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(54) organic light-emitting display device

(57)  An organic light-emitting display device which
may widen a swing range of a green sub-pixel. In the
organic light-emitting display device, sub-pixels (R, G)
emitting light of different colors comprise a thin film tran-
sistor (100R, 100G) and a storage capacitor (300R,
300G). An overlapping area of material layers forming
the thin film transistor (100G) of the green sub-pixel (G)
is larger than overlapping area of material layers forming

the thin film transistor (100R) of the sub-pixel (R) emitting
light of a second color, different from the green color.

Accordingly, since a swing range of the green sub-
pixel having relatively high light-emitting efficiency is wid-
ened, more accurate gradation may be displayed, a re-
liable product may be realized, a brightness variation of
the organic light-emitting display device may be reduced,
and the risk of poor image quality may be reduced.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to an organic
light-emitting display device, and more particularly, to an
organic light-emitting display device including three sub-
pixels constituting a unit pixel.

Description of the Related Art

[0002] In general, a unit pixel of an organic light-emit-
ting display device includes a red sub-pixel, a green
sub-pixel, and a blue sub-pixel, and a desired color is
achieved by combining the colors of the three sub-pixels.
[0003] Each of the three sub-pixels includes a thin film
transistor, a capacitor, and a light-emitting unit connected
to the thin film transistor and the capacitor. The light-emit-
ting unit receives an appropriate driving signal from the
thin film transistor and the capacitor to emit light and dis-
play a desired image.

[0004] From among the red, green, and blue sub-pix-
els, the green sub-pixel has the highest light-emitting ef-
ficiency. Accordingly, when the three sub-pixels are
formed to have the same size as in a conventional meth-
od, less current flows through the green sub-pixel. That
is, since a sub-pixel having higher efficiency than other
sub-pixels has the same brightness with less current than
the other sub-pixels, less current flows through the green
sub-pixel in order for the three sub-pixels to have the
same brightness. In this case, however, since a swing
range for displaying gradation is narrowed in the green
sub-pixel, more precise control is needed. For example,
if gradation having 256 levels is displayed, since the
green sub-pixel displays 256 levels with relatively small
current, a voltage control range for displaying overall gra-
dation is narrowed in the green sub-pixel compared to
that in the other sub-pixels and a voltage difference in
one gradation is reduced, thereby making it difficult to
control. Accordingly, once the swing range is narrowed,
gradation is not accurately displayed even with a slight
deviation, thereby increasing a brightness variation. Ac-
cordingly, there is demand for a solution to this problem.

SUMMARY OF THE INVENTION

[0005] The present invention provides an organic
light-emitting display device which may prevent a swing
range of a green sub-pixel from being narrowed due to
efficiency difference between sub-pixels having different
colors.

[0006] Accordingtoan aspect of the presentinvention,
there is provided an organic light-emitting display device
comprising sub-pixels which emit light of different colors,
each sub-pixel comprising a thin film transistor and a ca-
pacitor, a size of the thin film transistor of the sub-pixel
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emitting light of a first color being greater than a size of
the thin film transistor of the sub-pixel emitting light of a
second color.

Preferably, the first color is green.

Preferably, each thin film transistor comprises an active
layer and a gate electrode, and a width of the overlapping
area between the active layer and the gate electrode of
the thin film transistor of the sub-pixel emitting light of the
first color is smaller than a width of the overlapping area
between the active layer and the gate electrode of the
thin film transistor of the sub-pixel emitting light of the
second color.

Preferably, a length of the overlapping area of the thin
film transistor of the sub-pixel emitting light of the first
color is larger than a length of the overlapping area of
the thin film transistor of the sub-pixel emitting light of the
second color.

Preferably, a width to length ratio of the sub-pixel emitting
light of the second color ranges from 4:20 to 5:20, and a
width to length ratio of the sub-pixel emitting light of the
first color ranges from 3:30 to 4:30.

