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7) ABSTRACT

An apparatus facilitating luminosity uniformity across an
organic light emitting diode (OLED) device is provided. In
one embodiment, the method includes: operating an organic
light emitting diode (OLED) device including an anode; a
semiconductor material coupled to the anode; and a cathode
coupled to the semiconductor material. The method also
includes dissipating heat of the OLED device in a defined
pattern to increase a luminosity uniformity of the OLED
device, wherein the dissipating the heat in the defined
pattern comprises causing a first temperature value at a first
region of the OLED device and causing a second tempera-
ture value at a second region of the OLED device
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PATTERN INCLUDES CAUSING A FIRST
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FACILITATING IMPROVED LUMINANCE
UNIFORMITY IN ORGANIC LIGHT
EMITTING DIODE DEVICE PANELS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a divisional of, and
claims priority to each of, U.S. patent application Ser. No.
14/465,604, filed Aug. 21, 2014, and entitled “FACILITAT-
ING IMPROVED LUMINANCE UNIFORMITY IN
ORGANIC LIGHT EMITTING DIODE DEVICE PAN-
ELS,” which claims the benefit of priority to U.S. Provi-
sional Patent Application Number 61/994,058, filed May 15,
2014, and entitled “A Simple Method to Improve the Lumi-
nance Non-Uniformity of OLEDs,” the entireties of which
applications are hereby incorporated herein by reference.

FIELD

[0002] The following description relates to organic light
emitting diode (OLED) device panels, in general, and, for
example, to facilitating improved luminance uniformity in
OLED device panels.

SUMMARY

[0003] The following presents a simplified summary of
one or more embodiments in order to provide a basic
understanding of such embodiments. This summary is not an
extensive overview of all contemplated embodiments, and is
intended to neither identify key or critical elements of all
embodiments nor delineate the scope of any or all embodi-
ments. Its sole purpose is to present some concepts of one or
more embodiments in a simplified form as a prelude to the
more detailed description that is presented later.

[0004] Inoneexample embodiment, a method is provided.
The method includes operating an organic light emitting
diode (OLED) device including: an anode; a semiconductor
material coupled to the anode; and a cathode coupled to the
semiconductor material. The method also includes dissipat-
ing heat of the OLED device in a defined pattern to increase
a luminosity uniformity of the OLED device, wherein the
dissipating the heat in the defined pattern includes causing a
first temperature value at a first region of the OLED device
and causing a second temperature value at a second region
of the OLED device.

[0005] In another example embodiment, another method is
provided. The method includes powering an organic light
emitting diode (OLED) device including: an anode: a semi-
conductor material coupled to the anode; and a cathode
coupled to the semiconductor material, wherein the power-
ing comprises operating the OLED device under a first
power that is lower than a rated full power of the OLED
device resulting in a first resistance value of an emitting area
of the OLED device that is larger than a second resistance
value of the emitting area of the OLED device under the
rated power. The method also includes generating a sub-
stantially uniform luminosity across a surface of the OLED
device based on the powering.

[0006] In yet another embodiment, another method is
provided. The method includes emitting light from a device
including an anode, a semiconductor material coupled to the
anode, and a cathode coupled to the semiconductor material.
The method also includes dissipating heat from the device
from a substantially hollow component that is coupled to the
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cathode including reducing a temperature of the device
causing a first temperature of the device to be a first value
in a first region of the device and a second temperature of the
device to be a second value in a second region of the device.
[0007] Toward the accomplishment of the foregoing and
related ends, the one or more embodiments comprise fea-
tures hereinafter fully described and particularly pointed out
in the claims. The following description and the annexed
drawings set forth herein detail certain illustrative embodi-
ments of the one or more embodiments. These embodiments
can be indicative, however, of but a few of the various ways
in which the principles of various embodiments can be
employed and the described embodiments can be intended to
include all such embodiments and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is an example diagram of an OLED device
in accordance with an embodiment described herein;
[0009] FIG. 2 is an example circuit diagram of a distrib-
uted resistance circuit model for an OLED device driven by
a direct current (DC) power supply in accordance with an
embodiment described herein;

[0010] FIG. 3 is an example graph of a simulation result
for a distributed line under DC condition in accordance with
an embodiment described herein;

[0011] FIG. 4 is an example graph of experimental flux
versus current result for an OLED sample in accordance
with an embodiment described herein;

[0012] FIG. 5is an example graph illustrating an idealized
voltage drop for improved luminosity uniformity in accor-
dance with an embodiment described herein;

[0013] FIG. 6 is an example block diagram of sampling
points on tested OLED devices in accordance with an
embodiment described herein;

[0014] FIGS. 7-10 are example graphs of luminance and
temperature performance for OLED device samples oper-
ated in a horizontal orientation in accordance with an
embodiment described herein;

[0015] FIGS. 11-14 are example graphs of luminance and
temperature performance for OLED device samples oper-
ated in a vertical orientation in accordance with an embodi-
ment described herein;

[0016] FIGS. 15-18 are example graphs of luminance and
temperature performance when the OLED device has dif-
ferent operating orientations in accordance with an embodi-
ment described herein,

[0017] FIGS. 19 and 20 are example graphs of luminance
distribution on the OLED device (from top to bottom) when
the input power is supplied from the top of the OLED device
in accordance with an embodiment described herein;
[0018] FIGS. 21 and 22 are example graphs of luminance
distribution on the OLED device (from left to right) when
the input power is supplied from the top of the OLED device
in accordance with an embodiment described herein;
[0019] FIGS. 23 and 24 are example graphs of luminance
distribution on the OLED device (from top to bottom) when
the input power is supplied from the bottom of the OLED
device in accordance with an embodiment described herein;
[0020] FIGS. 25 and 26 are example graphs of luminance
distribution on the OLED device (from left to right) when
the input power is supplied from the bottom of the OLED
device in accordance with an embodiment described herein;
[0021] FIGS. 27, 28, 29 and 30 are example graphs of
luminance and temperature performance when a first OLED
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device is operated in a horizontal orientation with and
without heat sink in accordance with an embodiment
described herein; and

[0022] FIGS. 31, 32, 33 and 34 are example graphs of
luminance and temperature performance when a second
OLED device is operated in a horizontal orientation with
and without heat sink in accordance with an embodiment
described herein.

