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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based upon and claims the
benefit of priority of the prior Japanese Patent Application
No. 2015-111782, filed on June 1, 2015.

FIELD

[0002] Embodiments of the present invention relate to
a light-emitting module.

BACKGROUND

[0003] A light-emitting module using a light-emitting el-
ement (LED) is widely used for indoor, outdoor, station-
ary, moving, and other optical devices such as display
devices, display lamps, various switches, signal devices,
and general lightings. Among the light-emitting modules
using the LEDs, as a device suitable for a display device
or a display lamp for displaying various character strings,
geometrical figures, patterns, or the like, there is known
a light-emitting module having a plurality of LEDs ar-
ranged between a pair of light transmissive substrates.
[0004] Such a type of the light-emitting module has,
for example, a light transmissive substrate having a cir-
cuit pattern formed on a surface, an LED connected to
the circuit pattern, and a resin layer for holding the LED
on the light transmissive substrate. The light transmissive
substrate or the resin layer has flexibility. For this reason,
the light-emitting module may be used in a curved or bent
state.
[0005] When the light-emitting module is curved or
bent, it is necessary to improve connection reliability of
the circuit pattern by preventing disconnection of the cir-
cuit pattern or short-circuiting between the circuit patterns
in advance.

[Citation List]

[Patent Documents]

[0006] Patent Document 1: JP 2012-084855 A
[0007] WO2015/083365 A1 relates to a light-emitting
device, which is prior art according to Article 54(3) EPC,
which addresses a technical problem such that a short-
circuit occurs between a conductive circuitry layer and a
LED chip when a flexible and light-transmissive light emit-
ting device that has light-emitting dials formed therein is
flexed, causing the light-emitting dials not to emit light.
[0008] WO2014/157455 A1 relates to a light-emitting
device, wherein a light-transmissive Elastomer is dis-
posed between an electrode surface of the LED chip and
a light-transmissive electro conductive layer of a light-
transmissive electro conductive member.

SUMMARY OF INVENTION

[0009] In view of the aforementioned demands, it is
therefore an object of the present invention to improve
connection reliability of the circuit pattern.
[0010] According to a first aspect of the invention, there
is provided a light-emitting module according to claim 1.
[0011] In the present disclosure, only examples 1-9 of
Table 1 (Fig. 18) represent an embodiment of the inven-
tion. All other "embodiments", "examples" (including ex-
amples 1-7 of Table 2, Fig.19) and "comparative exam-
ples" of the present disclosure, are not claimed and mere-
ly represent comparative examples useful for under-
standing the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is a cross-sectional view illustrating a light-
emitting module according to a first embodiment;
FIG. 2 is a perspective view illustrating a light-emit-
ting element;
FIG. 3 is an enlarged cross-sectional view illustrating
a part of the light-emitting module;
FIG. 4 is a top plan view illustrating a connection
example of the light-emitting element;
FIG. 5A is a diagram illustrating the light-emitting
module in a curved state;
FIG. 5B is a diagram illustrating a light-emitting mod-
ule of the prior art in a curved state;
FIG. 6 is a diagram illustrating a bump;
FIG. 7A is a diagram for describing bump rounding
treatment;
FIG. 7B is a diagram for describing bump rounding
treatment;
FIG. 7C is a diagram for describing bump rounding
treatment;
FIG. 8A is a diagram for describing bump rounding
treatment;
FIG. 8B is a diagram for describing bump rounding
treatment;
FIG. 8C is a diagram for describing bump rounding
treatment;
FIG. 9A is a diagram for describing bump rounding
treatment;
FIG. 9B is a diagram for describing bump rounding
treatment;
FIG. 10A is a diagram for describing a method of
manufacturing a light-emitting module;
FIG. 10B is a diagram for describing a method of
manufacturing the light-emitting module;
FIG. 10C is a diagram for describing a method of
manufacturing the light-emitting module;
FIG. 10D is a diagram for describing a method of
manufacturing the light-emitting module;
FIG. 11A is a diagram illustrating a light-emitting el-
ement, and a light transmissive film and a conductor
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pattern placed in the vicinity of the light-emitting el-
ement;
FIG. 11B is an enlarged view illustrating the bump
formed on an electrode of the light-emitting element;
FIG. 12 is a cross-sectional view illustrating a light-
emitting module according to the first embodiment;
FIG. 13 is a perspective view illustrating a light-emit-
ting element;
FIG. 14 is an enlarged cross-sectional view illustrat-
ing a part of the light-emitting module;
FIG. 15A is a diagram illustrating the light-emitting
module in a curved state;
FIG. 15B is a diagram illustrating a light-emitting
module of the prior art in a curved state;
FIG. 16A is a diagram for describing bump rounding
treatment;
FIG. 16B is a diagram for describing bump rounding
treatment;
FIG. 17A is a diagram for describing a method of
manufacturing a light-emitting module;
FIG. 17B is a diagram for describing a method of
manufacturing the light-emitting module;
FIG. 17C is a diagram for describing a method of
manufacturing the light-emitting module;
FIG. 17D is a diagram for describing a method of
manufacturing the light-emitting module;
FIG. 18 is a diagram illustrating a test result obtained
through a bending test and a thermal cycling test;
FIG. 19 is a diagram illustrating a test result obtained
through a bending test and a thermal cycling test;
FIG. 20A is a top plan view illustrating a light-emitting
element;
FIG. 20B is a top plan view illustrating a light-emitting
element; and
FIG. 20C is a cross-sectional view illustrating a light-
emitting element.

DETAILED DESCRIPTION

(First Embodiment)

[0013] A light-emitting module according to a first em-
bodiment will be described with reference to the accom-
panying drawings. FIG. 1 is a schematic cross-sectional
view illustrating a schematic configuration of a light-emit-
ting module 1 according to the embodiment.
[0014] As illustrated in FIG. 1, the light-emitting module
1 has a set of light transmissive films 4 and 6, a resin
layer 13 formed between the light transmissive films 4
and 6, and a plurality of light-emitting elements 22 ar-
ranged inside the resin layer 13.
[0015] The light transmissive films 4 and 6 are rectan-
gular films whose longitudinal directions extend in a hor-
izontal direction on a paper surface of the drawing. The
light transmissive films 4 and 6 have a thickness of ap-
proximately 50 to 300 mm and are light transmissive to
visible light. The light transmissive films 4 and 6 prefer-
ably have a total light transmittance of approximately 5

to 95%. Note that the total light transmittance refers to
transmittance of total light measured in accordance with
Japanese Industrial Standard JIS K7375:2008.
[0016] The light transmissive films 4 and 6 have flexi-
bility, and its flexural modulus is set to approximately 0
to 320 kgf/mm2 (not including zero). Note that the flexural
modulus is a value measured on the basis of a method
complying with ISO 178 (JIS K7171:2008).
[0017] The light transmissive films 4 and 6 may be
formed of polyethylene terephthalate (PET), polyethyl-
ene naphthalate (PEN), polycarbonate (PC), polyethyl-
ene succinate (PES), ARTON, acrylic resin, or the like.
[0018] A plurality of conductor patterns 5 having a
thickness of approximately 0.05 to 2 mm are provided on
a lower surface of the light transmissive film 4 out of the
set of light transmissive films 4 and 6.
[0019] The conductor patterns 5 are formed of a light
transmissive conductive material such as indium tin oxide
(ITO), fluorine-doped tin oxide (FTO), zinc oxide, and in-
dium zinc oxide (IZO). The conductor pattern 5 may be
obtained, for example, by forming a thin film through sput-
tering, electron beam deposition, or the like and pattern-
ing the thin film through laser machining, etching, or the
like.
[0020] The conductor patterns 5 may be obtained, for
example, by coating a mixture of fine particles of a light
transmissive conductive material having an average par-
ticle diameter of 10 to 300 nm and a light transmissive
resin binder in a circuit shape through screen printing or
the like. Alternatively, the circuit may be formed by ap-
plying laser machining or photolithographic patterning to
the coat film of the aforementioned mixture.
[0021] Without limiting to the light transmissive con-
ductive material, the conductive patterns 5 may be ob-
tained by adhering fine particles of an opaque conductive
material such as gold, silver, and copper in a mesh shape.
For example, a mesh-shaped conductor pattern 5 may
be formed by coating a photosensitive compound of an
opaque conductive material such as silver halide on the
light transmissive film 4 and then exposing and develop-
ing it. Alternatively, the conductor pattern 5 may be
formed by coating slurry containing fine particles of the
opaque conductive material in a mesh shape through
screen printing or the like.
[0022] Preferably, the conductor pattern 5 has light
transmissive property set such that a total light transmit-
tance of the light emitting module 1 as a whole becomes
1% or higher. When the total light transmittance of the
light emitting module 1 as a whole is lower than 1%, a
light-emitting point is not recognized as a bright spot.
Although the light transmissive property of the conductor
pattern 5 itself varies depending on its structure, it is pref-
erable that the total light transmittance be set to 10 to
85%.
[0023] The resin layer 13 is formed between the light
transmissive films 4 and 6. The resin layer 13 has trans-
parency to visible light.
[0024] The resin layer 13 is preferably formed of a ma-
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terial containing elastomer as a main component. The
resin layer 13 may contain other resin components or the
like as necessary. As the elastomer, acrylic elastomer,
olefin-based elastomer, styrene-based elastomer, ester-
based elastomer, urethane-based elastomer, and the
like are known in the art. Among them, the acrylic elas-
tomer satisfying the aforementioned properties is prefer-
ably employed as a material of the resin layer 13 because
it provides excellent properties such as fluidity at the time
of softening, adhesiveness after curing, and weather re-
sistance in addition to light transmissive property, an
electrical insulation property, and bendability.
[0025] The resin layer 13 is formed of light-transmitting
insulating resin that satisfies predetermined properties
such as a Vicat softening temperature, a tensile storage
elasticity modulus, a glass transition temperature, and a
melting temperature. Especially, the resin layer 13 is pref-
erably formed of elastomer. For example, it is preferable
that the Vicat softening temperature be set to 80 to 160°C,
and the tensile storage elasticity modulus at a tempera-
ture of 0 to 100°C be set to 0.01 to 10 GPa. In addition,
preferably, the resin layer 13 is not molten at the Vicat
softening temperature, and the tensile storage elasticity
modulus at the Vicat softening temperature is set to 0.1
MPa or higher.
[0026] The melting temperature of the resin layer 13
is preferably set to be equal to or higher than 180°C, or
be higher than the Vicat softening temperature by 40°C
or more. In addition, the resin layer 13 has a glass tran-
sition temperature equal to or lower than -20°C. Note that
the Vicat softening temperature is a value obtained under
the A50 condition described in JIS K7206 (ISO306:2004)
by applying a test load of 10N at a heating rate of
50°C/hour.
[0027] The glass transition temperature and the melt-
ing temperature were measured using a method comply-
ing with JIS K7121 (ISO 3146). The glass transition tem-
perature and the melting temperature were obtained by
heating a sample at a heating rate of 5°C/min and meas-
uring a heat amount based on heat flux differential scan-
ning calorimetry using a differential scanning calorimeter.
A tensile storage elastic modulus was measured in ac-
cordance with JIS K7244-1 (ISO 6721). The tensile stor-
age elastic modulus is a value obtained by heating a sam-
ple from -100°C to 200°C at a constant heating rate of
1°C/min using an automatic dynamic viscoelastometer
at a frequency of 10 Hz.
[0028] The resin layer 13 is arranged to the vicinities
of the electrodes 28 and 29 of the light-emitting element
22. In a case where the areas of the electrodes 28 and
29 are smaller than the area of an upper surface of the
light-emitting element 22 (including an N-type semicon-
ductor layer and a P-type semiconductor layer), and the
electrodes 28 and 29 protrude toward the conductor pat-
tern 5, a space may be generated between the upper
surface of the light-emitting element 22 and the conductor
pattern 5 in some cases. The resin layer 13 is preferably
formed in this space.

