wo 2014/127643 A1 [N N0F 00O 0 R O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/127643 Al

28 August 2014 (28.08.2014) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HOIL 27/32 (2006.01) HOIL 51/54 (2006.01) kind of national protection available): AE, AG, AL, AM,
HO1L 51/50 (2006.01) HO5B 33/14 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) Tnt tional Apolication Number BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/CN2013/086108 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
29 October 2013 (29.10.2013) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
(26) Publication Language: English ?’V’ TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: . L
13/770,404 19 February 2013 (19022013) Us (84) De51gnated States (unless otherwise indicated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: AU OPTRONICS CORPORATION GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
[CN/CN]; No.1, Li-Hsin Road 2, Science-Based Industrial UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Park, Hsin-Chu, Taiwan (CN). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors: CHEN, Kueibai; No.1, Li-Hsin Road 2, Sci- EE, ES, FL, FR, GB, GR, HR, HU, IL, IS, IT, LT, LU, LV,
. . . MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
ence-Based Industrial Park, Hsin-Chu, Taiwan (CN). LI, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW
Chiahao; No.1, Li-Hsin Road 2, Science-Based Industrial KM, ML. MR IifE ,SN :FD :FG), i i
Park, Hsin-Chu, Taiwan (CN). LIAO, Chenhsien; No.1, ? ’ o e ’
Li-Hsin Road 2, Science-Based Industrial Park, Hsin-Chu, Published:
Taiwan (CN). —  with international search report (Art. 21(3))
(74) Agent: LECOME INTELLECTUAL PROPERTY

AGENT LTD.; Floor. 16, Tower B of IN.DO Mansion
No. 48-Jia Zhichun Road, Haidian District, Beijing 100098
(CN).

(54) Title: MULTI-COLOR LIGHT EMITTING DIODE AND METHOD FOR MAKING SAME

(57) Abstract: A color light-emitting diode using a blue light component to produce red light and green light is disclosed. A blue-
light emitting material provided between a cathode layer (44) and an anode layer (50) for emitting the blue light component. A light
re-emitting layer (54) has a first material in a first diode section (54 ;) arranged to produce a red light component in response to the
blue light component, and a second material in a second diode section (54,) arranged to produce a green light component in response
to the blue light component. A transparent material in a third diode section (543) allows part of the blue light component to transmit
through. The anode layer (50) is partitioned into three electrode portions separately located in the three diode sections, so that the
red, green and blue light components in the diode sections can be separately controlled.



10

15

20

25

30

WO 2014/127643 PCT/CN2013/086108

MULTI-COLOR LIGHT EMITTING DIODE AND METHOD FOR MAKING SAME

Field of the Invention

The present invention relates generally to a multi-color light-emitting diode and, more

specifically, to a light-emitting diode that is capable of emitting light in red, green and blue colors.

Background of the Invention
Light-Emitting Diodes (LEDs) and Organic Light-Emitting Diodes (OLEDs) have been used

in making color display panels. As with an LCD display, an OLED display produces color images
based on three primary colors in R, Gand B. A color pixel in an OLED display can be made of an R
sub-pixel, a G sub-pixel and a B sub-pixel. In general, the brightness of the OLED material is
approximately proportional to current and, therefore, different colors and shades can be achieved by
controlling the currents. The advantage of OLEDs over Liquid-Crystal Display (LCD) includes the
fact that OLEDs are able to emit light whereas a pixel in an LCD acts as a light-valve mainly to
transmit light provided by a backlight unit. Thus, an LED/OLED panel can, in general, be made
thinner than an LCD panel. Furthermore, it is known that the liquid crystal molecules in an LCD
panel have slower response time. An OLED display also offers higher viewing angles, a higher
contrast ratio and higher electrical power efficiency than its LCD counterpart.

A typical color display panel has a plurality of pixels arranged in a two-dimensional array,
driven by a data driver and a gate driver. As shown in Figure 1, a plurality of pixels 10 in a display
panel 1 are arranged in rows and columns in a display area 100. A data driver 200 is used to provide
data signals to each of the columns and a gate driver 300 is used to provide a gate line signal to each
of the rows. In a color display panel, an image is generally presented in three colors: red (R), green
(G) and blue (B). Each ofthe pixels 10 is typically divided into three color sub-pixels: red sub-pixel,
green sub-pixel and blue sub-pixel.