[0023] FIGS. 35 and 36 are example diagrams of OLED
devices that are vertically oriented and horizontally oriented,
respectively, in accordance with an embodiment described
herein;

[0024] FIGS. 37, 38 and 39 are flow charts of methods of
facilitating improved luminance uniformity of OLED
devices, in accordance with embodiments described herein;
[0025] FIG. 40 is another example diagram of an OLED
device in accordance with an embodiment described herein;
[0026] FIG. 41 is an example diagram illustrating example
size and dimension of a hollow heat sink in accordance with
an embodiment described herein;

[0027] FIG. 42 is an example diagram illustrating example
size and dimension of a full heat sink in accordance with an
embodiment described herein;

[0028] FIG. 43 is an example diagram of the OLED device
of FIG. 40 illustrating the center and the periphery area of
the OLED device in accordance with an embodiment
described herein; and

[0029] FIG. 44 is an example diagram illustrating simu-
lation sampling sections on the surface of the OLED device
of FIG. 40 in accordance with an embodiment described
herein.

DETAILED DESCRIPTION

[0030] Various embodiments are now described with ref-
erence to the drawings, wherein like reference numerals are
used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough under-
standing of one or more embodiments. In other instances,
well-known structures and devices is shown in block dia-
gram form in order to facilitate describing one or more
embodiments. By way of example, but not limitation, bit
numbers, model numbers, resolution, signal identifiers and
names, and/or component model numbers may be transmit-
ted in describing or illustrating various embodiments. It may
be evident, however, that such embodiments may be prac-
ticed without these specific details. Further, all such alter-
native embodiments that achieve the functionality described
herein are envisaged and within the scope of the embodi-
ments disclosed.

[0031] OLEDs have become more popular as applications
demanding efficient lighting have grown in number. OLEDs
are unique in that they can be made as very thin, light-weight
and naturally large area surface diffusing light sources.
Different from an inorganic light emitting diode (LED),
which is a point light source, OLED does not require a light
diffusion sheet as OLEDs generate relatively low luminous
intensity over a large area. OLEDs can be operated at lower
luminous intensity while obtaining substantially the same
luminous flux simply by expanding the emission area. This
feature is desired since heat generation is maintained at a
relatively low level, thereby facilitating the implementation
of a flexible lighting system. This lighting system can enable
customer-oriented (e.g., flexible in any size, location or
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positions) lighting. In addition to large area surface emission
and/or flexibility, another appealing property of OLEDs lies
in the transparency of OLEDs. These and other context
about OLEDs may become further apparent after review of
the various embodiments of the detailed description.

[0032] An OLED can be turned on or off instantly,
dimmed and/or made to emit light of different colors. These
features are attractive and can potentially create unique
markets for OLEDs in decoration lighting. However, the real
impact of OLED lighting will be in general lighting. The
global general lighting market exceeds $90billion in market
size, and general lighting is where about one-sixth of the
total electricity is consumed. Success in the general lighting
market not only brings the most monetary benefits but also
will have the most positive impact on the environment. To
stucceed in the general lighting market, OLED lighting must
be competitive in performance and cost relative to existing
and future lighting technologies (e.g., incandescent lamps,
fluorescent lamps, compact fluorescent lamps (CFLs), and
the forthcoming inorganic LEDs).

[0033] The performance of a lighting device is typically
measured by lifetime and efficiency. Issues such as short
circuits, luminance non-uniformity, hot spots, and heat gen-
eration are also factors taken into account in determining
performance Recent research has shown that the theoretical
limit of efficacy for an all-phosphorescent single stack
OLED device is 249 lumens per Watt (Im/W) and that for the
hybrid double stack OLED device the limit of efficacy is 184
Im/W. So far, the reported OLED efficacy values are still
much lower than the theoretical limit value. Normally, the
efficacy and lifetime of lamps are directly affected by the
heat generated during lamp operation. Like the conventional
light sources (e.g., bulbs, fluorescent lamps, and inorganic
LED:s), flat panel OLED lighting is not free from thermal-
related issues. However, OLEDs have a very short heat
transfer pathway between the internal heat source (e.g,
light-emitting active area) and the outer device surface. As
such, the heat difference between the internal heat source
and the outer device surface is very small, which facilitates
heat dissipation.

[0034] Moreover, the OLED lighting device is unique in
that it is naturally a large area diffused light source. It does
not need any fixtures to cut down the glare or to direct the
light and hence suffers little or no fixture loss. Because the
power is applied over a large area, the temperature rise is
minimal. Even considering the potential loss in efficiency
from the driver/power supply, the OLED-based luminaires
are already very competitive in efficacy compared to lumi-
naires using other lighting technologies. Since all other
conventional lamps (includes LEDs) are either point or line
sources with all the light coming from very small areas, they
are extremely bright sources. In practical luminaires, fixtures
have to be used to cut down the glare or to distribute the
light. The use of fixtures can cause significant difference
between the efficacy of a source and the efficacy of the
luminaire using the source in actual operations. For
example, the LEDs in actual use are continuously on and the
current density is usually very high. These operating con-
ditions in the luminaires cause significant heating of the
LED:s. This is particularly true if the LED package and the
luminaire do not have adequate heat sinking. Because LED
performance is very sensitive to temperature, the perfor-
mance of LED luminaires can be much lower than that of the
LED packages. Therefore, OLED devices are already com-
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petitive in efficacy and there is potential for still further
improvement. As luminaires, however, the lifetime and the
cost of OLED devices can be improved. OLED devices can
be cost-effective when volume manufacturing begins and
with improved manufacturing technology.

