Tie-Ring Type D splay Device, And Method O Manufacturing The D spl ay

Devi ce Technical Field .. The present invention relates to tiled display
systens having a plurality of display panels or display units and relates
to a nethod for manufacturing tiled display systens. The present invention
particularly relates to a tiled display system having top em ssion-type
organic EL (electrolum nescent) display panels and relates to a nethod

for manufacturing such a tiled dispray system Background Art Display
systens including organic EL devices are expected to be used as the

next - genéigtRongoTypeabipphal Delvspt aySndnde tied ro€ omvmrd edhiziatd on i s
desired. In organic EL displ8yeshstphay Bévnceet he response rate of the
organic EL devices is 1 JLnisec or |less, duty driving by passive matrix
addressing is possible. However, when the duty ratio is high when turning
the display on and off, passive matrix addressing causes serious damage to
- the organic EL devices because a high current nust be applied to the
organic EL devices during a short period of tinme in order to obtain
sufficient brightness. On the other hand, in active matrix 2 addressing, a

TFT (thin-filmtransistor) circuit is usually
Technical Field

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

for manufacturing such a tiled display system.

Background Art

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

sufficient brightness. On the other hand, in active matrix



connected to a capacitor to maintain a voltage applied to the organic EL
device. Therefore, active matrix addressing does not cause nuch danage to
the organic EL devices since a constant voltage can be applied to the
organi ¢ EL devices during one display frame, that is, a high current are
not applied to the organic EL devices during a short period of tine.
However, in display panels driven by active matrix addressing using TFTs,
the TFTs occupy a certain area and the effective area of a pixel portion
cannot be sufficiently obtained, thereby reducing the aperture ratio. A
top emssion-type device is effective in solving such a problem Anong
Figs. 10A to 10D, Fig. 10A shows a conventional organic EL device panel

and Fig..10B shows a to i Ssion- type organic EL device panel. In Fig.
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di sposed,aboye: the anpdi G ehee e P1Y 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
time.

However, in display panels driven by active matrix
addressing using TFTs, fhe TFTs occupy a certain area and
the effective area of a pixel portion cannot be sufficiently
obtained, thereby reducing the aperture ratio. A top
emission-type device is effective in solving such a problem.

Among Figs. 10A to 10D, Fig. 10A shows a conventional
organic EL device panel and Fig. 10B shows a top emission-—
type organic EL device panel. 1In Fig. 10A, electrode wires
904 are disposed on a substrate 902 with an interlayer
insulating layer 906 located therebetween, the substrate 902
has TFTs 900 arranged in a matrix theredn, and the electrode
wires 904 are connected to the TFTs 900. A planarizing
insulating layer 908 and anodic electrodes 910 comprising a
semi-transparent conductive material are disposed on the
electrode wires 904 in that order. The anodic electrodes
910 are connected to the corresponding electrode wires 904.

Ribs 912 are disposed above the anodic electrodes 910,



3 and organic EL Iayefs 914 are disposed at portions |ocated on the anodic
el ectrodes 910 and surrounded by the ribs 912. The organic EL |ayers 914
i nclude | um nescent materials displaying, for exanple, red (R), green (G,
and blue (B). The organic EL | ayers 914 each have an el ectron transport
subl ayer, a lum nescent |ayer, and a hole transport layer (not shown). A
cathodic el ectrode 916 conprising netal is disposed over the ribs 912 and
the organic EL | ayers 914. Since the anodic el ectrodes 910 are
sem -transparent and the cat hodi c"ePeCtrode 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 apanelrganie @rganiyersl dlayens Ai4partda scaphedionseliecaede 926
conprising a ,sem -transparent conductive material are disposed on anodic
el ect r ede £h@2 G nealipr iedierg roaetsalo 1i0n anblats uairdenhdeth®vyardhangamanto 1of. t he
above conponents in Fig. 10B is the reverse of that in Fig. 10A A
pr ot ectlihee olrgyeri OB dradeaxssdiid- tinaispar dnmiskesetendI3hadree iadissposed over
ribs 912 and the cathodic electrode 926 in that order. Since the anodic
el ect r de» 1930 ngr. e foef lexeripte ;. ard t(Re ,catesdi dGel,eatndodd @26 B)s
sem -transparent, light output fromorganic EL layers 914 is emtted in
t he The organic EL layers 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 the anodic electrodes 910 are semi-transparent and the

cathodic electrode 916 is reflective, light output from

organic EL layers 914 is emitted in the direction indicated

by the arrow Fb.

In Fig. 10B showing the top emission-type organic EL

device panel, the organic EL layers 914 and a cathodic

electrode 926 comprising a semi-transparent conductive

material are disposed on anodic electrodes 920 comprising

metal in that order. The arrangement of the above

components in Fig. 10B is the reverse of that in Fig. 10A.

A protective layer 9230 and a semi-transparent sheet 932 are

disposed over ribs 912 and the cathodic electrode 926 in

that order. Since the anodic electrodes 920 are reflective

and the cathodic electrode 926 is semi-transparent, light

output from organic EL layers 914 is emitted in the

direction indicated by the arrow Ff. In the conventional

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



direction indicated by the arrow Ff. In the conventional type shown in
Fig. 10A, the TFTs 900 are |ocated at the |ight-em ssion side. However, in
the top em ssion 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 having a |arge aperture ratio, the
cathodic electrode 926 is sem -transparent, that is, the cathodic

el ectrode 926 is a sem -transparent conductive film because emtted |ight
is taken out of the cathodic el ectraqde 926, nanely, an upper el ectrode.
Generally, since a sem -transparent electrode has a |arge sheet

resi stance, a voltage gradient arises in the display surface when the

sem -transparent el ectr.ode is disposed aver the principal surface of the

di spl ay' [CMLSEIOT S - t REYEVieght nds Ihiss tRet (BHSSF YRS ' a decr ease
becomes TAPLer T < Iiendmndn FedbneRonot Sars Andriny
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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

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

display surface becomes larger, this phenomenon becomes more

serious, thereby significantly degrading the display

performance. 1In order to solve this problem, the feollowing

structure shown in Fig. lOC.hdé been proposed: auxiliary

wires 950 comprising metal are dispoéed on the ribs %12 and

are connected to the cathodic electrode 926. In a display

panel having this structure, non-uniform display due to the

voltage gradient does not arisé.