The present invention is concemed with a color pixel having RGB sub-pixels and a method for

making same.

Summary of the Invention
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The present invention provides a color light-emitting diode using a blue light component to
produce red light and green light. In one embodiment of the present invention, a blue-light emitting
material is provided between a cathode layer and an anode layer for emitting the blue light component.
A light re-emitting layer has a first material in a first diode section arranged to produce a red light
component in response to the blue light component, and a second material in a second diode section
arranged to produce a green light component in response to the blue light component. A transparent
material in a third diode section allows part of the blue light component to transmit through. The
anode layer is partitioned into three electrode portions separately located in the three diode sections,
so that the red, green and blue light components in the diode sections can be separately controlled.

Thus, the first aspect of the present invention is a light emitting diode, comprising:

a first electrode layer;

a second electrode layer;

an organic layer disposed between the first and second electrode layers arranged to emit a first
light component in a first wavelength through the second electrode layer;

a light re-emitting layer adjacent to the second electrode layer, arranged to receive at least part
of the first light component, the light re-emitting layer comprising a first excitable material arranged
to emit a second light component in a second wavelength longer than the first wavelength in response
to the first light component, and a second excitable material arranged to emit a third light component
in a third wavelength longer than the second wavelength in response to the first light component. The
first wavelength is in a wavelength range of 450nm to 480nm, the second wavelength is in a
wavelength range of 490nm to 570nm, and the third wavelength is in a wavelength range of 590nm to
650nm. Alternatively, the first wavelength is in a wavelength range of 460nm to 520nm, the second
wavelength is in a wavelength range of 490nm to 570nm, and the third wavelength is in a wavelength
range of 590nm to 650nm.

The light emitting diode further comprises:

a passivation layer between the light re-emitting layer and the second electrode layer;

a first barrier and a second barrier arranged to partition the light emitting diode into a first
diode section, a second diode section and a third diode section, the first barrier arranged to separate
the first excitable material from the second excitable material in the light re-emitting layer such that
the first excitable material is located in a first diode portion and the second excitable material is

located in the second diode section; the second barrier arranged to separate the first excitable material
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from the third diode section; the first and second barriers also arranged to partition the first electrode
layer into a first electrode section in the first diode section, a second electrode section in the second
diode section and a third electrode section in the third diode section; and

a first switching element connected to the first electrode section, a second switching element
connected to the second electrode section and a third switching element connected to the third
electrode section.

In one embodiment of the present invention, the light re-emitting layer further comprises a
third material to transmit at least part of the first light component. In another embodiment of the
present invention, the third material is arranged to provide a fourth light component in a fourth
wavelength longer than the first wavelength but shorter than the second wavelength. The third
material can be a color filter or an excitable material arranged to emit the fourth light component in
response to the first light component. The first wavelength is in a wavelength range of 380nm to
480nm; the second wavelength is in a wavelength range of 490nm to 570nm; the third wavelength is
in a wavelength range of 590nm to 650nm, and the fourth wavelength is in a wavelength range of
410nm to 480nm.

The second aspect of the present invention is a display panel, comprising:

a substrate;

a plurality of pixels formed on the substrate, each pixel comprising a light-emitting diode, the
light-emitting diode comprising:

a first electrode layer;

a second electrode layer;

an organic layer disposed between the first and second electrode layers arranged to emit a first
light component in a first wavelength through the second electrode layer;

a light re-emitting layer adjacent to the second electrode layer, arranged to receive at least part
of the first light component, the light re-emitting layer comprising a first excitable material arranged
to emit a second light component in a second wavelength longer than the first wavelength in response
to the first light component, and a second excitable material arranged to emit a third light component
in a third wavelength longer than the second wavelength in response to the first light component.

The third aspect of the present invention is a method for producing a light emitting diode,
comprising;

providing a first electrode layer and a second electrode layer on a substrate;
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disposing an organic layer between the first and second electrode layers, the organic layer
arranged to emit a first light component in a first wavelength through the second electrode layer;

disposing a light re-emitting layer adjacent to the second electrode layer, the light re-emitting
layer arranged to receive at least part of the first light component, the light re-emitting layer
comprising a first excitable material arranged to emit a second light component in a second
wavelength longer than the first wavelength in response to the first light component, and a second
excitable material arranged to emit a third light component in a third wavelength longer than the
second wavelength in response to the first light component.