[0035] OLEDs have various features, which result in
opportunities to use OLEDs in ways never before thought
possible. For example, a transparent OLED lighting panel
can be integrated with a transparent solar cell to build a
self-powered light-emitting window; an electronic wall
paper or carpet. For instance, one example approach for
improving performance is addressing luminous non-unifor-
mity. Accordingly, in one non-limiting aspect, one or more
embodiments herein provide systems and apparatus that
facilitate improved luminous uniformity in OLED devices.
[0036] FIG. 1 is a diagram of an OLED device in accor-
dance with an embodiment described herein. OLED device
100 includes anode 102, cathode 104 and an organic semi-
conductor 106 coupled between anode 102 and cathode 104.
Cross-section A-A 108 is provided across anode 102, cath-
ode 104 and organic semiconductor 106 for further illustra-
tion with reference to FIGS. 1, 2, 3 and 4. As shown,
cross-section A-A 108 is provided substantially through a
center line of surface 110 of OLED device 100.

[0037] The light non-uniformity problem of OLEDs can
be attributed to the low conductivity transparent material of
the electrodes. To have the light emitted from the OLEDs, at
least one of the electrodes, either anode 102 or cathode 104,
should be substantially transparent. However, irrespective of
the type of transparent conductor applied to the electrode,
such as Indium Tin Oxide (ITO) or Poly(3, 4-ethylenedi-
oxythiophene) Polystyrene sulfonate (PEDOT:PSS), con-
ductivity may still be much lower than the conductivity of
metals. For large area OLEDs, this leads to an inhomoge-
neous potential and current distribution over the OLED:s.
The injected current from the edge of the panel may just
barely reach the central region of the panel in some
instances. As such, the light emission distribution becomes
non-uniform. This non-uniformity light distribution problem
can be exacerbated with increased OLED panel area and/or
increased luminance intensity.

[0038] The ratio between the effective horizontal resis-
tance of anode 102 and the vertical resistance of the organic
semiconductor 106 can be evaluated. If the vertical resis-
tance of the organic semiconductor 106 is lower than the
effective horizontal resistance of anode 102, most of the
current will typically flow through the organic semiconduc-
tor 106 near the OLED panel edge. In this case, in the
embodiments described herein, to achieve vertical resistance
of the organic semiconductor 106 being larger than the
effective horizontal resistance of anode 102, the vertical
organic semiconductor resistance value can be increased. In
some embodiments, the vertical organic semiconductor
resistance value can be increased by increasing the thickness
of OLED organic semiconductor 106 or employing the aid
of a cooling device (e.g., a heat sink) (not shown) provided
in tandem with OLED device 100, as discussed infra.
[0039] In another embodiment, to achieve vertical resis-
tance of organic semiconductor 106 being larger than the
effective horizontal resistance of anode 102, the horizontal
resistance of anode 102, which can be substantially trans-
parent in some embodiments, can be reduced by employing
a highly conductive auxiliary metal electrode (e.g., chrome
(Cr)) deposited and grid patterned on the ITO material. In
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this case, current first flows through the low-resistance
auxiliary metal lines to the central region of OLED device
100 and then diffuses into the ITO material, producing
substantially homogeneous light over a large area. In addi-
tion, the current density (luminous intensity) over a large
area can be expected to increase. Notwithstanding such, the
luminance uniformity typically varies depending on the
sensitivity of the configuration of OLED device 100.
[0040] In ancther embodiment, to achieve vertical resis-
tance of organic semiconductor 106 being larger than the
effective horizontal resistance of anode 102, the metal line
can be patterned as widely as possible to reduce the effective
horizontal resistance of anode 102. The selection of the
width of the auxiliary metal lines can be made considering
that the gross emission area (i.e., the aperture ratio) is
typically decreased with increasing metal coverage.

[0041] In yet another embodiment, the non-uniformity of
light emission can be addressed by enhancing uniformity via
different driving techniques. For example, in some embodi-
ments, the emission area can be divided into sections, each
(or one or more) of which can be controlled by a driving
circuit. In one embodiment, the luminance of each section
can be tuned and thus the luminance uniformity can be
boosted.

[0042] In another embodiment, the luminance uniformity
can be enhanced by reducing contact resistance between
OLED electrodes and driving boards. The contact area
between the OLED electrodes and driving boards can be
large such that current is injected into the OLED panel from
different direction, or in some embodiments, from the top,
bottom, left and right of the panel of the OLED device. As
used herein, the “top,” “bottom,” “left” and “right” of the
panel of the OLED device shall mean the respective stan-
dard definitions of “top,” “bottom,” “left” and “right” while
facing the panel of the OLED device.

[0043] In another embodiment, considering the substan-
tially equal potential around the circumference, a simplified
distributed resistor circuit OLED lamp model can be pro-
vided along cross section A-A 108 of OLED device 100.
FIG. 2 is a circuit diagram of such a distributed resistor
model for an OLED device driven by a direct current (DC)
power supply in accordance with an embodiment described
herein. FIG. 3 is a graph of voltage versus sampling points
along cross-section A-A 108 of the OLED device of FIG. 1.
FIG. 4 is a graph of experimental luminous flux versus
current result for an OLED device sample in accordance
with an embodiment described herein.

