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7) ABSTRACT

Adisplay unit has R, G, and B light-emitting pixels arranged
in a predetermined sequence. The R pixels and the B pixels
each have a G-light-absorbing filter at the image display side
(light output side or external-light incident side) thereof. The
G pixels have no filters. The R and B light-emitting pixels
each have a composite structure including a reflective layer,
an organic EL layer, and a translucent reflective layer. The
translucent reflective layer and the reflective layer constitute
an optical resonator that causes multiple interference of
light. The transmittance of the G-light-absorbing filter is
minimized at the G wavelength, at which the sensitivity of
the naked eye is high, and maximized at the R and B
wavelengths. Furthermore, the external light reflectance of
each pixel is minimized at the G wavelength. This display
unit significantly suppresses a decrease in contrast caused by
external light without a decrease in luminance of an image.
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FIG. 1A
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FIG. 3
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FIG. 5
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FIG. 7
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FIG. 10
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DISPLAY UNIT

BACKGROUND OF THE INVENTION

[0001] The present invention relates to display units and,
more particularly, to an improvement in a display unit
including an organic EL device.

[0002] A typical organic electroluminescent (EL) device
has a composite structure including an organic EL layer
sandwiched by electrodes, one electrode being composed of
a metal such as aluminum, the other being a transparent
electrode composed of, for example, indium tin oxide (ITO).
A proportion of light emitted from the organic EL layer is
directly output through the transparent electrode, while light
output toward the metal electrode is reflected by the metal
electrode and output through the transparent electrode.
External light incident on the organic EL layer through the
transparent electrode is also reflected by the metal electrode
and then output through the transparent electrode. That is,
the external light is added to the internal light emitted from
the organic EL layer for forming an image. Thus, under
external light, such as daylight, the contrast of the image
decreases.

[0003] A display unit that prevents such a decrease in
contrast is disclosed in Japanese Unexamined Patent Appli-
cation Publication No. 9-127885. The display unit has
circular polarization means, which is a combination of a
linear polarizer and a quarter wave plate, at a light emitting
face. Since the direction of circular polarization of the
external light is opposite to the direction of the circular
polarization reflected by the display unit, the external light
is blocked by the circular polarization means. Japanese
Unexamined Patent Application Publication No. 2000-
315582 discloses an organic EL device having a visible
light-absorbing layer between a cathode and an organic EL
layer.

[0004] Color filters provided on red (R), green (G), and
blue (B) light-emitting pixels and transmitting the R, G, and
B light components, respectively, can suppress the reflection
of external light other than the R, G, and B light components.
However, these color filters cannot suppress the reflection of
the R, G, and B light components of the external light.
Accordingly, this organic EL device also has a low contrast.
Furthermore, an organic EL display unit disclosed in Japa-
nese Unexamined Patent Application Publication No. 2000-
3786 has a green color with a main light transmission peak
in the range of 490 to 530 nm. The green filter is disposed
on a green organic luminescent layer.

[0005] These known technologies, however, have the fol-
lowing disadvantages:

[0006] (1) Although the display unit disclosed in
Japanese Unexamined Patent Application Publica-
tion No. 9-127995 can effectively suppress the
reflection of external light, the unit decreases the
transmittance of light from the organic EL layer.
Thus, the luminance is at most 50%.

[0007] (2) In the organic EL device disclosed in
Japanese Unexamined Patent Application Publica-
tion No. 2000-315582, light from the organic EL
layer is absorbed in the visible light-absorbing layer.
Thus, the luminance is at most 50%.
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[0008] (3) In a combination of R, G, B filters and
corresponding R, G, B pixels, the reflectance of
external light is about 30%. Thus, the external Light
is not effectively removed.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a
display unit that can significantly suppress a decrease in
contrast caused by external light without a decrease in
luminance of an image.

[0010] According to an embodiment of the present inven-
tion, a display unit includes red, green, and blue pixels
arranged in a predetermined sequence, and a filter that
absorbs one light component selected from a red light
component, a green light component, and a blue light
component, the filter being arranged at the output side of
light or at the incident side of external light of pixels of
colors that are not selected.