The method further comprises:

providing a first barrier and a second barrier arranged to partition the light emitting diode into
a first diode section, a second diode section and a third diode section, the first barrier arranged to
separate the first excitable material from the second excitable material in the light re-emitting layer
such that the first excitable material is located in a first diode portion and the second excitable
material is located in the second diode section; the second barrier arranged to separate the first
excitable material from the third diode section; the first and second barriers also arranged to partition
the first electrode layer into a first electrode section in the first diode section, a second electrode
section in the second diode section and a third electrode section in the third diode section; and

providing a first switching element connected to the first electrode section, a second switching
element connected to the second electrode section and a third switching element connected to the third
electrode section.

In one embodiment of the present invention, the method further comprises providing a color
filter in the third diode section, the color filter configured to transmit at least part of the first light

component.

Brief Description of the Drawings

Figure 1 shows a typical display panel having rows and columns of pixels in a display area.
Figure 2 shows a color pixel, according to one embodiment of the present invention.
Figure 3 A shows a cross sectional view of the color pixel of Figure 2.

Figure 3B shows a graphical representation of the color pixel of Figure 3A when the pixel

emits light.
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Figure 4 shows a layered structure of a sub-pixel which is part of the color pixel of Figure 3A.
Figure 5 is a graphical representation of a quantum dot used in the color sub-pixels, according

to one embodiment of the present invention.

Detailed Description of the Invention

In an OLED pixel, according to various embodiments of the present invention, the same
luminescent layer is used as the light source for all three color sub-pixels. As shown in Figure 2, the
color pixel 10 comprises three color sub-pixels 22, 24 and 26 for producing light in three colors R, G
and B. Each color sub-pixel has a switching element such as a thin-film transistor (TFT) to activate
the color sub-pixel. As shown in Figure 3 A, the color pixel 10 comprises a first substrate or
protective layer 42, a first electrode layer 44, an organic layer 47, a second electrode layer 50, a
passivation layer 52, a light re-emitting layer 54 and a second substrate 56. In one embodiment of the
present invention, the first electrode layer 44 comprises a cathode layer; the second electrode layer 50
comprises an anode layer including anode portions 50,, 50, and 50;; and the organic layer 47
comprises a luminescent layer 46 and a hole injection layer 48. The luminescent layer 46 comprises a
blue light-emitting material, for example. The light re-emitting layer 54 comprises a first layer
portion 54; having red-light emitting material, and a second layer portion 54, having a green-light
emitting material. The red-light emitting material is selected for emitting red light and the green-light
emitting material is selected for emitting green light in response to the blue light emitted in
luminescent layer 46. The third layer portion 54; may comprise a material which is substantially
transparent to blue light. The blue light is in a wavelength range of 450nm to 480nm; the green light
is in a wavelength range of 490-570nm and the red light is in a wavelength range of 590nm to 650nm,
for example.

In another embodiment of the present invention, the luminescent layer 46 comprises a blue-
greenish light-emitting material arranged to emit blue-greenish light in a wavelength range of 460-
520nm. The third layer portion 54; may comprise a material which is substantially transparent to
blue-greenish light in the wavelength range of 460-520nm or may comprise a blue color filter
arranged to transmit blue light in the wavelength range of 450nm to 480nm.

In a different embodiment of the present invention, the luminescent layer 46 comprises a violet
light-emitting material, for example. The light re-emitting layer 54 comprises a first layer portion 54,

having red-light emitting material; a second layer portion 54, having a green-light emitting material;
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and a third layer portion 54; having a blue-light emitting material. The red-light emitting material is
selected for emitting red light; the green-light emitting material is selected for emitting green light;
and the blue-light emitting material is selected for emitting blue light in response to the violet light
emitted in luminescent layer 46. The violet light is in a wavelength range of 380nm to 450nm; the
blue light is in a wavelength range of 450nm to 480nm; the green light is in a wavelength range of
490-570nm and the red light is in a wavelength range of 590nm to 650nm, for example. In yet
another embodiment, the violet light is in a wavelength range of 380nm to 480nm and the third layer
portion 545 comprises a blue color filter arranged to transmit blue light in a wavelength range of
410nm to 480nm.

