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ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE

CLAIM OF PRIORITY

The present application claims priority from Japanese
Application JP 2006-051333 filed on Feb. 27, 2006, the con-
tent of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the housing structure of an
organic EL display device.

2. Description of the Related Art

As one of display devices, an organic EL display device
(hereinafter referred to as OLED) has the following charac-
teristics:

1. A display element constituting the OLED is a self light
emitting element that does not require backlight.

2. Wide viewing angle and high visibility

3. The high response speed enables high-quality display
without difference between moving images and static images.

4. Direct-current, low-voltage driving is enabled.

Therefore, the OLED is expected to contribute to applica-
tions for mobile/portable equipments having severe power
requirements, and making television and notebook size per-
sonal computers thin and light in weight. In the present situ-
ation, since there are a small number of commercially avail-
able products provided with the OLED, the housing
structures of OLEDs, including those that useresin frames for
LCD panel, are classified as follows.

(1) Bonding the OLED to frames and fixing the upper and
lower frames by circular dowels (spherical projections)

(2) Fixing resin frames for LCD to the OLED

Because of the structure that a display element constituting
the OLED is a self light emitting element, since backlight in
a liquid crystal display device (LCD) is not required, the
OLED also does not require resin mold parts supporting the
backlight structure, it has product advantages such as thin
size, light weight, and low costs.

The method described in (1) has the following problem.
That is, although double-faced tape is usually used for this
kind of fixing, since sticking the double-faced tape to an
OLED element requires adhesive or the like, the adhesive
inevitably deteriorates with time, and there is a problem of
reliability attributable to deterioration in the adhesive due to
heat generation. In the fixing of the upper and lower frames,
because of engagement assembly by circular dowels, both
assembly precision and assembly rigidity are low because of
slip in engagement portions of the dowels.

The method described in (2) also has the following prob-
lem. That is, although the rigidity of the element can be
obtained by fixing to a resin mold, dies for manufacturing the
resin mold are more expensive than those for metallic frames.
To obtain higher rigidity by the resin mold, a display element
becomes thicker as a whole, and its external size becomes
larger, greatly reducing attraction of a product.

An OLED of the bottom emission method has the follow-
ing problem. That is, the OLED of the bottom emission
method has connection terminals of a flexible printed circuit
substrate (FPC) and the like in the reverse side of the light
emitting surface of a display element. Therefore, when the
OLED has been placed in the housing, since flat cables of the
FPC and the like, when connected to a driving circuit, are bent
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in the direction that peels the surface of flat cable bonding to
the OLED, there is a problem in ensuring reliability.

However, since the OLED is structured to have no resin
mold, there is a problem in impact resistance and torsion
resistance. Therefore, to ensure the structure reliability of the
OLED, a frame structure for maintaining the strength of the
OLED is an indispensable factor.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an organic
electroluminescence display device that ensures structural
reliability of the OLED.

As a means for addressing the above-described object, an
OLED element is formed on a substrate, and a sealing sub-
strate ofa structure by which the substrate is sealed is fixed to
a lower metallic frame via an elastic sheet. Although the
elastic sheet is preferably silicon resin, common double-faced
tape is also an effective means because it is elastic. By pro-
viding the elastic sheet with a function such as heat diffusion,
the reliability of the OLED element can be increased.

Although not a method of fixing an OLED, the following
means is available to increase frame strength. That is, a lower
frame and an upper frame are provided with an engagement
structure (snap fit) having a notch shape to prevent positional
deviation in the thickness direction after assembly.

By designing the snap fit part in each side, positional devia-
tion in thickness direction and vertical direction, that is, lat-
eral direction and rotation direction can be suppressed as the
whole frame.

The following structure helps to increase heat radiation
effects. That is, by designing wall parts with an upper frame
and a lower frame combined apart from OLED panels, impact
strength and static load strength can be increased in compari-
son with an OLED panel unit. Since an air path is formed
within an OLED element structure, temperature distribution
can be properly maintained, and cooling efficiency is
increased.

