US 20190131370A1

12) Patent Application Publication (o) Pub. No.: US 2019/0131370 Al

a9y United States

HEO (43) Pub, Date: May 2, 2019
(54) THIN FILM TRANSISTOR ARRAY (52) US.CL
SUBSTRATE AND ORGANIC LIGHT CPC ... HOIL 2773262 (2013.01); HOIL 27/3265
EMITTING DISPLAY DEVICE HAVING (2013.01); HOI1L 27/3276 (2013.01); HOIL
SAME 27/1225 (2013.01); GO9IG 3/3266 (2013.01);
G09G 3/3275 (2013.01), GO9G 3/3225
(71) Applicant: LG DISPLAY CO., LTD., Seoul (KR) (2013.01)
(72) Inventor: Jinhee HEQO, Seoul (KR) (57) ABSTRACT
(73) Assignee: LG DISPLAY CO., LTD., Seoul (KR) An embodiment of the present invention provides a thin film
transistor array substrate having a first thin film transistor, a
(21) Appl. No.: 16/170,925 second thin film transistor and a capacitor connected with a
. gate electrode of the first thin film transistor, and a third thin
(22) Filed: Oct. 25, 2018 film transistor connected with the capacitor, wherein the thin
. L L. film transistor array substrate comprises a first capacitor
(30) Foreign Application Priority Data electrode disposed on a first gate insulation film covering an
active layer of the third thin film transistor; an active layer
Oct. 26, 2017 (KR) .evevererererecnene 10-2017-0140194 of the second thin film transistor disposed on a second gate
. . o e insulation film covering the first capacitor electrode; a gate
Publication Classification electrode of the second thin film transistor disposed on an
(51) Imt. CL intermediate insulation film covering a portion of active
HOIL 27/32 (2006.01) layer of the second thin film transistor; and a second
G09G 3/3225 (2006.01) capacitor electrode of the capacitor disposed on the inter-
G09G 3/3266 (2006.01) mediate insulation film and overlapped with the first capaci-
G09G 3/3275 (2006.01) tor electrode.
100
I3 Cst 12
14 ‘é 15a 151 (L 141 105 152 g 15b 105 153 1(6
i N L | i L/ i
,7,ﬂ|7777 7—‘— —————— <(‘ff }'— "\— 'I \ 1’ ””” |" ””” f ”””” \l )
l\\ ‘ I! } ‘
! YR 1.
IR == 106
I i ! . i ! 7 1
104~ H v H | 1\/‘\ A # v ,“\} / | | ’ o104
e | L | +—103
- S I [N +—102
i \ }
‘] | ) \I +—101
A i 1 R
M1k 111a 1ie Cst_H 121 131b 131a 131c 112
[N [

111

131



US 2019/0131370 A1

May 2, 2019 Sheet 1 of 20

Patent Application Publication

2ado 3d

H13d
OUASA

BG1
/ /
7 A\ .
xd—-—-1] Ve OO [envos
_H_ | .o \e _H_ _H_ A_z<ow
: _ IH R
A E= o =4t
[] *\ .o | ] ]
SSAT — D / / .o ﬂ _H_ D ZNVOS
JaA3 T Y N INVOS
V Y i
ag, *** BeG| V1VAA
=T ~  2da
B g9y

I Old

el OUASH
—~— —— Y




Patent Application Publication = May 2,2019 Sheet 2 of 20 US 2019/0131370 A1

FIG. 2
VDATA EVDD
14 [ 16
Cst
T3 T 4
L1 [
15 |T2| N2
SCANT -
SCANQ//
15 \/ OLED

EVSS



US 2019/0131370 A1

May 2, 2019 Sheet 3 of 20

Patent Application Publication

FIG. 3

g..,
| ¥
]
[
]
1
|

|
I

l

FU S ! |
\\\\\\\\\\\ |

|
o
H | A |
i A I
NPy

153

111111




US 2019/0131370 A1

May 2,2019 Sheet 4 of 20

Patent Application Publication

LEL LEL
v N olEl ®BlEL qlEl ISl H 18O OLLL ®BLLE QL v
' / / / / / [ [ /
o L] A L
20— B o W Y s e . Vo =T T —
b0 L g 7 ot = o
90| — m . i
T
[ L ﬁ 1 T T w ...... H ...
91 €8l SOl as| m 251 S0l L L ‘m LS EG| w /A"
K iCle) €l
001

¥ Old



US 2019/0131370 A1

d / / pd
: S
o
- ol—F T ——— —————— il — ] .
8 oL —1- | \ ! {01
% e
o 901 —1- | ,\ \/ \, \ f {901
o 1 |
~ _ m
nvad \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
= 91 €SL  OSL SOL ¥l w FARE!
l
00l

G Old

Patent Application Publication



Patent Application Publication = May 2,2019 Sheet 6 of 20 US 2019/0131370 A1
FIG. 6
VDATA EVDD
14 | 16
1
15b To N3
N
T3 |
L] | [“
158 I N2
\\ Csl
SCAN1
\/ OLED

EVSS



Patent Application Publication

FIG.

May 2, 2019 Sheet 7 of 20

7

US 2019/0131370 A1

1

[

AN

N

NN

TA

A
—_ s
w
o X

=

‘é?é?e‘?é

-

999999,

00909,

ROEEDERBILA
20000 2000 t0 %20 %0%
HXREELIKAS

XXX

9.9.9.9.9.9.9.9.9.9.9,9.9.

0,000,

iy

- g ~— __\__\___\__‘;T__

Cst_H

|

O



US 2019/0131370 A1

May 2, 2019 Sheet 8 of 20

Patent Application Publication

FLL

\|\J
-8 o) e
5 H71s0 P\NF N\E LLLBLIL GLEL
oSN L
20l — Y
80L—H / w/\ﬁ ,
0Lt \w \ull \
mO—.) //M ‘_ T ¥ T =1 F ¥
wo_-\lill\_ /a
_ ]
| | ,
L J f
J L) PGl fm_ SOl BS) ¥
§50) Ll -

001

8 Old



US 2019/0131370 A1

May 2, 2019 Sheet 9 of 20

Patent Application Publication

2el LEL m
\|>J \|?J
a H 18D lel o¢EL egel geggl 9LEIl BIEL 9lEL i a
! / / { f /
oL —|- \ / /
coOl—1F / A\ |
oI~ = ]
Wl-— 7, \UE ) |
_ _ S oAb T SIS AN
0| i

I L SO SS1

6 Old

Lt

G0o1
L

843

QG S0

vl

001



Patent Application Publication

May 2, 2019 Sheet 10 of 20

FIG. 10

US 2019/0131370 A1

T

T

T

T

T

T

H o+
+
s B

+ o+ o+ o+ o+
n

+
+

F-*—F_‘_———_f‘_q-PJ‘f’

7*7777++++/
N S

-+

+ I+
+ + 4+ + 4+

o+

T+

4
|

1
|
SR R

-




Patent Application Publication = May 2,2019 Sheet 11 of 20  US 2019/0131370 A1

1—-103
102
—+——101

E |

121
[

FIG. 11

)

111b 111a 111c
111

)

E



Patent Application Publication = May 2,2019 Sheet 12 of 20  US 2019/0131370 A1

FIG. 12

}
e R ITY.
T
j;{* /! 121
+ S/ |
/ : ‘
++L+_.,../7/_ /_ .b/—é—————l»——E
o+ / ;
/ A
— |/ // g !
. |
7 S :
L v |
g e
/;//é / |
/
S/ % |
T / ________ |




Patent Application Publication

FIG. 13

May 2, 2019 Sheet 13 of 20

T ON
o888 o
™ - ™ ~—
17T —w

,<

T

P

w

O
Y

—
Q]
o

]

+ + o+ B

132

PSSO S S S S S S S S S S S

15a
(
]

111b 111a 111c

US 2019/0131370 A1

111



Patent Application Publication = May 2,2019 Sheet 14 of 20  US 2019/0131370 A1

FIG. 14

i \\ \K
+ \ \Jr\i\\t O\ + \ +
) SO \ 32
Ot ,”"”"”"*"”7
- ][ + /; %%/}\121
QRN o I
e /7 1 |
} l e ) i
: K i |
1 X |+ —CstH
| K505 | |
| X | |
‘ X ‘ |
| 1 < | |
L (5N e . s w8 J