In each color pixel 10, two or more insulating barriers (BM) 60 are used to partition pixel 10
into three color sub-pixels 22, 24, and 26. As shown in Figures 3A and 3B, first barrier 60; is
provided between color sub-pixels 22 and 24, and second barrier 60, is provided between color sub-
pixels 24 and 26. As shown in Figures 3A, 3B and 4, color sub-pixel 22 also has another barrier 60,.
However, at least the first electrode layer 44 (used as a cathode) can be shared by the color sub-pixels
22,24 and 26. According to one embodiment of the present invention, the color sub-pixels 22, 24 and
26 can have the same organic layers 47. In that case, the color sub-pixels 22, 24 and 26 can have the
same luminescent layer 46 that comprises a blue-light emitting material. For example, the
luminescent layer 46 may comprise organometallic complexes such as trivalent metal quinolate
complexes, Schiff base divalent metal complexes, metal acetylacetonate complexes, metal bidentate
ligand complexes, bisphosphonates, metal maleontriledithiolate complexes, molecular charge transfer
complexes, aromatic and heterocyclic polymers and rare earth mixed chelates or the like. The color
sub-pixels 22, 24 and 26 have three switching elements such as thin-film transistors (TFTs) 58, 58,
and 58; to control the color sub-pixels 22, 24 and 26. Each of the color sub-pixels 22, 24, 26 has its
anode layer portions 50;, 50,, 505 separately connected to a switching element so that the brightness
of each color sub-pixel can be individually controlled. When a voltage is applied between the
common cathode layer 44 and the anode layer portion 50;, 50,, 505 in each of the color sub-pixels 22,
24,26, blue light portions 30;, 30,, 30; emitted in the organic layer 47 are transmitted toward the light
re-emitting layer 54 as shown in Figure 3B. It is understood that the amplitude or intensity of blue
light portion 30, may be different from that of blue light portion 30,, and blue light portion 305
depending on the applied voltage in the color sub-pixels 22, 24 and 26. As shown in Figure 4, the
color sub-pixel 22 is used for producing red light. Thus, the first layer portion 54, in the color sub-
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pixel 22 comprises a first excitable material arranged to produce light 32 in a longer wavelength range
in response to the excitation of the blue light portion 30; (Figure 3B). The first excitable material in
the first layer portion 54, in the color sub-pixel 22 may comprise 1-ethyl-2-[4-(p-
dimethylaminophenyl)-1,3-butadienyl]pyridinium perchlorate, or 4-(Dicyanomethylene)-2-tert-butyl-
6-(1,1,7,7, -tetramethyljulolidyl-9-enyl)-4H-pyran. The longer wavelength range may cover a range of
590nm to 650nm. Similarly, the color sub-pixel 24 is used for producing green light. Thus, the
second layer portion 54, in the color sub-pixel 24 comprises a second excitable material arranged to
produce light 34 in a different wavelength range in response to the excitation of the blue light portion
30, (Figure 3B). The second excitable material in the second layer portion 54, in the color sub-pixel
24 may comprise Aluminum 8-hydroxyquinolinate, Aluminum oxinate or 3-(2’-benzothiazolyl)-7-
diethylaminocoumarin. This different wavelength range may cover a range of 490nm to 570nm. The
blue light 30 may cover a wavelength range of 450nm to 480nm, but this range can be extended to the
violet region of 380nm to 450nm.

It should be noted that the layered structure as shown in Figures 3 A is only for illustrating the
operating principle of the multi-color OLED, according to one embodiment of the present invention.
It is understood that the pixel may comprise other layers such as hole transport layer (HTL), and
electron transport layer (ETL). Furthermore, the multi-color pixel 10 can be constructed with the
anode layer adjacent to the first substrate 42 and the cathode connected to TFT.

The anode layer 50 can be made of any one of the following metallic oxides or the
combination thereof: indium-tin oxide, aluminum-doped zinc oxide, indium-doped zinc-oxide, tin-
oxide, magnesium-tin oxide, nickel-tungsten oxide, cadmium-tin oxide and the like. The cathode
layer can be made of any one of the following metals or the alloys thereof: aluminum, silver,
magnesium-silver alloy and the like.

