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7) ABSTRACT

An organic EL display device and a method of producing the
same wherein superior connection reliability can be obtained
between a thin film transistor and a lower electrode of an
organic EL element even if a color-converting medium is
provided adjacent light-emitting face of the organic EL
element. For this purpose, in an active-driving type organic
EL display device comprising an organic EL element made
so as to have an organic luminous medium sandwiched
between an upper electrode and a lower electrode, and a thin
film transistor for controlling luminescence of the organic

(86) PCT No.: PCT/JP01/01676
EL element, the luminescence of the organic EL element is
taken out from the lower electrode, a color-converting
(30) Foreign Application Priority Data medium is provided adjacent the lower electrode, and an
inclined electrically connecting member is set between the
Mar. 7, 2000 (JP) ccovevrvrrrrcecnercierenene 2000-061506  lower electrode and the thin film transistor.
36
43
58
‘ AN




Patent Application Publication May 26,2005 Sheet 1 of 16 US 2005/0110716 A1

Fig. 1 /\/30
20 ig\» - 20
~— 7= 2™ 24 S26
17 NN RRRRRRRRRRAASIITRRRANR SNN -:-:-:-:-:-:-‘-:-:.:-:-:-:-:-:-:-:-:-:-:-:-:*."/22
L K9S R NN e e e
13 AN R0ty AN Rrcen ~
P YA N7,
re 8 4 ¥
: 56 12
|

------
..................
......................................
'''''''''''''''''''''''''''''''''''''''''''''''''
..........................




Patent Application Publication May 26,2005 Sheet 2 of 16 US 2005/0110716 A1

Fig. 2(a)

Fig. 2(b)

Fig. 2(c)

Fig. 2(d)

22 28
S (
29
28
— (
—0
29

------------------------------------------------




Patent Application Publication May 26,2005 Sheet 3 of 16 US 2005/0110716 A1
Fig. 3

Xi Ci Xi+1 Ci+2Xi+2

5(&/\ SIL 52’1 AT

" I" _L-I—‘] _i ”ﬁ_\d 57

1
—
b1 ﬁ\_/ 56
7 |
I ‘
]

Yi+t

Yj+2=

Fig. 4

51 55 50

A 7 77//7///77// é
A /‘_"1 i—— {/////// | (/52
|

S

Ny

—— 59
50

o 7/%/% 522 é

N




Patent Application Publication May 26,2005 Sheet 4 of 16 US 2005/0110716 A1

Fig. 5
WS viee
ig:;g;j;;ﬁ;‘i.- N\ NN
' b
41

20 )
~
__/24}26

22

12




Patent Application Publication May 26,2005 Sheet 5 of 16 US 2005/0110716 A1

Fig. 7




Patent Application Publication May 26,2005 Sheet 6 of 16 US 2005/0110716 A1

Fig. 8

20 | ig\" _ N(//////////////////jgg}zs

22

1.9

@w
__,_ﬂ(

\l

QW ZANN\
\\w\.\\\\\\\\\\\\\#\}\\\\\
1G9

62
454647 61
| v 14 40 60
44

20

20{12\”%///////////////////// \\/////////////////////\/24}26

3 i A NN BRSNS NN SR
IS e TSR RRNSOE \\\\\\\\\\\\\\\

B0 7, ,,,,,, 7
43‘7?@\-[%-};‘/;/ \\\ ?iﬁ]’]]/l?” 12
N

7110




Patent Application Publication May 26,2005 Sheet 7 of 16 US 2005/0110716 A1

Fig. 10
=4
§ o
(do)
% o
<
| 5 T
s
x S
_.r‘} i ;
= :
C? L)
|
Xx i
%5 12
%
=
o
|‘f <
R o) om
2 o

SdO



Patent Application Publication May 26,2005 Sheet 8 of 16 US 2005/0110716 A1

Fig. 11 36

W BT 7T T 77
’\\\\\ K \\Y;Z://m} 26
/7§:}::::::Z:}:E:E:'-_:'-_:'-_:{:}:},\' R "\"_:3_:{:}:(}:{:}:{:};}-_1-_'.';‘.';:f,"\"":'\“ ' \\A>\/ 22

13 | LA [
14/><\\/,2§, -///\///’V\ \/
NANAVAN \

HMYAEN \ 1\ /
NAVAY ST 7
45 iiu 2V, 6 o

Fig. 12

WL LT TR 77
) S2 NN NN b A

............

13 /‘u = A - /
N l'/;{Qf///{//{/ & 77;7?477‘@»/12
/A RNMNMNAVANI NAVAYAN =
AR S RN
45 46 47 3 Y, b0



ication May 26,2005 Sheet 9 of 16 US 2005/0110716 A1

[10
SENRARRNRNG

N

AN
%

Fig. 13(0) \\

AL
AN
s
4
63

SN

\\\\\ NN

/EI

11
\1
%Y

“B“\\\\\\\\\\

W27/

I
\\

-

V.

o0 AN

\

e

/ oo

N\\zz

ﬂTTIL
NN

Fig. 13(e) \\

AN

[




Patent Application Publication May 26,2005 Sheet 10 of 16

Fig. 14(f)

Fig. 14(g)

Fig. 14(h)

Fig. 14(1)

US 2005/0110716 Al
13
¢

VR AT Stk
WPV I NIIIININEY 5
XA YE g

PR Ry

''''''''
- /' s
‘ ’ G

...........

:::::::::

-----------------
''''''''''''''''''''''''''''

..............

.................

’’’’’’
- " s
g ‘

B Sy

’ e
......

......
......................
''''''''''''''''''''''''
................
''''''''''''''''''''''''''
---------------

‘ N__22

-----------

R AR AR EEEEEES SRR,
IR AR R LR R RERES L2

IS A e essd

NN

,
ISt Y 55
: H1IE - #

-’ g g
''''''
/ - -

- » .

..............
::::::::::::::
..............
::::::::::::::
..............

------------------

......
’’’’’
s G #
o o P
o / o/

..............
--------------
..............
''''''''''''''''''''''''''
...............
..............
,,,,,,,,,,,,,,,

------
.....

............................
...........................

............................
B R R N I N AR
......................... L g
...........................
...........................

IIITITIMIRIN

VIS TSI PP/
VIS SIS PSS
IO aad 77/

‘
’

N

. g s
''''''
g . .

# o #

IISSSS ""H /7,

''''''''''''''''''''''''''
--------------
..............
,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,

......
n . -
'''''

------

--------------
............................
''''''''''''''''''''''''''
''''''''''''''''''''''''''
................

......
------
------
------
------
......

VNIV EERART =

A |||
;:.- \
DUMANY

______
......
. - 4

---------------------------
............................
...........................
............................
...........................
----------------------------

..............
..............
............................
..............

..................

5 &
......
s & B
‘ ‘. .
i . -
’ ” »

..............
..............
.................
'''''''''''''''''''''''''
................
...............




Patent Application Publication May 26,2005 Sheet 11 of 16 US 2005/0110716 A1

< Deposition of ¢-Si
/ onto a Substrate

Fig: 15(a) [

Laser Annealing

Fig' 15(b) /. \/ \/ \/ \/ Crystallization
* KrF(248nm)
Fig. 15(c) [ \/ ~—r——— Patterning of

the Polysilicon Layer

A ZZZZ 727 7774) . Deposition of a Gate

Fig. 15(d) /S /S S S S Insulator Layer

Deposition of Al or

Fig. 15(e) T 7 a Polysilicon Layer

First Anodic

Fig- 15(f) v/ /7 /S /S / Oxidization

* f\Phbto Resist

NN NN
IS

A A e . ——— 4 4| Patterning of

s AN AN
Fig. 15(g) ¢/ L7 the Gate Al
NANNY
L L L L)
Y L L L /Z”/]l/llJ L L L. Z
¥4 1/Zz] Second Anodic

Fig. 15(h) [7

/ Oxidization

ERRARRRRAR

Ion Doping 43:Gate
45:Source \\\\\ Gate Insulator Layer
Fig. 15(1) [/ l\/ l\/jl : :(’ — 7] Ion Doping
AN

\46 47:Drain



Patent Application Publication May 26,2005 Sheet 12 of 16  US 2005/0110716 Al

Fig. 16

Yy Yy yyyy /7/////'/'/'/'/'/'/'//////////4/20

PIIIIIIP PP 70272 P A7 772777777 /]

VPRI TIPS 7 bl S 24 26

VIV YV Y I YY FEIFA LY 0% Ve

13 PPN VN, T s

p s At r s sy 22

VPP DYDY IV

////////////// Nk 60

SLLLLLEL R TT m“"l‘ “\
“N‘N‘N‘“.m“ 12

\\\\. \\\ .\\\\ R

L ;v 10

PI2 s s s s st Arrrres by
45 46 47

ISRy Ee, [ EE L] & e

I TR E NI ENELCaEEd ://\

/

/

s/ "

s 7¥S 7
2 447 7}
/

SELSLI7 7R IY f//




Patent Application Publication May 26,2005 Sheet 13 of 16  US 2005/0110716 Al

Fig. 17

26




Patent Application Publication May 26,2005 Sheet 14 of 16

Fig. 18(a)

Fig. 18(b)

Fig. 18(c)

Fig. 18(d)

Fig. 18(e)

Fig. 18(f)

US 2005/0110716 A1

Preparatidn of
a Substrate

Coating

Exposure to Light

Developing

Etching

Stripping of
the Resist



Patent Application Publication May 26,2005 Sheet 15 of 16  US 2005/0110716 Al

Fig. 19
200
233 223
229 227 - ad

L) U BB 2 PN I

\"-'fﬁifiziziQ \\\\ Sy | 220
230 . 7N N N7\ A, #- 224 (226

™~ %% \§ %“ wf ...... 222

(7% A / /A ////{ .//;/,/-’/,7//// /A 201

232 230 /[ 235 251 250 237

N~
234 236 258

PRIOR ART



Patent Application Publication May 26,2005 Sheet 16 of 16  US 2005/0110716 Al

Fig. 20 300

/\/

320
324 »>326
302

Ry R Ay V1 2rsr s s |
YNNIV e I N vt rrerrrrrs sy //\/313
s [ 24 B COIiIrerrrrrrrrryr A
308 / Y hes SILILIIIIII V72 i 312
~— N i

372

S N ."‘ ."' 4"’ J /"‘ / iy ,-" .-/ .-" o~
SIS S L . A ol -
g G S ‘ ‘
4 S i rrdd S f
N XS S S S S AR SIS S S S S S S

345 346 347 306
344

PRIOR ART



US 2005/0110716 Al

ACTIVE-DRIVING TYPE ORGANIC EL DISPLAY
DEVICE, AND A METHOD OF PRODUCING THE
SAME

TECHNICAL FIELD

[0001] This invention relates to an active-driving type
organic EL display device (which may be referred to as an
organic EL display device, hereinafter) having thin film
transistors, and a method of producing the same. More
specifically, this invention relates to an organic EL display
device in which even if a color-converting medium is
arranged on the side of a luminous face of an organic EL
element, superior reliability of connection between thin film
transistors and lower electrodes of the organic element can
be obtained, and a method of producing the same.

[0002] In claims and detailed description of the present
specification, “EL” means “electroluminescence”.

BACKGROUND ART

[0003] Conventionally, there has been known a passive-
driving type organic EL display device wherein an organic
EL element having an organic luminous layer sandwiched
between electrodes is driven by means of an XY matrix
electrode structure. This type of organic EL display device
is disclosed in, for example, Japanese Patent Application
Laid-Open (JP-A) Nos. 2-37385 and 3-233891.

[0004] In such a passive-driving type organic EL display
device, the so-called line-sequence driving is performed.
Thus, in case that the device has several hundreds of
scanning lines, required instantaneous brightness is several
hundreds times larger than observed brightness. As a result,
the following problems have been caused:

[0005] (1) Since the driving voltage becomes 2 to 3
times higher than a regular DC voltage, the luminous
efficiency is lowered or the power consumption
becomes large.

[0006] (2) Since the electric current instantaneously
becomes several hundreds times larger, the organic
luminous layer tends to deteriorate.

[0007] (3) Since the amount of electric current is very
large in the same way as in the item (2), a voltage
drop in the wiring of electrodes becomes large.

[0008] Therefore, in order to solve the problems that the
passive-driving type organic EL display device has, there
have been suggested an active-driving type organic EL
display device having thin film transistors (which may be
referred to as TFTs, hereinafter) to drive organic EL ele-
ments.

[0009] Such an active-driving type organic EL display
device has features of its driving voltage being drastically
lowered, the luminous efficiency thereof is improved, and of
its power consumption being reduced, or the like, as com-
pared with the passive-driving type organic EL display
device.

[0010] However, even the active-driving type organic EL
display device having such effects as above has a problem
that the reliability of connection between its organic EL
elements and TFTs is poor. For example, it is suggested that
the organic EL elements and TFTs be electrically connected
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by using a metal material such as aluminum or chromium.
However, a transparent electrode, for example ITO (indium
tin oxide), of the organic EL elements, thereof has easily
stripped from those metal materials. The metal material has
corroded because of water content present in the surround-
ings. What is worse, the migration has occurred, causing a
leakage current.

[0011] As shown in FIG. 19, JP-A Nos. 8-330600 and
10-254383 disclose an organic EL display device 200 having
an organic EL element 226 and a TFT 237, as well as having
an electrically connecting member 228 made of a composite

material for electrically connecting the EL element 226 to
the TFT 237.

[0012] In this organic EL display device 200, a composite
thin film composed of a metal thin film made of a low-
resistance material for a lower layer 250, and a titanium
nitride thin film having superior corrosion-resistance for an
upper layer 251, is disclosed for the electrically connecting
member. For example, a barrier metal made of aluminum/
titanium nitride, tungsten/titanium nitride, molybdenum/
titanium nitride, or the like is used for the composite thin
film.

[0013] As shown in FIG. 20, JP-A No. 10-189252 dis-
closes an active-driving type organic EL display device 300
wherein a drain region 347 of a TFT 344 is electrically
connected to a lower electrode 302 of an organic EL element
326 are through a contact hole (via hole) 354 which is
vertically formed in an inter-insulator 313.

[0014] However, in the active-driving type organic EL
display device 200 disclosed in the aforementioned JP-A
No. 8-330600 and 10-254383, the barrier metal composed of
the metal thin film of the lower layer 250 and the titanium
nitride thin film of the upper layer 251 is horizontally formed
to connect a drain region 236 of the TFT 237 to a lower
electrode 222 of the organic EL element electrically. There-
fore, if a color-converting medium (not shown) such as a
thick color filter or color-converting film is provided adja-
cent the lower electrode of the organic EL element 226 for
example, the following problems arise: (i) A level-difference
between the drain region of the TFT and the lower electrode
is generated to make it difficult to connect them electrically
to each other; (ii) The barrier metal is easily damaged so that
the reliability of the connection becomes poor or the like.
Although the color-converting medium was made thin, a
new problem that the color-converting efficiency is lower
has been encountered.

