AN R0 AL A0 A O
US 20040195959A1
a9 United States

a2 Patent Application Publication o) Pub. No.: US 2004/0195959 A1l
Park et al. (43) Pub. Date: Oct. 7, 2004

(54) DUAL PANEL-TYPE ORGANIC (52) US.Cl . 313/500; 313/506
ELECTROLUMINESCENT DEVICE AND
METHOD FOR FABRICATING THE SAME

. (57) ABSTRACT
(75) Inventors: Jae-Yong Park, Gyeonggi-do (KR);

So-Haeng Cho, Gyeonggi-do (KR)

A dual panel-type active matrix organic electroluminescent
device includes a gate line disposed along a first direction on
a first substrate, a data line disposed along a second direction

Correspondence Address:
MORGAN LEWIS & BOCKIUS LLP
1111 PENNSYLVANIA AVENUE NW

WASHINGTON, DC 20004 (US) on the. first substrate, a power line disposed along the second
direction on the first substrate and spaced apart from the data
(73) Assignee: LG.Philips LCD Co., Ltd. line to define a pixel region with the gate and data lines, the
power line and the gate line both formed of a same material
(21) Appl. No.: 10/744,108 during a same process, a switching thin film transistor
) disposed on the first substrate near a crossing of the gate and
(22) Filed: Dec. 24, 2003 data lines, a driving thin film transistor disposed on the first
. L L. substrate near a crossing of the gate and power lines, a
(30) Foreign Application Priority Data connecting pattern within the pixel region on the first
Dec. 28,2002 (IP) 2002-0086106 substrate formed of an insulating material, and a connecting
CTo T mmmmmmmmm— electrode disposed within the pixel region on the first
Publication Classification substrate to cover the connecting pattern and electrically
interconnecting the driving thin film transistor to an organic

(51) Int. CL7 e HO1J 1/62  clectroluminescent diode.

Light-emitting Direction

T U T

1
T =

152 : 1}41553 - 156b 1560 158-
~ S R

50
P
il
170~/§
o

%R}HH‘D

:‘—Sub—pixel -+



Patent Application Publication Oct. 7,2004 Sheet 1 of 40

FIG. 1
Related Art

GL

US 2004/0195959 A1

PL




US 2004/0195959 A1

Patent Application Publication Oct. 7,2004 Sheet 2 of 40

FIG. 2
Related Art




Patent Application Publication Oct. 7,2004 Sheet 3 of 40 US 2004/0195959 A1

. FIG.3
Related Art

i I



Patent Application Publication Oct. 7,2004 Sheet 4 of 40 US 2004/0195959 A1

FIG. 44
Related Art

A—
[
] .
‘\//\
)
U/\

FIG. 4B

Related Art

. lomdoping
PR

32b...32a .32 ;




Patent Application Publication Oct. 7,2004 Sheet S of 40 US 2004/0195959 A1

FIG. 4C
Related Art

B8 a1
30 40 308 38 34

I N W s ke o .

( ! | AR TR0 L M | R AP I I Y I |

|—

FIG. 4D
Related Art
' 44 a8
3}0 70 " 46a {) ;/35 ( 0 46b 46¢c 44
/ \ ‘




Patent Application Publication Oct. 7,2004 Sheet 6 of 40 US 2004/0195959 A1

- FIG. 4E
Related Art

—
S~
2
r 7
7

{/ I/ /_:_.\ ‘I.Z‘Z%E%Z-.%a- 3 i .//7 2777 /7/%——
\ -
—>32b4— 32a —»3204— 1
To > CS]’—b
FIG, 4F
Related Art

o
o
=y

. /\t
TN

T

T o
(]
o
o
.
o
=

. .
1

1=

\\\d’
—_
[~————
4+
\_—
\//\g
1/\ %
/A\mm
b ~—
Tl
iR
. i ]
N
1 N
i":‘
N b
N




Patent Application Publication Oct. 7,2004 Sheet 7 of 40 US 2004/0195959 A1

FIG. 4G
Related Art

FIG. 4H
Related Art

‘ | | ] T' \ ] | ]
NASIANTN
30 40 44 2 35 .\38 4\14 }10 (§4




Patent Application Publication Oct. 7,2004 Sheet 8 of 40 US 2004/0195959 A1

- FIG. 41
Related Art

54
v

'.;:;.://é , : / ';o;o;o;.;.:ff"::;.;.

\\
_\\
\
\ s

]
|
|—
ot |



Patent Application Publication Oct. 7,2004 Sheet 9 of 40 US 2004/0195959 A1

+—~70

 APATI OO s
SRR

oy
-

oI Sl L
/

XS

YA

ARG
X"

>
|-
Fiw
A .
| S
o —
A ) < 3 [ Q
L >N } ot
ln {'L b i (an]
b Y,
b & o]
S 3 < 1. =
E 3 -
b o
~ ] RN & -
RISR? < =
3 §
R ".:‘. |
s ", +—
o : : S
RS & -2
]| K -~
R [or
X -3
/ L
Lo

2
]
]
[
s
[~

|
o
o
<
=
3
v .
I
1

IRFEXIIT

AT LN B2

MY

1t

)
]

i
\
7

P

~, B
St 15

l—Sub-pixel

regder el sl

85



Patent Application Publication Oct. 7, 2004 Sheet 10 of 40 US 2004/0195959 A1

170
40

T )
S

—
!

BIZINE
<
71 '.-,‘
| |[4
1)
g ol
|
mlz
[
o |
= . "
§ g"‘\; E
S 2 |14 al
) = A
< = I
— mlz
E E
CID .
L o
g (.,9—— (OA\_, , r'
5 10
S || IHE
i MUl
ol L[
i’—\ <
— -1
il
iz
e ——H—-———1 ___r
_____ L _ o
X
e
= |=
b < A
o (0= = Lw
o Ry - l
~— é"'\ —— e — ——

&Eﬁ‘“ 2

)

170



Patent Application Publication Oct. 7,2004 Sheet 11 of 40 US 2004/0195959 A1

FIG. 7

238 280
{ {
\ )
IX IX
276
. ) T~
ﬂ\\-’ Cor
P 1a
11 | AN
236~ 216 ™
1,232 ) 228 | §o—2
VﬂH bl - &Az‘x" !illﬂ
222 ____N:___-.._._;& M2t
(214
; 24|
X
/ / ........ "
\ )
\ 226 / 230 | ~_218
) | ™ 282
T )

L 212

-

XI




Patent Application Publication Oct. 7, 2004 Sheet 12 of 40 US 2004/0195959 A1

FIG. 84

216

N
—
o

FIG. 8B

204
2243 o4ty

)/

_ -

VIl

220

/ \
V////\{/////\

210 )
216




Patent Application Publication Oct. 7, 2004 Sheet 13 of 40 US 2004/0195959 A1

FIG. 8C
228 ch 232
| |
| " g 220 |
! | - ;
e
|1 210 | i
? i == /  24a gg4bi :
G A
b p To g ;
VIl " VIII
FIG. 8D
256
228 ch 232 ) 248
246
1256 7 ') ) / 256 220 !
)1 J__l
/A :
= —— — | :
|1 210 |
J I :
I | !
| L To re—]—>

i _
VIII | VIl



Patent Application Publication Oct. 7, 2004 Sheet 14 of 40 US 2004/0195959 A1

FIG. 8E

FIG. 8F




US 2004/0195959 A1

Patent Application Publication Oct. 7, 2004 Sheet 15 of 40

FIG. 94

FIG. 9B

—— o o . g 4]




Patent Application Publication Oct. 7, 2004 Sheet 16 of 40 US 2004/0195959 A1

FIG. 9C

IX X
FIG. 9D
?fo
i % [ 2% i
: \
| )




Patent Application Publication Oct. 7, 2004 Sheet 17 of 40 US 2004/0195959 A1

FIG. 9E

J_JRWJ—J
| = |
238 !
|
| |
IX IX
FIG. 9F

250

280 |

2

I
S

~]



Patent Application Publication Oct. 7, 2004 Sheet 18 of 40 US 2004/0195959 A1

FIG. 104

| 218 !
| ) |
| |
| |
| |
- |
i i
X X

FIG. 10B

220

!

|

)
——

)
218

!

j

|

| i
| 5
| i
; i
| l
X X



Patent Application Publication Oct. 7, 2004 Sheet 19 of 40 US 2004/0195959 A1

FIG. 10C

| p—
m— 72

)
218

- FIG. 10D




Patent Application Publication Oct. 7, 2004 Sheet 20 of 40 US 2004/0195959 A1

FIG. 10E

FIG. 10F




Patent Application Publication Oct. 7, 2004 Sheet 21 of 40 US 2004/0195959 A1

FIG. 114

219

)
P

O T P

FIG. 11B

220

[\
N l/////;\/f/)\

)
219




Patent Application Publication Oct. 7, 2004 Sheet 22 of 40 US 2004/0195959 A1

FIG. 11C




Patent Application Publication Oct. 7, 2004 Sheet 23 of 40 US 2004/0195959 A1

FIG. 11E

FIG. 11F




Patent Application Publication Oct. 7, 2004 Sheet 24 of 40 US 2004/0195959 A1

FIG. 12
380 400
( 321
\
B
XIv XIv
376 T
fQ: X
Tt
AR R
A [IDea13
336 — o , JNEY
321 : 334
316 /D
) [
Yyl
XILH o Rt )im :
3t o5, WL 1171177 T MR s
= il |l
(f/ 32 fsea | azm |||
; = : J. E‘_XV
T P
Ve TR ] =
J ( . = || -382
383b :
|
12
U ’ N —xV
] "%— f
XvI XviI




Patent Application Publication Oct. 7, 2004 Sheet 25 of 40 US 2004/0195959 A1

FIG. 134

316.

o
—
o

XIII XIII

FIG. 13B

328 voh 332
| ) ) |
el
o /- | i
| :y /m\{) ('ji \ |
a0 ) 324a3m i
| | 316 324 | !
] | |
! e To »{4 P »
|

XIII | e



Patent Application Publication Oct. 7, 2004 Sheet 26 of 40 US 2004/0195959 A1

FIG. 13C

346 328 332 348

| ) ) 356 ) ) |
i356, v /LSJMI

If // - \\ \

i PIT777777 |

| 310 ) l i

| 316 |

] |

’ T e p

XIIT | XIIT
- FIG. 13D
374

' Y I \ \
— T77777777\ !
] 310 | |
— ]
= I [ I
|k ,

o - To— J‘—P_’!