[0029] The thickness T2 of the resin layer 13 is smaller
than the height T1 of the light-emitting element 22. As a
result, a contact between the conductor pattern 5 and
the electrodes 28 and 29 is improved. The light transmis-
sive film 4 abutting on the resin layer 13 is curved inward
toward the center between the neighboring light-emitting
elements 22 from the portion where the light-emitting el-
ement 22 is placed. As a result, the conductor pattern 5
is pressed by the light transmissive film 4 toward the elec-
trodes 28 and 29. Therefore, electrical connection be-
tween the conductor pattern 5 and the electrodes 28 and
29 or reliability thereof is improved.
[0030] FIG. 2 is a perspective view illustrating the light-
emitting element 22. The light-emitting element 22 is a
square LED chip whose one side has a length of 0.3 to
3 mm. As illustrated in FIG. 2, the light-emitting element
22 is an LED chip including a base substrate 23, an N-
type semiconductor layer 24, an active layer 25, and a
P-type semiconductor layer 26. The light-emitting ele-
ment 22 has a rated voltage of 2.5 V.
[0031] The base substrate 23 is a sapphire substrate
or a semiconductor substrate. The N-type semiconductor
layer 24 having the same shape as that of the base sub-
strate 23 is formed on the upper surface of the base sub-
strate 23. The N-type semiconductor layer 24 is formed
of, for example, n-GaN.
[0032] The active layer 25 and the P-type semiconduc-
tor layer 26 are sequentially stacked on the upper surface
of the N-type semiconductor layer 24. The active layer
25 is formed of, for example, InGaN. In addition, the P-
type semiconductor layer is formed of, for example, p-
GaN. The light-emitting element 22 may have a double-
heterojunction (DH) structure or a multi-quantum well
(MQW) structure. Note that the conduction types of the
N-type semiconductor layer 24 and the P-type semicon-
ductor layer 26 may be reversed.
[0033] Notches 25a and 26a are formed in corners of
the active layer 25 and the P-type semiconductor layer
26 stacked on the N-type semiconductor layer 24, so that
the surface of the N-type semiconductor layer 24 is ex-
posed from the notches 25a and 26b. If the base sub-
strate 23 is optically light transmissive, light is emitted
from both upper and lower surfaces of the light-emitting
element. Hereinafter, for convenient description purpos-
es, the area of the surface of the N-type semiconductor
layer 24 exposed from the notches 25a and 26b will be
referred to as a region A1, and the area of the surface of
the P-type semiconductor layer 26 will be referred to as
a region A2. A height difference between the regions A1
and A2 is set to approximately 1 mm.
[0034] An electrode 29 (electrode pad) electrically con-
nected to the N-type semiconductor layer 24 is formed
in the portion of the N-type semiconductor layer 24 ex-
posed from the active layer 25 and the P-type semicon-
ductor layer 26. In addition, an electrode 28 (electrode
pad) electrically connected to the P-type semiconductor
layer 26 is formed in the corner of the P-type semicon-
ductor layer 26. The electrodes 28 and 29 are formed of
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copper (Cu) or gold (Au), and a conductive bump 30 is
formed on the upper surfaces of the electrodes 28 and
29. The bump 30 is a metal bump formed of metal such
as gold (Au) or gold alloy. Instead of the metal bump, a
solder bump may also be employed as the bump 30.
[0035] As illustrated in FIG. 1, the light-emitting ele-
ments 22 are placed at equal intervals such that a dis-
tance between the neighboring light-emitting elements
22 becomes "d." The distance "d" is set to 1,500 mm or
shorter. The number of light-emitting elements 22 pro-
vided in the light-emitting module 1 may be appropriately
determined depending on a specification of the light-emit-
ting module 1 such as an exterior size or a light-emitting
area.
[0036] FIG. 3 is an enlarged cross-sectional view illus-
trating a part of the light-emitting module 1. As illustrated
in FIG. 3, the electrodes 28 and 29 of the light-emitting
element 22 are electrically connected to the conductor
pattern 5 through the bump 30.
[0037] The bump 30 may be formed of gold, AuSn al-
loy, silver, copper, nickel, or an alloy, mixture, eutectic,
or amorphous material with other metals. In addition, the
bump 30 may be formed of solder, eutectic solder, a mix-
ture of metal fine particles and resin, an anisotropic con-
ductive film, or the like. The bump 30 may be a wire bump
using a wire bonder, or a bump formed through electro-
lytic or electroless plating. Furthermore, the bump 30 may
be obtained by ink-jet printing and firing ink containing
fine metal particles at a high temperature. Alternatively,
the bump 30 may be formed by printing or coating a paste
containing fine metal particles, ball mounting, pellet
mounting, vapor deposition sputtering, or the like.
[0038] The bump 30 preferably has a melting point of
180°C or higher. More preferably, the bump 30 has a
melting point of 200°C or higher. An upper limit of the
melting point of the bump 30 is practically set to 1100°C
or lower. If the melting point of the bump 30 is lower than
180°C, the bump 30 is significantly deformed in a vacuum
heat pressing process of the light-emitting module man-
ufacturing process, so that it may be difficult to maintain
a sufficient thickness of the bump 30. In addition, the
bump 30 may extrude from the electrode so as to degrade
brightness of the LEDs disadvantageously.
[0039] The melting point of the bump 30 was meas-
ured, for example, using a differential scanning calorim-
eter, Model No. DSC-60, produced by Shimadzu Corpo-
ration. The melting point of the bump 30 is a value meas-
ured by heating a sample of approximately 10 mg at a
heating rate of 5°C/min. When a solidus temperature and
a liquidus temperature are different, the solidus temper-
ature is set as the melting point of the bump 30.
[0040] The bump 30 has a dynamic hardness DHV
equal to or higher than 3 and equal to or lower than 150.
Preferably, the dynamic hardness DHV is set to be equal
to or higher than 5 and equal to or lower than 100. More
preferably, the dynamic hardness DHV is set to be equal
to or higher than 5 and equal to or lower than 50. If the
dynamic hardness DHV of the bump 30 is lower than 3,

the bump 30 is significantly deformed in the vacuum heat
pressing process of the light-emitting module manufac-
turing process, so that it is difficult to maintain a sufficient
thickness of the bump 30. In addition, the bump 30 may
extrude from the electrodes, so that the brightness of the
LED is degraded disadvantageously. Meanwhile, if the
dynamic hardness DHV of the bump 30 is higher than
150, the bump 30 deforms the light transmissive film 4
in the vacuum heat pressing process of the light-emitting
module manufacturing process so as to result in poor
appearance or poor connection.
[0041] The dynamic hardness DHV of the bump 30 is
obtained, for example, through a test using a Shimadzu
dynamic ultra micro hardness tester, Model No. DUH-
W201S, produced by Shimadzu Corporation. In this test,
a diamond regular pyramid indenter (Vickers indenter)
having a facing angle of 136° is pushed into the bump
30 at a load speed of 0.0948 mN/sec at a temperature
of 20°C. Then, a test force (P/mN) when the indentation
depth (D/mm) of the indenter reaches 0.5 mm is applied
to the following equation.

[0042] The bump 30 preferably has a height of 5 mm
or longer and 50 mm or shorter. More preferably, the
bump 30 has a height of 10 mm or longer and 30 mm or
shorter. If the height of the bump 30 is shorter than 5 mm,
an effect of preventing a short circuit between the con-
ductor pattern and the P-type semiconductor layer or be-
tween the conductor pattern and the N-type semiconduc-
tor layer is degraded. Meanwhile, if the bump 30 has a
height longer than 50 mm, the bump 30 deforms the light
transmissive film 4 in the vacuum heat pressing process
of the light-emitting module manufacturing process so as
to result in poor appearance or poor connection.
[0043] A contact area between the electrode of the
light-emitting element 22 and the bump 30 is preferably
set to 100 mm2 or larger and 15,000 mm2 or smaller. More
preferably, a contact area between the electrode of the
light-emitting element 22 and the bump 30 is set to 400
mm2 or larger and 8,000 mm2 or smaller. Such dimen-
sions are values measured under a stable environment
in which a difference between the room temperature and
the temperature of the measurement target object is with-
in 20°C62°C.
[0044] FIG. 4 illustrates a connection example be-
tween the conductor pattern 5 and the light-emitting el-
ement 22. Each of the electrodes 28 and 29 of the light-
emitting element 22 is connected to each of the neigh-
boring conductor patterns 5.
[0045] The set of light transmissive films 4 and 6, the
resin layer 13, and the plurality of light-emitting elements
22 are integrated through vacuum heat pressing. For this
reason, at least a part of the bump 30 is electrically con-
nected to the electrodes 28 and 29 of the light-emitting
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element 22 while it is not molten. Therefore, a contact
angle between the upper surface of the electrode 28 and
29 and the bump 30 becomes, for example, 135° or small-
er.
[0046] The light-emitting element 22 is turned on or off
by a DC voltage applied through the electrodes 28 and
29. For example, assuming that the light-emitting module
1 has seven light-emitting elements 22 arranged in two
rows, the conductor pattern 5 of the light-emitting module
1 forms a 7-series and 2-parallel circuit. In the light-emit-
ting elements 22 connected in series, the flowing current
has the same magnitude in overall light-emitting ele-
ments 22.
[0047] The light-emitting element 22 of the light-emit-
ting module 1 configured as described above has the
bump 30. For this reason, even when the flexible light-
emitting module 1 obtained by burying the light-emitting
elements 22 is bent such that the electrodes 28 and 29
side become convex, a sufficient height (vertical dis-
tance) is secured between the upper surface of the light-
emitting element 22 and the conductor pattern 5 by virtue
of the bump 30. Therefore, it is possible to prevent a short
circuit in the light-emitting module 1.
[0048] That is, as illustrated in FIG. 4, the conductor
pattern 5 connected to the electrode 29 in the N-type
semiconductor layer 24 side is placed over the P-type
semiconductor layer 26. Therefore, when the light-emit-
ting module 1 is bent such that the electrode 28, 29 sides
become convex, a short circuit occurs because the con-
ductor pattern 5 of the N-type semiconductor layer 24
side and the P-type semiconductor layer 26 overlap each
other. However, by securing a sufficient height between
the upper surface of the light-emitting element 22 and
the conductor pattern 5 by virtue of the bump 30, it is
possible to avoid a short circuit.
[0049] For example, FIG. 5A is a diagram illustrating
a state in which the light-emitting module 1 according to
this embodiment is curved. In addition, FIG. 5B is a dia-
gram illustrating a state in which the light-emitting module
300 in a comparative example is curved.
[0050] When the bump 30 is formed on the electrodes
28 and 29 of the light-emitting element 22 as illustrated
in FIG. 5A, a vertical distance from the conductor pattern
5 of the region A1 side to the region A2 of the light-emitting
element 22 increases. Therefore, even when the light-
emitting module 1 is curved, a contact between the con-
ductor pattern 5 connected to the electrode 29 of the
region A1 side and the surface of the region A2 of the
light-emitting element 22 is suppressed.
[0051] Meanwhile, in a case where the bump 30 is not
formed in the electrodes 28 and 29 of the light-emitting
element 22 as illustrated in FIG. 5B, the conductor pattern
5 connected to the electrode 29 of the region A1 side and
the surface of the region A2 of the light-emitting element
22 make contact with each other as the light-emitting
module 300 is curved, so that a leakage path is generated
through the N-type semiconductor layer 24, the electrode
29, the conductor pattern 5, and the P-type semiconduc-