[0044] Turning now to FIGS. 2 and 3, FIG. 3 shows
simulation results for a distributed line under DC conditions
in accordance with an embodiment described herein. The
circuit model can be as shown in FIG. 2, where r1 represents
anode 102, and thus represents ITO material surface resis-
tance per unit area, and R represents the organic semicon-
ductor 106 resistance per unit volume. The cathode (e.g,,
cathode 104 of FIG. 1) normally is considered as a good
conductor. In this simulation, the organic semiconductor 106
resistance per unit volume is assumed to have approximately
the same value in any part of OLED device 100. Thus, with
reference to FIGS. 2 and 3, R-1=R-2. . . =R-0 results.
[0045] With reference to FIGS. 1, 2 and 3, the simulation
result shown in FIG. 3 is based on the assumption that the
applied DC voltage 202 is equal to approximately 7 volts
(V). As such, the voltage drop along cross section A-A 108
is largest when the ratio of r1/R is 1/1 and the voltage drop
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along cross-section AA 108 is smallest when the ratio of
r1/R is Yioo. Therefore, if the surface resistance value of the
ITO material is much smaller than the resistance of the
organic semiconductor 106 the voltage drop along cross-
section A-A 108 (which is along the center of OLED device
100) will be reduced significantly. Otherwise, the voltage
drop in the center of OLED device 100 will tend to be much
smaller than the voltage drop in areas along the periphery of
OLED device 100. Under this condition, the current distri-
bution along cross-section A-A 108 will typically not be
uniform. The current value along the periphery of OLED
device 100 is typically larger than the current value in the
center area of OLED device 100 (e.g., along cross-section
A-A 108).

[0046] Turning now to FIG. 4, as shown, light output
(luminance) of OLED device 100 is in proportion with the
lamp current of OLED device 100. Therefore, the luminance
of the OLED will not be uniform. The periphery area is
brighter than the center area, which has been observed from
the tested OLED device samples.

[0047] One embodiment for facilitating uniform lumi-
nance can be as described with reference to FIGS. 5, 7-19,
Equations 1 and 2 and Tables 1 and 2. In the above
simulation, the resistance of organic semiconductor 106 is
assumed to be the same value in any part of OLED device
100. Under this assumption, the voltage drop along the
cross-section A-A 108 can cause the current distribution
along cross-section A-A 108 to be non-uniform.

[0048] To obtain a uniform (or substantially uniform)
current distribution along cross-section A-A 108, a distribu-
tion of the resistance value should be such that the resistance
value is the smallest in the center part of OLED device 100
and is greatest in the periphery area of OLED device 100.
FIG. 43 is an example diagram of the OLED device of FIG.
40 illustrating the periphery area of the OLED device in
accordance with an embodiment described herein. The term
“periphery” can include one or more of the areas shown in
FIG. 43.

[0049] In FIG. 43, shaded area 4300 represents the periph-
ery part of the light emitting area of OLED device 100 while
shaded area 4302 can represent the center of the light
emitting area of OLED device 100. The non-shaded area
4304 inside shaded area 4300 can be the rest part of the light
emitting area of OLED device 100. In the embodiment
shown and describe, the periphery of OLED device 100 does
not include the area that is outside of OLED device 100. In
particular, the periphery of OLED device 100 is the narrow
area from the edge of OLED device 100 towards the center
of OLED device 100. As mentioned, in the embodiment
shown, the periphery is shaded area 4300.

[0050] With reference to the voltage drops at different
sampling points shown in FIG. 3, shown is a parabolic
voltage drop for the case when r1/R=%. FIG. 5 is a graph
illustrating an idealized simulation result for improved lumi-
nosity uniformity in accordance with an embodiment
described herein.

[0051] As compared to FIG. 3, FIG. 5 is a graph illustrat-
ing an idealized voltage drop for improved luminosity
uniformity in accordance with an embodiment described
herein. As shown, voltage 502 shows a drop having a
distribution shape of “V” (e.g., highest voltage near sam-
pling points near 0, 1, 7, 8; and smallest voltage at sampling
points 4 where the voltage drops linearly with the sampling
point location with the sampling points at 3, 4, 5 being closer
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to the center and the sampling points 0, 1, 7, 8 being closer
to the periphery of OLED device 100). The location of the
sampling points 0 to 8 on the OLED device surface can be
found in FIG. 44.

[0052] When the voltage distribution has the shape “V,” as
shown in FIG. 5, the resistance distribution should also have
substantially the same shape of “V.” As a result, the current
distribution would be almost uniform as the current distri-
bution can then substantially offset the typical performance
of having highest current in the periphery and lowest current
in the center of OLED device 100 near cross-section A-A
108.

[0053] To obtain resistance distribution inside the emitting
material of OLED device 100 in the shape of “V,” in some
embodiments, the following approach can be taken. The
resistance value of the emitting material is typically a
function of the temperature, i.e., R~1/T, where R is the
resistance and T is the temperature. When the applied
voltage value reaches the threshold value of OLEDs, the
current will be injected into OLED device 100. The current
flow in OLED device 100 typically causes Joule heating,
which typically results in heat generation inside OLEDs.
The heat flow in OLEDs can be expressed as Equation 1:

OT(x, 1) )
R

T, 0F
Gi (X, DX, 1)

Jp(x, 1F
qup(x, Dplx, 1)

where, in Equation 1, T represents the temperature, k rep-
resents the thermal conductivity, C represents the volumetric
heat capacitance, ] represents the current density, u repre-
sents the carrier mobility, n represents the electron density,
and p represents the hole density. As expressed in Equation
1, the Joule heating (the second term on the right-hand side
of Equation 1) is induced by high current injection during
operation. As such, as the current increases, heat flow will
cause the temperature to increase. Concurrently, heat distri-
bution along cross-section A-A 108 can become non-uni-
form since the heat conduction area is different. The tem-
perature in the center location of OLED device (e.g. at
cross-section A-A 108) is the highest since the conduction
area is the smallest and the current density is the highest.
Therefore, under normal conditions, the resistance value
should be the smallest in the center and the largest in the
periphery area. The condition to achieve the uniform current
distribution is to obtain the temperature distribution shape
“A,” which is the converse of the desired resistance distri-
bution over OLED device 100. However, in some embodi-
ments, although the temperature distribution has shape “A,”
the current distribution is still not uniform under the normal
operating condition.

