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(67)  The present disclosure relates to a large area
ultra high density flat panel display having high aperture
ratio. The present disclosure provides a flat panel display
comprising: a driving current line (VDD) and a sensing
line (REF) disposed in a first direction on a substrate; a
scan line (SL) and a sensing gate line (EL) disposed in
a second direction on the substrate; a horizontal current
line (VDDh) disposed at upper side of the scan line (SL)
in the second direction and connected to the driving cur-
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rent line (VDD); a horizontal sensing line (REFh) dis-
posed at lower side of the sensing gate line (EL) in the
second direction and connected to the sensing line
(REF); a common current line (VDDc) branched from the
horizontal current line (VDDh) and crossing the scan line
(SL); and a first pixel area and a second pixel area dis-
posed between the driving current line (VDD) and the
sensing line (REF) as having a bi-symmetic shape with
each other based on the common current line (VDDc).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present disclosure relates to a large area
ultra high density flat panel display having high aperture
ratio. Especially, the present disclosure relates to a large
area ultra high density organic light emitting diode display
having the superior video quality in which the line load is
lowered or minimized.

Discussion of the Related Art

[0002] Nowadays, various flat panel displays (or
"FPD") are developed for overcoming many drawbacks
of the cathode ray tube (or "CRT") which is heavy and
bulky. The flat panel display devices include the liquid
crystal display device (or "LCD"), the field emission dis-
play (FED), the plasmadisplay panel (or "PDP"), the elec-
tro-luminescence device (or "EL") and so on.

[0003] As a self-emitting display device, the electro-
luminescence device has the merits that the response
speed is very fast, the brightness is very high and the
view angleis large. The electro-luminescence device can
be categorized an inorganic light emitting diode display
and an organic light emitting diode display. As having the
good energy efficiencies, the lower leaked current and
the easiness for representing color and brightness by
current controlling, the OLED using the organic light emit-
ting diode is more required.

[0004] FIG. 1 is a diagram illustrating the structure of
the organic light emitting diode. As shown in FIG. 1, the
organic light emitting diode comprises the organic light
emitting material layer, and the cathode and the anode
which are facing each other with the organic light emitting
material layer therebetween. The organic light emitting
material layer comprises the hole injection layer HIL, the
hole transport layer HTL, the emission layer EML, the
electron transport layer ETL and the electron injection
layer EIL. The organic light emitting diode radiates the
lights due to the energy from the excition formed at the
excitation state in which the hole and the electron are
recombined at the emission layer EML.

[0005] The organic light emitting diode radiates the
lights due to the energy from the exciton formed at the
excitation state in which the hole from the anode and the
electron from the cathode are recombined at the emis-
sion layer EML. The organic light emitting diode display
can represent the video data by controlling the amount
(or "brightness") of the light generated and radiated from
the emission layer ELM of the organic light emitting diode
as shown in FIG. 1.

[0006] The OLED using the organic light emitting diode
having the good energy efficiencies can be categorized
into the passive matrix type organic light emitting diode
display (or PMOLED) and the active matrix type organic
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light emitting diode display (or AMOLED).

[0007] The active matrix type organic light emitting di-
ode display (or AMOLED) shows the video data by con-
trolling the current applying to the organic light emitting
diode using the thin film transistor (or TFT). Hereinafter
referring to FIGs. 2 and 3, we will explain about the or-
ganic light emitting diode display according to the related
art.

[0008] FIG. 2 is the exemplary circuit diagram illustrat-
ing the structure of one pixel in the active matrix organic
light emitting diode display (or AMOLED). FIG. 3 is a
plane view illustrating the structure of the AMOLED ac-
cording to the related art. FIG. 4 is a cross sectional view
along the cutting line I-I’ for illustrating the structure of
the bottom emission type AMOLED according to the re-
lated art.

[0009] Referring to FIGs. 2 and 3, the active matrix
organiclight emitting diode display comprises a switching
thin film transistor ST, a driving thin film transistor DT
connected to the switching thin film transistor ST, and an
organic light emitting diode OLE connected to the driving
thin film transistor DT. By depositing a scan line SL, a
data line DL and the driving current line VDD on a sub-
strate, a pixel area is defined. As an organic light emitting
diode is disposed within the pixel area, it defines an emis-
sion area.

[0010] The switching thin film transistor ST is formed
where the scan line SL and the data line DL is crossing.
The switching thin film transistor ST acts for selecting the
pixel which is connected to the switching thin film tran-
sistor ST. The switching thin film transistor ST includes
a gate electrode SG branching from the scan line SL, a
semiconductor channel layer SA overlapping with the
gate electrode SG, a source electrode SS and a drain
electrode SD. The driving thin film transistor DT acts for
driving an anode electrode ANO of the organic light emit-
ting diode OLE disposed at the pixel selected by the
switching thin film transistor ST.

[0011] The driving thin film transistor DT includes a
gate electrode DG connected to the drain electrode SD
of the switching thin film transistor ST, a semiconductor
channel layer DA, a source electrode DS connected to
the driving current line VDD, and a drain electrode DD.
The drain electrode DD of the driving thin film transistor
DT is connected to the anode electrode ANO of the or-
ganic light emitting diode OLE. Between the anode elec-
trode ANO and the cathode electrode CAT, an organic
lightemitting layer OL is disposed. The base voltage VSS
is supplied to the cathode electrode CAT. A storage ca-
pacitance Cst is formed between the gate electrode DG
of the driving thin film transistor DT and the driving current
line VDD or between the gate electrode DG of the driving
thin film transistor DT and the drain electrode DD of the
driving thin film transistor DT.