tor layer 26, and this results in a short circuit.
[0052] As described above, in the light-emitting mod-
ule 1 according to this embodiment, a sufficient vertical
distance is secured between the conductor pattern 5 and
the light-emitting element 22 by virtue of the bump 30.
Therefore, it is possible to prevent a short circuit in the
circuit.

<Manufacturing Method>

[0053] Next, a manufacturing method of the light-emit-
ting module 1 according to an embodiment will be de-
scribed.
[0054] First, a light-emitting element 22 provided with
electrodes 28 and 29 (anode/cathode or cathode/anode)
is prepared.
[0055] Then, bumps 30 are formed in both the elec-
trodes 28 and 29 of the light-emitting element 22. As a
method of forming the bumps 30, a technique of forming
a gold bump or a gold-alloy bump from an Au wire or an
Au-alloy wire using a wire bump machine may be em-
ployed. The employed wire preferably has a diameter of
15 mm or larger and 75 mm or smaller.
[0056] According to this embodiment, a wire bonding
machine is employed. After forming a ball by melting the
wire through discharging at a tip of the wire, the ball and
the electrodes 28 and 29 are connected using ultrasonic
waves. Then, while the ball is connected to the electrodes
28 and 29, the wire is cut out from the ball. As a result,
as illustrated in FIG. 6, the bump 30 is formed on the
upper surface of the electrodes 28 and 29 while a pro-
trusion remains in the top end.

<Rounding Treatment>

[0057] A small protrusion in the top end of the bump
20 may remain as it is. Alternatively, rounding treatment
of the bump 30 may be performed by pressing the upper
surface of the bump 20 as desired.
[0058] By way of example, as illustrated in FIG. 6, a
protrusion generated when the wire is cut remains in the
upper portion of the bump 30. This protrusion is referred
to as a tail. The bump 30 is preferably shaped such that
a ratio "B/A" becomes 0.2 to 0.7, assuming that "A" de-
notes a diameter of the surface making contact with the
electrodes 28 and 29, and "B" denotes a height of the
bump 30. Here, the rounding treatment is performed
when the shape of the bump 30 deviates from the corre-
sponding numerical range.
[0059] FIGS. 7A to 7C are diagrams for describing
rounding treatment using a press plate 500. After forming
the bump 30, the light-emitting element 22 is placed in a
bump bonding machine (not shown). In addition, as illus-
trated in FIG. 7A, a press plate 500 provided in the bump
bonding machine is positioned over the bump 30 while
its lower surface is in parallel with the electrodes 28 and
29.
[0060] Then, the press plate 500 is lowered to press
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the upper portion of the bump 30 as illustrated in FIG.
7B. In this case, the press plate 500 is lowered until the
height of the bump has a desired height B. The tail of the
bump 30 is pressed by the press plate 500. As a result,
as illustrated in FIG. 7C, a continuous surface having no
protrusion is formed on the bump 30. This continuous
surface becomes flat at the top end of the bump 30.
[0061] The rounding treatment may be performed by
pressing the bump 30 by inserting a resin sheet. In this
case, a resin sheet 501 formed of, for example, PET,
fluororesin, TPX, olefin, or the like is installed on a lower
surface of the press plate 500. In addition, as illustrated
in FIG. 8A, the press plate 500 provided with the resin
sheet 501 is positioned over the bump 30 while its lower
surface is in parallel with the electrodes 28 and 29.
[0062] Then, the press plate 500 is lowered to allow
the resin sheet 501 to press the upper portion of the bump
30 as illustrated in FIG. 8B. The press plate 500 is lowered
until the height of the bump becomes a desired height B.
The tail of the bump 30 is pressed by the resin sheet 501.
As a result, as illustrated in FIG. 8C, a continuous surface
having no protrusion is formed in the upper portion of the
bump 30. The continuous surface formed in the bump 30
through the rounding treatment using the resin sheet 501
becomes a convex curved surface even in the top end
of the bump 30.
[0063] In the rounding treatment using the resin sheet
501, for example, the press plate 500 provided with the
resin sheet 501 is placed over the light-emitting element
22, and the press plate 502 provided with the resin sheet
503 is placed under the light-emitting element 22 as il-
lustrated in FIG. 9A. Such resin sheets 501 and 503 have
a thickness larger than a sum of the thickness of the light-
emitting element 22 and the height B of the bump 30.
[0064] The pressing is performed by lowering the press
plate 500 and lifting the press plate 502 at the same time
to interpose the light-emitting element 22. As a result,
the light-emitting element 22 is buried inside the resin
sheets 501 and 503 as illustrated in FIG. 9B. In this case,
the bump 30 of the light-emitting element 22 is subjected
to the rounding treatment so that the tail is pressed. The
movement amounts of the press plates 500 and 502 dur-
ing the pressing are determined depending on a target
height of the bump 30.
[0065] Then, the pressing of the light-emitting element
22 is terminated, and the resin sheets 501 and 503 are
removed from the light-emitting element 22. As a result,
it is possible to obtain the light-emitting element 22 having
the bump 30 provided with a continuous surface having
a continuous curved face.
[0066] The bump 30 is formed on the upper surface of
the light-emitting element 22 as described above. With-
out limiting thereto, the bump 30 may be a bump formed
through electrolytic plating or electroless plating instead
of the wire bump. The bump 30 may be formed through
inkjet coating using ink containing metal fine particles,
applying or printing a paste containing metal fine parti-
cles, ball mounting, pellet mounting, thermocompression

bonding of an anisotropic conductive film, or the like. The
bump 30 may be formed of metal such as gold, silver,
copper, and nickel, alloy such as gold-tin alloy, eutectic
or amorphous solder, or the like.
[0067] As the bump 30 is formed in the light-emitting
element 22, a light transmissive film 4 provided with the
conductor pattern 5 is prepared on the upper surface. In
addition, as illustrated in FIG. 10A, a resin sheet 130
having light transmissive property is placed on the upper
surface of the light transmissive film 4.
[0068] This resin sheet 130 is formed in substantially
the same shape as that of the light transmissive film 4.
The resin sheet 130 has a Vicat softening temperature
of 80 to 160°C and a tensile storage elasticity modulus
of 0.01 to 10 GPa at a temperature of 0 to 100°C. In
addition, the resin sheet 130 is not molten at the Vicat
softening temperature, and the tensile storage elasticity
modulus at the Vicat softening temperature is equal to
or higher than 0.1 MPa. The melting temperature of the
resin sheet 130 is set to be equal to or higher than 180°C,
or be higher than the Vicat softening temperature by 40°C
or more. In addition, the glass transition temperature of
the resin sheet 120 is equal to or lower than -20°C. As
the resin sheet 130 satisfying the aforementioned con-
dition, an elastomer sheet such as a thermoplastic acrylic
elastomer sheet may be employed.
[0069] The resin sheet 130 is slightly thinner than the
light-emitting element 22 including the bump.
[0070] Then, the light-emitting element 22 is placed on
the upper surface of the resin sheet 130 as illustrated in
FIG. 10B. The light-emitting element 22 is placed such
that a surface having the electrodes 28 and 29 faces the
light transmissive film 4. In addition, the light-emitting el-
ement 22 is positioned such that the electrodes 28 and
29 are placed over the corresponding conductor patterns
5.
[0071] Then, the light transmissive film 6 is placed over
the light-emitting element 22 as illustrated in FIG. 10C.
[0072] Then, a layered product including the light trans-
missive films 4 and 6, the resin sheet 130, and the light-
emitting element 22 is pressed while being heated under
a vacuum atmosphere.
[0073] In the layered product heating/pressing process
under a vacuum atmosphere (vacuum thermocompres-
sion bonding process), the layered product is preferably
pressed and heated to a temperature range T with re-
spect to the Vicat softening temperature Mp (°C) of the
resin sheet 130, where "Mp-10(°C) ≤ T ≤ Mp+30(°C)." In
addition, the layered product is more preferably heated
to a temperature range T, where "Mp-10(°C) ≤ T ≤
Mp+10(°C)."
[0074] By applying such a heating condition, it is pos-
sible to press the layered product while appropriately sof-
tening the resin sheet 130. In addition, the resin layer 13
may be formed, by inserting the resin sheet 130, such
that a softened resin sheet 130 may be filled between
the light transmissive films 4 and 5 while the electrodes
28 and 29 of the light-emitting element 22 placed on the
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conductor pattern 5 are connected to predetermined po-
sitions of the conductor pattern 5.
[0075] If the heating temperature T during the vacuum
thermocompression bonding of the layered product is
lower than a temperature obtained by subtracting 10°C
from the Vicat softening temperature Mp of the resin
sheet 130 (T < Mp-10), softening of the resin sheet 130
becomes insufficient. In this case, adherence of the resin
sheet 130 (further, the resin layer 13) to the light-emitting
element 22 may be degraded. If the heating temperature
T is higher than a temperature obtained by adding 30°C
to the Vicat softening temperature Mp of the resin sheet
130 (Mp+30 < T), the resin sheet 130 may be excessively
softened so as to result in an unsatisfactory shape.