[0011] In the display unit, the filter may be a green-light-
absorbing filter, the filter being arranged at the output side of
light or at the incident side of external light of the red and
blue pixels. In the display unit, each of the red, green, and
blue pixels may have a structure including an organic EL
layer between a reflective layer and a transparent layer, the
filter being arranged at the output side of light or at the
incident side of external light of the transparent layer.
Alternatively, each of the red, green, and blue pixels may
have a structure including an organic EL layer between a
reflective layer and a translucent reflective layer, the filter
being arranged at the output side of light or at the incident
side of external light of the translucent reflective layer 5.

[0012] According to another embodiment of the present
invention, a display unit includes red, green, and blue pixels
arranged in a predetermined sequence, a red-light-transmit-
ting filter at the output side of light or at the incident side of
external light of the red pixels, and a blue-light-transmitting
filter at the output side of light or at the incident side of
external light of the blue pixels, wherein no filter is arranged
at the output side of light or at the incident side of external
light of the green pixels.

[0013] The present invention exhibits the following
advantages:
[0014] (1) Since only one of the R-, G-, and B-light-

absorbing filters is used to reduce external light
reflection, only one type of material and only one
patterning process are required for forming the filter.

[0015] (2) In particular, only a G-light-absorbing
filter is provided at the output side of light or at the
incident side of external light of R and B pixels; thus,
the contrast is significantly improved, and only one
type of material and only one patterning process are
required for forming the filter.

[0016] (3) Since the pixels containing the organic EL.
device each have an optical resonator structure, these
pixels have high brightness.

[0017] (4) an R-light-transmitting filter and a B-light-
transmitting filter are provided at the output side of
light or at the incident side of external light of the
corresponding red and blue pixels. Since these filters
effectively absorb external light, the contrast is sig-
nificantly improved.
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[0018] Additional features and advantages of the present
invention are described in, and will be apparent from, the
following Detailed Description of the Invention and the
Figures.

BRIEF DESCRIPTION OF THE FIGURES

[0019] FIGS. 1A to 1D are schematic plan views each
illustrating a combination of light-emitting pixels and a filter
(or filters) according to the present invention.

[0020] FIG. 2 is a cross-sectional view of a light-emitting
pixel according to a first embodiment of the present inven-
tion.

[0021] FIG. 3 is a graph of the external light reflectance
of a light-emitting pixel not having a G-light-absorbing
filter.

[0022] FIG. 4 is a graph of the luminosity curve of the
naked eye.
[0023] FIG. 5 is a graph of the external light reflectance

including the luminosity.

[0024] FIG. 6 is a graph of transmittance of a G-light-
absorbing filter.
[0025] FIG. 7 is a graph of the external light reflectance

including the G-light absorbing filter.

[0026] FIG. 8 is a graph of the external light reflectance
including the luminosity and the G-light-absorbing filter.

[0027] FIG. 9 is a table showing the relationship between
R, G, and B light-emitting pixels having or not having filters
and the luminous reflectance.

[0028] FIG. 10 is a cross-sectional view of a light-emit-
ting pixel according to a second embodiment of the present
invention.

[0029] FIGS. 11A to 11D are cross-sectional views of
light-emitting pixels according to a third embodiment of the
present invention.

DETAILED DESCRIPTION OF THE

INVENTION
[0030] First Embodiment
[0031] A first embodiment of the present invention will

now be described in detail. Referring to FIG. 1A, R, G, and
B light-emitting pixels are arranged in a predetermined
sequence in a two-dimensional array. In this drawing, R, G,
and B pixels are repeated in the X direction, whereas pixels
of the same color are repeated in the Y direction. A combi-
nation of consecutive R, G, and B pixels in the X direction
constitutes an image pixel P. In this embodiment, the R
pixels and the B pixels each have a G-light-absorbing filter
FG at the image display side (light output side or external-
light incident side) thereof. The G pixels have no filters.