[0012] Referring to FIG. 4, we will explain about the
bottom emission type organic light emitting diode display.
On the substrate SUB of the active matrix organic light
emitting diode display, the gate electrodes SG and DG
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of the switching thin film transistor ST and the driving thin
film transistor DT, respectively are formed. On the gate
electrodes SG and DG, the gate insulator Gl is deposited.
On the gate insulator Gl overlapping with the gate elec-
trodes SG and DG, the semiconductor layers SA and DA
are formed, respectively. On the semiconductor layer SA
and DA, the source electrode SS and DS and the drain
electrode SD and DD facing and separating from each
other are formed. The drain electrode SD of the switching
thin film transistor ST is connected to the gate electrode
DG of the driving thin film transistor DT via the drain con-
tact hole DH penetrating the gate insulator Gl. The pas-
sivation layer PAS is deposited on the substrate SUB
having the switching thin film transistor ST and the driving
thin film transistor DT.

[0013] The upper surface of the substrate having these
thin film transistors ST and DT is not in even and/or
smooth conditions, but in uneven and/or rugged condi-
tions having many steps. In order to get bestlight emitting
efficiency, the organic light emitting layer OL would be
deposited on an even or planar surface. So, to make the
upper surface in planar and even conditions, the over
coat layer OC is deposited on the whole surface of the
substrate OC.

[0014] Then,ontheovercoatlayer OC, the anode elec-
trode ANO of the organic light emitting diode OLE is
formed. Here, the anode electrode ANO is connected to
the drain electrode DD of the driving thin film transistor
DT through the pixel contact hole PH penetrating the over
coat layer OC and the passivation layer PAS.

[0015] On the substrate SUB having the anode elec-
trode ANO, a bank BA is formed over the area having
the switching thin film transistor ST, the driving thin film
transistor DT and the various lines DL, SL and VDD, for
defining the light emitting area. The exposed portion of
the anode electrode ANO by the bank BA would be the
light emitting area. On the organic light emitting layer OL,
a cathode electrode CAT is deposited.

[0016] A spacer (not shown) is disposed on the sub-
strate SUB having the cathode electrode CAT. It is pref-
erable that the spacer is disposed on the bank BA, non-
emission area. With the spacer, an en-cap is joined on
the lower substrate SUB. For attaching the en-cap and
the lower substrate SUB, an adhesive layer or adhesion
material (not shown) would be deposited therebetween.
[0017] Forthe bottom emission type organic light emit-
ting diode display, the lights from the organic light emitting
layer OL would be radiated to the lower substrate SUB.
Therefore, itis preferable that a color filter CF is disposed
between the overcoat layer OC and the passivation layer
PAS and the anode electrode ANO includes a transpar-
ent conductive material. Further, the cathode electrode
CAT preferably includes a metal material having the high
reflection property for reflecting the lights from the organ-
ic light emitting layer OL to bottom side. In addition, the
organic light emitting layer OL and the cathode electrode
CAT would be deposited as covering the whole surface
of the substrate.
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[0018] The cathode electrode CAT is supplied with the
reference voltage of the organic light emitting diode OLE.
For ensuring the stable operation of the organic light emit-
ting diode OLE, the reference voltage should be kept in
stable voltage without flickers. To do so, it is preferable
that the cathode electrode CAT has the low resistance
metal material and is deposited over the whole surface
of the substrate SUB.

[0019] When the organic light emitting diode display
according to the related art is used for a long time, the
video quality may be degraded due to the change of the
electric characteristics of the pixels. The compensation
elements for recovering these defects are required by
detecting the changes of the electric characteristics.
[0020] Inthe cases that these compensation elements
or circuits are installed into the pixel area, it may cause
the reduction of the aperture ratio which is the ratio of
the emission area to the pixel area. For the ultra high
resolution display including UHD or 4K, the pixel area
includes the switching thin film transistor, the driving thin
film transistor and the compensation thin film transistor
so that the aperture ration is remarkably reduced. It is
required that the new structure of the organic light emit-
ting diode display which ensures the high aperture ratio
with the ultra high density resolution.

SUMMARY OF THE INVENTION

[0021] In order to overcome the above mentioned
drawbacks, a purpose of the present disclosure is to pro-
vide an ultra high density organic light emitting diode dis-
play having a high aperture ratio. Another purpose of the
present disclosure is to provide a flat panel display that
in which the signal delay is not occurred by reducing the
load of the scan line. Stil another purpose of the present
disclosure is to provide a large area flat panel display
having the superior viedo quality by reducing the signal
delay.

[0022] In order to accomplish the above purpose, the
present disclosure provides a flat panel display compris-
ing: a driving current line and a sensing line disposed in
a first direction on a substrate; a scan line and a sensing
gate line disposed in a second direction on the substrate;
a horizontal current line disposed at upper side of the
scan line in the second direction and connected to the
driving current line; a horizontal sensing line disposed at
lower side of the sensing gate line in the second direction
and connected to the sensing line; acommon current line
branched from the horizontal current line and crossing
the scan line; and a first pixel area and a second pixel
area disposed between the driving current line and the
sensing line as having a bi-symmetic shape with each
other based on the common current line.