US 2019/0131370 A1

May 2,2019 Sheet 15 of 20

Patent Application Publication

L
\|\J

JLEE BLLEE QELL

_WF
T

\N
01—} \ / /_
|

20L—F 7 ;
€0L = Y \\ /X. / ‘ \ k
pOL—1 < | ~ d 0l

GOl

ctl

Lp L asi

Gl old



US 2019/0131370 A1

May 2, 2019 Sheet 16 of 20

Patent Application Publication

ctl LE1 L
A —_—— —_—

L ¢t BcEl QN,mF JLELELELQLIEL  JLLL BLLE 4L

A N U N SO U S W I

o S A W W W R SRR

20— 7 X , , N S
0L \ /x i ) | \ L , —
vOl— 7 \ | ] 7 ol
O A S S SXCCK)  NEE E KICA v
] A / n / A BG|
w0 gl S0l €01 mﬁ:gﬁ
Lyl qs1
91 'Ol



Patent Application Publication = May 2,2019 Sheet 17 of 20  US 2019/0131370 A1

FIG. 17

|

A S

++!++
+|
+

+

7
]

H4

R

+
+
L L2 L A

-+

Bl

He;_,/%' ¢ :/ // |

L e e e e S



US 2019/0131370 A1

May 2, 2019 Sheet 18 of 20

Patent Application Publication

ctl LEL FEL
’ ) — —
H 18O el O¢El Bc¢ElL Qegl DOlELelgL qlel  9LLL BLLL QlLL
[/ \/ m A R/ A A ﬂ f ,/ f |
/ \ | \ \ \ \ Vo
] \\ \ \\ ] J , V] | ° -
oL \ /| ,...H\ ,,,,, v t\+ O .:_\T i +?.Nq : \ A o
o lNESSEIEisa
/ ) L / 0L | g
GOl 2rL GOl L GOl ag Gl
9H GH H €H ¢H IH

8l Old



US 2019/0131370 A1

May 2, 2019 Sheet 19 of 20

Patent Application Publication

FIG. 19

\
Cst_H

/

NS _—}_—_Y\—_: ISR EER )

g apue e g g |




US 2019/0131370 A1

May 2, 2019 Sheet 20 of 20

0c¢ Old

Patent Application Publication



US 2019/0131370 A1

THIN FILM TRANSISTOR ARRAY
SUBSTRATE AND ORGANIC LIGHT
EMITTING DISPLAY DEVICE HAVING
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of the
Korean Patent Application No. 10-2017-0140194, filed on
Oct. 26, 2017 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a thin film transis-
tor array substrate having at least two thin film transistors
and a capacitor connected with at least one of the transistors,
and an organic light emitting display device having the
same.

2. Description of the Related Art

[0003] Display devices are applied in various electronic
devices such as a television (TV), a portable phone, a laptop
computer, a tablet, etc. So, much effort has been made in
order to reduce the thickness, weight, and power consump-
tion of the display device.

[0004] Representative examples of the display device
include a liquid crystal display device (LCD), a plasma
display device (PDP), a field emission Display device
(FED), an electro-luminescence Display device (FLD), an
electro-Wetting Display device (EWD), and an organic light
emitting display device (OLED), etc.

[0005] Generally, these display devices include a polariz-
ing material or a light emitting material disposed between a
pair of the substrates. Here, one of the pair of the substrates
can be a thin film transistor array substrate which defines a
plurality of pixel areas corresponding to a plurality of pixels
in a display area where an image is displayed, and drives the
respective pixels.

[0006] For example, as for the organic light emitting
display device, the thin film transistor array substrate can
include a driving thin film transistor which supplies a drive
current to the organic light emitting device in the respective
pixel areas, a switching thin film transistor which supplies a
data signal corresponding to the brightness of the organic
light emitting device, and a capacitor which is charged by
the data signal. Also, the thin film transistor array substrate
of the organic light emitting display device can further
include a sampling thin film transistor for compensating for
a threshold voltage of the driving thin film transistor.
[0007] By the way, the resolution of the display device is
being required to be higher in order to display clearer
images, and a size of each pixel area is therefore getting
smaller. More specifically, as for a 3-dimension virtual
reality device (3D VR), the size of each pixel area can be
decreased even to one twentieth the size of a normal display
device.

[0008] As the size of each pixel area gets smaller, the areas
allocated for the thin film transistors and capacitors corre-
sponding to each of the pixel areas are also decreased, which
could result in the degradation of device characteristics.
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[0009] For example, as for the sampling thin film transis-
tor, the length of an active layer can be decreased and, as a
result, a leakage current greater than a threshold can occur
more frequently. This leakage current of the sampling thin
film transistor can cause malfunction of the organic light
emitting device as well as a blur and an abnormal brightness.
So, the display quality can be degraded.

[0010] Further, as for the capacitor, the capacitance of the
capacitor is decreased due to the reduced size of the capaci-
tor. Therefore, the drive current cannot be supplied to the
driving thin film transistor stably during respective frames.
This unstable supply of the drive current can result in a
decrease in the brightness of the organic light emitting diode
and can cause the display quality to be degraded.

SUMMARY OF THE INVENTION

[0011] An objective of the present invention is to provide
a thin film transistor array substrate, which is capable of
preventing characteristics of elements corresponding to the
respective pixel areas from being degraded due to the
decreased size of the elements, and to provide an organic
light emitting display device having the same.

[0012] The objectives of the present invention are not
limited to the objective mentioned in the above, and other
objectives and advantages of the present invention can be
understood based on the description in the following and
more clearly understood based on the embodiments of the
present invention. In addition, it will be apparent that the
objectives and advantages of the present invention can be
realized by the means set forth in the claims and a combi-
nation thereof.

[0013] An embodiment of the present invention provides
a thin film transistor array substrate having a first thin film
transistor, a second thin film transistor and a capacitor
connected with a gate electrode of the first thin film tran-
sistor, and a third thin film transistor connected with the
capacitor, wherein the thin film transistor array substrate
comprises: a first capacitor electrode disposed on a first gate
insulation film covering an active layer of the third thin film
transistor; an active layer of the second thin film transistor
disposed on a second gate insulation film covering the first
capacitor electrode; a gate electrode of the second thin film
transistor disposed on an intermediate insulation film cov-
ering a portion of the active layer of the second thin film
transistor; and a second capacitor electrode of the capacitor
disposed on the intermediate insulation film and overlapped
with the first capacitor electrode.

[0014] The thin film transistor array substrate can further
comprise a gate electrode of the third thin film transistor
disposed on the first gate insulation film and overlapped with
a portion of the active layer of the third thin film transistor,
wherein the first capacitor electrode is spaced apart from the
gate electrode of the third thin film transistor.

[0015] The thin film transistor array substrate can further
comprise a capacitor hole which corresponds to a portion of
an area where the first and second capacitor electrodes
overlap with each other and penetrates the second gate
insulation film.

[0016] The active layer of the third thin film transistor can
be made of a polysilicon semiconductor material, and the
active layer of the second thin film transistor can be made of
an oxide semiconductor material.

[0017] Another embodiment of the present invention pro-
vides an organic light emitting display device having organic
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light emitting devices corresponding to respective pixel
areas, a first thin film transistor supplying a drive current to
the organic light emitting devices, a capacitor and a second
thin film transistor connected with a gate electrode of the
first thin film transistor, and a third thin film transistor
connected with the capacitor, comprising: an active layer of
the third thin film transistor disposed on a substrate; a first
gate insulation film which covers the active layer of the third
thin film transistor; a gate electrode of the third thin film
transistor disposed the first gate insulation film and over-
lapping with a portion of the active layer of the third thin
film transistor; a first capacitor electrode of the capacitor
disposed on the first gate insulation film and is spaced apart
from the gate electrode of the third thin film transistor; a
second gate insulation film which covers the gate electrode
of the third thin film transistor and the first capacitor
electrode of the capacitor; an active layer of the second thin
film transistor disposed on the second gate insulation film; a
gate electrode of the second thin film transistor disposed on
the intermediate insulation film which covering a portion of
the active layer of the second thin film transistor; and a
second capacitor electrode of the capacitor disposed on the
intermediate insulation film and overlapped with the first
capacitor electrode.

[0018] The organic light emitting display device can fur-
ther comprise a capacitor hole which corresponds to a
portion of an area where the first and second capacitor
electrodes overlap with each other and penetrates the second
gate insulation film.

