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(7) ABSTRACT

A display device includes a display panel, a power transmit-
ting member and a heat diffusing member. The display panel
includes a base substrate, a power input part, a power signal
line and a display element. The base substrate has an upper
surface and a lower surface opposite the upper surface. The
power input part is formed in an outer peripheral area of the
upper surface. The power signal line is electrically connected
to the power input part. The display element is electrically
connected to the power signal line and generates light based
on a power signal transmitted via the power input part. The
power transmitting member is electrically connected to the
power input part to transmit the power signal to the power
input part. The heat diffusing member is disposed on the
lower surface, and includes a guide groove into which the
power transmitting member is disposed.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY DEVICE

[0001] This application claims priority to Korean Patent
Application No. 2008-39450, filed on Apr. 28, 2008, and all
the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device.
More particularly, the present invention relates to a display
device including a self-emitting display element.

[0004] 2. Description of the Related Art

[0005] Recently, there has been an increasing demand for
lighter and/or thinner devices such as personal computers and
television sets, for example. As a result, display devices
included in such devices are also required to be made lighter
and/or thinner. Thus, cathode ray tube (“CRT”) display
devices are increasingly being replaced with lighter and/or
thinner display devices, such as flat-panel display (“FPD”)
devices, for example.

[0006] Examples of FPD devices include liquid crystal dis-
play (“LCD”) devices, field emission display (“FED”)
devices, organic light-emitting diode (“OLED”) display
devices and plasma display panel (“PDP”) display devices.
[0007] The OLED device, in particular, typically includes
an organic light-emitting element, a driving transistor which
drives the organic light-emitting element and a switching
transistor which applies a data voltage to the driving transis-
tor, for example. Transistors in the OLED device are gener-
ally formed as thin-film transistors (“TFTs”).

[0008] In operation, the organic light-emitting element
receives a driving current via the driving transistor to generate
light based on the driving current. In generating the light, the
organic light-emitting element also generates heat. Thus, as a
size of the OLED device increases, a required intensity of
driving current applied to the OLED device increases, thereby
causing an amount of heat generated by the organic light-
emitting element to also increase. As a result, rapidly dissi-
pating this heat generated in the OLED device is an increas-
ingly important concern.

[0009] Specifically, when heat is not dissipated from near
the organic light-emitting element or at a connection pad on
which power lines are formed, for example, a hot spot is
formed. Thus, a local temperature at the hot spot is high,
relative to temperatures at other portions of the display panel.
As a result, the organic light-emitting element is excessively
heated, and a lifetime of the display panel is thereby reduced.
In addition, the hot spots cause deterioration of a display
quality of the display panel.

BRIEF SUMMARY OF THE INVENTION

[0010] Exemplary embodiments of the present invention
provide a display device which effectively prevents damage
thereto due to nonuniform temperatures, e.g., hot spots, as
well as having substantially improved ease of assembly and
physical rigidity.
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[0011] According to an exemplary embodiment of the
present invention, a display device includes a base substrate,
a power input part, a power signal line, a display element and
a heat diffusing member.

[0012] The base substrate has an upper surface and a lower
surface opposite the upper surface. The power input part is
disposed in the upper surface of the base substrate. The power
signal line is electrically connected to the power input part.
The display element is electrically connected to the power
signal line. The display element generates light based on a
power signal transmitted via the power input part. The heat
diffusing member is disposed on the lower surface of the base
substrate. The heat diffusing member has a guide groove.
[0013] The display device may further include a power
transmitting member. The power transmitting member is
electrically connected to the power input part and disposed in
the guide groove.

[0014] The heat diffusing member is disposed on the lower
surface of the base substrate, and has a guide groove into
which the power transmitting member is disposed.

[0015] The heat diffusing member may include a first sur-
face facing the lower surface of the base substrate and a
second surface opposite to the first surface. The guide groove
may be formed in the second surface of the heat diffusing
member. A depth of the guide groove may be less than a
thickness of the heat diffusing member. In addition, the depth
of the guide groove may be greater than or equal to a thickness
of the power transmitting member. A cross-sectional shape of
the guide groove may correspond to a cross-sectional shape of
the power transmitting member.

[0016] The heat diffusing member may include a graphite
plate. Alternatively, the heat diffusing member may include a
metal plate. The display device may further include an adhe-
sive layer interposed between the lower surface of the base
substrate and the first surface of the heat diffusing member.
[0017] The display device may further include a receiving
frame configured to receive the display panel, the power
transmitting member and the heat diffusing member. In this
case, the receiving frame makes contact with the second
surface of the heat diffusing member.

[0018] The display element may include a first electrode, a
second electrode facing the first electrode and an organic
light-emitting layer disposed therebetween. The power signal
may include a driving voltage and a common voltage. The
driving voltage is applied to the first electrode. The common
voltage is applied to the second electrode. The organic light-
emitting layer generates light using a current flowing between
the first electrode and the second electrode.

[0019] The power signal line may include a driving voltage
line and a common voltage line. The driving voltage line
transmits the driving voltage to the first electrode. The com-
mon voltage line crosses the driving voltage line and trans-
mits the common voltage to the second electrode.

[0020] The power transmitting member may include at
least one driving voltage transmitting member which trans-
mits the driving voltage to the first electrode and at least one
common voltage transmitting member which transmits the
common voltage to the second electrode.

[0021] The guide groove may include a first groove and a
second groove. The driving voltage transmitting member is
disposed in the first groove. The common voltage transmit-
ting member is disposed in the second groove.