[0023] Inone or more embodiments, the device further
comprises: a switching thin film transistor overlapped
with the scan line; a driving thin film transistor disposed
between the scan line and the sensing gate line, and
connected to the switching thin film transistor; and a sens-
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ing thin film transistor overlapped with the sensing gate
line.

[0024] In one or more embodiments, the switching thin
film transistor includes: a switching source electrode
branched from a data line; a switching drain electrode
facing the switching source electrode based on the scan
line; and a switching semiconductor layer crossing the
scan line, wherein one end of the switching semiconduc-
tor layer is connected to the swiching source electrode
and another end of the switching semiconductor layer is
connected to the switching drain electrode.

[0025] In one or more embodiments, the driving thin
film transistor includes: a driving source electrode
branched from the common current line; a driving gate
electrode connected to the switching drain electrode; a
driving drain electrode facing the driving source electrode
based on the driving gate electrode; and a driving sem-
iconductor layer crossing the driving gate electrode,
wherein one end of the driving semiconductor layer is
connected to the driving source electrode and another
end of the driving semiconductor layer is connected to
the driving drain electrode.

[0026] In one or more embodiments, the sensing thin
film transistor includes: a sensing source electrode
branched from the horizontal sensing line; a sensing
drain electrode facing the sensing source electrode
based on the sensing gate line, and connecting to the
drivingdrain electrode; and a sensing semiconductor lay-
er crossing the sensing gate line, wherein one end of the
sensing semiconductor layer is connected to the sensing
source electrode and another end of the sensing semi-
conductor layer is connected to the sensing drain elec-
trode.

[0027] Inone or more embodiments, the device further
comprises: an anode electrode connected to the driving
thin film transistor and disposed within the first pixel area;
a bank defining an emission area within the anode elec-
trode; an organic light emitting layer disposed on the
emission area; and a cathode electrode disposed on the
organic light emitting layer.

[0028] Inone or more embodiments, the device further
comprises: a third pixel area and a fourth pixel area dis-
posed as having a bi-symmetic shape with the first pixel
area andthe second pixel area based on the sensing line.
[0029] In one or more embodiments, a red pixel is al-
located at the first pixel area, a white pixel is allocated at
the second pixel area, a green pixel is allocated at the
third pixel area; and a blue pixel is allocated at the fourth
pixel area.

[0030] Inone or more embodiments, the common cur-
rent line includes: a first common current line configured
to supply a driving current to the first pixel area and the
second pixel area; and a second common current line
configured to supply the driving current to the third pixel
area and the fourth pixel area.

[0031] In one or more embodiments, the first common
currentline and the second common currentline are over-
lapped with the scan line within a unit pixel area including
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the first pixel area, the second pixel area, the third pixel
area and the fourth pixel area.

[0032] The organic light emitting diode display accord-
ing to one or more embodiments of the presentdisclosure
includes a compensation thin film transistor for controlling
the conditions of the driving thin film transistor and/or the
organic light emitting diode by detecting the degradation
of the pixel. Under the hard condition causing the dete-
rioration of the pixel, the video quality can be kept in su-
perior quality. Further, according to the present disclo-
sure, the number of the lines or electrodes overlapped
with the scan line is reduced. Therefore, the amount of
the parasitic capacitance occurred at the lines or elec-
trodes overlapped with the scan line are reduced. As the
results, the load to the scan line is reduced and the scan
signal can be applied to the whole area of the flat panel
display without signal delay. Specifically, without the de-
lay of the scan signal, for the large area organic light
emitting diode display, the superior video quality can be
ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this spec-
ification, illustrate embodiments of the disclosure and to-
gether with the description serve to explain the principles
of the disclosure.

[0034] In the drawings:

FIG. 1 is a diagram illustrating the structure of the
organic light emitting diode according to the related
art.

FIG. 2 is the exemplary circuit diagram illustrating
the structure of one pixel in the active matrix organic
light emitting diode display (or AMOLED) according
to the related art.

FIG. 3is a plane view illustrating the structure of one
pixel in the AMOLED according to the related art.
FIG. 4 is a cross sectional view along the cutting line
I-I’ for illustrating the structure of the bottom emission
type AMOLED according to the related art.

FIG. 5 is an equivalent circuit diagram illustrating a
structure of one pixel in the organic light emitting
diode display having a compensation element ac-
cording to the present disclosure.

FIG. 6 is a plane view illustrating a structure of an
organic light emitting diode display having a com-
pensation elementaccording to the first embodiment
of the present disclosure.

FIG. 7 is a plane view illustrating a structure of an
ultra high density organic light emitting diode display
having a compensaton element and reducing the
load of the scan line according to the second em-
bodiment of the present disclosure.
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DETAILED DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

[0035] Referring to attached figures, we will explain
preferred embodiments of the present disclosure. Like
reference numerals designate like elements throughout
the detailed description. However, the present disclosure
is not restricted by these embodiments but can be applied
to various changes or modifications without changing the
technical spirit. In the following embodiments, the names
of the elements are selected by considering the easiness
for explanation so that they may be different from actual
names.

