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Abstract

Only a 10 K rise in temperature of organic light emitting diode (OLED) can lower its lifetime by more than
50% and cause other performance deterioration. We have performed two dimensional heat transport analysis
and calculated temperatures in an OLED panel. The panel temperatures can easily rise in excess of 10 K.
Further we have investigated loss of heat through the metal lines for the extent by which they could lower the
temperature. However, this method leads to gradients in temperature which could in turn cause inhomoge-
neities in a display. But, in lighting panels, it will be feasible to cool the devices from both the sides, which is
shown to have a significant impact. The thermal transport model presented here for displays is more exten-

sive in its approach and hence likely to provide more accurate results.
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1. Introduction

Organic light emitting diodes (OLEDs) are becoming com-
mon in displays and solid state lighting. But, the organic
materials are very sensitive to moisture and temperature
which causes their performance and life time to drastic-
cally degrade. A review of various mechanisms for deg-
radation is provided by Aziz and Popovic [1], but briefly
these can be classified as dark spots formation, catastro-
phic failure and intrinsic degradation. The dark spots, for
example, result from oxidation of cathode or its delami-
nation from the organic layer when accompanied by joule
heating of the OLED during its operation. On the other hand,
catastrophic failure is due to appearance of an electrical
short on account of an existing morphological defect. Both
this degradation classes in a modern device are well ad-
dressed, for example, by proper encapsulation. Therefore,
the third class, the intrinsic degradation, determines life-
time of the present-day devices; but, these degradation
mechanisms are highly sensitive to temperature.

In this class, there are several mechanisms specific to
the device materials and their stacking, such as, related to
cationic tris (8-hydroxyquinoline) aluminum (Alg3) or in-
dium diffusion from anode. The temperature dependence
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of device lifetime is indeed dependent on the specific
mechanism, but it is often found to be exponential [1],
E,

that is, the half-life, #,, cce*” . E, is the mechanism
dependent activation energy and £ and T are Boltzmann
constant and temperature of OLED, respectively. Hence,
temperature of an OLED plays an important role in de-
termining the lifetime of a display or the lighting panel.
Yet another impact of a temperature increase is improved
current injection which manifests itself in higher bright-
ness [2]. In general, the radiant energy from an OLED is
proportional to the current through it. But, as the tempe-
rature increases, increasing current produces lesser and
lesser gain in radiant energy [3], indicating loss in power
efficiency with increasing temperature. Thus, joule heat-
ing that could raise the temperature of the device, can
also cause loss of control on brightness of the OLEDs in
a display or lighting panel. Apart from the life-time and
effect on brightness, temperature also impacts the color
coordinates of the OLEDs [4]. In short, managing tem-
perature of the device is of critical importance for lon-
gevity and consistency, when LEDs are based on organic
materials.

Based on the choice of materials, for example, with
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phosphorescent materials, the conversion of injected charges
into photons is highly efficient. Further, it is possible to
carry out this conversion at low voltages. In effect, inter-
nally, the electrical power is efficiently converted to pho-
tons. But, it is difficult to extract these photons out of the
device, ultimately resulting in a severe loss of efficiency.
Thus, in a device that does not uses specialized light out-
coupling methods, the power conversion efficiency may
only be less than 20% and much less when fluorescent ma-
terials are used; in small displays, no specialized method
of light out-coupling is common. Therefore, the lost elec-
trical power results in heating.

The power consumed by a display increases super-
linearly with increasing size of the display [5]. In that case,
though the area of the display from which heat is dissi-
pated also increases, it is possible that temperature in-
crease in a display will be more severe in larger displays,
if not directly proportional to the increase in power con-
sumption [5,6].

The extent of temperature increase has been measured
by techniques such as thermal reflectance or infra red im-
aging. When OLED is large in size, the sheet resistance of
the anode causes inhomogeneous distribution of current,
which may lead to higher temperatures at the edges, 20 -
30 K above the room temperature in displays and as high
as 80 K in lighting panels operated at a higher brightness
[2,5,7].

