US 2016032244

a9y United States

Al

b
3

12) Patent Application Publication (o) Pub. No.: US 2016/0322443 A1l

Her et al. (43) Pub, Date: Nov. 3, 2016
(54) ORGANIC LIGHT-EMITTING DIODE (52) US. CL
DISPLAY CPC ... HOIL 27/3262 (2013.01); G09G 3/3258
(2013.01); HOIL 27/3276 (2013.01); HOIL
(71) Applicant: Samsung Display Co,, Ltd., Yongin-si 27/3248 (2013.01); HOIL 27/3265 (2013.01);
(KR) HOIL 29/78645 (2013.01); GO9G 2300/0819
(2013.01); GO9G 2300/0842 (2013.01); GO9G
(72) Inventors: Yong-Koo Her, Yongin-si (KR); Chong 2310/061 (2013.01)
Chui Chai, Seoul (KR); Ji Hye Lee,
Yongin-si (KR) (7) ABSTRACT
An OLED display is disclosed. A plurality of signal lines are
(21) Appl. No.: 15/141,678 formed over a substrate, and a plurality of pixels are formed
over the substrate in a matrix form and electrically con-
(22) Filed: Apr. 28, 2016 nected to corresponding signal lines. The signal lines include
a plurality of scan lines configured to transmit a scan signal,
(30) Foreign Application Priority Data a plurality of initialization lines configured to transmit an
initialization signal, and a plurality of data lines configured
Apr. 29,2015 (KR) .o 10-2015-0060661 to transmit a data signal. An n-th row pixel includes a
switching thin film transistor (TFT) electrically connected to
Publication Classification an n-th row scan line and a corresponding data line among
the data lines. A driving TFT is electrically connected to a
(51) Imt. CL drain of the switching TFT, an OLED is electrically con-
HOIL 27/32 (2006.01) nected to a drain of the driving TFT, and an initialization
HOIL 29/786 (2006.01) TFT is configured to be turned on based on an initialization
G09G 3/3258 (2006.01) signal transmitted via an n-th row initialization line.

L 17 180 178 160 142 141
| / ) |
¥ T 7 P ;
‘;‘[ v !::‘ o
f’t‘ hi “"
W s
\
\

A

S N
111 13la 125a 131

110

5
N
< ~

1250  13th 131c 125¢



US 2016/0322443 A1

[ "DIA

Patent Application Publication

09~ Ajddns Jamod
b 0T SSA1d{  INIA}  ddaAn1d a4 0z
Y y : ¥ 1 ¥ 4 4
. 0Lt~ Xd | Xd {1 | Xd H
s e —L S T
g JSNID JALP JONID
7 UOISSIW LoIezifeniu ues
- 1y
= Xd [ Xd 1 | Xd
P 1 — 1 = ,
e
g R I ‘ 1 375) S (L
“ ! [w]ezeq [ceeq [1]eleq  €LNOD} ¢INOD; {SINOD
0c—~ JOAp B1RQ | ~VLva Hw__.__ww_
TINOD 19]|03u00 [eubis B >m\_._/
¥1INOD -0l




Patent Application Publication  Nov. 3, 2016 Sheet 2 of 5 US 2016/0322443 A1

FIG. 2
ELVDD 17 2
mL T Cst T
At ot Source
123a
Gate .12 ' —LEM[i]
T3-1 T3-2 :
12{\1a W Drain
W] pod L 7 |
GI[i] '7‘“”‘*‘4,3T4'1}T4 To b—
1223 4 T4-2 T7 | Anode
% OLED j? :r““'“*CoLED
1773 VINT ELVSS
avop /2
1Z1 n = (Cst T j|
Data ot 4 1Source
Gate 13 L1 12L3b ,
T 39 9 +——EM[i+1]
121b L1 Drain
OW+1] f oL T g
GI[i+1]'f“m““‘4%T4'1}T4 —
1220 L. 742 1
i
-
1776 VINT




Patent Application Publication  Nov. 3, 2016 Sheet 3 of 5 US 2016/0322443 A1

FIG. 3

ELVDD ELVDD
122a{[7" 1< GI[i
121a{] < GW[]
123a{[T4 > TS| | <—EM[i]
120{|7 ~GI[i1]
121b{ =i ~—GW[iH]
123073 T e = EMi+1]

[ ] BE L i

m | [ raed Ader™ 1| 2]
122c{[7 7 EETISERLY S Rt

| - LEE




Patent Application Publication  Nov. 3, 2016 Sheet 4 of 5 US 2016/0322443 A1

FIG. 4

178 125 131b  125¢
’ 1 ! g

A b3
\] ‘ By E\ ;\\
B N !
\ ‘ ‘ | !
) s k3 .
AN

““““ [ R
| l N RlY S P T
,, B iva®
[ ™2
o

1253
kJE R

122b




Patent Application Publication  Nov. 3,2016 Sheet 5 of 5 US 2016/0322443 A1

FIG. 5

} : y i Y ]
I ‘,“ b ] § kS
3 { L
I3

3
4 bt |

>
. it

\ ,E‘ } i \ A )
110 111 131a 125a 131 125b  131b 131c 125¢



US 2016/0322443 Al

ORGANIC LIGHT-EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0060661 filed on
Apr. 29, 2015, the entire contents of which are incorporated
herein by reference.