[0019] The active layer of the first thin film transistor can
be disposed on the same layer as the active layer of the third
thin film transistor, and the gate electrode of the first thin
film transistor can be disposed on the first gate insulation
film and connected with the first capacitor electrode.
[0020] In this case, one of a source electrode and a drain
electrode of the first thin film transistor can be connected
with a first source line while the other one is connected with
the organic light emitting device, one of a source electrode
and a drain electrode of the second thin film transistor can
be connected with a first node between the capacitor and the
gate electrode of the first thin film transistor while the other
one is connected with a second node between the first thin
film transistor and the organic light emitting device, one of
a source electrode and a drain electrode of the third thin film
transistor can be connected with a data line while the other
one is connected with the second capacitor electrode of the
capacitor, and an anode electrode of the organic light emit-
ting device can be connected with the second node while a
cathode electrode of the organic light emitting device is
connected with a second source line.

[0021] Alternatively, the active layer of the first thin film
transistor can be disposed on the second gate insulation film,
and the gate electrode of the first thin film transistor can be
disposed on the intermediate insulation film covering a
portion of the active layer of the first thin film transistor and
can be connected with the second capacitor electrode.
[0022] In this case, one of a source electrode and a drain
electrode of the first thin film transistor can be connected
with a first source line while the other one is connected with
the organic light emitting device, wherein the first capacitor
electrode of the capacitor is connected with a first node
between the gate electrode of the first thin film transistor and
the third thin film transistor, while the second capacitor
electrode of the capacitor is connected with a second node
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between the first thin film transistor and the organic light
emitting device, wherein one of one of a source electrode
and a drain electrode of the second thin film transistor can
be connected with the first node while the other one is
connected with a third node between the first source line and
the first thin film transistor, wherein one of a source elec-
trode and a drain electrode of the third thin film transistor
can be connected with a data line while the other one is
connected with the first node, and an anode electrode of the
organic light emitting device can be connected with the
second node while a cathode electrode of the organic light
emitting device is connected with a second source line.

[0023] The active layer of the third thin film transistor can
be made of a polysilicon semiconductor material, and the
active layer of the second thin film transistor can be made of
an oxide semiconductor material.

[0024] According to embodiments of the present inven-
tion, the thin film transistor array substrate having first,
second and, third thin film transistors corresponding to the
respective pixels and a capacitor, comprises a gate electrode
and of the third thin film transistor and first capacitor
electrode which are disposed on the first gas insulation film
covering an active layer of the third thin film transistor, an
active layer of the second thin film transistor disposed on the
second gate insulation film covering the first capacitor
electrode, a gate electrode of the second thin film transistor
disposed on an intermediate insulation film covering a
portion of the active layer of the second thin film transistor,
and a second capacitor electrode which overlaps with the
first capacitor electrode and is disposed on the intermediate
insulation film. In this manner, the capacitor can be imple-
mented by the first capacitor electrode disposed on the same
layer as the gate electrode of the third thin film transistor and
the second capacitor electrode disposed on the same layer as
the gate electrode of the second thin film transistor. That is,
no separate conductive layer is required to implement the
capacitor, which simplifies the structure of the thin film
transistor array substrate.

[0025] In addition, according to embodiments of the pres-
ent invention, the thin film transistor array substrate further
comprises a capacitor hole which corresponds to a portion of
an area where the first and second capacitor electrodes
overlap with each other and penetrates the second gate
insulation film. This capacitor hole can increase the capaci-
tance of the capacitor corresponding to an overlapped area
between the first and second capacitor electrodes. Therefore,
the size of the pixel area is decreased, which minimizes the
reduction of the capacitance of the capacitor even when the
area allocated for the capacitor is decreased. As a result, a
high resolution organic light emitting display device can be
easily manufactured.

[0026] According to embodiments of the present inven-
tion, the second thin film transistor, which compensates for
the threshold voltage of the first thin film transistor supply-
ing a drive current to the organic light emitting device, has
an active layer made of an oxide semiconductor material.
Therefore, malfunction of the organic light emitting device
due to the leakage current of the second thin film transistor
can be minimized, thereby preventing the brightness of the
organic light emitting display device from being degraded.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a diagram illustrating an organic light
emitting display device according to an embodiment of the
present invention.

[0028] FIG. 2 is a diagram showing an equivalent circuit
corresponding to one pixel in the organic light emitting
display device according to the first embodiment of the
present invention.

[0029] FIG. 3 is a diagram shown an example of the thin
film transistor array substrate of FIG. 2 having first, second,
and third thin film transistors and a capacitor.

[0030] FIG. 4 is a cross-sectional view taken along a line
A-A' of FIG. 3.

[0031] FIG. 5 is a cross-sectional view taken along a line
B-B' of FIG. 3.

[0032] FIG. 6 is a diagram showing an equivalent circuit
corresponding to one pixel in the organic light emitting
display device according to a second first embodiment of the
present invention.

[0033] FIG. 7 is a diagram shown an example of the thin
film transistor array substrate of FIG. 6 having first, second,
and third thin film transistors and a capacitor.

[0034] FIG. 8 is a cross-sectional view taken along a line
C-C' of FIG. 7.

[0035] FIG. 9 is a cross-sectional view taken along a line
D-D' of FIG. 7.

[0036] FIGS. 10-20 are diagrams showing steps of a
method of manufacturing the thin film transistor array
substrate according to the second embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0037] The objectives, features, and advantages will be
explained in detail by referring to the appended figures, such
that a skilled person in the art to which the present invention
pertains can readily practice the technical spirit of the
present invention. Also, in the explanation on the present
invention in the following, detailed explanations on related
known technique will be omitted when it is determined that
they will unnecessarily obscure the subject matter of the
present invention. In the following, preferred embodiments
of the present invention will be described in detail by
referring to appended figures. In the figures, same reference
symbols are used to refer to the same or similar components.
[0038] In the following, the thin film transistor array
substrate and the organic light emitting display device
having the same according to embodiments of the present
invention will be explained in detail by referring to the
appended figures.

[0039] At first, by referring to FIG. 1, the organic light
emitting display device according to an embodiment of the
present invention will be explained.

[0040] FIG. 1 is a diagram illustrating an organic light
emitting display device according to an embodiment of the
present invention. All the components of the organic light
emitting display devices and the thin film transistor array
substrates according to all embodiments of the present
invention are operatively coupled and configured.

[0041] As shown in FIG. 1, the organic light emitting
display device according to the embodiment of the present
invention includes a display panel 10 having a plurality of
pixels PXL, a data driving circuit 12 for driving a plurality
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of data lines 14 of the display panel 10, a gate driving circuit
13 for driving a plurality of first and second scan lines 15a,
155 of the display panel 10, and a timing controller 11 for
controlling drive timings of the data driving circuit 12 and
gate driving circuit 13.

[0042] The display panel 10 includes a pair of the sub-
strates which face and bond with each other, and a thin film
transistor array and an organic light emitting device array
which are disposed between the pair of the substrates. For
example, one of the pair of the substrates can be a thin film
transistor array on which a thin film transistor array is
disposed. And, the other of the pair of the substrates can be
an encapsulation substrate which encapsulates the organic
light emitting device array disposed on the thin film tran-
sistor array.

[0043] The thin film transistor array substrate of the dis-
play panel 10 includes a substrate, the first and second scan
lines 15a, 15b disposed to extend in a first direction (left-
right direction in FIG. 1) on the substrate, and the data lines
14 disposed to extend in a second direction (up-down
direction in FIG. 1). In the meantime, the pixel areas
corresponding to the plurality of pixels PXL can be defined
as an intersection area between one of the first and second
scan lines 15a, 156 and the data line 14. These pixel areas
are disposed in a matrix formation in a display area where
an image is actually displayed.

[0044] The thin film transistor array substrate of the dis-
play panel 10 includes a first source line for supplying a first
driving source EVDD to the plurality of pixels PXL, and a
second source line for supplying a second driving source
EVSS which is lower than the first driving source EVDD.
[0045] The timing controller 11 rearranges the digital
video data RGB received from outside according to a
resolution of the display panel 10, and supplies the rear-
ranged digital video data RGB! to the data driving circuit 12.

[0046] The timing controller 11 supplies a data control
signal DDC for controlling the operation timing of the data
driving circuit 12 and a gate control signal GDC for con-
trolling the operation timing of the gate driving circuit 13
based on various timing signals such as a vertical synchro-
nous signal Vsyne, a horizontal synchronous signal Hsync,
a dot clock signal DCLK, a data enable signal DE, etc.

