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(54) Method for feeding electric power to a planar light-emitting element

(57) A method for feeding electric power to a planar
light-emitting element which includes a planar anode
electrode, a planar cathode electrode, a light-emitting
layer provided between the anode electrode and the

cathode electrode, two or more anode terminal portions
protruding from the anode electrode and one or more
cathode terminal portions protruding from the cathode
electrode. The method includes sequentially providing
the electric power to the anode terminal portions.
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Description

Field of the Invention

[0001] The present invention relates to a method for feeding electric power to a planar light-emitting element, which
can adjust a luminance distribution.

Background of the Invention

[0002] One example of conventional planar light-emitting elements (hereinafter referred to as "light-emitting element")
is shown in Fig. 18. The light-emitting element 100 includes a base 101, an anode electrode 102, a light-emitting layer
103 and a cathode electrode 104, the latter three of which are laminated in that order on the base 101. An anode terminal
portion 105 protrudes from the anode electrode 102 and a cathode terminal portion 106 protrudes from the cathode
electrode 104. Electric power is fed from a power source 108 to the anode terminal portion 105 and the cathode terminal
portion 106 via a constant current circuit 107.
[0003] In operation of the light-emitting element 100, the anode electrode 102 injects holes into the light-emitting layer
103 and the cathode electrode 104 injects electrons into the light-emitting layer 103, upon application of an electric
voltage. The holes and electrons thus injected are combined together in the light-emitting layer 103 to generate excitons.
The excitons make transition to a ground state, thus emitting light.
[0004] If electric power is normally fed to the anode terminal portion 105, the in-plane electric potential gradient of the
anode electrode 102 with respect to the light-emitting layer 103 grows higher due to a high sheet resistance of the anode
electrode 102, which leads to increased luminance variations.
[0005] In view of this, it may be thought to employ a light-emitting element 110 having a plurality of anode terminal
portions 105a and 105b as illustrated in Fig. 19. If an electric current is supplied in parallel through these anode terminal
portions 105a and 105b, it is possible to suppress occurrence of the in-plane electric potential gradient of the anode
electrode 102 with respect to the light-emitting layer 103 and to reduce the luminance variations.
[0006] However, the peak value of the electric current flowing through the anode terminal portions 105a and 105b
varies depending on the position and size of the anode terminal portions 105a and 105b. For that reason, it is difficult
to completely prevent occurrence of the electric potential gradient.
[0007] As a solution to this problem, it may be contemplated to employ a light-emitting element 110 to which variable
resistors 111a and 111b are connected as shown in Fig. 20. The variable resistors 111a and 111b are connected between
the anode terminal portions 105a and 105b and the constant current circuit 107, respectively. The resistance between
the anode electrode 102 and the power source 108 can be matched by adjusting the resistance values of the variable
resistors 111a and 111b. This makes it possible to suppress occurrence of the electric potential gradient in the anode
electrode 102.
[0008] However, the resistances are varied from electrode to electrode due to a temperature gradient in the anode
electrode 102 or the light-emitting element 110 caused by the installation state and direction of the light-emitting element
110. For that reason, it is difficult to equalize the current values supplied to the anode terminal portions 105a and 105b.
[0009] It may also be contemplated to employ a light-emitting element 110 to which two constant current circuits 107a
and 107b are connected as shown in Fig. 21. This makes it possible for the constant current circuits 107a and 107b to
equalize the peak values of the current flowing through the anode terminal portions 105a and 105b. As a result, it is
possible to suppress occurrence of the electric potential gradient when emitting the light. However, the power feeding
circuit becomes complicated because there is a need to provide the anode terminal portions 105a and 105b in plural
numbers.
[0010] It is known that the light emission characteristics of the light-emitting element vary depending on the composition
of a material of which the light-emitting layer is made. This means that it is possible not only to adjust the emission color
of the light-emitting element but also to increase the light emission efficiency and the lifespan thereof by properly setting
the composition of the material of the light-emitting layer. Further, adjustment of the color of a light emission surface is
very useful in the field of light sources. Nevertheless, it is impossible to adjust the color of the light emission surface
because the composition of the material of the light-emitting layer cannot be changed after the light-emitting element
has been fabricated.
[0011] In view of this, it may be contemplated that the adjustment of color of the light emission surface is not performed
with a single light-emitting element but by changing the light emission intensity of individual light-emitting elements in a
planar illumination device, e.g., a display device, in which a plurality of light-emitting elements differing in emission colors,
e.g., red (R), green (G), blue (B) or the like is arranged side by side. However, this is not desirable because the light-
emitting elements need to be made in a small size in the planar illumination device, which makes the planar illumination
device structurally complicated.
[0012] There is also known a planar illumination device in which the light emission color can be arbitrarily changed
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by independently driving a plurality of laminated planar light-emitting elements each having transparent anode and
cathode electrodes (see, e.g., JP2002-260859A and JP2003-288995A). Although such planar illumination device is
capable of changing the color of a light emission surface thereof, the thickness thereof is increased because the light-
emitting elements are overlapped one above another.