BACKGROUND

[0002] 1. Field

[0003] The described technology generally relates to an
organic light-emitting diode display.

[0004] 2. Description of the Related Technology

[0005] An organic light-emitting diode (OLED) has a
matrix of pixels, each one of which has luminance that can
be controlled by controlling a current or voltage applied to
the OLED. Since OLED displays are suitable for use in high
contrast and rapid response devices, they have been used in
mobile devices, smartphones, laptop computers, digital
broadcasting terminals, personal digital assistants (PDAs),
portable multimedia players (PMPs), navigations, slate com-
puters, tablet computers, ultrabooks, wearable devices, digi-
tal TVs, desktop computers, digital signage, and the like.
[0006] An OLED display includes scan lines, data lines,
power lines, and pixel circuits connected to the scan, data,
and power lines. Each pixel circuit typically includes an
OLED, transistors including a switching transistor transmit-
ting a data signal and a driving transistor driving the OLED
according to the data signal, and a capacitor maintaining a
data voltage of the data signal.

[0007] As the resolution of display devices increases, the
display device is built with pixels integrated in a narrow
display area. In this case, since each pixel occupies a limited
area, a predetermined area is defined for thin film transistors
and capacitors formed to drive OLED luminance appropri-
ately for the input data to be displayed.

[0008] The above information disclosed in this Back-
ground section is only to enhance the understanding of the
background of the described technology and therefore it may
contain information that does not constitute the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0009] One inventive aspect relates to provide an OLED
display in which an area of elements included in a pixel can
be ensured.

[0010] Another aspect is an OLED display including: a
substrate, a plurality of signal lines formed on the substrate,
and a plurality of pixels formed on the substrate in a matrix
form and connected to corresponding signal lines among the
plurality of signal lines, wherein the signal lines may include
a plurality of scan lines formed on the substrate and trans-
mitting a scan signal, a plurality of initialization lines
formed on the substrate and transmitting an initialization
signal, and a plurality of data lines crossing the scan line and
transmitting a data signal, wherein an n-th row pixel may
include a switching thin film transistor connected to an n-th
row scan line and a corresponding data line among the
plurality of data lines, a driving thin film transistor con-
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nected to a drain of the switching thin film transistor, an
OLED connected to a drain of the driving thin film transis-
tor, an initialization thin film transistor turned on by an
initialization signal transmitted through an n-th row initial-
ization line to apply an initialization voltage to a gate of the
driving transistor, and a reset thin film transistor turned on
by the initialization signal transmitted through an n+1-th
row initialization line to apply the initialization voltage to an
anode of the OLED, and wherein the n+1-th row initializa-
tion line may overlap a second semiconductor area formed
in a second direction between a first semiconductor area and
a third semiconductor area formed in a first direction.
[0011] The n+1-th row initialization line may include a
gate of the reset thin film transistor included in the n-th row
pixel and a gate of the initialization thin film transistor
included in an n+1-th row pixel.

[0012] The reset thin film transistor included in the n-th
row pixel and the initialization thin film transistor included
in the n+1-th row pixel may include the first semiconductor
area, the second semiconductor area, and the third semicon-
ductor area.

[0013] Each of the first semiconductor area, the second
semiconductor area, and the third semiconductor area may
be substantially formed to have a U-shape.

[0014] The first semiconductor area may be connected to
the anode of the OLED and an initialization voltage line
supplying the initialization voltage, through the contact hole.
[0015] The second semiconductor area may partially over-
lap the n+1-th row initialization line.

[0016] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a substrate; a plurality of
signal lines formed over the substrate; and a plurality of
pixels formed over the substrate in a matrix form and
electrically connected to corresponding signal lines among
the signal lines. The signal lines include: a plurality of scan
lines formed over the substrate and configured to transmit a
scan signal; a plurality of initialization lines formed over the
substrate and configured to transmit an initialization signal;
and a plurality of data lines crossing the scan lines and
configured to transmit a data signal. An n-th row pixel
includes: a switching thin film transistor (TFT) electrically
connected to an n-th row scan line and a corresponding data
line among the data lines; a driving TFT electrically con-
nected to a drain of the switching TFT; an OLED electrically
connected to a drain of the driving TFT; an initialization
TFT configured to be turned on based on an initialization
signal transmitted via an n-th row initialization line so as to
apply an initialization voltage to a gate of the driving TFT,
wherein the substrate includes first to third semiconductor
areas located in the n-th row, wherein an (n+1)-th row
initialization line overlaps the second semiconductor area in
the depth dimension of the OLED display, wherein the first
and third semiconductor areas extend in a first direction, and
wherein the second semiconductor area extends in a second
direction crossing the first direction.

[0017] The above OLED display, the n-th row pixel fur-
ther includes a reset TFT configured to be turned on based
on the initialization signal transmitted via the n+1-th row
initialization line so as to apply the initialization voltage to
the OLED.