[0047] The data driving circuit 12 converts the rearranged
digital video data RGB' to an analog data voltage based on
the data control signal DDC. Further, the data driving circuit
12 supplies a data signal VDATA to the pixels of the
respective horizontal lines during respective horizontal peri-
ods based on the rearranged digital video data RGB'.

[0048] The gate driving circuit 13 can generate first and
second scan signals SCAN1, SCAN2 based on the gate
control signal GDC. The gate driving circuit 13 can supply
the first and second scan signals SCAN1, SCAN2 sequen-
tially to the plurality of horizontal lines. In the meantime,
during each horizontal period, the gate driving circuit 13
supplies the first scan signal SCANI to the first scan line 15a
and supplies the second scan signal SCAN2 to the second
scan line 15b.

[0049] This gate driving circuit 13 can be disposed in a
non-display area of the display panel 10 according to a
gate-driver in panel (GIP) method.

[0050] Next, a thin film transistor array substrate accord-
ing to the first embodiment of the present invention will be
explained in more detail by referring to FIGS. 2-5.
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[0051] FIG. 2 is a diagram showing an equivalent circuit
corresponding to one pixel in the organic light emitting
display device according to the first embodiment of the
present invention. FIG. 3 is a diagram shown an example of
the thin film transistor array substrate of FIG. 2 having first,
second, and third thin film transistors and a capacitor. FIG.
4 is a cross-sectional view taken along a line A-A' of FIG.
3. FIG. 5 is a cross-sectional view taken along a line B-B' of
FIG. 3.

[0052] As shown in FIG. 2. in the organic light emitting
display device according to the first embodiment of the
present invention, each of the pixels PXL includes an
organic light emitting device OLED, a first thin film tran-
sistor T1 for supplying a drive current to the organic light
emitting device OLED, a capacitor Cst and a second thin
film transistor T2 which are connected with a gate electrode
of the first thin film transistor T1, and a third thin film
transistor T3 which is connected with the capacitor Cst.

[0053] The first thin film transistor T1 is connected in
series with the organic light emitting device OLED between
a first source line supplying a first driving source EVDD and
a second source line supplying a second driving source
EVSS.

[0054] For example, one of a source electrode and a drain
electrode of the first thin film transistor T1 is connected with
the first source line supplying the first driving source EVDD
while the other one is connected with an anode electrode of
the organic light emitting device OLED. And, a cathode
electrode of the organic light emitting device OLED is
connected with a second source line supplying a second
driving source EVSS.

[0055] The capacitor Cst is connected between the gate
electrode of the first thin film transistor T1 and the third thin
film transistor. The capacitor Cst is charged by the data
voltage VDATA which is supplied through the turned-on
third thin film transistor T2.

[0056] The second thin film transistor T2 is provided to
compensate for the threshold voltage of the first thin film
transistor T1. That is, the second thin film transistor T2 is
provided to prevent the drive current supplied to the organic
light emitting device OLED from being affected by the
threshold voltage of the first thin film transistor T1.

[0057] The second thin film transistor T2 can be connected
between one of the source electrode and the drain electrode
of the first thin film transistor T1, which is connected with
the organic light emitting device OLED, and the gate
electrode of the first thin film transistor T1. And, the gate
electrode of the second thin film transistor T2 is connected
with the second scan line 155 supplying the second scan
signal SCAN2.

[0058] For example, one of the source electrode and the
drain electrode of the second thin film transistor T2 is
connected with a first node N1 between the gate electrode of
the first thin film transistor T1 and the capacitor Cst, while
the other one is connected with a second node N2 between
the first thin film transistor T1 and the organic light emitting
device OLED. When the second thin film transistor T2 is
turned on based on the second scan signal SCAN2, it
connects the first node N1 with the second node N2.
[0059] The third thin film transistor T3 is provided to
supply the data signal for driving the first thin film transistor
T1 to the capacitor Cst and to the gate electrode of the first
thin film transistor T1 connected with the capacitor Cst.
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[0060] The third thin film transistor T3 is connected
between the data line 14 supplying the data signal VDATA
and the capacitor Cst. For example, one of the source
electrode and the drain electrode of the third thin film
transistor T3 is connected with the data line 14 supplying the
data signal VDATA, while the other one is connected with
the capacitor Cst. And, the gate electrode of the third thin
film transistor T3 is connected with the first scan line 15a
supplying the first scan signal SCAN1. When the third thin
film transistor T3 is turned on based on the first scan signal
SCANM, it provides the data signal VDATA to the capacitor
Cst.

[0061] In the thin film transistor array substrate having the
first, second and third thin film transistors T1, T2, T3 as
described above, the size for respective pixel areas can be
decreased, which results in high resolution of the organic
light emitting display device. In this case, as the area
allocated for respective thin film transistors is reduced, some
characteristics of the thin film transistor may be degraded.
For example, a leakage current may be increased.

[0062] As a further example, the leakage current may be
generated in the second thin film transistor T2, which causes
the first thin film transistor T1 to be turned on and incurs
malfunction of the organic light emitting device OLED.
[0063] In order to prevent this, the second thin film
transistor T2 can include an active layer made of an oxide
semiconductor material which has a better leakage current
suppression property than a low-temperature polycrystalline
silicon semiconductor (LTPS) material.

[0064] On the other hand, the third thin film transistor T3
can include an active layer made of the low-temperature
polycrystalline silicon semiconductor (UTPS) material in
order to accelerate a response time to ON-OFF switching.
[0065] According to the first embodiment, as in the case
for the third thin film transistor T3, the first thin film
transistor T1 can include an active layer made of the UTPS.
[0066] In this case, in order to simplify processes, the first
and third thin film transistors T1, T3 including active layers
made of the LTPS can be implemented as PMOS transistors,
while the second thin film transistor T2 including the active
layer made of the oxide semiconductor material can be
implemented as an NMOS transistor.

[0067] As shown in FIG. 3, a thin film transistor array
substrate 100 according to the first embodiment of the
present invention includes first, second and third thin film
transistors T1, T2, T3 and a capacitor Cst disposed in the
respective pixel areas.

[0068] The thin film transistor array substrate 100 can
further include first and second scan lines 15a, 156 in a first
direction (left-right direction in FIG. 3), and a data line 14
and a first source line 16 in a second direction (up-down
direction in FIG. 3).

[0069] The thin film transistor array substrate 100 can
further include a first connecting pattern 151 for connecting
the third thin film transistor T3 with the capacitor Cst, a
second connecting pattern 152 for connecting the second
thin film transistor T2 with the capacitor Cst, and a third
connecting pattern 153 for connecting the first thin film
transistor T1 with the second thin film transistor T2.
[0070] Both ends of the active layer 112 of the first thin
film transistor T1 are connected with the first source line 16
and the second thin film transistor T2, respectively.

[0071] Both ends of the active layer 131 of the second thin
film transistor T2 are connected with the first thin film
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transistor T1 and the capacitor Cst, respectively. The gate
electrode of the second thin film transistor T2 is made by a
portion of the second scan line 156 which overlaps with a
portion of the active layer 131 of the second thin film
transistor T2.

[0072] Both ends of the active layer 111 of the third thin
film transistor T3 are connected with the data line 14 and the
capacitor Cst, respectively. The gate electrode of the third
thin film transistor T3 is made by a portion of the first scan
line 15a which overlaps with a portion of the active layer 111
of the third thin film transistor T3.

[0073] The capacitor Cst includes first and second capaci-
tor electrodes 121, 141 which overlap with each other.
[0074] The first capacitor electrode 121 is connected with
the second thin film transistor T2 through the second con-
necting pattern 152. And, a portion of the first capacitor
electrode 121, which overlaps with a portion of the active
layer 112 of the first thin film transistor T1, serves as the gate
electrode of the first thin film transistor T1. Therefore, the
second connecting pattern 152, with which gate electrode of
the first thin film transistor T1, the first capacitor electrode
121, and the second thin film transistor T2 are connected,
corresponds to the first node N1 in FIG. 2.

[0075] The second capacitor electrode 141 is connected
with the third thin film transistor T3 via the first connecting
pattern 151.

[0076] A capacitor hole Cst_H is disposed in a portion of
an area where the first and second capacitor electrodes 121,
141 overlap with each other.