[0022] The outer peripheral area of the upper surface of the
base substrate includes an upper peripheral area, a lower
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peripheral area facing the upper peripheral area, a left periph-
eral area connecting the upper peripheral area and the lower
peripheral area, and a right peripheral area facing the left
peripheral area and connecting the upper peripheral area and
the lower peripheral area. The power input part may include a
first connection pad and a second connection pad. The first
connection pad connects the driving voltage line to the driv-
ing voltage transmitting member and is disposed in one of the
upper peripheral area and the lower peripheral area. The
second connection pad connects the common voltage line to
the common voltage transmitting member and is disposed in
one of the left peripheral area and the right peripheral area.
The first groove extends to an upper peripheral edge of the
heat diffusing member to form a first opening at the upper
peripheral edge thereof The driving voltage transmitting
member extends outward from the heat diffusing member
through the first opening to connect to the first connection
pad. The second groove extends to one of a right peripheral
edge and a left peripheral edge of the heat diffusing member
to form a second opening at the one of the right peripheral
edge and the left peripheral edge thereof The common voltage
transmitting member extends outward from the heat diffusing
member through the second opening to connect to the second
connection pad.

[0023] The display panel may further include a driving
signal line and a driving element. The driving signal line
transmits a driving signal for controlling the driving voltage.
The driving element is connected to the driving signal line and
the driving voltage line to transmit the driving voltage to the
first electrode based on the driving signal.

[0024] The driving signal line may extend to the upper
peripheral area on the base substrate, and the driving module
comprises, the display device may further include a driving
module. The driving module may include a driving substrate
and a connection printed circuit film. The driving substrate
outputs the driving signal. The connection printed circuit film
connects the driving substrate to the driving signal line in the
upper peripheral area.

[0025] The driving voltage transmitting member is con-
nected to a driving voltage connector formed on the driving
substrate. The driving voltage transmitting member receives
the driving voltage through the driving substrate via the driv-
ing voltage connector. The common voltage transmitting
member is coupled to acommon voltage connector formed on
the driving substrate. The driving voltage transmitting mem-
ber receives the common voltage through the driving sub-
strate via the common voltage connector.

[0026] Thedriving signal line may include a data line and a
gate line. The data line may be formed substantially parallel to
the driving voltage line and may transmit a data signal. The
gate line may be formed substantially parallel with the com-
mon voltage line and may transmit a scan signal.

[0027] The driving element may include a switching tran-
sistor and a driving transistor. The switching transistor may
include a source electrode connected to the data line, a gate
electrode connected to the gate line and a drain electrode
which outputs the data signal. The driving transistor may
include a control terminal connected to the drain electrode of
the switching transistor, an input terminal connected to the
driving voltage line and an output terminal connected to the
first electrode.

[0028] The driving module may further include a gate driv-
ing section. The gate driving section is connected to the gate
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line in one of the left peripheral area and the right peripheral
area of the base substrate to output the scan signal to the gate
line.

[0029] The display panel may further include a display
plate. The display plate faces the base substrate, is coupled
thereto, and covers the display element. An image is dis-
played on the display plate using light emitted from the
organic light-emitting layer.

[0030] According to exemplary embodiments of the
present invention, the display device has advantages which
include, but are not limited to, thermal diffusion of heat by the
diffusing member resulting in improved temperature unifor-
mity at different locations of the display panel. As a result,
damage caused by hot spots is substantially reduced and/or
effectively prevented. In addition, the power transmitting
member is received in the guide groove of the heat diffusing
member, and a thickness of the display device is thereby
substantially reduced. Further, the heat diffusing member
substantially enhances a rigidity of the display panel, thereby
protecting the display panel from damage resulting from
external impact.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other aspects, features and advan-
tages of the present invention will become more readily
apparent by describing in further detail exemplary embodi-
ments thereof with reference to the accompanying drawings,
in which:

[0032] FIG. 1 is a perspective view of a display device
according to an exemplary embodiment of the present inven-
tion;

[0033] FIG. 2 is an exploded perspective view of the dis-
play device according to the exemplary embodiment of the
present invention shown in FIG. 1;

[0034] FIG. 3 is a block diagram of the display device
according to the exemplary embodiment of the present inven-
tion shown in FIG. 2;

[0035] FIG. 4 is an equivalent circuit diagram of a pixel of
the display device according to the exemplary embodiment of
the present invention shown in FIG. 3;

[0036] FIG. 5 is a partial cross-sectional view of a display
element and a driving element of the display device according
to the exemplary embodiment of the present invention shown
in FIG. 4;

[0037] FIG. 6isaperspective view a heat diffusingmember
of the display device according to the exemplary embodiment
of the present invention shown in FIG. 2;

[0038] FIG. 7 is a partial cross-sectional view taken along
line I-I' of FIG. 2;

[0039] FIG. 8 is a plan view of a front surface of a display
panel of the display device according to the exemplary
embodiment of the present invention shown in FIG. 2;
[0040] FIG. 9isa plan view of a rear surface of the display
panel of the display device according to the exemplary
embodiment of the present invention shown in FIG. 8;
[0041] FIG. 10 is a graph of temperature versus location
illustrating a temperature distribution in a display panel not
having a heat diffusing member; and

[0042] FIG. 11 is a graph of temperature versus location
illustrating a temperature distribution of the display panel of
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the display device according to the exemplary embodiment of
the present invention shown in FIG. 8.