<Thermocompression Bonding Process>

[0076] The thermocompression bonding process for
the layered product under a vacuum atmosphere is pref-
erably performed in the following way. The aforemen-
tioned layered product is preliminarily pressed to allow
each component to abut on each other. Then, a work
space where the preliminarily pressed layered product
is placed is evacuated in vacuum, and the layered prod-
uct is pressed while being heated to the aforementioned
temperature. If the thermocompression bonding is per-
formed for the preliminarily pressed layered product un-
der a vacuum atmosphere in this manner, it is possible
to fill the softened resin sheet 130 into a space between
the light transmissive films 4 and the 6 as illustrated in
FIG. 10D.
[0077] The vacuum atmosphere for the thermocom-
pression bonding is preferably set to 5 kPa or lower. The
preliminary pressing process may also be omitted. How-
ever, in this case, a positional deviation or the like may
easily occur in the layered product. Therefore, it is pref-
erable to perform the preliminary pressing process.
[0078] If the thermocompression bonding process of
the layered product is performed under an atmospheric
environment or low vacuum, bubbles easily remain in the
light-emitting module 1 after the thermocompression
bonding, especially, around the light-emitting element
22. The air inside the bubbles remaining in the light-emit-
ting module 1 is pressurized. For this reason, the light-
emitting module 1 subjected to the thermocompression
bonding may be blistered, or the light-emitting element
22 and the light transmissive films 4 and 6 may be exfo-
liated. In addition, if bubbles or blisters are present inside
the light-emitting module 1, especially, in the vicinity of
the light-emitting element 22, light is irregularly scattered,
so that appearance of the light-emitting module 1 be-
comes unsatisfactory.
[0079] In this manner, by performing a vacuum ther-
mocompression bonding process while the resin sheet
130 is interposed between the conductor pattern 5 and
the electrodes 28 and 29 of the light-emitting element 22,
it is possible to form the resin layer 13 around the light-
emitting element 22 while electrically connecting the

electrodes 28 and 29 and the conductor pattern 5. In
addition, for example, it is possible to appropriately fill a
part of the resin layer 13 in the space between the upper
surface of the light-emitting element 22 and the conductor
pattern 5 as illustrated in FIG. 3.
[0080] By performing the thermocompression bonding
process for the layered product, the light-emitting module
1 of FIG. 1 is completed. In the manufacturing method
according to this embodiment, it is possible to manufac-
ture the light-emitting module 1 having excellent electrical
connectability between the conductor pattern 5 and the
electrodes 28 and 29 of the light-emitting element 22 or
reliability thereof with high reproducibility.
[0081] Note that the heights of the electrodes 28 and
29 may be different from each other or may be the same.
In addition, although the light-emitting element 22 is as-
sembled to face downward in FIGS. 10A to 10D, the man-
ufacturing process may advance while the light-emitting
element 22 faces upward.
[0082] FIG. 11A is a diagram illustrating the light emit-
ting element 22, the resin layer 13, the conductor pattern
5, and the light transmissive films 4 and 6 placed around
the light emitting element 22 included in the light emitting
module 1. In addition, FIG. 11B
is an enlarged view illustrating the bump 30 formed in
the electrodes 28 and 29 of the light-emitting element 22.
As recognized from FIGS. 11A and 11B, in the light-emit-
ting module 1, a contact region of the conductor pattern
5 making contact with the bump 30 of the light-emitting
element 22 is recessed along the bump 30. As a result,
a contact area between the bump 30 and the conductor
pattern 5 increases. This makes it possible to reduce a
resistance between the bump 30 and the conductor pat-
tern 5.
[0083] In this embodiment, the resin layer 13 includes
a single-layered resin sheet 130. Alternatively, the resin
layer 13 may include a pair of resin sheets 130. In this
case, by pressing the layered product while the light-emit-
ting element 22 is interposed between the pair of resin
sheets 130, it is possible to obtain the light-emitting mod-
ule 1 of FIG. 1.
[0084] In a case where the resin layer 13 includes a
pair of resin sheets 130, the light transmissive film 6 is
used as a provisional substrate to obtain electrical con-
nection between the electrodes 28 and 29 and the con-
ductor pattern 5 by pressing the entire light transmissive
film 6. Then, one of the pair of resin sheets 130 opposite
to the electrodes 28 and 29 is exfoliated. In addition, a
resin sheet 130 having the same thickness as that exfo-
liated and a final light transmissive film 6 may be coated
again to obtain the light-emitting module 1 of FIG. 1.

(Second Embodiment)

[0085] Next, a light-emitting module according to a sec-
ond embodiment not forming part of the invention will be
described with reference to the accompanying drawings.
Note that like reference numerals denote like elements
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as in the light-emitting module of the first embodiment,
and they will not be described repeatedly.
[0086] FIG. 12 is a cross-sectional view illustrating a
schematic configuration of the light-emitting module 1
according to this embodiment. The light-emitting module
according to the second embodiment is different from the
light-emitting module of the first embodiment in that a
light-emitting element of the light-emitting module 1 has
electrodes on both surfaces.
[0087] As illustrated in FIG. 12, the light-emitting mod-
ule 1 has a set of light transmissive films 4 and 6, a resin
layer 13 formed between the light transmissive films 4
and 6, and a plurality of light-emitting elements 8 ar-
ranged inside the resin layer 13.
[0088] The light transmissive films 4 and 6 are ar-
ranged to face each other. Similar to the light transmis-
sive film 4, a conductor pattern 7 is formed on the upper
surface (the surface facing the light transmissive film 4)
of the light transmissive film 6.
[0089] A plurality of light-emitting elements 8 are ar-
ranged between the light transmissive films 4 and 6. The
light-emitting element 8 has an electrode 9 (electrode
pad) provided on the surface facing the light transmissive
film 4 and an electrode 10 provided on the surface facing
the light transmissive film 6.
[0090] A light-emitting diode chip (LED chip) having a
p-n junction may be employed as the light-emitting ele-
ment 8. The light-emitting element 8 is not limited to the
LED chip, and may include a laser diode (LD) chip or the
like.
[0091] The light-emitting element 8 may be obtained
by forming a P-type semiconductor layer on an N-type
semiconductor substrate, by forming an N-type semicon-
ductor layer on a P-type semiconductor substrate, or by
forming an N-type semiconductor layer and a P-type
semiconductor layer on a semiconductor substrate. Al-
ternatively, an LED may be bonded to a metal support
substrate such as CuW or a semiconductor support sub-
strate such as Si, Ge, or GaAs so that the p-n junction is
shifted from an initial semiconductor substrate to the sup-
port substrate. In addition, the light-emitting element 8
may have a double-heterojunction (DH) structure or a
multi-quantum well (MQW) structure.
[0092] FIG. 13 is a perspective view illustrating the
light-emitting element 8. The light-emitting element 8 is
a square LED chip whose one side has a length of 0.3
to 3 mm. As illustrated in FIG. 13, the light-emitting ele-
ment 8 has a base material 12, a P-type semiconductor
layer 16 stacked on the upper surface of the base material
12, a light-emitting layer 11 (a PN junction interface or a
light-emitting portion of a double heterojunction struc-
ture), and an N-type semiconductor layer 17. In addition,
an electrode 9 (electrode pad) is provided on the upper
surface of the P-type semiconductor layer 16, and an
electrode 10 is provided on the lower surface of the base
material 12. Note that the positions of the P-type semi-
conductor layer 16 and the N-type semiconductor layer
17 may be reversed.

[0093] FIG. 14 is an enlarged cross-sectional view il-
lustrating a part of the light-emitting module 1. As illus-
trated in FIG. 14, the electrode 9 is electrically connected
to the conductor pattern 5 through the bump 20. The elec-
trode 10 is directly connected to the conductor pattern 7.
[0094] The light-emitting element 8 is turned on by a
DC voltage applied through the electrodes 9 and 10. In
addition, the light-emitting element 8 may have a light
reflection layer, a current diffusion layer, a light transmis-
sive electrode, or the like.
[0095] The bump 20 has the same structure as that of
the bump 30 of the first embodiment. The bump 20 pref-
erably has a height of 5 mm or longer and 50 mm or short-
er. More preferably, the bump 20 has a height of 10 mm
or longer and 30 mm or shorter. If the height of the bump
20 is shorter than 5 mm, an effect of preventing a short
circuit between the conductor pattern 5 and the P-type
semiconductor layer 16 is degraded. Meanwhile, if the
bump 20 has a height longer than 50 mm, the bump 20
deforms the light transmissive film 4 in the vacuum heat
pressing process of the light-emitting module manufac-
turing process so as to result in poor appearance or poor
connection.
[0096] A contact area between the electrode 9 of the
LED chip and the bump 20 is preferably set to 100 mm2

or larger and 15,000 mm2 or smaller. More preferably, a
contact area between the electrode 9 of the LED chip
and the bump 20 is set to 400 mm2 or larger and 8,000
mm2 or smaller. The aforementioned contact areas are
values measured under a stable environment in which a
difference between the room temperature and the tem-
perature of the measurement target object is within
20°C62°C.
[0097] Preferably, the resin layer 13 is not molten at
the Vicat softening temperature, and the tensile storage
elasticity modulus at the Vicat softening temperature is
set to 0.1 MPa or higher. The melting temperature of the
resin layer 13 is preferably set to be equal to or higher
than 180°C, or be higher than the Vicat softening tem-
perature by 40°C or more. In addition, the resin layer 13
has a glass transition temperature equal to or lower than
-20°C.
[0098] The elastomer as a material of the resin layer
13 preferably has a peeling strength (in accordance with
a method A of JIS C5061 8.1.6) of 0.49 N/mm or stronger
for the conductor patterns 5 and 7 of the resin layer 13
formed of the elastomer.
[0099] Using the elastomer or the like satisfying the
conditions regarding the Vicat softening temperature, the
tensile storage elasticity modulus, and the melting tem-
perature, it is possible to bury the resin layer 13 between
the light transmissive film 4 and the light transmissive
film 6 while the resin layer 13 abuts on a plurality of light-
emitting elements 8. In other words, a contact state be-
tween the conductor pattern 5 and the electrode 9 and a
contact state between the conductor pattern 7 and the
electrode 10 are maintained by the resin layer 13 placed
around the light-emitting elements 8 in an abutting state.