[0054] In the embodiments described herein, operating
conditions can be changed to affect temperature distribution
inside OLED device 100 and obtain an improvement in
luminance uniformity of OLED device 100. In various
embodiments, the operating conditions that can be changed
include position of OLED device 100 and/or cooling con-
dition of a device employed in tandem with OLED device
100.

[0055] FIG. 6 is a block diagram of sampling points on
tested OLED devices in accordance with an embodiment
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described herein. For example, the OLED devices can be
such as OLED device 100 of FIG. 1. FIGS. 7-10 are graphs
of luminance and temperature performance for OLED
device samples operated in a horizontal orientation in accor-
dance with an embodiment described herein. FIGS. 11-14
are graphs of luminance and temperature performance for
OLED device samples operated in a vertical orientation in
accordance with an embodiment described herein.

[0056] As used herein, the term “vertical orientation” shall
include all substantially vertical orientations of OLED
devices having display surfaces that are at an approximately
80 to 110 degrees angle to a 0 degree axis (where the 0
degree axis is the Earth’s horizon). FIG. 35 is an example
diagram of an OLED device that is vertically oriented. As
used herein, the term “horizontal orientation” shall include
all substantially horizontal orientations of OLED devices
having display surfaces that are at an approximately 10 to
-10 degree angle to a 0 degree axis (where the 0 degree axis
is the Earth’s horizon). FIG. 36 is an example diagram of an
OLED device that is horizontally oriented. As a further
example, “vertical orientation” can be the position in which
the OLED device is hung from a vertical wall while the
“horizontal orientation” can be the position in which the
OLED device is connected on the ceiling or on a floor as a
light carpet.

[0057] Turning to FIGS. 6-14, the experimental measure-
ments associated with FIGS. 7-14 have been carried out in
the OLED device sample positions of FIG. 6. The local
temperature has been measured in nine different local points
as shown in FIG. 6, where T represents “top,” B represents
“bottom,” L represents “left,” R represents “right” and C
represents “center.” At each sampling point of the OLED
device, the local temperature and local luminance output
was measured. The measurement was carried out from the
time when the power was supplied to the OLED device until
the time t=3000 seconds. The temperature was recorded
every second and the luminance output was recorded every
10 seconds. The tested OLED device samples have three
operating positions: vertically oriented, horizontally ori-
ented without air convection under the panel of OLED
device 100 and horizontally oriented with air convection
under the panel. All samples only used natural air convection
as the cooling method. The testing results are as shown in
FIGS. 7-14.

[0058] As shown in FIGS. 7-10, when the panel of OLED
device 100 is oriented horizontally with or without air
convection under the back of the panel, in various embodi-
ments, the center location has the highest temperature.
However, as shown in FIGS. 11-14, when the panel is
oriented vertically, the temperature distribution will be dif-
ferent. At this position, the top side of the panel has the
highest temperature since the natural convection results in
the heated air goes up. Therefore, the temperature at the
center will not be the highest when the panel is oriented
vertically. However, one can observe that both the highest
and the lowest temperature in the vertical cases (e.g., FIGS.
11-14) are lower than the temperature in the horizontal cases
(FIGS. 7-10). It may be caused by the desirable natural
cooling condition in vertical case. The consequence of a
lower operating temperature is the higher luminance output,
which can be observed from FIGS. 11-14.

[0059] A detailed comparison is shown in FIGS. 15-18.
FIGS. 15-18 are graphs of luminance and temperature
performance when the OLED device has different operating
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orientations in accordance with an embodiment described
herein. The curves in FIGS. 15-18 show that, by comparing
with the horizontally operated OLED devices, both the
maximum and the minimum luminance output increase at
least 30 percent when the OLED device is operated verti-
cally under the steady operating state. The reason may be
that the vertically operated OLED device has better air
convection. Thus, the surface temperature of the OLED
device tends to be lower when the OLED device is operated/
oriented vertically. From this point, the conclusion can be
made that, in some embodiments, an OLED device should
have a proper cooling system to improve the OLED device
towards having the highest output efficiency.

[0060] In some embodiments, the luminance uniformity
when the OLED device is operated in different orientations/
positions can be analyzed. The uniformity of luminance is a
quality issue that addresses how evenly light spreads over a
particular area. In some embodiments, the uniformity, u, can
be defined as the ratio of the difference between the maximal
luminance (lum,,, ) and the minimal luminance (lum,,,)

over the area weighted average luminance (lum,,,,,....), and
is shown in Equation 2:
s o= Ty ) U g @

[0061] A smaller uniformity ratio will give better lumi-
nance uniformity on the surface of OLED devices. Accord-
ing to the definition elucidated in Equation 2, the uniformity
of the OLED device can be compared when the OLED
device is operated in different operating positions. OLED 1
and OLED 2 are two sample OLED devices.

[0062] The results of uniformity ratio measured for OLED
1 and OLED 2 device samples are shown in Table 1 and
Table 2, respectively, where L represents “left,” R represents
“right,” T represents “top” and B represents “bottom.”

TABLE 1
LtoR TtoB
Vertically operated 34.4% 48%
Horizontally 31.1% 31.6%
operated without air
convection
Horizontally 30.3% 29.8%
operated with air
convection
TABLE 2
LtoR TtoB
Vertically operated 29% 44%
Horizontally 26.6% 28.8%
operated without air
convection
Horizontally 40.6% 30.3%
operated with air
convection
[0063] Generally speaking, as shown in Tables 1 and 2,