[0077] As shown in FIG. 4. the thin film transistor array
substrate 100 includes a buffer film 102 covering a surface
of a substrate 101, an active layer 111 of a third thin film
transistor T3 disposed on the buffer film 102, a first gate
insulation film 103 covering the active layer 111 of the third
thin film transistor T3, a gate electrode 154 of the third thin
film transistor T3 disposed on the first gate insulation film
103, a first capacitor electrode 121 of a capacitor Cst
disposed on the first gate insulation film 103 and spaced
apart from the gate electrode 15a of the third thin film
transistor T3, a second gate insulation film 104 covering a
gate electrode 154 of the third thin film transistor T3 and the
first capacitor electrode 121 of the capacitor Cst, a capacitor
hole Cst_H which corresponds to a portion of the first
capacitor electrode 121 and penetrates the second gate
insulation film 104, an active layer 131 of a second thin film
transistor T2 disposed on the second gate insulation film
104, a gate electrode 155 of the second thin film transistor
T2 disposed on the intermediate insulation film 105 covering
aportion of the active layer 131 of the second gate insulation
film 104, a second capacitor electrode 142 of the capacitor
Cst disposed on the intermediate insulation film 105 and
overlapped with the first capacitor electrode 121, an intet-
layer insulation film 106 covering the active layer 131 and
the gate electrode 155 of the second thin film transistor T2
and the second capacitor electrode 142 of the capacitor Cst,
a data line 14 and a first source line 16 disposed on the
interlayer insulation film 106, and first, second and third
connecting patterns 151, 152, 153.

[0078] In other words, the third thin film transistor T3
includes an active layer 111 disposed on the substrate 101 or
the buffer film 102, and a gate electrode 15a disposed on the
first gate insulation film 103 and made by a portion of the
first scan line 15a which overlaps with a portion of the active
layer 111.
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[0079] Here, the active layer 111 disposed on the substrate
101 or the buffer film 102 can be made of a low-temperature
polycrystalline (LTPS) material. And, the active layer 111
includes a channel area 111a, which overlaps with the gate
electrode 154, as well as a source area 1115 and a drain area
111¢ which are disposed at both sides of the channel area
111a. The source electrode and the drain electrode of the
third thin film transistor T3 corresponds to the source area
1115 and the drain area 111c of the active layer 111,
respectively. For example, the source area 1115 and the drain
area 111¢ of the active layer 111 can be an area which is
doped by dopants to a concentration higher than that of the
channel area 111a.

[0080] One of the source electrode 1114 and the drain
electrode 111¢ of the third thin film transistor T3 (e.g.,
source electrode 1115 in FIG. 4) can be connected with the
data line 14 disposed on the interlayer insulation film 106,
while the other one (e.g., drain electrode 111¢ in FIG. 4) can
be connected with the first capacitor electrode 121 of the
capacitor Cst through the first connecting pattern 151 dis-
posed on the interlayer insulation film 106.

[0081] The capacitor Cst is disposed on the first gate
insulation film 102 and includes a first capacitor electrode
121 which is spaced apart from the first scan line 154 and a
second capacitor electrode 141 disposed at least on the
intermediate insulation film 105 and overlapped with the
first capacitor electrode 121. The capacitor Cst according to
the first embodiment of the present invention includes a
capacitor hole Cst_H which corresponds to a portion of the
overlapped area between the first and second capacitor
electrodes 121, 141 and penetrates the second gate insula-
tion film 104.

[0082] A portion of the first capacitor electrode 121 serves
as the gate electrode of the first thin film transistor T1, and
the second capacitor electrode 122 is connected with third
thin film transistor T3 through the first connecting pattern
151 disposed on the interlayer insulation film 106.

[0083] The intermediate insulation film 105 under the
second capacitor electrode 122 is disposed on the second
gate insulation film 104. Therefore, a portion of the second
capacitor electrode 104 which corresponds to the capacitor
hole Cst_H overlaps only with the intermediate insulation
film 105 while the rest overlaps with the second gate
insulation film 104 and the intermediate insulation film 105.
That is, a portion of the intermediate insulation film 105
disposed under the second capacitor electrode 141 which
corresponds to the capacitor hole Cst_H comes into contact
with the first and second capacitor electrodes 121, 141.
[0084] Similarly, only the intermediate insulation film 105
is disposed in a portion of the overlapped area between the
first and second capacitor electrodes 121, 141 which corre-
sponds to the capacitor hole Cst_H. In the meantime, the
capacitance of the capacitor Cst generated by the first and
second capacitor electrodes 121, 141 is inversely propor-
tional to a separation distance between the first and second
capacitor electrodes 121, 141. As a result, when the area
where only the intermediate insulation film 105 is disposed
between the first and second capacitor electrodes 121, 141 is
increased by the capacitor hole Cst_H, the capacitance of the
capacitor Cst can be increased even in a limited area.
[0085] The second thin film transistor T2 includes an
active layer 131 disposed on the second gate insulation film
104 covering the gate electrode 15a of the third thin film
transistor T3 and the first capacitor electrode 121 of the
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capacitor Cst, and a gate electrode 155 disposed on the
intermediate insulation film 105 covering a portion of the
active layer 131 and made by a portion of the second scan
line 155 overlapping with the portion of the active layer 131.
[0086] Here, the active layer 131 disposed on the second
gate insulation film 104 can be made of an oxide semicon-
ductor material. The active layer 131 includes a channel area
131a, which overlaps with the gate electrode 155, as well as
a source area 1316 and a drain area 131¢ which are disposed
at both sides of the channel area 131a. The source electrode
and the drain electrode of the second thin film transistor T2
corresponds to the source area 1315 and the drain area 131¢
of the active layer 131, respectively. For example, the source
area 1315 and the drain area 131¢ of the active layer 131 can
be areas which are processed to conduct more electricity
than the channel area 131a.

[0087] One of the source electrode 1314 and the drain
electrode 131¢ of the second thin film transistor T2 (e.g.,
source electrode 1315 in FIG. 4) is connected with the first
capacitor electrode 121 through the second connecting pat-
tern 152 disposed on the interlayer insulation film 106, while
the other one (e.g., drain electrode 131¢ in FIG. 4) is
connected with the active layer 112 of the first thin film
transistor T1 through the third connecting pattern 153 dis-
posed on the interlayer insulation film 106.

[0088] Further, as shown in FIG. 5, the first thin film
transistor T1 includes an active layer 112 disposed on the
substrate 101 or the buffer film 102, and a gate electrode 154
disposed on the first gate insulation film 103 and made by a
portion of the first capacitor electrode 121 which overlaps
with a portion of the active layer 112.

[0089] In the similar manner to the active layer 111 of the
third thin film transistor T3, the active layer 112 of the first
thin film transistor T1 can be made of an LTPS. And, the
active layer 112 includes a channel area 112a, which over-
laps with the gate electrode 121, as well as a source area
1124 and a drain area 112¢ which are disposed at both sides
of the channel area 112a. The source electrode and the drain
electrode of the first thin film transistor T1 correspond to the
source area 1125 and the drain area 112¢ of the active layer
112, respectively. For example, the source area 1124 and the
drain area 112¢ of the active layer 112 can be an area which
is doped by dopants to a concentration higher than that of the
channel area 1124.

[0090] One of the source electrode 1126 and the drain
electrode 112¢ of the first thin film transistor T1 (e.g., source
electrode 1125 in FIG. 4) can be connected with the first
source line 16 disposed on the interlayer insulation film 106,
while the other one (e.g., drain electrode 112¢ in FIG. 4) can
be connected with the second thin film transistor T2 through
the through the third connecting pattern 153 disposed on the
interlayer insulation film 106.

[0091] As explained in the above, according to the first
embodiment of the present invention, the third thin film
transistor T3 of the first, second and third thin film transis-
tors T1, T2, T3 includes an active layer 111 disposed on the
substrate 101 and a gate electrode 15a disposed on the first
gate insulation film 103 covering the active layer 111, and
the second thin film transistor T2 includes an active layer
131 disposed on the second gate insulation film 104 cover-
ing the gate electrode 154 of the third thin film transistor T3
and a gate electrode 121 disposed on the intermediate
insulation film covering a portion of the active layer 131.
And, the capacitor Cst is formed at an overlapped area
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between the first capacitor electrode 121 disposed on the
first gate insulation film 103 and the second capacitor
electrode 141 disposed on the second gate insulation film
104.