15 16 



EP 3 306 684 B9

10

5

10

15

20

25

30

35

40

45

50

55

[0100] For this reason, in a case where a bending test
or a thermal cycling test (TCT) is performed for the light-
emitting module 1, it is proved that the electrical connec-
tion reliability between the conductor pattern 5 and the
electrode 9, and between the conductor pattern 7 and
the electrode 10 is excellent.
[0101] If the Vicat softening temperature of the resin
layer 13 exceeds 160°C, it is possible to sufficiently de-
form the resin sheet in a process of forming the resin
layer 13 described below. For this reason, electric con-
nection reliability is degraded between the conductor pat-
tern 5 and the electrode 9 and between the conductor
pattern 7 and the electrode 10. If the Vicat softening tem-
perature of the resin layer 13 is lower than 80°C, a holding
force of the light-emitting element 8 is short, so that elec-
tric connection reliability is degraded between the con-
ductor pattern 5 and the electrode 9 and between the
conductor pattern 7 and the electrode 10. The Vicat sof-
tening temperature of the resin layer 13 is preferably set
to 100°C or higher. In this case, it is possible to further
improve electrical connection reliability between the con-
ductor pattern 5 and the electrode 9 and between the
conductor pattern 7 and the electrode 10. The Vicat sof-
tening temperature of the resin layer 13 is preferably set
to 140°C or lower. As a result, it is possible to more ef-
fectively improve electrical connectability between the
conductor pattern 5 and the electrode 9 and between the
conductor pattern 7 and the electrode 10.
[0102] Even when the tensile storage elasticity modu-
lus of the resin layer 13 at a temperature of 0°C to 100°C
is lower than 0.01 GPa, the electrical connectability is
degraded between the conductor pattern 5 and the elec-
trode 9 and between the conductor pattern 7 and the
electrode 10.
[0103] The light-emitting elements 8 and their elec-
trodes 9 and 10 are very small. For this reason, in order
to accurately connect the electrodes 9 and 10 of the light-
emitting element 8 to predetermined positions of the con-
ductor patterns 5 and 7 during the vacuum thermocom-
pression bonding described below, it is necessary for the
resin sheet 130 to maintain a relatively high storage elas-
ticity modulus until the temperature reaches the vicinity
of the heating temperature of the vacuum thermocom-
pression bonding process from the room temperature.
[0104] If the elasticity of the resin is reduced during the
vacuum thermocompression bonding, the light-emitting
element 8 is easily tilted or slightly shifted in a horizontal
direction in the course of processing, so that the elec-
trodes 9 and 10 and the conductor patterns 5 and 7 may
be electrically disconnected, or a connection resistance
may increase disadvantageously. The tilting or horizontal
shifting of the light-emitting element 8 degrades a man-
ufacturing yield or reliability of the light-emitting module
1. In order to prevent the tilting or horizontal shifting of
the light-emitting element 8, a resin layer 13 having a
tensile storage elasticity modulus equal to or higher than
0.01 GPa at a temperature of 0°C to 100°C is employed.
[0105] If the tensile storage elasticity modulus of the

resin layer 13 is excessively high, the bending resistance
of the light-emitting module 1 is degraded. For this rea-
son, the resin layer 13 having a tensile storage elasticity
modulus equal to or lower than 10 GPa at a temperature
of 0°C to 100°C is employed. The tensile storage elas-
ticity modulus of the resin layer 13 at a temperature of
0°C to 100°C is preferably equal to or higher than 0.1
GPa and equal to or lower than 7 GPa.
[0106] If the elastomer or the like of the resin layer 13
is not molten at the Vicat softening temperature, and the
tensile storage elasticity modulus at the Vicat softening
temperature is equal to or higher than 0.1 MPa, it is pos-
sible to further improve the positioning accuracy between
the electrodes 9 and 10 and the conductor patterns 5 and
7 during the vacuum thermocompression bonding.
[0107] In this regard, the melting temperature of the
elastomer of the resin layer 13 is preferably set to be
equal to or higher than 180°C, or be higher than the Vicat
softening temperature by 40°C or more. More preferably,
the tensile storage elasticity modulus of the elastomer at
the Vicat softening temperature is set to be equal to or
higher than 1 MPa. In addition, the melting temperature
of the elastomer is preferably set to be equal to or higher
than 200°C or be higher than the Vicat softening temper-
ature by 60°C or more.
[0108] In order to improve a bending resistance or a
heat cycle resistance of the light-emitting module 1
across a wide temperature range from a low temperature
to a high temperature as well as manufacturability of the
light-emitting module 1, it is important to balance the Vicat
softening temperature, the tensile storage elasticity mod-
ulus, and the glass transition temperature described
above. By employing the elastomer having the tensile
storage elasticity modulus described above as the resin
layer 13, it is possible to improve the bending resistance
or the heat cycle resistance of the light-emitting module 1.
[0109] The light emitting module is required to have a
bending resistance and a heat cycle resistance under a
low-temperature environment depending on the living
environment in the winter season regardless of outdoor
use or indoor use. The bending resistance or the heat
cycle resistance of the light-emitting module 1 under a
low temperature environment may be degraded if the
glass transition temperature of the elastomer is exces-
sively high. For this reason, elastomer having a glass
transition temperature of -20°C or lower is preferably em-
ployed as the resin layer 13. By employing the elastomer
having a suitable glass transition temperature and a suit-
able tensile storage elasticity modulus as the resin layer
13, it is possible to improve the bending resistance and
the heat cycle resistance of the light-emitting module 1
across a wide temperature range from a low temperature
to a high temperature. The glass transition temperature
of the elastomer is more preferably set to -40°C or lower.
[0110] The thickness of the resin layer 13 may be equal
to a gap between the light transmissive films 4 and 6
based on the height of the light-emitting element 8. How-
ever, in order to improve contactability between the con-
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ductor patterns 5 and 7 and the electrodes 9 and 10, the
thickness of the resin layer 13 is preferably smaller than
the height of the light-emitting element 8 including the
bump. In addition, the thickness T2 of the resin layer 13
is more preferably set such that a difference T1-T2 be-
tween the thickness T2 and the height T1 of the light-
emitting element 8 including the bump has a range of 5
to 200 mm.
[0111] If the thickness T2 of the resin layer 13 is ex-
cessively small, it is difficult to maintain a shape of the
resin layer 13. In addition, adherence to the light-emitting
element 8 may be degraded. For this reason, the differ-
ence T1-T2 between the height T1 of the light-emitting
element 8 and the thickness T2 of the resin layer 13 is
preferably set to be equal to or smaller than a half of the
height T1 of the light-emitting element 8.
[0112] The light-emitting element 8 of the light-emitting
module 1 configured as described above has the bump
20. For this reason, a vertical distance between the con-
ductor pattern 5 and the light-emitting element 8 is se-
cured, so that it is possible to prevent a short circuit in
the light-emitting module 1.
[0113] For example, FIG. 15A is a diagram illustrating
a state in which the light-emitting module 1 according to
this embodiment is curved. In addition, FIG. 15B is a di-
agram illustrating a state in which the light-emitting mod-
ule 300 of a comparative example is curved.
[0114] As illustrated in FIG. 15A, in a case where the
electrode 9 of the light-emitting element 8 is provided
with the bump 20, a distance from the upper surface of
the light-emitting element 8 to the conductor pattern 5
increases, so that a sufficient vertical distance is provided
between the light-emitting element 8 and the conductor
pattern 5. For this reason, even when the light-emitting
module 1 is curved, contact between the conductor pat-
tern 5 connected to the electrode 9 and the light-emitting
element 8 is suppressed.
[0115] Meanwhile, in a case where the electrode 9 of
the light-emitting element 8 is not provided with the bump
20 as illustrated in FIG. 15B, a distance from the upper
surface of the light-emitting element 8 to the conductor
pattern 5 is reduced. For this reason, if the light-emitting
module 300 is curved while the light-emitting layer 11 or
the N-type semiconductor layer 17 is exposed from the
upper surface of the light-emitting element 8, for exam-
ple, as the outermost P-type semiconductor layer 16 is
notched at the edge of the chip, a leakage path passing
through the P-type semiconductor layer 16, the conduc-
tor pattern 5, and the N-type semiconductor layer 17 is
generated between the conductor pattern 5 connected
to the electrode 9 and the end of the light-emitting ele-
ment 8, so that a short circuit occurs.
[0116] In the light-emitting module 1 according to this
embodiment, a sufficient vertical distance is secured be-
tween the conductor pattern 5 and the light-emitting el-
ement 8 by virtue of the bump 20. Therefore, it is possible
to prevent a short circuit in the circuitry.

<Manufacturing Method>

[0117] Next, a manufacturing method of the light-emit-
ting module 1 according to an embodiment will be de-
scribed.
[0118] First, a light-emitting element 8 provided with
an electrode 9 in one side and an electrode 10 in the
other side (anode/cathode or cathode/anode) is pre-
pared.
[0119] Then, the bump 20 is formed in the electrode 9
of the light-emitting element 22. As a method of forming
the bump 20, a technique of forming a gold bump or a
gold-alloy bump from an Au wire or an Au-alloy wire using
a wire bump machine may be employed. The employed
wire preferably has a diameter of 15 mm or larger and 75
mm or smaller.
[0120] According to this embodiment, a wire bonding
machine is employed. After forming a ball by melting the
wire through discharging at a tip of the wire, the ball and
the electrode 9 are connected using ultrasonic waves.
Then, while the ball is connected to the electrode 9, the
wire is cut out from the ball. As a result, as recognized
from FIG. 6, the bump 20 is formed on the upper surface
of the electrode 9 while a protrusion remains in the top
end.