[0015] If the color-converting medium (not shown) pro-
vided adjacent the lower electrode of the active-driving type
organic EL display device 300 disclosed in the aforemen-
tioned JP-A No. 10-189252 is made thick, the reliability may
be lowered for the electric connection through the vertically-
formed contact hole 354.

[0016] That is to say, if the thickness of the color-convert-
ing medium is made, for example, 5 um or more thick, the
thermal expansion of the color-converting medium becomes
large when the medium is heated, thereby the wires snapping
in the contact hole having a thermal expansion smaller than
that of the color-converting medium.

[0017] According to the electric connection using the
vertically-formed contact hole 354, it is difficult that an
electro-conductive material is uniformly filled into the con-
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tact hole since this hole is long. It has been substantially
impossible to use a vapor-deposition method or a sputtering
method, which is an ordinary method for forming an elec-
trically connecting member.

[0018] Thus, the present inventors have made eager inves-
tigations on the above-described problems, thereby finding
out that by disposing an electrically connecting member
obliquely between an organic EL element and a TFT, supe-
rior connection reliability can be obtained with the above-
described problems being solved.

[0019] That is, an object of the present invention is to
provide an active-driving type organic EL display device
wherein a lower electrode of an organic EL element can
easily be connected electrically to a drain region of a TFT
even if a color-converting medium having a thickness of, for
example, 5 um or more is provided adjacent the lower
electrode, so that superior connection reliability can be
obtained.

[0020] Another object of the present invention is to pro-
vide a producing method making it possible to supply such
an active-driving type organic EL display device efficiently.

DISCLOSURE OF INVENTION

[0021] [1] According to one aspect of the present inven-
tion, there is provided an active-driving type organic EL
display device comprising an organic EL element made so as
to have an organic luminous medium sandwiched between
an upper electrode and a lower electrode, and a TFT for
controlling luminescence of the organic EL element,
wherein the luminescence of the organic EL element is taken
out from the lower electrode, a color-converting medium
provided adjacent the lower electrode, and an inclined
electrically connecting member is provided between the
lower electrode and the TFT.

[0022] Namely, the organic EL display device having such
a structure makes it possible to form the electrically con-
necting member easily between the organic EL element and
the TFT and to obtain superior connection reliability.

[0023] [2]When producing the active-driving type organic
EL display device of the present invention, it is preferred
that the inclination angle of the electrically connecting
member to a horizontal plane is set to a value within the
range of 100 to 800.

[0024] The setting of the electrically connecting member
to have such an inclination angle makes it possible to obtain
better electric connection between the organic EL element
and the TFT and makes the formation of the electrically
connecting member to be formed easier.

[0025] [3]When producing the active-driving type organic
EL display device of the present invention, it is preferred
that an inclined plane be made in part of the color-converting
medium, and that the electrically connecting member be
disposed along the inclined plane.

[0026] Such a structure makes it possible to use a side of
the color-converting medium as a supporting portion for the
electrically connecting member and to set the inclined
electrically connecting member easily, and further to
improve the durability of the electrically connecting mem-
ber.
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[0027] [4] When producing the active-driving type organic
EL display device of the present invention, it is preferred
that the electrically connecting member be a via hole formed
in an inter-insulator provided between the organic EL ele-
ment and the TFT.

[0028] If the electrically connecting member is the via
hole described above, it is easy to set the electrically
connecting member so as to be inclined. Moreover, the
electrically connecting member can contact to the organic
EL element and TFT with the wide area.

[0029] [5]When producing the active-driving type organic
EL display device of the present invention, it is preferred
that an oblique member for inclining the electrically con-
necting member be disposed at a side end of the color-
converting medium.

[0030] By making the oblique member an exclusive sup-
porting holder for the electrically connecting member, the
electrically connecting member can be formed precisely and
further the durability and the like of the electrically con-
necting member can be improved.

[0031] [6]When producing the active-driving type organic
EL display device of the present invention, it is preferred
that the electrically connecting member be an electric wire
made of a sintered electro-conductive paste.

[0032] If the electrically connecting member is the electric
wire made of the sintered electro-conductive paste as
described above, it is easy to set the electrically connecting
member inclined. By using the electro-conductive paste for
the electric wire, superior adhesion can be obtained for the
lower electrode and the TFT. Furthermore, using the electro-
conductive paste makes it possible to utilize the side of the
color-converting medium conveniently as the supporting
portion for the electrically connecting member. Therefore,
the durability of the resultant electrically connecting mem-
ber can also be improved.

[0033] [7]When producing the active-driving type organic
EL display device of the present invention, it is preferred
that the electrically connecting member be a bonding wire.

[0034] The electrically connecting member having such a
structure makes it possible to attain electric connection
between the lower electrode and the TFT easily and
promptly even if a level-difference due to providing the
color-converting medium and the like is generated.

[0035] [8]When producing the active-driving type organic
EL display device of the present invention, it is preferred the
electrically connecting member be made of indium zinc
oxide (IZO).

[0036] Since indium zinc oxide (IZO) is an amorphous
compound (non-crystal structure) and is superior in eiching
properties, the electrically connecting member can be dis-
posed precisely.

[0037] Indium zinc oxide (IZO) has good affinity with a
metal thin film made of aluminum, gold or the like. Thus,
superior electric connection properties can be obtained.

[0038] Furthermore, indium zinc oxide (IZO) makes it
possible to form a denser film and is resistant to stress
destruction, as compared with ITO and the like, which are
crystalline compounds. Therefore, IZO is superior in mois-
ture resistance and durability. Accordingly, superior electric
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connection properties can be obtained greater than a long
period even if the electrically connecting member is formed
to have an inclined plane.

[0039] [9]When producing the active-driving type organic
EL display device of the present invention, it is preferred
that the lower electrode be made of indium zine oxide (IZO)
or indium tin oxide (ITO).

[0040] Such a structure makes light-transmissivity of the
lower electrode superior, and makes it possible to perform
charge injection into the EL element at a low resistance.
Furthermore, in case that indium zinc oxide (IZO) is used as
the electrically connecting member, better electric connec-
tion properties can be obtained.

[0041] [10] When producing the active-driving type
organic EL display device of the present invention, it is
preferred that the lower electrode and the electrically con-
necting member be integrally made of a non-crystalline
electro-conductive oxide, for example, indium zinc oxide.

[0042] Such a structure makes it easy to form the display
device and makes it possible to reduce the number of
electrically connecting spots.

[0043] [11] When producing the active-driving type
organic EL display device of the present invention, it is
preferred that a part of the electrically connecting member
be provided with a metallized portion.

[0044] Such a structure makes it possible to make con-
nection resistance lower at electrically connecting spots
between the electrically connecting member and the organic
EL element or the TFT.

[0045] [12] When producing the active-driving type
organic EL display device of the present invention, it is
preferred that the electrically connecting member be set to a
value within the range of 0.01 to 100 um.

[0046] Such a structure makes it possible to make resis-
tance loss small in the electrically connecting member, and
to obtain a desirable durability or film-forming properties.

[0047] [13] According to another aspect of the present
invention, there is provided an active-driving type organic
EL display device comprising an organic EL element made
so as to have an organic luminous medium sandwiched
between an upper electrode and a lower electrode, and a TFT
for controlling luminescence of the organic EL element,
wherein the luminescence of the organic EL element is taken
out from the lower electrode, a color-converting medium is
provided adjacent the lower electrode, and the color-con-
verting medium is embedded in both or either of an inter-
insulator and a supporting substrate.

[0048] Such a structure makes it possible to decrease a
level-difference between the TFT and the lower electrode set
on the color-converting medium, thereby easily connecting
the TFT to the lower electrode and further obtaining superior
connection reliability.

[0049] [14]According to still another aspect of the present
invention, there is provided an active-driving type organic
EL display device comprising an organic EL element made
so as to have an organic luminous medium sandwiched
between an upper electrode and a lower electrode, and a TFT
for controlling luminescence of the organic EL element,
wherein the luminescence of the organic EL element is taken
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out from the lower electrode, a color-converting medium is
provided adjacent the lower electrode, and a level adjusting
layer for adjusting the level of the TFT is disposed between
the TFT and the supporting substrate.

[0050] Such a structure makes it possible to make the level
of the TFT substantially equal to that of the lower electrode
of the organic EL element. Therefore, the electric connection
can be more easily attained and further superior connection
reliability can be gained.

[0051] [15]According to still another aspect of the present
invention, there is provided a method of producing an
active-driving type organic EL display device comprising an
organic EL element made so as to have an organic luminous
medium sandwiched between an upper electrode and a lower
electrode, a color-converting medium for converting the
color of EL luminescence taken out from the lower elec-
trode, and a TFT for controlling luminescence of the organic
EL element, wherein the producing method comprises the
steps of:

[0052] forming the TFT,
[0053] forming the color-converting medium,
[0054] forming the electrically connecting member

so as to be inclined, and
[0055]

[0056] Such producing method makes it possible to obtain
an organic EL display device capable of performing full
color display and having superior connection reliability.

[0057] [16] When carrying out the method of producing
the active-driving type organic EL display device of the
present invention, it is preferred that the method further
comprise the step of making an inclined plane in a side end
of the color-converting medium, and provide the electrically
connecting member along the inclined plane in the step of
forming the inclined electrically connecting member.

[0058] Such a producing method enables the electrically
connecting member to be formed more easily. The resultant
electrically connecting member is formed along the inclined
plane of the color-converting medium. Therefore, even if the
color-converting medium expands by heat, the electrically
connecting member can follow the expanding color-convert-
ing medium easily.

[0059] [17] When carrying out the method of producing
the active-driving type organic EL display device of the
present invention, it is preferred that the lower electrode and
the electrically connecting member are integrally made of
indium zinc oxide.

[0060] By carrying out the method in this way, the elec-
trically connecting member and the lower electrode can
easily be formed in a short time. Resistance loss can also be
lowered by reducing the number of the electrically connect-
ing spots.

[0061] [18] When carrying out the method of producing
the active-driving type organic EL display device of the
present invention, it is preferred that the electrically con-
necting member be formed by a vacuum vapor deposition
method or a sputtering method.

forming the organic EL element.

[0062] Consequently, the electrically connecting member
can be formed easily, using the inclined plane of the color-
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converting medium and the like. Furthermore, superior heat
resistance and vibration resistance can be obtained because
the resultant electrically connecting member is a uniform
thin film.

[0063] [19] When carrying out the method of producing
the active-driving type organic EL display device of the
present invention, it is preferred that the electrically con-
necting member be formed by using a sol-gel method.

[0064] Consequently the electrically connecting member
can easily be formed without using any special forming
machine and only by applying a raw material solution (sol)
and thereafter by heating and reducing the sol.

[0065] [20] When carrying out the method of producing
the active-driving type organic EL display device of the
present invention, it is preferred that the method further
comprise the step of metallizing at least one part of the
electrically connecting member.

[0066] Such producing method makes it possible to lower
connection resistance at connection spots, and to obtain the
superior electrically connecting member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] FIG. 1 is a sectional view of an active-driving type
organic EL display device in a first embodiment.

[0068] FIGS. 2(a) to 2(d) are views showing structure
examples of a lower electrode.

[0069] FIG. 3 is a circuit diagram showing an electric
switch connection structure including TFTs.

[0070] FIG. 4 is a transparent plan view showing the
electric switch connection structure including the TFTs.

[0071] FIG. 5 is a view showing a modified example (a
step form) of the electrically connecting member.

[0072] FIG. 6 is a view supplied to explain an oblique
member.
[0073] FIG. 7 is a view showing a modified example (a

V-shaped form) of the electrically connecting member.

[0074] FIG. 8 is a view showing a modified example (a
via hole) of the electrically connecting member.

[0075] FIG. 9 is a view showing a modified example
(having a metallized part) of the electrically connecting
member.

[0076] FIG. 10 is a chart showing one example of an
X-ray diffraction of indium zinc oxide (IZO).

[0077] FIG. 11 is a sectional view of an active-driving
type organic EL display device in a second embodiment.

[0078] FIG. 12 is a view supplied to explain a level
position adjusting layer for TFTs.

[0079] FIGS. 13(2) to 13(e) are producing step views
showing the steps in a third embodiment (a first example).

[0080] FIGS. 14(f) to 14(i)) are producing step views
showing the steps in the third embodiment (a second
example).

[0081] FIGS. 15(a) to 15(j) are views showing parts of the
steps for forming a TFT.
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[0082] FIG. 16 is a view showing a modified example (a
bonding wire) of the electrically connecting member.

[0083] FIG. 17 is a view showing a modified example
(integrally formed) of the electrically connecting member.

[0084] FIGS. 18(a) to 18(f) are views showing one
example of etching steps of the electrically connecting
member.

[0085] FIG. 19 is a sectional view of a conventional
active-driving type organic EL display device (a first
example).

[0086] FIG. 20 is a sectional view of a conventional
active-driving type organic EL display device (a second
example).

BEST MODE FOR CARRYING OUT THE
INVENTION

[0087] Hereinafter, embodiments of the present invention
will be specifically described referring to the drawings. The
drawings which are referred to roughly show the size, the
shape and the arrangement relationship of respective con-
stituent members to such a degree that this invention can be
understood. For example, electric connection between TFTs
and signal electrodes or common electrodes may not be
represented. Therefore, this invention is not limited to illus-
trated examples. In the drawings, hatching, which represents
a cross section, may be omitted.

FIRST EMBODIMENT

[0088] As shown in FIG. 1, an organic EL display device
of a first embodiment is an active-driving type organic EL
display device 30 comprising a supporting substrate 10, a
TFT 14 embedded in an inter-insulator (gate insulation film)
12 formed on the supporting substrate 10, an inter-insulator
(flattening film) 13 and a color-converting medium 60, cach
of which is formed on the inter-insulator 12, an organic EL
element 26 formed on these inter-insulator 13 and a color-
converting medium 60, and an inclined electrically connect-
ing member 28 for connecting the TFT 14 to the organic EL
element 26 electrically.

[0089] Hereinafter, the constituent elements and the like in
the first embodiment will be described referring to FIG. 1
and other figures.

[0090]

[0091] The supporting substrate (which may be referred to
as the substrate, hereinafter) in the organic EL display device
is a member for supporting the organic EL element, the TFT
and the like, and it is preferred that the substrate be superior
in mechanical strength and dimensional stability.