Patent Application Publication Oct. 7, 2004 Sheet 27 of 40 US 2004/0195959 A1

FIG. I3E

\

/
DZ7777777\
310

To



Patent Application Publication Oct. 7, 2004 Sheet 28 of 40 US 2004/0195959 A1

FIG. 144
| |
| |
| |
| |
» |
XIv XIV
FIG. 14B
338
a0 ;
.
i 32\) \\) i
| @3_2_1&1 I
3 |
!

| |
X o XIV



Patent Application Publication Oct. 7, 2004 Sheet 29 of 40 US 2004/0195959 A1

FIG. 14C
350
| )
5356 ¢ |
: E\) : .
338 |
1
. |
XIv XIv
FIG. 14D
350
)
1356 | |




Patent Application Publication Oct. 7, 2004 Sheet 30 of 40 US 2004/0195959 A1

FIG. I14E

330 340

—
R -
L




Patent Application Publication Oct. 7, 2004 Sheet 31 of 40 US 2004/0195959 A1

FIG. 154

318

)
ko

——— s e . . i - B S e e . . . 0

FIG. 15B




Patent Application Publication Oct. 7, 2004 Sheet 32 of 40 US 2004/0195959 A1

- FIG. 15C




Patent Application Publication Oct. 7,2004 Sheet 33 of 40 US 2004/0195959 A1

FIG I5E




Patent Application Publication Oct. 7, 2004 Sheet 34 of 40 US 2004/0195959 A1

FIG. 164

. 319

FIG. 16B

iézo - i

.
: 2 LA AN

[y S S ——

Xvi XVI



Patent Application Publication Oct. 7, 2004 Sheet 35 of 40 US 2004/0195959 A1

FIG. 16C

V)

FIG. 16D




Patent Application Publication Oct. 7, 2004 Sheet 36 of 40 US 2004/0195959 A1

FIG. 16E

i i
XVI XVI



Patent Application Publication Oct. 7, 2004 Sheet 37 of 40 US 2004/0195959 A1

FIG. 174

- N e Tk

— 420
\ N
N SN/ R\ ,
; / [ ] T\ Iy
7 (777207
418 ( ch— ( 416(33168 |
2 a0 414 g
|
|



Patent Application Publication Oct. 7, 2004 Sheet 38 of 40 US 2004/0195959 A1

FIG. 17B
420 442 o

) ) |
I. ...... ( ....... R { .................... ]-
| 4}8 418l
oo | N oeflnd
SR 5 / 1 | \x‘ m— GO
AY| [ T\ \TA71
AN [ZZTZZYA /7
|41631)6b [ -ch— 41gg163:
54}6’ N2 410 ey
|

|




Patent Application Publication Oct. 7, 2004 Sheet 39 of 40

FI'G.. 17C

ST % |
S 0B O L 00044 ¢ 00
Anteteteletelelatetetets retet
Jededetetetelesy’
&%’;&&&0&

*

"] vv‘vvvvvv"'v'vv
R AR R RRes
2l .0.0.‘0.0.0.0.0.0’:’:‘:’:‘:’:0000‘
Yo b

US 2004/0195959 A1

.
eSelededelelede

\
///\////////\

) 10

412

’/—
|




Patent Application Publication Oct. 7, 2004 Sheet 40 of 40 US 2004/0195959 A1

FIG. 17D

446 448
y 41 Ga 41 6b 450b

e,

| |
| |
R s |
| / \
| | ///////////\ ! i
. | L
L aw |
|| | |
] —
| T > |




US 2004/0195959 Al

DUAL PANEL-TYPE ORGANIC
ELECTROLUMINESCENT DEVICE AND METHOD
FOR FABRICATING THE SAME

[0001] The present invention claims the benefit of Korean
Patent Application No. 2002-0086106 filed in Korea on Dec.
28, 2002, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organic elec-
troluminescent display device, and more particularly, to an
active matrix electroluminescent display device.

[0004] 2. Discussion of the Related Art

[0005] As information technology increases, a necessity
for flat panel displays having thin profiles, lightweight, and
lower power consumption has increased. Accordingly, vari-
ous flat panel display (FPD) devices, such as liquid crystal
display (LCD) devices, plasma display panel (PDP) devices,
field emission display devices, and electro-luminescence
display (ELD) devices, have been developed.

[0006] The ELD devices make use of an electro-lumines-
cence phenomenon in which light is generated when an
electric field of certain intensity is supplied to a fluorescent
substance. The ELD devices can be classified into inorganic
electroluminescence display (IELD) devices and organic
electroluminescent display (OELD) devices, depending
upon a source that excites carriers. The OELD devices have
been increasingly used due to their ability to display a wide
range of wavelengths of visible light, and because of their
high brightness and low voltage requirements.

[0007] In addition, since the OELD devices are a self-
luminescent, they have a high contrast ratio and are suitable
for ultra-thin type display devices. Since they have simple
manufacturing processes, the degree of environmental con-
tamination is relatively low. Furthermore, the OELD devices
have response times of only a few microseconds (us),
thereby making the OELD devices suitable for displaying
moving images. Moreover, the OELD devices have no limit
for viewing angles and are stable at low temperature con-
ditions. In addition, since the OELD devices are driven with
a relatively low voltage between SV and 15V, manufacturing
and design of their driving circuits are easy.

[0008] Structures of the OELD devices are similar to that
of the IELD devices, but the light-emitting theory of the
OELD devices is different from that of the IELD devices.
For example, the OELD devices emit light by recombination
of electrons and holes, and thus they are commonly referred
to as organic light emitting diode (OLED) devices.

[0009] Recently, active matrix types of IELD devices
having a plurality of pixels arranged in a matrix configura-
tion and a thin film transistor connected thereto have been
commonly applied to the flat panel display devices. The
active matrix type has also been applied to the OELD
devices, and this is commonly referred to as an active matrix
OELD device.

[0010] FIG. 1 is an equivalent circuit diagram of a basic
pixel structure of an active matrix OELD device according
to the related art. In FIG. 1, a pixel of the active matrix
OELD device has a switching thin film transistor Tg, a

1. Field of the Invention
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driving thin film transistor Ty, a storage capacitor Cgp, and
a light emitting diode (LED) E. The switching thin film
transistor Ty and the driving thin film transistor Ty, are
comprised of p-type polycrystalline silicon thin film tran-
sistors. A gate electrode of the switching thin film transistor
Ty is connected to the gate line GL, and a source electrode
of the switching thin film transistor T is connected to the
data line DL. A drain electrode of the switching thin film
transistor Tg is connected to a gate electrode of the driving
thin film transistor Tp, and a drain electrode of the driving
thin film transistor Tp, is connected to an anode electrode of
the light emitting diode (LED) E. A cathode electrode of the
light emitting diode (LED) E is grounded, a source electrode
of the driving thin film transistor Ty, is connected to a power
line PL, and a storage capacitor Cgr is connected to both the
gate electrode of the switching thin film transistor Tq and the
source electrode of the driving thin film transistor Tp.

[0011] Inthe pixel structure of FIG. 1, if a scanning signal
is supplied to the gate line GL, then the switching thin film
transistor Ty is turned ON and an image signal from the data
line DL is stored into the storage capacitor Cg through the
switching thin film transistor Tg. If the image signal is
supplied to the gate electrode of the driving thin film
transistor Ty, then the driving thin film transistor Ty is
turned ON and the light emitting diode (LED) E emits light.
Luminance of the light emitting diode (LED) E is controlled
by varying an electric current of the light emitting diode
(LED) E, and the storage capacitor Cyp serves to keep a gate
voltage of the driving thin film transistor T}, constant while
the switching thin film transistor Tg is turned OFF. For
example, since the driving thin film transistor T, can be
driven by a stored voltage in the storage capacitor Cqr even
when the switch thin film transistor T is turned OFF, the
electric current can keep flowing into the light emitting
diode (LED) E, and thus the light emitting diode (LED) E
emits light until a next image signal is received.

[0012] FIG. 2 is a plan view of a basic pixel structure of
an active matrix OELD device according the related art. In
FIG. 2, a gate line 37 is disposed along a first direction, and
a data line 51 and a power line 41 are disposed along a
second direction perpendicularly crossing the gate line 37,
whereby the power line 41 and the data line 51 define a pixel
region P by the crossing of the gate line 37 and a switching
thin film transistor Tg is disposed near a crossing of the gate
and data lines 37 and 51. In addition, a driving thin film
transistor Tp, is located near a crossing of the gate and power
lines 37 and 51 next to the switching thin film transistor Tg,
and a first electrode 58 of a light emitting diode is connected
to the driving thin film transistor Tr,. A storage capacitor Cyp
is disposed over the power line 41 and is comprised of a
capacitor electrode 34 to function as a first storage electrode
and a portion of the power line PL to function as a second
storage electrode. Although not shown in FIG. 2, an organic
electroluminescent layer and a second electrode are disposed
in series on the first electrode 58. Thus, the arca where the
first electrode 58 is disposed can be referred to as an organic
electroluminescent area.

[0013] In FIG. 2, the switching thin film transistor Tg
includes a first gate electrode 35 that extends from the gate
line 37, and a first semiconductor layer 31 that is formed
with the capacitor electrode 34. The driving thin film tran-
sistor T, includes a second gate electrode 38 and a second
semiconductor layer 32, wherein the second semiconductor
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layer 32 is also formed with the capacitor electrode 34 and
the first semiconductor layer 31.