There have been a few attempts to model the tempe-
rature rise in OLEDs and devices. Significant among those
is by Sturm et al. [6], who treat the display to be spatially
uniform in temperature and its rise is calculated based on
heat dissipation from the display surface. The rigor is in
the analysis of convective and radiative heat transport for
a display in various situations and orientations. In the pre-
sent work, we estimate the heat transfer coefficients in a
similar manner and additionally include lateral tempera-
ture gradients to investigate the quantum of heat lost
through the metal lines. But, under assumption of uni-
form display temperature, similar to Sturm ef al., Lu et al.
[5] also estimate power consumption increase for increasing
display size and then calculate the temperature rise. This
rise is in several tens of degrees centigrade, greater for
larger display sizes.

Two dimensional temperature profiles have also been
calculated [2,8], though little details of calculations are
available. Apparently, a lateral variation in temperature re-
sults from inhomogeneous current distribution of current
injection in a large area OLED. The temperature gradient
is large [2], but Chung et al. [8] find the problem allevi-
ated when top emitting OLEDs are fabricated on steel;
the substrate in this case also helps to extract the heat.

An alternative pathway for heat extraction is through
the metal lines in a display and from back of the device.
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We expect only a small fraction of heat can be extracted
through the metal lines on account of their thinness. How-
ever, to best of our knowledge, we are unaware of any
analysis which determines if that fraction of heat extracted
causes temperature differences significant enough from
the point of view of display usability or that what the ef-
fect on temperature would be if heat can also be extracted
from the back of display. That analysis for a small dis-
play device we have fabricated is the subject of the pre-
sent work. The analysis is then extended to lighting pan-
els which would operate at higher brightness.

2. The Model

We begin by describing the geometry of a small sized pas-
sive matrix display and subsequently extend the results
to a large white light source for general lighting. Typical
specification of a small 1-inch display, for use in a mo-
bile phone sub-display, could be 96 (RGB) x 64 resolu-
tion and aspect ratio 4:3. Thus, we consider an active area
of width 20.148 mm and height 15.232 mm. The cath-
odes, which are horizontally placed as 64 lines on the dis-
play are extended outside the active area as shown in Fig-
ure 1, half of them extended from either side of the dis-
play. In the active area (the rectangular area in Figure 1),
these lines are typically aluminum, and outside it, chro-
mium. In the active area, the separation between the cathode
lines is typically 20 - 25 pm. The anodes are vertically
placed lines, of indium tin oxide (ITO) in the active area
and of chromium elsewhere. The separation of these lines in
the active area is 10 - 15 pm.

Beyond the active display area, the Al cathode has been
extended by 1 mm on each side of the display (the nar-
row portion of the rows in Figure 1), after which is a Cr
line 400 um wide. These lines turn right angles in sizes 65
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Figure 1. OLED display panel.
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pm wide and each line is separated by 25 um. Then these
lines follow a slanted path, narrowing down to 45 pm
width and 90 um pitch corresponding to the dimension of
the driver flex to which the display is bonded. Similarly,
the 288 ITO columns, approximately 60 um wide in the
active area are narrowed down to 30 pm and 60 pm
pitches outside (below) the display.

In the active area of this display are 288 x 64 OLED
pixels. From the point of view of thermal analysis, the pix-
els are the heat sources; in this small display, heat gener-
ated in metal lines is insignificant. There are several pos-
sibilities for transporting this heat out in order to prevent
the display temperature from rising. Since the display is
made on the glass, the heat may transport through the glass,
which is often also laminated with a polarizer or an anti-
reflection coating. Similarly the heat may be lost through
the cap glass used to encapsulate the active area of the
display. However, this encapsulation glass is not in phy-
sical contact with the OLED pixel area. Therefore, in this
case, the heat must also transport through the air-gap in
between the pixel and the encapsulation glass or a con-
duction pathway may be intentionally included above the
cathode. In addition to these two modes, the metal lines
being good conductor of heat can transport the heat out
of the encapsulated area.

Most significant analysis of thermal transport in a dis-
play is by Sturm et al. [6] who assume a large display
and thus ignore the lateral transport of heat through the
metal lines. In their case, heat is transported through the
display glass by radiation and convection. Thus, implic-
itly, there will be no temperature gradient within the emit-
ting area of the display. In a small display, however, Car-
ditz et al. [2] measure brightness inhomogeneity result-
ing from spatial temperature inhomogeneity. Therefore,
we generalize the approach of Sturm et al. to investigate
the fraction of heat transported through the metal lines,
which in turn can give spatial distribution to tempera-
tures in a display. The model we implement allows for
lateral transport of heat, to more accurately determine the
temperatures in small displays; later we also discuss the
results which would be applicable to larger OLED light
sources.