[0032] FIG. 2 shows a composite structure of an R or B
light-emitting pixel. A reflective layer 12, which is com-
posed of Pt, Au, Cr, or W and which also functions as an
anode, is deposited on a glass substrate 10. A buffer layer 14
composed of m-MTDATA, 2-TNATA, or the like is depos-
ited on the reflective layer 12, and a hole transport layer 16
composed of a-NPD or the like is formed on the buffer layer
14. A luminescent layer 18, which is composed of Alg3 or
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the like and which also functions as an electron transport
layer, is formed on the hole transport layer 16. The buffer
layer 14, the hole transport layer 16, and the Iuminescent
layer 18 constitute an organic EL layer 20.

[0033] A translucent reflective layer 22, which is com-
posed of a Mg—Ag alloy and which also functions as a
cathode, is deposited on the organic EL layer 20. A trans-
parent conductive layer 24 composed of ITO or the like is
formed on the translucent reflective layer 22, and a passi-
vation film 26 composed of SiN or the like is formed on the
transparent conductive layer 24. The above-mentioned
G-light-absorbing filter FG is formed on the passivation film

26.
[0034] Preferable thicknesses of these layers are as fol-
lows:
[0035] (1) reflective layer 12: 100 to 300 nm,
[0036] (2) buffer layer 14: 15 to 300 nm,
[0037] (3) hole transport layer 16: 15 to 100 nm,
[0038] (4) luminescent layer 18: 15 to 100 nm,
[0039] (5) translucent reflective layer 22: 5 to 50 nm,
[0040] (6) transparent conductive layer 24: 30 to
1,000 nm, and
[0041] (7) passivation film 26: 500 to 10,000 nm.
[0042] The operation of the light-emitting pixels will now

be described with reference to FIG. 2. A fraction F1 of light
emitted from the luminescent layer 18 of the organic EL
layer 20 passes through the translucent reflective layer 22,
the transparent conductive layer 24, and the passivation film
26 and is incident on the G-light-absorbing filter FG.
Another fraction F2 of the light emitted from the lumines-
cent layer 18 is reflected by the translucent reflective layer
22 and the reflective layer 12. In other words, the translucent
reflective layer 22 and the reflective layer 12 constitute an
optical resonator structure that causes multiple interference
of light. Since the optical resonator structure functions as a
type of narrow band filter, the half width of the spectrum of
the output light decreases, resulting in improved chromatic
purity.

[0043] The peak wavelength of the narrow band filter is
brought into line with the peak wavelength of the spectrum
of the output light. More specifically, the peak wavelength
of the spectrum of the light emitted and output from the
organic EL layer 20 satisfies equation (1):

2L/A®/2=m (m: integer) €3}

[0044] wherein L represents the optical distance between
the reflective layer 12 and the translucent reflective layer 22
(optical thickness of the organic EL layer 20), and (repre-
sents the phase shift (radian) between the light components
reflected by the translucent reflective layer 22 and the
reflective layer 12. Preferably, the optical distance L and the
peak wavelength A are both on the same order. In practice,
these values are set so that the optical distance L of the
optical resonator has the positive minimum within the range
satisfying equation (1) above.

[0045] Such a condition agrees with a condition for maxi-
mizing the light transmittance. In other words, this condition
minimizes the reflection of external light. Concerning the
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external light, FIG. 3 shows the external light reflectance
R(3.) of the light-emitting pixels when no G-light-absorbing
filters FG are provided. In FIG. 3, spectra R, G, and B
represent the reflectances of the external light at the R, G,
and B light-emitting pixels, respectively. As described
above, the optical resonator must minimize the reflectance
of the external light. For example, in the B light-emitting
pixel, the reflectance of the B external light (about 450 to
500 nm) is minimized. The reflectances of the R and G
light-emitting pixels are also shown in FIG. 3.

[0046] FIG. 4 shows a luminosity curve y(h), which
indicates the sensitivity of the naked eye. The curve has a
maximum in the green region. Thus, the naked eye observes
the external light reflectances shown in FIG. 5, which are
products of the reflectances R() shown in FIG. 3 and the
luminosity curve y()) shown in FIG. 4. According to FIG.
5, the reflectance at each peak wavelength of emitted light
is quite low on the order of a few percent. For example, the
reflectance of B external light at the B light-emitting pixel is
substantially zero percent. As shown by an arrow F5 (at a
wavelength 550 nm), the reflectance of G external light at
the R light-emitting pixel is 0.6, and the reflectance of G
external light at the B light-emitting pixel is about 0.4. These
values are considerably high levels.