A slope spring is provided in the lower frame and a support
spring is provided in the upper frame. In this case, the height
of the joint surface of the upper and the lower springs is
designed to be nearer to the light emitting surface than the
position of the surface of FPC extraction to the OLED. As a
result, in whatever direction flat cables of the FPC and the like
are bent, no force occurs in the direction that peels from the
surface of bonding to the OLED element. Therefore, the
reliability of connection of the flat cables of the FPC and the
like to the OLED is increased. By this construction, when the
slope spring is provided in the lower frame, the effect of
correcting the position in which the OLED is mounted can be
obtained. As a result, the precision of OLED mounting posi-
tion is increased, and positional deviation and inclination of
the display surface of the OLED can be precisely manufac-
tured.

According to the present invention, the reliability of the
organic EL display device can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a sectional structure of a general OLED;

FIG. 2 shows a sectional structure of an OLED sealed by a
sealing glass substrate;

FIG. 3 is a structural drawing of an OLED element of the
present invention that uses a frame structure;

FIG. 4 shows a truss structure part of this proposal;

FIG. 5 shows a conventional doweling-based frame assem-
bly method;
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FIG. 6 shows an example of positional deviation in a dow-
eling part;

FIG. 7 is a drawing showing FPC peel stress induced by
FPC bending;

FIG. 8 shows the spring support structure of FPC;

FIG. 9 shows a peel stress suppressing mechanism of FPC;

FIG. 10 shows a mechanism of infrared absorption and an
elastic (buffer) film;

FIG. 11 shows a bending stress absorbing mechanism by
an elastic (buffer) film; and

FIG. 12 is a structural drawing of an OLED panel showing
space allocated in the outer regions of OLED.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

First Embodiment

FIG. 1 shows a sectional structure of a general OLED.
Since the OLED shown in FIG. 1 has a structure convention-
ally know, a detailed description of it is omitted. In FIG. 1, a
light emitting surface is in a lower side, and an organic light-
emitting layer and a cathode metal are formed via an optically
transparent multilayer film about 1 pm from a substrate glass.
This structure is called an OLED of a bottom emission
method. An OLED of this structure generally has a desiccant
and an empty wall in the reverse side of a light emitting part,
and is sealed by a sealing glass (or metal such as a sealing can)
from external atmospheres.

FIG. 2 shows a sectional structure of the OLED sealed by
a sealing glass substrate. In the OLED sectional structure
shown in FIG. 2, air tightness is maintained by the empty wall
(generally space filled with nitrogen), the desiccant, and the
sealing glass to extract heat generated in a structure part of the
OLED from the back surface of the light emitting surface. The
whole thickness of the OLED with the substrate glass and the
sealing glass laminated is about 1.0 mm, and the existence of
the empty wall within a display element poses the problem of
maintaining strength against stress and impact from the out-
side.
<1. Making OLED Frames Highly Rigid>

As a countermeasure against stress and impact from the
outside, an OLED element structure having a frame structure
as shown in FIG. 3 to achieve high rigidity has been devel-
oped. When a snap fitting part shown in FIG. 3 is enlarged, it
will be appreciated that an assembly section of an upper frame
and a lower frame forms a truss structure (triangular section).
This is a characteristic of this proposal. The truss structure is
a building method known conventionally in terms of struc-
tural mechanics as a set of triangular shapes designed on side
walls to improve the strength of bridges. In recent years, a set
of triangular sections, a so-called truss structure, is used as a
design method for obtaining the strength of ceiling structure
of large-scale dome facilities.

FIG. 4 shows a truss structure part of this embodiment. By
designing such a truss structure (triangular sectional shape)
on frame sides, when stress is applied in the direction of
compression from a vertical direction of F1G. 4, elements on
each side of a triangular section by the truss structure disperse
the stress in a direction of compression or extension. As a
result, compression rupture strength increases about four or
more times in comparison with when frames are simply com-
bined.
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<2. Making OLED Frames Highly Precise>

As shown in FIG. 4, a joint part of the truss structure is
designed to support a side of a lower frame at an about
horizontal support angle at one side of a triangular element
designed on an upper frame. Therefore, in FIG. 4, downward
positional deviation of the lower frame will not occur. Fur-
thermore, upward positional deviation of the lower frame will
not occur because of the constraint of the thickness of an
OLED panel and the existence of the vertex parts of truss
structure, that is, contact parts between bending parts of the
upper frame and edges of the lower frame. As a result, assem-
bly precision of fitted portions increases, so that manufactur-
ing precision as the whole OLED panel increases.