[0092] Specific examples of such a substrate include glass
plates, metal plates, ceramic plates or plastic plates (made of
polycarbonate resin, acrylic resin, vinyl chloride resin, poly-
ethylene terephthalate resin, polyimide resin, polyester
resin, epoxy resin, phenol resin, silicone resin, fluorine resin,
and the like).

[0093] Inorder to avoid water invasion into the organic EL
display device, it is preferred that the substrate made of such
a material be subjected to moisture-proof treatment or
hydrophobic treatment by forming an inorganic film or
coating fluorine resin thereon.

1. Supporting Substrate
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[0094] Particularly to avoid water invasion into the
organic luminous medium, it is preferred that the percentage
of water content and the gas permeability of the substrate be
restricted. Specifically, the percentage of water content and
the gas permeability of the substrate are preferably restricted
to 001% or less by weight and 1x10™** cc-cm/
cm*sec.cmHg or less, respectively.

[0095] 2. Organic EL Element
[0096] (1) Organic Luminous Medium
[0097] The organic luminous medium can be defined as a

medium comprising an organic luminous layer capable of
electroluminescence by means of recombination an electron
with a hole. This organic luminous medium can be formed,
for example, by depositing one of the following layers on the
lower electrode:

[0098] i) organic luminous layer,

[0099] ii) hole injection layer/organic luminous layer,

[0100] iii) organic luminous layer/electron injection
layer,

[0101] iv) hole injection layer/organic luminous
layer/electron injection layer,

[0102] v) organic semiconductor layer/organic lumi-
nous layer,

[0103] vi) organic semiconductor layer/electron bar-
rier layer/organic luminous layer, and

[0104] vii) hole injection layer/organic luminous
layer/adhesion improving layer.

[0105] In general, the structure iv), among these struc-
tures, is favorably used since this structure can give a higher
luminescence brightness and is superior in durability.

[0106] @ Constituent Material

[0107] Examples of the luminous material of the organic
luminous medium include p-quarterphenyl derivatives,
p-quinquephenyl derivatives, benzothiazole compounds,
benzoimidazole compounds, benzoxazole compounds,
metal-chelated oxynoide compounds, oxadiazole com-
pounds, styrylbenezene compounds, distyrylpyrazine com-
pounds, butadiene compounds, naphthalimide compounds,
perylene derivatives, aldazine derivatives, pyraziline deriva-
tives, cyclopentadiene derivatives, pyrrolopyrrole deriva-
tives, styrylamine derivatives, coumarin derivatives, aro-
matic dimethylidine compounds, metal complexes whose
ligand is an 8-quinolinol derivative, and polyphenyl com-
pounds or a combination selected therefrom.

[0108] Among these organic luminous materials, 4,4'-
bis(2,2-di-t-butylphenylvinyl)biphenyl ~ (abbreviated to
DTBPBBI), 4,4'-bis(2,2-diphenylvinyl)biphenyl (abbrevi-
ated to DPVBI) and derivatives thercof as aromatic dim-
ethylidine compounds are more preferred, for example, for
blue luminous materials.

[0109] Tt is also suitable to prepare an organic luminous
material having an distyryl arylene skeleton and the like
such as an aromatic dimethylidine compound, as a host
material, which is doped with a fluorescent dye emitting
intense light in the range from blue to red, such as a
coumarin material, or with a fluorescent dye emitting the
same color as the host material. More specifically, the
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above-described DPVBIi or the like are used as the host
material, and 1,4-bis[4-(N,N-diphenylaminostyrylbenzene)]
(abbreviated to DPAVB) or the like are used as the dopant,
to make it possible to give blue luminescence.

[0110] (@) Thickness

[0111] Although the thickness of the organic luminous
medium is not limited, it is preferably set to a value within
the range of 5 nm to 5 um, for example.

[0112] The reason is as follows. If the thickness of the
organic luminous medium is smaller than 5 nm, lumines-
cence brightness and durability may be lowered. On the
other hand, if the thickness of the organic luminous medium
is greater than 5 um, the applied voltage may become high.

[0113] Accordingly, the thickness of the organic luminous
medium is more preferably set to a value within the range of
10 nm to 3 pm, and still more preferably set to a value within
the range of 20 nm to 1 um.

[0114] (2) Electrodes

[0115] Hereinafter, the upper electrode and the lower
electrode will be described. However, depending on the
structure of the organic EL element, the upper electrode and
the lower electrode may be equivalent to an anode layer and
a cathode layer, respectively, or to a cathode layer and an
anode layer, respectively.

[0116] (@) Lower Electrode

[0117] The lower electrode may be an anode layer or a
cathode layer, depending on the structure of the organic EL
display device. However, in case that the lower electrode
corresponds 1o an anode layer, it is preferred to use a metal,
an alloy, an electro-conductive compound, or a mixture
thereof having a large work function (for example, of 4.0V
or more). Specifically, it is preferred to use indium tin oxide
(ITO), indium zinc oxide (IZO), copper iodide (Cul), tin
oxide (Sn0,), zinc oxide (ZnO), gold, platinum, and palla-
dium or a combination selected therefrom.

[0118] Using these electrode materials, the lower electrode
having a uniform thickness can be formed by a method
capable of depositing a film in a dry process, such as a
vacuum vapor deposition method, a sputtering method, an
ion-plating method, an electron beam vapor deposition
method, a CVD (Chemical Vapor Deposition) method, an
MOCVD (Metal Oxide Chemical Vapor Deposition)
method, or a plasma enhanced CVD.

[0119] Since electroluminescence is required to be taken
out from the lower electrode in the present invention, it is
necessary that the lower electrode be made transparent.
Therefore, it is preferred to use the above-described elec-
trode material to make the transmission of the electrolumi-
nescence to a value of 70% or more.

[0120] The film thickness of the lower electrode is not
limited, and is preferably set to a value within the range of,
for example, 10 to 1000 nm, and more preferably set to a
value within the range of 10 to 200 nm.

[0121] This is to make the lower electrode conductive and
to obtain a transmission of electroluminescence of 70% or
more.

[0122] Itis preferred that as shown in FIGS. 2(a) and 2(b),
respectively, the lower electrode 22 have its tip portion 29
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branched or circular with a hole. It is also preferred that as
shown in FIGS. 2(¢) and 2(d), respectively, the lower
electrode 22 have the tip portion 29 with depression verti-
cally or uneven structure.

[0123] Such a structure causes the contact area between
the lower electrode and the electrically connecting member
28 to be large, and causes the adhesion therebetween to be
improved, so that the connection resistance can be effec-
tively lowered.

[0124] In FIGS. 2(a) to 2(d), the electrically connecting
members 28 are represented by dotted lines to understand
where the electrically connection members are connected. In
these figures, the connecting members could be replaced
with the electrode and vice versa. That is, in FIGS. 2(a) to
2(d), the tips of each electrically connection members may
be represented by a solid line and the tips of each lower
electrode may be may be represented by the dotted line.

[0125] In order to make the lower the connection resis-
tance between electrode and the electrically connecting
member lower, it is preferred to provide the lower electrode
with a metallized portion or a bump, although not shown.

[0126] (@) Upper Electrode

[0127] On the other hand, the upper electrode may be an
anode layer or a cathode layer, depending on the structure of
the organic EL display device. However, in case that the
lower electrode corresponds to, for example, a cathode layer,
it is preferred to use a metal, an alloy, an electro-conductive
compound, or a mixture or inclusion thereof having a work
function smaller (for example, smaller than 4.0 ¢V) than that
of the anode layer.

[0128] Specifically, it is preferred for the electrode to use
sodium, sodium-potassium alloy, cesium, magnesium,
lithium, magnesium-silver alloy, aluminum, aluminum
oxide, aluminum-lithium alloy, indium, rate earth metals,
mixtures of an organic luminous medium and these metals,
and mixtures of an electron injection layer material and
these metals solely or in combination selected therefrom.

[0129] The film thickness of the upper electrode is not
limited, and is preferably set to a value within the range of,
for example, 10 to 1000 nm, and more preferably set to a
value within the range of 10 to 200 nm.

[0130] This is to obtain a given surface resistance and
good electric connection reliability.

[0131] As shown in FIG. 1, the upper electrode 20 is
preferably composed of a main electrode 16 and an auxiliary
electrode 18 made of a material having a resistivity lower
than that of the main electrode 16.

[0132] Such a structure makes it possible to reduce the
surface resistance of the upper electrode 20 significantly.
Thus, the density of current flowing through the organic
luminous medium can be reduced, so that the life of the
organic luminous medium can be significantly prolonged.

[0133]

[0134] The inter-insulator of the organic EL display device
of the present invention is disposed near or around the
organic EL element and the TFT. The inter-insulator prin-
cipally flattens the unevenness of a fluorescent medium or a
color filter, so as to be used as a flattened undercoat when

(3) Inter-Insulator
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forming the lower electrode of the organic EL element.
Furthermore, the inter-insulator is used for electric insula-
tion for forming a high resolution wiring material, electric
insulation (prevention of a short circuit) between the lower
electrode and the upper electrode of the organic EL element,
electric insulation and mechanical protection of the TFT,
electric insulation between the TFT and the organic EL
clement, and the like.

[0135] Therefore, the inter-insulator may be referred to as
a flattening film, an electric insulator film, a barrier, a spacer
or the like, if necessary. The Term of “inter-insulators in the
present invention implies all of them.

[0136] (D) Constituent Material

[0137] Examples of the constituent material used in the
inter-insulator generally include organic substances such as
acrylic resin, polycarbonate resin, polyimide resin, fluori-
nated polyimide resin, benzoguanamine resin, melamine
resin, cyclic polyolefin, Novolak resin, polyvinyl cinnamate,
cyclic rubber, polyvinyl chloride, polystyrene, phenol resin,
alkyd resin, epoxy resin, polyurethane resin, polyester resin,
maleic acid resin, and polyamide resin.

[0138] In case that the inter-insulator is made of an inor-
ganic substance, preferred examples of the inorganic sub-
stance include silicon oxide (SiO, or Si0,), aluminum oxide
(Al, 5 or AlOe), titanium oxide (TiO,), yttrium oxide (Y,0,
or YO,), germanium oxide (GeO, or GeQ,), zinc oxide
(Zn0), magnesium oxide (MgO or MgO,), calcium oxide
(Ca0), boric acid (B,ys), strontium oxide (SrO), barium
oxide (BaO), lead oxide (PbO), zirconia (ZrO,), sodium
oxide (Na,0), lithium oxide (Li,0), potassium oxide (K,0),
silicon nitride (Si;N,), silicon nitride oxide (SiO,N) and
calcium fluoride (CaF,). The values x and Y in the structural
formulae representing the inorganic substances are within
the range of 0.1 to 3.

[0139] Particularly in case that heat-resistance is required,
it is preferred to use acrylic resin, polyimide resin, fluori-
nated polyimide, cyclic polyolefin, epoxy resin, or inorganic
substances among these constituent materials.

[0140] These inter-insulators are preferably processed into
adesire pattern by introducing light-sensitive groups into the
constituent materials and thereafter by using photolithogra-
phy, otherwise by printing.

[0141] @ Thickness of the Inter-Insulator

[0142] The thickness of the inter-insulator depends on the
resolution of display, as well as unevenness of a fluorescent
medium or a color filter combined with the organic EL
element. It is preferably within the range of 10 nm to 1 mm.

[0143] This is because such a structure makes it possible
to flatten the unevenness of the fluorescent medium or the
color filter sufficiently and to reduce the viewing angle
dependency of high resolution display.

[0144] Accordingly, the thickness of the inter-insulator is
more preferably 100 nm to 100 ym. and still more preferably
100 nm to 10 ym.

[0145] (3) Forming Method

[0146] The method for forming the inter-insulator is not
limited. The layer is preferably formed, for example, by a
spin coating method, a casting method, a screen-printing
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method or the like. It is also preferable to form by a
sputtering method, a vapor-deposition method, a chemical
vapor deposition method (CVD method), ion plating method
or the like.

[0147] 3. Thin Film Transistor (TFT)
[0148] (1) Structure
[0149] As shown in FIGS. 1 and 3 to 4, an embodiment

of the active-driving type organic EL display device in the
first embodiment has at least one TFT 14 and an organic EL
element 26 driven by this TFT 14 on a substrate 10.

[0150] A color-converting medium 60 and an inter-insu-
lator 13 whose surface is made flat are arranged between the
TFT 14 and a lower electrode 22 of the organic EL element
26. A drain 47 of the TFT 14 is electrically connected to the
lower electrode 22 of the organic EL element 26 through an
electrically connecting member 28 arranged in the boundary
between the inter-insulator 13 and the color-converting
medium 60.

[0151] As shown in a circuit diagram of FIG. 3, a plurality
of scanning electrode lines (Yj-Yj+n) 50, (the number of
which is n is 1 to 1000, for example), and signal electrode
lines (Xi-Xi+n) 51 arranged in an XY matrix are electrically
connected to the TFT 14. Furthermore, common electrode
lines (Ci-Ci+n) 52 arranged in parallel to the signal electrode
lines 51 are electrically connected to the TFT 14.

[0152] Tt is preferred that these electrode lines 50, 51 and
52 be electrically connected to the TFT 14 and constitute an
electric switch for driving the organic EL element 26
together with a condenser 57. In other words, it is preferred.
that this electric switch be electrically connected to the
scanning electrode line 50 and the signal electrode line 51
and the like, and be composed of for example, at least one
first transistor (which may be referred to as Trl, hereinafter)
55, a second transistor (which may be referred to as Tr2,
hereinafter) 14 (56), and a condenser 57.

[0153] It is preferred that the first transistor 55 have a
function for selecting a luminous pixel and the second
transistor 56 have a function for driving the organic EL
element.

[0154] As shown in FIG. 1, an active layer 44 in the first
transistor (Trl) 55 and the second transistor (Tr2) 56 arc
composed of semiconductor regions 45 and 47 doped into an
n type and of a non-doped semiconductor region 46 not
doped, and can be represented as n+/i/n+.

[0155] The source 45 and the drain 47 is assigned to the
respective semiconductor region doped into the n type. They
constitute the transistors 55 and 56 as a whole together with
a gate 43 deposited through a gate oxide film 12 on the
non-doped semiconductor region.

[0156] In the active layer 44, the semiconductor regions
45 and 47 doped into the n type may be doped into the p type
so as to make a structure of p+/i/p+. The active layer 44 in
the first transistor (Tr1) 55 and the second transistor (Tr2) 56
is preferably made of an inorganic semiconductor such as
polysilicon or of an organic semiconductor such as
thiophene oligomer or poly(p-phenylenevinylene).