The sources of heat in a display/lighting source are the
OLED elements in which electrical power is dissipated
partly as light and partly as heat. These sources are closely
packed, separated only by few micrometers in either di-
rection. In a numerical simulation, it is neither practical
nor necessary to adopt that many node points. Thus, rea-
sonable approximations are discussed first.

The thermal conductivity, K, density, p, and specific
heat, C,, of various materials in the display are enumer-
ated in Table 1. Thermal conductivity, K, of the cathode
line made of Al is the maximum. The characteristic length
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for heat conduction through it, L., is approximately 20

. p e K
mm. Thus, with thermal diffusivity, a =——, the heat
pC,
LZ
transit time, ¢, [: —‘] is equal to 13 s. This is the order
a

of time scale in which the heat transport through the
longest metal line reaches the steady state. The organic
layers, sandwiched between Al cathode and ITO anode,
in which the heat is generated are thin, only 200 nm. The
corresponding heat transit time is only 0.49 ps. Thus
there cannot be a vertical (z-direction) thermal gradient
through the organic layer in steady state. Hence, the con-
figuration of two electrodes vertically separated by an or-
ganic layer is essentially a 2-dimensional thermal trans-
port problem. Further, the two Al lines are separated by
approximately 20 microns, which thermally communicate
through ITO lines, rather than the electrical insulator ma-
terial deployed in the active area to define pixels; this ma-
terial is even more thermally insulating than the ITO
lines. On a 20 pum length scale, the heat transit time in
ITO is only 260 ps. Thus, in steady state, there cannot be
thermal gradients in —y direction on the length scale that
separates two cathode lines. Implication of these facts is
that it is possible to construct the metal/organic/metal
sandwich in the active area (approximately 20 mm x 15
mm) as a 2-d thermal conduction problem with an effect-
tive thermal conductivity and a distributed heat source; it
is not necessary to solve the problem on the length scales
in which the heat sources (pixels) are arranged.

The display region dissipates heat either via metal lines
or by convection atop the glass; convective transport from
encapsulation glass will be included later. However, the
glass layer is thick. A temperature gradient in the glass
would then render the problem 3-d. However, Sturm et al.
[6] have estimated that the heat transfer coefficient for
natural convection is so small that there is no tempera-
ture gradient in the glass. This can be specifically shown
as follows.

When the OLED is at temperature 7, the display sur-
face temperature after glass and polarizer/antireflection
coating composite in the z-direction is 7. Effective ther-
mal conductivity of a composite with conductivity of its
components K; and thickness d; is given by

d,
Kejf :L
Zidi/Ki

The thermal conductivity of a polarizer or anti-reflec-
tion coating is not known. But, a typical 0.2 mm thick or-
ganic polarizer consists of layers of polyethylene tere-
phthalate (K;= 0.54 W/mK [19]), tantalum carbide (22.1
W/mK [20]), polyvinyl alcohol (0.34 W/mK [21]) and an
acryl compound (0.49 W/mK [22]) with tantalum carbide

(1
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layer repeated twice. The thermal conductivity of such
polarizer is estimated as 0.7 W/mK according to Equa-
tion (1). Similarly, we have estimated thermal conductiv-
ity of 180 nm thick antireflection coating consisting of
several inorganic layers; that number is also is close to
0.7 W/mK. Thus, for a I mm thick glass and 0.2 mm thick
polarizer combine, as shown in Figure 2, the effective
thermal conductivity (K. is 0.88 W/mK. Therefore, at
the interface of display glass (with polarizer) and air,

(T-7)
Ko = (T, =T, &)
T

where ambient temperature, 7, is 298K, dr= 1.2 mm
and £ is effective heat transfer coefficient that includes
convection and radiation. The heat transfer coefficient (with
radiation and convection both) is small, approximately 1 -
10 W/m’K [6]. Further, 7,-298 is also on order of 10 K.
Thus, based on Equation (2), 7-T will be insignificantly
small, implying the surface of the display can be regarded at
the same temperature as the OLED or that the thermal
gradient in z-direction can be neglected.