Preferably, in the overlapping area of the thin film tran-
sistor of the sub-pixel emitting light of the first color, the
gate electrode has a rectangular shape, and the active
layer has a T-shape.

Preferably, the capacitor comprises a storage capacitor
and a boost capacitor. Preferably, an overlapping area
of material layers forming the storage capacitor and the
boost capacitor of the sub-pixel emitting light of the first
color is greater than an overlapping area of material lay-
ers forming the storage capacitor and the boost capacitor
of the sub-pixel emitting light of the second color.
Preferably, the material layers forming the storage ca-
pacitor comprise first and second storage electrodes and
the material layers forming the boost capacitor comprise
first and second boost electrodes, wherein the active lay-
er, the first storage electrode and the first boost electrode
may be simultaneously formed by a first material layer,
and the gate electrode, the second storage electrode and
the second boost electrode may be simultaneously
formed by a second material layer.

According to another aspect of the present invention,
there is provided an organic light-emitting display device
including red, green, and blue sub-pixels which emit light
having different colors and each of which includes a thin
film transistor and a capacitor, wherein a size of the thin
film transistor of the green sub-pixel is greater than a size
of each of the thin film transistors of the red and blue sub-
pixels.

[0007] The thin film transistor may include an active
layer and a gate electrode, wherein a width of an over-
lapping region between the active layer and the gate elec-
trode of the green sub-pixel is less than a width of an
overlapping region between the active layer and the gate
electrode of each of the red and blue sub-pixels.

[0008] A length of the overlapping region between the
active layer and the gate electrode of the green sub-pixel
may be greater than a length of the overlapping region



3 EP 2 568 504 A2 4

between the active layer and the gate electrode of each
of the red and blue sub-pixels.

[0009] A width tolength ratio of each of the red sub-pix-
el and the blue sub-pixel may range from 4:20 to 5:20,
and a width to length ratio of the green sub-pixel may
range from 3:30 to 4:30.

[0010] In the overlapping region, the gate electrode
may have a rectangular shape, and the active layer may
have a T-shape.

[0011] The capacitor may include a storage capacitor
and a boost capacitor.

[0012] Areas of the storage capacitor and the boost
capacitor of the green sub-pixel may be greater than ar-
eas of the storage capacitor and the boost capacitor of
each of the red and blue sub-pixels.

[0013] The storage capacitor may include a first stor-
age electrode, which is formed from the same layer as
the active layer, and a second storage electrode, which
is formed from the same layer as the gate electrode,
wherein an overlapping region between the first and sec-
ond storage electrodes of the green sub-pixel is greater
than an overlapping region between the first and second
storage electrodes of each of the red and blue sub-pixels.
[0014] A plurality of holes may be formed in the first
storage electrode.

[0015] The boost capacitor may include a first boost
electrode, which is formed from the same layer as the
active layer, and a second boost electrode, which is
formed from the same layer as the gate electrode, where-
in an overlapping region between the first and second
boost electrodes of the green sub-pixel is greater than
an overlapping region between the first and second boost
electrodes of each of the red and blue sub-pixels.
[0016] The thin film transistor may be a driving transis-
tor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] A more complete appreciation of the invention,
and many of the attendant advantages thereof, will be
readily apparent as the same becomes better understood
by reference to the following detailed description when
considered in conjunction with the accompanying draw-
ings, in which like reference symbols indicate the same
or similar components, wherein:

[0018] FIG. 1 is a plan view illustrating a unit pixel in-
cluded in an organic light-emitting display device accord-
ing to an embodiment of the present invention;

[0019] FIGS. 2A and 2B are plan views illustrating dif-
ferent layers on which elements of the unit pixel of FIG.
1 are formed;