DETAILED DESCRIPTION OF THE INVENTION

[0043] The invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0044] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0045] Itwill be understood that although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0046] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
Tt will be further understood that the terms “comprises” and/
or “comprising,” or “includes” and/or “including,” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components and/or groups thereof

[0047] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top” may be used herein to describe
one element’s relationship to other elements as illustrated in
the Figures. It will be understood that relative terms are
intended to encompass different orientations of the device in
addition to the orientation depicted in the Figures. For
example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on the “upper” side of the
other elements. The exemplary term “lower” can, therefore,
encompass both an orientation of “lower” and “upper,”
depending upon the particular orientation of the figure. Simi-
larly, if the device in one of the figures were turned over,
elements described as “below” or “beneath” other elements
would then be oriented “above” the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0048] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
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as commonly understood by one of ordinary skill in the art to
which the present invention belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning which
is consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0049] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions which are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes which
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles
which are illustrated may be rounded. Thus, the regions illus-
trated in the figures are schematic in nature and their shapes
are not intended to illustrate the precise shape of a region and
are not intended to limit the scope of the present invention.
[0050] Hereinafter, exemplary embodiments of the present
invention will be described in further detail with reference to
the accompanying drawings.

[0051] FIG. 1 is a perspective view of a display device
according to an exemplary embodiment of the present inven-
tion. FIG. 2 is an exploded perspective view of the display
device according to the exemplary embodiment of the present
invention shown in FIG. 1.

[0052] Referring to FIGS. 1 and 2, a display device 100
according to an exemplary embodiment of the present inven-
tion includes a display panel 5, a power transmitting member
50 and a heat diffusing member 70.

[0053] Thedisplay panel 5 receives a power signal from the
power transmitting member 50 to display information, e.g.,
an image, thereon. The display panel 5 includes a base sub-
strate 10, a power input part 21, a display element 30 (FIGS.
4 and 5) and a power signal line 31 (FIGS. 4 and 5).

[0054] In an exemplary embodiment of the present inven-
tion, the base substrate 10 may include glass, for example, but
alternative exemplary embodiments are not limited thereto. In
addition, the base substrate 10 may have a substantially rect-
angular, e.g., plate, shape. In this case, the base substrate 10
has opposite long (longitudinal) sides facing each other and
opposite short (latitudinal) sides facing each other to form the
rectangular shape. A display area and a peripheral area are
defined on an upper surface of the base substrate 10. Specifi-
cally, the peripheral area corresponds to a peripheral portion
ofthe display area, e.g., the peripheral area is disposed around
an outer periphery of the rectangular shape, substantially
surrounding the display area within the opposite longitudinal
and latitudinal sides. More specifically, as shown in FIG. 1,
separate peripheral areas, corresponding to the long sides,
will hereinafter be referred to as an upper peripheral area 12
and a lower peripheral area 14. Likewise, separate peripheral
areas corresponding to the short sides will hereinafter be
referred to as a left peripheral area 16 and a right peripheral
area 18. The upper peripheral area 12, the lower peripheral
area 14, the left peripheral area 16 and the right peripheral
area 18 will hereinafter be referred to, collectively or in part,
as a “peripheral area” or “peripheral areas”.
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[0055] The power input part 21 is formed in the peripheral
area. The power input part 21 according to an exemplary
embodiment may include a first connection pad 23 and a
second connection pad 25. In addition, a plurality of the first
connection pads 23 may be formed in the upper peripheral
area 12. Similarly. a plurality of the second connection pads
25 may be formed in the left peripheral area 16 and/or in the
right peripheral area 18. During operation of the display
device 100, a power signal from an external source (not
shown) is applied to the first connection pad 23 and the
second connection pad 25.

[0056] More particularly, the power signal may include a
driving voltage, applied to the first connection pad 23, and a
common voltage, applied to the second connection pad 25.
[0057] Thedisplay device 100 may further includea receiv-
ing frame 80, as shown in FIG. 2.

[0058] In an exemplary embodiment, the receiving frame
80 receives the display panel 5, the power transmitting mem-
ber 50 and the heat diffusing member 70. Further, the receiv-
ing frame 80 may include a metal material to dissipate heat.
The receiving frame 80 may include a bottom plate 81 and a
sidewall 83. The bottom plate 81 according to an exemplary
embodiment of the present invention may have a substantially
rectangular shape corresponding to a shape of the display
panel 5. Sidewalls 83 extend from respective peripheral edges
of the bottom plate 81. In addition, a portion of one or more of
the sidewalls 83 may be cut, e.g., partially removed, to facili-
tate receiving the display panel 5, the power transmitting
member 50 and the heat diffusing member 70, as shown in
FIG. 2.

[0059] FIG. 3 is a block diagram of the display device 100
according to the exemplary embodiment of the present inven-
tion shown in FIG. 2. FIG. 4 is an equivalent circuit diagram
of one pixel PX of the display device 100 according to the
exemplary embodiment of the present invention shown in
FIG. 3.

[0060] Referring to FIGS. 3 and 4, a power signal line 31
includes a driving voltage line 32 which transmits a driving
voltage Vdd and a common voltage line 34 which transmits a
common voltage Vcom.

[0061] Individual driving voltage lines 32 of a plurality of
the driving voltage lines 32 extend in an upper-lower direc-
tion, e.g., a vertical direction as viewed in FIGS. 1 and 2,
(hereinafter referred to as a column direction ‘x’), and are
spaced apart from and substantially in parallel with each
other. End portions of the driving voltage lines 32 extend into
the upper peripheral area 12 and are connected to the first
connection pad 23 (FIG. 1). Each driving voltage line 32
electrically connects the display element 30 and the first
connection pad 23. Common voltage lines 34 of a plurality of
the common voltage lines 34 extend in a left-right direction,
e.g., a horizontal direction as viewed in FIGS. 1 and 2, (here-
inafter referred to as a row direction ‘y’), and are spaced apart
from and substantially in parallel with each other. End por-
tions of the common voltage lines 34 extend to the left periph-
eral area 16 and/or the right peripheral area 18 and are con-
nected to the second connection pad 25, as illustrated in FIG.
1. Each common voltage line 34 electrically connects the
display element 30 and the second connection pad 25.
[0062] The display panel 5 may further include a driving
signal line 35 and a driving element 40. In an exemplary
embodiment, the display panel 5 may be driven in a passive-
type manner, e.g., amanner in which the driving signal line 35
and the driving element 40 are not required, or may be driven
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in an active-type manner, e.g., each pixel PX includes and
associated driving signal line 35 and driving element 40 con-
nected thereto.