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

is significant, the contrast of a displayed image is



However, in the display panel having such wiring, since the reflection of
external light by the auxiliary wires 950 is significant, the contrast of
a displayed image is - 5 seriously deteriorated. In order to solve this
problem the follow ng structure shown in Fig. | 0OD has been proposed: a

bl ack matrix 960 is di sposed above the auxiliary wires 950 to prevent the
contrast from being reduced. A sealing substrate 962 having the bl ack
matrix 960 is placed on the top of the structure shown in Fig. IOC with an
UV-curing resin 964 |ocated therebetween to formthe structure shown in
Fig. 10D. Since the black matrix 960 covers the "auxiliary wires 950, the
reflection of external light is suppressed and the contrast becones high.
Atilimpepteemiyueisriomoweds almetihdelr fos sotveashihy prhiel ehsptiy si ze.
In this technique, a plurality of flat display panel units are arranged in
such 4 fehherinhatrveyurarshewh eth thid orR has geesereperpaispt aya In this
| arge- screen display fornmed by the tiling technique, it is necessary to
make t Hel 3 ritREyes %%Qv@e%rﬁjaw(a‘i%ﬁtahﬁﬂsﬁm@ye panel Baincehsps cADUs. The
present invention is based on the above findings. It is an object of the
pr esenttd RAEFHSHh e RO ES b §1eede g preduesdt end i sR3ILERMg or gani c EL

di spl ay panel s havingl1 ) )
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. S8ince the black matrix 960 covers the
auxiliary wires 950, the reflection of external light is
suppressed and the contrast becomes high.

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

The present invention'is based on the above findings.
It is an object of the present invention to provide a tiled
display system including organic EL display panels having
improved high contrast by using a black matrix and to
provide a method for manufacturing the tiled display system,
wherein the tiled display system provides a high-quality

display and has inconspicuous boundaries.



inproved'high contrast by using a black matrix and to provide a nmethod for
manufacturing the tiled display system wherein the tiled display system
provi des a high-quality display and has inconspi cuous boundari es.
Di scl osure of Invention In order to achi eve the above object, the present
invention provides a tiled display systemhaving a |arge screen display
formed by joining a plurality of display panels together. The tiled
di splay systemincludes a sealing substrate di sposed over the plurality of
di splay panels, and a black matrix, dar inproving the contrast, disposed
on the sealing substrate, wherein the black matrix 1is positioned above
boundari es between the plurality of display panels. In one of principal
enbodi nents, the display panels each have a substrate, |ower el ectrodes,
or gani cPEEC}asiere of JFRvemt ipper seni -transparent el ectrode disposed in
that order;_and |ight emtted fron1the or n|c EL Iayers |s taken out of
t he upper s&ﬁ-qy%ﬂ%ﬂ§¥éﬁ:%9%%ﬁ?ﬁﬁé Q% ERFSRERE the displ ay
panel s hav a, seal i %H£%¥ qieve tin the | ower el ec odes t he
or gani ¢t BL® ?5 %?spr% Yﬁiﬁﬁ LA L2Y aniparBnia Bt REt ? otRT9% om bei ng
damaged, In ot.h odi the, di s S hav S. surroundi ng
cach o STRETbr BN SELL TR & (it Tiie BanteRETE] SFRiibhey

panels together. The tiled display system includes a

sealing substrate disposed over the plurality of display

ranels, and a black matrix, for improving the contrast,

disposed on the sealing substrate, wherein the black matrix

is positioned above boundaries between the plurality of

display panels.

In one of principal embodiments, the display panels

each have a substrate, lower electrodes, organic EL layers,

and an upper semi-transparent electrode disposed in that

order; and light emitted from the organic EL layers is taken

out of the upper semi-transparent electrode. In another

embodiment, the display panels have a sealing layer for

preventing the lower electrodes, the organic EL layers, and

the upper semi-transparent electrode from being damaged. In

another embodiment, 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-

trénsparent electrode, and the black matrix is positiocned

above the auxiliary wires. 1In another embodiment, the

auxiliary wires at the boundaries between the display panels

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



auxiliary wire electrically connected to the upper sem - transparent

el ectrode, and the black matrix is positioned above the auxiliary w res.