[0157] Polysilicon is a particularly preferred material
since it is far more stable against electricity than amorphous
Si (a-Si) when the electric current is supplied.
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[0158] (2) Driving Method

[0159] Next, the method for driving the organic EL ele-
ment by the TFT will be described.

[0160] As shown in a circuit diagram of FIG. 33, it is
preferred tht the TFT comprise the first transistor (Trl) 55
and the second transior (Tr2) 56, and that further the TFT
constitute the electric switch.

[0161] Consequently, switching is executed by inputting a
scanning pulse and a signal pulse through the XY matrix, so
that the organic EL element 26 can be driven.

[0162] More specifically, an image can be displayed by
inducing or stopping light emission from the organic EL
element 26 by means of the electric switch.

[0163] When the organic EL element 26 is driven in this
way by means of the electric switch, a desired first transistor
55 is selected by a scanning pulse transmitted through the
scanning electrode line (which may be referred to as a gate
line) (Yj-Yj+n) 50 as well as a signal pulse transmitted
through the signal electrode line (Xi-Xi+n) 51, so that a
given electrical charge is supplied to the condenser 57
formed between the common electrode line (Ci-Ci+n) 52
and the source 45 of the first transistor (Trl) 55.

[0164] In this way, the gate voltage of the second transistor
(Tr2) 56 turns into a constant value and the second transistor
(Tr2) 56 turns into an ON state. Since in this ON state the
gate voltage is held until a next gate pulse is transmitted,
electric current continues to be supplied to the lower elec-
trode 22 connected to the drain 47 of the second transistor
(Tr2) 56.

[0165] Accordingly, the organic EL element 26 can be
driven by the supplied current. Thus, the driving voltage for
the organic EL element 26 can be significantly reduced and
the luminous efficiency thereof improves. Moreover, power
consumption can be reduced.

[0166] 4. Electrically Connecting Member
[0167] (1) Structure 1
[0168] As shown in FIG. 1, in the first embodiment, it is

necessary to make the electrically connecting member 28
oblique. Because it is easy to form the electrically connec-
tion element 28. Furthermore, good connection reliability
can be obtained since the electrically connecting member 28
acts like a spring between the organic EL element 26 and the
TFT 14.

[0169] In case that the electrically connecting member 28
is made oblique, as shown in FIG. 1, it is preferred that the
inclination angle (0) (the angle how the electrically con-
necting member 28 is inclined to the horizontal plane 100)
be set to a value within the range of 10° to 80°.

[0170] The reason for this is as follows. If this inclination
angle is greater than 80°, it may be difficult to form the
electrically connecting member. On the other hand, if the
inclination angle is smaller than 100, the aperture ratio may
be significantly lowered.

[0171] Therefore, the inclination angle of the electrically
connecting member is more preferably set to a value within
the range of 20° to 70°, and is still more preferably set to a
value within the range of 30° to 60°.
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[0172] (2) Structure 2

[0173] As shown in FIG. 1, it is preferred that a side end
61 of the color-converting medium 60 constitute an inclined
plane 62 and that the electrically connecting member 28 be
disposed along this inclined plane 62.

[0174] Such a structure makes it possible to use the side
end 61 of the color-converting medium 60 as a supporting
section for the electrically connecting member 28 and to
easily dispose the inclined electrically connecting member
28 on the color-converting medium 60.

[0175] Such a structure makes it possible that the electri-
cally connecting member 28 follows the expanding color-
converting medium 60 easily even if the color-converting
medium 60 is heated and thermally expands. Thus, superior
connection reliability can be obtained. The inclined electri-
cally connecting member 28 can easily be made, for
example, only by forming the side end 61 of the color-
converting medium 60 in such a way to be the inclined plane
62 having an inclination angle of 10° to 80° and by depos-
iting thereon a metal thin film with a sputtering method or
the like.

[0176] (3) Structure 3

[0177] Apartof the inclined electrically connecting mem-
ber preferably contains a horizontal portion or a vertical
portion. Therefore, for example, as shown in FIG. 5, the
electrically connecting member 28 is preferably formed
step-shaped.

[0178] Such a structure causes the electrically connecting
member 28 to act like a spring between the organic EL
element 26 and the TFT 14, and makes the electrically
connecting member 28 adhere to the inclined plane well.
Thus, better connection reliability can be obtained.

[0179]

[0180] As shown in FIG. 6, it is preferred that an electric
insulator material be used to form an oblique member 63
attached to the side end 61 of the color-converting medium
60.

[0181] Providing the oblique member 63 makes it possible
to give superior connection reliability via the electrically
connecting member 28 even if the color-converting medium
60 is thermally expanded, since the oblique member 63
functions as a buffer member. Providing the oblique member
63 makes it possible to form the inclined electrically con-
necting member 28 easily without causing the color-con-
verting medium 60 to have any inclined plane. This oblique
member may be formed as a flattening film on the color-
converting medium.

[0182] TItis preferred that the oblique member 63 be made
of the electric insulator material similar to that for the
inter-insulator. Therefore, it is preferred to use, for example,
acrylic resin, polyimide resin, fluorine resin, polyolefin
resin, epoxy resin, silicon oxide (Si0,), aluminum oxide
(AL,), titanium oxide (Ti0,), silicon nitride (Si,N,), or the
like.

[0183] The form of the oblique member 63 is not limited
so long as it partially has an inclined plane. In general, the
oblique member preferably has a triangular form.

(4) Structure 4
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[0184] (5) Structure 5

[0185] As shown in FIG. 7, it is also preferred that by
making two inclined planes, which roughly take a V-shaped
form, in a middle part of the color-converting medium 60,
two electrically connecting members (a first electrically
connecting member 27 and a second electrically connecting
member 28) are provided adjacent the V-shaped inclined
planes.

[0186] Such a structure makes it possible to make the
connection resistance lower since the two electrically con-
necting members 27 and 28 are electrically connected to the
lower electrode 22, and makes it possible to improve the
connection reliability.

[0187] The respective inclination angle (8) of the two
electrically connecting members 27 and 28 are preferably set
to values within the range of 40° to 80°. Setting this
inclination angle makes it possible to lower decreasing the
aperture ratio of pixels even if the two electrically connect-
ing members 27 and 28 are disposed.

[0188] It is not necessarily required to make the inclina-
tion angles (8) of the electrically connecting members 27
equal to that of the electrically connecting member 28. On
one hand, the inclination angle of the first electrically
connecting member 27 may be set to a value within the
range of 10° to 40°. On the other hand, the inclination angle
of the second electrically connecting member 28 may be set
to a value within the range of 40° to 80°.

[0189] (6) Structure 6

[0190] As shown in FIG. 8, it is preferred that an electri-
cally connecting member 40 be an inclined via hole formed
through inside the inter-insulator 13 or in a boundary area
between the inter-insulator 13 and the color-converting
medium 60.

[0191] If the electrically connecting member 40 is the via
hole as described above, it is easy to make the electrically
connecting member 40 be inclined. Moreover, good electric
connection properties can be obtained since the contact area
with the lower electrode 22 and the contact area with the
TFT 14 can be made large.

[0192] Tt is preferred to set the diameter of the via hole,
which is actually the electrically connecting member 40, to
avalue within the range of 0.1 to 100 um. The reason for this
is as follows. If the diameter of the via hole is smaller than
0.1 um, it may be difficult to form the via hole. The
connection reliability may be lowered. On the other hand, if
the diameter of the via hole is greater than 100 pm, it may
be difficult to form the via hole. A short circuit may happen
between the adjacent via holes.

[0193] Ttis preferred that the via hole, which is nothing but
the inclined electrically connecting member 40 be formed by
photo etching or mechanical cutting, for example.

[0194] (7) Structure 7

[0195] As shown in FIG. 9, it is preferred that the elec-
trically connecting member 28 be made of an electro-
conductive inorganic material (including non-crystalline
electro-conductive oxide) and that a part or the entire surface
of the electrically connecting member be provided with the
metallized portions 31 and 35.

[0196] Such a structure makes it possible to make lower
the connection resistance at each of electrically connecting



US 2005/0110716 Al

sites between the electrically connecting member 28 and the
lower electrode of organic EL element 26, as well as the ones
between the electrically connecting member 28 and the TFT

14.

[0197] Two of the metallized portions 31 and 35 may be
made of the same forming material or made of different
materials. Preferred examples of the material of the metal-
lized portions include aluminum, platinum, gold, silver,
copper, palladium, nickel, chromium, tantalum, tungsten,
molybdenum, titanium, titanium nitride (TiN), tantalum
nitride (TaN), silver-palladium-copper alloy (APC) and the
like or a combination selected therefrom. By using these
metals, the connection resistance of the connecting ends can
surely be made low.

[0198] It is particularly preferred that titanium, molybde-
num, chromium or APC is used in the metallized portion 31,
and chromium or tungsten be used in the metallized portion
35. Such a structure makes it possible to lower the connec-
tion resistance of the connecting ends at the upper side (31)
as well as the lower side (35) and to improve corrosion-
resistance of the both sides.

[0199] Furthermore, the method for forming the metal-
lized portions is not limited. It is preferred to adopt, for
example, a plating method, a vapor deposition method, or a
sputtering method.

[0200] When deciding the thickness of the metallized
portions, it is preferred to take into consideration the con-
nection resistance of the electrically connection spots. Spe-
cifically, it is preferred to set the thickness to a value within
the range of 0.01 to 50 um.

[0201] The reason for this is as follows. If the thickness of
the metallized portions is smaller than 0.01 um, the connec-
tion resistance of the electrically connection spots may not
be lowered. On the other hand, if the thickness is greater
than 50 um, it may take much time to form the metallized
portions.

[0202] Therefore, the thickness of the metallized portions
is more preferably set to a value within the range of 0.01 to
30 um, and is still more preferably set to a value within the
range of 0.03 to 10 um.

[0203]

[0204] The thickness of the electrically connecting mem-
ber 28 is preferably set to a value within the range of 0.01
to 100 uM.

[0205] The reason for this is as follows. If the thickness of
the electrically connecting member is smaller than 0.01 um,
the durability thereof may deteriorate. Further, Its resistance
loss may become significantly large. On the other hand, if
this thickness is greater than 100 um, it may take very much
time to form the electrically connecting member. Further, the
electrically connecting member may become brittle.

(8) Structure 8

[0206] Therefore, the thickness of the electrically connect-
ing member is more preferably to a value within the range
of 0.01 to 80 um, and still more preferably set to a value
within the range of 0.03 to 50 um.
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[0207] (9) Constituent material
[0208] (1) Kind 1

[0209] The constituent material of the electrically con-
necting member 28 is not limited as long as it is conductive.
Specific examples of such material include metal materials,
alloy materials, electro-conductive inorganic materials,
organic electric conductors, and carbon compounds.

[0210] Preferred examples of the metal materials include
aluminum (Al), platinum (Pt), palladium (Pd), gold (Au),
silver (Ag), copper (Cu), nickel (Ni), solder (Pd/Sn alloy),
tin (Sn), lead (Pd), magnesium (Mg), molybdenum (Mo),
indium (In), chromium (Cr), tantalum (Ta), titanium (Ti),
tungsten (W), and silver-palladium-copper (APC), and the
like or a combination selected therefrom.

[0211] In case that nickel (Ni) is used, electrolytic nickel
obtained by electrolysis polymerization is preferred. This is
because this electrolytic nickel is superior in etching prop-
erties and toughness.

[0212] (Q)Kind 2

[0213] Preferred examples of the electro-conductive inor-
ganic material which constitutes the electrically connecting
member 28 include indium tin oxide (ITO), indium zinc
oxide (IZO), tin oxide (Sn0,), zinc oxide (ZnO), antimony
oxide (SbO,), ZnS, ZnSe, ZnSSe, MgS, MgSSe, CdS, CdSe,
CdTe, CdSSe and the like or a combination selected there-
from.

[0214] Among these electro-conductive inorganic materi-
als, indium zinc oxide (IZO) is preferred since IZO can be
made non-crystalline within a wide sintering temperature
range, for example, of 100 to 700° C., as will be described.
The durability of the obtained electro-conductive inorganic
material (thin film) is also superior.

[0215] With indium zinc oxide (IZO), the electrically
connecting member 28 can be formed by using a sol-gel
method. Therefore, it is preferred to employ, as the starting
material, a carboxylate such as indium acetate or zinc
acetate, an inorganic indium compound such as zinc chlo-
ride, or an indium alkoxy compound such as indium ethox-
ide or zinc ethoxide.

[0216] When employing an indium zinc oxide (IZO) for
forming the electrically connecting member 28, the molar
ratio (represented as In/(In+Zn)) is preferably set to a value
within the range of 0.5 to 0.95.

[0217] The reason is as follows. When the molar ratio of
indium is smaller than 0.5, the transparency as well as the
electrical conductivity may be lowered. On the other hand,
if the molar ratio of indium is greater than 0.95, IZO may
easily be crystallized.

[0218] Accordingly, the molar ratio (In/(In+Zn)) of
indium is more preferably set to a value within the range of
0.75 to 0.90, and still more preferably set to a value within
the range of 0.8 to 0.90.

[0219] The molar ratio of indium can be measured by ICP
(Inductively Coupled Plasma) analysis, AES analysis
(Auger Electron Spectroscopy), XPS (X-ray Photoconduc-
tor Spectroscopy) or the like.

[0220] () Kind 3
[0221] Among the electro-conductive inorganic materials

of which the electrically connecting member 28 is made,
non-crystalline electro-conductive oxides are preferred as



US 2005/0110716 Al

described above. Because the properties of the non-crystal-
line electro-conductive oxide, such as superior moisture-
resistance and heat-resistance, are useful for giving good
electric connection between the organic EL element and the
TFT.

[0222] Superior eiching property of the non-crystalline
electro-conductive oxide is useful for easily forming the
electrically connecting member having superior precision.

[0223] However, a crystalline structure may be partially
contained in the materials of the electrically connecting
member. The content of the crystalline structure, however, is
preferably restricted up to 3% by weight, more preferably up
to 1% by weight, and still more preferably up to 0.5% by
weight.

[0224] The non-crystallinity of the constituent materials of
the electrically connecting member can easily be controlled
by adjusting the conditions (including the kind of a target)
of a vacuum vapor deposition method or a sputtering
method, as well as by adjusting or the kind or the amount of
a dopant to be added. The non-crystallinity of such constitu-
ent materials can be checked by measuring the X-ray
diffraction structure thereof.