[0063] The driving element 40 receives a driving signal
through the driving signal line 35. The driving element 40
controls the driving voltage Vdd applied to the display ele-
ment 30 based on the driving signal. In an exemplary embodi-
ment of the present invention, the driving signal may include
ascan signal and/or a data voltage. The driving signal line 35
may include a plurality of gate lines 36, through which the
scan signal is transmitted, and a plurality of data lines 38,
through which the data voltage is transmitted.

[0064] Individual gate G, through G,, (FIG. 3) of the plu-
rality of gate lines 36 (FIG. 4) extend substantially in parallel
with the common voltage line 34, e.g., in the row direction y,
and are substantially parallel with and spaced apart from each
other by a predetermined interval. Individual data lines D,
through D,, (FIG. 3) of the plurality of data lines 38 (FIG. 4)
extend substantially in parallel with the driving voltage line
32, eg., in the column direction X, and are substantially
parallel with and spaced apart from each other by a predeter-
mined interval.

[0065] FIG. 5 is a partial cross-sectional view of display
element and a driving element ofthe display device according
to the exemplary embodiment of the present invention shown
in FIG. 4.

[0066] Referring to FIGS. 4 and 5, the driving element 40 is
formed on an upper surface of the base substrate 10. The
driving element 40 includes a switching transistor Qs and a
driving transistor Qd. In an exemplary embodiment of the
present invention, the switching transistor Qs and driving
transistor Qd may be thin-film transistors (“TFTs”).

[0067] The switching transistor Qs may include a source
electrode connected to the data line 38, a gate electrode con-
nected to the gate line 36 and a drain electrode which outputs
the data signal.

[0068] As shown in FIG. 5, the driving transistor Qd may
include a control terminal 41 connected to the drain electrode
of the switching transistor Qs (FIG. 4), an input terminal 43
connected to the driving voltage line 32 and an output termi-
nal 45 which outputs the driving voltage Vdd to the display
element 30.

[0069] A capacitor Cst is connected to the drain electrode
of the switching transistor Qs and the driving voltage line 32.
During operation, the capacitor Cst charges to maintain the
data voltage, supplied to the display element 30 from the
switching transistor Qs, for a predetermined duration of time.
[0070] In an exemplary embodiment of the present inven-
tion, the display element 30 may be formed on a protective
layer 47 covering the driving element 40. Further, the display
element 30 may include a first electrode 33, a second elec-
trode 37 and an organic light-emitting layer 39, as shown in
FIG. 5.

[0071] The first electrode 33 is connected to the output
terminal 45 of the driving transistor Qd to receive the driving
voltage Vdd, which is controlled based on the data voltage.
[0072] The second electrode 37 is disposed over the first
electrode 33 and opposite to, e.g., facing, the first electrode
33. The second electrode 37 is connected to the common
voltage line 34 to receive the common voltage Vcom. The
organic light-emitting layer 39 is disposed between the first
electrode 33 and the second electrode 37.

[0073] Thus, the organic light-emitting layer 39 is disposed
in a pixel area, defined by a partition pattern 48 formed on the
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protective layer 47. In an exemplary embodiment of the
present invention, the organic light-emitting layer 39 may
include organic materials which generate red, green and blue
colors in respective pixels, or an organic material which gen-
erates a white color. More specifically, the organic light-
emitting layer 39 generates light having a variable intensity
based on an amount of current ILD (FIG. 4) flowing between
the first electrode 33 and the second electrode 37. As a result,
an image is displayed on the display device 100.

[0074] During operation, the organic light-emitting layer
39 generates heat while generating the light to display the
image. It is advantageous to dissipate the heat and, therefore,
in an exemplary embodiment of the present invention, the
heat is externally dissipated and/or diffused by the heat dif-
fusing member 70 (FIG. 2), as will be described in greater
detail below.

[0075] Referring again to FIGS. 1 and 2, the power trans-
mitting member 50 applies the externally applied power sig-
nal, e.g., the driving voltage Vdd and the common voltage
Vecom, to the display panel 5. In an exemplary embodiment,
the power transmitting member 50 is a flexible printed circuit
film. In addition, the power transmitting member 50 may
include a driving voltage transmitting member 51 and a com-
mon voltage transmitting member 55, as shown in FIGS. 1
and 2.

[0076] The driving voltage Vdd is applied from an external
device (not shown) to an input terminal of the driving voltage
transmitting member 51. An output terminal of the driving
voltage transmitting member 51 is connected to the first con-
nection pad 23 formed in the upper peripheral area 12. There-
fore, the driving voltage lines 32 according to an exemplary
embodiment of the present invention correspond to the first
connection pads 23, and output terminals of a plurality of the
driving voltage transmitting members 51 are connected to the
first connection pads 23.