I n anot her enbodi nent, the auxiliary wires at the boundari es between the
di splay panels have a width that is approximately half of the width of the
- 7 other auxiliary wires. The present invention further provides a nethod
for manufacturing a tiled display system in which the nethod i ncludes
the step of cutting each display panel, having ribs, along the outside of
the ribs close to end faces of the —di’splay panels used for joining the

di spl ay panels together, anong all the end faces of the display panels. In
one of principal enbodi nents, each display panel is cut along the outside

of the rdfhgeMmidlka i widdls anot her enbodi ment, the display panels have
organic EL |l ayers, and each display panel is cut with a |aser before the

organi c EL | ayer prakent! 9hiRdtithe robicdel geeeiiRed -2RQyRoane¢ ot hers, the .
characteristic features, and the advantages of the present invention wll

become mudieictGirGaicera R tdee @r%qﬁmsstenqesicﬂ iviedibaliwdh, 4 ef erence
to drawings. Brief Description of the Drawings Figs. 1A to IC are principal

i1l ustratrcinsieshatengs tep BN UEREE Liid NGa @i 068551 8¢CPEAENY havanki kSbs,
enbodi nent of the
_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. 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 layers, and each display
panel is cut with a laser before the organic EL layers are
formed. The object described above and others, the
characteristic features, and the advantages of the present

invention will become further clearer by the émbodiments

described below with reference to drawings.

Brief Description of the Drawings

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

Figs. 2A to 2C are principal illustrationé'showing the
mahufacturing 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.



present invention. Figs. 2Ato 2C are principal illustrations show ng the
manuf acturing process according to the first enbodi nent of the present
invention. Fig. 3 is an enlarged schematic perspective view of a part of
Figs. 2Ato 2C. 8 Figs. 4A to 4C are principal illustrations show ng the
manuf acturi ng process according to the first enbodi nent of the present

I nvention. Figs. 5A to 5B are principal illustrations show ng the

manuf act uri ng process according to the first enbodi mnent of the present
invention. Figs. 6A to 6C are principgl_illustrations show ng the

manuf acturi ng process according to the first enbodi nent of the present

I nvention. Fig. 7 is a schematic perspective view showng a situation in
which a black matrix is placed on display . panels after tiling. Figs. 8A to
8B are prindiyE- 4% d<& r‘gq i RINGW Hifla T IRt it Sh ¢ isroides e cor di ng
to a second_enpbodj nent of the pre ent inventi Ato 9D are

n. Figs.
B S T T aoes TS ONESSRBti REE R et SRt uf Trat pothedtrame g Biine Lo t he

second gbogdl I8 Of et son,

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

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

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

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

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

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

display panels of the related art of the present invention.

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

principal manufacturing steps are described. A tiled



the present invention. Figs. 10A to 10D are principal sectional views
showi ng display panels of the related art of the present invention. Best
Mode for Carrying Qut the Invention [First Enbodinent] A first enbodi nent
of the present invention will be described on detail. First of all,
princi pal manufacturing steps are described. Atiled 9 display system of
this enbodinent is an active matrix addressing type. A TFT substrate 10
shown in Fig. | (A is prepared first. The TFT substrate 10 has TFTs 12
arranged in a matrix correspondi ng fopi xels. Various types of TFT
substrates and manufacturing nethods thereof are known and any one may be
used. A gate electrode of each TFT 12 is connected to a scanning circuit

(not  sRAWR ayA shisit®ln idH aidy @inddisiwlett N |y &fctlidd mdrived on the upper
surface of the TFT substrate 10 so as to cover the TFTs 12. The first

i nt er | ayRIrdsRSwlatdyie | ayerrrir aphaaes, 10 faoweXamlmg.a l (a) is
silicon-oxi de-based material such as silicon oxide or PSG
( phospharepialriegiatid rgdtas S rheOMEA kg tMdtecdd e dermnd phaspheyass. Wres
16A and 16B conprising alum num or al um num copper alloy is forned an the
first iimf er mayer x icesudestpongilmay dro Phxel pat terming  thipesMafeSTFIBA and 16D
function as driving signal lines and are connected to source

substrates and manufacturing methods therecof 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 interlaver insulating layer 14 is formed on the

upper surface of the TFT substrate 10 so as to cover the

TFTs 12. The first interlayer insulating layer 14 comprises,

for example, a silicon-oxide-based material such as silicon

oxide or PSG (phospho-silicate glass) containing silicon

oxide and phosphorus. Wires 16A and 16B comprising aluminum

or aluminum-copper alloy is formed on the first interlayer

insulating layer 14 by patterning. The wires 16A and 16B

function as driving signal lines and are connected to source

electrodes or drain electrodes of the TFTs 12 through

contact hoiés (not shown), disposed in the first interlayer

insulating layer 14.

Next, as shown in Fig., 1(B), a second interlayer

insulating layer 18 is formed so as to cover the wires 16A

and 16B. The second interlayer insulating layer 18

preferably comprises a material that is capable of being

readily planarized in order to cover the patterned wires 16A

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



el ectrodes or drain électrodes of the TFTs 12 t hrough contact hol es (not
shown), disposed in the first interlayer insulating |ayer 14. Next, as
shown in Fig. | (B), a second interlayer insulating |layer 18 is forned so
as to cover the wires 16A and 16B. The second interlayer insulating |ayer
18 preferably conprises a material that is capable of being readily

pl anarized in order to cover the patterned wires 16A and 16B. This
material preferably has a small water - 10 absorbing property because an
organic layer formed by deposition iip a subsequent step is danmaged by
water and therefore high brightness cannot be achieved. In this

enbodi nent, the second interlayer insulating |layer 18 conprises polyimde.

Th d terl | at i I 18.1is. f th f

of the PR ALY BrE Uoht St OREFBAS TV TRt  TIFS dBnect i on to the

wires 16A arg.thef fornmed in thf gggondsigéﬁglage% i@sulgiiqg | ayer 18. As

shown i THG ]1(fr&3),lna%osd1i1 SErett od sp(Jrovver. Brec lfodae%‘? ' or organi c EL

| avers are Lorred, on, he; Reeond LbeOL a¥erabisulali nord ayers 18 In a top
Y y panel of thi's ,

eni ssi of-— t pe disptay p enbodi nmen e anodiCc el ectrodes 20

2 o e B SOIREL Se OB VoL IBLETL LHBNE 0018y BLgE: 19K functon ano
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 1lé6a
are then formed in the second interlayer insulating layer 18.