[0014] FIG. 3 is a cross sectional view along III-IIT of
FIG. 2 showing a driving thin film transistor, a storage
capacitor, and a light emitting diode according to the related
art. In FIG. 3, a buffer layer 30 is formed along an entire
surface of a substrate 1, both a driving thin film transistor Tr,
and a storage capacitor Cqp. are disposed on the buffer layer
30, and a light emitting diode E is formed over the substrate
1. The driving thin film transistor T, includes a semicon-
ductor layer 32, a gate electrode 38, a source electrode 50,
and a drain electrode 52. The storage capacitor Cqp includes
a capacitor electrode 34 and a power line 41 with an
interposed insulator 40, wherein the capacitor electrode 34
is formed of the same material as the semiconductor layer 32
during a same process step. The source electrode 50 of the
driving thin film transistor Tp, is connected to the power line
41, and the drain electrode 52 of the thin film transistor T,
is connected to a first electrode 58 of the light emitting diode
E.

[0015] In addition, an organic electroluminescent layer 64
and a second electrode 66 are sequentially disposed on the
first electrode 58, wherein the first electrode 58 functions as
an anode and the second electrode 66 function as a cathode
and both include an opaque metallic material. The first
electrode 58, the organic electroluminescent layer 64, and
the second electrode 66 constitute a light emitting diode E.

[0016] Inthe OELD device of FIG. 3, there are a plurality
of insulators disposed between the conductive layer ele-
ments. For example, the buffer layer 30, i.c., a first insulator,
is interposed between the substrate 1 and the semiconductor
layer 32, and a gate insulator 36, i.e., a second insulator, is
interposed between the semiconductor layer and the gate
electrode 38. Furthermore, a third insulator 40 is interposed
between the capacitor electrode 34 and the power line 41, a
fourth insulator 44 is interposed between the power line 41
and the source electrode 50, a fifth insulator 54 is interposed
between the drain electrode 52 and the first electrode 58 of
the light emitting diode E, and a sixth insulator 60 is
interposed between the first electrode 58 and the second
electrode 66. Additionally, the third and sixth insulators 40,
44, 54, and 60 have contact holes through which the con-
ductive layer elements electrically communicate with each
other.

[0017] FIGS. 4A to 4l are cross sectional views showing
a fabricating process of the active matrix OELD device of
FIG. 3 according to the related art. Many of the patterns
shown in FIGS. 4A to 41 are formed through photolitho-
graphic processes including photoresist (PR) coating, align-
ing, exposing, and developing steps using a mask.

[0018] In FIG. 4A, after a buffer layer 30 is formed along
an entire surface of a substrate 1, first and second semicon-
ductor layers 32 and 34 of polycrystalline silicon are formed
on the buffer layer 30 using a first mask process. The first
and second polycrystalline semiconductor layers 32 and 34
have island shapes.

[0019] InFIG. 4B, an insulator of silicon nitride or silicon
oxide and a conductive material of metal are sequentially
deposited on the first polycrystalline silicon layer 32, and
then patterned using a second mask, thereby sequentially
forming a gate insulation layer 36 and a gate electrode 38 on

Oct. 7, 2004

the first polycrystalline semiconductor layer 32. Thereafter,
impurities, such as p-type ions or n-type ions, are doped on
exposed portions of the first and second polycrystalline
semiconductor layers 32 and 34. During the doping process,
the gate electrode 38 functions as a mask so that the first
polycrystalline semiconductor layer 32 is divided into an
active region 32a¢ where the impurities are not doped and
drain and source regions 32b and 32¢ where the impurities
are doped. Furthermore, the second polycrystalline semi-
conductor layer 34 upon which the impurities are fully
doped becomes a capacitor electrode, and the drain and
source regions 32b and 32c are located on both sides of the
active region 32a.

[0020] InFIG. 4C, a first interlayer insulator 40 is formed
along an entire surface of the buffer layer 30 to cover the
gate electrode 38, the drain and source regions 32b and 32¢,
and the capacitor electrode 34. Next, a power line 41 of
metal is formed using a third mask process on the first
interlayer insulator 40 to overlap the capacitor electrode 34.
Since the power line 41 is formed directly above the
capacitor electrode 34, it forms a storage capacitor with the
capacitor electrode 34 and the interposed first interlayer
insulator 40.

[0021] In FIG. 4D, a second interlayer insulator 44 is
formed on the first interlayer insulator 40 and the power line
41. Then, first, second, and third contact holes 464, 46b, and
46¢ arc formed using a fourth mask process, wherein the first
contact hole 46a exposes the drain region 32b, the second
contact hole 46b exposes the source region 32¢, and the third
contact hole 46¢ exposes the power line 41.

[0022] In FIG. 4E, a metal layer is formed on the second
interlayer insulator layer 44 and patterned using a fifth mask
process, thereby forming a source electrode 50 and a drain
electrode 52. The drain electrode 52 contacts the drain
region 32b through the first contact hole 46a, and the source
electrode 50 contacts the source region 32¢ through the
second contact hole 46b. Furthermore, the source ¢lectrode
50 contacts the power line 41 through the third contact hole
46c.

[0023] Accordingly, formation of a driving thin film tran-
sistor T, having the semiconductor layer 32, the gate elec-
trode 38, the drain electrode 52 and the source electrode 50
is completed. Moreover, a region corresponding to the
power line 41 and the capacitor electrode 34 forms the
storage capacitor Cgr. Although not shown in FIG. 4E, but
shown in FIG. 3, the gate electrode 38 of the driving thin
film transistor Ty, is connected to the switching thin film
transistor Tg, and the power line 41 is disposed parallel to
the data line 51.

[0024] In FIG. 4F, a first passivation layer 54 having a
fourth contact hole 56 resulting from a sixth mask process is
formed on the second interlayer insulator 44 while covering
the source and drain electrodes 50 and 52. The fourth contact
hole 56 exposes a portion of the drain electrode 52.

[0025] In FIG. 4G, a transparent conductive material is
deposited on the first passivation layer 54. Then, the trans-
parent conductive material is patterned using a seventh mask
process, thereby forming a first electrode 58 that contacts the
drain electrode 52 through the fourth contact hole 56.

[0026] In FIG. 4H, a second passivation layer 60 is
formed on the first electrode 58 and the exposed portion of
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the first passivation layer 54. Then, the second passivation
layer 60 is patterned using an eighth mask process, thereby
forming an opening 62 that exposes a portion of the first
electrode 58. The second passivation layer 60 protects the
driving thin film transistor T, from moisture and particles
that may exist in the air.

[0027] In FIG. 41, an organic electroluminescent layer 64
is formed on the second passivation layer 60 to contact the
first electrode 58 through the opening 62. Then, a second
electrode 66 is formed on the organic electroluminescent
layer 64 and the exposed portion of the second passivation
layer 60 to entirely cover the substrate 1.

[0028] The second electrode 66 is formed of an opaque
metallic material and acts as cathode, while the first elec-
trode 58 is formed of a transparent conductive material and
acts as anode. Moreover, the material for the second elec-
trode 66 should have a small work function in order to easily
release the electrons. Therefore, the OELD device of FIG.
4F is a considered a bottom emission-type OELD device
that emits light a bottom direction toward the substrate 1.

[0029] FIG. 5 is a cross sectional view of an OELD device
according to the related art. In FIG. 3, first and second
spaced apart substrates 70 and 90, which have inner surfaces
facing each other, have a plurality of sub-pixel regions.
Then, an array layer 80, which includes a driving thin film
transistor (TFT) T, within each sub-pixel region, is formed
along an inner surface of the first substrate 70, and a first
electrode 72 connected to the driving TFT Ty, is formed on
the array layer 80 within each pixel region. Next, red, green,
and blue organic electroluminescent (EL) layers 74 are
alternately formed on the first electrode 72, and a second
electrode 76 is formed on the organic EL layers 74. Accord-
ingly, the first and second electrodes 72 and 76 and the
organic EL layer 74 interposed therebetween constitute an
organic EL diode E. The organic EL device shown in FIG.
5 is a bottom-type OELD where light is emitted from the
organic EL layer 74 through the first electrode 72 and out of
the first substrate 70.

[0030] In FIG. 5, the second substrate 90 is used as an
encapsulation substrate and includes a concave portion 92 at
an inner center portion of the second substrate 90, wherein
the concave portion 92 is filled with a moisture absorbent
desiccant 94 that removes moisture and oxygen to protect
the organic EL diode E. In addition, the inner surface of the
second substrate 90 is spaced apart from the second elec-
trode 76, wherein the first and second substrates 70 and 90
are attached with a sealant 85 at a peripheral portion of the
first and second substrates 70 and 90 for encapsulation.

[0031] In OLED devices according to the related art, a
TFT array part and an organic electroluminescent (EL) diode
are formed over the same substrate (i.c., a first substrate),
and an additional second substrate is attached to the first
substrate for encapsulation. However, when the TFT array
part and the organic EL diode are formed on one substrate
in this way, production yield of the OELD device is deter-
mined by a multiplication of the TFT’s yield together with
the organic EL diode’s yield. Since the organic EL diode’s
yield is relatively low, the production yield of the overall
OLED device becomes limited by the organic EL diode’s
yield. For example, even when a TFT is properly fabricated,
the OLED device using a thin film of about 1000 angstroms
(A) thickness can be judged to be inferior due to the defects
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of an organic electroluminescent layer. This results in loss of
materials and increased production costs.

[0032] In general, the OLED devices are classified into
bottom emission-types and top emission-types according to
an emission direction of light used for displaying images via
the OELDs. Bottom emission-type OLED devices have the
advantage of high encapsulation stability and high process
flexibility. However, the bottom emission-type OLED
devices are ineffective as high resolution devices since the
disposition of the thin film transistors and the storage
capacitor formed on the substrate results in poor aperture
ratios. In contrast to bottom emission-type OLED devices,
top emission-type OLED devices have a higher expected life
span because they have simpler circuit layouts that yield
high aperture ratios. However, in top emission-type OLED
devices, the cathode is generally formed on an organic
electroluminescent layer. As a result, transmittance and
optical efficiency of a top emission-type OLED device are
reduced because of a limited number of materials that may
be selected as the cathode. If a thin film-type passivation
layer is formed on the cathode to prevent the reduction of the
light transmittance, the thin film-type passivation layer can
still fail in preventing the infiltration of exterior air into the
organic electroluminescent layer.