[0020] FIG. 3Ais an enlarged plan view illustrating thin
film transistors of the red and green sub-pixels of FIG. 1;
[0021] FIG. 3B is an enlarged plan view illustrating
boost capacitors of the red and green sub-pixels of FIG. 1;
[0022] FIG. 3C is an enlarged plan view illustrating
storage capacitors of the red and green sub-pixels of
FIG. 1;
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[0023] FIG. 4 is a cross-sectional view taken along line
A-A of FIG. 1;
[0024] FIG. 5 is a plan view illustrating a unit pixel in-

cluded in an organic light-emitting display device accord-
ing to another embodiment of the present invention; and
[0025] FIG. 6 is a plan view illustrating a modifiable
example of the thin film transistors of FIG. 3A.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention will now be described
more fully with reference to the accompanying drawings,
in which exemplary embodiments of the invention are
shown.

[0027] In the drawings, the same reference numerals
denote the same elements. In the description of the
present invention, certain detailed explanations of relat-
ed art are omitted when it is deemed that they may un-
necessarily obscure the essence of the invention.
[0028] Inthe drawings, thicknesses of layers orregions
may be exaggerated for clarity. Also, it will be understood
that when an element, such as a layer, a film, a region,
or a plate, is referred to as being "on", "connected to" or
"coupled to" another element, it may be directly on, con-
nected or coupled to the other element or intervening
elements may be present.

[0029] FIG. 1 is a plan view illustrating a unit pixel in-
cluded in an organic light-emitting display device accord-
ing to an embodiment of the presentinvention. FIGS. 2A
and 2B are plan viewsillustrating differentlayers on which
elements of the unit pixel of FIG. 1 are formed. The unit
pixel includes three sub-pixels, that is, a red sub-pixel R,
a green sub-pixel G, and a blue sub-pixel (not shown).
Since the blue sub-pixel and the red sub-pixel R have
the same structure in the present embodiment, only the
red sub-pixel R is shown in order to be easily compared
with the green sub-pixel G. In the organic light-emitting
display device, a plurality of the unit pixels each including
the three sub-pixels are repeatedly arranged in rows and
columns.

[0030] Referringto FIG. 1, in the organic light-emitting
display device, the three sub-pixels, that is, the red
sub-pixel R, the green sub-pixel G, and the blue sub-pixel
(not shown), constitute each unit pixel as described
above. The blue sub-pixel has the same structure as the
red sub-pixel R, and a description of the structure of the
red sub-pixel R below also applies for the blue sub-pixel.
[0031] First, the red sub-pixel R and the green sub-pix-
el G respectively include light-emitting units 400R and
400G, thin film transistors 100R and 100G, storage ca-
pacitors 300R and 300G, and boost capacitors 200R and
200G. Accordingly, when current flows through the thin
film transistors 100R and 100G, the storage capacitors
300R and 300G, and the boost capacitors 200R and
200G, the light-emitting units 400R and 400G connected
thereto emit light to thus form an image. The thin film
transistors 100R and 100G are driving transistors for driv-
ing the light-emitting units 400R and 400G, respectively.
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[0032] Since the green sub-pixel G has relatively high
light-emitting efficiency as described above, if the green
sub-pixel G is formed to have the same structure as that
of the red sub-pixel R and the blue sub-pixel, current
used to emit light is reduced and a swing range is re-
duced, thereby making it difficult to precisely display gra-
dation.

[0033] Accordingly, in order to avoid this problem, in
the present embodiment, the thin film transistors 100R
and 100G, the storage capacitors 300R and 300G, and
the boost capacitors 200R and 200G which are connect-
ed to the light-emitting units 400R and 400G are formed
to have different sizes.