[0077] The common voltage Vecom is applied from an
external source (not shown) to an input terminal of the com-
mon voltage transmitting member 55. An output terminal of
the common voltage transmitting member 55 is connected to
the second connection pad 25 formed in the left peripheral
area 16 and/or the right peripheral area 18. Thus, the common
voltage Veom, as illustrated in FIG. 2, may be provided
through left peripheral area 16 and the right peripheral area
18. As a result, voltage differences based on location through
which the common voltage is applied, are effectively pre-
vented, e.g., a uniformity of the common voltage Vcom is
substantially enhanced throughout the display device 100
according to an exemplary embodiment.

[0078] The driving voltage lines 32 and the common volt-
age lines 34 are formed proximate to the first connection pad
23, the second connection pad 25 and circumferential por-
tions thereof As a result, heat 1s uniformly generated around
the first connection pad 23 and the second connection pad 25.
Specifically, heat is generated and remains proximate to the
circumferential portions of each of the first connection pad 23
and the second connection pad 25. As a result, hot spots in
which a relatively high temperature is maintained in compari-
son with other portions are generated proximate to the cir-
cumferential portions of the first connection pad 23 and the
second connection pad 25. Therefore, the display element 30,
disposed at the circumferential portions of the first connec-
tion pad 23 and the second connection pad 25 is heated. As a
result, a lifetime of the display element is decreased. In addi-
tion, a display quality of the display device 100 is reduced if
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the heating of the display element 30 is not reduced, as will be
described in further detail below.

[0079] FIG. 6 is a perspective view of a rear surface of a
heat diffusing member of the display device according to the
exemplary embodiment of the present invention shown in
FIG. 2.

[0080] Referring to FIGS. 2 and 6, the heat diffusing mem-
ber 70 is disposed on a lower surface of the base substrate 10.
The heat diffusing member 70 dissipates heat generated from
the display panel 5. Specifically, the heat diffusing member
70 diffuses the heat in both a vertical direction and a horizon-
tal direction relative to a thickness of the base substrate 10.
[0081] Thus, heat does not concentrate in any specific loca-
tions of the display panel 5 according to an exemplary
embodiment of the present invention, and a temperature uni-
formity of the display panel 5 is thereby substantially
improved. As a result, the overall temperature of the display
panel 5 is also reduced, thereby preventing the detrimental
heating of the display element 30 described above.

[0082] In addition, the heat diffusing member 70 protects
the base substrate 10 from external impact, since the heat
diffusing member 70 improves an overall rigidity of the dis-
play device 100 according to an exemplary embodiment of
the present invention.

[0083] In an exemplary embodiment of the present inven-
tion, the heat diffusing member 70 may include a graphite
plate having adequate thermal conductivity, or, alternatively,
ametal plate such as an aluminum plate or a copper plate, for
example, but alternative exemplary embodiments are not lim-
ited thereto.

[0084] Specifically, the graphite plate according to an
exemplary embodiment of the present invention has a thermal
conductivity of approximately S W/mK to approximately 10
W/mK in a thickness direction of the graphite plate, and a
thermal conductivity of approximately 100 W/mK to
approximately 400 W/mK in a horizontal direction thereof
(e.g., in a direction substantially perpendicular to the thick-
ness direction). Put another way, the graphite plate has a great
thermal conductivity in the horizontal direction (relative to
the thickness direction thereof) to effectively prevent forma-
tion of the above-mentioned detrimental hot spots.

[0085] In alternative exemplary embodiments of the
present invention, the aluminum plate has an isotropic ther-
mal conductivity of approximately 220 W/mK, while the
copper plate has an isotropic thermal conductivity of approxi-
mately 380 W/mK. Thus, the heat diffusing member 70 such
as the aluminum plate and the copper plate are still effective
in heat dissipation and thermal diffusion, and are therefore
effective in preventing formation of the detrimental hot spots
described above.

[0086] The heat diffusing member 70 includes a first sur-
face 71 facing the lower surface of the base substrate 10 and
a second surface 73 opposite to the first surface 71. In addi-
tion, a guide groove 72 is formed at the second surface 73 to
reduce a thickness of portions of the display device 100. As a
result, a compactness of the display device 100 is substan-
tially enhanced. The guide groove 72 may be formed on the
graphite plate, or, alternative, the metal plate using a mold, for
example.

[0087] The power transmitting member 50 is received in
and guided by the guide groove 72. Thus, the guide groove 72
may have a shape substantially corresponding to a shape of
the power transmitting member 50, and may further be pat-
terned on the second surface 73 of the heat diffusing member
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70. Thus, the pattern of the guide groove 72 may vary based
on the shape of the power transmitting member 50.

[0088] The guide groove 72 is open at a side of the heat
diffusing member 70. Further, the guide groove 72 has adepth
smaller than a thickness of the heat diffusing member 70.
Thus, the heat diffusing member 70 is not open in the thick-
ness direction, and heat is more efficiently diffused there-
through. In an exemplary embodiment of the present inven-
tion, the depth of the guide groove 72 may be greater than or
equal to a depth of the power transmitting member 50. Thus,
the power transmitting member 50 may be completely dis-
posed in the guide groove 72.

[0089] The guide groove 72 may include a first groove 74
and a second groove 76, as shown in FIG. 6. In this case, the
driving voltage transmitting member 51 extends through a
portion of the first groove 74 at an edge of the peripheral area
and which is open to an upper side, e.g., in the upper periph-
eral area 12, of the heat diffusing member 70, and connected
to the first connection pad 23 therethrough. In a similar man-
ner, the common voltage transmitting member 55 protrudes
through a portion of the second groove 76 at an edge of the
peripheral area which is open to a left side and/or a right side
of the heat diffusing member 70, e.g., at the left peripheral
area 16 and/or the right peripheral area 18, respectively, and is
thereby connected to the second connection pad 25.

