

di sposed in the 20 second interlayer insulating |ayer 18. As shown in FIG
2(A), ridepo2lthre ioraedubsegeend sbep rioumhmpoel oY ovegan @dEl | ayers). The
ri bs 22 have a - hei ght.-suff.iciently larger than the thickness of the

or gani ctherefeyerkighrhriohingeposinion bha actsihsshuerdn dthds. 25 Therefore,
the ribs 22 function as spacers for_a mask when 14 Cctober 2005 - 11 the
or gani ceHPORERRRE, aflee f BPARAC ohh foel ARyl ‘M Bt imstideyer 18y patterning. In
this enbodinent, each rib 22 includes _sjilicaon oxide stinulater 22A and
=228§ anﬂPT?Eﬁ%ﬁ$iQRﬁV%&+%%° 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




subl ayer 22B has an al um num | ayer functioning as an 5 auxiliary wire 23
thereon. The silicon oxide sublayers 22A are fornmed iyakehragignner 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

hol es 18A. The silicon oxide sublayers 22B are then each 10 formed 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 thelst+licon 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 t r ; i ' r i ght . Fi IS, a
scherrat%lge ﬁﬁ?f?%ﬁ%ﬁ&%%ﬁ%ﬁ%d%ﬁ%‘y c;ig tgge hmgivcfcgr}gc t%ﬁ%%@ﬁ 2f%or med as
above. Shonn | | G e, di Vs - re joined

t oget hebr?t 0 fordn{%d:ii IIerg Jé:lrigsspleay sysn%égﬁ:]' t%g}%g‘lﬁg%?s?rn%gg%% of the

di spl ays Panedn 20 TS tzi8 Ll 3lONGREAAPNS ] A%R 10 1904, fAGes S0A and 50B
whi ch are joined to correspondi ng end 25 faces of the other display panels,

anong ahdpitdieebd aces skt Gt 2% r fActGlbodiRgy disspkay panel 50. In
this enbodi nent, as shown in Fig. 2(B), the TFT substrate 10 is cut al ong
t hesoutssixda iafry wire 23 thereon. The silicon oxide sublayers 22A
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




.the ribs 22 (or the end portions of auxiliary wres 23), as indicated by
the arrows in Fig. 2(B), using a |aser cutter. 5 A |asgio&ideposan perform
hi ghly precise cutting and does not require water as a cool ant. Therefore,
such a laser «cutter is suitable for organic EL devices, which are danaged
by water. The | aser cutter preferably uses a high-powered 10 infrared | aser
such as a carbon dioxide |aser. Laser beans output by the |aser are
applied onto a predeterm ned portion of the display panel substrate to
rapidly heat the portion Ilocally qngzthe heated portion is then quenched
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 enlarged .nmanner. The | aser cutting nust be
fini shedfbéher dishéayopgarilc5EL | dyetbiar embodimesnt betausieowheind aser
cutting tenporarily increases the tenperature of the display panel 20 50
and or g&age BUB) ayshs BEEcpibedrbbteollaie sehsilinvg the dhewsjdehat is, they
are damaged by heat.~-n-t-he di splay panel 50 including el ectrodes and

or gani ctBe raber42 Whenthheceddreueeensoal apdxEbR endreres Fdcesaof the TFT
substrate 10 are in the same plane, it is 25 not necessary to cut the TFT
subst r atBdigatrdr PReFhBr @TrQ¥s GER obed - 200B) - usingmvtharesubsttarte for

til%pg ey be prepared to arrgnge t he ) )
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,




di spl ay panels 50-56 thereon to join themtogether As shown in Fig. 4, -
organic EL layers displaying red (R), green (G, and bjaus..&) 286 forned by
vapor deposition. 5 In this enbodinment, an organic EL |ayer displaying
green, another organic EL |ayer displaying blue, and another organic EL

| ayer displaying red are formed in that order. As shown in Fig. 4(A), a
nmet-al mask 24 having an opening 24A for formng R G and B pixels is :
prepared. Alignment is 10. perfornmed in such a manner that the opening 24A
is positioned above the anodic el ectngde of a green pixel. A green organic
EL layer 26Gis formed on a green anodic electrode 2Z0 by vapor deposition
usi ng resistance heating. (1) 4,4 ° , 4"-tris (3 15

t hyl pheny] ph | am triph | am MIDATA) i d ited 25

e pheBYpaerubarAghiFLNEry B AR JIOATA) e SoRLASS de 28 T
N-1- ht hyl - N- - - ! i.ph I - NP, is d ited to 30 t