In this case, the heat conduction can be treated only in
two dimensions. Accordingly,

s (r-r,,) -7}

V-(KVT)+=-h amb ] _ ab —( (3
(KVT)+ I 3)
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Figure 2. Temperature gradient in an OLED glass with po-
larizer or anti reflecting coating.

is valid in the entire domain in Figure 1, the display area

and the metal lines. In Equation (3), K is either an effect-

tive thermal conductivity in the active region of the dis-

play or that of metal lines, S is a 2-d heat source, in W/m?,

due to IR losses in the OLED. The display dissipates

heat from the surface and accordingly convective and radia-

tive losses are included in Equation (3), with ¢ as Stefan-

Boltzmann constant and ¢ as emissivity of the surface,

which for glass is 0.5. The quantity d is the local thick-

ness of material through which the heat is conducted.

Therefore, quantities K, 7, S, h and d are all position (x, y)
dependent and K could also be anisotropic. Finally, since

all materials layers are thin, on order of 100 nm, most heat
is lost from the surface, of the display or the metal lines.

Accordingly, the boundaries within which Equation (3)

is valid are considered insulating.

3. Results and Discussion

First we estimate the thermal conductivities, the heat ge-
nerated in OLEDs and the heat transfer coefficient and
then calculate the temperature profiles in the device.

3.1. Thermal Conductivity in the Display Area

There is significant anisotropy in heat conduction in the
display area. In x-direction the heat is conducted by Al lines,
which are highly conducting, compared to ITO lines. The
ITO lines conduct heat in y-direction. Though the display
domain is approximated as a homogenous medium with
respect to materials, the effect of asymmetric heat flow is
accounted for by anisotropy in thermal conductivity in
the display domain. Based on the area fraction of the Al
or ITO lines, therefore, the thermal conductivity in x-
direction is taken as 86.1 W/mK and that in y-direction as
3.3 W/mK. This small change from the values listed in
Table 1, however, are insignificant in temperature cal-
culations.

Outside the active display area, the conductivities are
of the relevant metal lines according to Table 1.

Table 1. Materials parameters and heat transit time scale.

Material K, W/mK p, kg/m’ Cp, J/kgK L, m t, S
Al 94 [9] 2613 [10] 1200 [11] 2x107 133
ITO 4.0[12] 7120 [12] 362.4[12] 2x10° 26x10*
Cr 8.2[13] 7190 [14] 461 [14]
Glass 0.93 [15] 2221 [16] 800 [17] 1x10° 1.9
Organics (Alq3) 0.107 [18] 1282 [18] 1030 [18] 2x107 49x10”
Polarizer/antireflection coating 0.7 2x10*
Air 0.026 1.18 1020 3x10* 42x107

Copyright © 2011 SciRes.
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3.2. Estimate of Heat Generation

Maximum heat is generated in a display when all red (R),
blue (B) and green (G) pixels are driven to their highest
gray scale, that is, for a white screen. To estimate the heat
generation, we use the display we have fabricated as the
basis. In order to maintain a white screen, the proportions
of luminance (L) for color mixing is as Lg = 1.015Lp and
Lg=2.192Lg and with the total (white) luminance of the
display L= Lgr + Lg + Lg. In a display that has 6144
OLEDs of all three colors each, for various white lumi-
nance and corresponding R, G, B OLED luminance, we
provide measured current through individual OLED and
the corresponding voltage across it in Table 2. For example,
a 250 cd/m® white display would require red OLED of
brightness 64.3 cd/m’® in which current sourced is 0.105
pA at 3 V. Similarly, the blue and green pixels should
have brightness of 58.2 c¢d/m* and 127.5 cd/m’® with cor-
responding (I, V) as (0.128 pA, 4.1 V) and (0.049 pA and
4.2 V), respectively. Thus, for 6144 R, G and B OLEDs
each, total electrical power consumed by the display panel
is 6.4 mW. Similar calculations are provided in Table 2
for various brightness values of displays (or equivalent ligh-
ting sources) considered in the temperature calculations.