[0092] In this manner, the capacitor Cst can be imple-
mented by the first capacitor electrode 121 disposed on the
same layer as the gate electrode of the third thin film
transistor T3 and the second capacitor electrode 141 dis-
posed on the same layer as the gate electrode of the second
thin film transistor T2. Therefore, the structure of the thin
film transistor array substrate 100 can be simplified because
the capacitor Cst can be implemented without adding a
separate conductive layer.

[0093] According to the first embodiment of the present
invention, the capacitor Cst includes a capacitor hole Cst_H
which corresponds to a portion of the overlapped area
between the first and second capacitor electrodes 121, 141.
In the meantime, because of the capacitor hole Cst_H, only
the intermediate insulation film 105 is disposed between the
first and second capacitor electrodes 121, 141. Therefore, the
capacitance of the capacitor Cst can be increased by the size
of the overlapped area between the first and second capacitor
electrodes 121, 141. Therefore, the size of the pixel area is
decreased, which minimizes the reduction of the capacitance
of the capacitor Cst even when the area allocated for the
capacitor Cst is decreased. As a result, a high resolution
organic light emitting display device can be easily manu-
factured.

[0094] Meanwhile, according to the first embodiment, in
order to prevent degradation in display quality due to
malfunction of the organic light emitting device OLED, the
second thin film transistor T2 among the first, second, and
third thin film transistors T1, T2, T3 is formed in a structure
including an active layer made of the oxide semiconductor
material 131.

[0095] Alternatively, as in the case for the second thin film
transistor T2, the first thin film transistor T1 which supplies
the drive current to the organic light emitting device OLED
can also be formed in a structure including an active layer
made of the oxide semiconductor material 131.

[0096] In the following, the thin film transistor array
substrate according the second embodiment will be
explained by referring to FIGS. 6-9. The thin film transistor
array substrate according to the second embodiment
includes first and second thin film transistors T1, T2 formed
in a structure including an active layer made of an oxide
semiconductor material.

[0097] FIG. 6 is a diagram showing an equivalent circuit
corresponding to one pixel in the organic light emitting
display device according to the second first embodiment of
the present invention. FIG. 7 is a diagram shown an example
of the thin film transistor array substrate of FIG. 6 having
first, second, and third thin film transistors and a capacitor.
FIG. 8 is a cross-sectional view taken along a line C-C' of
FIG. 7. FIG. 9 is a cross-sectional view taken along a line
D-D' of FIG. 7.

[0098] As shown in FIG. 6, the organic light emitting
display device according to the second embodiment of the
present invention have the same structure (or substantially
the same structure) as the first embodiment shown in FIG. 2
except that the capacitor Cst corresponding to respective
pixels PXL is connected between the first and second nodes
N1, N2, and that the second thin film transistor T2 is
connected between the third node N3, between the first
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source line 16 and the first thin film transistor T1, and the
first node N1. Therefore, duplicate explanation will be
omitted or will be brief in the following.

[0099] More particularly, according to the second embodi-
ment, one of a source electrode and a drain electrode of the
first thin film transistor T1 is connected with the first source
line supplying the first driving source EVDD while the other
one is connected with an anode electrode of the organic light
emitting device OLED. Further, a cathode electrode of the
organic light emitting device OLED is connected with a
second source line supplying a second driving source EVSS.
[0100] The capacitor Cst is connected between one of the
source electrode and the drain electrode of the first thin film
transistor T1, which is connected with the organic light
emitting device OLED, and the gate electrode of the first
thin film transistor T1. For example, one of the first and
second capacitor electrodes of the capacitor Cst is connected
with the first node N1 between the gate electrode of the first
thin film transistor T1 and the third thin film transistor T3,
while the other one is connected with the second node N2
between the first thin film transistor T1 and the organic light
emitting device OLED.

[0101] The second thin film transistor T2 is connected
between the other of the source electrode and the drain
electrode of the first thin film transistor T1 which is con-
nected with the first source line 16 and the gate electrode of
the first thin film transistor T1. Further, the gate electrode of
the second thin film transistor T2 is connected with the
second scan line 156 supplying the second scan signal
SCAN2.

[0102] That is, one of the source electrode and the drain
electrode of the second thin film transistor T2 is connected
with the third node N3 between the gate electrode of the first
thin film transistor T1 and the first source line 16, while the
other one is connected with the first node N1. When the
second thin film transistor T2 is turned on based on the
second scan signal SCAN2, it connects the first node N1
with the third node N3.

[0103] The third thin film transistor T3 is connected
between the data line 14 supplying the data signal VDATA
and the first node N1. That 1s, one of the source electrode and
the drain electrode of the third thin film transistor T3 is
connected with the data line 14 supplying the data signal
VDATA, while the other one is connected with the first node
N1. Further, the gate electrode of the third thin film tran-
sistor T3 is connected with the first scan line 15a supplying
the first scan signal SCAN1. When the third thin film
transistor T3 is turned on based on the first scan signal
SCANM, it provides the data signal VDATA to the first node
N1.

[0104] As shown in FIG. 7, a thin film transistor array
substrate 100" according to the second embodiment of the
present invention includes first, second and third thin film
transistors T1, T2, T3 and a capacitor Cst disposed in the
respective pixel areas. More specifically, it is different from
the first embodiment in FIG. 3 in that the active layer 132 of
the first thin film transistor T1 according to the second
embodiment is disposed on the same layer as the active layer
131 of the second thin film transistor T2.

[0105] Further, the thin film transistor array substrate 100
can further include first and second scan lines 15a, 156 in a
first direction (e.g., left-right direction in FIG. 7), and a data
line 14 and a first source line 16 in a second direction (e.g.,
up-down direction in FIG. 7).
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[0106] Further, the thin film transistor array substrate 100’
can further include a fourth connecting pattern 154 connect-
ing the second and third thin film transistors T2, T3 with the
capacitor Cst and a fifth connecting pattern 155 connecting
the first thin film transistor T1 with the capacitor Cst.
[0107] Both ends of the active layer 132 of the first thin
film transistor T1 are connected with the first source line 16
and the capacitor Cst, respectively.

[0108] Both ends of the active layer 131 of the second thin
film transistor T2 are connected with the first source line 16
and the data line 14, respectively. The gate electrode of the
second thin film transistor T2 is made by a portion of the
second scan line 15b which overlaps with a portion of the
active layer 131 of the second thin film transistor T2.
[0109] Both ends of the active layer 111 of the third thin
film transistor T1 are connected with the data line 14 and the
second thin film transistor T2, respectively. The gate elec-
trode of the third thin film transistor T3 is made by a portion
of the first scan line 15a which overlaps with a portion of the
active layer 111 of the third thin film transistor T3.

[0110] The capacitor Cst includes first and second capaci-
tor electrodes 121, 141 which overlap with each other.
[0111] The first capacitor electrode 121 is connected with
the second node (N2 in FIG. 6) between the first thin film
transistor T1 and the organic light emitting device OLED
through a fifth connecting pattern 155.

[0112] The second capacitor electrode 141 is connected
with the first node (N1 in FIG. 6) between the gate electrode
of the first thin film transistor T1, the second thin film
transistor T2, and the third thin film transistor T3 through a
fourth connecting pattern 154. A portion of the second
capacitor electrode 141, which overlaps with a portion of the
active layer 132 of the first thin film transistor T1, serves as
the gate electrode of the first thin film transistor T1.
[0113] A capacitor hole Cst_H is disposed in a portion of
an area where the first and second capacitor electrodes 121,
141 overlap with each other.

[0114] As shown in FIG. 8, the thin film transistor array
substrate 100" includes a buffer film 102 covering a surface
of a substrate 101, an active layer 111 of a third thin film
transistor T3 disposed on the buffer film 102, a first gate
insulation film 103 covering the active layer 111 of the third
thin film transistor T3, a gate electrode 154 of the third thin
film transistor T3 disposed on the first gate insulation film
103, a first capacitor electrode 121 of a capacitor Cst
disposed on the first gate insulation film 103 and spaced
apart from the gate electrode 15a of the third thin film
transistor T3, a second gate insulation film 104 covering a
gate electrode 15a of the third thin film transistor T3 and the
first capacitor electrode 121 of the capacitor Cst, a capacitor
hole Cst_H which corresponds to a portion of the first
capacitor electrode 121 and penetrates the second gate
insulation film 104, and a second capacitor electrode 142 of
the capacitor Cst disposed on the intermediate insulation
film 105 and overlaps with the first capacitor electrode 121.
[0115] As shown in FIG. 9, the thin film transistor array
substrate 100" further includes an active layer 131 of the
second thin film transistor T2 and an active layer 132 of the
first thin film transistor T1 disposed on the second gate
insulation film 104, a gate electrode 155 of the second thin
film transistor T2 disposed on the intermediate insulation
film 105 covering a portion of the active layer 131 of the
second thin film transistor T2, and a gate electrode 141 of the
first thin film transistor T1 disposed on the intermediate
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insulation film 105 covering a portion of the active layer 132
of the first thin film transistor T1.