[0047] In this embodiment, as shown in FIG. 1A, the
G-light-absorbing filters FG are provided on the R and B
light-emitting pixels. The G-light-absorbing filter FG has a
transmission characteristic T()), for example, shown in
FIG. 6. In FIG. 6, the transmittance is minimized at the G
light wavelength and is maximized at the R and B light
wavelengths. In other words, the G-light-absorbing filter FG
almost completely absorbs G light and almost completely
transmits R light and B light. As described above, the naked
eye has high sensitivity at the G light wavelength (see FIG.
4).

[0048] The external light is incident on the light-emitting
pixel through the G-light-absorbing filter FG and emerges
from the light-emitting pixel through the G-light-absorbing
filter FG. When the G-light-absorbing filters FG are
arranged on the R and B light-emitting pixels, the reflectance
Rt(%) of the external light is a product of the reflectances
R(3.) shown in FIG. 3 and square the transmission charac-
teristic T()) shown in FIG. 6, as represented by equation

@)
RiG)=TR)RMTN) ®
[0049] FIG. 7 is a graph corresponding to the equation (2).

The reflectance of external light at the G region for each
color light-emitting pixel is quite low.

[0050] The luminosity curve y(i) of the naked eye is
shown in FIG. 4, as described above. Thus, in this embodi-
ment, the reflectance Re()) of external light in consideration
of the luminosity curve y(}) is represented by equation (3):

Re(A)=Ri(A)(y(M) ®)
[0051] FIG. 8 is a graph showing this curve.

[0052] The reflectance Re(h) by the G-light-absorbing
filter FG according to this embodiment (FIG. 8) is compared
with the reflectance R(h)xy(}) without the G-light-absorb-
ing filter FG (FIG. 5). The graph for the G light-emitting
pixel is the same in FIGS. 8 and 5. For the R and B
light-emitting pixels, the reflectance of the external light in
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FIG. 8 is quite low over the entire visible light region and
particularly in the G light region near 550 nm, demonstrating
effective suppression of external light reflection.

[0053] The ratio of the integral external light reflectance to
the integral luminosity curve y(A) over the entire visible
light region is the luminous reflectance shown in FIG. 9. In
FIG. 9, “with G-light-absorbing filter” refers to the ratio of
the integral external light reflectance to the external light
reflectance Re(h) shown in FIG. 3: The ratio is 3.6 for the
R light-emitting pixel, 15.9 for the G light-emitting pixel,
8.2 for the B light-emitting pixel, and 9.2 on average.
Furthermore, “without G-light-absorbing filter” refers to the
ratio shown in FIG. 5: The ratio is 47.5 for the R light-
emitting pixel, 15.9 for the G light-emitting pixel, 32.0 for
the B light-emitting pixel, and 31.8 on average. Thus, the
G-light-absorbing filter can reduce the luminous reflectance
to one-third or less on average. The luminous reflectance of
the G light-emitting pixel does not change since it does not
have the G-light-absorbing filter.

[0054] The G-light-absorbing filter FG has the transmis-
sion characteristic T()) shown in FIG. 6 for the signal light
emitted from the organic EL layer 20. As shown in FIG. 6,
the G-light-absorbing filter FG effectively transmits the
signal light. Thus, the decrease in brightness of a displayed
image can be minimized. Accordingly, compared with con-
ventional display units, the display unit according to this
embodiment exhibits a significantly high contrast under
external light without a decrease in display brightness.

[0055] As shown in FIG. 9, in a conventional three-color
filter in which R, G, and B transparent filters are provided on
R, G, and B light-emitting pixels, respectively, the luminous
reflectance is 5.1 for the R light-emitting pixel, 5.5 for the
G light-emitting pixel, 1.3 for the B light-emitting pixel, and
4.0 on the average. These values are lower than these in this
embodiment. However, the production of the three-color
filter requires three types of filter material and three pattern-
ing processes, resulting in increased material and manufac-
turing costs. In contrast, only the G-light-absorbing filter FG
is provided in this embodiment. Thus, this embodiment
requires only one type of material and only one patterning
process, resulting in high productivity with reduced material
and manufacturing costs.