[0033] In the above-mentioned processes forming the
organic electroluminescent display device, a plurality of thin
film depositions is required, and a plurality of photolitho-
graphic processes that use multiple masks are also required.
Thus, the repeated processing steps increase the mask pro-
cess. Since the photolithographic processes include a rinsing
process, a photoresist deposition process, an exposure pro-
cess, a developing process, and an etching process, manu-
facturing time and production costs can be reduced if only
a single mask process is omitted. The OELD device
described with reference to FIGS. 4A to 4I, however,
requires eight masks, resulting in decreased production yield
and increased productions costs. Moreover, the more masks
the OELD device requires, the more defects the fabrication
process creates.

[0034] Additionally, since the active matrix OELD device
of the related art includes the thin film transistors and the
storage capacitors within the light-emitting direction, it has
a decreased rumination area and reduced aperture ratios. In
order to overcome these problems, current density should be
increased to provided for an increase in luminance of the
device, thereby causing a decreased life span of the OELD
device.

SUMMARY OF THE INVENTION

[0035] Accordingly, the present invention is directed to an
organic light emitting diode device that substantially obvi-
ates one or more of the problems due to limitations and
disadvantages of the related art.

[0036] An object of the present invention is to provide an
organic light emitting diode device having an improved
production yield and reduced productions costs.

[0037] Another object of the present invention is to pro-
vide an organic light emitting diode device having high
resolution, high aperture ratios, and long life span.

[0038] Another object of the present invention is to pro-
vide a dual panel-type organic light emitting diode device in
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which a TFT array and an organic light emitting diode are
disposed 1n first and second substrates, respectively.

[0039] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. These and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

[0040] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a dual panel-type active
matrix organic electroluminescent device includes a gate
line disposed along a first direction on a first substrate, a data
line disposed along a second direction on the first substrate,
a power line disposed along the second direction on the first
substrate and spaced apart from the data line to define a pixel
region with the gate and data lines, the power line and the
gate line both formed of a same material during a same
process, a switching thin film transistor disposed on the first
substrate near a crossing of the gate and data lines, a driving
thin film transistor disposed on the first substrate near a
crossing of the gate and power lines, a connecting pattern
within the pixel region on the first substrate formed of an
insulating material, and a connecting electrode disposed
within the pixel region on the first substrate to cover the
connecting pattern and electrically interconnecting the driv-
ing thin film transistor to an organic electroluminescent
diode.

[0041] In another aspect, a method of fabricating a dual
panel-type active matrix organic electroluminescent device
includes patterning a first metal layer to form a gate elec-
trode, a gate line, a power line, a gate pad, and a power pad
on a first substrate, forming a first insulating layer on the first
substrate to cover the gate electrode, the gate pad, and the
power pad, forming a semiconductor layer on the first
insulating layer over the gate electrode, the semiconductor
layer including an active layer of undoped amorphous
silicon and an ohmic contact layer of doped amorphous
silicon, forming source and drain electrodes, a data line, a
first link electrode, and a data pad, wherein the source and
drain electrodes are disposed on the ohmic contact layer,
wherein the data line, the data pad, and the first link
electrode are disposed on the first insulating layer, and
wherein the first link electrode crosses the gate line, forming
a channel within the active layer by etching a portion of the
ohmic contact exposed between the source and drain elec-
trodes to form a thin film transistor including the gate
electrode, the semiconductor layer, the source electrode, and
the drain electrode, forming a second insulating layer on the
first insulating layer to cover the thin film transistor, the data
line, and the data pad, forming a source contact hole, a drain
contact hole, a data pad contact hole, a gate pad contact hole,
and a power pad contact hole, wherein the source, drain and
data pad contact holes penetrate the second insulating layer,
and wherein the gate pad and power pad contact holes
penetrate the first and second insulating layers, forming a
connecting pattern on the pixel region on the second insu-
lating layer using an insulating material, wherein the con-
necting pattern has a pillar shape and a height greater than
a corresponding height of the thin film transistor, and
forming a connecting electrode, a power electrode, second
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link electrodes, a data pad terminal, a gate pad terminal, and
a power pad terminal using a third metal layer.

[0042] In another aspect, a method of fabricating a dual
panel-type active matrix organic electroluminescent device
includes patterning a first metal layer to form a gate elec-
trode, a gate line, a power line, a gate pad, and a power pad
on a first substrate, forming a first insulating layer, a
undoped amorphous silicon layer, a doped amorphous sili-
con layer, and a second metal layer sequentially on the first
substrate to cover the gate electrode, the gate pad, and the
power pad, forming a photosensitive photoresist on the
second metal layer, disposing a first mask having a half-
transmitting portion over the photosensitive photoresist,
patterning the undoped amorphous silicon layer, the doped
amorphous silicon layer, and the second metal layer simul-
taneously using a diffraction exposure method using the first
mask to form an active layer, an ohmic contact layer, a
source electrode, a drain electrode, a data line, a first link
electrode, and a data pad, forming a channel in the active
layer by etching a portion of the ohmic contact layer exposed
between the source and drain electrodes to form a thin film
transistor comprising the gate electrode, the active layer, the
ohmic contact layer, the source electrode, and the drain
electrode, forming a second insulating layer on the first
insulating layer to cover the thin film transistor, the data line,
and the data pad, forming a source contact hole, a drain
contact hole, a data pad contact hole, a gate pad contact hole,
and a power pad contact hole, wherein the source, drain, and
data pad contact holes penetrate the second insulating layer,
and wherein the gate pad and power pad contact holes
penetrate the first and second insulating layers, forming a
connecting pattern on the pixel region on the second insu-
lating layer using an insulating material, wherein the con-
necting pattern has a pillar shape and a height higher than a
corresponding height of the thin film transistor, and forming
a connecting electrode, a power electrode, second link
electrodes, a data pad terminal, a gate pad terminal, and a
power pad terminal using a third metal layer.

[0043] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0045] FIG. 1 is an equivalent circuit diagram of a basic
pixel structure of an active matrix OELD device according
to the related art;

[0046] FIG. 2 is a plan view of a basic pixel structure of
an active matrix OELD device according the related art;

[0047] FIG. 3 is a cross sectional view along III-IIT of
FIG. 2 showing a driving thin film transistor, a storage
capacitor, and a light emitting diode according to the related
art;

[0048] FIGS. 4A to 41 are cross sectional views showing
a fabricating process of the active matrix OELD device of
FIG. 3 according to the related art;
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[0049] FIG. 5 is a cross sectional view of an OELD device
according to the related art;

[0050] FIG. 6 is a cross sectional view of an exemplary
dual panel-type OELD device according to the present
invention;

[0051] FIG. 7 is a plan view of an exemplary basic pixel
structure of a lower panel of a dual panel-type active matrix
OELD device according the present invention;

[0052] FIGS. 8A to 8F are cross sectional views along
VII-VIII of FIG. 7 showing exemplary fabricating pro-
cesses of a lower panel of a dual panel-type active matrix
OELD device according to the present invention;

[0053] FIGS. 9A to 9F are cross sectional views along
[X-IX of FIG. 7 showing exemplary fabricating processes of
a lower panel of a dual panel-type active matrix OELD
device according to the present invention,;

[0054] FIGS. 10A to 10F are cross sectional views along
X-X of FIG. 7 showing exemplary fabricating processes of
a lower panel of a dual panel-type active matrix OELD
device according to the present invention,

[0055] FIGS. 11A to 11F are cross sectional views along
XI-XI of FIG. 7 showing exemplary fabricating processes of
a lower panel of a dual panel-type active matrix OELD
device according to the present invention,

[0056] FIG. 12 is a plan view of another exemplary basic
pixel structure of a lower panel of a dual panel-type active
matrix OELD device according the present invention,

[0057] FIGS. 13A to 13E are cross sectional views along
XII-XTII of FIG. 12 showing exemplary fabricating pro-
cesses of a lower panel of a dual panel-type active matrix
OELD device according to the present invention;

[0058] FIGS. 14A to 14E are cross sectional views along
XIV-XIV of FIG. 12 showing exemplary fabricating pro-
cesses of a lower panel of a dual panel-type active matrix
OELD device according to the present invention;

[0059] FIGS. 15A to 15E are cross sectional views along
XV-XV of FIG. 12 showing exemplary fabricating pro-
cesses of a lower panel of a dual panel-type active matrix
OELD device according to the present invention;

[0060] FIGS. 16A to 16E are cross sectional views along
XVI-XVI of FIG. 12 showing exemplary fabricating pro-
cesses of a lower panel of a dual panel-type active matrix
OELD device according to the present invention; and

[0061] FIGS. 17A to 17D are cross sectional views show-
ing exemplary fabrication processes for forming a thin film
transistor using a diffraction exposure method according to
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0062] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0063] FIG. 6 is a cross sectional view of an exemplary
dual panel-type OELD device according to the present
invention. In FIG. 6, first and second spaced apart substrates
110 and 150, which may have inner surfaces facing each
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other, may have a plurality of sub-pixel regions. An array
layer 140 including a driving thin film transistor (TFT) Ty,
within each sub-pixel region may be formed on an inner
surface of the first substrate 110, and a connection pattern
142 connected to the driving TFT T, may be formed on the
array layer 140 within each sub-pixel region. The connection
pattern 142 may include conductive material or may have a
multiple layer structure including an insulating material with
one or more layers of conductive material, having sufficient
thickness for connection. An additional connection electrode
may be used for connecting the connection pattern 142 and
the driving TFT T, The driving TFT T, may include a gate
electrode 112, an active layer 114, and source and drain
electrodes 116 and 118, wherein the connection pattern 142
may be connected to the drain electrode 118.