[0116] As shown in FIG. 8 and FIG. 9, the thin film
transistor array substrate 100" further includes an interlayer
insulation film 106 covering the active layer 131 and the gate
electrode 154 of the second thin film transistor T2 and the
second capacitor electrode 142 of the capacitor Cst, the data
line 14 and the first source line 16 disposed on the interlayer
insulation film 106, and the fourth and fifth connecting
patterns 154, 155.

[0117] As shown in FIG. 8 and FIG. 9, the second and
third thin film transistors T2, T3 according to the second
embodiment 100" have the same structure (or substantially
the same structure) as those of the first embodiment 100
shown in FIG. 4. Therefore, duplicate explanation will be
omitted or will be brief in the following.

[0118] According to the second embodiment 100", the
capacitor Cst is disposed on the first gate insulation film 102
and includes a first capacitor electrode 121 which is spaced
apart from the first scan line 15a and a second capacitor
electrode 141 disposed at least on the intermediate insulation
film 105 and overlapped with the first capacitor electrode
121. Further, the capacitor Cst according to the second
embodiment of the present invention includes a capacitor
hole Cst_H which corresponds to a portion of the overlapped
area between the first and second capacitor electrodes 121,
141 and penetrates the second gate insulation film 104.
[0119] As shown in FIG. 9, the first capacitor electrode
121 is connected with the second node (N2 in FIG. 6)
between the first thin film transistor T1 and the organic light
emitting device OLED through the fifth connecting pattern
155 disposed on the interlayer insulation film 106.

[0120] As shown in FIG. 8, a portion of the second
capacitor electrode 141 serves as the gate electrode of the
first thin film transistor T1. And, as shown in FIG. 7 and FIG.
8, the second capacitor electrode 141 is connected with the
first node N1 between the second and third thin film tran-
sistors T2, T3 via the fourth connecting pattern 154 disposed
on the interlayer insulation film 106.

[0121] As in the case for the first embodiment 100, the
capacitor Cst according to the second embodiment 100’
includes a capacitor hole Cst_H which corresponds to a
portion of the overlapped area between the first and second
capacitor electrodes 121, 141 and penetrates the second gate
insulation film 104. Therefore, the capacitance of the capaci-
tor can be increased even in a limited area.

[0122] As shown in FIG. 9, according to the second
embodiment 100", as for the case of the second thin film
transistor T2, the first thin film transistor T1 includes an
active layer 132 disposed on the second gate insulation film
104 covering the gate electrode 15a of the third thin film
transistor T3 and the first capacitor electrode 121 of and the
capacitor Cst, and a gate electrode 141 disposed on an
intermediate insulation film 105 covering a portion of the
active layer 132 and is made by a portion of a second
capacitor electrode 141 overlapped with a portion of the
active layer 132.

[0123] In the similar manner to the active layer 131 of the
second thin film transistor T2, the active layer 132 of the first
thin film transistor T1 can be made of an oxide semicon-
ductor material. Further, the active layer 132 includes a
channel area 132a, which overlaps with the gate electrode
141, as well as a source area 132b and a drain area 132¢
which are disposed at both sides of the channel area 132a.
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The source electrode and the drain electrode of the first thin
film transistor T1 correspond to the source area 1325 and the
drain area 132¢ of the active layer 132, respectively. For
example, the source area 1325 and the drain area 132¢ of the
active layer 132 can be areas which are processed to conduct
more electricity than the channel area 132a.

[0124] One of the source electrode 1326 and the drain
electrode 132¢ of the first thin film transistor T1 (e.g., source
electrode 1325 in FIG. 9) can be connected with the first
source line 16 disposed on the interlayer insulation film 106,
while the other capacitor electrode 141 (e.g., drain electrode
132¢ in FIG. 9) can be connected with the first capacitor
electrode 121 of the capacitor Cst and the organic light
emitting device (OLED in FIG. 6) through the fifth con-
necting pattern 155 disposed on the interlayer insulation film
106.

[0125] As explained in the above, according to the second
embodiment of the present invention, the first thin film
transistor T1, which supplies the drive current to the organic
light emitting device OLED, is formed in a structure includ-
ing the active layer 132 made of an oxide semiconductor
material. Therefore, a slope of a current-voltage character-
istic plot of the first thin film transistor T1 can be decreased,
which results in an easy control on grayscale of respective
pixel PXL.

[0126] In the following, a method of manufacturing a thin
film transistor array substrate according to the second
embodiment of the present invention will be explained by
referring to FIGS. 10-20.

[0127] FIGS. 10-20 are diagrams showing steps of a
method of manufacturing the thin film transistor array
substrate according to the second embodiment of the present
invention.

[0128] As shown in FIG. 10 and FIG. 11 (showing a
cross-sectional view taken along a line E-E' of FIG. 10), a
buffer film 102 is disposed on one surface of the substrate
101. Then, an active layer 111 of a third thin film transistor
is disposed on the buffer film 102, and a first gate insulation
film 103 is disposed to cover the active layer of 111 the third
thin film transistor.

[0129] Subsequently. a first scan line 154 and a first
capacitor electrode 121 are disposed on the first gate insu-
lation film 103. Here, a portion of the first scan line 15a
which overlaps with the active layer 111 of the third thin film
transistor serves as a gate electrode of a third thin film
transistor (15a in FIG. 11).

[0130] Then, a dopant injecting process is performed on
the active layer 111 of the third thin film transistor while
using the gate electrode of the third thin film transistor (15a
in FIG. 11) as a mask. As a result, the active layer 111 of the
third thin film transistor has a structure including a channel
area 111a, which overlaps with the gate electrode 15a, and
a source area 1115 and a drain area 111c¢ disposed at both
sides of the channel area 111a.

[0131] As shown in FIG. 12 and FIG. 13 (showing a
cross-sectional view taken along a line E-E' of FIG. 12), a
second gate insulation film 104 is disposed to cover the gate
electrode 15¢ of the third thin film transistor and the first
capacitor electrode 121. Then, a capacitor hole Cst_H is
disposed to penetrate the second gate insulation film 104 to
expose a portion of the first capacitor electrode 121.
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[0132] Subsequently, an active layer 131 of the second
thin film transistor and an active layer 132 of first thin film
transistor are disposed on the second gate insulation film
104.

[0133] Next, an insulation film and a conductive layer,
which are sequentially laminated on the active layer 131 of
the second thin film transistor and the active layer 132 of the
first thin film transistor, are patterned as a whole.

[0134] By doing so, as shown in FIG. 14 and FIG. 15
(showing a cross-sectional view taken along a line E-E' of
FIG. 14), an intermediate insulation film 105 as well as and
a second scan line 155 and a second storage electrode 141,
which are disposed on the intermediate insulation film, are
provided.

[0135] Here, a portion of the second scan line 15a which
overlaps with the active layer 131 of the second thin film
transistor serves as a gate electrode of the second thin film
transistor (154 in FIG. 15).

[0136] Here, a portion of the second storage electrode 141
which overlaps with the active layer 132 of the first thin film
transistor serves as a gate electrode of the first thin film
transistor (141 in FIG. 15).

[0137] For example, as shown in FIG. 15, an intermediate
insulation film 105 covering a portion of the active layer 131
of the second thin film transistor as well as a gate electrode
of the second thin film transistor (155 in FIG. 15) disposed
on the interlayer insulation film, and an intermediate insu-
lation film 105 covering a portion of the active layer 131 of
the first thin film transistor as well as a gate electrode of the
first thin film transistor (141 in FIG. 15) disposed on the
interlayer insulation film are provided.