Summary of the Invention

[0013] In view of the above, the present invention provides a method for feeding electric power to a planar light-emitting
element, which is capable of causing the light-emitting element to emit light with a uniform luminance distribution and
capable of arbitrarily changing the light emission color of the light-emitting element.
[0014] In accordance with an embodiment of the present invention, there is provided a method for feeding electric
power to a planar light-emitting element which is provided with a planar anode electrode, a planar cathode electrode, a
light-emitting layer provided between the anode electrode and the cathode electrode, two or more anode terminal portions
protruding from the anode electrode and one or more cathode terminal portions protruding from the cathode electrode,
including sequentially providing the electric power to the anode terminal portions.
[0015] With the above configuration, it is possible equalize the peak values of electric currents in the anode terminal
portions, while equalizing the current supply time periods per unit time in the anode terminal portions. This enables the
light-emitting element to emit light with a uniform luminance distribution. In addition, it is possible to make different the
current supply time periods per unit time to the anode terminal portions. This makes it possible to change the luminance
distribution and to generate a luminance gradation.
[0016] The anode terminal portion may be provided in pair near the intersecting points between a line segment passing
through the center point of the light-emitting layer and peripheral portions of the light-emitting element and the number
of the cathode terminal portions may be one. In this case, the cathode terminal portion may be equally spaced apart
from the anode terminal portions.
[0017] Therefore, the luminance distributions in the current flow paths flowing from the anode terminal portions to the
cathode terminal portion becomes symmetrical with each other. This enables the light-emitting element to emit light with
a uniform luminance distribution.
[0018] The number of cathode terminal portion may be greater than one.
[0019] Since the cathode terminal portions having a low impedance are dispersedly provided in the light-emitting
element, it becomes easy for an electric current to flow through the light-emitting element. This enables the light-emitting
element to emit light with a uniform luminance distribution.
[0020] The anode terminal portions preferably have same size.
[0021] With this configuration, it is possible to greatly reduce the impedance difference between the anode terminal
portions. This enables the light-emitting element to emit light with a uniform luminance distribution.
[0022] The thickness and/or the component ratio of the light-emitting layer may be gradually increased or decreased
along a line segment interconnecting one pair of the anode terminal portions and the amounts of electric currents supplied
to the anode terminal portions per unit time may be adjusted.
[0023] With this configuration, the light emission color of the light-emitting element can be arbitrarily changed by
generating a current density distribution and hence a luminance gradation in the light-emitting layer.

Brief Description of the Drawings

[0024] The objects and features of the present invention will become apparent from the following description of preferred
embodiments, given in conjunction with the accompanying drawings, in which:

Fig. 1 is an outward appearance view showing an illumination device provided with a planar light-emitting element
in accordance with a first embodiment of the present invention;
Figs. 2A, 2B and 2C are views illustrating processes of producing the planar light-emitting element;
Fig. 3 is a view showing the timing at which an electric power is fed to the planar light-emitting element;
Fig. 4 is an exploded perspective view showing a modified example of the illumination device provided with the
planar light-emitting element;
Figs. 5A and 5B are outward appearance views showing another modified example of the illumination device provided
with the planar light-emitting element;
Fig. 6 is a perspective view showing still another modified example of the illumination device provided with the planar
light-emitting element;
Fig. 7 is a plan view showing a planar light-emitting element in accordance with a second embodiment of the present
invention;
Fig. 8 is a view representing different luminance distributions taken along the h1-h2 line of the planar light-emitting
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element shown in Fig. 7;
Fig. 9 is a plan view showing a modified example of the planar light-emitting element of the second embodiment;
Fig. 10 is a view showing the timing at which an electric power is fed to the modified example of the planar light-
emitting element shown in Fig. 9;
Fig. 11 is a plan view showing another modified example of the planar light-emitting element of the second embod-
iment;
Fig. 12 is a plan view showing a planar light-emitting element in accordance with a third embodiment of the present
invention;
Fig. 13A is a view representing different luminance distributions taken along the h1-h2 line of the planar light-emitting
element of the third embodiment; and Fig. 13B is a view representing different luminance distributions taken along
the v1-v2 line thereof;
Fig. 14 is a plan view showing a modified example of the planar light-emitting element of the third embodiment;
Fig. 15 is a plan view showing another modified example of the planar light-emitting element of the third embodiment;
Figs. 16A, 16B and 16C are views illustrating processes of producing a planar light-emitting element in accordance
with a fourth embodiment of the present invention;
Figs. 17A, 17B and 17C are views illustrating processes of producing a modified example of the planar light-emitting
element of the fourth embodiment;
Fig. 18 is a plan view illustrating a conventional planar light-emitting element;
Fig. 19 is a plan view illustrating another conventional planar light-emitting element;
Fig. 20 is a plan view illustrating still another conventional planar light-emitting element; and
Fig. 21 is a plan view illustrating still another conventional planar light-emitting element.