[0036] Hereinafter, referring to FIG. 5, we will explain
about the present disclosure. FIG. 5 is an equivalent cir-
cuit diagram illustrating a structure of one pixel in the
organic light emitting diode display having a compensa-
tion element according to the present disclosure.
[0037] Referring to FIG. 5, one pixel of the organic light
emitting diode display comprises a switching thin film
transistor ST, a driving thin film transistor DT, a storage
capacitance Cst, a compensation element and an organ-
ic light emitting diode OLE. The compensation element
may be configured in a various method. Here, we explain
about the case that the compensation element includes
a sensing thin film transistor ET and a sensing line REF.
[0038] Responding to the scan signal supplied from
the scan line SL, the switching thin film transistor ST
works as a switching operation for storing the data signal
from the data line DL to the storage capacitance Cst as
the data voltage. According to the data voltage in the
storage capacitance Cst, the driving thin film transistor
DT works for supplying the driving current between the
driving currentline VDD (supplying the variable high level
voltage) and the base voltage line VSS (supplying the
constant low level voltage). The organic light emitting di-
ode OLE works as generating the lights according to the
driving current formed by the driving thin film transistor
DT.

[0039] The sensing thin film transistor ET is an addi-
tional element disposed within the pixel area for compen-
sating the threshold voltage of the driving thin film tran-
sistor DT. The sensing thin film transistor ET is connected
between the drain electrode of the driving thin film tran-
sistor DT and the anode electrode (or the sensing node)
of the organic light emitting diode OLE. The sensing thin
film transistor ET works for supplying the initial voltage
(or the sensing voltage) from the sensing line REF to the
sensing node or for detecting (or sensing) the voltage or
current at the sensing node.

[0040] The switching thin film transistor ST includes a
source electrode connected to the data line DL, and a
drain electrode connected to the gate electrode of the
driving thin film transistor DT. The driving thin film tran-
sistor DT includes a source electrode connected to the
driving currentline VDD, and adrain electrode connected
to anode electrode of the organic light emitting diode
OLE. The storage capacitance Cst includes a first elec-
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trode connected to the gate electrode of the driving thin
film transistor DT, and a second electrode connected to
the anode electrode of the organic light emitting diode
OLE.

[0041] The organic light emitting diode OLE includes
an anode electrode connected to the drain electrode of
the driving thin film transistor DT, and a cathode electrode
connected to the base voltage line VSS. The sensing
transistor ET includes a source electrode connected to
the sensing line REF, and a drain electrode connected
to the sensing node (the anode electrode of the organic
light emitting diode OLE).

[0042] The operating timing of the sensing thin film
transistor ET may be related to that of the switching thin
film transistor ST according to the compensation algo-
rithm. For example, as showninFIG. 5, the gate electrode
of the switching thin film transistor ST is connected to
one scan line SL, and the gate electrode of the sensing
thin film transistor ET is connected to the sensing gate
line EL. Otherwise, the gate electrodes of the switching
thin film transistor ST and the sensing thin film transistor
ET may be connected to the scan line SL commonly.
[0043] Accordingtothe sensingresults, the digital type
data signal, the analog type data signal or gamma signal
may be compensated. The compensation elements for
generating the compensating signal (or the compensat-
ing voltage) based on the sensing results may be con-
figured as the internal circuits embedded into the data
driver or timing controller or the externally circuits.
[0044] FIG. 5 shows a pixel having the structure of
3T1C(three thin film transistor and one capacitance) in-
cluding the switching thin film transistor ST, the driving
thin film transistor DT, the sensing thin film transistor ET,
the storage capacitance Cst and the organic light emitting
diode OLE. Otherwise, the pixel may include additional
compensating elements for example, 3T2C, 4T2C,
5T1C, 6T2C etc.

[0045] Hereinafter, we will explain about the structural
features of the ultra high resolution organic light emitting
diode display configured with the circuit diagram shown
in FIG. 5 according to the present disclosure. Hereinafter,
we will explain about various structures of the organic
light emitting diode display according to the present dis-
closure.

<First Embodiment>

[0046] Referring to FIG. 6, we will explain about the
first embodiment of the present disclosure. FIG. 6 is a
plane view illustrating a structure of an organic light emit-
ting diode display having a compensation element ac-
cording to the first embodiment of the present disclosure.
[0047] The organic light emitting diode display accord-
ing to the first embodiment of the present disclosure com-
prises a sensing line REF, a data line DL and a driving
current line VDD which are running in a vertical (or first)
direction, and a horizontal sensing line REFh, a horizon-
tal current line VDDh, a scan line SL and a sensing gate



9 EP 3 324 392 A2 10

line EL which are running in a horizontal (or second) di-
rection on a substrate SUB. These lines define the pixel
areas. In detail, one pixel area is defined as an area sur-
rounded by two neighboring horizontal sensing lines RE-
Fh, one data line DL and one driving current line VDD or
one data line DL and one sensing line REF.

[0048] The scan line SL, the sensing gate line EL, the
horizontal sensing line REFh and the horizontal current
line VDDh are running in horizontal direction on the sub-
strate SUB. The dataline DL, the driving current line VDD
and the sensing line REF are running in vertical direction
on the substrate SUB. The horizontal sensing line REFh
is connected to the sensing line REF via a sensing con-
tact hole RH. The horizontal current line VDDh is con-
nected to the driving current line VDD via the current
contact hole VH.