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

As shown in FIG. 2(A), ribs 22 are formed so as to
surround pixels (organic EL layers). The ribs 22 have a
height sufficiently larger than the thickness of the organic

EL layers formed by deposition in a subsequent step.

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



cobalt, nickel, copper, tantalum tungsten, platinum or gold. In this
enbodi nent, the anodic el ectrodes 20 conprise chromum Each anodic

el ectrode 20 is patterned so as to correspond to each pixel and is
connected to each wire 16A through the correspondi ng contact hole 18A

di sposed in the second interlayer insulating |ayer 18. As shown in FIG
2(A), ribs 22 are formed so as to surround pixels (organic EL |ayers) The
ribs 22 have a height sufficiently larger than the thickness of the
organic EL layers formed by depositibh in a subsequent step. Therefore,
the ribs 22 function as spacers for a mask when - 11 the organic EL | ayers
are fornmed on the anodic el ectrodes 20 by patterning. In this enbodi nent,

each riBn22 Jrdiidesr, SidyaQn e 491548 arere 2 Al 22Becdbddie oz | i con

oxi de = sublayer 22B has an alum numlayer functioning as an auxiliary wire
23 ther ggn pathiR miildFon OxXiWe =S WhiyEnend2A eatite fi md it 1sidey a manner

that the contact holes 18A are filled with the silicon oxide sublayers 22A
and t he ssilliiceen oxdxide wiklyapree 2 2AhC Qre, tdil pgld phahices @fxildee cont act
hol es 18A. The silicon oxide sublayers 22B are then each fornmed on the
correspemthlayex [A200masX iagde aQuindiayer d a224& functtiing ref agctar e, the ribs 22
have a sufficient height. The silicon oxide sublayers 22A function as
interl apexiliary wire 23 thereon. The silicon oxide sublayers 223

are formed in such a manner that the contact holes 18A are

filled with the silicon oxide sublayers 22A and the silicon

oxide sﬁblayers 22A cover the peripheries of the contact

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

formed on the corresponding silicon oxide sublayers 22A. 1In

this structure, the ribs 22 have a sufficient height. The

silicon oxide sublayers 22A function as interlayer

insulating layers and the silicon oxide sublayers 22B

function as ribs.

The ribs 22 have tapered walls, as shown in Fig. 2 (&),

80 as to maintain the coverage of an upper common electrode

{(cathodic electrode) above the ribs 22 having a considerably

large height.

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

50 having the ribs 22 formed as above. As shown in FIG.

2{(C), when the display panels 50-56 are joined together to

form a tiled display system, the TFT substrate 10 of the

display panel 50 must be cut along portions close to end

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

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



insul ating layers and the silicon oxide sublayers 22B function as ribs.
The ribs 22 have tapered walls, as shown in Fig. 2(A), so as to maintain
t he coverage of an upper common el ectrode (cathodic el ectrode) above the
ribs 22 having a considerably large height. Fig. 2(B) is a schematic view
showi ng a display panel 50 having the ribs 22 fornmed as above. As shown in
FIG 2(C, when the display panels 50-56 are joined together to forma
tiled display system the TFT substrate 10 of the display panel 50 nust be
cut along portions close to end faces 50A and 50B which are joined to
correspondi ng end faces of the other display panels, anong all the end
faces - 12 of the display panel 50. In this enbodi nent, as shown in Fig.
2(B), the TFT substrate 10 is cut_along the outside of the ribs 22 (or the
end por®fohkeofieRkdYiBRYehi 7Rs 28Y, thES PRRPEHRIRUC by s AR oWs in Fig.
2(B), using %ase cut% r. . Alaser cutter can performhighly precise
cuttinggbﬁd %6 L %%? t ﬁu??%59%?5$ L4 38 oot amtonT R B 14RcHE a | aser
cutter j suitab# for organi ¢ EL devices mhig?.are danmage by water. The
Taser cbie et s otar Lo , PhECERE FPEhEdter P b A Ed FERer 2 Lot o
carbon 9ﬁ8§é9€eéagfrthéa§9§o$§af§ Fig. 2(B), using a laser cutter.

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

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 qguenched by applying

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

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

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

manner. The laser cutting must be finished before the

organic EL layers are formed, because the laser cutting

temporarily increases the temperature of the display panel

50 and organic EL layers described below are sensitive to

heat, that is, they are damaged by heat.

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

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

not necessary to cut the TFT substrate 10. Furthermore,



output by the |aser are applied onto a predeterm ned portion of the

di spl ay panel substrate to rapidly heat the portion |locally and the heated
portion is then quenched by applying air, thereby causing the substrate to
be cut by the stress generated by the above operation. Fig. 3 shows a
corner consisting of the end faces 50A and 50B in an enlarged manner. The
| aser cutting nmust be finished before the organic EL |ayers are forned,
because the laser cutting tenporarily increases the tenperature of the

di spl ay panel 50 and organic EL |ayk¥s-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 qf i TRhpHIsiAlR A0 a6 d hdPeeS laRe td barrandl thecessary to
cut the TFT ghggtrate 10. Furfhé?ﬁ%refh- 1§ﬁ§%%5ther sﬁ%stggfz for tiling

’mybeﬁﬁﬁﬂf%&%ﬁﬁﬁﬂﬁﬂﬂ%m%&%@é&ﬂﬁﬁ%@%ﬁ@&@ﬂamt010”1”wm
together. As shown in Fig. 4, organic EL |ayers displaying red (R), green