[0018] In the above OLED display, the (n+l1)-th row
initialization line includes a gate electrode of the reset TFT
included in the n-th row pixel and a gate electrode of the
initialization TFT included in an (n+1)-th row pixel.
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[0019] Inthe above OLED display, the reset TFT included
in the n-th row pixel and the initialization TFT included in
the (n+1)-th row pixel include the first to third semiconduc-
tor areas.

[0020] Inthe above OLED display, each of the first to third
semiconductor areas has a substantially U-shape.

[0021] Inthe above OLED display, the first semiconductor
area is electrically connected to an anode electrode of the
OLED and an initialization voltage line configured to supply
the initialization voltage via the contact hole.

[0022] 1In the above OLED display, the second semicon-
ductor area partially overlaps the (n+1)-th row initialization
line.

[0023] In the above OLED display, the first to third
semiconductor areas are integrally formed.

[0024] In the above OLED display, the first to third
semiconductor areas are formed on the same layer.

[0025] In the above OLED display, the width of the first
semiconductor area measured in the first direction is sub-
stantially the same as the width of the third semiconductor
area measured in the first direction.

[0026] In the above OLED display, the width of the first
semiconductor area measured in the first direction is sub-
stantially the same as the width of the second semiconductor
area measured in the second direction.

[0027] In the above OLED display, the width of the first
and third semiconductor areas measured in the first direction
and the width of the second semiconductor area measured in
the second direction are greater than the width of the (n+1)
initialization line.

[0028] In the above OLED display, the initialization TFT
includes a double-gate transistor configured to prevent cur-
rent leakage and includes two gate electrodes connected to
the (n+1) initialization line.

[0029] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a substrate; a plurality of
pixels formed over the substrate in a matrix form, wherein
the pixels include an n-th row of pixels and an (n+1)-th row
of pixels, and wherein the n-th row of pixels includes first to
third semiconductor areas; and a plurality of initialization
lines formed over the substrate and configured to transmit an
initialization signal to the pixels, wherein each of the n-th
and (n+1)-th rows includes a reset transistor, wherein the
initialization line of the (n+1)-th row is electrically con-
nected to a gate electrode of the reset transistor of the n-th
row, wherein the (n+1)-th row initialization line overlaps the
second semiconductor area in the depth dimension of the
OLED display, wherein the first and third semiconductor
areas extend in a first direction, and wherein the second
semiconductor area extends in a second direction crossing
the first direction.

[0030] The above OLED display further comprises an
initialization transistor in the n-th and (n+1)-th rows and
having a double-gate structure, wherein the initialization
transistor includes two gate electrodes electrically connected
to the corresponding initialization line.

[0031] In the above OLED display, the first to third
semiconductor areas are formed on the same layer.

[0032] In the above OLED display, the first to third
semiconductor areas have substantially the same thickness.
[0033] In the above OLED display, the width of the first
semiconductor area measured in the first direction is sub-
stantially the same as the width of the third semiconductor
area measured in the first direction.
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[0034] 1In the above OLED display, at least a portion of the
second semiconductor area is placed between the first and
third semiconductor areas.

[0035] In the above OLED display, the first and second
directions are substantially perpendicular to each other.
[0036] According to at least one of the disclosed embodi-
ments, display quality may be improved and the capacity of
a storage capacitor may be secured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a block diagram illustrating an OLED
display according to an example embodiment.

[0038] FIG. 2 is an equivalent circuit diagram illustrating
a pixel of an OLED display according to the example
embodiment.

[0039] FIG. 3 is a schematic diagram illustrating positions
of a plurality of thin film transistors and capacitors of an
OLED display according to the example embodiment.
[0040] FIG. 4 is a layout view of signal lines and transis-
tors of an OLED display according to the example embodi-
ment.

[0041] FIG. 5 is a cross-sectional view of the OLED
display of FIG. 4 taken along line I-I'.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0042] Hereinafter, exemplary embodiments disclosed in
the present specification will be described in detail with
reference to the accompanying drawings. In the present
specification, the same or similar components will be
denoted by the same or similar reference numerals, and
duplicate descriptions thereof will be omitted. The terms
“module” and “unit” for components used in the following
description are used only in order to make the specification
more clear. Therefore, these terms do not have meanings or
roles that distinguish them from each other by themselves.
In deseribing exemplary embodiments of the present speci-
fication, when it is determined that a detailed description of
the well-known art associated with the described technology
may obscure the gist of the described technology, it will be
omitted. The accompanying drawings are provided only in
order to allow exemplary embodiments disclosed in the
present specification to be easily understood and are not to
be interpreted as limiting the spirit disclosed in the present
specification, and it is to be understood that the described
technology includes all modifications, equivalents, and sub-
stitutions without departing from the scope and spirit of the
described technology.

[0043] Terms including ordinal numbers such as first,
second, and the like, will be used only to describe various
components, and are not interpreted as limiting these com-
ponents. The terms are only used to differentiate one com-
ponent from other components.