[0090] FIG. 7 is a partial cross-sectional view taken along
line I-I' FIG. 2.
[0091] Referring to FIGS. 1, 2 and 7, the heat diffusing

member 70 and the display panel 5 are disposed on the bottom
plate 81 of the receiving frame 80.

[0092] The display device 100 according to an exemplary
embodiment of the present invention may further include an
adhesive layer 78. In this case, the adhesive layer 78 is inter-
posed between the lower surface of the base substrate 10 and
the first surface 71 of the heat diffusing member 70. Alterna-
tively, the heat diffusing member 70 may be formed by coat-
ing a heat diffusing material (not shown) on the lower surface
of the base substrate 10.

[0093] In an exemplary embodiment, the power transmit-
ting member 50 is entirely received in the guide groove 72
formed at the heat diffusing member 70, as described in
greater detail above. Thus, the power transmitting member 50
does not prevent sufficient contact between the bottom plate
81 and the second surface 73 of the heat diffusing member 70,
e.g., the power transmitting member 50 does not significantly
reduce a heat transfer capability between the bottom plate 81
and the second surface 73 of the heat diffusing member 70.
[0094] Thus, the second surface 73 of the heat diffusing
member 70 makes close contact with the bottom plate 81, and
heat is effectively dissipated from the heat diffusing member
70 to the receiving frame 80. In addition, a thickness of the
display device 100 is substantially, since a thickness of the
power transmitting member 50 is reduced due to the guide
groove 72.

[0095] In an exemplary embodiment of the present inven-
tion, the display panel 5 may further include a display plate
60. Further, the display plate 60 may include a glass substrate,
for example, but alternative exemplary embodiments are not
limited thereto. The display plate 60 is coupled to, e.g., con-
nected to, the base substrate 10 to face the base substrate 10,
and thereby covers at least a portion of the display elements
30. A sealing member (not shown) may be disposed between
the base substrate 10 and the display plate 60, e.g., in an area
substantially corresponding to the peripheral area. Informa-
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tion, e.g., an image, is then displayed on the display plate 60
using light emitted from the organic light-emitting layer 39.
[0096] FIG. 8is a plan view of a front surface of the display
panel of the display device according to the exemplary
embodiment of the present invention shown in FIG. 2.
[0097] Referring to FIGS. 2,3 and 8, the display device 100
according to an exemplary embodiment may further include a
driving module 90. The driving module 90 transmits the driv-
ing signal which controls the driving voltage Vdd to the
display panel 5. The driving module 90 may include a driving
substrate 91 and a data connection printed circuit film 93.
[0098] The driving substrate 91 may be disposed in an area
substantially corresponding to the lower peripheral area 14,
as shown in FIG. 8. The driving substrate 91 may further
include a signal control section (not shown). In an exemplary
embodiment of the present invention, the signal control sec-
tion receives signals from an external device or source (not
shown). The signals may include an original image signal IS
and a timing signal TS to output a first control signal CONT1
and a second control signal CONT2 which the driving signal
and an image signal DAT, respectively.

[0099] The dataconnection printed circuit film 93 connects
the driving substrate 91 to the data line 38 extending into the
lower peripheral area 14.

[0100] The driving module 90 may further include a data
driving section 94 disposed on the data connection printed
circuit film 93 in a tape carrier package (“TCP”) type con-
figuration. The data driving section 94 receives the first con-
trol signal CONT1 and the image signal DAT through the data
connection printed circuit film 93, and applies the data volt-
age to the data line 38.

[0101] The driving module 90 may further include a gate
driving section 96 and a gate connection printed circuit film
95.

[0102] The gate connection printed circuit film 95 is con-
nected to the gate line 36 extending into the left peripheral
area 16 and/or the right peripheral area 18.

[0103] The gate driving section 96 is mounted on the gate
connection printed circuit film 95 in a TCP type configura-
tion, and receives a gate on voltage Von and a gate off voltage
Voff from an external source (not shown). The gate driving
section 96 also receives the second control signal CONT2
through the gate connection printed circuit film 95, and out-
puts the scan signal to the gate line 36.

[0104] In an alternative exemplary embodiment of the
present invention, the gate driving section 96 and the data
driving section 94 may be directly mounted on and/ or inte-
grated onto the lower peripheral area 14 and the left periph-
eral area 16 (or, alteratively, the right peripheral area 18) in
an integrated circuit (“IC”) chip form. Alternatively, the data
driving section 94 and the signal control section may be
integrated into one chip.

[0105] FIG. 9isa plan view of a rear surface of the display
panel of the display device according to the exemplary
embodiment of the present invention shown in FIG. 8.
[0106] Referring now to FIG. 9, the power transmitting
member 50 is connected to the driving substrate 91 and
receives the power signal through the driving substrate 91.
Thus, a plurality of connectors 98 may be formed on a lower
surface or a side surface of the driving substrate 91.

[0107] In this case, input terminals of the driving voltage
transmitting members 51 are connected to driving voltage
connectors 98. Therefore, the driving voltage transmitting
members 51 are received in and guided by the first grooves 74
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formed in a substantially central area of the heat diffusing
member 70. Each driving voltage transmitting member 51 is
divided into a plurality of branches, and output terminals
formed at end portions of each of the branches extend sub-
stantially along the upper side of the heat diffusing member
70 and are thereby connected to the first connection pad 23 of
the display panel 5, as shown in FIG. 8.

[0108] Similarly, the input terminals of the common volt-
age transmitting member 55 are connected to common volt-
age connectors 98. The common voltage transmitting mem-
bers 55 are received in and guided by the second grooves 76
formed at left and/or right edges, e.g., in the left peripheral
area 16 and/or the right peripheral area 18, respectively, of the
heat diffusing member 70. Each common voltage transmit-
ting member 55 is divided into a plurality of branches, and
output terminals formed at end portions of each of the
branches extend substantially along the left and right sides of
the heat diffusing member 70 and are thereby connected to the
second connection pad 25 of the display panel 5, as shown in
FIG. 8.