Detailed Description of the Preferred Embodiments

[0025] Hereinafter, embodiments of the present invention will be described in more detail with reference to accompa-
nying drawings which form a part hereof.

First Embodiment

[0026] Fig. 1 shows an illumination device 2 provided with a planar light-emitting element 1 (hereinafter simply referred
to as "light-emitting element") in accordance with a first embodiment of the present invention. The illumination device 2
includes a light-emitting element 1, a suspender mechanism 3 for attaching the light-emitting element 1 to a ceiling and
a power cord 4 for interconnecting the light-emitting element 1 and the suspender mechanism 3. A periphery of the light-
emitting element 1 is covered and protected by a lamp case 5. The suspender mechanism 3 is provided on its surface
with a signal receiving portion 6 for receiving a remote control signal transmitted from a remote controller (not shown).
[0027] The light-emitting element 1 is produced in the following order. Referring to Fig. 2A, a rectangular planar anode
electrode 8 (hereinafter simply referred to as "anode") is first formed on a rectangular base 7. Then, a rectangular light-
emitting layer 10 is formed on the portion of the anode 8 other than the marginal portions of two mutually-opposing sides
thereof as illustrated in Fig. 2B. The marginal portions of two mutually-opposing sides of the anode 8, on which the light-
emitting layer 10 is not formed, are used as anode terminal portions 9a and 9b.
[0028] Referring to Fig. 2C, a rectangular planar cathode electrode 12 (hereinafter simply referred to as "cathode") is
formed on the base 7 and the light-emitting layer 10 so that the light-emitting layer 10 is arranged between the anode
8 and the cathode 12. For easier understanding of the positional relationship with the light-emitting layer 10, the cathode
12 is illustrated as if it is translucent. A portion of the cathode 12 directly formed on the base 7 serves as a cathode
terminal portion 11.
[0029] In the light-emitting element 1, the anode terminal portions 9a and 9b are connected through a switch S1 to a
driving circuit 15 which includes a constant current circuit 13 and a power source 14, the cathode terminal portion 11
being grounded. The switch S1 includes terminals sa and sb connected to the anode terminal portions 9a and 9b,
respectively. The constant current circuit 13 includes an operational amplifier 16, a transistor 17, a current-detecting
resistor 18 and a power source 19.
[0030] The constant current circuit 13 controls an electric current by comparing a voltage across the current-detecting
resistor 18 with a reference value. The driving circuit 15 is installed within the suspender mechanism 3. So is a remote
controller circuit for controlling the driving circuit 15 in response to the remote control signal transmitted from a remote
controller, or the like. The light-emitting element 1 emits light when supplied with electric power from the driving circuit
15 through the power cord 4.
[0031] The base 7 is made from a glass plate, a resin plate or a film. For example, a plastic sheet, a composite of
glass and plastic, a transparent ceramic plate, a cured resin body or a sheet or film made of an organic or inorganic
hybrid material may be used as a material from which the base 7 is made.
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[0032] The material of the anode 8 is not particularly limited insofar as it does not impair the functions of the light-
emitting element 1. Examples of the material of the anode 8 include a transparent electrically conductive film made of
ITO, IZO, AZO, GZO, ATO, SnO2 or the like; a metallic thin film made of Ag, Au, Al or the like; an electrically conductive
organic material; or a combination thereof. The anode terminal portions 9a and 9b protruding from the anode 8 are made
of the same material as that of the anode 8. The anode 8 and the cathode 12 are formed by, e.g., a vacuum deposition
method.
[0033] The anode terminal portions 9a and 9b are identical in size. Accordingly, an impedance difference hardly occurs
between the anode terminal portions 9a and 9b in the light-emitting element 1. As a result, it is possible for the light-
emitting element 1 to emit light with a uniform luminance distribution.
[0034] Examples of the material of which the light-emitting layer 10 is made include anthracene, naphthalene, pyrene,
tetracene, coronene, perylene, phthaloperylene, naphthaloperylene, diphenylbutadiene, tetraphenylbutadiene, cou-
marin, oxadiazole, bisbenzoxazoline, bisstyryl, cyclopentadiene, quinoline metal complex, tris(8-hydroxyquinolinate)
aluminum complex (Alq3), tris(4-methyl-8-quinolinate) aluminum complex, tris(5-phenyl-8-quinolinate) aluminum com-
plex, aminoquinoline metal complex, benzoquinoline metal complex, tri(p-terphenyl-4-yl) amine, 1-aryl-2,5-di(2-thienyl)
pyrrole derivative, pyrene, quinacridone, rubrene, distyrylbenzene derivative, distyrylarylene derivative, distyrylamine
derivative, and various kinds of fluorescent pigments. The light-emitting layer 10 is formed by using, e.g., an in-line type
deposition method and, accordingly, the component ratio and thickness of the light-emitting layer 10 become uniform
in the film surface direction.
[0035] Examples of the material of which the cathode 12 is made include alkali metal, alkali metal halide, alkali metal