[0044] It is to be understood that when one component is
referred to as being “connected” or “coupled” to another
component, it may be connected or coupled directly to
another component or be connected or coupled to another
component with one or more other components intervening
therebetween. On the other hand, it is to be understood that
when one component is referred to as being “connected or
coupled directly” to another component, it may be con-
nected to or coupled to another component without any other
component intervening therebetween.
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[0045] Singular forms are to include plural forms unless
the context clearly indicates otherwise.

[0046] Itwill be further understood that terms “comprises”
or “have” used in the present specification specify the
presence of stated features, numerals, steps, operations,
components, parts, or a combination thereof, but do not
preclude the presence or addition of one or more other
features, numerals, steps, operations, components, parts, or
a combination thereof. In this disclosure, the term “substan-
tially” includes the meanings of completely, almost com-
pletely or to any significant degree under some applications
and in accordance with those skilled in the art. Moreover,
“formed on” can also mean “formed over.” The term “con-
nected” can include an electrical connection.

[0047] An OLED display according to an exemplary
embodiment may be applied to various electronic devices,
such as digital TVs, desktop computers, digital signage,
mobile phones, smart-phones, laptop computers, digital
broadcasting terminals, personal digital assistants (PDAs),
portable multimedia players (PMPs), navigation devices,
slate computers, tablet computers, ultrabooks, wearable
devices, for example, a watch type terminal (a smartwatch),
a glass terminal (a smart glass), and a head mounted display
(HMD).

[0048] FIG. 1 is a block diagram illustrating an OLED
display according to an example embodiment. Depending on
embodiments, certain elements may be removed from or
additional elements may be added to the OLED display
illustrated in FIG. 1. Furthermore, two or more elements
may be combined into a single element, or a single element
may be realized as multiple elements. This also applies to the
remaining disclosed embodiments.

[0049] An OLED display includes a display unit 10, a scan
driver 20, an initialization driver 22, a data driver 30, a light
emission driver 40, a signal controller 50, and a power
supply 60. The OLED display described in the present
specification may include a larger or smaller number of
components than those described above.

[0050] The display unit 10 includes a plurality of pixels
PX that are connected to corresponding scan lines among a
plurality of scan lines, corresponding initialization lines
among a plurality of initialization lines, and corresponding
data lines among a plurality of data lines. Each of the pixels
PX displays an image according to a data signal transmitted
thereto.

[0051] The pixels PX included in the display unit 10 are
respectively connected to the scan lines, the initialization
lines, a plurality of light emission control lines, and a
plurality of data lines to be approximately arranged in a
matrix form.

[0052] The scan lines substantially extend in a row direc-
tion to be substantially parallel to each other. The initializa-
tion lines and the light emission control lines substantially
extend in a row direction to be substantially parallel to each
other. The data lines substantially extend in a column
direction to be substantially parallel to each other.

[0053] Each of the pixels PX of the display unit 10
receives an initialization voltage (VINT), a first driving
voltage (ELVDD), and a second driving voltage (ELVSS)
from a power supply 60.

[0054] A scan driver 20 is connected to the display unit 10
through the scan lines. The scan driver 20 generates a
plurality of scan signals (GW[1]~GW][n]) according to a
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control signal (CONT2) and transmits the generated scan
signals to corresponding scan lines among the scan lines.
[0055] The initialization driver 22 is connected to the
display unit 10 through the plurality of initialization lines.
The initialization driver 22 generates a plurality of initial-
ization signals (GI) according to a control signal (CONT3)
and then transmits the generated initialization signals to
corresponding initialization lines among the initialization
lines.

[0056] The control signals (CONT2, CONT3) are operat-
ing control signals of the scan driver 20 and the initialization
driver 22 that are generated and transmitted by the signal
controller 50. The control signals (CONT2, CONT3) may
include a scan start signal and different types of clock
signals. The scan start signal generates a first scan signal
(GW[1]) for displaying an image of one frame. One of the
clock signals is a synchronization signal for sequentially
applying the scan signals (GW[1]~GW|[n]) to the scan lines,
and another of the clock signals is a synchronization signal
for substantially simultaneously (or concurrently) applying
the initialization signal (GI) and the reset signal (GB) to the
initialization lines.

[0057] The data driver 30 is connected to each pixel PX
through the data lines. The data driver 30 receives an image
data signal (DATA) and transmits data signals (Data[1]
~Data[m]) to corresponding data lines among the data lines
according to a control signal (CONT1).

[0058] The control signal (CONT1) is an operating control
signal of the data driver 30 that is generated and transmitted
by the signal controller 50.

[0059] The data driver 30 selects a gray voltage according
to the image data signal (DATA) and transmits the selected
gray voltage as the data signals (Data[1]~Data[m]) to the
data lines.

[0060] The data driver 30 samples and holds the image
data signal (DATA) inputted according to the control signal
(CONT1), and it respectively transmits the data signals
(Data[1]~Data[m]) to the data lines. For example, the data
driver 30 may apply the data signals (Data[1]~Data[m])
having a predetermined voltage range to the data lines
depending on the scan signals (GW[1]~GW[n]) of a gate-on
voltage.