On the other hand, with metallic frames of a conventional
doweling (spherical section) method, since positional devia-
tion occurs readily in a doweling part, assembly precision is
very low (see FIGS. 5 and 6).
<3.Problem Peculiar to OLED of Bottom Emission Method>

An OLED of bottom emission method has a structure that
a connection surface of flat cables of FPC and the like for
OLED elements exist at the reverse side of a light emitting
surface. Therefore, when handling an OLED module,
depending on the direction that bends the FPC, stress may
occur in the direction that peels the FPC from the OLED
elements. See FIG. 7. Therefore, one conceivable idea is to
reinforce a connection portion between the OLED elements
and the FPC. However, in this proposal, a countermeasure is
taken against stress in a peel direction acting on the connec-
tion portion between the OLED elements and the FPC by
designing a support spring mechanism in the upper and the
lower frames.

Furthermore, by providing a gradual inclination for the
support spring designed in the lower frame, it becomes pos-
sible to provide a self-alignment mechanism for mechani-
cally correcting a positional deviation when fixing the OLED
elements to the frame, contributing to an increase in assembly
precision as an OLED module structure (see FIGS. 8 and 9).
<4. Stress Buffering Mechanism when Bending Stress is
Applied>

With consideration to the handling of a delivered product
and actual use states in a final customer, it is necessary to
make a design for the application of accidental impact and
stress. In this embodiment, an elastic special film, a silicon
resin film 0.2 mm thick, is used when an OLED is fixed to a
lower frame. As a result, even when the frame is bent with
bending stress applied to an OLED module, it has become
possible that the elastic film buffers the stress to protect the
OLED elements. In comparison with a conventional method
of fixing by double-faced tape, as tolerance for bending stress,
bending rupture strength by the elastic film stands at 250 or
more against 100 for bending rupture strength by double-
faced tape, indicating a significant increase in strength (see
FIGS. 10 and 11).

Furthermore, by allocating a space between the OLED and
the inner wall of the frames by a predetermined amount or
more, ideally 50% or more of-the whole thickness of the
OLED, when impact by drop or the like is applied from the
outside, the impact is absorbed to buffer the impact, or the
space portion is deformed to absorb the impact, resulting in
the prevention of the OLED elements from destruction. Stress
occurring when the OLED module is fixed to a housing in a
customer can also be absorbed in the space portion (see FIG.
12).
<5. Heat Diffusion Mechanism of OLED>

Since an OLED is a spontaneous light emitting element, its
light emitting operation generates heat. Although the heat
generation exerts no influence on reliability in room tempera-
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ture environments, an increase in temperatures caused by heat
generated in the OLED must be minimized in severely hot
environments. In this embodiment, by dispersing carbon fill-
ers into an elastic film used when the OLED is fixed to a lower