[0049] In the organic light emitting diode display ac-
cording to the first embodiment of the present disclosure,
one unit pixel comprises four sub pixels including a red
pixel R, a white pixel W, a green pixel G and a blue pixel
B. A plurality of unit pixels, each unit pixel including four
sub pixels, is arrayed in a matrix manner. One unit pixel
is defined between two neighboring sensing gate lines
EL (or horizontal sensing lines REFh) along to the vertical
direction, and between two neighboring driving current
lines VDD in the along to the horizontal direction.
[0050] Four sub pixels are arrayed as two of them are
disposed at the left side and other two are disposed at
the right side based on the sensing line REF, having the
symmetry structure. The horizontal sensing line REFh is
branched out or linked to the sensing line REF and ex-
tended to the two sub pixels at the left side and to the
other two sub pixels at the right side from the sensing
line REF.

[0051] Within one unit pixel area, the area between the
horizontal current line VDDh and the horizontal sensing
line REFh of the current pixel is defined as the non-emis-
sion area. In the non-emission area, the thin film transis-
tors ST, DT and ET and the storage capacitance Cst are
disposed. An anode electrode ANO of an organic light
emitting diode OLE is disposed in the area between the
horizontal current line VDDh and the upper horizontal
sensing line REFh of the upper pixel. The anode elec-
trode ANO has an emission area which is defined by a
bank BA. Within the emission area, the organic light emit-
ting diode OLE is formed.

[0052] The switching thin film transistor ST includes a
switching source electrode SS connected to the data line
DL, a switching gate electrode SG defined at a part of
the scanline SL, a switching semiconductor layer SA and
a switching drain electrode SD. A channel area is defined
at the overlapped area of the switching semiconductor
layer SA with the switching gate electrode SG. As the
switching semiconductor layer SA is disposed as cross-
ing the scan line SL from the lower side to the upper side,
the switching thin film transistor ST is formed.

[0053] The sensing thin film transistor ET includes a
sensing source electrode ES connected to the horizontal
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sensing line REFh, a sensing gate electrode EG defined
at a part of the sensing gate line EL, a sensing semicon-
ductor layer EA and a sensing drain electrode ED. A
channel area is defined at the overlapped area of the
sensing semiconductor layer EA with the sensing gate
electrode EG. As the sensing semiconductor layer EA is
disposed as crossing the sensing gate line EL from the
lower side to the upper side, the sensing thin film tran-
sistor ET is formed.

[0054] The driving thin film transistor DT includes a
driving source electrode DS branched from the driving
current line VDD or defined at a part of the horizontal
currentline VDDh, adriving gate electrode DG connected
to the switching drain electrode SD, a driving semicon-
ductor layer DA and a driving drain electrode DD. A chan-
nel area is defined at the overlapped area of the driving
semiconductor layer DA with the driving gate electrode
DG. As the driving semiconductor layer DA is disposed
as crossing the driving gate electrode DG from the driving
source electrode DS to the scan line SL, the driving thin
film transistor DT is formed. The driving drain electrode
DD is connected to the one portion of the driving semi-
conductor layer DA and one portion of the sensing sem-
iconductor layer EA.

[0055] The storage capacitance Cst includes a first
electrode and a second electrode. The first electrode is
formed as some expanded portions of the switching drain
electrode SD. The second electrode is formed as some
portions of the driving drain electrode DD or some por-
tions of the anode electrode ANO. Here, in convenience,
the second electrode is formed as some portions of the
anode electrode ANO overlapped with the first electrode.
[0056] The driving thin film transistor DT and the stor-
age capacitance Cst are disposed between the horizontal
current line VDDh and the scan line SL. Further, the
switching thin film transistor ST and the sensing thin film
transistor ET are disposed between the scan line SL and
the horizontal sensing line REFh. The driving elements
are disposed between the horizontal current line VDDh
and the horizontal sensing line REFh. This area is defined
as the non-emission area.

[0057] The anode electrode ANO of the organic light
emitting diode OLE is connected to the driving drain elec-
trode DG through the pixel contact hole PH. The open
area of the bank BA is defined as exposing a maximum
area of the anode electrode ANO.

[0058] Most parts of the anode electrode ANO are ex-
posed by the bank BA. The organic light emitting diode
OLE is formed by stacking the organic light emitting layer
and the cathode electrode on the bank BA. Itis preferable
that the organic light emitting diode OLE is formed as
having the maximum emission area within the pixel area.
[0059] FIG. 6 shows an organic lightemitting diode dis-
play in which the open area of the bank BA is not over-
lapped with the thin film transistors ST, DT and ET. In
this case, the organic light emitting diode display is the
bottom emission type. For the case of the top emission
type, the open area of the bank BA may include the area
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of the anode electrode ANO covering the thin film tran-
sistors ST and DT and storage capacitance Cst. Further,
the anode electrode ANO may be extended to the hori-
zontal sensing line REFh and the open area of the bank
BA may be defined as covering the sensing thin film tran-
sistor ET.