The electrical power that is dissipated is converted to
light and heat. Unless specialized techniques are used for
light out-coupling, maximum electrical to optical conver-
sion efficiency is 15% - 20%, when efficient phosphores-
ent materials are used and voltages are low, close to the
magnitude of photon energy in eV. In small displays, how-
ever, fluorescent materials are common; in those cases,
the conversion efficiency may drop between 1% - 5%. In
short, most of electrical power is dissipated as heat. In
our calculations, as a conservative estimate, we have taken
99% of total electrical power, unless specified differently,
being extracted from display as heat. Thus, at brightness
of 250 cd/m?, the active area of display being 20.148 x
15.232 mm, the heat source in the active region is S(x, y)
= 20.71 W/m?; similar calculations are at other bright-
ness values.

Outside the active region are only metal lines, highly
conducting. As part of design principle of a display, we
ensure that little power is dissipated in the metal lines.
Accordingly, the heat source in metal lines is neglected.
Metal thicknesses of Al and ITO, through which heat is
conducted laterally in the active area of display, are both
150 nm. The Cr lines are 300 nm. The thickness, d, in
Equation (3) is taken accordingly.

3.3. Heat Transfer Coefficient

An extensive discussion on possible convective rates
applicable to OLED device is provided by Sturm et al.
[6]. For natural convection we follow the same correla-
tions for cases of display held horizontal with face up or
held vertical, which are the two most likely situations for
a display. It is also possible that the device is held hori-
zontal with face down, as in a lighting fixture. In this case,
the heat transfer coefficient is approximately half in value
than when it is facing up. Therefore, in Table 3, we re-
port heat transfer coefficients for device held vertical or
horizontal with face up. For device held horizontal with
face up, Nu = 0.96Ra"® and for a vertical device,

0.67Ra"*

916 \¥9
(1{0.49) J
Pr

Nusselt and Prandtl numbers and calculations are for
Rayleigh number (Ra) as 100 - 200.

But, the display devices are often subjected to condi-
tions of mild forced convection. Therefore, we use cor-
relations that are based on air speed under calm air, light
air and light breeze specified in Table 3. For these condi-
tions, Nu =0.71Pr*° Re”? [23] when device is held hori-
zontal facing up and Nu =0.664Pr'° Re”? [24] when
device is held vertical; Re is the Reynolds number.

Taking in account the values of heat transfer coeffi-
cient estimated in Table 3, we could relate the tempera-
ture profiles in an OLED device to various conditions in
which it is situated by considering h values between 5 -
25 Wm’K.

Nu=0.68+ where Nu and Pr are

Table 2. Current, voltage, power required for different luminance.

Red Blue Green
L (cd/m?) Power (mW)
Ly (cd/m’)  Ir (nA) Ve(V)  Leg(edm’)  Ig(A)  Ve(V)  Le(edm’)  Is(pA) Ve (V)
250 64.3 0.105 3.0 58.2 0.128 4.1 127.5 0.049 4.2 6.4
500 128.6 0.209 33 116.4 0.254 4.6 255.1 0.099 45 14.2
1000 257.2 0.418 3.7 232.7 0.509 5.2 510.1 0.198 49 31.8
1500 385.7 0.628 4.0 349.1 0.766 5.6 765.2 0.297 5.1 51.1
2000 514.3 0.837 43 465.4 0.102 5.8 1020.2 0.397 5.3 71.4
Copyright © 2011 SciRes. JECTC



34 DEEPAK ET AL.

Table 3. Heat transfer coefficient under natural and forced
convection.

Type of Air Velocity h CW'K)
(km/hr) Horizontal, facingup  vertical
Natural Convection - 12-14 4-5
Calm air <2 <45 <22
Light air <5.5 <76 <38
Light breeze <11 <107 <54

3.4. Temperature in an OLED Device

The device is thought to lose heat from the one glass plate
and along the metal lines under horizontal or vertical orient-
tations and natural convection or mildly forced convec-
tion. In these conditions, the heat transfer coefficients vary
between 5 - 25 W/m’K. Further, a display would typically
have brightness of 250 cd/m” whereas a lighting source
may be 2000 cd/m’ bright. For these conditions, in Fig-
ure 3, we depict the temperature profiles along the —x
and —y directions in the middle of the active area.