(G, and bl pe &Bbwar &nf @_ﬁ@ﬁd4QYO\f@Qﬁﬁ_ch@.0§ia§bQ@-dibﬁlh?ﬁﬁgeﬁb_@di nent, an
organi c EL | ayer displaying green, another organic EL [ayer displaying

bl ue, amd ,arpidier (@r.ganid Hud ayEr glicsdayidiy byedaaor fdepeed diknt.hat
order. As shown in Fig. 4(A), a netal mask 24 having an openi ng 24A

In this embodiment, an c¢rganic 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(4), a metal mask 24 having an opening 243
for forming R, G, and B pixels is prepared. Alignment is
performed in such a manner that the opening 24A is
positioned above the anodic electrode of a green pixel. A
green orxganic EL layer 26G is formed on a green anodic
electrode 20 by wvapor deposition using resistance heating.

(1) 4,4',4"—tris(3-
methylphenylphenylamino) triphenylamine (m—MTDATA) is
deposited to 25 nm to form a hole injection layer 26Ga.

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

(3) Tris(8—quinolinolato)alumihum(III)(Alq3) is deposited
to 50 nm to form a luminescent layer 26Gc. The above
deposition of each layer is consequently performed in a
deposition apparatus.

As shown in Fig. 4(B), alignment is performed in such a

manner that the opening 24A is positioned above the anodic

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



for formng R G and B pixels is prepared. Alignment is perfornmed in such
a manner that the opening 24A is positioned above the anodic el ectrode of
a green pixel- A green organic EL layer 26Gis formed on a green anodic

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
deposited to 25 nmto forma hole injection |ayer 26Ga. (2) 4,41 -bis
(N-1- napht hyl - - N- phenyl am no) bi phenyl ((-NBD) is deposited to 30 nmto
forma hole transport |ayer 26Gh. -(38) -
Tris(8-quinolinolato)al um nun(I11)(Alg3) is deposited to 50 nmto forma

| um nescent | ayer 26CGc. The above deposition of each layer is consequently

per f or a depasition apparatus. in Fig, 4(B),. alignnment is
Dot f or TR QU iF P Lt I L AT St D RN HSHATIHT above. t he
anodi c electrode of qb qbplxel A blue organic EL layer 26B is - 14

f or med ™Y BIgE-H ?: §%cttDde 20 by vapor deposition using resistance

heat i ng. ﬁ ) 4, fi,.A" trlﬁ}jS-
met hyl phe Iphénylanlno phenyl am ne(m MIDATA) is deposited to 18 nmto

T A bl

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

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

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

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

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

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

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

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



I's deposited to 30 nmto forma hole transport |ayer 26Bb. (3)

2,9-di methyl -4, 7-di phenyl -1, 10 phenant hr ol i ne(bat hocuproine) is deposited
to 14 nmto form a |lum nescent |ayer 26Bc functioning as a hol e-bl ocki ng

| ayer (4) Tris(8-quinolinolato)alumnum(I11)(A g3) is deposited to 30 nm
to forma |um nescent |ayer 26Bd. The above deposition of each layer is
consequently perfornmed in a deposition apparatus. As shown in Fig.. 4(0O,
alignnent is performed in such a nanner that the opening 24A is positioned
above the anodic electrode of a redlpixel. A red organic EL |ayer 26R is
formed on a red anodic el ectrode 20R by vapor deposition using resistance
heating. (1) 4,4 ,4"-tris(3 nethyl phenyl phenyl am no)

tri phenyl ggi nef | YIDATA) (N-Sne1d8PA5IH&EH, 19955 nmto form a hole injection
| ayer 26R§§‘ (2) 43'4@6[ bi s( N-el- napht he;\rlql- N- phenyl am no) bi phenyl (a-NPD) is

deposi tfbdo1 230 AUy $16, F01 TR h gl 8- 1 s fo drayer 1 Z6RsB-BGED  i(s3)

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

pheny| apdpguysiad Yid benzenecd, i carhonined da(BSBrBGN)2dmc . deposited to 14

nmto forma |um nescent |ayer 26Rc. (4)

Tri s(8-qul i Nt iad 08-adutid Nyl d 49 ) (Al wgd)nurs ( HEPORATEY) is deposited
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(3&}, a cathodic electrode (upper
electrode) 28 is formed after the above brganic EL layers 26
are formed. The cathodic electrode 28 functions as a common
electrode of each pixel. The cathodic electrode 28 is
formed using another mask in the above deposition apparatus
in order to prevent the above organic EL layers 26 from
being damaged. The cathodic electrode 28 preferably
comprises a material having a small work function in order
to efficiently inject electrons into the organic EL layers
26. Such a material includes, for example, magnesium and
silver. In this embodiment, magnesium and silver are co-
deposited to 14 nm to form the cathodic electrode 28. The
cathodic electrode 28 is electrically connected to the
aluminum auxiliary wires 23 disposed on the ribs 22.

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

principal surface of the display panel 50. The passivation

layer 30 is formed in the above deposition apparatus so as



to 30 nmto forman electron transport |ayer 26Rd. The above depos
each |l ayer is consequently perfornmed in a deposition apparatus. As

in Fig.