when the OLED device is operated while in a vertical
orientation, the uniformity of luminance is worse than when
the OLED device is operated while in a horizontal orienta-
tion. The main reason may be caused by the shape of the
temperature distribution, which is not the shape of “A” when
the OLED device is operated vertically.
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[0064] One or more embodiments of methods of improv-
ing the luminance uniformity of an OLED device follow.
The embodiments of the methods are discussed with refer-
ence to FIGS. 11-14, 19-26 and Tables 3-6. FIGS. 19-26
show comparative results for OLED devices driven by
different power levels and with different cooling devices.
[0065] FIGS. 19 and 20 are graphs of luminance distribu-
tion on the OLED (from top to bottom) when the input
power is supplied from the top of the OLED in accordance
with an embodiment described herein. FIGS. 21 and 22 are
graphs of luminance distribution on the OLED device (from
left to right) when the input power is supplied from the top
of the OLED device in accordance with an embodiment
described herein. FIGS. 23 and 24 are graphs of luminance
distribution on the OLED device (from top to bottom) when
the input power is supplied from the bottom of the OLED
device in accordance with an embodiment described herein.
FIGS. 25 and 26 are graphs of luminance distribution on the
OLED device (from left to right) when the input power is
supplied from the bottom of the OLED device in accordance
with an embodiment described herein.
[0066] In the following experimental investigation, one or
more embodiments will show how to improve the unifor-
mity of luminance when the OLED device is operated while
in the vertical orientation. From the distributed resistance
model of FIG. 2, there are at least two embodiments that
result in an improvement in the luminance uniformity of the
OLED device.
[0067] A first embodiment for improving the luminance
uniformity when the OLED device is operated in the vertical
orientation includes reducing the surface resistance valver, .
., I, (e.g., the resistance value of ITO material). A second
embodiment for improving the luminance uniformity when
the OLED device is operated in the vertical orientation
includes increasing the volume resistance value R, ..., R,
(e.g., the resistance value of the light emitting material).
These two embodiments are related with the issue of OLED
materials.
[0068] A third embodiment for improving the luminance
uniformity when the OLED device is operated in the vertical
orientation includes operating the OLED device under a
power that is lower than the rated power of the OLED
device. In the low power case, the resistance value in organic
semiconductor 106 is much larger than the resistance value
under full power. However, the improved luminance unifor-
mity tends to sacrifice the lumen output efficiency.
[0069] Besides these three embodiments, a fourth embodi-
ment for improving luminance uniformity can be as follows.
The existence of the surface resistance in the [TO material
can cause the voltage drop from the periphery/edge to the
center of the OLED device (e.g., cross-section A-A 108) to
have a shape of “V” (or, in some embodiments, approxi-
mately “V”). To make sure the current distribution in each
section has almost the same value, in some embodiments,
the resistance value in organic semiconductor 106 is also
designed to have substantially the distribution shape of “V.”
Accordingly, the resistance value can be designed to be
smallest in the center of the OLED device and largest in the
periphery area of the OLED device. Since the resistance
value is inverse proportional to the material temperature,
from this point, one can find out the solution for the problem:
try to keep a relatively lower temperature at the periphery
area of the OLED device so that we can obtain a relatively
higher resistance value in the periphery area of the OLED
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device. Therefore, in some embodiments, a hollow heat sink
can be designed and attached to the cathode of the OLED
device (e.g., with reference to FIG. 41 the hollow heat sink
can be attached to cathode 104 of OLED device 100).
[0070] In various embodiments, the heat sink can be any
type of device that can transfer thermal energy from a higher
temperature device to a lower temperature fluid medium.
The fluid medium is frequently air, but in other embodi-
ments, can also be water, refrigerants or oil.

[0071] The material of the heat sink can be aluminum,
copper or tungsten. Aluminum is the most common material
typically used for heat sinks, followed by copper (which is
4-6 times more expensive than aluminum and 3 times as
heavy as aluminum, but has 2 times the conductivity of
aluminum) or tungstern. An example heat sink as described
herein can be as shown in FIG. 41.

[0072] The heat sink can be attached to the cathode by any
kind of mechanism. However, in some embodiments, to
facilitate thermal transfer, the pressure between heat sink
and heat source must be high. The heat sink attachment is
permanent in various embodiments. Heat sink clips can be
designed to provide strong pressure while still being rea-
sonably easy to install. Heat sink mountings with screws/
springs are often better than regular clips. Thermoconduc-
tive glue or sticky tape can be employed in embodiments in
which mounting with clips or screws is not possible or in
embodiments in which the heat sink is attached temporarily
to the panel, or OLED device.

[0073] The hollow heat sink can be a fin type, a pin type
or any other type, and can be designed in these different
types based on the thermal condition of the OLED device.
In some embodiments, the heat sink can be designed to
maximize the surface area of the heat sink in contact with the
cooling medium surrounding the heat sink.

[0074] FIG. 40 is another example diagram of an OLED
device in accordance with an embodiment described herein.
FIG. 41 is an example diagram illustrating example size and
dimension of a hollow heat sink in accordance with an
embodiment described herein. FIG. 42 is an example dia-
gram illustrating example size and dimension of a full heat
sink in accordance with an embodiment described herein.
The dimension of the OLED device, the hollow heat sink
and the full heat sink used in the described embodiments can
be as shown in FIGS. 40, 41 and 42.

[0075] Turning first to FIG. 40, an example size and
dimension of OLED device is shown. Non-shaded region
4000 can be the light emitting area of OLED device 100
while shaded region 4002 can be the power supply region.
The power supply region can be a non-light emitting area of
OLED device 100. As also shown, the diameter 4006 of
non-shaded region 4000 can be approximately 75 millime-
ters (mm) while diameter 4008 of OLED device 100,
including shaded region 4002 (e.g., including power supply
region) can be approximately 85 mm The sizes and dimen-
sions are mere examples and other sizes can be employed in
various other embodiments.

[0076] Turning now to FIG. 41, shown, is an example
diagram illustrating example size and dimension of a hollow
heat sink in accordance with an embodiment described
herein. As shown in FIG. 41, hollow heat sink 4100 can have
hollow region 4102 that has a diameter of approximately 40
mm The length 4104 of hollow heat sink 4100 can be
approximately 109 mm, the height 4106 of hollow heat sink
4100 can be approximately 102 mm and the width 4108 of
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hollow heat sink 4100 can be approximately 2 mm The sizes
and dimensions are mere examples and other sizes can be
employed in various other embodiments.