(N © noprurly ampervhan oLoneryl (edPRed 5 dopaicd o 80 imto
Alg3) is d A = 5 . |y { Gc. Th

(199 |5 SoRoshisgh 26 o 20 il r B JmacRsa g 26 The

Char he bt ag 208 | o boarionus above The i 2 105 Slsatrada of a bl ue
Pi xgl . £h bikes O5seE tndiht | aVeToXShis B (AL AW inglbreen,
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,




formed on a blue anodic el ectrode 20 by vapor deposition using resistance
heating. (1) 4, 4 ,4"-tris (3- _ 14 October 2005

met hyl phenyl phenyl am no) t ri phenyl am ne(m MIDATA) is 5 deposited to 18 nmto
forma hole injection |ayer 26Ba. (2) 4, 4 -bis

(N-1- napht hyl - N- phenyl am no) bi phenyl (a--NPD) is deposited to 30 nmto
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

lum. nescent |ayer 26Bc functi oni ng_i?4a_hol e-bl ocking |layer. (4)
Tri-s(8-quinolinolato)al um nun(I11)(A'g3) is deposited to 30 nmto forma

| um nescent | ayer 26Bd. The above deposition of each |ayer is consequently
performed in a .15 deposition apparatus. As shown in Fig. 4(C), alignnent

i s perfiorymsd ion sudhlue amahier alrattudie diednmgadpX ideppedittiooned above t he
anodic electrode of a red pixel. Ared organic EL layer 26R is forned on a
red, ansthing dettyeie0rRMinEpor deposition 20 using resistance heati ng.
(1) 4,4 ,4"-tris(3 methyl-phenyl phenyl am no)tri phenyl am ne(i n- MTDATA) i.s
deposi t ed(tlo 55 Tmt'oc For M3 hole injection layer 26Ra. (2) 4,4 '--bis

(N--1-napht hyl - N-phenyl am no) bi phenyl (a-NPD) 25 is deposited to 30 nmto
{ or m 2 WEHRY ROt gy PR eaeYe Grdgrata) 8 -

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)éluminum(III)(Aqu) is deposited
té 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 rusing resistance heating.

(1y 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.



- 15 (3) 2,5-bis[4-(N nethoxyphenyl-N-

phenyl am no) styryl ] benzene-1, 4-di carbonitril e(BSB- BCN) 14 dgpesidegd to T4"'i
- tb forma |um nescent |ayer 26Rc. is (4)

Tris(8-qunolinolato)alum num(111)(A g3) is deposited to 30 nmto forman’
el ectron transport |ayer 26Rd. The above deposition of each |layer is
consequently performed in a deposition apparatus. As shown in Fig. 5(A),
cat hodi c el ectrode (upper electrode) 28 is formed after the above organic
EL layers 26 10 are formed. The cathadi-c 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
above organic BLcI s 26 fr i agaged. The cat hodi c el ectrode 28
preferabl3315 gé%p?%%ég §§n§$§§§ggsh§§¥%gﬁg smal | work function in order
to effigihanthY.iRi e Lh{ ot he organi 1 6. . Such. a
nateria? ?n%luggs??%gg ggg%%ﬁgénﬁa%h%s?uﬁ?aﬁgﬂingV%kggﬁﬁa?%fsl%nbpdinent,
magnesi uaL,and gl ¥er Taramtes #6PASLt Bt ReddeRl iQyéPF;E%I]Q?.e cat hodi

el ectrode 28. The 20 cathodic electrode 28 is electrically connected to
the al um pum agxi ki(gryunbi €80 23t 6 §p@ﬁgﬂu@mxth?(m§§) 22: adSoshowp in Fig.
5(B), a passivation |ayer 30 functioning as a protective l'ayer is forned
overs t heo Boi Al pal £eumf ageebéct hén di sphayopanedysSP. 2 dhe. pagsd vati on

Q

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



25 layer 30 is forned in the above deposition apparatus so as 14 Cctober
2005 -- 16 not to expose the cathodic el ectrode 28 toidbgosdmagphere. For
exanple, silicon nitride is deposited at roomtenperature by a CvD net hod
to formthe passivation |layer 30. The organic EL |ayers 26 are seriously
damaged 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 | ayers 26 under conditions in which the
stress in the layers is mnimzed. *_Thﬁr efore, the above deposition nethod
is used. 10 A plurality of display pgl el s 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
j 0i ned togetheexposef dhem a@aathd@de debpdayopanstd 660.tHAs descapHeed above, the
15 display panels .50-56 are joined together at the correspondi ng end
faces thereekampheseskhicdacesthibde ngs béewos fordredk byodnhe | aser cutting.
The red, green,  and Blue--pixels in the display panels 50-56 are arranged
i n suchtempanaherethat at GEDt methpdetisi dnalk Zheapgemenatodnt haveed3020
green, and blue pixels is uniformover the display panels 50-56. . As
shown iTheE groseay, B Lawers iy #%iﬁ’\e%@q%llaggimaeﬁﬁ%rﬂto ke Gramci pal
surface of the tiled display panel 60. . L
5 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.
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 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,
- 20 'green, and,blue.pixels is uniform over the display panels
50-56.
As shown in Fig. 6(34), a UV-curing resin 62 is applied
Qnto the principal surface of the tiled display panel 6&0.