oxide, alkali earth metal, and alloys of these substances and other metal. Specific examples thereof include sodium,
sodium-potassium alloys, lithium, magnesium, magnesium-silver mixtures, magnesium-indium mixtures, aluminum-lith-
ium alloys, and Al-LiF mixtures. Aluminum or Al-Al2O3 mixtures may also be used as the material of the cathode 12.
[0036] Alternatively, the cathode 12 may be formed by laminating one or more layers of electric conductive material,
e.g., metal, on a base layer made of alkali metal oxide, alkali metal halide or metal oxide. More specifically, a laminated
body of alkali metal and aluminum, a laminated body of alkali metal halide, alkali earth metal and aluminum, or a laminated
body of alkali metal oxide and aluminum may be used as the material of the cathode 12. The cathode terminal portion
11 protruding from the cathode 12 is made of the same material as that of the cathode 12.
[0037] A method for feeding electric power to the light-emitting element 1 in accordance with the present embodiment
will be described below. Fig. 3 shows the timing at which electric power is fed to the light-emitting element 1 of the
present embodiment. Ta denotes the current supplying time period for which an electric current is supplied to the anode
terminal portion 9a when the contact point of the switch S1 is placed on the terminal sa. Tb signifies the current supplying
time period for which an electric current is supplied to the anode terminal portion 9b when the contact point of the switch
S1 is placed on the terminal sb.
[0038] An electric current Ia supplied to the anode terminal portion 9a has a peak value Iap, while an electric current
Ib supplied to the anode terminal portion 9b has a peak value Ibp. The current supplying time periods Ta and Tb can
be arbitrarily set by controlling the timing at which the contact point of the switch S1 is changed over. The peak values
Iap and Ibp are all equal to the peak value Ic of the electric current outputted from the constant current circuit 13.
Therefore, the light-emitting element 1 is supplied with a constant current having the peak value Ic with no influence of
the temperature difference of the anode 8 or the light-emitting element 1 which may be caused by the installation state
or direction of the light-emitting element 1.
[0039] When the current supply timing alternated so that the current supplying time periods Ta and Tb per unit time
can be equalized,the light-emitting element 1 can emit light with a uniform luminance distribution because the peak
values Iap and Ibp are equal to the peak value Ic. The frequency, at which the current supply timing is changed over, is
preferably set within the range where one cannot visually recognize the change in the luminance distribution. For example,
the frequency may be 150 Hz or more. Provision of one constant current circuit 13 is enough. There is no need to employ
a structurally complicated driving circuit. This makes it possible to reduce the production cost of the light-emitting element
1.
[0040] If necessary, the current supplying time periods Ta and Tb per unit time may be set to have a difference in
which case luminance gradation can be generated by changing the luminance distribution.
[0041] Next, description will be made on a modified example of the illumination device. Fig. 4 shows the modified
example of the illumination device. The illumination device 21 includes a light-emitting element 1, a driving circuit 15
electrically connected to the light-emitting element 1 through wiring lines 22, a changeover switch 23 installed in the
driving circuit 15, and a protection cover 26 formed of a front case 24 and a rear plate 25 for holding the light-emitting
element 1 and the driving circuit 15 therebetween. The rear plate 25 of the illumination device 21 is attached to the
ceiling. The power can be turned on or off by using the changeover switch 23.
[0042] Figs. 5A and 5B show another modified example of the illumination device. The illumination device 28 includes
a light-emitting element 1, a driving circuit 15 electrically connected to the light-emitting element 1 through a wiring line
22, and a protection cover 26 formed of a front case 24 and a rear case 29 for holding the light-emitting element 1 and
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the driving circuit 15 therebetween. The driving circuit 15 is arranged at the rear side of the light-emitting element 1 and
received within the rear case 29. The rear case 29 of the illumination device 28 is embedded in the wall surface 30 in
its entirety so that the plane of the light-emitting element 1 can be kept perpendicular with respect to the ground surface.
[0043] Fig. 6 shows still another modified example of the illumination device. The illumination device 31 includes a
plurality of light-emitting elements 1, a mirror 32, a lamp case 5 for covering the peripheries of the light-emitting elements
1 and a power source case 33 for holding the lamp case 5 and the mirror 32 in place. The lamp case 5 is configured to
hold the light-emitting elements 1 and the mirror 32 so that their surfaces can be placed in same plane. The power
source case 33 includes a driving circuit 15 for driving the light-emitting elements 1 and a changeover switch 23 for
turning on or off the electric power. The modified illumination devices 21, 28 and 31 can provide the same advantageous
effects as available in the illumination device 2 described earlier.