[0064] In addition, a first electrode 152 may be formed on
an inner surface of the second substrate 150, and an organic
electroluminescent (EL) layer 160 including red, green, and
blue organic emission layers 156a, 1565, and 156¢ may be
alternately disposed within each sub-pixel region formed on
the first electrode 152. A second electrode 162 may be
formed on the organic EL layer 160 within each sub-pixel
region P, and the organic EL layer 160 may be formed of a
single layer structure or of a multiple layer structure. In the
case of the multiple layer structure, the organic EL layer 160
may include a first carrier-transporting layer 154 on the first
electrode 152, one of red, green, and blue emission layers
1564, 156D, and 156¢ on the first carrier-transporting layer
154, and a second carrier-transporting layer 158 on each of
the red, green, and blue emission layers 1564, 156b, and
156¢. For example, when the first and second electrodes 152
and 162 fuction as an anode and a cathode, respectively, the
first carrier-transporting laver 154 may correspond to a
hole-injecting layer and a hole-transporting layer, and the
second carrier-transporting layer 158 may correspond to an
electron-transporting layer and an electron-injecting layer.
The first and second electrodes 152 and 162, and the organic
EL layer 160 interposed therebetween may constitute an
organic EL diode E.

[0065] In FIG. 6, the first and second substrates 110 and
150 may be attached together with a sealant 170 along a
peripheral portion thereof. Accordingly, a top surface of the
connection pattern 142 may contact a bottom surface of the
second electrode 162, wherein current of the driving TFT T,
may flow into the second electrode 162 through the con-
nection pattern 142. An organic light emitting diode (OLED)
device according to the present invention may include a dual
panel-type, wherein an array layer 140 and an organic EL
diode E are formed on respective substrates and a connec-
tion pattern 142 electrically interconnects the array layer 140
to the organic EL diode E. Since the OLED device according
to the present invention is a top emission-type OELD device,
a thin film transistor may be easily designed while obtaining
high resolution and a high aperture ratio.

[0066] FIG. 7 is a plan view of an exemplary basic pixel
structure of a lower panel of a dual panel-type active matrix
OELD device according the present invention. In FIG. 7, an
active matrix organic light emitting diode (OLED) device
may include inverted stagger-type thin film transistors. A
gate line 212 may be disposed along a first direction, and a
data line 236 and a power line 213, which are spaced apart
from each other, may be disposed along a second direction
to perpendicularly cross the gate line 212, wherein a pixel
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region P may be defined between the gate line 212 and the
spaced apart data line 236 and power supply line 213. A
switching thin film transistor (TFT) Ty may be disposed
adjacent to where the gate line 212 and the data line 236
cross each other, and may include a switching gate electrode
214 extending from the gate line 212, a switching source
electrode 226 extending from the data line 236, a switching
drain electrode 230 spaced apart from the switching source
electrode 226, and a switching semiconductor layer 222
having an island shape above the switching gate electrode
214.

[0067] The power line 213 and the gate line 212 may be
formed during the same processing step. Furthermore, a
capacitor electrode 234 perpendicularly extending from the
drain electrode 230 may be disposed above the power line
213. Thus, the capacitor electrode 234 constitutes a storage
capacitor Cgp with a portion of the power line 213 over-
lapped by the capacitor electrode 234.

[0068] A driving TFT T, may be connected to the switch-
ing TFT Ty and the power line 213. The driving TFT T, may
include a driving gate electrode 216, a driving source
electrode 228, a driving drain electrode 232, and a driving
semiconductor layer 224. The driving gate electrode 216
may be connected with the switching drain electrode 230
and may be formed of the same material as the gate line 212
during the same fabrication step. The driving source and
drain electrodes 228 and 232 may overlap side portions of
the driving gate electrode 216, and may be formed of the
same material as the data line 236. The driving semicon-
ductor layer 224 may have an island shape and may be
disposed above the driving gate electrode 216 between the
driving source and drain electrodes 228 and 232.

[0069] In FIG. 7, a power electrode 278 having an island
shape may be connected with the driving source electrode
228 and the power line 213 through a source contact hole
246 and a power contact hole 251, respectively. A connect-
ing electrode 276, which may connect the driving TFT T, of
lower substrate to the organic EL diode of upper substrate,
may be formed within the pixel region P and may be
connected with the driving drain electrode 232. The con-
necting electrode 276 and the power electrode 278 may be
formed together during the same fabrication step using the
same material(s). Although not shown in FIG. 7 but shown
in FIG. 8F, the connecting electrode 276 may include an
underlying connecting pattern having a pillar shape and may
be made of an insulating material.

[0070] A data pad 238, a gate pad 218, and a power pad
219 may be formed at end portions of the data line 236, the
gate line 212, and the power line 213, respectively. Further-
more, a data pad terminal 280 may be disposed to overlap
the data pad 238, a gate pad terminal 282 may be disposed
to overlap the gate pad 218, and a power pad terminal 284
may be disposed to overlap the power pad 219. The data pad,
gate pad, and data pad terminals 280, 282, and 284 may be
formed along with the connecting electrode 276 during the
same processing step using the same material(s). Since the
power line 213 may be formed with the gate line 212, a first
link electrode 2834 and second link electrodes 283b may be
formed across and near the gate line 212 in order to prevent
an electrical short between the gate line 212 and the power
line 213. The first link electrode 2832 may be formed to
cross the gate line 212 and may be formed of the same
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material as the data line 236 during the same processing
step. The second link electrodes 283 may be formed with
the connecting electrode 276 using the same material, and
may be formed to connect the first link electrode 283a to the
power line 213. Thus, the power lines 213 along a vertical
direction of adjacent pixel regions P may be electrically
connected throughout the first and second link electrodes
283a and 283b.

[0071] InFIG.7,since the data pad 238 and the power pad
219 may supply different signals, the data pad 238 and the
power pad 219 may be formed to oppose each other. For
example, if the data pad 238 is formed at an upper end of the
data line 236, then the power pad 219 may be formed at a
bottom end of the power line 213.

[0072] An exemplary fabrication process of forming a
lower panel of the dual panel-type active matrix OELD
device of FIG. 7 will be explained in detail with reference
to FIGS. 8A-8F, 9A-9F, 10A-10F, and 11A-11F.

[0073] FIGS. 8A to 8F are cross sectional views along
VIII-VIII of FIG. 7, FIGS. 9A to 9F are cross sectional
views along IX-IX of FIG. 7, FIGS. 10A to 10F are cross
sectional views along X-X of FIG. 7, and FIGS. 11A to 11F
are cross sectional views along XI-XI of FIG. 7 all of which
show exemplary fabricating processes of a lower panel of a
dual panel-type active matrix OELD device according to the
present invention,

[0074] In FIGS. 8A, 9A, 10A, and 11A, a first metal
layer may be formed on a substrate 210, and then
patterned to form a gate electrode 216, a gate pad
218, and a power pad 219. Although not shown in
FIGS. 8A, 9A, 10A, and 11A but shown in FIG. 7,
the gate line 212 and the power line 213 may also be
formed on the substrate 210 after patterning of the
first metal layer. According to the present invention,
the first metal layer may have a low specific resis-
tance, such as aluminum (Al).

[0075] Although not shown in FIGS. 8A, 9A, 10A, and
11A, a mask and a photosensitive photoresist may be used
when patterning the first metal layer. After forming the first
metal layer on the substrate 210, a photoresist layer may be
formed on the first metal layer. Then, the mask may be
disposed above the photoresist, and a light exposure step
may be performed using the mask. Thus, after developing
the photoresist and etching the first metal layer, the gate
electrode 216, the gate pad 218, the power pad 219, the gate
line 212, and the power line 213 may be formed.

[0076] In FIGS. 8B, 9B, 10B, and 11B, a first insulating
layer 220, a undoped amorphous silicon (a-Si) layer, and a
doped amorphous silicon (n+a-Si) layer may be sequentially
formed on the substrate 210 to cover the patterned metal,
i.e., the gate electrode 216, the gate pad 218, and the power
pad 219. The first insulating layer 220 may function as a gate
insulator to electrically insulate and protect the underlying
gate electrode 216, gate pad 218, the power pad 219, and the
gate and power lines. Then, the undoped and doped amor-
phous silicon layers may be simultaneously patterned using
a second mask process to form a semiconductor layer 224
over the gate electrode 216, wherein the semiconductor layer
224 may include an active layer 224a formed of undoped
amorphous silicon and an ohmic contact layer 2245 formed
of doped amorphous silicon. In addition, the first insulating
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layer 220 may include an inorganic material selected from a
group consisting of silicon nitride (SiN,) and silicon oxide
(5i0,), for example.

[0077] In FIGS. 8C, 9C, 10C, and 11C, a second metal
layer may be formed on the first insulating layer 220 and
then patterned to form a data pad 238, a source electrode
228, and a drain electrode 232 using a third mask process.
The source and drain electrodes 228 and 232 may be formed
1o contact the ohmic contact layer 224b and may be spaced
apart from each other across the gate electrode 216. In
addition, the data line 236 (in FIG. 7) may be formed during
formation of the source and drain electrodes 228 and 232.
Next, the data pad 238 may be disposed within the data pad
region to electrically communicate with the data line. As
previously described, the data pad 238 may be disposed at
the end of the data line along an opposite direction to the
power pad 219. The second metal layer may include metallic
material having a high chemical resistance, such as molyb-

denum (Mo), titanium (Ti), chromium (Cr), and tungsten
(W).

[0078] After forming the source and drain electrodes 228
and 232, a portion of the ohmic contact layer 224b exposed
between the source and drain electrodes 228 and 232 may be
removed using the source and drain electrodes 228 and 232
as a mask. Accordingly, a portion of the active layer 224a
may be exposed, thereby forming a channel ch between the
source and drain electrodes 228 and 232. Accordingly, a
driving thin film transistor T, including the gate electrode
216, the semiconductor layer 224, the source electrode 228,
and the drain electrode 232 may be formed, as shown in
FIG. 8C.