This application is performed using a dispenser for

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




This application is perfornmed using a dispenser for 25 discharging a resin,
wherein the dispenser is a syringe type 14 October 200Q ocidifer 0052 Slit
nozzl e type. Other known nethods such as a roll coating nethod and a
screen printing nethod nmay be used. As shown in sealing substrate 66
having a black matrix 64 is prepared. The sealing substrate 66 is not used
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 whichitthe UV-curing 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

i ng_sub 66 he tilged displ |60 in the W-curi
eei n 6951 3 Mot -oRORA ALY SRowOT R Fi BOBR I CRHES BT rd 46 8a of the

-sealin r Ls,aligned wiih.the pixels of the tiled, 15 display
panel 6 ng\ﬁgﬁ %%ugh%@%:ﬁ?l %\gg?gg‘le% éﬁlégl%(gtm%%}%?gt“haey S%esi Sleodn‘ of%s % he

seal i ng tratg: 66 -{-he_t] . di e n. be jged

ceal [nO:AUNR A BL80 Btgtes  ALedindl aphav. ganche S0 oAl be ehanged

bet weeny,t pe; di gp! 8y HPEHLlSq 50-Phe ééafméﬂ%xsgﬁfe&e ®E)ys L5 aidgst ment of
the 20 position is perfornmed in such a manner.that the black matrix 64 are
posist i opg# s%me@flyh@@yﬁpiw SORELSPOOE O bu@ld WY Mo 8he23 of the

ribs 22 and are positione
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




correctly above the boundaries 68. The UV-curing resin 62 is irradi ated
with UV beans indicated by the arrows shown in 25 Fi g4 &4éper bOgcUr e the
UV-curing resin 62 to. fix the sealing 14 Cctober 2005 - 18 substrate 66
to the tiled display panel 60, thus conpleting a tiled display system 70.
In the tiled display system 70, the reflection of external |ight caused by
the auxiliary wires 23 is prevented 5 by the black matrix 64. The
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 i nconspi cuous boundaries”can be obtai ned. [ Second Enbodi nent)
A second enbodi nent of the present 10 invention will now be described. In
- the above enbodi nent, as shown in Figs. 6(A) to 6 (C) , two of the ribs 22
are adjucentateadb otdhetheatt idach demdagr yan@ 1lbenyeenusheodipdpltayg panel s
50-56. When the black matrix 64 entirely covers the auxiliary wres 23 of
the ribs 22 edglistigwmy isysiign B(.A) to 15 6(C), the organic EL | ayers 26 are
partly covered by the--bl-ack matrix 64, thereby reducing the brightness. In
contrast, whH&nthkethladkdiapriny 6%stews’fot that reélgctbveroft he organic EL
| ayers 26 in order to obtain high brightness, the boundaries 68 are
exposedififferdt He Ptaceupe by é4e 20xiRapalywakkswlAgishereventiadi es 68 to

appear on the screen, In aorder to solve the above problem the follow ng
5 Dby the black matrix 64. The boundaries 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



met hod i s proposed: each of the ribs 22 at the boundaries 68 should be cut
in half. However, the cutting is not possible. That isj4obhgrrlmger cutting
is perforned, the 25 object to be cut nust absorb |aser beans to rapidly

i ncrease 14 Cctober 2005 - 19 the tenperature thereof, However, each
auxiliary wire 23 conprising netal is disposed on the corresponding rib 22
and netal has a large"reflectance wwth respect to infrared | aser beans.
Therefore, the tenperature of the ribs 22 cannot be 5 increased by | aser
irradiation. In this enbodinment, as dfown in Fig. 8(A), ribs 122 and
auxiliary wires 123 are disposed at the end faces 50A and 50B of the