<Rounding Treatment>

[0121] A small protrusion in the top end of the bump
20 may remain as it is. Alternatively, rounding treatment
of the bump 20 may be performed by pressing the upper
surface of the bump 20 as desired. How to perform the
rounding treatment is similar to that of the first embodi-
ment.
[0122] Similarly, the rounding treatment for the light-
emitting module 1 according to this embodiment may be
performed using a resin sheet.
[0123] In the rounding treatment using the resin sheet
501, for example, a press plate 500 provided with the
resin sheet 501 is placed over the light-emitting element
8, and a press plate 502 provided with a resin sheet 503
is placed under the light-emitting element 8 as illustrated
in FIG. 16A. Such resin sheets 501 and 503 have a thick-
ness larger than a sum of the thickness of the light-emit-
ting element 8 and the height B of the bump 20.
[0124] The pressing is performed by lowering the press
plate 500 and lifting the press plate 502 at the same time
to interpose the light-emitting element 8. As a result, the
light-emitting element 8 is buried inside the resin sheets
501 and 503 as illustrated in FIG. 16B. In this case, the
bump 20 of the light-emitting element 8 is subjected to
the rounding treatment to press the tail. The movement
amounts of the press plates 500 and 502 during the
pressing are determined depending on a target height of
the bump 20.
[0125] Then, the pressing of the light-emitting element
8 is terminated, and the resin sheets 501 and 503 are
removed from the light-emitting element 8. As a result, it
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is possible to obtain a light-emitting element 8 having the
bump 20 provided with a continuous surface having a
continuous curved face.
[0126] As the bump 20 is formed in the light-emitting
element 8, a light transmissive film 4 provided with the
conductor pattern 5 is prepared on the upper surface. In
addition, as illustrated in FIG. 17A, a resin sheet 130
having light transmissive property is placed on the upper
surface of the light transmissive film 4. The resin sheet
130 is temporarily attached onto the light transmissive
film 4, for example, using an adhesive or the like.
[0127] Then, the light-emitting element 8 is placed on
the upper surface of the resin sheet 130 as illustrated in
FIG. 17B. The light-emitting element 8 is placed such
that a surface having the electrode 9 faces the light trans-
missive film 4. In addition, the light-emitting element 8 is
positioned such that the electrode 9 is placed over the
conductor patterns 5.
[0128] Then, the light transmissive film 6 having the
conductor pattern 7 is placed over the light-emitting ele-
ment 8 as illustrated in FIG. 17C. The light transmissive
film 6 is placed such that the conductor pattern 7 faces
the light-emitting element 8.
[0129] Then, a layered product including the light trans-
missive films 4 and 6, the resin sheet 130, and the light-
emitting element 8 is pressed while being heated under
a vacuum atmosphere. The layered product heat-
ing/pressing process under a vacuum atmosphere (vac-
uum thermocompression bonding process) is performed
under the same condition as that of the first embodiment.
[0130] The electrode 10 and the conductor pattern 7
may make direct contact with each other or may make
contact by inserting a conductive adhesive or the like.
[0131] According to this embodiment, it is possible to
suppress generation of bubbles in the light-emitting mod-
ule 1 on the basis of various properties of the resin layer
13, the vacuum thermocompression bonding condition,
and the like. It is preferable that there be no bubble having
an outer diameter equal to or larger than 500 mm or a
size larger than the exterior size of the light-emitting el-
ement 8.
[0132] A pressing force applied during the vacuum
thermocompression bonding of the layered product de-
pends on the heating temperature, a material and thick-
ness of the resin sheet 130, a thickness of the final resin
layer 13, and the like. However, the pressing force is
typically set to 0.5 to 20 MPa. In addition, the pressing
force is preferably set to a range of 1 to 12 MPa. By
adjusting the pressing force to the aforementioned range,
it is possible to fill a softened resin sheet 130 into the gap
between the light transmissive film 4 and the light trans-
missive film 6 as illustrated in FIG. 17D. Furthermore, it
is possible to suppress degradation of a light-emitting
property of the light-emitting element 8, a failure, or the
like.
[0133] In this manner, by performing a vacuum ther-
mocompression bonding process while the resin sheet
130 is interposed between the conductor pattern 5 and

the electrode 9 of the light-emitting element 8, it is pos-
sible to form the resin layer 13 around the light-emitting
element 8 while electrically connecting the electrode 9
and the conductor pattern 5 and electrically connecting
the electrode 10 and the conductor pattern 7. In addition,
for example, it is possible to appropriately fill a part of the
resin layer 13 in the space between the upper surface of
the light-emitting element 8 and the conductor pattern 5
as illustrated in FIG. 14. Furthermore, it is possible to
suppress remaining of bubbles in the resin layer 13.
[0134] By performing the thermocompression bonding
process for the layered product, the light-emitting module
1 of FIG. 12 is completed. In the manufacturing method
according to this embodiment, it is possible to manufac-
ture the light-emitting module 1 having excellent electrical
connectability between the conductor patterns 5 and 7
and the electrodes 9 and 10 or reliability thereof with high
reproducibility.
[0135] In this embodiment, the resin layer 13 includes
a single-layered resin sheet 130. Alternatively, the resin
layer 13 may include a pair of resin sheets 130. In this
case, by pressing the layered product while the light-emit-
ting element 8 is interposed between the pair of resin
sheets 130, it is possible to obtain the light-emitting mod-
ule 1 of FIG. 12.

Examples

[0136] Next, specific examples and their evaluation re-
sults will be described.
[0137] Table 1 of FIG. 18 shows a test result obtained
by performing a bending test and a thermal cycling test
for a light-emitting module having a light-emitting element
22 (LED) provided with a pair of electrodes 28 and 29 on
the upper surface as illustrated in FIG. 2.
[0138] The "CHIP SIZE" of Table 1 refers to vertical
and horizontal dimensions of the chip. The "BUMP
HEIGHT" refers to a height of the bump 30. The "DIS-
TANCE a" refers to a sum of the height of the electrode
29 (electrode pad) of the light-emitting element 22 and
the height of the bump 30 (see FIG. 20C). The "CHIP
AND BUMP POSITIONS" refers to a position of the bump
with respect to the light-emitting element 22. The "ON
DIAGONAL LINE OF CHIP AND IN CORNER" means
that the center of the bump 30 is placed on a diagonal
line L1 on the upper surface of the light-emitting element
22 indicated by a virtual line in the vicinity of the corner
as illustrated in FIG. 20A. The distance "b" refers to a
distance from the center of the bump 30 to a position
where the outer edge of the conductor pattern 5 intersects
with the outer edge of the upper surface of the light-emit-
ting element 22 as illustrated in FIG. 20A. The center of
the bump 30 also serves as a center of the electrode 29.
In FIG. 20A, a conductor pattern 5 connected to the lower
left bump 30 is illustrated, but a conductor pattern con-
nected to the upper right bump 30 is omitted. In addition,
as recognized from FIGS. 2 and 20A, on the surface of
the light-emitting element 22, the region A1 serves as a
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region where the N-type semiconductor layer 24 is ex-
posed, and the region A2 serves as a region where the
P-type semiconductor layer 26 is exposed, with respect
to the notches 25a and 25b of the active layer 25 and the
P-type semiconductor layer 26.
[0139] Light-emitting modules having six light-emitting
elements having sizes corresponding to the chip sizes
of Examples 1 to 9, which form part of the invention, and
Comparative Examples 1 to 8, which do not form part of
the invention, were prepared. All of the light-emitting el-
ements have a thickness of 150 mm.
[0140] In the light-emitting elements of Examples and
the light-emitting elements of Comparative Examples 1
to 6, the bump was formed on the electrode as described
above. Rounding treatment was applied to the bump. In
addition, none of the light-emitting elements of Compar-
ative Examples 7 and 8 has the bump formed on the
electrode.
[0141] As the light transmissive films of the light-emit-
ting modules of Examples and Comparative Examples,
a polyethylene terephthalate sheet having a thickness of
180 mm was employed. A conductor pattern formed of a
light transmissive conductive film (ITO) is formed in this
light transmissive film.
[0142] The resin layer was formed from an acrylic elas-
tomer sheet having a thickness of 60 mm by setting the
Vicat softening temperature to 110°C, setting the melting
temperature to 220°C, setting the glass transition tem-
perature to -40°C, setting the tensile storage elasticity
modulus at a temperature of 0°C to 1.1 GPa, setting the
tensile storage elasticity modulus at a temperature of
100°C to 0.3 GPa, and setting the tensile storage elas-
ticity modulus at the Vicat softening point of 110°C to 0.2
GPa.
[0143] The Vicat softening temperature was obtained
using a HD-PC heat distortion tester, Model No. 148,
produced by Yasuda Seiki Seisakusho Co., Ltd. under
the A50 condition described in JIS K7206 (ISO 306) by
applying a test load of 10 N at a heating rate of 50°C/hour.
[0144] The glass transition temperature and the melt-
ing temperature were measured using a method comply-
ing with JIS K7121 (ISO 3146). The glass transition tem-
perature and the melting temperature are values ob-
tained by measuring a heat amount based on heat flux
differential scanning calorimetry using a differential scan-
ning calorimeter, Model No. DSC-60, produced by Shi-
madzu Corporation by heating a sample at a heating rate
of 5°C/min.
[0145] The tensile storage elasticity modulus was
measured in accordance with JIS K7244-4 (ISO 6721-4).
The tensile storage elasticity modulus is a value obtained
by heating a sample at a constant heating rate of 1°C/min
from -100°C to 200°C and setting a frequency to 10 Hz
using an Automatic Dynamic Viscoelastometer, Model
No. DDV-01GP, produced by A&D Company, Limited.
[0146] The layered product of FIG. 10C was prelimi-
narily pressed at a pressure of 0.1 MPa, and the work
space was then evacuated in vacuum to 0.1 kPa. Then,