[0079] In FIGS. 8D, 9D, 10D, and 11D, a second insu-
lating layer 256 may be formed on the first insulating layer
220 to cover the thin film transistor T, and the data pad 238
and to overlap the gate pad 218 and the power pad 219.
Then, the second insulating layer 256 may be patterned
using a fourth mask process, thereby forming a source
contact hole 246, a drain contact hole 248, a data pad contact
hole 250, a gate pad contact hole 252, and a power pad
contact hole 254. When forming the gate pad and power pad
contact holes 252 and 254, the underlying first insulating
layer 220 may also be patterned, whereby the gate pad and
power pad contact holes 252 and 254 may penetrate both the
first and second insulating layers 220 and 256. Thus, the
source contact hole 246 may correspond to the source
electrode 228, the drain contact hole 248 may correspond to
the drain electrode 232, the data pad contact hole 250 may
correspond to the data pad 238, the gate pad contact hole 252
may correspond to the gate pad 218, and the power pad
contact hole 254 may correspond to the power pad 219. The
second insulation layer 256 may include one of an organic
material and an inorganic material or may include a multiple
layer structure. However, the insulator contacting the thin
film transistor T, may be an inorganic material, such as
silicon nitride (SiN,) or silicon oxide (SiO,).

[0080] In FIGS. 8E, 9E, 10E, and 11E, a connecting
pattern 274 having a pillar shape may be formed on the
second insulating layer 236 within the pixel region P,
wherein the connecting pattern 274 may be formed by
patterning an organic insulating material using a fifth mask,
and may correspond in position to the second electrode of
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the organic EL diode. The connecting pattern 274 may have
a height more than a corresponding height of the thin film
transistor Tp.

[0081] In FIGS. 8F, 9F, 10F, and 11F, a third metallic
layer may be formed on the second insulating layer 256 to
cover the connecting pattern 274, and then patterned using
a sixth mask process, thereby forming a connecting elec-
trode 276, a power electrode 278, a data pad terminal 280,
a gate pad terminal 282, and a power pad terminal 284. The
connecting electrode 276 may overlap the connecting pat-
tern 274 within the pixel region and may contact the drain
electrode 232 through the drain contact hole 248. The power
electrode 278 may contact the source electrode 228 though
the source contact hole 246, and may electrically connect the
source electrode 228 to the power line 213, as shown in FIG.
7. In addition, the data pad terminal 280 may contact the data
pad 238 through the data pad contact hole 250, the gate pad
terminal 282 may contact the gate pad 218 through the gate
pad contact hole 252, and the power pad terminal 284 may
contact the power pad 219 through the power pad contact
hole 254.

[0082] FIG. 12 is a plan view of another exemplary basic
pixel structure of a lower panel of a dual panel-type active
matrix OELD device according the present invention. In
FIG. 12, an active matrix OLED device may include
inverted stagger type thin film transistors, wherein a gate
line 312 may be disposed along a first direction, and a data
line 336 and a power line 313, which are spaced apart from
each other, may be disposed along a second direction to
perpendicularly cross the gate line 312. Accordingly, a pixel
region P may be defined between the gate line 312 and the
spaced apart data line 336 and power supply line 313. In
addition, a switching thin film transistor (TFT) Tg may be
disposed adjacent to where the gate line 312 and the data line
336 cross each other, and may include a switching gate
electrode 314 that extends from the gate line 312, a switch-
ing source electrode 326 that extends from the data line 336,
a switching drain electrode 330 that may be spaced apart
from the switching source electrode 326, and a switching
semiconductor layer 322 disposed above the switching gate
electrode 314. Unlike the lower panel of FIG. 7, the
semiconductor layer 322 of FIG. 12 may extend beneath the
source and drain electrodes 326 and 330.

[0083] InFIG. 12, the power line 313 may be formed with
the gate line 312 during the same processing step using the
same material. Furthermore, a capacitor electrode 334 may
perpendicularly extend from the drain electrode 330 and
may be disposed above the power line 313. Thus, the
capacitor electrode 334 may constitute a storage capacitor
C,, with a portion of the power line 313 overlapped by the
capacitor electrode 334. In addition, a semiconductor pattern
321 may extend from the semiconductor layer 322 and may
be formed beneath the capacitor electrode 334, wherein the
semiconductor pattern 321 and the capacitor electrode 334
may be formed during the same patterning process so that
they have the same pattern shape. Furthermore, the semi-
conductor pattern 321 may also be disposed beneath the data
line 336 and may have the same pattern shape as the data line
336.

[0084] InFIG. 12, a driving TFT T, may be connected to
the switching TFT Tg and the power line 313, and may
include a driving gate electrode 316, a driving source
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electrode 328, a driving drain electrode 332, and a driving
semiconductor layer 324. The driving gate electrode 316
may be connected with the switching drain electrode 330
and may be formed of the same material as the gate line 312
during the same fabrication step. The driving source and
drain electrodes 328 and 332 may overlap side portions of
the driving gate electrode 316, and may be formed of the
same material as the data line 336. Since the driving source
and drain electrodes 328 and 332 may be formed with the
data line 336 during the same processing step, the driving
semiconductor layer 324 may be disposed not only above
the driving gate electrode 316 but also beneath the source
and drain electrodes 328 and 332.

[0085] InFIG.12, a power electrode 378 having an island
shape may be connected with the driving source electrode
328 and the power line 313 through a source contact hole
346 and a power contact hole 351, respectively. In addition,
a connecting electrode 376, which connects the driving TFT
Ty, of lower substrate to the organic EL diode of upper
substrate, may be formed within the pixel region P and may
be connected with the driving drain electrode 332. The
connecting electrode 376 and the power clectrode 378 may
be formed together during the same fabrication step using
the same material. Although not shown in FIG. 12 but
shown in FIG. 13F, the connecting electrode 376 may
include an underlying connecting pattern that may have a
pillar shape made of an insulating material.

[0086] According to the present invention, a portion of the
power line 313 may function as a first capacitor electrode for
the storage capacitor Cqr, and the storage capacitor Cgrmay
also include the capacitor electrode 334, which may extend
from the switching drain electrode 330, to function as a
second electrode. More particularly, an area where the
capacitor electrode 334 overlaps the power line 313 may
constitute the storage capacitor Cgr.

[0087] In FIG. 12, a data pad 338, a gate pad 318, and a
power pad 319 may be formed at the ends of the data line
336, the gate line 312, and the power line 313, respectively.
Furthermore, a data pad terminal 380 may be disposed to
overlap the data pad 338, a gate pad terminal 382 may be
disposed to overlap the gate pad 318, and a power pad
terminal 384 may be disposed to overlap the power pad 319.
The data pad, gate pad, and data pad terminals 380, 382, and
384 may be formed with the connecting electrode 376
during the same processing step using the same material. In
addition, the data pad 338 may be formed with the data line
336 during the same processing step, whereby the semicon-
ductor pattern 321 may also be formed beneath the data pad
338 with the same pattern shape.

[0088] Meanwhile, since the power line 313 maybe
formed with the gate line 312, a first link electrode 3834 and
second link electrodes 3836 may be formed across and near
the gate line 312 in order to prevent an electrical short
between the gate line 312 and the power line 313. The first
link electrode 383a may be formed to cross the gate line 312
and may be formed of the same material as the data line 336
during the same processing step, whereby the semiconductor
pattern 321 may also be disposed beneath the first link
electrode 383a. The second link electrodes 383h may be
formed with the connecting electrode 376 using the same
material, and may be formed to connect the first link
electrode 383a to the power line 313. Thus, the power lines
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313 along a vertical direction of adjacent pixel regions P
may be electrically connected throughout the first and sec-
ond link electrodes 3834 and 383b.

[0089] In FIG. 12, since the data pad 338 and the power
pad 319 may supply different signals to the data line 336 and
the power line 313, respectively, the data pad 338 may be
formed in an end opposite to the power pad 319. For
example, if the data pad 338 is formed at an upper end of the
data line 336, then the power pad 319 may be formed at a
bottom end of the power line 313.

[0090] An exemplary fabrication process of a lower panel
of the dual panel-type active matrix OELD device of FIG.
12 will be explained in detail with reference to FIGS.
13A-13F, 14A-14F, 15A-15F, and 16A-16F.

[0091] FIGS. 13A to 13E are cross sectional views along
XIII-XIII of FIG. 12, FIGS. 14A to 14E are cross sectional
views along XIV-XIV of FIG. 12, and FIGS. 15A to 15E are
cross sectional views along XV-XV of FIG. 12, and FIGS.
16A to 16E are cross sectional views along XVI-XVI of
FIG. 12 all which show an exemplary fabricating processes
of a lower panel of a dual panel-type active matrix OELD
device according to the present invention.

[0092] In FIGS. 13A, 14A, 15A, and 16A, a first metal
layer may be formed on a substrate 310 and then patterned
to form a gate electrode 316, a gate pad 318, and a power pad
319. Although not shown in FIGS. 13A, 14A, 15A, and 16A
but shown in FIG. 12, the gate line 312 and the power line
313 may also be formed on the substrate 310 after the
patterning of the first metal layer. According to the present
invention, the first metal layer may have a low specific
resistance, such aluminum (Al).

[0093] Although not shown in FIGS. 13A, 14A, 15A, and
16A, a mask and a photosensitive photoresist may be used
when patterning the first metal layer. After forming the first
metal layer on the substrate 310, a photosensitive photoresist
layer may be formed on the first metal layer. Then, the mask
may be disposed above the photoresist, and a light exposure
may be performed using the mask. Then, after developing
the photoresist and etching the first metal layer, the gate
electrode 316, the gate pad 318, the power pad 319, the gate
line 312, and the power line 313 may be formed.

[0094] InFIGS.13B, 14B, 15B, and 16B, a first insulating
layer 320, an undoped amorphous silicon (a-Si) layer, a
doped amorphous silicon (n+a-Si) layer, and a second metal
layer may be sequentially formed on the substrate 310 to
cover the patterned metal, e.g., the gate electrode 316, the
gate pad 318, and the power pad 319. The first insulating
layer 320 may function as a gate insulator that electrically
insulates and protects the underlying gate electrode 316,
gate pad 318, the power pad 319, and the gate and power
lines.