[0034] In detail, the structure of the red sub-pixel R will
be explained as follows with reference to FIG. 4. FIG. 4
is a cross-sectional view taken along line A-A of FIG. 1.
The blue sub-pixel (not shown) has the same structure
as that of the red sub-pixel R described above, and the
green sub-pixel G has substantially the same structure
as that of the red sub-pixel R although there is a difference
in size between the green sub-pixel G and the red sub-
pixel R. Referring to FIG. 4, the thin film transistor 100R,
the storage capacitor 300R, and the boost capacitor
200R which are connected to the light-emitting unit 400R
are formed below the light-emitting unit 400R. An active
layer 101R and a gate electrode 102R, a first storage
electrode 301R and a second storage electrode 302R,
and a first boost electrode 201R and a second boost elec-
trode 202R are respectively arranged to face each other
with an insulating layer 10 therebetween.

[0035] The active layer 101R, the first storage elec-
trode 301R, and the first boost electrode 201R are formed
from a same material layer, and the gate electrode 102R,
the second storage electrode 302R, and the second
boost electrode 202R are formed from a same material
layer, as shown in FIGS. 2A and 2B.

[0036] That is, the active layers 101R and 101G, the
first storage electrodes 301R and 301G, and the first
boost electrodes 201R and 201G of the red and green
sub-pixels R and G are formed from a same material
layer as shown in FIG. 2A, and the gate electrodes 102R
and 102G, the second storage electrodes 302R and
302G, and the second boost electrodes 202R and 202G
are formed from a same material layer as shown in FIG.
2B.

[0037] Structures of FIGS. 2A and 2B are stacked with
the insulating layer 10 (FIG. 4) therebetween to form an
overlapping region. The thin film transistors 100R and
100G, the storage capacitors 300R and 300G, and the
boost capacitors 200R and 200G are formed in the over-
lapping region.

[0038] Elements of the red sub-pixel R and the green
sub-pixel G will be compared with each other.

[0039] FIG. 3Ais an enlarged plan view illustrating the
thin film transistors 100R and 100G of the red and green
sub-pixels Rand G of FIG. 1. FIG. 3B is an enlarged plan
view illustrating the boost capacitors 200R and 200G of
the red and green sub-pixels R and G of FIG. 1. FIG. 3C
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is an enlarged plan view illustrating the storage capaci-
tors 300R and 300G of the red and green sub-pixels R
and G of FIG. 1.

[0040] Referring to FIG. 3A, the thin film transistors
100R and 100G are respectively formed in overlapping
regions between the active layers 101R and 101G and
the gate electrodes 102R and 102G. When the overlap-
ping regions are compared with each other, a width of
the overlapping region of the green sub-pixel G is less
than a width of the overlapping region of the red sub-pixel
R (WG<WR), and a length of the overlapping region of
the green sub-pixel G is greater than a length of the over-
lapping region of the red sub-pixel R (LG>LR). A total
area of the overlapping region of the green sub-pixel G
is greater than a total area of the overlapping region of
the red sub-pixel R. In detail, if a width (WR) to length
(LR) ratio of the overlapping region of the red sub-pixel
R ranges from 4:20 to 5:20, a width (WG) to length (LG)
ratio of the green sub-pixel G may range from 3:30 to 4:
30.

[0041] FIG. 6 is a plan view illustrating a modified ex-
ample of FIG. 3A. The gate electrode 102’G of the green
sub-pixel G may be formed to overlap with a T-shaped
portion of the active layer 101G. In this case, a length of
the thin film transistor 100°G is greater than a length of
the thin film transistor 100R of the red sub-pixel R.
[0042] If a width of the thin film transistor 100°G is re-
duced and a length of the thin film transistor 100°G is
increased, the amount of current supplied to emit light
with a desired brightness is increased. Accordingly, a
swing range for displaying overall gradation is increased
and a voltage range corresponding to one gradation is
widened, thereby making it easy to precisely display gra-
dation. According to experiments, when a width to length
ratio is 5:20, a swing range is 1.5 V, and when a width
to length ratio is 4:30, a swing range is 1.7 V, which is
higher by about 0.2 V than 1.5 V. Accordingly, when gra-
dation having 256 levels is displayed, a voltage difference
in one gradation is increased from 5.86 mV to 6.64 mV,
thereby making it easy to control.