[0077] Turning now to FIG. 42 is an example diagram
illustrating example size and dimension of full heat sink
4200 in accordance with an embodiment described herein.
The length 4202 of full heat sink 4200 can be approximately
109 mm, the height 4204 of full heat sink 4200 can be
approximately 102 mm and the width 4206 of full heat sink
4200 can be approximately 2 mm The sizes and dimensions
are mere examples and other sizes can be employed in
various other embodiments.

[0078] The dimension and the type of the hollow or full
heat sinks are unlimited, which only depends on the thermal
condition of the OLED device. The basic function of the heat
sink here is to supply a suitable temperature condition to
make sure the resistance value of the organic semiconductor
has the same variation tendency as the voltage from the edge
of the OLED device to the center of the device. Therefore,
the heat sink may or may not have a hollow shape in various
different embodiments.

[0079] In various embodiments in which the heat sink of
the embodiments designed herein can be substantially
shaped to provide a temperature profile/distribution on the
panel, or OLED device and sized to span a surface of the
means for emitting light from the first region. Therefore, the
shape and the size of the heat sink can be any and depends
only on the application.

[0080] An example of the hollow heat sink can be as
shown in FIG. 41. In the embodiment shown, a single
hollow heat sink is employed over the entirety of the OLED
device. FIG. 44 is an example diagram illustrating simula-
tion sampling sections on the surface of the OLED device of
FIG. 40 in accordance with an embodiment described
herein. In FIG. 44, the entire OLED device 100 can be
divided into five rings (represented by numbers 0, 1, 2,3 and
4 in FIG. 44). Each of the rings can be considered a section
of OLED device 100. As described above, the heat sink is
employed to make sure the current distribution in each has
almost the same value. Cross-section A-A 108 and edge
4402 of OLED device 100 are also shown.

[0081] Normally, the cathode of the OLED device is
considered as a good conductor. The hollow heat sink can
build up a pathway for the heat generated inside the light
emitting material at the edge of the panel of the OLED
device. The hollow heat sink attached to the light emitting
material of the OLED device therefore results in a tempera-
ture distribution around the panel of the OLED device has
the shape of “A” (or, in some embodiments, approximately
“A”), and the current distribution can be therefore substan-
tially uniform. As such, the luminance uniformity of OLED
devices can be improved.

[0082] The experimental results shown in FIGS. 11-14 are
the comparative results for OLED devices operated under
full power with hollow heat sink, with full heat sink, without
any heat sink and the OLED devices operated under half
rated power without any heat sink. The OLED devices
samples are operated while in a vertical orientation. The
input power was supplied to the OLED devices either from
the top side of the OLED devices or from the bottom side of
the OLED devices.

[0083] As shown in FIGS. 11-14, the emitting light has the
minimum output value but the most uniform light distribu-
tion when the OLED device is driven by half rated power.
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The reason for this result has been previously discussed
herein. For the other three experimental curves operated
under full power, as shown, the emitting light always has the
best luminance uniformity when the cooling device is a
hollow heat sink. Tables 3 and 4 list the data for comparison.
Tables 3 and 4 show uniformity ratios measured for OLED
1 and OLED 2, respectively.

TABLE 3

Power supplied Power supplied

from the top from the bottom
Cooling Vertical Horizontal ~ Vertical — Horizontal
device direction direction direction direction
No heat sink 53% 39% 47% 34%
Full heat sink 41% 40% 39% 43%
Hollow heat 34% 16% 10% 17%
sink
Half rated 15% 13% 11% 13%
power no heat
sink

TABLE 4
Power supplied Power supplied

from the top from the bottom
Cooling Vertical Horizontal ~ Vertical =~ Horizontal
device direction direction  direction direction
No heat sink 48% 27% 62% 30%
Full heat sink 26% 20% 23% 30%
Hollow heat 16% 19% 4% 6%
sink
Half rated 9% 5% 11% 13%
power no heat
sink
[0084] The same tests have been carried out when a

hollow heat sink or a full heat sink was attached to the back
of the OLED device sample while the panel was operated
horizontally. In the embodiments shown and described
herein, the OLED device sample is the same component as
the panel. FIGS. 27, 28, 29 and 30 are graphs of luminance
and temperature performance when a first OLED is operated
in a horizontal orientation with and without heat sink in
accordance with an embodiment described herein. FIGS. 31,
32, 33 and 34 are graphs of luminance and temperature
performance when a second OLED device is operated in a
horizontal orientation with and without heat sink in accor-
dance with an embodiment described herein. As shown in
FIGS. 27-34, the testing results are compared with the
results when the OLED device that is operated in the
horizontal orientation without any heat sink attached.

[0085] The uniformity ratio for both OLED 1 and OLED
2 devices are shown in Table 5 and 6. Table 5 shows the
uniformity ratio measured for OLED 1. Table 6 shows the
uniformity ratio measured for OLED 1. The results again
confirm that attachment of the OLED device sample to a
hollow heat sink can improve the uniformity of the OLED
device significantly.
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TABLE 5
Lte R TtoB
Horizontally 30.3% 29.8%
operated with air
convection
Horizontally operated 10.1% 15%
with hollow heat sink
Horizontally operated 29.8% 38.5%
with full heat sink
TABLE 6
LtoR Tto B
Horizontally 40.6% 30.3%
operated with air
convection
Horizontally operated 11.4% 8.7%
with hollow heat sink
Horizontally operated 28.2% 30.2%

with full heat sink

[0086] The experimental testing results illustrate the fact
that the luminance non-uniformity of OLED devices can be
improved by properly removing the heat generated by the
Joule heating at the periphery area of the panel of the OLED
device. The non-uniformity of the emitting light on an
OLED device is caused by the non-uniform distribution of
the current. Therefore, in the embodiments described herein,
a full heat sink cannot solve the non-uniform luminosity
problem since a full heat sink only causes the temperature
distribution on the surface of the OLED device to be uniform
(instead of causing the temperature distribution on the
surface of the OLED device) to have the shape of “A” (or,
in some embodiments, substantially “A”). Only the hollow
heat sink has the function to maintain the temperature
distribution as the shape of “A” (or, in some embodiments,
substantially “A”).