[0095] Then, the undoped and doped amorphous silicon
layers and the second metal layer may be simultaneously
patterned using a second mask process to form a semicon-
ductor layer 324 over the gate electrode 316, source and
drain electrodes 328 and 332 on the semiconductor layer
324, and a data pad 338. Furthermore, a data line 336 (in
FIG. 7) may be formed to cross the gate line 312, wherein
the data pad 338 may be disposed at the end of the data line
along an opposite position to the power pad 319. When
forming the source and drain electrodes 328 and 332, a



US 2004/0195959 Al

diffraction exposure method may be employed, which will
be explained with reference to FIGS. 17A-17D.

[0096] Since the silicon layers and the second metal layer
may be formed during the same mask process, the semicon-
ductor layer 324 may extend beneath the source and drain
electrodes 328 and 332, as shown in FIG. 13B. Additionally,
a semiconductor pattern 321 may be disposed beneath the
data pad 338 having the same pattern shape, as shown in
FIG. 14B. The second metal layer may include metallic
material having a high chemical resistance, such as molyb-
denum (Mo), titanium (Ti), chromium (Cr), and tungsten
(W). The semiconductor layer 324 may include an active
layer 324a formed of undoped amorphous silicon and an
ohmic contact layer 324b formed of doped amorphous
silicon. In addition, the semiconductor pattern 321 may
include an undoped amorphous silicon pattern 321a and a
doped amorphous silicon pattern 3215. The first insulating
layer 320 may include an inorganic material selected from a
group consisting of silicon nitride (SiN,) and silicon oxide
(Si0,). Meanwhile, the source and drain electrodes 328 and
332 may be formed to contact the ohmic contact layer 324b
and may be spaced apart from each other across the gate
electrode 316.

[0097] After forming the source and drain electrodes 328
and 332, a portion of the ohmic contact layer 324b exposed
between the source and drain electrodes 328 and 332 may be
removed using the source and drain electrodes 328 and 332
as a mask. Thus, a portion of the active layer 3244 may be
exposed, thereby forming a channel ch between the source
and drain electrodes 328 and 332. A detailed explanation of
forming the channel ch will be explained with reference to
FIGS. 17A-17D. Accordingly, a driving thin film transistor
Ty including the gate electrode 316, the semiconductor layer
324, the source electrode 328, and the drain electrode 332
may be formed, as shown in FIG. 13C.

[0098] In FIGS. 13C, 14C, 15C, and 16C, a second
insulating layer 356 maybe formed along an entire surface of
the first insulating layer 320 to cover the thin film transistor
TD and the data pad 338. Then, the first and second
insulating layers 320 and 356 may be patterned using a third
mask process, thereby forming a source contact hole 346, a
drain contact hole 348, a data pad contact hole 350, a gate
pad contact hole 352, and a power pad contact hole 354. The
drain and source contact holes 348 and 346 and the data pad
contact holes 350 may penetrate the second insulating layer
356, while the gate pad and power pad contact holes 352 and
354 may penetrate both the first and second insulating layers
320 and 356. The source contact hole 346 may correspond
to the source electrode 328, the drain contact hole 348 may
correspond to the drain electrode 332, the data pad contact
hole 350 may correspond to the data pad 338, the gate pad
contact hole 352 may correspond to the gate pad 318, and the
power pad contact hole 354 may correspond to the power
pad 3.19. In addition, the second insulation layer 356 may be
one of an organic material and an inorganic material, or may
include a multiple layer structure. However, the insulator
contacting the thin film transistor T, may be the inorganic
material, such as silicon nitride (SiIN,) or silicon oxide
(8i0,).

[0099] In FIGS. 13D, 14D, 15D, and 16D, a connecting
pattern 374 having a pillar shape may be formed on the
second insulating layer 356 and within the pixel region P.
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The connecting pattern 374 may be formed by patterning an
organic insulating material using a fourth mask, and may
correspond in position to the second electrode of the organic
EL diode. In addition, the connecting pattern 374 may have
a height more than a corresponding height of the thin film
transistor Tp,.

[0100] InFIGS. 13E, 14E, 15E, and 16E, a third metallic
layer may be formed on the second insulating layer 356 to
cover the connecting pattern 374, and then patterned using
a fifth mask process, thereby forming a connecting electrode
376, a power electrode 378, a data pad terminal 380, a gate
pad terminal 382, and a power pad terminal 384. The
connecting electrode 376 may overlap the connecting pat-
tern 374 within the pixel region P and may contact the drain
electrode 332 through the drain contact hole 348. The power
electrode 378 may contact the source electrode 328 though
the source contact hole 346, and may electrically connect the
source electrode 328 to the power line 313, as shown in FIG.
12. The data pad terminal 380 may contact the data pad 338
through the data pad contact hole 350, the gate pad terminal
382 may contact the gate pad 318 through the gate pad
contact hole 352, and the power pad terminal 384 may
contact the power pad 319 through the power pad contact
hole 354.

[0101] FIGS. 17A to 17D are cross sectional views show-
ing exemplary fabrication processes for forming a thin film
transistor using a diffraction exposure method according to
the present invention. In FIG. 17A, a gate electrode 412 may
be first formed on a substrate 410 by patterning a first metal
layer. Then, a first gate insulating layer 414, a semiconductor
layer 416, and a second metal layer 418 may be sequentially
formed on the substrate 410 to cover the gate electrode 412,
wherein the semiconductor layer 416 may include an
undoped amorphous silicon layer 416a and a doped amor-
phous silicon layer 416b. Next, a photoresist 420 of a
photosensitive material may be formed on the second metal
layer 418, and a mask 430 may be located above the
photoresist 420.

[0102] The photoresist 420 may be a positive type pho-
tosensitive material, wherein a portion exposed by light is
removed during a developing process. The mask 430 may
have a first portion M1, a plurality of second portions M2,
and a plurality of third portions M3. The first portion M1
may include half-transmitting portions and may include a
plurality of slits or a semitransparent film so that only a
one-half portion of the light may pass through. The first
portion M1 may correspond in position to a channel region
ch of the thin film transistor. The second portions M2 may
include shielding portions that may completely block the
light during the exposure process and may correspond to the
source and drain electrodes of the thin film transistor. The
third portions M3 may include transmitting portions that
allow the light to completely pass through and may corre-
spond to the pixel region.

[0103] After disposing the mask 430 above the photoresist
420, a light exposure may be performed to the photoresist
420 using the mask 430. Accordingly, the light passing
through the third portions M3 may fully irradiate the cor-
responding regions, while the light passing through the first
portion M1 may weakly irradiates the corresponding
regions.

[0104] Therefore, as shown in FIG. 17B, after developing
the photoresist 420, the fully irradiated portions of the
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photoresist 420 may be completely removed, and a portion
corresponding to the first portion M1 of the mask 430 may
be partially removed. The portions of the photoresist 420
corresponding to the second portions M2 may remain on the
second metal layer 418, thereby forming a photoresist pat-
tern 442 having an indentation 440 over the gate electrode
412. Then, exposed portions of the second metal layer 418
and underlying portions of the semiconductor layer 416 may
be etched so that the metal and silicon patterns are only left
beneath the photoresist pattern 442, as shown in FIG. 17B.

[0105] FIG. 17C shows a process step of ashing the
photoresist pattern 442. The photoresist pattern 442 may be
ashed so that portions of the photoresist pattern 442 may be
partially removed as much as a thickness d until a portion of
the patterned second metal layer 418 is exposed. Accord-
ingly, the ashed photoresist pattern 442 may have an opening
444. Then, the exposed portion of the second metal layer 418
may be etched away so that a source electrode 446 and a
drain electrode 448 may be formed to be spaced apart from
each other across the gate electrode 412.

[0106] After forming the source and drain electrodes 446
and 448, the residual photoresist pattern 442 may be com-
pletely stripped, as shown in FIG. 17D. Then, a portion of
the doped amorphous silicon layer 4165 between the source
and drain electrodes 446 and 448 may be removed until the
underlying undoped amorphous silicon layer 416a is
exposed, thereby forming the channel ch on the undoped
amorphous silicon layer 416a. When removing the portion
of the doped amorphous silicon layer 416b between the
source and drain electrodes 446 and 448, the underlying
undoped amorphous silicon layer 416a may be partially
etched to completely eliminate the doped amorphous silicon
in the channel ch. Accordingly, the undoped amorphous
silicon layer 4164 may function as an active layer 450a, and
the doped amorphous silicon layer 44165 may function as an
ohmic contact layer 450b. The gate electrode 412, the active
layer 450q, the ohmic contact layer 4505, and the source and
drain electrodes 446 and 448 may constitute a thin film
transistor T. In the diffraction exposure method of FIGS.
17A-17D, the active and ohmic contact layers and the source
and drain electrodes may be simultaneously formed during
the same mask process.

[0107] According to the present invention, since the array
layer and the organic EL diode may be formed on different
substrates, high production efficiency may be achieved and
manufacturing yields may be increased. Second, since the
lower panel of the present invention may be utilized for an
OELD device, reduction of design limitations of the thin
film transistor and a high aperture ratio may be achieved.
Third, since the inverted staggered-type thin film transistor
may be implemented in the OELD devices, fabrication
processes may be performed under a relative low tempera-
ture and reduced mask processes may be utilized.

[0108] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the dual
panel-type organic electroluminescent device and method
for fabricating the dual panel-type organic electrolumines-
cent device of the present invention without departing from
the spirit or scope of the invention. Thus, it is intended that
the present invention cover the modifications and variations
of this invention provided they come within the scope of the
appended claims and their equivalents.
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What is claimed is:
1. A dual panel-type active matrix organic electrolumi-
nescent device, comprising:

a gate line disposed along a first direction on a first
substrate;

a data line disposed along a second direction on the first
substrate;

a power line disposed along the second direction on the
first substrate and spaced apart from the data line to
define a pixel region with the gate and data lines, the
power line and the gate line both formed of a same
material during a same process;

a switching thin film transistor disposed on the first
substrate near a crossing of the gate and data lines;

a driving thin film transistor disposed on the first substrate
near a crossing of the gate and power lines;

a connecting pattern within the pixel region on the first
substrate formed of an insulating material; and

a connecting electrode disposed within the pixel region on
the first substrate to cover the connecting pattern and
electrically interconnecting the driving thin film tran-
sistor to an organic electroluminescent diode.