[0225] For example, FIG. 10 shows an example of X-ray
diffraction chart of indium zinc oxide (IZO). From the fact
that no crystal peak can be observed within the range of 5°
to 60° for 20, it can be confirmed that the constituent
material of the electrically connecting member is non-
crystalline.

[0226] (%) Kind 4

[0227] Ttis also preferred that the non-crystalline electro-
conductive oxide of the electrically connecting member 28
contains a dopant. Adding the dopant makes it easy to adjust
the conductivity of the non-crystalline electro-conductive
oxide.

[0228] Examples of such a dopant include Sn, Sb, Ga, Ge
and the like or a combination selected therefrom.

[0229] In case of a sputtering method, such a dopant
should previously be mixed with a sputtering target and
thereafter the sputtering target is used to perform sputtering.
On the other hand, in case of a sol-gel method, it is preferred
to add such a dopant as an alkoxy compound such as
dimethoxy tin, trimethoxy antimony, triethoxy gallium and
tetramethoxy germanium, or a chloride such as tin chloride,
antimony chloride, gallium chloride and germanium chlo-
ride because such a compound can be uniformly added in the
state of sol.

[0230] The added amount of the dopant is preferably set to
a value within the range of 0.1 to 30% by weight of the total
non-crystalline electro-conductive oxide.

[0231] The reason for this is as follows. If this added
amount of the dopant is smaller than 0.1% by weight, the
effect of adding may not be obtained. On the other hand, if
the amount of the dopant is greater than 30% by weight, the
heat-resistance or the moisture-resistance may be lowered.

[0232] Accordingly, the added amount of the dopant is
more preferably set to a value within the range of 1 to 25%
by weight of the total non-crystalline electro-conductive
oxide, and still more preferably set to a value within the
range of 10 to 20% by weight thereof.
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[0233] (5)Kind 5

[0234] Preferred examples of the organic electric conduc-
tor of which the electrically connecting member 28 is made
include electro-conductive conjugated polymers, oxidant-
added polymers, reductant-added polymers, oxidant-added
low molecular weight substance, and reductant-added low
molecular weight substance.

[0235] Examples of the oxidant added to the organic
electric conductor include Lewis acids, such as iron chlo-
ride, antimony chloride and aluminum chloride. Examples
of the reductant added to the organic electric conductor
include alkali metals, alkali earth metals, rare earth metals,
alkali compounds, alkali earth compounds, and rare earth
compounds, and the like. Furthermore, examples of the
electro-conductive conjugated polymer include polyaniline
and derivatives thereof, polythiophene and derivatives
thereof, and Lewis acid added amine compound layers, and
the like.

[0236] The carbon compound is preferably amorphous
carbon, graphite, or diamond-like carbon.

[0237] (6) Resistivity

[0238] The resistivity of the material for the electrically
connecting member 28 is preferably set to a value of 1x10~>
Q-cm or less.

[0239] The reason is that if this resistivity is greater than
1x107® Q-cm, resistance loss becomes excessively large so
that the switch operation of the TFT may be obstructed.

[0240] Accordingly, the resistivity of the constituent mate-
rial in the electrically connecting member is more preferably
set to a value of 5x10™* Q-cm or less, and still more
preferably set to a value of 1x10™* Q-cm or less.

[0241] @ Surface Resistance

[0242] The surface resistance of the electrically connect-
ing member 28 is preferably set to a value within the range
of 0.01 to 100 Q/O1.

[0243] The reason for this is as follows. If this surface
resistance is smaller than 0.01 /0, the kinds of the usable
materials are excessively limited and further the property of
electric connection to the lower electrode (transparent elec-
trode) made of ITO, IZO or the like may be lowered. On the
other hand, if the surface resistance is greater than 100 /7,
resistance loss becomes excessively large so that the switch
operation of the TFT may be obstructed.

[0244] Accordingly, the surface resistance of the electri-
cally connecting member is more preferably set to a value
within the range of 0.1 to 20 /0, and still more preferably
set to a value within the range of 0.1 to 10 /0.

[0245] 5. Color-Converting Medium

[0246] The color-converting medium is a color filter or a
fluorescent medium for emitting light having a color differ-
ent from that of clectroluminescence, which will be
described. The color-converting medium of the present
invention also includes a combination of these.
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[0247] (1) Color Filter
[0248] (D Structure

[0249] The color filter is provided to decompose or cut
light, thereby adjusting color or improving contrast. The
color filter is constituted by pigment (dye) layer made only
of a pigment (dye), or a layered-product wherein a pigment
(dye) is dissolved or dispersed in a binder resin.

[0250] Tt is preferred that the color filter contain three
pigments of blue, green and red. Combining such a color
filter with an organic EL element emitting white light makes
it possible to give the three primary colors of light, that is,
blue, green and red, thereby attaining full color display.

[0251] Like the fluorescent medium, the color filter is
preferably patterned by printing method or photolithography
method.

[0252] (@) Thickness

[0253] The thickness of the color filier is not limited so
long as it sufficiently receives or absorb the luminescence of
the organic EL element without disturbing color-converting
function. The thickness is preferably set to a value within the
range of 10 nm to 1 mm, more preferably to a value within
the range of 0.5 um to 1 mm, and still more preferably to a
value within the range of 1 um to 100 um.

[0254] If the thickness of the color filter is 5 um or more,
the level of the lower electrode has proved to be elevated,
thereby the reliability of the electric connection being low-
ered between the lower electrode and the TFT. Therefore, it
can be said that the inclined electrically connecting member
of the present invention can exhibit the effect more effec-
tively in case that the thickness of the color filter is 5 um or
more.

[0255] (2) Fluorescent Medium
[0256] (1) Structure

[0257] The fluorescent medium in the organic EL display
device has a function of absorbing luminescence of the
organic EL element and of emitting fluorescence having a
wavelength longer than the electroluminescence. The fluo-
rescent medium is formed in the form of layered pieces
which is horizontally separated from each other and
arranged. The respective fluorescent medium pieces are
preferably arranged corresponding to luminous areas of the
organic EL elements, for example, at the cross portions of
the lower electrodes and the upper electrodes. This is
because the respective fluorescent medium piece is able to
emit the luminescence having a color (wavelength) different
from that of the incident light when the organic luminous
layer at the cross portions of the lower electrodes and the
upper electrodes emits light. Even if the organic element
emits only blue light, it is possible to obtain three primaries
(blue, green and red) by converting such blue light to red and
green with the fluorescent medium. Thus, full color display
is completed.

[0258] It is also preferred to arrange, between the fluores-
cent medium pieces, a shading layer (black matrix) for
blocking off the luminescence emitted from each organic EL
element and the light incident from the respective fluores-
cent medium piece and for improving contrast so as to
reduce the dependency upon the viewing angle. This shading
layer corresponds to the member 13 of FIG. 1, for example.

May 26, 2005

The shading layer can be obtained by blackening the mem-
ber or by making the member non light-transmissible.

[0259] The fluorescent medium may be combined with the
above-described color filter in order to prevent the lowering
of contrast due to outdoor daylight.

[0260] @ Forming Method

[0261] In case that the fluorescent medium is mainly made
of a fluorescent pigment (dye), it is preferred that the
pigment film be formed by vacuum vapor deposition or
sputtering method through a mask for obtaining a desired
fluorescent medium pattern.

[0262] On the other hand, in case that the fluorescent
medium is made of a fluorescent pigment (dye) and resin, it
is preferred to subject the fluorescent pigment and the resin
to mixing, dispersing or solubilizing process so as to prepare
a liquid product, subsequently to make the liquid product be
a film by a spin coating method, a roll coating method, a
casting method or the like, and further subsequently to
pattern the film into a desired pattern by a photolithography
method, a screen printing method or the like.

[0263] (3) Thickness

[0264] The thickness of the fluorescent medium is not
limited as far as the fluorescent medium is not to thick to
receive (absorb) the luminescence emitted from the organic
EL element and to perform the fluorescence-generating
function. For example, the thickness is preferably set to a
value within the range of 10 nm to 1 mm, more preferably
set to a value within the range of 0.5 ym to 1 mm, and still
more preferably set to a value within the range of 1 ym to
100 ym.

[0265] If the thickness of the fluorescent medium is 5 um
or more, the reliability of the electric connection between the
lower electrode and the TFT is lowered. This is the same as
the case of the color filter. Therefore, the inclined electrically
connecting member of the present invention can exhibit its
effect more effectively only when the thickness of the
fluorescent medium is 5 um or more.

SECOND EMBODIMENT

[0266] As shown in FIG. 11, the organic EL display
device in the second embodiment is an active-driving type
organic EL display device 36 comprising a supporting
substrate 10, a TFT 14 and a color-converting medium 60
formed thereon, an organic EL element 26 formed on the
color-converting medium 60, an electrically connecting
member 28 for connecting the TFT 14 electrically to a lower
electrode 22 of the organic EL element 26, and a sealing
member 38 for covering the surroundings of the organic EL
element 26 and the like.

[0267] In the second embodiment, there is provided the
organic EL display device wherein a part or the whole of the
color-converting medium 60 is embedded in both or either
of the inter-insulator (including a gate insulation film or a
flattening film) 12, 13 and the supporting substrate 10.
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[0268] Referring to FIGS. 11 and 12, the second embodi-
ment will be described hereinafter.

[0269] (1) Embedding Structure

[0270] As shown in FIG. 11, in the organic EL display
device 36 of the second embodiment, a part of the color-
converting medium 60 is preferably embedded in both or
either of the inter-insulators 12, 13 and the supporting
substrate 10.

[0271] Such a structure makes it possible to fix the color-
converting medium 60 firmly without using any special
fixing means, and to lower the level of the lower electrode
22 formed thereon.

[0272] Therefore, the handling of the color-converting
medium 60 becomes easy and further a level difference
between the level of the electrically connecting spot (drain
electrode) in the TFT 14 and the one of the electrically
connecting spot in the lower electrode 22 can be made small.

[0273] Thus, the electrically connecting member 28 can be
made short, so that making electric connection becomes
easy and the resistance loss in the electrically connecting
member can be made small.

[0274] How much the color-converting medium is embed-
ded should be decided based on the easiness of electric
connection between the TFT and the lower electrode and the
reliability of the connection. Specifically, the embedded
quantity of the color-converting medium is preferably set to
a value within the range of 0.1 to 20 um.

[0275] The reason for this is as follows. If this embedded
quantity is smaller than 0.1 um, the electrically connecting
member 28 is hardly made short in case that the color-
converting medium is thick. On the other hand, if the
embedded quantity is greater than 20 um, it may be difficult
to embed the color-converting medium.

[0276] Therefore, this embedded quantity is more prefer-
ably set to a value within the range of 0.2 to 15 um, and still
more preferably set to a value within the range of 0.3 to 10
M.

[0277] The method of embedding the color-converting
medium in the inter-insulators or the supporting substrate is
not limited. It is preferred that a part of the color-converting
medium be embedded, for example, by cutting or etching the
corresponding spot of the inter-insulators or the supporting
substrate. By forming the color-converting medium on the
supporting substrate before forming the inter-insulators, it is
also possible to easily embed the color-converting medium
in the inter-insulators.

[0278] Although FIGS. 11 and 12 illustrate an example
wherein the color-converting medium 60 is partially embed-
ded in the inter-insulators 12 and 13, it is also preferred to
embed the color-converting medium in both of the support-
ing substrate 10 and the inter-insulators 12 and 13. Other-
wise, it is also preferable to omit the inter-insulators 12, 13
and to embed a part or the whole of the color-converting
medium 60 only in the supporting substrate 10.

[0279]

[0280] As shown in FIG. 12, in the second embodiment,
a level adjusting layer 33 for adjusting the level of the TET
14 is preferably disposed between the TFT 14 and the
supporting substrate 10.

(2) Position Adjusting Layer
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[0281] Such a structure makes it possible to elevate the
level of the connection spot in the TFT 14 formed on the
position adjusting layer 33 only by changing the thickness of
the position adjusting layer 33. Therefore, it is possible to
make small the level-difference between the level of the
electrically connecting spot in the TFT 14 and the one of the
electrically connecting spot (drain electrode) in the lower
electrode 22, to make the electrically connecting member 28
short, and to make small the resistance loss in the electrically
connecting member 28.

[0282] The thickness of the level adjusting layer should be
decided based upon the easiness of the electric connection
between the TFT and the lower electrode and the reliability
of the connection. Specifically, the thickness of the level
adjusting layer is preferably set to a value within the range
of 0.1 to 20 um.

[0283] The reason is as follows. If the thickness of the
position adjusting layer is smaller than 0.1 um, the length of
the electrically connecting member 28 is hardly made short
in case that the color-converting medium is thick. On the
other hand, if the thickness of the position adjusting layer is
greater than 20 um, it may be difficult to form the position
adjusting layer.

[0284] Therefore, the thickness of the level adjusting layer
is more preferably set to a value within the range of 0.2 to
15 pm, and still more preferably set to a value within the
range of 0.3 to 10 um.

[0285] The constituent material of the level adjusting layer
is not limited. The same electrically insulating material as
that for the inter-insulator is preferably used. Therefore, it is
preferred to use, for example, an acrylic resin, a polyimide
resin, a fluorine resin, a polyolefin resin, an epoxy resin,
silicon oxide (Si0,), sol-gel glass, aluminum oxide (AL,O5),
titanium oxide (TiO,), silicon nitride (Si;N,), a glass plate
or the like.

[0286] The method of forming the level adjusting layer is
not limited. The layer is preferably formed, using, a vapor
deposition method, a sputtering method, a printing method,
an adhesion method, or a photo-curing method using a
photo-curing resin as well as by means of etching or
sandblasting of spots other than the position adjusting layer.

[0287] (3) Sealing Member

[0288] It is preferred that the sealing member in the
organic EL display device is disposed to the periphery of the
organic EL display device in order to prevent water from
invading inside. Otherwise, or further, a known sealing
medium, for example, drying agent, dry gas, or inert liquid
such as fluoride hydrocarbon, can be inserted into a space
between the organic EL display device and the sealing
member fitted as described above.

[0289] For such a sealing member, the same kind of
material as that for the supporting substrate, such as a glass
plate or a metal plate, can be used. The form of the sealing
member is not limited. The sealing member is preferably
formed plated-shaped or cap-shaped, for example. In case
that the sealing member is formed plate-shaped, its thickness
is preferably set to a value within the range of 0.01 to 5 mm.

[0290] Furthermore, it is also preferred that a groove or the
like be formed in a part of the organic EL display device and
that the sealing member be injected into the groove and fixed
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thereto. Otherwise, it is also preferred that a photo-curing
type adhesive agent or the like be used to fix the sealing
member onto a part of the organic EL display device.