[0138] Thereafter, as shown in FIG. 16 (showing a cross-
sectional view taken along a line E-E' of FIG. 15), a
conduction process is performed on the active layers 132,
131 of the first and second thin film transistors while using
the gate electrodes 141, 155 of the first and second thin film
transistors as a mask. As a result, the active layer 132 of the
first thin film transistor has a structure including a channel
area 1324, which overlaps with the gate electrode 141, and
a source area 1325 and a drain area 132¢ disposed at both
sides of the channel area 1324. In addition, the active layer
131 of the second thin film transistor has a structure includ-
ing a channel area 131a, which overlaps with the gate
electrode 155, and a source area 1315 and a drain area 131c¢
disposed at both sides of the channel area 131a.

[0139] As shown in FIG. 17 and FIG. 18 (showing a
cross-sectional view taken along a line E-E' of FIG. 17), an
interlayer insulation film 106 is provided to cover the gate
electrodes 141, 155 of the first and second thin film tran-
sistors, and patterning is then performed on at least one
insulation film of the interlayer insulation film 106 and the
first and second gate insulation films 103, 104 which at least
includes the interlayer insulation film 106.

[0140] As aresult, a plurality of contact holes H1, H2, H3,
H4, H5, H6 are disposed to correspond to the source area
and the drain area of the active layers of the first, second, and
third thin film transistors.

[0141] As shown in FIG. 19 and FIG. 20 (showing a
cross-sectional view taken along a line E-E' of FIG. 19), a
data line 14, a first source line 16, and fourth and fifth
connecting patterns 154, 155 are disposed on the interlayer
insulation film 106.

[0142] Accordingly, the embodiments of the present
invention provide a thin film transistor array substrate and an
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organic light emitting display device having the same, which
are capable of preventing characteristics of elements corre-
sponding to the respective pixel areas from being degraded
due to the decreased size.

[0143] The present invention as explained in the above is
not limited to the described embodiments and appended
figures, and it will be apparent to the ordinary person in the
related art that various substitutions, modification, and varia-
tions can be made without departing from the technical spirit
of the present invention.

What is claimed is:

1. A thin film transistor array substrate having a first thin
film transistor, a second thin film transistor and a capacitor
which are connected with a gate electrode of the first thin
film transistor, and a third thin film transistor connected with
the capacitor, wherein the thin film transistor array substrate
comprises:

a first capacitor electrode disposed on a first gate insula-
tion film covering an active layer of the third thin film
transistor;

an active layer of the second thin film transistor disposed
on a second gate insulation film covering the first
capacitor electrode;

a gate electrode of the second thin film transistor disposed
on an intermediate insulation film covering a portion of
the active layer of the second thin film transistor; and

a second capacitor electrode of the capacitor disposed on
the intermediate insulation film and overlapped with
the first capacitor electrode.

2. The thin film transistor array substrate of claim 1,

farther comprising:

a gate electrode of the third thin film transistor disposed
on the first gate insulation film and overlapped with a
portion of the active layer of the third thin film tran-
sistor,

wherein the first capacitor electrode is spaced apart from
the gate electrode of the third thin film transistor.

3. The thin film transistor array substrate of claim 1,

farther comprising:

a capacitor hole which corresponds to a portion of an area
where the first and second capacitor electrodes overlap
with each other and penetrates the second gate insula-
tion film.

4. The thin film transistor array substrate of claim 1,
wherein one of the first and second capacitor electrodes is
connected with the gate electrode of the first thin film
transistor.

5. The thin film transistor array substrate of claim 1,
wherein the active layer of the first thin film transistor is
disposed on the same layer as the active layer of the third
thin film transistor, and the gate electrode of the first thin
film transistor is disposed on the first gate insulation film and
is connected with the first capacitor electrode.

6. The thin film transistor array substrate of claim 4,
wherein the active layer of the first thin film transistor is
disposed on the second gate insulation film, and the gate
electrode of the first thin film transistor is disposed on the
intermediate insulation film further covering a portion of
active layer of the first thin film transistor and is connected
with the second capacitor electrode.

7. The thin film transistor array substrate of claim 4,
wherein the active layer of the third thin film transistor is
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made of a polysilicon semiconductor material, and the active
layer of the second thin film transistor is made of an oxide
semiconductor material.

8. An organic light emitting display device having organic
light emitting devices corresponding to respective pixel
areas, a first thin film transistor supplying a drive current to
the organic light emitting device, a capacitor and a second
thin film transistor which are connected with a gate electrode
of the first thin film transistor, and a third thin film transistor
connected with the capacitor, the organic light emitting
display device comprising:

an active layer of the third thin film transistor disposed on
a substrate;

a first gate insulation film which covers the active layer of
the third thin film transistor;

a gate electrode of the third thin film transistor disposed
on the first gate insulation film and overlapped with a
portion of the active layer of the third thin film tran-
sistor;

a first capacitor electrode of the capacitor disposed on the
first gate insulation film and is spaced apart from the
gate electrode of the third thin film transistor;

a second gate insulation film which covers the gate
electrode of the third thin film transistor and the first
capacitor electrode of the capacitor;

an active layer of the second thin film transistor disposed
on the second gate insulation film;

a gate electrode of the second thin film transistor disposed
on the intermediate insulation film covering a portion
of active layer of second thin film transistor; and

a second capacitor electrode of the capacitor disposed on
the intermediate insulation film and overlapped with
the first capacitor electrode.

9. The organic light emitting display device of claim 8,
further comprising a capacitor hole which corresponds to a
portion of an area where the first and second capacitor
electrodes overlap with each other and penetrates the second
gate insulation film.

10. The organic light emitting display device of claim 8,
wherein the active layer of the first thin film transistor is
disposed on the same layer as the active layer of the third
thin film transistor, and the gate electrode of the first thin
film transistor is disposed on the first gate insulation film and
is connected with the first capacitor electrode.

11. The organic light emitting display device of claim 10,
wherein one of a source electrode and a drain electrode of
the first thin film transistor is connected with a first source
line while the other one of the source electrode and the drain
electrode of the first thin film transistor is connected with the
organic light emitting device,

wherein one of a source electrode and a drain electrode of
the second thin film transistor is connected with a first
node between the capacitor and the gate electrode of
the first thin film transistor while the other of the source
electrode and the drain electrode of the second thin film
transistor is connected with a second node between the
first thin film transistor and the organic light emitting
device,
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wherein one of a source electrode and a drain electrode of
the third thin film transistor is connected with a data
line while the other one of the source electrode and the
drain electrode of the third thin film transistor is
connected with the second capacitor electrode of the
capacitor, and

wherein an anode electrode of the organic light emitting

device is connected with the second node while a
cathode electrode of the organic light emitting device is
connected with a second source line.
12. The organic light emitting display device of claim 8,
wherein the active layer of the first thin film transistor is
disposed on the second gate insulation film, and the gate
electrode of the first thin film transistor is disposed on the
intermediate insulation film further covering a portion of
active layer of the first thin film transistor and is connected
with the second capacitor electrode.
13. The organic light emitting display device of claim 12,
wherein one of a source electrode and a drain electrode of
the first thin film transistor is connected with a first source
line while the other one of the source electrode and the drain
electrode of the first thin film transistor is connected with the
organic light emitting device,
wherein the first capacitor electrode of the capacitor is
connected with a first node between the gate electrode
of the first thin film transistor and the third thin film
transistor, while the second capacitor electrode of the
capacitor is connected with a second node between the
first thin film transistor and the organic light emitting
device,
wherein one of one of a source electrode and a drain
electrode of the second thin film transistor is connected
with the first node while the other one of the source
electrode and the drain electrode of the second thin film
transistor is connected with a third node between the
first source line and the first thin film transistor,

wherein one of a source electrode and a drain electrode of
the third thin film transistor is connected with a data
line while the other one of the source electrode and the
drain electrode of the third thin film transistor is
connected with the first node, and

wherein an anode electrode of the organic light emitting

device is connected with the second node while a
cathode electrode of the organic light emitting device is
connected with a second source line.

14. The organic light emitting display device of claim 8,
farther comprising:

an interlayer insulation film covering the gate electrode of

the second thin film transistor and the second capacitor
electrode,

wherein the first source line and the data line are disposed

on the interlayer insulation film.

15. The organic light emitting display device of claim 8,
wherein the active layer of the third thin film transistor is
made of a polysilicon semiconductor material, and the active
layer of the second thin film transistor is made of an oxide
semiconductor material.

* #* * #* #®
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