[0061] The light emission driver 40 generates a plurality
of light emission control signals (EM[1]~EM[n]) according
to a light emission control signal (CONT4). The light
emission driver 40 respectively transmits the light emission
control signals (EM[1]~EM[n]) to a plurality of light emis-
sion control lines according to the control signal (CONT4).
[0062] The signal controller 50 receives an image signal
(IS) inputted from the outside and an input control signal
controlling the image signal (IS). The image signal (IS) may
include luminance information that is differentiated based on
gray in each pixel PX of the display unit 10, and the
above-described frame data.

[0063] Meanwhile, an input control signal transmitted to
the signal controller 50 may be a vertical synchronization
signal (Vsync), a horizontal synchronization signal (Hsync),
a main clock signal (CLK), or the like.

[0064] The signal controller 50 generates control signals
(CONT1-CONTS5) and the image data signal (DATA)
according to the image signal (IS), the horizontal synchro-

nization signal (Hsync), the vertical synchronization signal
(Vsync). and the main clock signal (MCLK).
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[0065] The signal controller 50 processes the image signal
(IS) according to the operating conditions of the display unit
10 and the data driver 30 based on the inputted image signal
(IS) and the input control signal. For example, the signal
controller 50 may generate the image data signal (DATA) by
applying image processes such as gamma correction, lumi-
nance compensation, and the like to the image signal (IS).

[0066] For example, the signal controller 50 generates the
control signal (CONT1), which controls operation of the
data driver 30, and transmits the generated control signal
(CONT1) along with the image data signal (DATA) pro-
cessed by the image processes to the data driver 30. Further,
the signal controller 50 transmits the control signal
(CONT?2), which controls operation of the scan driver 20 to
the scan driver 20. Further, the signal controller 50 transmits
the control signal (CONT3), which controls operation of the
initialization driver 22 to the initialization driver 22. Further,
the signal controller 50 may transmit the light emission
control signal (CONT4) to the light emission driver 40 to
drive the light emission driver 40.

[0067] Inaddition, the signal controller 50 may control the
power supply 60. The power supply 60 may supply an
initialization voltage (VINT) that initializes a gate of the
driving transistor and an anode of the OLED included in
each pixel PX of the display unit 10 with a predetermined
voltage, and supplies power voltages (ELVDD_V, ELVSS)
for driving each pixel PX. For example, the signal controller
50 transmits the power control signal (CONTS) to the power
supply 60 to drive the power supply 60. The power supply
60 is connected to power lines formed in the display panel
10.

[0068] Next, a pixel of an OLED display according to the
present exemplary embodiment will be described in detail
with respect to FIGS. 2 to 4.

[0069] FIG. 2 is an equivalent circuit diagram explaining
a pixel of an OLED display according to the example
embodiment.

[0070] As shown in FIG. 2, two adjacent pixels PX of the
OLED display according to the exemplary embodiment
include a plurality of signal lines (121a, 1215, 1224, 1225,
123a, 1235, 171, 172, 177a, 177b), a plurality of thin film
transistors (T1, T2, T3, T4, T5, T6, T7) connected to the
signal lines, a storage capacitor (Cst), and an OLED.

[0071] The thin film transistors include driving thin film
transistors T1, switching thin film transistors T2, compen-
sation thin film transistors T3, initialization thin film tran-
sistors T4, operation control thin film transistors T5, light
emission control thin film transistors T6, and reset thin film
transistors T7.

[0072] The signal lines include scan lines 121a and 1215
transmitting the scan signals (GW), initialization lines 122a
and 122b transmitting the initialization signals (GI) to the
initialization thin film transistors T4 and the reset thin film
transistors T7, light emission control lines 123a and 1235
transmitting the light emission control signals (EM) to the
operation control thin film transistors TS and the light
emission control thin film transistors T6, data lines 171
crossing the scan lines 121 and transmitting the data signals
(Data), power lines 172 transmitting the first power voltages
(ELVDD) and formed to be substantially parallel to the data
lines 171, and initialization voltage lines 177a and 1775
transmitting the initialization voltages (VINT) that initialize
the driving thin film transistors T1 and the OLED.
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[0073] 1In the pixel connected to an i-th row, the gate of the
driving thin film transistor T1 is connected to one end of the
storage capacitor Cst, and the source of the driving thin film
transistor T1 is connected to the power lines 172 via the
operation control thin film transistor T5. The drain of the
driving thin film transistor T1 is electrically connected to the
anode of the OLED via the light emission control thin film
transistor T6. The driving thin film transistor Ti receives the
data signal (DATA) according to a switching operation of the
switching thin film transistor T2 to supply a driving current
(1d) to the OLED.

[0074] The gate of the switching thin film transistor T2 is
connected to the scan line 121a, and the source of the
switching thin film transistor T2 is connected to the data line
171. The drain of the switching thin film transistor T2 is
connected to the power line 172 via the operation control
thin film transistor T5 while being connected to the source
of the driving thin film transistor T1.