THIRD EMBODIMENT

[0291] The third embodiment relates to a method for
producing the organic EL display device 30 of the first
embodiment, illustrated in FIG. 1. The third embodiment is
specifically a method of producing the active-driving type
organic EL display device 30 comprising, the TFT 14
embedded in the inter-insulator 12 formed on the supporting
substrate 10, the organic EL element 26 formed on the
inter-insulator 12 and including the organic luminous
medium 24 sandwiched between the upper electrode 20 and
the lower electrode 22, and the electrically connecting
member 28 for electrically connecting the TFT 14 to the
organic EL element 26.

[0292] In the third embodiment, as shown in FIGS. 13(a)
to 13(e), FIGS. 14(f) to 14(i) and FIGS. 15(a) to 15(i), there
is provided a method for forming the organic EL display
device 30 comprising the steps of forming the TFT 14,
forming the inclined electrically connecting member, and
forming the organic EL element 26.

[0293] Hereinafter, referring to these figures and others,
the characteristic parts of the third embodiment will be
described.

[0294] (1) Step of Forming a Thin Film Transistor (TFT)

[0295] Referring to FIGS. 15(a) to 15(}), the step of
forming a TFT (the steps of producing an active matrix
substrate) will be described.

[0296] (1) Forming an Active Layer

[0297] As shown in FIG. 15(a), an a-Si layer 70 is first
deposited on the supporting substrate 10 in a manner such as
low pressure chemical vapor deposition, LPCVD).

[0298] The thickness of the a.-Si layer 70 is preferably set
to a value within the range of 40 to 200 nm. The substrate
10 is preferably a crystalline material such as quartz, and is
more preferably low-expandable glass. In case that a low-
expandable glass substrate is used, a production process is
carried out at a low temperature, preferably up to 1000° C.,
more preferably up to 600° C. in order to avoid the melting
or strain of the glass substrate throughout the production
process or avoid the dopant’s out-diffusion into active
regions.

[0299] Next, as shown in FIG. 15(b), an excimer laser
such as a KrF (248 nm) laser is radiated onto the .-Si layer
70 to perform annealing crystallization thereby obtaining
polysilicon (see SID ’96, Digest of technical papers, pp.
17-28).

[0300] Referring to the annealing conditions for this exci-
mer laser, the temperature of the substrate is preferably set
to a value within the range of 100 to 300° C. In addition, the
dose of the excimer laser is set to a value within the range
of 100 to 300 mJ/cm®, respectively.

[0301] Next, as shown in FIG. 15(c), the polysilicon
crystallized by the annealing is patterned into an island form
by photolithography. CF, gas is preferably used for the
etching gas since superior resolution can be obtained.
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[0302] Next, as shown in FIG. 15(d), an insulator gate
material 72 is deposited on the surfaces of the island-
patterned polysilicon 71 and the substrate 10 by chemical
vapor deposition (CVD) or the like, so as to prepare a gate
oxide insulator layer 72.

[0303] This gate oxide insulator layer 72 is preferably
made of silicon dioxide so that chemical vapor deposition
(CVD) such as plasma enhanced CVD (PECVD) or low
pressure CVD (LPCVD) can be applied to the layer 72.

[0304] The thickness of the gate oxide insulator layer 72
is preferably set to a value within the range of 100 to 200
nm.

[0305] The temperature of the substrate preferably ranges
from 250 to 400° C. In order to obtain an insulator gate
material of a higher quality, it is preferred that annealing
treatment be conducted at 300 to 600° C. for about 1 to about
3 hours.

[0306] Next, as shown in FIG. 15(e), a film of a gate
electrode 73 is formed by vapor deposition or sputtering.
Preferred examples of the material for the gate electrode 73
include TaN and Al and the like. The thickness thereof is
preferably set to a value within the range of 200 to 500 nm.

[0307] Next, as shown in FIGS. 15() to 15(%), the gate
electrode 73 is patterned and thereafter anodic oxidization is
performed. When an Al gate is used, the anodic oxidization
is preferably performed two times to complete insulation, as
shown in FIGS. 15(f) to 15(h). The method of the anodic
oxidization could be the same as those can be made to the
same content as disclosed in Japanese Patent Application
Publication No. 8-15120.

[0308] Next, as shown in FIG. 15(;), an n+ doped region
or a p+ doped region is formed by ion doping (ion implan-
tation), thereby forming an active layer for a source and a
drain. In order to perform the ion doping effectively, it is
preferred to introduce nitrogen gas during the ion doping
and to heat treatment at 200 to 400° C. for 1 to 10 hours.

[0309] The gate electrode 73 is preferably made of poly-
silicon obtained from a-silicon. Namely, after the polysili-
con gate electrode 73 is formed on the gate insulation layer,
the resultant product is subjected to ion-implantation with an
n-type dopant such as arsenic. Subsequently, the resultant
product is patterned into an island form by photolithography
in such a manner that source regions and drain regions can
be formed in the polysilicon region.

[0310] The above-described gate electrode 73 can be
supplied as a scanning electrode and/or a bottom electrode
of a condenser.

[0311] (2) Forming Signal Electrode Lines and Common
Electrode Lines

[0312] After an electric insulation layer, for example, an
SiO layer, is formed on the active layer (not shown) by
ECRCVD (electron cyclotron resonance chemical vapor
deposition), signal electrode lines and common electrode
lines (which may be referred to wiring electrodes) are
formed and electrically connected to each other. Specifically,
of the following steps are conducted: forming signal elec-
trode lines and common electrode lines; forming upper
electrodes of condensers; connecting electrically the source
of the second transistor (Tr2) 56 to the common electrode
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line; connecting electrically the drain of the first transistor
(Trl) 55 to the signal electrode line.

[0313] Together with performing these steps, it is pre-
ferred to form metal lines made of Al alloy, Al, Cr, W, Mo
or the like by a photolithography method and further to form
contacts such as the drains and the sources of the first
transistor (Trl) 55 and the second transistor (Tr2) 56 by a
vapor deposition method, a sputtering method or the like
with openings of the electric insulation layer deposited on
the side of the surfaces of the contacts being inclined by
etching.

[0314] (3) Forming an Inter-Insulator

[0315] At the next stage, an inter-insulator made of silicon
dioxide (Si0,), silicon nitride (Si;N,), polyimide or the like
is formed on the whole of the active layer and the electric
insulation layer thereon.

[0316] The electric insulation film made of silicon dioxide
can be obtained by a PECVD method under the substrate
temperature of 250 to 400° C. with supplying TEOS (tetra-
ethoxysilane), for example.

[0317] The inter-insulator can also be obtained by
ECRCVD method under the substrate temperature of 100 to
300° C.

[0318] However, it generally takes much time to make flat
these inorganic insulator film. It is therefore preferred to
form an inter-insulator made of an organic material.

[0319] (2) Step of Forming an Electrically Connecting
Member

[0320] (D) Forming Method 1

[0321] The electrically connecting member is preferably

formed with a thin film forming method, that is, both or
either of a vacuum vapor deposition method and a sputtering
method.

[0322] Because an electrically connecting member can
easily be obtained with having a uniform thickness even if
the electrically connecting member is formed in an inclined
state.

[0323] The electrically connecting member composed of
the such a thin film is superior in durability, thereby giving
superior connection reliability even if the member is heated
or vibrated.

[0324] Conditions for the vacuum vapor deposition
method and the sputtering method are not limited. In case
that the electrically connecting member is made of IZO with
a DC sputtering method, the preferable conditions are as
follows: 0.1 to 5 Pa for sputtering gas pressure, 0.1 to 10
W/em?for electric power, 5 to 100 nm/minute for film-
depositing rate, and 50 to 200° C. for the temperature of a
sputtering face.

[0325] @ Forming Method 2

[0326] Itis also preferred to form the electrically connect-
ing member by sintering an electro-conductive paste.

[0327] 1If the electrically connecting member is an electri-
cal wiring composed of the sintered substance of the electro-
conductive paste, the electrically connecting member can be
formed only by applying the paste to the inclined portion and
thereafter heating the paste. The electro-conductive paste

May 26, 2005

has good adhesion to the lower electrode and the TFT, so
that good electric connection properties can be obtained.

[0328] Furthermore, a side of the color-converting
medium can be used for supporting the electrically connect-
ing member so that the inclined electrically connecting
member can easily be disposed. Moreover, the durability of
the electrically connecting member can be improved.

[0329] Sintering conditions of the electro-conductive
paste are not limited. For example, it is preferred to print the
electro-conductive paste in predetermined positions and
thereafter to heat the paste at 80 to 300° C. under the
non-oxygen gas for 5 minutes to 20 hours thereby forming
the electrically connecting member.

[0330] The kind of the electro-conductive paste is not
limited. For example, the paste can be composed by adding,
to a thermosetting resin such as epoxy resin or phenol resin,
powder of a metal such as Al, Pt, Au, Ag, Cu, Ni or solder,
as well as an electro-conductive inorganic material such as
IZO, In,0; or SnO, as an electro-conductive material,
together with a plasticizer or the like as a viscosity adjuster.

[0331] () Forming Method 3

[0332] As shown in FIG. 16, the electrically connecting
member 23 is preferably formed by wire bonding method.

[0333] Even if a level-difference based on the color-
converting medium 60 or the like has occurred between the
TFT 14 and the lower electrode 22 as a transparent electrode,
the TFT can easily be connected to the lower electrode 22
only by adjusting the length of the bonding wire. For
example, in case that the thickness of the color-converting
medium is t («m), by the bonding wire 1.2t to 3t (um) long,
the TFT can easily be connected to the lower electrode and
further superior connection reliability can be obtained.

[0334] A preferred kind of the material for the bonding
wire is Al, Au, Cu or the like. Because precise electric
connection can be obtained between the lower electrode and
the TFT. The resistance loss is also small.

[0335] @ Forming Method 4

[0336] As shown in FIG. 17, it is preferred to form the
electrically connecting member 28 integral with the lower
electrode 22. It will be confirmed in FIG. 17 that no seam
is drawn between the electrically connecting member 28 and
the lower electrode 22.

[0337] Consequently, it is possible to reduce the number of
the electrically connection spots and to obtain the electri-
cally connecting member having better connection reliabil-

1ty.

[0338] In order to form the electrically connecting mem-
ber integral with the lower electrode, it is preferred to adopt
a sputtering method. It is also preferred to adopt a solgel
method, which will be described later, using a non-crystal-
line electro-conductive oxide.

[0339] (5) Forming Method 5

[0340] As aforementioned, it is still preferred to form the
electrically connecting member by a sol-gel method. Spe-
cifically, a raw material solution of an indium zinc oxide is
coated and then converted with heat to a gel for preparing
material of the electrically connecting member. Subse-
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quently, the gel is patterned with a photolithography method,
thereby producing the electrically connecting member.

[0341] Using this sol-gel method, it is easy to form the
electrically connecting member made of a non-crystalline
electro-conductive oxide. Such an electrically connecting
member can be obtained without using any special forming
device. That is, it is obtained only by applying the raw
material solution onto a predetermined position and there-
after heating (sintering) as well as reducing the applied
solution. Since sintering temperature or reducing tempera-
ture is relatively low, thermal damage is hardly given to the
other constituent members. Therefore, an organic element
EL can be formed before the electrically connecting member
is formed.

[0342] The heating (sintering) condition for the gelation is
not limited. For example, heating is preferably executed at
100 to 700° C. for 5 minutes to 20 hours, and more
preferably at 250 to 500° C. for 5 minutes to 20 hours.

[0343] The reason is as follows. If the heating temperature
is slower than 100° C., the gelation may be insufficient. On
the other hand, if the heating temperature is higher than 700°
C., a crystal portion is apt to be formed.

[0344] Furthermore, the condition for the reduction is not
limited. For example, it is preferred to heat at 100 to 700° C.
for 5 minutes to 20 hours and to reduce with such a reducing
gas as hydrogen, nitrogen or argon. Heating is more pref-
erably executed at 250 to 500° C. for 5 minutes to 20 hours.

[0345] @ Forming Method 6

[0346] Itispreferred that the electrically connecting mem-
ber be made of a non-crystalline electro-conductive oxide
and that the oxide is etched with an organic acid to form a
pattern. Specifically, as shown in FIGS. 18(a) to 18(f),
photolithography method is used to form a resist film 80 on
a non-crystalline electro-conductive oxide 28 (FIGS. 18(a)
and 18(b)). Subsequently, the resist film 80 is exposed to
light 81 through a photo mask 82 (FIG. 18(c)). A part 28' of
the non-crystalline electro-conductive oxide is then revealed
by developing (FIG. 18(d)). Succeedingly, the part 28' is
etched with an organic acid so as to be patterned (FIG.
18(¢)). Finally, the resist film 80 is stripped so that the
electrically connecting member 28 is revealed (FIG. 18(f)).

[0347] Even if such a metal material as Al or Cr is used for
a part of the TFT or the organic EL element, only the
non-crystalline electro-conductive oxide is etched without
corroding such a metal material. Thus, the electrically con-
necting member 28 can be formed precisely. Furthermore,
metal migration and the like can easily be prevented.

[0348] Even in case that the electrically connecting mem-
ber is made of the non-crystalline electro-conductive oxide,
in order to make etching rate high, it is preferred to use a
phosphoric acid based etchant or a hydrochloric acid based
etchant besides the organic acid.

[0349] Preferred examples of the organic acid include
oxalic acid, acetic acid, and citric acid. Among others, oxalic
acid or acetic acid is preferred since etching the non-
crystalline electro-conductive oxide can be executed pre-
cisely.

[0350] For an etching solution, it is preferred to use, the
organic acid dissolved in water, an alcohol solvent, or a polar
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solvent or the like. Employing such a solvent makes it
possible to etch the non-crystalline electro-conductive oxide
more precisely.

[0351] In this case, it is preferred to set the concentration
of the organic acid to a value within the range of 0.1 to 50%
by weight. The reason for this is as follows. If the concen-
tration of the organic acid is smaller than 0.1% by weight,
the rate of etching the non-crystalline electro-conductive
oxide may be significantly lowered. On the other hand, if the
concentration of the organic acid is greater than 50% by
weight, the metal material such as Al or Cr may be corroded.

[0352] Therefore, the concentration of the organic acid is
more preferably set to a value within the range of 1 to 30%
by weight, and still more preferably set to a value within the
range of 3 to 20% by weight.

[0353] Although the temperature of the etching is not
limited, it is preferable to set a temperature within the range
of 20 to 100° C. The reason for this is as follows. If the
etching temperature is lower than 20° C., the rate of etching
the non-crystalline electro-conductive oxide may be signifi-
cantly lowered. On the other hand, if the etching temperature
is higher than 100° C., the metal material such as Al or Cr
may be corroded.