5(A), a cathodic electrode (upper electrode) 28 is forned

ition of
shown
after

t he above organic EL |ayers 26 are forned. The cathodic el ectrode 28
functions as a common el ectrode of each pixel. The cathodic electr
Is formed using another mask in the above deposition apparatus in
to prevent the above organic EL |ayers 26 from being danaged. The cat hodic
el ectrode 28 preferably conprises_ajgaterial having a small work f
in order to efficiently inject electrons into the organic EL | ayer
Such a material includes, for exanple, magnesiumand silver. In th
enbodi nment , nagne5|un1and silver are co- deposited to 14 nmto formthe

cat hodi®Oel BRt RS 28 haHeA thef ho of ke e erds o%l% By the 4 RITES y connect ed
al um nu aUX|L%ﬁr¥%y%ﬁt 3 di sposed, on_the ribs 22. As shown in
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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 tcgether at the
corresponding end faces thereof, these end faces having been
formed by the laser cutting. The red, green, and blue
pixels in the display panels 50-56 are arranged in such a
manner that the two—dimensicnal arrangement of the red,
green, and blue pixels is uniform over the display panels
50-56.

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

discharging a resin, wherein the dispenser is a syringe type

ode 28
or der

uncti on

s 26.
S

ris

sivation
ot to
ilicon



tenperature by a CVD nethod to formthe passivation |ayer 30. 'The organic
EL | ayers 26 are seriously damaged at 100C or nore and therefore the

em ssion brightness is decreased. In order to preventing |ayers from
peeling off, it is preferable to formthe organic EL | ayers 26 under
conditions in which the stress in the layers is mnimzed. Therefore, the
above deposition nethod is used. A plurality of display panels prepared by
t he 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 (O , the
di spl ay panels 50-56 are joined together to forma tiled display panel 60.
As descri bed above, the display panels 50-56 are joined together at the

cor r espendj ng ieng 30es hes eoforHe ke knd fat@sishavichd akean rohar med by the
| aser cutting. The red, green, and blue pixels in the display panels 50-56

are arrRgethd hethdd andeNRerddiatp ke itneP mditkeas majabeafis@agenaat of the
red, green, and blue pixels is uniformover the display panels 50-56. As

shown ighdwrg.ib@A)g. & @Y-CW iskG1ries) Bubtrsiteppls edviert @ bhacmr i nci pal
surface of the tiled display panel 60. This application is perfornmed using
a di spenserid @4 idi solk@agidly a Thesiskaldher eubstthe td spensemnoits uaeslyr i nge
type ifgi each of the display panels 50-56 but is used for the

tiled display panel 60. The sealing substrate 66 is joined

to the principal surface of the tiled display panel 60 on

which the UV-curing resin 62 is applied. In this step, it

must be avoided that bubbles are between the UV-curing resin

62 and the sealing substrate 66. Fig. 7 shows a step of

joining the sealing substrate 66 to the tiled display panel

60, wherein the UV-curing resin 62 is not shown.

As shown in Fig. 6{(C), the black matrix 64 of the

sealing substrate 66 is aligned with the pixels of the tiled

display panel 60. When the UV-curing resin 62 is not set,

the position of the sealing substrate 66 on the tiled

display panel 60 can be changed by several hundred nm. The

tiled display panel 60 has boundaries 68 between the display

panels 50-56. As shown in Fig. 6(C), the adjustment of the

position is performed in such a manner that the black matrix

64 are positioned correctly above the corresponding

auxiliary wires 23 of the ribs 22 and are positioned

correctly above the boundaries 68. The UV-curing resin 62

is irradiated with UV beams indicated by the arrows shown in

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



or a slit nozzle type. G her known nethods such as a roll coating nethod
and a screen printing nmethod nmay be used. As shown in Fig. 6(B), a sealing
substrate 66 having a black matrix 64 is prepared. The sealing substrate
66 is not used .for each of the display panels 50-56 but is used for the
tiled display panel 60. The sealing substrate 66 is joined to the
principal surface of the tiled display panel 60 on which the UV-curing
resin 62 is applied. In this step, it nust be avoided that bubbles are
bet ween the UV-curing resin 62 and jige 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 matri x 64 of the _sealing substrate 66_is aligned with the pixels of
the ti IS¥Pstdads & 5é>nélh96(*}.ll\ﬁ%eﬁiltsﬁ’éavaé&}@ilnéOrre§lg‘H56?°fﬂé’lﬁ6tm§et, t he
osition qf the.sealing substrate 66 on the tiled display panel 60 can be
ghange& 5}¥§€vgﬁépﬁﬁ§h Vé&eWWF%The tiled display panel 60 has boundaries

68 b h i spl 50- 56. h ' ig..6(Q, th dj ust t

of the  postEt Be; B pers BERBHSY nXaLAT s hanbh? %%sfé%leor&%%k i %”Sfei{e :
i b I . dir il ' 2 t

7 b o3 e SRR ke B KT, iR, ROMITINAY hitpsihdar okl R ' 1

gx;azr%ﬁgtﬁ%§%ﬂa%% H&%ﬂi&r%QLat%ﬂeWEBGnHXrQEQWESingﬁggﬁdtgg the arrows

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
invention will now be described. In the above embodiment,
as shown in Figs. 6(A) to 6(C), two of the ribs 22 are
adjacent each other at each boundary 68 between the display
panels 50-56. When the black matrix 64 entirely covers the
auxiliary wires 23 of the ribs 22, as shown in Fig. 6(A) to
é(C), the organic EL layers 26 are partly covered by the
black matrix 64, thereby reducing the brightness. 1In
contrast, when the black matrix 64 ddes not entirely cover
the organic EL layers 26 in order to obtain high brightnesé,
the boundaries 68 are exposed under the black matrix 64,
thereby allowing the boundaries 68 to appear on the screen.
In order to solve the above problem, the following
method is proposed: each of the ribs 22 at the boundaries
68 should be cut in half. However, the cutting is not
possible. That is, when laser cutting is performed, the

object to be cut must absorb laser beams to rapidly increase



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

ribs 22, as shown in Fig. 6(A) to 6(C), the organic E

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
caused by the auxiliary wires 23 is prevented by the black matrix 64. The
boundari es 68 between the display panels 50-56 are covered by the bl ack
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 ment of the present— }%vention will now be descri bed.
above enbodi nent, as shown in Figs. 6(A) to 6(C), tw of the ribs 22 are
adj acent each other at each boundary 68 between the display panels 50-56.