[0087] As such, in some embodiments, it is likely that the
luminance uniformity is related with the temperature distri-
bution on the surface of the OLED devices. The uniformity
of luminance can be improved if the temperature distribution
on the surface of the panel of the OLED device can be
controlled to have the shape of “A” (or, in some embodi-
ments, substantially “A”).

[0088] Insome embodiments, properly choosing a cooling
device for an OLED device can improve the light output
efficacy and uniformity of luminance of the OLED device.
A hollow heat sink can improve the luminance uniformity
and increase the light output efficacy.

[0089] Insomeembodiments, the operating position of the
panel of the OLED device can influence its light output
efficacy and its uniformity of luminance. Normally, a panel,
or an OLED device, that is operated in a vertical orientation
has higher efficacy than a panel that is operated in a
horizontal orientation. In the embodiment described, the
OLED device 100 is the same as the described panel.
[0090] FIGS. 37, 38 and 39 are flow charts of methods of
facilitating improved luminance uniformity in OLED
devices, in accordance with embodiments described herein.
Turning first to FIG. 37, at 3702, method 3700 can include
operating an OLED device including: an anode; a semicon-
ductor material coupled to the anode; and a cathode coupled
to the semiconductor material. At 3704, method 3700 can
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include dissipating heat of the OLED device in a defined
pattern to increase a luminosity uniformity of the OLED
device, wherein the dissipating the heat in the defined
pattern comprises causing a first temperature value at a first
region of the OLED device and causing a second tempera-
ture value at a second region of the OLED device.

[0091] Turning now to FIG. 38, at 3802, method 3800 can
include powering an organic light emitting diode (OLED)
device including: an anode; a semiconductor material
coupled to the anode; and a cathode coupled to the semi-
conductor material, wherein the powering comprises oper-
ating the OLED device under a first power that is lower than
a rated full power of the OLED device resulting in a first
resistance value of an emitting area of the OLED device that
is larger than a second resistance value of the emitting area
of the OLED device under the rated power. At 3804, method
3800 can include generating a substantially uniform lumi-
nosity across a surface of the OLED device based on the
powering.

[0092] In some embodiments, the OLED device is posi-
tioned in a vertical orientation relative to a horizon axis. The
vertical orientation can include an orientation having an
angle between 80 degrees and 110 degrees relative to the
horizon axis.

[0093] Turning now to FIG. 39, at 3902, method 3900 can
include emitting light from a device including an anode, a
semiconductor material coupled to the anode, and a cathode
coupled to the semiconductor material. At 3904, method
3900 can include dissipating heat from the device from a
substantially hollow component that is coupled to the cath-
ode including reducing a temperature of the device causing
a first temperature of the device to be a first value in a first
region of the device and a second temperature of the device
to be a second value in a second region of the device.
[0094] It can be understood that the embodiments
described herein can be implemented in hardware, software
or a combination thereof. For a hardware implementation,
the embodiments (or modules thereof) can be implemented
within one or more application specific integrated circuits
(ASICs), mixed signal circuits, digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors and/or other electronic units designed to
perform the functions described herein, or a combination
thereof.

[0095] When the embodiments can be implemented in
software, firmware, middleware or microcode, program
code or code segments, they can be stored in a machine-
readable medium (or a computer-readable medium), such as
a storage component. A code segment can represent a
procedure, a function, a subprogram, a program, a routine,
a subroutine, a module, a software package, a class, or any
combination of instructions, data structures, or program
statements. A code segment can be coupled to another code
segment or a hardware circuit by passing and/or receiving
information, data, arguments, parameters, or memory con-
tents.

[0096] What has been described above includes examples
of one or more embodiments. It is, of course, not possible to
describe every conceivable combination of components or
methodologies for purposes of describing the aforemen-
tioned embodiments, but one of ordinary skill in the art may
recognize that many further combinations and permutations
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of various embodiments can be possible. Accordingly, the
described embodiments can be intended to embrace all such
alterations, modifications and variations that fall within the
spirit and scope of the appended claims. Furthermore, to the
extent that the term “includes” can be used in either the
detailed description or the claims, such term can be intended
to be inclusive in a manner similar to the term “comprising”
as “comprising” can be interpreted when employed as a
transitional word in a claim.
What is claimed is:
1. A method, comprising:
powering an organic light emitting diode (OLED) device
comprising:
an anode;
a semiconductor material coupled to the anode; and
a cathode coupled to the semiconductor material,
wherein the powering comprises operating the
OLED device under a first power that is lower than
a rated full power of the OLED device resulting in a
first resistance value of an emitting area of the OLED
device that is larger than a second resistance value of
the emitting area of the OLED device under the rated
full power; and
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generating a substantially uniform luminosity across a

surface of the OLED device based on the powering.

2. The method of claim 1, wherein the OLED device is
positioned in a vertical orientation relative to a horizontal
axis.

3. The method of claim 2, wherein the vertical orientation
comprises an orientation having an angle between about 80
degrees and about 110 degrees relative to the horizontal axis.

4. A device, comprising:

an organic light emitting diode (OLED) device configured

to be powered, the OLED device comprising:

an anode,

a semiconductor material coupled to the anode, and

a cathode coupled to the semiconductor material,
wherein, when powered,

the OLED device operates according to a first power that

is lower than a rated full power of the OLED device
resulting in a first resistance value of an emitting area
of the OLED device that is larger than a second
resistance value of the emitting area of the OLED
device under the rated full power, and

a substantially uniform luminosity is generated across a

surface of the OLED device.
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