[0075] The switching thin film transistor T2 is turned on
according to the scan signal (GW[i]) transmitted through the
scan line 121 to transmit the data signal (DATA) transmitted
to the data line 171 to the source of the driving thin film
transistor T1, through the switching operation thereof.
[0076] The compensation thin film transistor T3 is formed
as double-gate transistors T3-1 and T3-2 to prevent current
leakage. The gates of the compensation thin film transistors
T3-1 and T3-2 are connected to the scan lines 1214, and the
source of the compensation thin film transistor T3-2 is
connected to the anode of the OLED via the light emission
control thin film transistor T6 while being connected to the
drain of the driving thin film transistor T1. The drain of the
compensation thin film transistor T3-1 is connected to one
end of the storage capacitor Cst, the drain of the initializa-
tion thin film transistor T4, and the gate of the driving thin
film transistor T1. Further, the drain of the compensation
thin film transistor T3-2 and the source of the compensation
thin film transistor T3-1 are connected to each other.
[0077] The compensation thin film transistor T3 is turned
on according to the scan signal (GW[i]) transmitted through
the scan lines 121a to connect the gate and the drain of the
driving thin film transistor T1 to each other, such that the
driving thin film transistor T1 may be operated as a diode.
[0078] The initialization thin film transistor T4 is formed
as double-gate transistors T4-1 and T4-2, thereby preventing
current leakage. The gate of the initialization thin film
transistor T4-1 is connected to an initialization line 122,
and the drain of the initialization thin film transistor T4-1 is
connected to the source of the initialization thin film tran-
sistor T4-2. The source of the initialization thin film tran-
sistor T4-1 is connected to one end of the storage capacitor
Cst, the drain of the compensation thin film transistor T3-1,
and the gate of the driving thin film transistor T1.

[0079] The gate of the initialization thin film transistor
T4-2 is connected to an initialization line 122q, and the drain
of the initialization thin film transistor T4-2 is connected to
the initialization voltage line 177a. The source of the ini-
tialization thin film transistor T4-2 is connected to the drain
of the initialization thin film transistor T4-1.

[0080] The initialization thin film transistor T4 is turned
on according to the initialization signal (GI) transmitted
through the initialization line 122¢ to transmit the initial-
ization voltage (VINT) to the gate of the driving thin film
transistor T1 such that a voltage of the gate of the driving
thin film transistor T1 may be initialized.
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[0081] The gate of the operation control thin film transis-
tor T5 is connected to the light emission control line 123a,
and the source of the operation control thin film transistor T5
is connected to the power line 172. The drain of the
operation control thin film transistor T5 is connected to the
source of the driving thin film transistor T1 and the drain of
the switching thin film transistor T2.

[0082] The gate of the light emission control thin film
transistor T6 is connected to the light emission control line
123a, and the source of the light emission control thin film
transistor T6 is connected to the drain of the driving thin film
transistor T1 and the source of the compensation thin film
transistor T3. The drain of the light emission control thin
film transistor T6 is electrically connected to the anode of
the OLED and the source of the reset thin film transistor T7.
[0083] The operation control thin film transistor T5 and
the light emission control thin film transistor T6 are sub-
stantially simultaneously (or concurrently) turned on
according to the light emission control signal (EM) trans-
mitted through the light emission control line 123, and thus
the first power voltage (ELVDD_V) is transmitted to the
OLED for the driving current (Id) to flow through the
OLED.

[0084] The gate of the reset thin film transistor T7 is
connected to an i+1-th row initialization line 1225, and the
drain of the reset thin film transistor T7 is connected to an
i+1-the row initialization voltage line 177b. The source of
the reset thin film transistor T7 is electrically connected to
the anode of the OLED and the drain of the light emission
control thin film transistor T6.

[0085] The reset thin film transistors T7 are substantially
simultaneously (or concurrently) turned on according to the
initialization signal (GI[i+1]) transmitted through the i+1-th
initialization line 1225 to initialize an anode voltage of the
OLED with the initialization voltage (VINT).

[0086] The other end of the storage capacitor Cst is
connected to the power line 172, and the cathode of the
organic light-emitting diode is connected to the common
voltage (ELVSS). Accordingly, the OLED receives the driv-
ing current (Id) from the driving thin film transistor T1 and
then emits light to display an image.

[0087] A structure of the pixel of the organic light-emit-
ting diode display shown in FIG. 2 will be described in detail
with reference to FIGS. 3 and 4, along with FIG. 2.
[0088] FIG. 3 is a schematic diagram illustrating positions
of a plurality of thin film transistors and capacitors of an
organic light-emitting diode display according to the
example embodiment. FIG. 4 is a detailed layout view of the
signal lines and the transistors of an organic light-emitting
diode display according to the example embodiment.
[0089] As shown in FIGS. 3 and 4, the pixels of the OLED
display according to the exemplary embodiment include the
scan lines 121a and 1215, the initialization lines 122a, 1225,
and 122¢, the light emission control lines 1234 and 1235,
and the power line 172, which respectively apply the scan
signals (GW[i], GW[i+1]), the initialization signals (GI[i],
GI[i+1], GI[i+2]), and the light emission control signals
(EM[i], EM[i+1]), and which are formed in a row direction.
[0090] Further, the pixels cross all of the scan lines 121a
and 1215, the initialization lines 122a, 1224, and 122c¢, the
light emission control lines 123a and 1235, and the power
line 172, and they include the data line 171 and the power
line 172 that respectively apply the data signal (DATA) and
the first power voltage (ELVDD) thereto.
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[0091] Further, the driving thin film transistor T1, the
switching thin film transistor T2, the compensation thin film
transistor T3, the initialization thin film transistor T4, the
operation control thin film transistor T5, the light emission
control thin film transistor T6, the reset thin film transistor
T7, and the storage capacitor Cst are formed in each of the
pixels.