6
TABLE 1-continued

Embodiment of special heat transfer film

) . L
frame, heat generated in the OLED can be efficiently s cfﬁgrgmﬁon Silicon resin
absorbed. The absorbed heat is diffused to the lower frame to
dissipate the heat Remarks Structure requiring no adhesives
) Lo . b f hani f self welding t
In the case of OLED of bottom emission method, in the gle;:Suse O & Mechamsim of sel weldime 1o
sectional structure shown in FIG. 2, to extract heat generated Heat absorption based on infrared
in the structure part of the OLED from the back surface of the 10 radiation by heat radiation rate of 0.80
light emitting side, the heat must be received across the empty g;;oé:m for rate 21,0 W/m- X)
wall (generally space filled with nitrogen), the desiccant, and -
the sealing glass. According to the heat diffusion mechanism
of this embod.iment, since. a heat transfer mec.hanism is used <6. Cooling Mechanism>
glitEanstorEE 1nlfratr.edﬁcl=,mls§10i1 frorg a 1{};‘1““% p(z;’t Qf :hg 15 (1) Since glass easily transmits infrared rays, by using a
: Oh ?)E]SISZ)IC ¢ Irln’ b cal canl be ctlicien ﬁ/ dls}sllpahe special heat cooling film of this proposal, heat generated in an
Z\.]Fél 1111t N i N Tt ‘El olttolrln eml;swn mef; od that ¢ as OLED light emitting part is absorbed by infrared rays across
J . .
iificulty m cooling. lable 1 shows the specification of an a sealing glass and transferred to a metallic frame.
elastic film having a cooling mechanism in this embodiment. o o . .
Although it is desirable that the elastic film is bonded to the 20 | @ Althot}gl} natural silicon r 8113 IOW in heat conduct‘lv-
OLED by self welding, use of general adhesive and double- ity, heat radiation rate, and the like, the infrared absorption
faced tape provides sufficient performance (see FIG. 10). property and heat conducth}ty are improved by Incorporating
<Table 1> carbon black fillers and infrared absorption ceramic for
increasing a heat radiation rate and Ni powder for increasing
TABLE 1 55 heat conductivity into the silicon resin.
(3) By using metallic foil in an upper portion, heat gener-
Embodiment of special heat transfer film ated in the resin of this proposal is conducted to the outside. In
Laer this case, as applications, the heat may be conducted to near
configurstion Silicon resin metallic housing, or the air may be cooled by exposure to the
: — : — 30 atmosphere. Table 2 compares an OLED cooling mechanism
Material Silicon resin containing carbon filler, between a conventional one and the embodiment of the
infrared absorption ceramic, Ni powder, . .
otc. present mvention.
<Table 2>
TABLE 2
Comparison of an OLED cooling mechanism between a
conventional one and the embediment of the present
invention
Itemn This proposal Conventional one Remarks
Structure Silicon resin plus AL tape sticking A sticking surface
metallic frame is the back of OLED.
(sputter film is
also available)
Heat absorption Infrared Infrared
from a light absorption absorption

emitting surface

capacity is low
because of heat
radiation rate of
0.1 or less.

Heat route during
infrared
absorption
Direct heat
conduction from
sealing glass

Cooling mechanism
for heat

conduction to
external radiator
‘When atmospheric
temperature is
higher than
elements

Reliability

No heat resistance
layer exists
because no
adhesive is used,
and heat is
directly absorbed
(conducted) to
silicon.

Heat is conducted
through metallic
frames.

Resin between
metallic frames

and OLED elements
serves as heat
cushion.

The interface
welding mechanism
will not strip
objects once
bonded together.

An adhesive layer
is resistant to

heat (heat
cushion), and heat
resistance
increases.

Heat is conducted
through AL foil.

Since an adhesive
layer is thin,

heat from metallic
foil conducts to
the elements.

The adhesive layer
deteriorates with
time because of
heat of the
elements.

No heat resistance
layer exists
because of
interface welding.
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TABLE 2-continued

Comparison of an OLED cooling mechanism between a
conventional one and the embodiment of the present

invention
ITtem This proposal Conventional one Remarks
EMI property Since conductive Since the adhesive
substance and layer generally
dielectric exhibits
contained in insulation and has
silicon resin have 10 capacity
a resistance component, it is
component and a inadequate as a
capacity countermeasure
component, they against EML
can absorb
electromagnetic
radiation.

What is claimed is:

the elastic sheet is not existing between the sealing sub-

20 .
1. An ic EL display device. ising: strate and the wall of the lower metallic frame, and
oreanic 1P 'ay eviee. compnsmg wherein the gap between the sealing substrate and the wall
an OLED panel, where?ln an OLED element is formed ona of the lower metallic frame is bigger than a half of the
substrate, and a sealing substrate of a structure by which thickness of the OLED panel.
the substrate is sealed, 2. The organic EL display device of claim 1,
25

alower metallic frame having a flat inner surface and walls,

the sealing substrate is fixed to the flat inner surface of the

wherein the elastic sheet is dispersed with carbon black
fillers, or infrared absorption ceramic, or Ni powder.

lower metallic frame via an elastic sheet of silicon resin, I
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