[0109] Thus, the data connection printed circuit film 93, the
driving voltage transmitting member 51 and the common
voltage transmitting member 55 extend to an outer side sur-
face 83 of the receiving frame 80, and the driving substrate 91
is thereby disposed on a rear surface of the bottom plate 81 of
the receiving frame 80.

[0110] For purposes of comparison a display device 100
according to an exemplary embodiment of the present inven-
tion as described in FIGS. 1 through 8 was manufactured, and
a test display device the same as the display device 100
described in FIGS. 1 through 8 except that the test display
device did not include the heat diffusing member 70 was also
manufactured to conduct a comparative experiment. Specifi-
cally, the experiment compared between the heat dissipation
capabilities of the display device 100 (according to an exem-
plary embodiment of the present invention) to the heat dissi-
pation capabilities of the test display device (not having the
heat diffusing member 70).

[0111] In the experiment, the display device 100 and the
test display device (excluding the heat diffusing member 70)
both included a display panel 5 having a size of approxi-
mately 14.1 inches. The display device 100 and the test dis-
play device excluding the heat diffusing member 70 were
both driven for approximately 2 hours in a full white display
mode, and a temperature distribution for each was measured
at a plurality of points of each display screen of the display
panel 5.

[0112] AsshowninFIG. 8, each display screen was divided
into measurement areas forming a matrix having five rows
(1-5) and six columns (1-6) to use as locations for measuring
temperatures. In addition, a maximum temperature was mea-
sured for each measurement area in the matrix.

[0113] FIG. 10 is a graph of temperature versus location
illustrating a temperature distribution in the display panel
(without a heat diffusing member).

[0114] In FIGS. 10 and 11, individual graphs (denoted by
the five different symbols in the legend to the right of the
graph) represent a row position 1-5 in FIG. 8. Locations 1-6
on the horizontal axes of FIGS. 10 and 11 represent corre-
sponding columns 1-6 of the matrix shown in FIG. 8.

[0115] The vertical axis in FIGS. 10 and 11 indicates a
maximum temperature (measured in ° C.) in each measure-
ment area of the matrix having the five rows 1-5 and the six
columns 1-6.
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[0116] specifically, referring to FIG. 8, in the display
screen, an area of the first row is near the upper peripheral area
12 (FIG. 1) in which the first connection pad 23 of the display
panel 5 is formed, and an area of the fifth row is near the lower
peripheral area 14. Similarly, an area of the first column is
near the left peripheral area 16 in which the second connec-
tion pad 25 and the gate connection printed circuit film 95 are
disposed, and an area of the sixth column is near the right
peripheral area 18 in which the second connection pad 25 is
disposed.

[0117] Referring to FIGS. 10 and 11, when the heat diffus-
ing member 70 is not disposed on the rear surface of the
display panel 5, the display panel 5 has a substantially
increased temperature differential as compared to the display
device 100 according to an exemplary embodiment of the
present invention.

[0118] Specifically, referring to FIG. 10, local temperatures
increase as the location moves toward the middle portion in a
given column, e.g., moving to the third row. A difference
between the maximum temperature and the minimum tem-
perature is approximately 10° C. to about 20° C. based upon
rows in a given column.

[0119] In addition, the local temperatures also increase as
the location moves to the left peripheral area 16 and the right
peripheral area 18 of the display panel 5 in the same row, e.g,,
moving toward the first column and the sixth column. A
difference between the maximum temperature and the mini-
mum temperature is approximately 5° C. to approximately
40° C. based upon columns in the same row.

[0120] In addition, the local temperature of the display
screen reaches a maximum temperature of approximately 79°
C. (at the third row and the first column), and the local tem-
perature reaches a minimum temperature of approximately
35° C. to approximately 37° C. (at the first row and the sixth
column). Thus, the temperature difference is approximately
42° C. to approximately 44° C., which is very large in com-
parison with the temperature difference associated with an
exemplary embodiment of the present invention as shown in
FIG. 1.

[0121] When the local temperature increases to a tempera-
ture of approximately 79° C. at a given specific portion of the
display panel 5, the display element 30 is detrimentally
heated, and a display quality thereof is deteriorated. In addi-
tion, the large temperature difference causes metal wiring of
the display panel 5 (such as the power signal line 31 and the
driving signal line 35) to exfoliate due to nonuniform thermal
expansion, and a lifetime of the display panel 5 is thereby
significantly reduced.

[0122] FIG. 11 is a graph of temperature versus location
illustrating a temperature distribution in the display panel of
the display device according to the exemplary embodiment of
the present invention shown in FIG. 8.

[0123] Referring to FIG. 11, when the heat diffusing mem-
ber 70 is disposed on the rear surface of the display panel 5,
the temperature difference of the display panel 5 is substan-
tially reduced and/or effectively m minimized, due to the heat
diffusing member 70 according to an exemplary embodiment
of the present invention.

[0124] As shown in FIG. 11, the local temperature of the
display panel 5 reaches a minimum temperature of approxi-
mately 45° C. to approximately 46° C. at a substantially
middle portion of the sixth column. The local temperature at
the substantially middle portion is relatively low, since the
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middle portion is farthest from the first connection pad 23 and
the second connection pad 25 in comparison with other pot-
tions.

[0125] However, an area of the sixth column, which is near
the second connection pad 25, is not substantially heated due
to heat generation of the gate driving section 96, and the local
temperature in the area of the sixth column is thereby rela-
tively low.