di spl ay panel 50 which are each joined to an end face of the other display

papel s, cHEEELRoeaCl UK LERLY 10 ES125- s sposedon Lhe £orrespond g

rib 122." The auxirrary W res 'S

VB of tpgnauxihh rﬁe%mggﬁsgggesxwkﬁe g&l’ﬁe%@ng mgle aixilary

W res 23 are eac I spose e correspondirng r Ichare tegularly

arr angegle8h1ands gomﬁ§@t~?¢~@-kigéta§i:@Cﬁimer@%{%ﬁaEa! HhEesded Jave a small

width, the reflection o0f |aser beans by the iary wres

Suppr esg@dms CUt ¥hage ESrBOSEhE! EchpPeStichra HBNPLE ribatz3 he . aid Idary wires
123 has a small width. Fig. 8(B), which corresponds to Fig. 3, shows the

di s ayipanekseadpby01haeesitRadhhsienbodi ment. The substrate is cut al ong
the 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:




dotted lines, which extend along the edges of the ribs 122, wth |aser
beans. After the cutting is finished, the organic FL {fy&bisr209s5the
cathodi c el ectrode 28, and the passivation |layer 30 are forned on the
principal face in 25 that order in the. same manner as that in the first 14
Oct ober 2005 - 20 enbodinent. As shown in FIG 2(C), 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 wi dth of

approxi mately WB/ 2 are bonded to eac Oot_her to form boundaries 68. The
bonded ribs 122 have a width of WB. That is, the bonded ribs 122 have
approximately the sane width 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 embodiigené4 i s provi ded on the sealing substrate 66 and the
resulting sealing substrate 66 is placed onto the UV-curing resin 62 of
‘the tiled di3playopantr BI5- ad(@hoviFhe it Fipy HaOelsTHEBésiakeon of the
seal i ng substrat e-66—s- -adjusted slightly so as to align the black matrix
164 wi t A°15Fh&CpRkBRE &P fﬁ@ﬂttb%dtﬁf%%l%ysmlp@ml 1thal 13p tdsisshown i n
Fi g. g(ghgothe UV-curig%oresin 62 is irradiated wth U/ beans indicated by

the arr SMEBE (t A8 ¥oriRgFiesi h(Bl, thadribhe Yealhawiuistrate 66 is

gggt%efm' ¥55eh ot SpbroRna LL PP A, PANEL S0nd & CEIPLELE Guldy 4% Foih &Y

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




20 The procedures shown in Figs. 9(B) to 9(D) are approximately' the sane
as those in the first enbodinment. In the tiled display|sgsbsmnrbdd

manuf actured by the above. procedures, the ribs 122 are joined each other
at the junction of the display panels. The joined auxiliary wires 25

| ocated at the boundaries have approximtely the sane wdth 14 Cctober 2005
- 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 laser cutting, the object to pe cut preferably has a tab for cutting
depending on the 5 kind of material and the laser. [OQ her Enbodi ments] In
the present invention, various enbodinments are possible and various

nmodi fic S, a SO ossi bl.e based .on the above enbodi nents. For

exanpl eag ﬁ'éa Oo’f %\‘/ﬁ rEerﬁ) ’??éTﬁaerar”elr&’ISso Jhegedioge 1 Hoppfath&sposi ti ons
of. the(fathoduf Qﬁggtro ghand t he odi.c %]eﬁe ode ggy be revgrsed W th
respect FTHERTH The %&Fé%%&&ﬁ * ACRSHISE SeF8Rt PSde may
conpri sg t ternetal |ic o] ound avi a.small  work
functi oﬁj saroﬁlas to r{‘gm en |lnr}1j 3ce téLI‘—"eS(‘:etrr (():ﬁls Phts (hE g’geCt to

el ect r g {4 ANGAQL eﬂaﬁ%ha@% %%d'ﬁre'c%%k&%ged@éngg% bacepaetal, alloy,

or an interne I ¢ conpound havi n I ONn SO as tO
ef f5ci gntdy dﬂnnﬁ‘aceemdle%ddﬁtt%et h%sefiu?' e-transport |ayer.

{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




.(2) Although the display panel 50 is a top em ssion type, 20 the
structure irs not limted to the above enbodi nent. For exesghe.2obhe
structures shown in Figs. 1CC to 10D are possible. Generally, organic
materials used for the organic EL |ayers are damaged by water and oxygen
and therefore the light-emtting characteristics are. decreased.
Furthernore, 25 the cathodic el ectrode and the anodi c el ectrode are damaged
14 COctober 2005 - 22 by oxidation and therefore the hole-injection
capability is significantly deteriorated. Thus, it-is preferable to
provi de a sealing |ayer above the d?dg%Fb EL layer and the electrodes so
as to prevent such conponents from nmaking 5 contact with the atnosphere.
The followi ng structure is also proposed: an organic resin layer is