[0060] The organic light emitting diode display shown
in FIG. 6 has the structure having the compensation el-
ements. The configuration of the thin film transistors is
very complex and various elements are formed. In every
pixel area, the sensing drain electrode ED of the sensing
thin film transistor ET is overlapped with the scan line
SL. With this structure, a parasitic capacitance should be
formed at the overlapped area OV between the scan line
SL and the sensing drain electrode ED. This parasitic
capacitance is one of main element for causing the delay
of the scan signal. As the scan signal is delayed, all
switching thin film transistors ST connected to the same
scan line SL are not simultaneously activated, but they
may be sequentially activated with time delays.

<Second Embodiment>

[0061] Hereinafter, referring to FIG. 7 we will explain
about an organic light emitting diode display according
to the second embodiment in which the the parasitic ca-
pacitance at the scan line SL is minimized. FIG. 7 is a
plane view illustrating a structure of an ultra high density
organic light emitting diode display having a compensa-
ton element and reducing the load of the scan line ac-
cording to the second embodiment of the present disclo-
sure.

[0062] In the second embodiment, we provide an or-
ganic light emitting diode display in which the number of
the lines or electrodes crossing or overlapping with the
scanline SL is minimized. Rather, if the crossing strcutrue
is required, they may be crossing or overlapping with the
driving current line VDD which supplies a constant direct
current.

[0063] The scan line SL, the sensing gate line EL, the
horizontal sensing line REFh and the horizontal current
line VDDh are running in horizontal direction on the sub-
strate SUB. The dataline DL, the driving current line VDD
and the sensing line REF are running in vertical direction
on the substrate SUB. The horizontal sensing line REFh
is connected to the sensing line REF via a sensing con-
tact hole RH. The horizontal current line VDDh is con-
nected to the driving current line VDD via the current
contact hole VH. One pixel area may be defined by the
sensing gate line EL, the horizontal sensing line REFh
and the horizontal current line VDDh which are running
in horizontal direction, and the data line DL, the driving
current line VDD and the sensing line REF which are
running in vertical direction.

[0064] In the organic light emitting diode display ac-
cording to the second embodiment of the present disclo-
sure, one unit pixel comprises four sub pixels including
ared pixel R, a white pixel W, a green pixel G and a blue
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pixel B. A plurality of unit pixels, each unit pixel including
four sub pixels, is arrayed in a matrix manner. For exam-
ple, one unit pixel including 4 sub pixels may be defined
as surrounding by two neighboring horizontal sensing
lines REFh along to the vertical direction, and two neigh-
boring driving current lines VDD along to the horizontal
direction. Further, two sub pixels are disposed between
the driving current line VDD and the sensing line REF.
[0065] Four sub pixels are arrayed as two of them are
disposed at the left side and other two are disposed at
the right side based on the sensing line REF, having the
symmetry structure. The horizontal sensing line REFh is
branched out or linked to the sensing line REF and ex-
tended to the two sub pixels at the left side and to the
other two sub pixels at the right side from the sensing
line REF.

[0066] The pixel array in which two sub pixels are dis-
posed between the driving currentline VDD and the sens-
ing line REF are bi-symmetrically arrayed based on the
sensing line REF. Hereinafter, we will explain as focusing
on the two sub pixel areas disposed between the driving
current line VDD and the sensing line REF.

[0067] A first data line DL1 is disposed as being close
to the pixel area side from the driving current line VDD.
The first data line DL1 supplies the data signal to the
organiclightemiiting diode allocated atthefirst pixel area.
A second data line DL2 is disposed as being close to the
pixel area side from the sensing line REF. The second
dataline DL2 supplies the data signal to the organic light
emitting diode allocated at the second pixel area.
[0068] The horizontal current line VDDh connected to
the driving current line VDD is extended as crossing the
two pixel areas. Further, the horizontal current line VDDh
is extended to the middle portion of the neighboring two
pixel areas. Hereinafter, in convenience, we will explain
abou the frist pixel area. The second pixel area has the
bi-symmetrical shape with the first pixel area.

[0069] The scan line SL is disposed next to the hori-
zontal current line VDDh along to the vertical direction.
The sensing gate line EL | disposed next to the scan line
SL along to the vertical direction. The different point with
the first embodiment, the scan line SL is disposed as
being relatively closed to the horizontal current line VD-
Dh, but being relatively far from the sensing gate line EL.
The scan thin film transistor ST is disposed between the
horizontal current line VDDh and the scan line SL. The
driving thin film transistor DT, the storage capacitance
Cst and the sensing thin film transistor ET are disposed
between the scan line SL and the sensing gate line EL.
In another case, the organic light emitting diode OLE may
be further expanded between the scan line SL and the
sensing gate line EL.

[0070] The switching thin film transistor ST is disposed
as being crossing the scan line SL. The switching thin
film transistor ST includes a switching source electrode
SS, a switching gate electrode SG, a switching drain elec-
trode SD and a switching semiconductor layer SA. Be-
tween the horizontal current line VDDh and the scan line
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SL, the switching source electrode SS branched from the
first data line DL1 is disposed. The switching drain elec-
trode SD is disposed as facing the switching source elec-
trode SS with the scan line SL between them. The switch-
ing semiconductor layer SA is crossing the scan line SL
from one end, the switching source electrode SS, to the
other end, the switching drain electrode SD. The switch-
ing drain electrode SD is expaned to lateral direction for
forming a first electrode of the storage capacitance Cst.
The overlapped portions of the switching semicondoctur
layer SA with the scan line SL are defined as the channel
area.