Second Embodiment

[0044] Fig. 7 shows a light-emitting element in accordance with a second embodiment of the present invention. The
light-emitting element 41 differs from the light-emitting element 1 of the first embodiment in that it includes three anode
terminal portions 9a, 9b and 9c. Other configurations remain the same. The light-emitting element 41 includes three
anode terminal portions 9a, 9b and 9c protruding from three sides of the anode 8 and a cathode terminal portion 11
protruding from one side of the cathode 12. The anode terminal portion 9a is arranged in an opposing relationship with
the anode terminal portion 9c, while the anode terminal portion 9c is arranged in an opposing relationship with the
cathode terminal portion 11.
[0045] In the light-emitting element 41, the anode terminal portions 9a, 9b and 9c are electrically connected to the
constant current circuit 13 and the power source 14 through a switch S2, the cathode terminal portion 11 being grounded.
The switch S2 includes a terminal sa connected to the anode terminal portion 9a, a terminal sb connected to the anode
terminal portion 9b and a terminal sc connected to the anode terminal portion 9c. As the contact point of the switch S2
is changed over to make contact with one of the terminals sa, sb and sc, the corresponding one of the anode terminal
portions 9a, 9b and 9c is supplied with a constant current having a peak value Ic.
[0046] The line passing through the centers of the anode terminal portions 9a and 9c is designated by line h1-h2. The
three portions, i.e., the left portion, the central portion and the right portion of the light-emitting layer 10 corresponding
to the paths of the electric current supplied to the anode terminal portions 9a, 9b and 9c are designated by regions A,
B and C, respectively.
[0047] A method for feeding electric power to the light-emitting element 41 of the present embodiment will be described
below. As illustrated in Fig. 8, the luminance distribution taken along line h1-h2 of the light-emitting element 41 when
an electric current is supplied to the anode terminal portion 9a has a peak at the side closer to the anode terminal portion
9a (namely, at the left side in the graph). When an electric current is supplied to the anode terminal portion 9b, the
luminance distribution taken along line h1-h2 of the light-emitting element 41 has a peak at the side closer to the anode
terminal portion 9b (namely, at the central portion in the graph). If an electric current is supplied to the anode terminal
portion 9c, the luminance distribution taken along line h1-h2 of the light-emitting element 41 has a peak at the side closer
to the anode terminal portion 9c (namely, at the right side in the graph).
[0048] The average luminance in the regions A, B and C of the light-emitting element 41 was measured, the results
of which are shown in Table 1.

[0049] As can be seen in Table 1, the luminance ratio in regions A, B and C is 4:2:1 when an electric current is supplied
to the anode terminal portion 9a, 1:3:1 when an electric current is supplied to the anode terminal portion 9b, and 1:2:4
when an electric current is supplied to the anode terminal portion 9c. If the current supplying time periods Ta, Tb and
Tc for which an electric current is supplied to the anode terminal portions 9a, 9b and 9c are set to have a ratio of 2:1:2,
the average luminance in the regions A, B and C is equalized. This enables the light-emitting element 41 to emit light
with a uniform luminance distribution.
[0050] In the light-emitting element 41, the ratio of the current supplying time periods Ta, Tb and Tc can be changed
from 2:1:2 by controlling the current supply timing, thereby causing variation in a current density distribution within the