[0043] Also, since the storage capacitors 300R and
300G and the boost capacitors 200R and 200G affect
gradation display of the light-emitting units 400R and
400G in the present embodiment, the storage capacitor
300G (FIG. 3C) and the boost capacitor 200G (FIG. 3B)
of the green sub-pixel G may be greater in size than the
storage capacitor 300R and the boost capacitor 200R of
the red sub-pixel R.

[0044] That is, referring to FIG. 3B, the boost capaci-
tors 200R and 200G are formed in overlapping regions
between the first boost electrodes 201R and 201G and
the second boost electrodes 202R and 202G, and an
area of the overlapping region of the green sub-pixel G
is greater than an area of the overlapping region of the
red sub-pixel R. Accordingly, the amount of current sup-
plied in order for the light-emitting unit 400G to emit light
with a desired brightness is increased and a swing range
for displaying overall gradation is increased, thereby
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making it easy to precisely display gradation.

[0045] Likewise, referring to FIG. 3C, the storage ca-
pacitors 300R and 300G are formed in overlapping re-
gions between the first storage electrodes 301R and
301G and the second storage electrodes 302R and
302G. An area of the overlapping region of the green
sub-pixel G is greater than an area of the overlapping
region of the red sub-pixel R. Accordingly, the amount of
current supplied in order for the light-emitting unit 400G
to emit light with a desired brightness is increased and a
swing range for displaying overall gradation is increased,
thereby making it easy to precisely display gradation.
[0046] Since the organic light-emitting display device
including the unit pixel as described above achieves a
wide swing range by allowing the thin film transistor
100G, the storage capacitor 300G, or the boost capacitor
200G ofthe green sub-pixel G having relatively high light-
emitting efficiency to be greater in size than that of the
red sub-pixel R or the blue sub-pixel (not shown), precise
gradation display may be easily controlled, and thus a
highly reliable product having more accurate gradation
display may be realized. Also, since a brightness varia-
tion of the organic light-emitting display device is re-
duced, the risk of poor image quality may be reduced.
[0047] FIG. 5 is a plan view illustrating a unit pixel in-
cluded in an organic light-emitting display device accord-
ing to another embodiment of the present invention. Re-
ferring to FIG. 5, a plurality of holes H are formed in one
of the first or second storage electrodes of a storage ca-
pacitor 300G-1 of the green sub-pixel G. That is, when
the plurality of holes H are formed in, for example, the
second storage electrode, as shown, of the storage ca-
pacitor 300G-1 of the green sub-pixel G, an area differ-
ence between the storage capacitor 300G-1 and the
boost capacitor 200G is reduced. Accordingly, even
when a skew, which makes it difficult to precisely pattern
the storage capacitor 300G-1 and the boost capacitor
200G, occurs, an extent to which an area difference be-
tween the storage capacitor 300G-1 and the boost ca-
pacitor 200G is increased may be reduced. As such, ad-
ditional modifications for achieving various other effects
may be made within the scope of the present invention.
[0048] As described above, according to an organic
light-emitting display device of the present invention,
since sizes of a thin film transistor and a capacitor of a
sub-pixel having relatively high light-emitting efficiency
are greater than sizes of a thin film transistor and a ca-
pacitor of each of other sub-pixels to narrow a swing
range, gradation display may be easily controlled, a
brightness variation of the organic light-emitting display
device may be reduced, and the risk of poorimage quality
may be reduced.

[0049] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
detail may be made therein without departing from the
scope of the presentinvention as defined by the following
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claims.

Claims

1. An organic light-emitting display device comprising
sub-pixels (R, G) which emit light of different colors,
each sub-pixel (R, G) comprising a thin film transistor
(100R, 100G) and a storage capacitor (300R, 300G),
an area of the thin film transistor (100G) of the sub-
pixel (G) emitting light of a first color being larger
than an areaze of the thin film transistor (100R) of
the sub-pixel (R) emitting light of a second color.