[0071] Between two neighboring pixel areas disposed
between the driving current line VDD and the sensing
line REF, a common current line VDDc is disposed. The
common currentline VDDc is branced from the horizontal
current line VDDh along to the vertical direction within
the pixel area. Specifically, the common current line VD-
Dc is connected to the horizontal current line VDDh via
a common current hole VCH.

[0072] The common current line VDDc supplies the
driving currentto the pixel area. In the presentdisclosure,
four sub pixels form one unit pixel area. Specifically, in
the second embodiment, the driving current is supplied
to the four sub pixels with two common current lines VD-
Dc. In detail, a first common current line VDD1 supplies
the driving current to the first sub pixel area and the sec-
ond sub pixel area, commonly. A second common current
line VDD2 supplies the driving current to the third sub
pixel area and the fourth sub pixel area, commonly.
[0073] The common current line VDDc has a vertical
segment disposed between two sub pixel areas as cross-
ing the scan line SL. At every four sub pixel areas, only
two common current lines VDDc, the first common cur-
rent line VDD1 and the second common current line
VDD?2, are required for supplying the driving current to
the four sub pixels. Thatis only two common currentlines,
the first common current line VDD1 and the second com-
mon currentline VDDZ2, are overlapped with the scan line
SL.

[0074] The driving thin film transistor DT is disposed
between the scan line SL and the sensing gate line EL.
The driving thin film transistor DT includes a driving
source electrode DS, a driving gate electrode DG, a driv-
ing drain electrode DD, and adriving semiconductor layer
DA. The driving source electrode DS is branched from
the first common current line VDD1 to the first pixel area.
The driving gate electrode DG is disposed near to the
driving source electrode DS. The driving gate electrode
DG is connected to the switching drain electrode SD. The
driving drain electrode DD is facing the driving source
electrode DS with the driving gate electrode DG between
them. The driving drain electrode DD may be expanded
in lateral direction for forming the second electrode of the
storage capacitance Cst. The overlapped portions of the
driving semiconductor layer DA with the driving gate elec-
trode DG are defined as the channel area.

[0075] The sensing thin film transistor ET is disposed
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as crossing the sensing gate line EL from the horizontal
sensing line REFh. The sensing thin film transistor ET
includes a sensing source electrode ES, a sensing gate
electrode EG, a sensing drain electrode ED and a sens-
ing semiconductor layer EA. The sensing source elec-
trode ES branched from the horizontal sensing line REFh
is disposed under the sensing gate line EL. The sensing
drain electrode ED is disposed as facing the sensing
source electrode ES with the sensing gate line EL be-
tween them. The sensing semiconductor layer EA is
crossing the sensing gate line EL from one end, the sens-
ing source electrode ES, to the other end, the sensing
drain electrode ED. The overlapped portions of the sens-
ing semiconductor layer EA with the sensing gate line EL
are defined as the channel area. The sensing drain elec-
trode ED is connected to the driving drain electrode DD.
[0076] The storage capacitance Cst includes a first
electrode and a second electrode. The first electrode is
formed as expanding some of the switching drain elec-
trode SD. The second electrode is formed with some of
the driving drain electrod DD or some of the anode elec-
trode ANO. Here, the second electrode is formed with
the driving drain electrode DD expanded as overlapping
with the first electrode.

[0077] The anode electrode ANO of the organic light
emitting diode is connected to the driving drain electrode
DD via the pixel contact hole PH. The bank BA has an
open area exposing maximum area of the anode elec-
trode ANO. Most portions of the anode electrode ANO
is exposed by the bank BA. The organic light emitting
diode OLE is formed as stacking the organic light emitting
layer and the cathode electrode sequentially on the an-
ode electrode ANO and bank BA. It is preferable that the
organic light emitting diode has the maximum area within
the pixel area.

[0078] Thefirstsub pixelarea andthe second sub pixel
area are disposed between the driving current line VDD
and the sensing line REF. The first sub pixel area and
the second sub pixel area are disposed as having the bi-
symmetric shape (or mirror symmetric shape) each other
based on the common current line. Further, the third sub
pixel area and the fourth sub pixel area are disposed as
having the bi-symmentrical shape with the first and the
second sub pixel areas, based on the sensing line REF.
With this structure, a red pixel R may be allocated at the
first sub pixel area, a white pixel W may be allocated at
the second sub pixel area, a green pixel G may be allo-
cated at the third sub pixel area and a blue pixel B may
be allocated at the fourth sub pixel area.

[0079] In the organic light emitting diode display as
shown in FIG. 7, the open area of the bank BA is not
covering the thin film transistors ST, DT and ET. In that
case, the organic light emitting diode display is the bottom
emission type. For the case of the top emission type, the
open area of the bank BA may include the area of the
anode electrode ANO covering the driving thin film tran-
sistor DT and storage capacitance Cst. Further, the an-
ode electrode ANO may be extended to the horizontal
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current line VDDh and the open area of the bank BA may
be defined as covering the switching thin film transistor
ST.

[0080] Comparing with the first embodiment, the or-
ganic light emitting diode display according to the second
embodiment has the structure in which the number of
overlap area OV by the lines or electrodes crossing the
scan line SL is reduced in half. Therefore, the amount of
the parasitic capacitances formed at the scan line SL by
being overlapped with the lines or electrodes is reduced
in half. As the results, the load to the scan line SL is
recuded so that the scan signal can be applied to all thin
film transistors connected to the same scan line SL with-
out time delay. By applying the structure of the second
embodiment to the large area organic light emitting diode
display, we can get a large area ultra high density organic
light emitting diode display having the superior video
quality.