Table 1

Region A Region B Region C

Current supplied through 9a 4 2 1

Current supplied through 9b 1 3 1

Current supplied through 9c 1 2 4
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light emission surface. That is, it is possible to intentionally produce an uneven luminance distribution, thereby generating
a luminance gradation. In addition, if the ratio of the current supplying time periods Ta, Tb and Tc is changed continuously,
it becomes possible to realize the illumination by which the light emission color is wavily changed within a light emission
surface.
[0051] Fig. 9 shows a light-emitting element 42 according to a modified example of the light-emitting element 41. The
light-emitting element 42 includes field effect transistors FET1, FET2 and FET3 in place of the switch S2 set forth above.
The current flow paths are changed by changing over the application of a gate voltage to the field effect transistors FET1,
FET2 and FET3.
[0052] Description will be made on a method for feeding electric power to the light-emitting element 42. As shown in
Fig. 10, if the ratio of the current supplying time periods Ta, Tb and Tc is set equal to 2:1:1 as in the light-emitting element
41 by changing over the application of a gate voltage to the field effect transistors FET1, FET2 and FET3, it is possible
for the light-emitting element 42 to emit light with a uniform luminance distribution. If the ratio of the current supplying
time periods Ta, Tb and Tc is changed from 2:1:2 by changing the current supply timing, there occurs variation in a
current density distribution within the light emission surface. This makes it possible to intentionally produce an uneven
luminance distribution, thereby generating a luminance gradation.
[0053] Fig. 11 shows a light-emitting element 43 according to another modified example of the light-emitting element
41. The light-emitting element 43 includes anode terminal portions 9a, 9b, 9c and 9d provided at four sides of the anode
8 and cathode terminal portions 11a, 11b, 11c and 11d provided at four corners of the cathode 12. The light-emitting
element 43 can obtain a uniform luminance distribution by equalizing the current supply time periods for which an electric
current is supplied to the anode terminal portions 9a, 9b, 9c and 9d. In addition, if the current supply timing is set
differently, the light-emitting element 43 can change the luminance distribution to generate a luminance gradation.
[0054] For example, if the time period for which an electric current is supplied to the anode terminal portion 9a is
increased, the light-emitting element 43 can obtain a luminance distribution in which a luminance is high near the anode
terminal portion 9a. Since the cathode terminal portions 11a, 11b, 11c and 11d having a low impedance are dispersedly
provided in the light-emitting element 43, it becomes easy for an electric current to flow through the light-emitting element
43. This enables the light-emitting element 43 to emit light with a uniform luminance distribution.
[0055] The shape of the anode terminal portions 9a, 9b, 9c and 9d and the cathode terminal portions 11a, 11b, 11c
and 11d may be changed, if necessary. The number of the anode terminal portions may be increased, in which case it
becomes possible to realize light emission in various patterns. Likewise, the number of the cathode terminal portions
may be increased, in which case it becomes easier for an electric current to flow through the light-emitting element 43.

Third Embodiment

[0056] Fig. 12 shows a light-emitting element 44 in accordance with a third embodiment of the present invention. The
light-emitting element 44 of the present embodiment differs from that of the first embodiment in that a pair of anode
terminal portions 9a and 9b is provided in specified positions. Other configurations remain the same. The anode terminal
portions 9a and 9b are provided in pair near the intersecting points between line h1-h2 passing through the center G of
the light-emitting layer 10 and the periphery portions of the light-emitting element 44.
[0057] The cathode terminal portion 11 is provided in a position equally spaced apart from the anode terminal portions
9a and 9b. In other words, the distance between the center C1 of the anode terminal portion 9a and the center C3 of
the cathode terminal portion 11 is equal to the distance between the center C2 of the anode terminal portion 9b and the
center C3 of the cathode terminal portion 11. The line passing through the center G of the light-emitting layer 10 and
the center C3 of the cathode terminal portion 11 is designated by line v1-v2.
[0058] Referring to Figs. 13A and 13B, the luminance distribution taken along line h1-h2 of the light-emitting element
44 when an electric current is supplied to the anode terminal portion 9a has a peak at the side closer to the anode
terminal portion 9a (namely, at the left side in the graph). When an electric current is supplied to the anode terminal
portion 9b, the luminance distribution taken along line h1-h2 of the light-emitting element 44 has a peak at the side closer
to the anode terminal portion 9b (namely, at the right side in the graph). The luminance distribution taken along line v1-
v2 of the light-emitting element 44 when an electric current is supplied to the anode terminal portions 9a and 9b has a
peak at the side closer to the anode terminal portions 9a and 9b (namely, at the central portion in the graph).
[0059] The luminance distributions in the current flow paths extending from the anode terminal portions 9a and 9b to
the cathode terminal portion 11 are symmetrical with each other. Therefore, the light-emitting element 44 can emit light
with a uniform luminance distribution by making the ratio of the current supplying time periods equal.
[0060] Fig. 14 shows a light-emitting element 46 according to a modified example of the light-emitting element 44.
The light-emitting element 46 includes anode terminal portions 9a, 9b, 9c and 9d protruding from four sides of the anode
8 and cathode terminal portion 11 provided at the center portion of the planar cathode 12. The anode terminal portions
9a and 9c are provided in pair near the intersecting points between line h1-h2 passing through the center G of the light-
emitting layer 10 and the peripheral portions of the light-emitting element 46. The distance between the center C1 of the
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anode terminal portion 9a and the center C3 of the cathode terminal portion 11 is equal to the distance between the
center C2 of the anode terminal portion 9c and the center C3 of the cathode terminal portion 11.
[0061] In the light-emitting element 46, the anode terminal portions 9b and 9d may be provided in pair near the
intersecting points between line v1-v2 passing through the center G of the light-emitting layer 10 and the peripheral
portions of the light-emitting element 46. In this case, the distance between the center C4 of the anode terminal portion
9b and the center C3 of the cathode terminal portion 11 is equal to the distance between the center C5 of the anode
terminal portion 9d and the center C3 of the cathode terminal portion 11.
[0062] Fig. 15 shows a light-emitting element 47 according to another modified example of the light-emitting element
44. The light-emitting element 47 includes a base 8, an anode 8, a light-emitting layer 10 and a cathode 12, the shape
of which is hexagonal. Anode terminal portions 9a and 9b are provided to protrude from two apex points of the anode
8, while cathode terminal portions 11a and 11b are provided to protrude from two sides of the cathode 12.
[0063] The anode terminal portions 9a and 9b are provided in pair near the intersecting points between line h1-h2
passing through the center G of the light-emitting layer 10 and the peripheral portions of the light-emitting element 47.
The distance between the center C1 of the anode terminal portion 9a and the center C3 of the cathode terminal portion
11a is equal to the distance between the center C2 of the anode terminal portion 9b and the center C3 of the cathode
terminal portion 11a. In addition, the distance between the center C1 of the anode terminal portion 9a and the center
C4 of the cathode terminal portion 11b may be equal to the distance between the center C2 of the anode terminal portion
9b and the center C4 of the cathode terminal portion 11b. These modified light-emitting elements 46 and 47 can provide
the same advantageous effects as available in the light-emitting element 44 described earlier.