In a display operated at 250 cd/m’, the temperature
rise is small, approximately 2 K. Therefore, the heat trans-
fer coefficient had little effect on the temperature profile.
However, at high brightness, this temperature increase can
be as high as 27 K. The temperature increase can be miti-
gated when the display operates in mildly forced convec-
tion, such as air flow in a room, but still the temperature
increase is approximately 10 K; consequence of this tem-
perature increase is discussed subsequently. But, clearly,
as illustrated in Figure 4, increasing luminance forces
higher rise in temperature of device, as expected; this rise is
definitely severe under conditions of natural convection.

Further, the impact of including heat extraction along
the metal lines can be seen through gradient in tempera-
ture near the edges of the display area, due to the cathode
lines in Figure 3(a) and anode lines in Figure 3(b). For
the display size considered here, the central 60% of the
emitting area is at uniform temperature, but the remain-
ing area suffers from a temperature difference of 5°C -
15°C, which is sufficient for causing inhomogeneities
which were discussed earlier.

The life-time of OLED decreases exponentially with

E

a

increasing temperature according to 7,5 = Ce . There-
fore, percent change in life-time with change in tempera-
ture is given by

9hos 100 = ~100

tO.S

E, 5T
k717 @

which for a 10 K temperature increase above 300 K is
129E, (E, in eV). The activation energy is mechanism
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Figure 3. Temperature profile in a display operated at two
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in center of display along -y direction, that is along ITO lines.
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Figure 4. Maximum rise in temperature in a display oper-
ated at various brightness levels.
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dependent, but typically between 0.1 - 1 eV. For example,
in a device based on Alg3 on a steel substrate, this acti-
vation energy is reported to be 0.39 eV[8]. In another
work in which OLEDs have a N,N’-di(naphthalene-1-yl)-
N,N’-diphenyl-benzidine (NPB)/Alq3 interface, the ac-
tivation energy was determined to be 0.27 eV and related
to difference in ionization potential of the two materials
[25]. Thus, for activation energy on this order, for exam-
ple 0.5 eV, the percent decrease in life-time with a 10 K
increase in temperature would be 65%.

Even in the earlier devices, the life-time could be seen
to decrease by 20% for an increase in temperature by 30 K
[26]. But, improved encapsulation method in modern de-
vices has nearly eliminated the reliability issues related to
moisture permeation. The life-time had thus increased by
one to two orders of magnitude. This life time limited by
intrinsic mechanisms of degradation is the one that ex-
hibits exponential dependence on temperature. In other
words, the modern devices are lot more susceptible to de-
gradation due to temperature increase.

Apart from luminance homogeneity in a large OLED
[2], the light output is also impacted by increasing tem-
perature. For example, Kollar et al. [3] measured optical
power output per ampere of current through an OLED to
decrease by 1.6 mW/A for a 10K rise in temperature. Si-
milarly, luminous flux decreased by 5% - 10% for 10K in-
crease in temperature in an OLED driven at constant cur-
rent [4]. This change was accompanied by perceptible
change in color coordinates. Clearly, then temperature ab-
erration in an OLED device during operation would have
to be managed within a degree centigrade or so above it
maximum temperature rating.

3.4.1. Role of Metal Lines in Heat Extraction from the
Display
A display which is operated at 250 cd/m?, as depicted in
Figure 3, exhibits little temperature variation along either
direction. This indicates insignificant contribution of metal
lines in extracting heat. But, for example, if a device equi-
valent in size is used as a unit in making a larger lighting
panel and operated at 2000 cd/m?, the temperature varia-

tion shown in Figure 3 is significant. Among the three
modes by which the device loses heat, indeed convective
and radiative loses from the device surface are most im-
portant, as indicated in Table 4. However, non-trivial
amount of heat is also extracted through the metal lines.
Under convection conditions of 5 W/m?K, this heat loss
through the metal lines lead to a temperature inhomoge-
neity (A7 = maximum-minimum temperature in a display)
of 14 K (see Table 4 or Figure 3), which is significant.
But, when the device is convectively cooled better, the
fraction of heat extracted by metal lines decreases and
correspondingly the temperature homogeneity improves.

In this context, through Table 5, we indicate that per-
centage of cooling achieved through metal lines is nearly
independent of optical output of the OLED device, ex-
cept that when total light/power output is small, the heat
loss from metal lines is also small enough to not cause
any temperature inhomogeneity. Also, when more con-
vective cooling can be ensured, i.e. & changing from 5 to
25 in Table 5, the metal lines play a still smaller role.