[0081] While the embodiment of the present invention
has been described in detail with reference to the draw-
ings, it will be understood by those skilled in the art that
the disclosure can be implemented in other specific
forms. Therefore, it should be noted that the forgoing
embodiments are merely illustrative in all aspects and
are not to be construed as limiting the disclosure. The
scope of the disclosure is defined by the appended claims
rather than the detailed description of the disclosure.
[0082] The variousembodiments described above can
be combined to provide further embodiments. These and
other changes can be made to the embodiments in light
of the above-detailed description. In general, in the fol-
lowing claims, the terms used should not be construed
to limit the claims to the specific embodiments disclosed
in the specification and the claims. Accordingly, the
claims are not limited by the disclosure.

Claims
1. Aflat panel display comprising:

a driving current line (VDD) and a sensing line
(REF) disposed in afirstdirection on a substrate;
a scan line (SL) and a sensing gate line (EL)
disposed in a second direction on the substrate;
a horizontal current line (VDDh) disposed at up-
per side of the scan line (SL) in the second di-
rection and connected to the driving current line
(vDD);

a horizontal sensing line (REFh) disposed at
lower side of the sensing gate line (EL) in the
second direction and connected to the sensing
line (REF);

a common current line (VDDc) branched from
the horizontal current line (VDDh) and crossing
the scan line (SL); and

a first pixel area and a second pixel area dis-
posed between the driving current line (VDD)
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and the sensing line (REF) as having a bi-sym-
metic shape with each other based on the com-
mon current line (VDDc).

2. Thedevice according to the claim 1, further compris-
ing:

a switching thin film transistor (ST) overlapped
with the scan line (SL);

a driving thin film transistor (DT) disposed be-
tween the scan line (SL) and the sensing gate
line (EL), and connected to the switching thin
film transistor (ST); and

a sensing thin film transistor (ET) overlapped
with the sensing gate line (EL).

3. The device according to the claim 2, wherein the
switching thin film transistor (ST) includes:

a switching source electrode (SS) branched
from a data line (DL);

a switching drain electrode (SD) facing the
switching source electrode (SS) based on the
scan line (SL); and

a switching semiconductor layer (SA) crossing
the scanline (SL), wherein one end of the switch-
ing semiconductor layer (SA) is connected to
the swiching source electrode (SS) and another
end of the switching semiconductor layer (SA)
is connected to the switching drain electrode
(SD).

4. The device according to the claim 3, wherein the
driving thin film transistor (DT) includes:

a driving source electrode (DS) branched from
the common current line (VDDc);

a driving gate electrode (DG) connected to the
switching drain electrode (SD);

a driving drain electrode (DD) facing the driving
source electrode (DS) based on the driving gate
electrode (DG); and

a driving semiconductor layer (DA) crossing the
driving gate electrode (DG), wherein one end of
the driving semiconductor layer (DA) is connect-
ed to the driving source electrode (DS) and an-
other end of the driving semiconductor layer
(DA) is connected to the driving drain electrode
(DD).

5. The device according to the claim 4, wherein the
sensing thin film transistor (ET) includes:

a sensing source electrode (ES) branched from
the horizontal sensing line (REFh);

a sensing drain electrode (ED) facing the sens-
ing source electrode (ES) based on the sensing
gate line (EL), and connecting to the driving



6.

10.

17 EP 3 324 392 A2

drain electrode (DD); and

asensing semiconductor layer (EA) crossing the
sensing gate line (EL), wherein one end of the
sensing semiconductor layer (EA) is connected
to the sensing source electrode (ES) and anoth-
er end of the sensing semiconductor layer (EA)
is connected to the sensingdrain electrode (ED).

The device according to any one of the claims 2 to
5, further comprising:

an anode electrode (ANO) connected to the driv-
ing thin film transistor (DT) and disposed within
the first pixel area;

abank (BA) defining an emission area within the
anode electrode (ANO);

an organic light emitting layer disposed on the
emission area; and

a cathode electrode disposed on the organic
light emitting layer.

The device according to any one of the claims 1 to
6, further comprising:

athird pixelarea and afourth pixel area disposed
as having a bi-symmetic shape with the first pixel
area and the second pixel area based on the
sensing line (REF).

The device according to the claim 7, wherein a red
pixel (R) is allocated at the first pixel area,

awhite pixel (W) is allocated at the second pixel area,
a green pixel (G) is allocated at the third pixel area;
and

a blue pixel (B) is allocated at the fourth pixel area.

The device according to the claim 7 or 8, wherein
the common current line (VDDc) includes:

a first common current line (VDD1) configured
to supply a driving current to the first pixel area
and the second pixel area; and

a second common current line (VDD2) config-
ured to supply the driving current to the third
pixel area and the fourth pixel area.

The device according to the claim 9, wherein the first
common current line (VDD1) and the second com-
mon current line (VDD2) are overlapped with the
scan line (SL) within a unit pixel area including the
first pixel area, the second pixel area, the third pixel
area and the fourth pixel area.
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