Fourth Embodiment

[0064] Figs. 16A, 16B and 16C show processes of producing a light-emitting element 48 in accordance with a fourth
embodiment of the present invention. The light-emitting element 48 of the present embodiment differs from that of the
first embodiment in that a light-emitting layer 49 is formed so that the thickness and component ratio thereof can be
continuously changed in a specified direction. Another difference resides in that the amounts of electric currents supplied
to the anode terminal portions 9a and 9b per unit time are adjusted. Other configurations remain the same.
[0065] The light-emitting element 48 is produced in the following order. Referring to Fig. 16A, an anode 8 is formed
on a base 7. Then, as illustrated in Fig. 16B, a light-emitting layer 49 is formed on the portion of the anode 8 other than
the marginal portions of two mutually-opposing sides of the anode 8. The marginal portions of two mutually-opposing
sides of the anode 8, on which the light-emitting layer 49 is not formed, are used as anode terminal portions 9a and 9b.
Subsequently, as shown in Fig. 16C, a cathode 12 is formed on the base 7 and the light-emitting layer 49. The portion
of the cathode 12 formed on the base 7 serves as a cathode terminal portion 11.
[0066] The light-emitting layer 49 is formed so that the thickness and/or the component ratio thereof is gradually
increased or decreased along the line segment 50 interconnecting the anode terminal portions 9a and 9b. Since the
light-emitting layer 49 is gradually changed in the film plane direction, the light emission color also gradually changes.
The thickness and/or the component ratio of the light-emitting layer 49 can be adjusted by controlling deposition rates
of the components.
[0067] The electric current supplied to the light-emitting element 48 is controlled by adjusting the amounts of electric
currents supplied to the anode terminal portions 9a and 9b per unit time. The light emission color of the light-emitting
element 48 can be arbitrarily changed by causing change in a current density distribution to generate a luminance
gradation in the light-emitting layer 49. The light-emitting layer 49 is formed so that the light emission color thereof can
be continuously changed. Therefore, if the amount of electric current supplied to the anode terminal portion 9a is increased,
the color temperature of light is first changed in the anode terminal portion 9a and a luminance gradation is generated
in which the luminance decreases from the anode terminal portion 9a toward the anode terminal portion 9b.
[0068] The current supply quantity is controlled by adjusting the duty ratio and the current intensity. Adjustment of the
duty ratio is performed by sequentially changing the timing at which an electric current is supplied to the anode terminal
portions 9a and 9b. Adjustment of the current intensity is carried out by the constant current circuit 13.
[0069] Figs. 17A, 17B and 17C are views for explaining processes of producing a light-emitting element 51 according
to a modified example of the light-emitting element 48. The light-emitting element 51 includes anode terminal portions
9a, 9b, 9c and 9d provided at four sides of the anode 8 and cathode terminal portions 11a, 11b, 11c and 11d provided
in the vicinity of four corners of a planar cathode electrode.
[0070] In the light-emitting element 51, the anode terminal portions 9a, 9b, 9c and 9d are electrically connected to the
constant current circuit 13 and the power source 14 through a switch S3, the cathode terminal portions 11a, 11b, 11c
and 11d being grounded. The switch S3 includes terminals sa, sb, sc and sd connected to the anode terminal portions
9a, 9b, 9c and 9d, respectively.
[0071] The light-emitting layer 49 is formed so that the thickness or the component ratio thereof is gradually increased
or decreased along the line segment 53 interconnecting the anode terminal portions 9b and 9d. The electric current