2. The organic light-emitting display device of claim 1,
the first color being green.

3. The organic light-emitting display device of claim 1
or2,
wherein each thin film transistor (100R, 100G) com-
prises an active layer (101R, 101G) and a gate elec-
trode (102R, 102G), the area of the transistor con-
sisting in the overlapping area between the active
layer (101 R, 101G) and the respective gate elec-
trode (102R, 102G).

4. The organic light-emitting display device of claim 3,
wherein a length of the overlapping area of the thin
film transistor (100G) of the sub-pixel (G) emitting
light of the first color is larger than a length of the
overlapping area of the thin film transistor(100R) of
the sub-pixel (R) emitting light of the second color.

5. The organic light-emitting display device of claim
4,wherein a width of the overlapping area of the thin
film transistor (100G) of the sub-pixel (G) emitting
light of the first color is smaller than a width of the
overlapping area of the thin film transistor (100R) of
the sub-pixel (R) emitting light of the second color.

6. The organic light-emitting display device of claim 5,
wherein a width to length ratio of the sub-pixel (R)
emitting light of the second color ranges from 4:20
to 5:20, and a width to length ratio of the sub-pixel
(G) emitting light of the first color ranges from 3:30
to 4:30.

7. The organic light-emitting display device of claim 4,
wherein in the overlapping area of the thin film tran-
sistor (100°'G) of the sub-pixel emitting light of the
first color, the gate electrode (102'G) has a rectan-
gular shape, and the active layer (101G) has a T-
shape.

8. The organic light-emitting display device of one of
the preceding claims, each sub-pixel further com-
prising a boost capacitor (200R, 200G).
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The organic light-emitting display device of claim 8,
wherein each storage capacitor (300R, 300G) com-
prises first and second storage electrodes (301G,
302G, 301R, 302R) and an overlapping area of first
and second storage electrodes (301G, 302G) form-
ing the storage capacitor (300G) of the sub-pixel (G)
emitting light of the first color is larger than an over-
lapping area of first and second storage electrodes
(301R, 302R) forming the storage capacitor (300R)
of the sub-pixel (R) emitting light of the second color,
and

wherein each boost capacitor (200R, 200G) com-
prises first and second boost electrodes (201G,
202G, 201R, 202R) and an overlapping area of the
first and second boost electrodes (201G, 202G)
forming the boost capacitor (200G) of the sub-pixel
(G) emitting light of the first color is larger than an
overlapping area of the first and second boost elec-
trodes (201R, 202R) forming the boost capacitor of
the sub-pixel (R) emitting light of the second color.

The organic light-emitting display device of claim 9,
wherein the active layer(101R, 101G), the first stor-
age electrode (301G, 301R) and the first boost elec-
trode (201 G, 201 R) are simultaneously formed by
a first material layer, and the gate electrode (102G,
102R), the second storage electrode (302G, 302R)
and the second boost electrode (202G, 202R) are
simultaneously formed by a second material layer.

The organic light-emitting display device of claim 10,
further comprising a plurality of holes (H) formed in
one of the first or second storage electrodes (301G,
302G) of the storage capacitor (300G-1) of the sub-
pixel (G) emitting light of the first color.

The organic light-emitting display device of claim 10,
further comprising an insulating layer (10) formed
between the first material layer and the second ma-
terial layer.

The organic light-emitting display device of one of
the preceding claims, wherein the thin film transistor
(100R, 100G) is a driving transistor.

The organic light-emitting display device of one of
claims 2 to 13, wherein the second color is red or
blue.

The organic light-emitting display device of one of
the preceding claims, comprising green, red and blue
sub-pixels, wherein an area of the thin film transistor
(100G) of the green sub-pixel is larger than an area
of each of the thin film transistors (100R) of the red
and blue sub-pixels.
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