di sposedbetvigertiarheingt dthecteifverel apher h838-andethéosenipibaAhsiparient sheet
932 in Fig. I0OC. The present invention is also applicable to such a

st ruct ursdonli {(c3ndlyy dedeatiovetedbodThent sitt he prefeneblavention is
apptied to an-organi c—EL -¢tspl ay panel. However, the present invention is
appl i calewigleany seidléddlilepeay abpyeeibe syohnas blabtaredi apl aiheanel s.
Furthernore, various driving nethods may be used. 15 As descri bed above,
accor di I’ ACHTORESpEes &t HonPERvEdk, SuEheCPBPPBANRY HEVAMAYEYW can be

obtagned. 1) Sinc% a_black matrix is _positioned above boundari es
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.




between a plurality of display panels, |arge-sized displays having

i nconspi cuous boundaries on the screen can be 20 obtai @eiokef)20S% NCE ri bs

| ocated at end faces of the display panels have a small width and are

joi ned together, the boundaries of the. di splay panels are covered by the
bl ack matrix, high- quality |large-sized displays having 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

| ayers are fornmed, precise cutting-ig3possible and the deterioration of the
organic EL | ayers does not arise. 14 Cctober 2005 - 24 CLAIMS 1. Atiled
di splay system having a | arge screen display formed by joining a plurality

f displ ls t th lit f t di _ I
cach havi K311 BLSet uhBrer IoBEERLH Sh ‘%F*bafﬁ]efrur P ahireh iy e Wit e of
th b I df he dis | d f [ th
o spl aySpERERS POGRE ey UahbngPhl [ YT HiP F A o S Bonel < a
sealing; SUBSLL 2 Pe LTROBRE QYL LG PIY A toh OTo A SH P, RANRLY and

does not arise.




a black matrix, for inproving the contrast, disposed on the sealing
substrate, wherein the black matrix is positioned above Qundaphes between
the plurality of display panels. 2. The tiled display systemaccording to
Claim 1, 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 -fnansparent electrode. .3. The tiled display
system according to Claim2, wherein the display panels have a sealing

| ayer for preventing the 14. COctober 2005 - 25 |ower electrodes, the
organic EL | ayers, and the upper sem transparent electrode from being
damaged 4. The tiled displ ay™y¥& em according to G aim2, wherein the

di spl ay panels have ribs surrounding each of the organic EL |ayers, the
ribs each have a auxiliary wire electrically connected to the upper

sem -t panspa ; ng, - I I X 1S It above the
auxilig?y &A?gg%igh%%%%Pgﬁﬁégﬁdﬁg%ﬁgyQ%é%%%%?%%%%?d?ﬁggﬁﬁ;éﬁal%?4, wherein
the auyi{dididgW sratidyher boundayigscbet erRnthe displa%gpanel s have a
wi dt h t%éi i's %ppf%xinaté?y hal? o?fﬁﬁé mf%%% of theh%therg auxiliary

o wires. 6. Aanmeliheditgr ofeowd atitsplaggpanédls edadhspbayngysSiem having a | arge

screen display formed by joining a plurality of display
: 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




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

havi ng ribs, along the outside of the ribs close to end dases 2005 the

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 spl ay system according to Claim6, 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 Caim?7,
wherein the plurality of display2panels have organic EL |ayers, and each
di splay panel is cut with a |aser before the organic EL |ayers are forned.
ABSTRACT A high-quality tiled display systemand a nethod for

facturi t vi ded erein the tiled display system
el st e ot eRlh s Bhe, BhaRR S RhviIRySE T mpRoded R GHPEBNEASE by Usi ng

a.bl ac Ll i nspi.cuous boundaries. A UV-curing resin (62) is
applie‘ér 0 F%é%?gﬁfpgg‘kégg‘ﬁgggngf 1% di splay panels (60), and a

seal ing substrate (66) is then placed onto a surface having the resin
thereon. In this operation, it nust be avoided that there are bubbles

bet weea. t hendV4iced idigpl £513yst6r)acREdikd@cSeddinng, substrate (66). The
position of the sealing
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.




substrate (66) on the tiled display panel (60) is then adjusted.. This
adjustment "is performed so as to allow the black matri X4 Bdbedt thobe
positioned 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 WV-curing resin (62) is irradiated with UV beans to set the
resinto fix the sealing substrate (66) to the tiled display panels (60),
and a tiled display system (70) is then conpl et ed.

. - 26 -

8. The method for manufacturing a tiled display system
- according to Claim 7, wherein the plurality of display panels
have organic EL layers, and each display panel is cut with a

laser before the organic EL layers are formed.