[0092] The transistors (T1-T7) may be at least one of an
amorphous silicon thin film transistor (amorphous-Si TFT),
alow temperature poly-silicon (CTPS) thin film transistor, or
an oxide thin film transistor (Oxide TFT). The oxide thin
film transistor (Oxide TFT) may include an oxide semicon-
ductor layer formed of amorphous indium-galium-zinc-ox-
ide (IGZ0), zinc-oxide (ZnO), titanium oxide (Ti0), or the
like.

[0093] The driving thin film transistor T1, the switching
thin film transistor T2, the compensation thin film transistor
T3, the initialization thin film transistor T4, the operation
control thin film transistor TS5, the light emission control thin
film transistor T6, and the reset thin film transistor T7 are
formed along the semiconductor layer, and the semiconduc-
tor layer is formed to be bent into various shapes.

[0094] For example, each gate of the initialization thin
film transistor T4 and the reset thin film transistor T7 is
formed of the initialization lines (GI[i], GI[i+1], GI[i+2]).
Further, the semiconductor layer of the reset thin film
transistor T7 of the i-th row pixel and the semiconductor
layer of the initialization thin film transistor T4-2 of the
i+1-th row pixel are connected to the initialization voltage
line 1775.

[0095] Referring to FIG. 4 in this regard, the semiconduc-
tor layer of the reset thin film transistor T7 of the i-th row
pixel and the semiconductor layer of the initialization thin
film transistor T4-2 of the i+1-th row pixel include a first
semiconductor area 131a and a third semiconductor area
131c formed in a column direction, and a second semicon-
ductor area 1315 formed in a row direction.

[0096] The second semiconductor area 1315 formed in the
row direction is disposed between the first semiconductor
area 131a and the third semiconductor area 131¢ formed in
the column direction.

[0097] The first semiconductor area 131a, the third semi-
conductor area 131c, and the second semiconductor area
1315 overlap the initialization line 1225 formed to extend in
the row direction. The overall shape of the first semicon-
ductor area 131a, the second semiconductor arca 1315, and
the third semiconductor area 131¢ may be a U-shape.
[0098] One portion of the first semiconductor area 131a
may overlap the initialization line 1225 and, in some
embodiments, portions other than the one portion may not
overlap the initialization line 1225. The first semiconductor
area 131a is connected to an anode of the i-th row pixel.
[0099] One portion of the second semiconductor area 1315
may overlap the initialization line 1226 and, in some
embodiments, portions other than the one portion may not
overlap the initialization line 1224.

[0100] One portion of the third semiconductor area 131¢
may overlap the initialization line 1226 and, in some
embodiments, portions other than the one portion may not
overlap the initialization line 1224.

[0101] A stacked layer structure of the organic light-
emitting diode display will now be described with reference
to FIG. 5.
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[0102] FIG. 5 is a cross-sectional view of the organic
light-emitting diode display of FIG. 4 taken along line I-I'.
[0103] Abuffer layer 111 is formed on a substrate 110, and
the substrate 110 is formed as an insulation substrate that is
made of glass, quartz, ceramic, plastic, or the like.

[0104] The first semiconductor area 131a. the second
semiconductor area 1315, and the third semiconductor area
131c are formed on the buffer layer 111.

[0105] A first gate insulating layer 141 that is formed of a
silicon nitride (SiNx), a silicon oxide (5102), or the like is
formed on the first semiconductor area 131a, the second
semiconductor area 1315, and the third semiconductor area
131c.

[0106] The initialization line 1224 including gate elec-
trodes 125a, 125b, and 125¢ is formed on the first gate
insulating layer 141.

[0107] The gate electrode 125q overlaps the first semicon-
ductor area 131a. Further, the gate electrode 1255 partially
overlaps the second semiconductor area 1315. The second
semiconductor area 1315 partially overlaps the gate elec-
trode 125b. The gate electrode 125¢ overlaps the third
semiconductor area 131c.

[0108] The initialization line 1225 and the first gate insu-
lating layer 141 are covered by the second gate insulating
layer 142. The second gate insulating layer 142 is formed of
a silicon nitride (SiNx), a silicon oxide (SiO2), or the like.
[0109] An interlayer insulating layer 160 is formed on the
second gate insulating layer 142. The first gate insulating
layer 141, the second gate insulating layer 142, and the
interlayer insulating layer 160 have contact holes 163a and
1635 exposing the first semiconductor area 131a. Similar to
the first gate insulating layer 141 and the second gate
insulating layer 142, the interlayer insulating layer 160 may
be formed of a ceramic-based material such as a silicon
nitride (SiNx), a silicon oxide (SiO2), or the like.