[0056] FIGS. 1B and 1C show modifications of the first
embodiment. In FIG. 1B, R-light-absorbing filters FR are
provided on G and B light-emitting pixels. In this modifi-
cation, the external light reflectance is reduced at the R
wavelength region of the graph shown in FIG. 5. In FIG.
1C, B-light-absorbing filters FB are provided on R and G
light-emitting pixels. In this modification, the external light
reflectance is reduced at the B wavelength region of the
graph shown in FIG. 5.

[0057]

[0058] Referring to FIG. 10, a second embodiment of the
present invention will now be described. Components hav-
ing the same functions as in the first embodiment are
referred to with the same reference numerals. In this
embodiment, light is output from the substrate side, unlike
the first embodiment. A translucent reflective layer 50, a
buffer layer 14, a hole transport layer 16, a luminescent layer
18, and a reflective layer 52 composed of aluminum or the
like are deposited in that order on a substrate 10. Thus, the

Second Embodiment
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translucent reflective layer 50 is arranged at the substrate
side. A G-light-absorbing filter FG is arranged on the sub-
strate 10.

[0059] A fraction F11 of light emitted from the lumines-
cent layer 18 of the organic EL layer 20 passes through the
translucent reflective layer 50, transparent conductive layer
24, and the glass substrate 10 and is incident on the
G-light-absorbing filter FG. Another fraction F11 of the light
emitted from the luminescent layer 18 is reflected by the
translucent reflective layer 50 and the reflective layer 52. In
other words, the translucent reflective layer 50 and the
reflective layer 52 constitute an optical resonator structure
that causes multiple interference of light. The light passing
through the substrate 10 emerges to the exterior through the
G-light-absorbing filter FG. The second embodiment, there-
fore, has the same effects as the first embodiment.

[0060] Third Embodiment

[0061] Referring to FIGS. 11A to 11D, a third embodi-
ment of the present invention will now be described. In FIG.
11A, a G-light-absorbing filter FG is provided on a passi-
vation film 26. In FIG. 11B, a G-light-absorbing filter FG is
provided between a transparent conductive layer 24 and a
passivation film 26. The only difference between these
modifications and the first embodiment is the position of the
G-light-absorbing filter FG. In the first embodiment, the
luminescent layer 18 also functions as the electron transport
layer. In FIG. 11C, both a luminescent layer 18A and an
electron transport layer 18B are provided.

[0062] In the above embodiments, a reflective layer and a
translucent reflective layer constitute an optical resonator
structure. In FIG. 11D, no translucent reflective layer is
provided. The light emitted from the organic EL layer 20 is
directly incident on a G-light-absorbing filter FG, as shown
by arrow F1, or is reflected by the reflective layer 12 and
then is incident on the G-light-absorbing filter FG, as shown
by arrow F3. Accordingly, this configuration has no optical
resonator. Thus, the display unit of the present invention is
also applicable to a general organic EL device having a
reflective electrode (reflective layer 12) and a transparent
electrode (transparent conductive layer 24). An example of
such organic EL devices is disclosed in Japanese Unexam-
ined Patent Application Publication No. 6-132081 in which
a band pass filter is used to improve the chromaticity. When
G-light-absorbing filters FG are provided on R and B
light-emitting pixels of this organic EL device, as in the
present invention, the organic EL device disclosed in the
patent also has the same effects as those in the present
invention. The display unit of the present invention requires
only one type of material and only one patterning process,
resulting in high productivity with reduced material and
manufacturing costs, compared with the organic EL device
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 6-132081.