[0354] Therefore, the etching temperature is more prefer-
ably set to a temperature within the range of 25 to 80° C,,
and still more preferably set to a temperature within the
range of 30 to 60° C.

[0355]

[0356] As shown in FIGS. 13(a) to 13(e) and FIGS. 14(f)
to 14(7), an organic EL element can be formed in sequence
of the following steps: (7) the TFT 14 and the inter-insulator
(including the oblique member and/or the flattening film) 63
or 13 are formed; (ii) successively formed are the color-
converting medium 60, the electrically connecting member
28, the lower electrode (anode) 22, the inter-insulator (not
shown), and the organic luminous medium 24 (the organic
luminous layer, the hole injection layer, the electron injec-
tion layer and the like); (iii) the upper electrode (cathode) 20
is formed.

[0357] The color-converting medium 60 is preferably
formed by a vacuum vapor deposition method, a sputtering
method, a photolithography method, an ink-jet method, a
screen printing method, a micelle disruption method, or the
like.

[0358] The lower electrode 22 or the upper electrode 20 is
preferably formed by such a method capable of forming a
film in a dry state as a vacuum vapor deposition method or
a sputtering method.

[0359] Furthermore, the organic luminous medium 24 is
preferably formed by a vacuum vapor deposition method, a
sputtering method, a spin coating method, the Langumuir-
Blodgett method (LB method), an ink-jet method, a micelle
disruption method, or the like.

[0360] The above-described method or the order of form-
ing the organic EL element can be appropriately varied
within the scope of the objects of the present invention.

(3) Step of Forming an Organic EL Element

[0361] For example, the oblique member or the flattening
film may be formed after the color-converting medium 60 is
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formed. Alternatively, the inter-insulator 13 may be formed
at the same time when the oblique member or the flattening
film is formed.

[0362] Since the drain portion in the TFT 14 may be
eroded or contaminated when the color-converting medium
60 is formed, it is preferred to use the inter-insulator to
protect the drain portion until the electrically connecting
member 28 is formed. When the electrically connecting
member 28 is connected electrically to the drain portion, it
is preferred to etch the inter-insulator so as to form an
opening.

[0363]

[0364] Concerning the sealing step, it is preferred to form
the organic EL element, to connect this organic EL element
electrically to the TFT, and to fix these elements by covering
these elements with a sealing member.

[0365] It is also preferred to insert a sealing gas into a
space between the sealing member and the organic EL
element and the like.

[0366] Furthermore, if water is contained in the organic
luminous medium, the inter-insulators, the gate insulation
film and the like, this water may induce the dark spots or the
like to be generated in the organic EL element after sealing.
Therefore, the water content in these organic materials is
preferably set to a value of 0.05% or less by weight.

[0367] In case that a DC voltage is applied to the organic
EL element, luminescence can be observed when the anode
and the cathode are set to the polarities of + and -,
respectively. The applied voltage should be 5 to 40 V. It is
therefore preferred to drive the organic EL element before
the sealing step and to judge the quality of the deposited film
of the organic EL element.

(4) Sealing Step

EXAMPLE

[0368] Hereinafter, examples of the present invention will
be described along production and evaluation of an organic
EL display device for conversion into red luminescence.

[0369] However, organic EL display devices for conver-
sion into other luminescence colors (blue, green and like)
can be realized, and multi-colorization or full colorization
can be carried out by arranging different color-converting
media two-dimensionally in respective pixels.

Example 1
[0370] (1) Production of an Organic EL Display Device
[0371] @ Formation of TFTs
[0372] Polysilicon TFTs as shown in FIG. 1 were formed

on a glass substrate (OA2 glass, made by Nippon Electric
Glass Co., Ltd.) having a length of 112 mm, a width of 143
mm and a thickness of 1.1 mm along FIGS. 15(a) to 15(i).

[0373] At this time, aluminum was used to form gate
electrodes, scanning electrodes, and bottom electrodes of
condensers, and further a dopant was added to silicon
regions corresponding to sources and drains of the TFTs, so
as to form n* type regions.

[0374] Next, an inter-insulator (Si0,) was formed on the
resultant active layer by CRCVD method, so as to have a
thickness of 500 nm. Thereafter, as shown in FIG. 4,
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aluminum was used to form signal electrode lines, common
electrode lines, and upper electrodes of the condensers.
Furthermore, electric connection between the source elec-
trode of each second transistor (Tr2) and the common
electrode and electric connection between the drain of each
first transistor (Trl) and the signal electrode were per-
formed.

[0375] Electric connection between each TFT and each
electrode was appropriately performed by subjecting the
inter-insulator SiO, to wet etching with hydrofluoric acid
and using the thus-opened via holes.

[0376] @ Formation of a Color-Converting Medium

[0377] Next, a red color filter material (V259R:
anthraquinone type pigment-containing acrylate type resist,
made by Nippon Steel Chemical Co., Ltd.) was applied onto
the inter-insulator (Si0O,) by spin coating. After drying, spots
corresponding to portions adjacent to the TFTs in pixels
were exposed to ultraviolet rays, and then developed with
2.38% by weight TMAH (tetramethyl ammonium hydrox-
ide). Thereafter, the resultant product was subjected to
post-baking in an oven at 220° C. for 10 minutes, so as to
form a red color filter (film thickness: 1.0 uM).

[0378] Next, coumarin 6: 0.53 g, Basic Violet 11: 1.5 g,
rhodamine 6G: 1.5 g, and an acrylate type resist (V259PA,
the concentration of solid: 50%, made by Nippon Steel
Chemical Co., Ltd.): 100 g were uniformly dissolved to
prepare an ink for a red fluorescent medium. This ink was
applied onto the substrate, on which the red color filter was
previously formed, by spin coating. After drying, portions
corresponding to the red color filter were exposed to ultra-
violet rays in the state that a gap of 500 um was made
between a photo mask and the substrate. The exposed
product was developed with the above-described 2.38% by
weight TMAH. Thereafter, the product was subjected to
post-baking in an oven at 180° C. for 10 minutes, so as to
form a red fluorescent medium (film thickness: 8 ym).

[0379] In the color-converting medium composed of the
thus formed red color filter and red fluorescent medium, the
gap was made between the photo mask and the substrate
when the exposure. Therefore, the end of the color-convert-
ing medium pieces was developed and tapered by diffraction
of the light. As a result, the angle made between the side of
the color-converting medium pieces and the substrate along
the plane direction was 45°. Thus, it is possible to use the
end of the color-converting medium pieces as an oblique
member.

[0380] @ Formation of Electrically Connecting Members

[0381] Next, opening portions in the inter-insulator (Si0,)
were made along the end of the color-converting medium
pieces by etching method. Electrically connecting members
were formed through the opening portions (inclination
angle: 45°) to attain connection to drains of the second
transistors (1r2). In other words, oblique ends of the color-
converting medium pieces were used to deposit the electri-
cally connecting members made of Al and having a thick-
ness of 100 nm into the whole opening portions by vapor
deposition method. Next, photolithography method was
used to form a pattern.
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[0382] (4) Formation of Anodes (Lower Electrodes)

[0383] AnIZO film having a film thickness of 200 nm was
deposited on the whole of the surface by sputtering method.
A positive resist HPR204 (made by Fuji-Hunt Electronics
Technology Co., Ltd.) was applied onto this IZO film by
spin coating. The resultant product was exposed to ultravio-
let rays through a photo mask for giving dotted pattern as
pixels, developed with TMAH as a developing solution, and
subjected to post-baking treatment.

[0384] Next, an aqueous oxalic acid solution (concentra-
tion: 5% by weight) was used as an etchant to etch the IZO
film. An stripping solution 104 (made by Tokyo Ohka
Kogyo Co., Ltd.) was used to remove the positive resist,
thereby forming a dotted IZO pattern as anodes (lower
electrodes), and attaining electric connection between the
anodes and the electrically connecting members (Al).

[0385] @ Formation of an Inter-Insulator

[0386] Next, the above-described acrylate type resist was
applied onto the IZO pattern as pixels by spin coating, and
subsequently the resultant product was exposed to ultravio-
let rays through a photo mask for covering the edge of the
1ZO pattern and TFTS. Thereafter, TMAH was used as a
developing solution to develop the product, and further the
developed product was subjected to baking treatment at 180°
C. so as to be made to a TFT substrate having an inter-
insulator.

[0387] (6) Dehydrating Step

[0388] The resultant TFT substrate was cleaned with iso-
propyl alcohol and ultraviolet rays, and then moved to a
dehydrating unit for performing a dehydrating step. That is,
the TFT substrate was put in a dry box having an inert gas
(nitrogen) circulating section, a dew point controlling sec-
tion, and a heating device section (hot plate).

[0389] The hot plate was used to heat the substrate in the
dry box up to 80° C. While dry nitrogen was introduced
thereto in this state, the dew point was lowered to -50° C.
The TFT substrate was allowed to stand still for about 2
hour, to remove water in the color-converting medium and
the inter-insulator and water adhering to the surface of the
glass substrate and the like.

[0390] @ Formation of an Organic Luminous Medium

[0391] The heating by the hot plate was stopped so that the
temperature of the glass substrate was lowered to room
temperature. Thereafter, the TFT substrate was fixed onto a
substrate holder inside a vacuum vapor deposition machine
(made by ULVAC Co., Ltd.) without exposing the substrate
to the air and with keeping the dew point.

[0392] The following materials were filled into a heating
boat made of molybdenum inside the vacuum vapor depo-
sition machine.

[0393] Hole injection material: 4,4',4-tris]N-(3-meth-
ylphenyl)-N-phenylamino Jtriphenylamine (MTDATA), and
4,4'-bis[N-(1-naphthyl)-N-phenylamino]-biphenyl(NPD),
[0394] Organic luminous material (host): 4,4'-bis(2,2-
diphenylvinyl)biphenyl (DPVBi),

[0395] Organic luminous material (dopant): 1,4-bis[4-(N,
N-diphenylaminostyrylbenzene)] (DPAVB),
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[0396] Electron injecting material: tris(8-quinolinol)alu-
minum (Alq).

[0397] As an upper electrode (cathode) material, Al—Li
alloy (Li concentration: 10% by atom) was fitted onto a
filament made of tungsten.

[0398] Next, the evacuated pressure in the vacuum vapor
deposition machine was reduced to 665x1077 Pa (5x1077
Torr), and an organic luminous medium and the like were
formed by deposition based on evacuating one time, without
breaking the vacuum state from the formation of a hole
injection layer to the formation of cathodes, in such a
manner that the following vapor deposition rate and thick-
ness would be obtained. The host material (DPVBI) and the
dopant material (DPAVB) of the organic luminous materials
were simultaneously evaporated.

[0399] MTDATA: vapor deposition rate=0.1 to 0.3
nmy/sec., thickness=60 nm,

[0400] NPD: vapor deposition rate=0.1 to 0.3 nm/sec.,
thickness=20 nm

[0401] DPVBI: vapor deposition rate=0.1 to 0.3 nm/sec.,

[0402] DPAVB: vapor deposition rate=0.03 to 0.05
nmy/sec., total thickness=50 nm

[0403] Alg: vapor deposition rate=0.1 to 0.3 nm/sec.,
thickness=20 nm

[0404] Al—Li: vapor deposition rate=0.5 to 1.0 nm/sec.,
thickness=150 nm

[0405] Sealing Step

[0406] Next, a sealing glass substrate (soda-lime glass,
made by Geomatic Co., Ltd.) was deposited on the side of
the cathodes inside a sealing unit into which dry nitrogen
was introduced, and then the surrounding thereof was scaled
with a photocuring adhesive agent TB3102 (made by Three
Bond Co., Ltd.), to produce an organic EL display device as
shown in FIG, 1.

[0407] (2) Evaluation of the Organic EL Display Device

[0408] @ Measurement of Luminescence Performance

[0409] A DC wvoltage of 7 V was applied between the
lower electrodes (IZO pattern, anodes) and the upper elec-
trodes (cathodes), through the scanning electrodes, the sig-
nal electrodes, and the common electrodes, in the resultant
organic EL display device to cause respective pixels (about
230,000 pixels), which were portions where the respective
electrodes crossed each other, to emit light. A Chroma meter
CS100 (made by Minoluta Co., Ltd.) was used to measure
the luminescence brightness so that a value of 100 cd/m* was
obtained.

[0410] The CIE chromaticity thereof was measured. As a
result, it was confirmed that red luminescence whose CIEx
was 0.65 and whose CIEy was 0.35 in the CIE chromaticity
coordinates was obtained.

[0411] () Durability Test

[0412] Next, the resultant organic EL display device was
continuously driven at room temperature for two weeks. As
aresult, the dispersion of the luminescence brightness in the
pixels was within +10%. Thus, it was confirmed that stable
display was kept at a low voltage.



US 2005/0110716 Al

Example 2
[0413] (1) Production of an Organic EL Display Device
[0414] InExample 2, oblique members were set separately

from a color-converting medium and further the inclination
angle of electrically connecting members was set to 45°. In
this way, an organic EL display device was produced.

[0415] That is, TFTs and a red color filter as a color-
converting medium were formed in the same way as in
Example 1. Next, coumarin 6: 0.53 g, Basic Violet 11: 1.5
g, thodamine 6G: 1.5 g, and an acrylate type resist (V239PA,
the concentration of solid: 50%, made by Nippon Steel
Chemical Co., Ltd.): 100 g were uniformly dissolved to
prepare an ink for a red fluorescent medium. This ink was
applied onto the substrate, on which the red color filter was
formed, by spin coating. Furthermore, portions correspond-
ing to the red color filter were exposed to ultraviolet rays in
the state that no gap was made between a photo mask and the
substrate. The exposed product was then developed with the
above-described 2.38% by weight TMAH. Furthermore, the
product was subjected to baking at 180° C., so as to form a
red fluorescent medium (film thickness: 8 um). At this time,
in the color-converting medium, no gap was made between
the photo mask and the substrate in the process of the
exposure. Therefore, diffraction of the light was not caused
so that the end of the color-converting medium pieces was
made perpendicular. As a result, the angle made between the
side of the color-converting medium pieces and the substrate
was about 90°.

[0416] Next, an acrylate type resist (V259PA) was applied
onto the resultant product by spin coating, and the product
was exposed to ultraviolet rays to form a pattern in which
opening portions were made only in drain regions of the
second transistors (Tr2). The product was then developed
with 2.38% by weight TMAH and baked at 180° C. to form
oblique members (which may be referred to flattening films,
film thickness: 2 um). That is, oblique parts wherein the
angle made between the side of the color-converting
medium pieces and the substrate along the plane direction
was 45° were made.