2. The device according to claim 1, wherein the organic
electroluminescent diode is disposed on a second substrate
opposing the first substrate.

3. The device according to claim 1, further comprising a
first link electrode formed across the gate line to intercon-
nect the power lines along the second direction, wherein the
first link electrode is formed of a same material as the data
line.

4. The device according to claim 3, further comprising a
second link electrode disposed near the gate line to inter-
connect the power lines along the second direction along
with the first link electrode, wherein the second link elec-
trode is formed of a same material as the connecting
electrode during a same process step.

5. The device according to claim 1, further comprising a
power electrode interconnecting the power line to the driv-
ing thin film transistor, wherein the power electrode is
formed of a same material as the connecting electrode
during a same process step.

6. The device according to claim 1, further comprising a
gate pad at an end of the gate line, a data pad at an end of
the data line, and a power pad at an end of the power line,
wherein the data pad is disposed in a position opposite to the
power pad.

7. The device according to claim 6, further comprising a
gate pad terminal contacting the gate pad, a data pad
terminal contacting the data pad, and a power pad terminal
contacting the power pad, wherein the gate pad, data pad,
and power pad terminals are formed of a same material as
the connecting electrode during a same process step.

8. The device according to claim 6, further comprising a
semiconductor pattern beneath the data pad and comprising
a first pattern of undoped amorphous silicon and a second
pattern of doped amorphous silicon.

9. The device according to claim 1, wherein the switching
thin film transistor includes a switching gate electrode that
extends from the gate line, a switching semiconductor layer
disposed over the switching gate electrode, a switching
source electrode that extends from the data line over the
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semiconductor layer, and a switching drain electrode spaced
from the source electrode over the semiconductor layer.

10. The device according to claim 9, further comprising a
capacitor electrode extending from the switching drain elec-
trode over the power line.

11. The device according to claim 10, wherein the driving
thin film transistor includes a driving gate electrode con-
nected to the switching drain electrode, a driving semicon-
ductor layer disposed over the driving gate electrode, a
driving source electrode connected to the power electrode,
and a driving drain electrode connected to the connecting
electrode.

12. The device according to claim 11, further comprising
a plurality of semiconductor patterns beneath the capacitor
electrode, the data line, the switching source and drain
electrodes, and the driving source and drain electrodes,
wherein each of the semiconductor patterns includes a
double-layered structure comprising an undoped amorphous
silicon pattern and a doped amorphous silicon pattern.

13. The device according to claim 12, wherein the switch-
ing and driving semiconductor layers include an active layer
of undoped amorphous silicon and an ohmic contact layer of
doped amorphous silicon.

14. A method of fabricating a dual panel-type active
matrix organic electroluminescent device, comprising:

patterning a first metal layer to form a gate electrode, a
gate line, a power line, a gate pad, and a power pad on
a first substrate;

forming a first insulating layer on the first substrate to
cover the gate electrode, the gate pad, and the power
pad;

forming a semiconductor layer on the first insulating layer
over the gate electrode, the semiconductor layer includ-
ing an active layer of undoped amorphous silicon and
an ohmic contact layer of doped amorphous silicon,

forming source and drain electrodes, a data line, a first
link electrode, and a data pad, wherein the source and
drain electrodes are disposed on the ohmic contact
layer, wherein the data line, the data pad, and the first
link electrode are disposed on the first insulating layer,
and wherein the first link electrode crosses the gate
line;

forming a channel within the active layer by etching a
portion of the ohmic contact exposed between the
source and drain electrodes to form a thin film transis-
tor including the gate electrode, the semiconductor
layer, the source electrode, and the drain electrode;

forming a second insulating layer on the first insulating
layer to cover the thin film transistor, the data line, and
the data pad;

forming a source contact hole, a drain contact hole, a data
pad contact hole, a gate pad contact hole, and a power
pad contact hole, wherein the source, drain and data
pad contact holes penetrate the second insulating layer,
and wherein the gate pad and power pad contact holes
penetrate the first and second insulating layers;

forming a connecting pattern on the pixel region on the
second insulating layer using an insulating material,
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wherein the connecting pattern has a pillar shape and a
height greater than a corresponding height of the thin
film transistor; and

forming a connecting electrode, a power electrode, second
link electrodes, a data pad terminal, a gate pad terminal,
and a power pad terminal using a third metal layer.

15. The method according to claim 14, wherein the
connecting electrode covers the comnecting pattern and
contacts the drain electrode via the drain contact hole.

16. The method according to claim 14, wherein the power
electrode contacts the source electrode via the source contact
hole and interconnects the thin film transistor to the power
line.

17. The method according to claim 14, wherein the second
link electrodes are disposed near the gate line and intercon-
nect the power lines with the first link electrode along a first
direction of the data line.

18. The method according to claim 14, wherein the data
pad terminal, the gaie pad terminal, and the power pad
terminal are disposed to contact the data pad, the gate pad,
and the power pad, respectively, via the data pad contact
hole, via the gate pad contact hole, and via the power pad
contact hole.

19. The method according to claim 14, wherein forming
the gate and power line includes use of a first mask, wherein
forming the semiconductor layer includes use of a second
mask, wherein forming the source and drain electrodes
includes use of a third mask, wherein forming the source and
drain contact holes includes use of a fourth mask, wherein
forming the connecting pattern includes use of a fifth mask,
and wherein forming the connecting electrode includes use
of a sixth mask.

20. The method according to claim 14, wherein the step
of forming the source and drain electrodes includes forming
a capacitor electrode over the power line and wherein the
capacitor electrode constitutes a storage capacitor with the
power line and the first and second insulating layers.

21. The method according to claim 14, further comprising
an organic electroluminescent diode on a second substrate
facing the first substrate, wherein the connecting electrode
electrically interconnects the thin film transistor to the
organic electroluminescent diode.

22. The method according to claim 14, wherein the gate
line is disposed along a first direction, and the data and
power lines are disposed a second direction and are spaced
apart from each other to define the pixel region.

23. The method according to claim 14, wherein the
insulating material for the connecting pattern includes
organic insulating material.

24. A method of fabricating a dual panel-type active
matrix organic electroluminescent device, comprising:

patterning a first metal layer to form a gate electrode, a
gate line, a power line, a gate pad, and a power pad on
a first substrate;

forming a first insulating layer, a undoped amorphous
silicon layer, a doped amorphous silicon layer, and a
second metal layer sequentially on the first substrate to
cover the gate electrode, the gate pad, and the power
pad;

forming a photosensitive photoresist on the second metal
layer;
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disposing a first mask having a half-transmitting portion
over the photosensitive photoresist;

patterning the undoped amorphous silicon layer, the
doped amorphous silicon layer, and the second metal
layer simultaneously using a diffraction exposure
method using the first mask to form an active layer, an
ohmic contact layer, a source electrode, a drain elec-
trode, a data line, a first link electrode, and a data pad,

forming a channel in the active layer by etching a portion
of the ohmic contact layer exposed between the source
and drain electrodes to form a thin film transistor
comprising the gate electrode, the active layer, the
ohmic contact layer, the source electrode, and the drain
electrode;

forming a second insulating layer on the first insulating
layer to cover the thin film transistor, the data line, and
the data pad;

forming a source contact hole, a drain contact hole, a data
pad contact hole, a gate pad contact hole, and a power
pad contact hole, wherein the source, drain, and data
pad contact holes penetrate the second insulating layer,
and wherein the gate pad and power pad contact holes
penetrate the first and second insulating layers;

forming a connecting pattern on the pixel region on the
second insulating layer using an insulating material,
wherein the connecting pattern has a pillar shape and a
height higher than a corresponding height of the thin
film transistor; and

forming a connecting electrode, a power electrode, second
link electrodes, a data pad terminal, a gate pad terminal,
and a power pad terminal using a third metal layer.

25. The method according to claim 24, wherein the
connecting electrode covers the connecting pattern and
contacts the drain electrode via the drain contact hole.

26. The method according to claim 24, wherein the power
electrode contacts the source electrode via the source contact
hole and interconnects the thin film transistor to the power
line.

27. The method according to claim 24, wherein the second
link electrodes are disposed near the gate line and intercon-
nect the power lines with the first link electrode.

28. The method according to claim 24, wherein the data
pad terminal, the gate pad terminal, and the power pad
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terminal are disposed to contact the data pad, the gate pad,
and the power pad, respectively, via the data pad contact
hole, via the gate pad contact hole, and via the power pad
contact hole.

29. The method according to claim 24, wherein forming
the gate and power line includes use of a first mask, wherein
patterning the undoped and doped amorphous silicon layer
and the second metal layer includes use of a second mask,
wherein forming the source and drain contact holes includes
use of a third mask, wherein forming the connecting pattern
includes use of a fourth mask, and wherein forming the
connecting electrode includes use a fifth mask.

30. The method according to claim 24, wherein the step
of patterning the undoped and doped amorphous silicon
layers and the second metal layer includes forming a capaci-
tor electrode over the power line.

31. The method according to claim 30, wherein the
capacitor electrode constitutes a storage capacitor with the
power line and the first and second insulating layers.

32. The method according to claim 30, wherein patterning
the undoped and doped amorphous silicon layers and the
second metal layer forms a plurality of semiconductor
patterns beneath the data line, the first link electrode, and the
data pad.

33. The method according to claim 24, further comprising
an organic electroluminescent diode on a second substrate
facing the first substrate, wherein the connecting electrode
electrically interconnects the thin film transistor to the
organic electroluminescent diode.

34. The method according to claim 24, wherein the gate
line is disposed along a first direction, and the data and
power lines are disposed along a second direction and are
spaced apart from each other to define the pixel region.

35. The method according to claim 24, wherein the
insulating material for the connecting pattern includes
organic insulating material.

36. The method according to claim 24, wherein the
photosensitive photoresist pattern is a positive type photo-
resist material.

37. The method according to claim 24, wherein the source
and drain electrodes are disposed on the ohmic contact layer,
and wherein the first link electrode crosses the gate line.
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