In a different embodiment of the present invention, quantum dots (see Figure 5) may be used
in the light re-emitting layer 54 to produce light in response to the excitation of blue light portions 30,
30,, 30;. The size of the quantum dots in the first layer portion 54, in the color sub-pixel 22 is chosen
to produce light in the wavelength range of 590nm to 650nm. Likewise, the size of the quantum dots
in the second layer portion 54, in the color sub-pixel 24 is chosen to produce light in the wavelength
range of 490nm to 570nm. In the embodiment where the third layer portion 54; in the color sub-pixel
26 1s used to produce blue light in response to violet light, the size of the quantum dots in the third

layer portion 54; is chosen to produce light in the wavelength range of 450nm to 480nm, for example.
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In summary, according to various embodiments of the present invention, one luminescent
layer is used to produce a shorter-wavelength light component. This shorter-wavelength light
component is used to excite two or three excitable materials to produce two or three longer-
wavelength light components. Thus, the light emitting diode according to the present invention may
comprise: a first electrode layer; a second electrode layer; an organic layer disposed between the first
and second electrode layers arranged to emit light in a first wavelength through the second electrode
layer; a light re-emitting layer adjacent to the second electrode layer arranged to receive at least part
of the light in the first wavelength, the light re-emitting layer comprising a first excitable material
arranged to emit light in a second wavelength longer than the first wavelength in response to the light
in the first wavelength; and a second excitable material arranged to emit light in a third wavelength
longer than the second wavelength in response to the light in the first wavelength. The light in first
wavelength is blue light in the wavelength range of 450nm to 480nm; the light in the second
wavelength is green light in the wavelength range of 490nm to 570nm; and the light in the third
wavelength is red light in the wavelength range of 590nm to 650nm. In another embodiment of the
present invention, the light in the first wavelength is blue-greenish light in the wavelength of 460nm
to 520nm.

In a different embodiment of the present invention, the light re-emitting layer further
comprises a third excitable material arranged to emit light in a fourth wavelength longer than the first
wavelength but shorter than the second wavelength. The light in first wavelength is violet light in the
wavelength range of 380nm to 450nm; the light in the second wavelength is green light in the
wavelength range of 490nm to 570nm; the light in the third wavelength is red light in the wavelength
range of 590nm to 650nm; and the light in the fourth wavelength is blue light in the wavelength range
of 410nm to 480nm or 450nm to 480nm.

The present invention has been described as an OLED arranged to produce light components
in R, G, B from a light source in B, or to produce light components in R, G, B by excitation of a light
source in violet. It is understood that the light components produced in an OLED may have two
different colors such as R, G light components re-emitted upon being excited by a light source in B.
Furthermore, Figures 2, 3A and 3B are for illustration purposes only. It is possible to rearrange the
color sub-pixels 22, 24, 26 in a different order such as 22, 26, 24. Moreover, the three color sub-

pixels 22, 24, 26 are not necessarily arranged in a single row.
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Thus, although the present invention has been described with respect to one or more
embodiments thereof, it will be understood by those skilled in the art that the foregoing and various
other changes, omissions and deviations in the form and detail thereof may be made without departing

from the scope of this invention.
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What is claimed is:

1. A light emitting diode, comprising:

a first electrode layer;

a second electrode layer;

an organic layer disposed between the first and second electrode layers arranged to emit a first
light component in a first wavelength through the second electrode layer;

a light re-emitting layer adjacent to the second electrode layer, arranged to receive at least part
of the first light component, the light re-emitting layer comprising a first excitable material arranged
to emit a second light component in a second wavelength longer than the first wavelength in response
to the first light component, and a second excitable material arranged to emit a third light component

in a third wavelength longer than the second wavelength in response to the first light component.

2. The light emitting diode according to claim 1, wherein the light re-emitting layer further

comprises a third material arranged to transmit at least part of the first light component.

3. The light emitting diode according to claim 1, wherein the first wavelength is in a wavelength
range of 450nm to 480nm, the second wavelength is in a wavelength range of 490nm to 570nm, and

the third wavelength is in a wavelength range of 590nm to 650nm.

4. The light emitting diode according to claim 1, wherein the first wavelength is in a wavelength
range of 460nm to 520nm, the second wavelength is in a wavelength range of 490nm to 570nm, and

the third wavelength is in a wavelength range of 590nm to 650nm.