the layered product was pressed with a pressure of 9.8
MPa while being heated to a temperature of 120°C under
a vacuum atmosphere of 5 kPa. In addition, this state
was maintained for 10 minutes, so that the light trans-
missive film, the resin sheet, and the light-emitting ele-
ment of the layered product were integrated to manufac-
ture a light-emitting module.
[0147] The bending test and the thermal cycling test
were performed by connecting an external wire to the
conductor patterns of the light-emitting modules of each
Example and each Comparative Example and turning on
six light-emitting elements connected in series.
[0148] Six light-emitting modules were prepared for
each Example and each Comparative Example. In addi-
tion, a bending test described in JIS C5016 (IEC 249-1
and IEC 326-2) 8.6 were performed for each of the light-
emitting modules having a turn-on state.
[0149] The bending test was performed under an en-
vironment having a temperature of 3562°C, a relative
humidity of 60 to 70%, and an atmospheric pressure of
86 to 106 kPa. The light-emitting module was bent such
that the electrode 29 side of the light-emitting module
becomes convex. A minimum bending radius of the light-
emitting module was investigated by bending the light-
emitting module. The minimum bending radius refers to
a minimum value of the radius while the turn-on state of
the light-emitting module is maintained.
[0150] Specifically, a plurality of types of cylinders hav-
ing diameters from 100 mm to 5 mm in radius were pre-
pared. Then, the lower surface (the lower surface in
FIGS. 5A and 5B) of the obtained light emitting module
abutted on the surfaces of the cylinders in order from the
surface of the cylinder having the larger radius to the
surface of the cylinder having the smaller radius. Then,
the radius of the smallest cylinder when the turn-on state
of the light emitting module is maintained was determined
as the minimum bending radius.
[0151] As illustrated in Table 1, the minimum bending
radiuses of all of the light-emitting modules of Examples
1 to 9 were equal to or smaller than 20 mm. Meanwhile,
none of the light-emitting modules of Comparative Ex-
amples 1 to 8 has a bending radius equal to or smaller
than 20 mm. From this result, it was recognized that the
electrical connection reliability between the conductor
pattern of the light-emitting module and the electrode of
the light-emitting element was remarkably improved if
the ratio "a/b" is equal to or higher than 0.1.
[0152] The thermal cycling test was performed 3,000
times at a temperature between -30°C and 60°C in ac-
cordance with JIS C60068-14 to investigate the turn-on
state maintaining status. The thermal cycling test was
performed by setting a baking time to 30 minutes and
setting a heating rate to 3 K/min. As shown in Table 1,
the turn-on state was maintained in all of the light-emitting
modules of Examples 1 to 7. In comparison, none of the
light-emitting modules of Comparative Examples 1 to 8
maintains the turn-on state.
[0153] From the aforementioned result, it was proved
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that the reliability of the light-emitting module can be im-
proved by forming the bump in the light-emitting element.
In addition, in a case where the light-emitting module
includes a light-emitting element having an electrode
formed on only a single surface as illustrated in FIG. 2,
it was proved that the ratio "a/b" between the distance
"a" obtained by adding the height of the electrode 29 of
the light-emitting element 22 and the height of the bump
30 and the distance "b" from the center of the bump 30,
that is, the center of the electrode 29 to a position where
the outer edge of the conductor pattern intersects with
the outer edge on the upper surface of the light-emitting
element is preferably set to 0.1 or greater.
[0154] Note that, focusing on reduction of the minimum
bending radius, it is preferable to increase the ratio "a/b."
However, if the height of the bump increases, it becomes
difficult to manufacture the bump. In the case of a single-
layered bump, the bump height is preferably set to be
shorter than 60 mm or be equal to or shorter than 50 mm.
In addition, as the height of the bump increases, the chip
becomes unstable in the pressing process. For this rea-
son, the ratio "a/b" is preferably set to be equal to or
smaller than 0.4 even by considering a combination of
the distances "a" and "b." Therefore, according to the
present invention, the range of the ratio "a/b" in consid-
eration of the upper limit is set to 0.10 to 0.40. Referring
to Table 1, the preferable range is 0.10 to 0.30.
[0155] From the aforementioned result, it can be said
that a ratio "a/b2" between the distance "a" obtained by
adding the height of the electrode 29 and the height of
the bump 30 and the distance "b2" from the center of the
bump (the center of the electrode 29) to a far side corner
CN of a side adjacent to the bump is preferably set to a
range equal to or larger than 0.1, a range of 0.10 to 0.40,
or a range of 0.10 to 0.30. Typically, since a space for
the conductor pattern is necessary between the elec-
trodes, the side (outer edge) of the conductor pattern 5
of the electrode 29 side does not exceed the diagonal
line L2 of the chip.
[0156] Table 2 of FIG. 19 shows a test result obtained
by performing a bending test and a thermal cycling test
for the light-emitting module having the light-emitting el-
ement 8 having electrodes 9 and 10 on each of the upper
and lower surfaces as illustrated in FIG. 13, which does
not form part of the invention.
[0157] The "CHIP SIZE" of Table 2 refers to horizontal
and vertical dimensions of the chip. The "BUMP HEIGHT"
refers to a height of the bump 20. The "DISTANCE a"
refers to a sum of the height of the electrode 9 of the
light-emitting element 8 and the height of the bump 20
(refer to FIG. 20C). The "CHIP AND BUMP POSITIONS"
refers to a position of the bump with respect to the light-
emitting element 8. The "CENTER OF CHIP" means that
the bump 20 is placed in the center of the upper surface
of the light-emitting element 8 as illustrated in FIG. 20B.
In addition, the "3/4 POSITION FROM UPPER END OF
DIAGONAL LINE OF CHIP" refers to a position closest
to the corner out of three points obtained by quartering

the diagonal line on the surface of the light-emitting ele-
ment. The "DISTANCE b" refers to a distance from the
center of the bump 20 to the corner of the upper surface
of the light-emitting element as illustrated in FIG. 20B.
[0158] Light-emitting modules having six light-emitting
elements having sizes corresponding to the chip sizes
of Examples 1 to 7 and Comparative Examples 1 to 9
were prepared. All of the light-emitting elements have a
thickness of 150 mm.
[0159] In the light-emitting elements of Examples and
the light-emitting elements of Comparative Examples 1
to 7, the bump was formed on the electrode as described
above. Rounding treatment was applied to the bump. In
addition, none of the light-emitting elements of Compar-
ative Examples 7 and 8 has the bump formed on the
electrode.
[0160] As the light transmissive films of the light-emit-
ting modules of Examples and Comparative Examples,
a polyethylene terephthalate sheet having a thickness of
180 mm was employed. A conductor pattern formed of a
light transmissive conductive film (ITO) is formed in this
light transmissive film.
[0161] The resin layer was formed from an acrylic elas-
tomer sheet having a thickness of 60 mm by setting the
Vicat softening temperature to 110°C, setting the melting
temperature to 220°C, setting the glass transition tem-
perature to -40°C, setting the tensile storage elasticity
modulus at a temperature of 0°C to 1.1 GPa, setting the
tensile storage elasticity modulus at a temperature of
100°C to 0.3 GPa, and setting the tensile storage elas-
ticity modulus at the Vicat softening point of 110°C to 0.2
GPa.
[0162] The layered product of FIG. 17C was prelimi-
narily pressed at a pressure of 0.1 MPa, and the work
space was then evacuated in vacuum to 0.1 kPa. Then,
the layered product was pressed with a pressure of 9.8
MPa while being heated to a temperature of 120°C under
a vacuum atmosphere of 5 kPa. In addition, this state
was maintained for 10 minutes, so that the light trans-
missive film, the resin sheet, and the light-emitting ele-
ment of the layered product were integrated to manufac-
ture a light-emitting module.
[0163] The bending test and the thermal cycling test
were performed by connecting an external wire to the
conductor patterns of the light-emitting modules of each
Example and each Comparative Example and turning on
six light-emitting elements connected in series.
[0164] Six light-emitting modules were prepared for
each Example and each Comparative Example. In addi-
tion, a bending test described in JIS C5016 (IEC 249-1
and IEC 326-2) 8.6 were performed for each of the light-
emitting modules having a turn-on state.
[0165] The bending test was performed under an en-
vironment having a temperature of 3562°C, a relative
humidity of 60 to 70%, and an atmospheric pressure of
86 to 106 kPa. The light-emitting module was bent such
that the electrode 9 side of the light-emitting module 1
becomes convex. A minimum bending radius of the light-
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emitting module was investigated by bending the light-
emitting module.
[0166] Specifically, a plurality of types of cylinders hav-
ing diameters from 100 mm to 5 mm in radius were pre-
pared. Then, the lower surface (the lower surface in
FIGS. 15A and 51B) of the obtained light emitting module
abutted on the surfaces of the cylinders in order from the
surface of the cylinder having the larger radius to the
surface of the cylinder having the smaller radius. Then,
the radius of the smallest cylinder when the turn-on state
of the light emitting module is maintained was determined
as the minimum bending radius.
[0167] As illustrated in Table 2, the minimum bending
radiuses of all of the light-emitting modules of Examples
1 to 7 were equal to or smaller than 20 mm. Meanwhile,
none of the light-emitting modules of Comparative Ex-
amples 1 to 9 has a bending radius equal to or smaller
than 20 mm. From this result, it was recognized that the
electrical connection reliability between the conductor
pattern and the electrode of the light-emitting element of
the light-emitting module was remarkably improved if the
ratio "a/b" is equal to or higher than 0.12.
[0168] The thermal cycling test was performed 3,000
times at a temperature between -30°C and 60°C in ac-
cordance with JIS C60068-14 to investigate the turn-on
state maintaining status. The thermal cycling test was
performed by setting a baking time to 30 minutes and
setting a heating rate to 3 K/min. As shown in Table 2,
the turn-on state was maintained in all of the light-emitting
modules of Examples 1 to 7. In comparison, none of the
light-emitting modules of Comparative Examples 1 to 9
maintains the turn-on state.
[0169] From the aforementioned result, it was proved
that the reliability of the light-emitting module can be im-
proved by forming the bump in the light-emitting element.
In addition, in a case where the light-emitting module
includes a light-emitting element having an electrode
formed on only a single surface as illustrated in FIG. 13,
it was proved that the ratio "a/b" between the distance
"a" obtained by adding the height of the electrode 9 of
the light-emitting element 8 and the height of the bump
20 and the distance "b" from the center of the bump (the
center of the electrode 9) to the corner of the upper sur-
face of the light-emitting element is preferably set to 0.12
or greater.
[0170] Here, the lower limit of the ratio "a/b" is smaller
in Examples of Table 1 because, if a pair of electrodes
are on a single side, the center of the bump is closer to
the edge of the chip, so that the value of "b" can be larger.
[0171] Note that, focusing on reduction of the minimum
bending radius, it is preferable to increase the ratio "a/b."
However, if the height of the bump increases, it becomes
difficult to manufacture the bump. In addition, the chip
becomes unstable in the pressing process. For this rea-
son, the ratio "a/b" is preferably set to be equal to or
smaller than 0.4, and the bump height is preferably set
to be shorter than 60 mm or be equal to or shorter than
50 mm.

[0172] In Examples of Tables 1 and 2, a light transmis-
sive conductive film (ITO) is employed as the conductor
pattern 5. However, the same result is obtained even by
using a mesh conductor pattern formed of an opaque
metal material as the conductor pattern 5. Even when
the conductor pattern is a mesh pattern, and the light-
emitting element of the light-emitting module has a pair
of electrodes on a single side as shown in Table 1, the
conductor pattern makes contact with one of the P-type
semiconductor layer and the N-type semiconductor layer
of the light-emitting element, and is placed over the other
side of the P-type semiconductor layer and the N-type
semiconductor layer. For this reason, even when the con-
ductor pattern of the light-emitting module is a mesh pat-
tern, the same effect as that of the light-emitting module
having the conductor pattern formed of ITO can be ob-
tained.
[0173] While embodiments of the present invention
have been described hereinbefore, the invention is not
limited to the embodiments described above. For exam-
ple, the bump may include various types of bumps such
as a lift-off bump other than the wire bump using the wire
bonder.
[0174] For example, the bump may be formed of a mix-
ture of metal fine particles and resin. In this case, for
example, metal such as silver (Ag) or copper (Cu) and
alloy thereof may be mixed with thermoplastic resin to
form a paste, and a small droplet of the paste may be
sprayed to the electrode using ink jet method or a needle
application method to form a protrusion. Then, the pro-
trusion may be cured through baking to form a conductive
layer bump.
[0175] While several embodiments of the present in-
vention have been described, these embodiments have
been proposed by way of example and are not intended
to limit the scope of the invention, which is defined by the
appended claims.