[0417] Next, electrically connecting members (the incli-
nation angle of the electrically connecting members was
45°), lower electrodes, organic EL element and the like were
formed in the same way as in Example 1. Thus, an organic
EL display device as shown in FIG. 6 was produced.

[0418] (2) Evaluation of the Organic EL Display Device

[0419] The resultant organic EL display device was evalu-
ated in the same way as in Example 1. In other words, about
luminescence performance, the luminescence brightness
was 98 cd/M? under the application of a DC voltage of 7V,
and the CIE chromaticity was as follows: CIEx=0.65, and
CIEy=0.35. Thus, red luminescence was obtained.

[0420] An durability test was performed in the same way
as in Example 1. As a result, the luminescence brightness of
the respective pixels was uniform (within £10%). It was
confirmed that stable display was kept at a low voltage.

Example 3
[0421]

[0422] In Example 3, oblique members which also func-
tioned as a black matrix were set separately from a color-

(1) Formation of an Organic EL Display Device
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converting medium and further the inclination angle of
electrically connecting members was set to 80°. In this way,
an organic EL display device was produced.

[0423] That is, in the same way as in Example 1, TFTs
were formed and subsequently an acrylate type resist
(V259BK, made by Nippon Steel Chemical Co., Ltd.)
containing a black pigment was applied onto the TFT
substrate by spin coating. Next, the resultant product was
exposed to ultraviolet rays through a photo mask so as to
form a pattern which opening portions were made in drain
regions of the second transistors (Tr2) and the corresponding
portions of the color-converting medium. Furthermore, the
resultant product was developed with 2.38% by weight
TMAH, and then baked at 220° C. As a result, the resist was
insufficiently photo-cured because the resist was black.
Thus, the pattern flowed so that oblique members (peak film
thickness: 10 um) which also functioned as a black matrix
and had tapered edges were formed. The angle made
between the side of the oblique members and the substrate
was 80°,

[0424] Next, a color-converting medium was made under
the same conditions as in Example 1, and further 1Z0
electrodes (anodes) which functioned as electrically con-
necting members and lower electrodes were formed. At this
time, the inclination angle of the electrically connecting
members (angle thereof to the substrate) was 80°.

[0425] Next, in the same way as in Example 1, lower
electrodes, organic EL elements, and the like were formed.
In this way, an organic EL display device as shown in FIG.
6 or 17 was produced.

[0426]

[0427] The resultant organic EL display device was evalu-
ated in the same way as in Example 1. In other words, about
luminescence performance, the luminescence brightness
was 95 cd/M? under the application of a DC voltage of 7V,
and the CIE chromaticity was as follows: CIEx=0.65, and
CIEy=0.35. Thus, red luminescence was obtained.

[0428] An durability test was performed in the same way
as in Example 1. As a result, the luminescence brightness of
the respective pixels was uniform (within £10%). It was
confirmed that stable display was kept at a low voltage.

(2) Evaluation of the Organic EL Display Device

[0429] Furthermore, it was confirmed that the presence of
the black matrix caused colors not to spread between pixels
and caused the contrast of display to be improved.

Example 4
[0430] (1) Formation of an Organic EL Display Device
[0431] In Example 4, the inclination angle of electrically

connecting members was set to 10°. In this way, an organic
EL display device was produced. That is, an organic EL
display device as shown in FIG. 1 was produced under the
same conditions as in Example 1 except that only a red color
filter (film thickness: 1.0 um) was used as a color-converting
medium, and a white luminescence organic EL element
obtained by co-evaporating rubrene (vapor deposition rate:
0.03 nm/sec.) was used as the dopant of the organic lumi-
nous material. In the resultant organic EL display device, the
inclination angle of the electrically connecting members
(angle thereof to the substrate along the plane direction) was
10°.
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[0432] (2) Evaluation of the Organic EL Display Device

[0433] The resultant organic EL display device was evalu-
ated in the same way as in Example 1. About luminescence
performance, the luminescence brightness was 60 cd/M?
under the application of a DC voltage of 7 V, and the CIE
chromaticity was as follows: CIEx=0.65, and CIEy=0.35.
Thus, red luminescence was obtained.

[0434] An durability test was performed in the same way
as in Example 1. As a result, the luminescence brightness of
the respective pixels was uniform (within £10%). It was
confirmed that stable display was kept at a low voltage.

Example 5
[0435] (1) Production of an Organic EL Display Device

[0436] The structure of an embedded color-converting
medium in an organic EL display device was investigated.
That is, in Example 1, TFTs were made, and subsequently a
photo resist film which opening portions was made in
portions where a color-converting medium was to be formed
was formed. Next, the resultant product was subjected to
sandblasting treatment. The photo resist was stripped to
make grooves having a depth of 10 um in the inter-insulator
(gate insulation layer and the like) and the supporting
substrate. In the same way as in Example 2, a red color filter
and a red fluorescent medium were embedded and formed in
the groove.

[0437] Next, an acrylate type resist was applied onto the
substrate, on which the color-converting medium was
formed, by spin coating. Furthermore, the resultant product
was exposed to ultraviolet rays so as to form a pattern which
opening portions were made only in drain regions of the
second transistors (Tr2). Thereafter, the resultant product
was developed with 2.38% by weight TMAH, and then
baked at 180° C., to form a flattening film (film thickness:
0.5 ym).

[0438] Next, electrically connecting members were
formed in the same way as in Example 1, so that a level-
difference between the drain regions of the Tr2 and the lower
electrodes became significantly small (smaller than 1.0 gm).
In the resultant organic EL display device, the inclination
angle of the electrically connecting members (angle thereof
to the substrate along the plane direction) was 45°.

[0439] Next, in the same way as in Example 1, lower
electrodes, organic EL elements, and the like were formed.
In this way, an organic EL display device as shown in FIG.
11 was produced.

[0440]

[0441] The resultant organic EL display device was evalu-
ated in the same way as in Example 1. In other words, about
luminescence performance, the luminescence brightness
was 95 ¢d/M? under the application of a DC voltage of 7V,
and the CIE chromaticity was as follows: CIEX=0.65, and
CIEy=0.35. Thus, red luminescence was obtained.

[0442] An durability test was performed in the same way
as in Example 1. As a result, the luminescence brightness of
the respective pixels was uniform (within £10%). It was
confirmed that stable display was kept at a low voltage.

(2) Evaluation of the Organic EL Display Device

May 26, 2005

Example 6
[0443] (1) Production of an Organic EL Display Device

[0444] The effect of a position adjusting layer in an
organic EL display device was investigated. That is, an
aqueous alkoxy silane solution was printed (sol-gel coating)
in spots where TFTs were to be formed in the glass substrate
of Example 1, and subsequently the resultant product was
subjected to heating treatment at 400° C. to make the gel into
glass. In this way, a position adjusting layer was formed. The
thickness of this position adjusting layer was 10 um.

[0445] Next, TFTs and a color-converting medium were
formed in the same way as in Example 2. Furthermore, an
acrylate type resist was applied onto the substrate, on which
the TFTs and the color-converting medium were formed, by
spin coating. Furthermore, the resultant product was
exposed to ultraviolet rays so as to form a pattern which
opening portions were made only in drain regions of the
second transistors (Tr2). Thereafter, the resultant product
was developed with 2.38% by weight TMAH, and then
baked at 180° C., to form a flattening film (film thickness:
0.5 um).

[0446] Next, electrically connecting members were
formed in the same way as in Example 1, so that a level-
difference between the drain regions of the Tr2 and the lower
electrodes became significantly small (smaller than 1.0 gm).
In the resultant organic EL display device, the inclination
angle of the electrically connecting members (angle thereof
to the substrate along the plane direction) was 45°.

[0447] Next, in the same way as in Example 1, lower
electrodes and organic EL elements and the like were
formed. In this way, an organic EL display device as shown
in FIG. 12 was produced.

[0448]

[0449] The resultant organic EL display device was evalu-
ated in the same way as in Example 1. In other words, about
luminescence performance, the luminescence brightness
was 100 cd/M? under the application of a DC voltage of 7
V, and the CIE chromaticity was as follows: CIEx=0.65, and
CIEy=0.35. Thus, red luminescence was obtained.

(2) Evaluation of the Organic EL Display Device

[0450] An durability test was performed in the same way
as in Example 1. As a result, the luminescence brightness of
the respective pixels was uniform (within £10%). It was
confirmed that stable display was kept at a low voltage.

Comparative Example 1
[0451]
[0452] An organic EL display device was produced in the
same way as in Example 1 except that the electrically
connecting members in Example 1 were set in the vertical

direction (the inclination angle of the electrically connecting
members: 90°) as shown in FIG. 20.

[0453]
[0454] The resultant organic EL display device was evalu-
ated in the same way as in Example 1. In other words, about
luminescence performance, the luminescence brightness
was 50 cd/M? under the application of a DC voltage of 7V,
and the CIE chromaticity was as follows: CIEX=0.65, and
CIEy=0.35. Thus, red luminescence was obtained.

[0455] Therefore, in the organic EL display device of
Comparative Example 1, its luminescence brightness was
lower than Example 1, and luminescence flickered in some
pixels and was unstable.

(1) Production of an Organic EL Display Device

(2) Evaluation of the Organic EL Display Device
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[0456] Furthermore, an durability test was performed in
the same way as in Example 1. As a result, luminescence
was not caused from some pixels. Thus, it was found that
stable display was not kept (+30% or more). The reason for
this was probably as follows. Since the inclination angle of
the electrically connecting members (angle thereof to the
substrate) was clearly about 90° (perpendicular), connection
between the drain regions of the Tr2 and the electrically
connecting members and connection between the lower
electrodes and the electrically connecting members were
made unstable.

TABLE 1

Fluores-
Inclination Color  cent
Angle Filter Medium

Luminescence Durability
Brightness Test

Example 1 45° Red  Red 100 cdfem? +10%
No oblique
member
Example 2 45° Red  Red
Oblique
members
were set.
Example 3 80° Red  Red
Oblique
members
were set.
Example 4 10° Red  None
No oblique
member
Comparative 90° Red  Red 50 cdfem® Greater
Example 1 No oblique than
member £30%

98 cd/em? +10%

95 cd/em? +10%

60 cdfcm® +10%

[0457] Industrial Applicability

[0458] According to the active-driving type organic EL
display device of the present invention, a lower electrode of
an organic EL element and a drain region of a TFT can easily
be connected electrically to each other with high connection
reliability by forming an inclined electrically connecting
member even if a color-converting medium is set onto the
side of the lower electrode to cause color display.

[0459] According to the method of producing an active-
driving type organic EL display device of the present
invention, such an active-driving type organic EL display
device can be effectively produced.

1. (canceled)

2. The active-driving type organic EL display device
according to claim 21, wherein an inclination angle of the
electrically connecting member to a horizontal plane is set to
a value within the range of 10° to 80°.

3. The active-driving type organic EL display device
according to claim 21, wherein an inclined plane is formed
in the color-converting medium, and the electrically con-
necting member is disposed along the inclined plane.

4. The active-driving type organic EL display device
according to claim 21, wherein an oblique member for
inclining the electrically connecting member is disposed at
a side end of the color-converting medium.

5. The active-driving type organic EL display device
according to claim 21, wherein the electrically connecting
member is a via hole formed in an inter-insulator between
the organic EL element and the thin film transistor.
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6. The active-driving type organic EL display device
according to claim 21, wherein the electrically connecting
member is an electric wire made of a sintered electro-
conductive paste.

7. The active-driving type organic EL display device
according to claim 21, wherein the electrically connecting
member is a bonding wire.

8. The active-driving type organic EL display device
according to claim 21, wherein the electrically connecting
member is made of indium zinc oxide (IZO).

9. The active-driving type organic EL display device
according to claim 21, wherein the lower electrode is made
of indium zinc oxide or indium tin oxide.

10. The active-driving type organic EL display device
according to claim 9, wherein the lower electrode and the
electrically connecting member are integrally made of a
non-crystalline electro-conductive oxide.

11. The active-driving type organic EL display device
according to claim 21, wherein a part of the electrically
connecting member is provided with a metallized portion.

12. The active-driving type organic EL display device
according to claim 21, wherein the thickness of the electri-
cally connecting member is set to a value within the range
of 0.01 to 100 um.

13. (canceled)

14. An active-driving type organic EL display device,
comprising an organic EL element made so as to have an
organic luminous medium sandwiched between an upper
electrode and a lower electrode, and a thin film transistor for
controlling luminescence of the organic EL element,
wherein

the luminescence of the organic EL element is taken out
from the lower electrode, the color-converting medium
is provided adjacent the lower electrode, and

a position adjusting layer for adjusting a height position of
the thin film transistor between the thin film transistor
and the supporting substrate is provided.

15. A method of producing an active-driving type organic
EL display device of claim 21 comprising an organic EL
element made so as to have an organic luminous medium
sandwiched between an upper electrode and a lower elec-
trode, a color-converting medium for converting color of EL
luminescence taken out from the lower electrode, and a thin
film transistor for controlling luminescence of the organic
EL element, comprising the steps of:

forming the thin film transistor,
forming the color-converting medium,

forming the electrically connecting member so as to be
inclined, and

forming the organic EL element.

16. The method of producing the active-driving type
organic EL display device according to claim 15, further
comprising the step of making an inclined plane in a part of
the color-converting medium, and

wherein the electrically connecting member is provided

along the inclined plane.

17. The method of producing the active-driving type
organic EL display device according to claim 15, wherein
the lower electrode and the electrically connecting member
are integrally made of the non-crystalline electro-conductive
oxide.
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18. The method of producing the active-driving type
organic EL display device according to claim 15, wherein
the electrically connecting member is formed by a vacuum
vapor deposition method or a sputtering method.

19. The method of producing the active-driving type
organic EL display device according to claim 15, wherein
the electrically connecting member is formed by a sol-gel
method.

20. The method of producing the active-driving type
organic EL display device according to claim 15, further
comprising the step of metallizing at least a part of the
electrically connecting member.

21. An active-driving type organic EL display device,
comprising an organic EL element made so as to have an
organic luminous medium sandwiched between an upper

May 26, 2005

electrode and a lower electrode, and a thin film transistor for
controlling luminescence of the organic EL element,
wherein

the luminescence of the organic EL element is taken out
from the lower electrode,

a color-converting medium is provided adjacent the lower
electrode, and the lower electrode is connected to the
thin film transistor by an inclined electrically connect-
ing member across a level difference between the lower
electrode and the thin film transistor, the level differ-
ence being generated by the color-converting medium.
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