[0126] Further, local temperatures in an area of the first
column, an area of the first row and an area of the fifth row of
the display panel 5 are all approximately 48° C. to approxi-
mately 50° C. Thus, a temperature difference of the display
panel 5 is only approximately 2° C. to approximately 5° C.
[0127] Thus, the temperature difference of the display
panel 5 according to an exemplary embodiment of the present
invention is substantially reduced (in comparison with the
display device without the heat diffusing member 70 as
described in FI1G. 10) due to the heat diffusing member 70.
[0128] Therefore, a temperature uniformity a display panel
according to an exemplary embodiment is substantially
improved, and damage caused by hot spots is thereby sub-
stantially reduced and/or effectively minimized. Inaddition, a
power transmitting member is entirely disposed in a guide
groove formed in a heat diffusing member, and a thickness of
the display device according to an exemplary embodiment is
substantially reduced. Also, the heat diffusing member
enhances a physical rigidity of the display panel, thereby
protecting the display panel from damage due to external
impact.

[0129] According to exemplary embodiments of the
present invention as described herein, a display device has
advantages which include, but are not limited to, increased
effectiveness of temperature control for a self-emitting dis-
play panel, and a substantially improved, e.g., simplified,
assembly of the display device having the display panel.
[0130] The present invention should not be construed as
being limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the concept of the present invention to those skilled in
the art.

[0131] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit or scope of the
present invention as defined by the following claims.

What is claimed is:

1 A display device comprising:

a base substrate having an upper surface and a lower sur-
face opposite the upper surface;

apower input part disposed in the upper surface of the base
substrate;

a power signal line electrically connected to the power
input part;

a display element electrically connected to the power sig-
nal line and which generates light based on a power
signal transmitted via the power input part; and

a heat diffusing member disposed on the lower surface of
the base substrate, the heat diffusing member having a
guide groove.

2. The display device of claim 1, further comprising a

power transmitting member electrically connected to the
power input part and disposed in the guide groove.
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3. The display device of claim 2, wherein the heat diffusing
member comprises:

a first surface facing the lower surface of the base substrate;

and

a second surface opposite the first surface, wherein the

guide groove is formed in the second surface of the heat
diffusing member.

4. The display device of claim 3, wherein a depth of the
guide groove in the second surface of the heat diffusing mem-
ber is smaller less than a thickness of the heat diffusing
member.

5. The display device of claim 3, wherein a depth of the
guide groove is one of equal to a thickness of the thickness of
the power transmitting member and greater than the thickness
of the power transmitting member.

6. The display device of claim 2, wherein the heat diffusing
member further comprises a graphite plate.

7. The display device of claim 2, wherein the heat diffusing
member further comprises a metal plate.

8. The display device of claim 3, further comprising an
adhesive layer interposed between the lower surface of the
base substrate and the first surface of the heat diffusing mem-
ber.

9. The display device of claim 3, further comprising a
receiving frame configured to receive the display panel, the
power transmitting member and the heat diffusing member,
wherein the receiving frame is in contact with the second
surface of the heat diffusing member.

10. The display device of claim 1, wherein

the power signal comprises a driving voltage and a com-

mon voltage, and

the display element comprises:

a first electrode to which the driving voltage is applied;

asecond electrode facing the first electrode and to which
the common voltage is applied, the second electrode
facing the first electrode; and

an organic light-emitting layer interposed between the
first electrode and the second electrode to generate
light by using a current flowing between the first
electrode and the second electrode.

11. The display device of claim 10, wherein the power
signal line comprises:

adriving voltage line which transmits the driving voltage to

the first electrode; and

a common voltage line which transmits the common volt-

age to the second electrode.

12. The display device of claim 11, wherein the power
transmitting member comprises:

at least one driving voltage transmitting member transmit-

ting the driving voltage; and

at least one common voltage transmitting member trans-

mitting the common voltage.

13. The display device of claim 12, wherein the guide
groove comprises:

a first groove in which the driving voltage transmitting

member is disposed; and

asecond groove in which the common voltage transmitting

member is disposed.

14. The display device of claim 13, wherein the power
input part comprises:

afirst connection pad connecting the driving voltage line to

the driving voltage transmitting member; and

a second connection pad connecting the common voltage

line to the common voltage transmitting member.
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15. The display device of claim 14, wherein
the driving voltage transmitting member extends outward
from the heat diffusing member through the first open-
ing to connect to the first connection pad; and
the common voltage transmitting member extends outward
from the heat diffusing member through the second
opening to connect to the second connection pad.
16. The display device of claim 14, wherein the display
panel further comprises:
adriving signal line which transmits a driving signal which
controls the driving voltage; and
a driving element connected to the driving signal line and
the driving voltage line to transmit the driving voltage to
the first electrode based on the driving signal.
17. The display device of claim 16, further comprising a
driving module comprises:
a driving substrate which outputs the driving signal; and
a connection printed circuit film connecting the driving
substrate to the driving signal line.
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18. The display device of claim 17, wherein

the driving voltage transmitting member is connected to a
driving voltage connector formed on the driving sub-
strate,

the driving voltage transmitting member receives the driv-
ing voltage through the driving substrate via the driving
voltage connector,

the common voltage transmitting member is coupled to a
common voltage connector formed on the driving sub-
strate, and

the driving voltage transmitting member receives the com-
mon voltage through the driving substrate via the com-
mon voltage connector.

19. The display device of claim 10, wherein

the display panel further comprises a display plate con-
nected to the base substrate to surface the base substrate,

the display plate covers the display element.
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