5. The light emitting diode according to claim 1, wherein the light re-emitting layer further
comprises a third material arranged to provide a fourth light component in a fourth wavelength longer

than the first wavelength but shorter than the second wavelength.

6. The light emitting diode according to claim 5, wherein the first wavelength is in a wavelength

range of 380nm to 480nm; the second wavelength is in a wavelength range of 490nm to 570nm; the
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third wavelength is in a wavelength range of 590nm to 650nm, and the fourth wavelength is in a

wavelength range of 410nm to 480nm.

7. The light emitting diode according to claim 1, further comprising:

a first barrier and a second barrier arranged to partition the light emitting diode into a first
diode section, a second diode section and a third diode section, the first barrier arranged to separate
the first excitable material from the second excitable material in the light re-emitting layer such that
the first excitable material is located in a first diode portion and the second excitable material is
located in the second diode section; the second barrier arranged to separate the first excitable material
from the third diode section; the first and second barriers also arranged to partition the first electrode
layer into a first electrode section in the first diode section, a second electrode section in the second
diode section and a third electrode section in the third diode section; and

a first switching element connected to the first electrode section, a second switching element
connected to the second electrode section and a third switching element connected to the third

electrode section.

8. The light emitting diode according to claim 5, wherein the third material comprises a color

filter.

9. A display panel, comprising:

a substrate;

a plurality of pixels formed on the substrate, each pixel comprising a light-emitting diode, the
light-emitting diode comprising:

a first electrode layer;

a second electrode layer;

an organic layer disposed between the first and second electrode layers arranged to emit a first
light component in a first wavelength through the second electrode layer;

a light re-emitting layer adjacent to the second electrode layer, arranged to receive at least part
of the first light component, the light re-emitting layer comprising a first excitable material arranged

to emit a second light component in a second wavelength longer than the first wavelength in response
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to the first light component, and a second excitable material arranged to emit a third light component

in a third wavelength longer than the second wavelength in response to the first light component.

10. The display panel according to claim 9, further comprising:

a first barrier and a second barrier arranged to partition the light emitting diode into a first
diode section, a second diode section and a third diode section, the first barrier arranged to separate
the first excitable material from the second excitable material in the light re-emitting layer such that
the first excitable material is located in a first diode portion and the second excitable material is
located in the second diode section; the second barrier arranged to separate the first excitable material
from the third diode section; the first and second barriers also arranged to partition the first electrode
layer into a first electrode section in the first diode section, a second electrode section in the second
diode section and a third electrode section in the third diode section; and

a first switching element connected to the first electrode section, a second switching element
connected to the second electrode section and a third switching element connected to the third

electrode section.

11. The display panel according to claim 10, further comprising a color filter located in the third

diode section, the color filter arranged to transmit at least part of the first light component.

12. A method for producing a light emitting diode, comprising:

providing a first electrode layer and a second electrode layer on a substrate;

disposing an organic layer between the first and second electrode layers, the organic layer
arranged to emit a first light component in a first wavelength through the second electrode layer;

disposing a light re-emitting layer adjacent to the second electrode layer, the light re-emitting
layer arranged to receive at least part of the first light component, the light re-emitting layer
comprising a first excitable material arranged to emit a second light component in a second
wavelength longer than the first wavelength in response to the first light component, and a second
excitable material arranged to emit a third light component in a third wavelength longer than the
second wavelength in response to the first light component.

13. The method according to claim 12, further comprising:
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providing a first barrier and a second barrier arranged to partition the light emitting diode into
a first diode section, a second diode section and a third diode section, the first barrier arranged to
separate the first excitable material from the second excitable material in the light re-emitting layer
such that the first excitable material is located in a first diode portion and the second excitable
material is located in the second diode section; the second barrier arranged to separate the first
excitable material from the third diode section; the first and second barriers also arranged to partition
the first electrode layer into a first electrode section in the first diode section, a second electrode
section in the second diode section and a third electrode section in the third diode section; and

providing a first switching element connected to the first electrode section, a second switching
element connected to the second electrode section and a third switching element connected to the third

electrode section.

14. The method according to claim 13, further comprising
providing a color filter in the third diode section, the color filter configured to transmit at least

part of the first light component.
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