EP 2 234 458 A1

9

5

10

15

20

25

30

35

40

45

50

55

supplied to the light-emitting element 51 is controlled by adjusting the quantity of the electric current supplied to the
anode terminal portions 9a, 9b, 9c and 9d per unit time. The light emission color of the light-emitting element 51 can be
arbitrarily changed by causing change in a current density distribution to generate a luminance gradation in the light-
emitting layer 49.
[0072] In the light-emitting element 51, the light-emitting layer 49 is formed so that the light emission color thereof can
be continuously changed. Therefore, if the amount of electric current supplied to the anode terminal portion 9b is increased,
the color temperature of light is first changed in the anode terminal portion 9b, and a luminance gradation is generated
in which the luminance decreases from the anode terminal portion 9b toward the anode terminal portion 9d. Similarly,
if the amount of the electric current supplied to the anode terminal portion 9d grows higher, the color temperature of light
is first changed in the anode terminal portion 9d, thus generating a luminance gradation decreasing from the anode
terminal portion 9d toward the anode terminal portion 9b.
[0073] In addition, if the amounts of electric currents supplied to the anode terminal portions 9a and 9c is increased,
the color temperature of light is first changed in the central portion of the light-emitting layer 49, thus generating a
luminance gradation decreasing from the central portion of the light-emitting layer 49 toward the anode terminal portions
9b and 9d. Moreover, if the ratio of the current supplying time periods for which an electric current is supplied to the
anode terminal portions 9a, 9b, 9c and 9d is changed continuously, it becomes possible to realize the illumination by
which the light emission color is wavily changed within the light emission surface. The light-emitting layer 49 may be
formed so that the thickness or the component ratio thereof is gradually increased or decreased along a line segment
interconnecting the anode terminal portions 9a and 9c, rather than the line segment 53.
[0074] The present invention shall not be limited to the configurations of the afore-mentioned embodiments but may
be modified in many different forms without departing from the scope of the invention. For example, the timing at which
the current flow paths are formed may not be changed over one after another. Alternatively, two current flow paths may
be formed simultaneously for a certain time period, or no current flow path may be formed for a certain time period.
[0075] While the invention has been shown and described with respect to the embodiments, it will be understood by
those skilled in the art that various changes and modifications may be made without departing from the scope of the
invention as defined in the following claims.

Claims

1. A method for feeding electric power to a planar light-emitting element which includes a planar anode electrode, a
planar cathode electrode, a light-emitting layer provided between the anode electrode and the cathode electrode,
two or more anode terminal portions protruding from the anode electrode and one or more cathode terminal portions
protruding from the cathode electrode, comprising:

sequentially providing the electric power to the anode terminal portions.

2. The method of claim 1, wherein the anode terminal portions are provided in pair near the intersecting points between
a line segment passing through the center point of the light-emitting layer and peripheral portions of the light-emitting
element; and the number of the cathode terminal portions is one and the cathode terminal portion is equally spaced
apart from the anode terminal portions.

3. The method of claim 1 or 2, wherein the number of the cathode terminal portion is greater than one.

4. The method of any one of claims 1 to 3, wherein the anode terminal portions are equal in size.

5. The method of any one of claims 1 to 4, wherein the thickness and/or the component ratio of the light-emitting layer
is gradually increased or decreased along a line segment interconnecting one pair of the anode terminal portions;
and the amounts of electric currents supplied to the anode terminal portions per unit time are adjusted.

6. The method of claim 1, wherein the electric power is supplied to only one of the anode terminal portions at a time.

7. The method of claim 1, wherein, when one of the anode terminal portions is supplied with the electric power, no
electric power is supplied to the remaining one or more anode terminal.

8. A light-emitting element comprising:

a planar anode electrode;
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a planar cathode electrode;
a light-emitting layer provided between the anode electrode and the cathode electrode;
two or more anode terminal portions protruding from the anode electrode;
one or more cathode terminal portions protruding from the cathode electrode; and
a power supply for supplying an electric power; and
a switch circuit connected to the anode terminal portions to sequentially supply the electric power from the
power supply to the anode terminal portions.

9. The light-emitting element of claim 8, wherein the power supply is a constant current circuit for providing the electric
power of a constant current.

10. The light-emitting element of claim 9, wherein the anode terminal portions are provided in pair near the intersecting
points between a line segment passing through the center point of the light-emitting layer and peripheral portions
of the light-emitting element; and the number of the cathode terminal portions is one and the cathode terminal portion
is equally spaced apart from the anode terminal portions.

11. The light-emitting element of claim 9, wherein the number of the cathode terminal portion is greater than one.

12. The light-emitting element of claim 9, wherein the anode terminal portions are equal in size.

13. The light-emitting element of claim 9, wherein the thickness and/or the component ratio of the light-emitting layer is
gradually increased or decreased along a line segment interconnecting one pair of the anode terminal portions; and
the amounts of electric currents supplied to the anode terminal portions per unit time are adjusted.

14. The light-emitting element of claim 9, wherein the electric power is supplied to only one of the anode terminal portions
at a time.

15. The light-emitting element of claim 9, wherein, when one of the anode terminal portions is supplied with the electric
power, no electric power is supplied to the remaining one or more anode terminal.
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