[0110] Further, the initialization voltage line 1775 and the
anode 178 are respectively connected to the source area and
the drain area of the first semiconductor area 131a through
the contact holes 163a and 1635 respectively formed on the
interlayer insulating layer 160, the first gate insulating layer
141, and second gate insulating layer 142.

[0111] A passivation layer 180 is formed on the interlayer
insulating layer 160 to cover the initialization voltage line
1776 and the anode 178.

[0112] In the exemplary embodiments, the semiconductor
layer of the reset thin film transistor T7 and the semicon-
ductor layer of the initialization thin film transistor T4-2
include the first semiconductor area 131a, the second semi-
conductor area 1315, and the third semiconductor area 131¢.
In some embodiments, the second semiconductor area 1315
connecting the first semiconductor area 131a and the third
semiconductor area 131c overlaps the initialization line
1225, thereby widening the area of the elements included in
the pixel, particularly the area of the storage capacitor Cst,
so that the organic light-emitting diode display may abun-
dantly represent the gray therein.

[0113] While the inventive technology has been described
in connection with what is presently considered to be
practical exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifica-
tions and equivalent arrangements included within the spirit
and scope of the appended claims.
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What is claimed is:

1. An organic light-emitting diode (OLED) display, com-
prising:

a substrate;

a plurality of signal lines formed over the substrate; and

a plurality of pixels formed over the substrate in a matrix

form and electrically connected to corresponding signal

lines among the signal lines,

wherein the signal lines include:

a plurality of scan lines formed over the substrate and
configured to transmit a scan signal;

a plurality of initialization lines formed over the sub-
strate and configured to transmit an initialization
signal; and

a plurality of data lines crossing the scan lines and
configured to transmit a data signal,

wherein an n-th row pixel includes:

a switching thin film transistor (TFT) electrically con-
nected to an n-th row scan line and a corresponding
data line among the data lines;

a driving TFT electrically connected to a drain of the
switching TFT;

an OLED electrically connected to a drain of the
driving TFT;

an initialization TFT configured to be turned on based
on an initialization signal transmitted via an n-th row
initialization line so as to apply an initialization
voltage to a gate of the driving TFT,

wherein the substrate includes first to third semiconductor

areas located in the n-th row,

wherein an (n+1)-th row initialization line overlaps the

second semiconductor area in the depth dimension of
the OLED display, wherein the first and third semicon-
ductor areas extend in a first direction, and wherein the
second semiconductor area extends in a second direc-
tion crossing the first direction.

2. The OLED display of claim 1, wherein the n-th row
pixel further includes a reset TFT configured to be turned on
based on the initialization signal transmitted via the n+1-th
row initialization line so as to apply the initialization voltage
to the OLED.

3. The OLED display of claim 2, wherein the (n+1)-th row
initialization line includes a gate electrode of the reset TFT
included in the n-th row pixel and a gate electrode of the
initialization TFT included in an (n+1)-th row pixel.

4. The OLED display of claim 3, wherein the reset TFT
included in the n-th row pixel and the initialization TFT
included in the (n+1)-th row pixel include the first to third
semiconductor areas.

5. The OLED display of claim 4, wherein each of the first
to third semiconductor areas has a substantially U-shape.

6. The OLED display of claim 4, wherein the first
semiconductor area is electrically connected to an anode
electrode of the OLED and an initialization voltage line
configured to supply the initialization voltage via the contact
hole.

7. The OLED display of claim 4, wherein the second
semiconductor area partially overlaps the (n+1)-th row ini-
tialization line.

8. The OLED display of claim 1, wherein the first to third
semiconductor areas are integrally formed.

9. The OLED display of claim 1, wherein the first to third
semiconductor areas are formed on the same layer.
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10. An organic light-emitting diode (OLED) display,

comptising:

a substrate;

a plurality of pixels formed over the substrate in a matrix
form, wherein the pixels include an n-th row of pixels
and an (n+1)-th row of pixels, and wherein the n-th row
of pixels includes first to third semiconductor areas;
and

aplurality of initialization lines formed over the substrate
and configured to transmit an initialization signal to the
pixels,

wherein each of the n-th and (n+1)-th rows includes a
reset transistor, wherein the initialization line of the
(n+1)-th row is electrically connected to a gate elec-
trode of the reset transistor of the n-th row,

wherein the (n+1)-th row initialization line overlaps the
second semiconductor area in the depth dimension of
the OLED display,
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wherein the first and third semiconductor areas extend in
a first direction, and wherein the second semiconductor
area extends in a second direction crossing the first
direction.

11. The OLED display of claim 10, further comprising an
initialization transistor in the n-th and (n+1)-th rows and
having a double-gate structure, wherein the initialization
transistor includes two gate electrodes electrically connected
to the corresponding initialization line.

12. The OLED display of claim 11, wherein the first to
third semiconductor areas are formed on the same layer.

13. The OLED display of claim 12, wherein at least a
portion of the second semiconductor area is placed between
the first and third semiconductor areas.

14. The OLED display of claim 13, wherein the first and
second directions are substantially perpendicular to each
other.
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