3.4.2. Two Sided Cooling

Especially in lighting sources which operate at higher
light output, the design of the OLED panel would be more
appropriate if cooling of the panel is achieved from both
sides. However, in conventional sealing, there is an air gap
of approximately 0.3 mm between the device glass and
the cover glass, approximately 0.7 mm thick. Effective
thermal conductivity of the glass and air gap combined,
according to Equation (1) with data in Table 1, is 0.08
W/mK. Thus following the analysis corresponding to Equa-
tion (2), the temperature difference between the OLED
and cover glass surface will be about 1 K. In this case
also, we neglect the gradients in z-direction and Equation
(3) remains valid. However, if indeed there is a thermal
resistance due to air gap, it will be useful to coat the ca-
thode side of the OLED with materials such as diamond
like carbon, which has high thermal conductivity. In any
case, for the purposes here, we analyze temperatures ac-
cording to Equation (3).

Table 4. Cooling modes in a 2000 cd/m? bright OLED source.

h=5(W/mK) h=10 (W/m’K) h=25(W/m’K)
Tnax= Maximum Temperature (K) 3253 315.4 306.2
AT, = Ta-298 (K) 27.3 17.4 8.2
AT = Maximum-Minimum Temperature (K) 13.9 9.7 4.9
Convective losses from display surface (W) 40.5x 107 51.6x10° 61.4x 107
Radiative losses from display surface (W) 27.7 %107 169 %107 7.7 %1073
Heat extracted by metal lines (W) 22x107 1.9x 107 1.4x107

Copyright © 2011 SciRes.

JECTC



36 DEEPAK ET AL.

Table 5. Percent heat extracted by metal lines.

Percentage of total cooling though metal line

L(cdm®  h=5W/mK)  h=10(Wm’K) 25 (W/mK)
250 32 2.8 2.0
500 32 2.8 2.0
1000 3.1 2.8 2.0
1500 3.1 2.8 2.0
2000 3.1 2.8 2.0

Table 6. Display cooled from both sides.

h/:5 hf: 25 h/: 10

hin W/m’K -->

=0 hy=5 h=0 h=25 h,=0 h=5
Tinax (K) 3253 3154 3062 3023 3154 3107
AT, (K) 273 17.4 8.2 43 17.4 12.7
AT (K) 13.9 9.7 49 2.6 9.7 7.4

Thus, if the heat transfer coefficient at the device glass
is iy and that at the cover glass /,, then total heat transfer
coefficient remains 4 = i, + h,. In Table 6, rise is device
temperature is compared with cases when device loses
heat only from the front glass, that is 4#,= 0. Under natu-
ral convection, when temperature rise in a device can be
as large at 27 K, by cooling from both sides, as expected,
the temperature lowers significantly. Rise in temperature
is now 17 K, but not half of when cooling is only from
one side. But, when calm air flow is available, the tem-
peratures were much lower, and they can be cut in half
by designing cooling from both sides of the display. How-
ever, it is possible that the cover glass side may not be
conveniently accessible, leading to a lower /;. Thus for a
case with s,= 10, backside cooling still leads to tempe-
rature reduction of 5 K.

4. Conclusions

Inefficient conversion of electrical power into light natu-
rally leads to increase in temperature of an OLED display
or lighting panel. Increase in temperature on order of 10 K
can have significant impact of life-time of the device,
brightness homogeneity or color coordinates of emitted
light. And indeed the heat generated in OLED panels is
sufficient to raise the temperature by that much amount,
as the calculations show.

The heat from the panels should be extracted as much
as possible. The role of metal lines in a display which are
already present can be exploited. In small displays, a frac-
tion of heat extracted from metal lines lowers the tempe-
rature by 5 - 14 K near the edges. This can increase the life-
time but the effect is limited to the edge of the display.

But, two sided cooling of the device, especially in a

Copyright © 2011 SciRes.

light panel will be feasible and useful. Thus, design of
lighting source should include exposing the back surface
as well, which can lower the temperature significantly.

Finally, the thermal transport model presented here for
displays is more extensive in its approach and hence likely
to provide more accurate results.
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