When t he blaglcdmalthire 6haRldd el RRMANS, tdieh %lrh&iﬂlii%rr? Wires 223 of the

i ght

| ayers 26 are

In the

partly cayaried Ry ddiel Black sPTd Rt tHN I ne siridGindd Hilte 2br izglat ness. In
contrast, when the black matrix 64 does not entirely cover the organic EL
| ayer s mdGaln hersder Ha0 bt 11 dut@h dy Wghiihesspedihe D aunTdarieas 168 eaf e
exposed under the black matrix 64, thereby allow ng the boundaries 68 to
appear b@anishe Itreaefodd) daigertdnpeseiterd e abev e iprsolBl2emannbe bel | ow ng

met hod i s proposed: each of the ribs 22 at the boundaries
increased by laser ilrradiation.

In this embodiment, as shown in Fig. 8{(A), ribs 122 and

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

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

face of the other display panels, wherein each auxiliary

wire 123 is disposed on the corresponding rib 122. The
width WA of the auxiliary wires 123 is smaller than the
width WB of the auxiliary wires 23, for example, WA <
The auxiliary wires 23 are each disposed on the

corresponding rib 22, which are regularly arranged at a

(WB/2) .

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

faces in this embodiment. The substrate is cut along the

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

with laser beams. After the cutting is finished, the

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

passivation layer 30 are formed on the principal face in

that order in the same manner as that in the first



68 should be cut in half. However, the cutting is not possible. That is,
when | aser cutting is perfornmed, the object to be cut nust absorb |aser
beans to rapidly increase - 19 the tenperature thereof. However, each
auxiliary wire 23 conprising nmetal is disposed on the corresponding rib 22
and netal has a large reflectance with respect to infrared | aser beans.
Therefore, the tenperature of the ribs 22 cannot be increased by |aser
irradiation. In this enbodinent, as shown in Fig. B(A), ribs 122 and
auxiliary wires 123 are disposed at phe-end faces 50A and 5013 of the

di spl ay panel 50 which are each joined to an end face of the other display
panel s, wherein each auxiliary wre 123 is disposed on the corresponding
rib 122. TQS width WA of the auxiliary wires 123 is smaller than the

wi dt h VE'R? %%%nEUX|I|ary wires 23, for exanple WA < (MWB/2) The auxiliary

wres 23 ar h dlspo orr I n ich are

regul arl y a S’bd“’at & con%tégﬂt’ Bt ﬁle F%ﬁ“ee%u%l Sg’hf‘r\ﬁ res 123 have

a snall r ef tion | as b anB t he wires 123

s supp?els%ee *—%%??’.“ng*s Hofl fle TR BTy et iy o ST ary

wires 1 [ 8( r fi19. 3, shows
S Jnﬂi sﬁé nbo“ﬁﬂ&%f@#hng’?is’orgu :egx?[ 1k

t he display- panéf end yéaces [ di ment e I's cut al ong
the width of approximately WB/2 are bonded to each other to form

boundaries 68. The bonded ribs 122 have a width of WB.
That is, the bonded ribs 122 have approximately the same
width as that of the ribs 22. As shown in Fig. 9(B}, the
UV-curing resin 62 is applied onto the passivation layer 30.
A black matrix 164 is provided on the sealing substrate 66
and the resulting sealing substrate 66 is placed onto the
UV—curing resin 62 of the tiled display panel 60, as shown
in Fig. 92(C). The position of the sealing substrate 66 is
adjusted slightly so as to align the black matrix 164 with
the pixels of the tiled display panel 60. Finally, as shown
in Fig. 9(D), the UV-curing resin 62 is irradiated with UV
beams indicated by the arrows to set the UV-curing resin 62,
and the sealing substrate 66 is then fixed to the tiled
display panel 60 to complete a tiled display system 170,
The procedures shown in Figs. 9(B) to 9(D} are approximately
the same as those in the first embodiment.

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

located at the boundaries have approximately the same width



dotted lines, which extend along the edges of the ribs, 122, "with | aser
beans. After the cutting is finished, the organic EL |ayers 26, the
cathodi c el ectrode 28, and the passivation |layer 30 are forned on the
principal face in that order in the sane manner as that in the first - 20
enbodi nent. As shown in FIG 2(C), the display panels 50-56 are joined
together to formthe tiled display panel 60. In this enbodinent, as shown
in Fig. 9(A), the ribs 122 having a w dth of approximtely WB/2 are bonded
to each other to form boundaries 68.2The bonded ribs 122 have a w dth of
VWB. That is, the bonded ribs 122 have approximately the sanme w dth as that
of the ribs 22. As shown in Fig 9(B), the UV-curing resin 62 is applied

h Dbl ack .mat 64 d th
PSR e B R LI
h UV, nel as, _shown. in Fig.
g(?:) Ti?g)ug)gjsl?tairpg%% Qghgghs%%eﬁ%égéns%bq% %[ o %% %n% tllils(':‘tst-:f’d <8 é’ﬁ ly so as
to alignyhs Rlack fmtﬁﬂa?&t]ll% W ?rl" triehela% |ty etthl gg%'cscplt%y panel

60. Finally, as shown t he curin resi n rradi at ed

Wi th Wpeheas driudGalia g, l?i\éé he @it U Rt38hd ia%pié\{d%rgl RG kHSin 62, and

the sealing substrate 66 is then fixed to thet
kind of material and the laser.