[Reference Signs List]

[0176]

1 light-emitting module
4, 6 light transmissive film
5, 7 conductor pattern
8, 22 light-emitting element
9, 10, 28, 29 electrode
11 light-emitting layer
12 base material
13 resin layer
20, 30 bump
23 base substrate
17, 24 N-type semiconductor layer
25 active layer
16, 26 P-type semiconductor layer
25a, 26a notch
130 resin sheet
500, 502 press plate
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501, 503 resin sheet
L1, L2 diagonal line
CN far side corner of side adjacent to bump

Claims

1. A light-emitting module (1) comprising:

a first insulating substrate (4) having flexibility
and a plurality of conductor patterns (5, 7)
formed on a surface; and
a light-emitting element (22) having a first elec-
trode (29) placed in a first region (A1) on an up-
per surface facing the first insulating substrate
(4) and connected to a first conductor pattern
(5) out of the plurality of conductor patterns (5,
7) through a first bump (30), and a second elec-
trode (28) placed in a second region (A2) differ-
ent from the first region (A1) on the upper surface
facing the first insulating substrate (4) and con-
nected to a second conductor pattern (7) differ-
ent from the first conductor pattern (5) through
a second bump (30), characterised in that a
ratio (a/b) of a vertical distance (a) from the first
region (A1) to a contact point between the first
bump (30) and the first conductor pattern (5)
against a horizontal distance (b) from the center
of the first bump (30) to a position in top plan
view where an outer edge of the first conductor
pattern (5) intersects with an outer edge of the
upper surface of the light-emitting element (22)
is equal to or greater than 0.10 and equal to or
smaller than 0.40.

2. The light-emitting module (1) according to claim 1,
wherein a ratio of the distance (a) from the first region
(A1) to the contact point between the first bump (30)
and the first conductor pattern (5) against a distance
(b2) in top plan view, measured from the center of
the first bump (30) to a far side corner of a side of
the light-emitting element (22) is equal to or greater
than 0.1.

3. The light-emitting module (1) according to claim 1,
wherein the ratio is equal to or greater than 0.10 and
equal to or smaller than 0.30.

4. The light-emitting module (1) according to any one
of claims 1 to 3, wherein the first region (A1) and the
second region (A2) have layers of conduction types
opposite to each other.

5. The light-emitting module (1) according to any one
of claims 1 to 4, wherein a height of the bump (30)
to a contact point of the conductor pattern (5) is short-
er than 60 mm.

6. The light-emitting module (1) according to any one
of claims 1 to 4, wherein a height of the bump (30)
to a contact point of the conductor pattern (5) is equal
to or shorter than 50 mm.

7. The light-emitting module (1) according to any one
of claims 1 to 6, wherein a height of the bump (30)
is equal to or longer than 5 mm and equal to or shorter
than 50 mm.

8. The light-emitting module (1) according to any one
of claims 1 to 7, wherein the bump (30) is formed of
gold, silver, copper, nickel, or any one of alloys there-
of.

9. The light-emitting module (1) according to claim 8,
wherein the alloy includes AuSn alloy or nickel alloy.

10. The light-emitting module (1) according to any one
of claims 1 to 5, wherein a conductor pattern (5) con-
nected to the first region (A1) overlaps the second
region (A2).

Patentansprüche

1. Lichtemittierendes Modul (1) mit:

einem ersten isolierenden Substrat (4), das eine
Flexibilität und eine Mehrzahl von auf einer
Oberfläche gebildeten Leitungsmustern (5, 7)
aufweist; und
einem lichtemittierenden Element (22), das eine
erste Elektrode (29) aufweist, die in einer ersten
Region (A1) auf einer dem ersten isolierenden
Substrat (4) zugewandten oberen Fläche plat-
ziert und mit einem ersten Leitungsmuster (5, 7)
durch einen ersten Höcker (30) verbunden ist,
und eine zweite Elektrode (28), die in einer zwei-
ten von der ersten Region (A1) verschieden Re-
gion (A2) auf der dem ersten isolierenden Sub-
strat (4) zugewandt oberen Fläche platziert und
mit einem von dem ersten Leitungsmuster (5)
verschiedenen zweiten Leitungsmuster (7)
durch einen zweiten Höcker (30) verbunden ist,
dadurch gekennzeichnet, dass ein Verhältnis
(a/b) eines vertikalen Abstands (a) von der ers-
ten Region (A1) zu einem Kontaktpunkt zwi-
schen dem ersten Höcker (30) und dem ersten
Leitungsmuster zu einem horizontalen Abstand
(b) von dem Zentrum des ersten Höckers (30)
zu einer Stelle, wo in Draufsicht ein äußerer
Rand des ersten Leitungsmusters (5) einen äu-
ßeren Rand der oberen Fläche des lichtemittie-
renden Elements (22) kreuzt, gleich oder größer
als 0,10 und gleich oder kleiner als 0,40 ist.

2. Lichtemittierendes Modul (1) nach Anspruch 1, bei
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dem ein Verhältnis des Abstands (a) von der ersten
Region (A1) zu dem Kontaktpunkt zwischen dem
ersten Höcker (30) und dem ersten Leitungsmuster
(5) zu einem Abstand (b2), in Draufsicht gemessen
von dem Zentrum des ersten Höckers (30) zu einer
abgewandten Seitenecke auf einer Seite des lichte-
mittierenden Elements (22) gleich oder größer als
0,1 ist.

3. Lichtemittierendes Modul (1) nach Anspruch 1, bei
dem das Verhältnis gleich oder größer als 0,10 und
gleich oder kleiner als 0,30 ist.

4. Lichtemittierendes Modul (1) nach einem der An-
sprüche 1 bis 3, bei dem die erste Region (A1) und
die zweite Region (A2) Schichten von Leitungstypen
aufweisen, die entgegengesetzt zueinander sind.

5. Lichtemittierendes Modul (1) nach einem der An-
sprüche 1 bis 4, bei dem eine Höhe des Höckers
(30) zu einem Kontaktpunkt des Leitungsmusters (5)
kürzer als 60 mm ist.

6. Lichtemittierendes Modul (1) nach einem der An-
sprüche 1 bis 4, bei dem eine Höhe des Höckers
(30) zu einem Kontaktpunkt des Leitungsmusters (5)
gleich oder kleiner als 50 mm ist.

7. Lichtemittierendes Modul (1) nach einem der An-
sprüche 1 bis 6, bei dem eine Höhe des Höckers
(30) gleich oder größer als 5 mm und gleich oder
kleiner als 50 mm ist.

8. Lichtemittierendes Modul (1) nach einem der An-
sprüche 1 bis 7, bei dem der Höcker (30) aus Gold,
Silber, Kupfer, Nickel oder irgendeiner von Legie-
rungen daraus gebildet ist.

9. Lichtemittierendes Modul (1) nach Anspruch 1, bei
dem die Legierung eine AuSn-Legierung oder eine
Nickellegierung aufweist.

10. Lichtemittierendes Modul (1) nach einem der An-
sprüche 1 bis 5, bei dem ein Leitungsmuster (5), das
mit der ersten Region (A1) verbunden ist, die zweite
Region (A2) überlappt.

Revendications

1. Module électroluminescent (1) comprenant :

un premier substrat isolant (4) comportant une
certaine flexibilité et une pluralité de motifs con-
ducteurs (5, 7) formés sur une surface ; et
un élément électroluminescent (22) comportant
une première électrode (29) placée dans une
première région (A1) sur une surface supérieure

en regard du premier substrat isolant (4) et con-
nectée à un premier motif conducteur (5) parmi
la pluralité de motifs conducteurs (5, 7) par l’in-
termédiaire d’une première bosse (30), et une
deuxième électrode (28) placée dans une
deuxième région (A2) différente de la première
région (A1) sur la surface supérieure en regard
du premier substrat isolant (4) et connectée à
un deuxième motif conducteur (7) différent du
premier motif conducteur (5) par l’intermédiaire
d’une deuxième bosse (30),
caractérisé en ce qu’un rapport (a/b) d’une dis-
tance verticale (a) de la première région (A1) à
un point de contact entre la première bosse (30)
et le premier motif conducteur (5) par rapport à
une distance horizontale (b) du centre de la pre-
mière bosse (30) à une position en vue de des-
sus où un bord extérieur du premier motif con-
ducteur (5) croise un bord extérieur de la surface
supérieure de l’élément électroluminescent (22)
est égal ou supérieur à 0,10 et égal ou inférieur
à 0,40.

2. Module électroluminescent (1) selon la revendica-
tion 1, dans lequel un rapport de la distance (a) entre
la première région (A1) et le point de contact entre
la première bosse (30) et le premier motif conducteur
(5) par rapport à une distance (b2) en vue de dessus,
mesurée du centre de la première bosse (30) à un
coin latéral éloigné d’un côté de l’élément électrolu-
minescent (22) est égal ou supérieur à 0,1.

3. Module électroluminescent (1) selon la revendica-
tion 1, dans lequel le rapport est égal ou supérieur
à 0,10 et égal ou inférieur à 0,30.

4. Module électroluminescent (1) selon l’une quelcon-
que des revendications 1 à 3, dans lequel la première
région (A1) et la deuxième région (A2) ont des cou-
ches de types de conduction opposés l’un à l’autre.

5. Module électroluminescent (1) selon l’une quelcon-
que des revendications 1 à 4, dans lequel la hauteur
de la bosse (30) par rapport à un point de contact
du motif conducteur (5) est inférieure à 60 mm.

6. Module électroluminescent (1) selon l’une quelcon-
que des revendications 1 à 4, dans lequel la hauteur
de la bosse (30) par rapport à un point de contact
du motif conducteur (5) est égale ou inférieure à 50
mm.

7. Module électroluminescent (1) selon l’une quelcon-
que des revendications 1 à 6, dans lequel la hauteur
de la bosse (30) est égale ou supérieure à 5 mm et
égale ou inférieure à 50 mm.

8. Module électroluminescent (1) selon l’une quelcon-
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que des revendications 1 à 7, dans lequel la bosse
(30) est formée d’or, d’argent, de cuivre, de nickel
ou de l’un quelconque de leurs alliages.

9. Module électroluminescent (1) selon la revendica-
tion 8, dans lequel l’alliage comprend un alliage
AuSn ou un alliage de nickel.

10. Module électroluminescent (1) selon l’une quelcon-
que des revendications 1 à 5, dans lequel un motif
conducteur (5) connecté à la première région (A1)
chevauche la deuxième région (A2).
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