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

(1) The positions‘of the cathodic electrode and the
anodic electrode may be reversed with respect to those in
the above embodiments. The cathodic electrode may comprise
metal, alloy, or an intermetallic compound having a small
work function so as to efficiently inject electrons into the
electron-transport layer. The anodic electrode may comprise
metal, alloy, or an intermetallic compound having a large
work function so as to efficiently inject holes into the
holeutransport layer.

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

the cathodic electrode and the anodic electrode are damaged



di spl ay panel 60 to conplete a tiled display system170. The procedures
shown in Figs. 9(B) to 9(D) are approximately the sane as those in the

first enmbodi nent.

In the tiled display system 170 manufactured by the

above procedures, the ribs 122 are joined each other at the junction of

t he display panels. The joined auxiliary wires |ocated at the boundaries

have approximately the same width - 21 of that of the other auxiliary
Therefore, boundaries do not appear on the screen and the high
bri ghtness can be obtained. In pracpghce, in the laser cutting, the object

W I es.

to be cut preferably has a tab for cutting depending on the

ki nd of

material and the laser. [OQher Enbodi nents] In the present invention,

vari ous

enbodi ments are possible and various, nodjifications are al so

possi bl BY begda bhor handbbher @b Hnt o leolniscimame, carid i g o ng

enmbodi nrents, are al so Bossible. (1D Thq§gosjtipns of _the cathodic el ectrode

and t heS1@hbht c2BF ¥t
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above enbodjnents. The cat hodi c_ el ectrode may co i.se netal, .alloy, or
@ Pt ort 6
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contact with the atmosphere. The following structure is
aiso proposed: an organic resin layer 1is disposed between
the protective layer 930 and the semi-ftransparent sheet 932
in Fig. 10C. The present invention is also applicable to
such a structure.

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

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

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

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

screen can be obtained.

asdtt Ficiently
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work function so as to efficiently inject holes into the hole-transport

| ayer. .(2) Although the display panel 50 is a top em ssion type, the
structure is not limted to the above enbodi nent. For exanple, the
structures shown in Figs. 10C to 10D are possible. Cenerally, organic
materials used for the organic EL |ayers are damaged by water and oxygen
and therefore the Ilight-emtting characteristics are decreased.
Furthernore, the cathodic el ectrode and the anodic el ectrode are damaged -
2 2 - by oxidation and therefore t-he2hote-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
conmponent s,fr i Wi {: re..-kthe fal l.ow.

ctracture s arEE AT e e, AR el G The R veen
the prof acldete Jetle 2WYANE HIE 1968t HARSRYEUG SHeel 1232 il 8. | OC.
The present invention is also applicable to such a structure. (3) In the
above arPdidBMIS drke dHeEeSRHe AiMRMHIN J S t1RPRIHRG 110 FAN 1Qkgai ¢ EL

di spl ay panel. However, the present invention is applicableto any tiled
di spl ayacRes s arse@h as plasma di splay panels. Furthernore, various
driving nethods nmay be used.



As descri bed above, according to the present invention, the follow ng
advant ages can be obtained. (1) Since a black matrix is positioned above
boundaries between a plurality of display panels, |arge-sized displays
havi ng i nconspi cuous boundaries on the screen can be obtained. (2) Since
ribs located at end faces of the display panels have a small width and are
j oi ned together, the boundaries of the display panels are covered by the
bl ack matrix, high- quality |arge-sized displays having no boundaries on
the screen can be obtained. - 23 (3) Since the substrate of each display
panel is cut wwth a laser before orgapic EL |ayers are forned, precise
cutting is possible and the deterioration of the organic EL | ayers does
not arise. - 24 CLAIMS 1. Atiled display systemhaving a | arge screen
display forned by joining a plurality of display panels together,
conprising: a sealing substrate dis%%% over the plurality of display
panel s; and a black matrix, for inproving the contrast, disposed on

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

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

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

wherein the black matrix is positioned above boundaries

between the plurality of display panels.

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



the sealing substrate, wherein the black matrix is positioned above
boundaries between the plurality of display panels. 2. The tiled display
system according to Claim1, wherein the display panels each have a
substrate, |ower electrodes, organic EL |ayers, and an upper

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

el ectrode. 3. The tiled display systemaccording to Caim2, wherein the

di spl ay panel s have a sealing |ayer fof Jreventing the - 25 | ower

el ectrodes, the organic EL |ayers, and the upper sem - transparent

el ectrode from bei ng danmaged. 4. The tiled display systemaccording to
Claim 2, wherein the display panels have ribs surroundi ng each of the
organi ¢ ELovayeebectiedes bsthmatrdanie £labdvansy and eheelugppen calliy
connected to the upper_sem -transparent electrode, and the black matrix is
posi t i oneBr 3PN eRe AKFITRMY WierePeing Pamaddded di spl ay system accordi ng
to Claim4, wherein the auxiliary wires at the boundaries between the

di splay panels have a width that is approximately half of the width of the

ot her auxh[iafﬂew%{fgd display system according to Claim 2,
wherein the display panels have ribs surrounding each of the
organic EL layers, the ribs each have a auxiliary wire
electrically connected to the upper semi-transparent electrode,

and the black matrix is positioned above the auxiliary wires.

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

width of the other auxiliary wires.