[0063]

[0064] Referring to FIG. 1D, a fourth embodiment will
now be described. In this embodiment, an R-light-transmit-
ting filter ER is provided on an R light-emitting pixel and a
B-light-transmitting filter EB is provided on a B light-
emitting pixel. In other words, a G filter is omitted from a
known display unit including R, G, and B color filters. That
is, the above-mentioned G-light-absorbing filter FG corre-

Fourth Embodiment
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sponds to the R and B-light-transmitting filters ER and EB.
As shown in FIG. 9, the luminous reflectance of the R
light-emitting pixel with the R-light-transmitting filter is
low, ie., 5.1, and the luminous reflectance of the B light-
emitting pixel with the B-light-transmitting filter is very low,
ie., 1.3.

[0065] A combination of the R light-emitting pixel with
the R-light-transmitting filter and the B light emitting pixel
with the B-light-transmitting filter shown in FIG. 1D exhib-
its higher luminous reflectance, i.c., 5.1 for the R light-
emitting pixel, 15.9 for the G light-emitting pixel, 1.3 for the
B light-emitting pixel, and 7.4 on average. Accordingly, the
results in this embodiment are superior to those in the
above-mentioned embodiments.

[0066]

[0067] The display unit according to the present invention
can include many embodiments and modifications as fol-
lows:

[0068] (1)Inthe above embodiments, the display unit
is an organic EL display. The present invention is
applicable to any pixel-matrix type of display. For
example, the display unit of the present invention
may be a liquid crystal display, a plasma display, or
the like. Furthermore, the organic EL device may
have any configuration and may be composed of any
material.

[0069] (2) The above-mentioned layers may have any
thickness and may be composed of any material.

Other Embodiments

[0070] Indeed, although the present invention has been
described with reference to specific embodiments, those of
skill in the art will recognize that changes may be made
thereto without departing from the spirit and scope of the
invention as set forth in the hereafter appended claims.

1. A display unit, comprising:

red, green, and blue pixels arranged in a predetermined
sequence; and

a filter that absorbs one light component selected from the
group consisting of a red light component, a green light
compornent and a blue light component, the filter being
arranged at one of an output side of light and an
incident side of external light of pixels of colors that are
not selected.

2. A display unit as claimed in claim 1, wherein the filter
is a green-light-absorbing filter arranged at one of the output
side of light and the incident side of external light of the red
and blue pixels.

3. A display unit as claimed in claim 2, wherein each of
the red, green and blue pixels has a structure including an
organic EL layer between a reflective layer and a transparent
layer, the filter being arranged at one of the output side of
light and the incident side of external light of the transparent
layer.

4. A display unit as claimed in claim 2, wherein each of
the red, green and blue pixels has a structure including an
organic EL layer between a reflective layer and a translucent
reflective layer, the filter being arranged at one of the output
side of light and the incident side of external light of the
translucent reflective layer.
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5. A display unit as claimed in claim 4, wherein the
reflective layer and the translucent reflective layer constitute
an optical resonator for outputting light components to be
output from the corresponding pixel.

6. A display unit as claimed in claim 5, wherein the
display unit is adjusted so that a peak wavelength A of a
spectrum of the light to be output satisfies the equation:

2L A+ Dn=m

wherein m is an integer, L represents an optical distance
between the reflective layer and the translucent reflec-
tive layer and @ represents a phase shift of reflected
light occurring in the optical resonator.

7. A display unit as claimed in claim 6, wherein the
display unit is adjusted so that the optical distance L of the
optical resonator has a positive minimum.

8. A display unit, comprising:

red, green and blue pixels arranged in a predetermined
sequence;

a red-light-transmitting filter at one of an output side of
light and an incident side of external light of the red
pixels; and

a blue-light-transmitting filter at one of an output side of
light and an incident side of external light of the blue
pixels;
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wherein no filter is arranged at one of an output side of
light and an incident side of external light of the green
pixels.

9. A display unit as claimed in claim 8, wherein each of
the red, green and blue pixels has a structure including an
organic EL layer between a reflective layer and a translucent
reflective layer, the filter being arranged at one of the output
side of light and the incident side of external light of the
translucent reflective layer.

10. A display unit as claimed in claim 9, wherein the
reflective layer and the translucent reflective layer constitute
an optical resonator for outputting light components to be
output from the corresponding pixel.

11. A display unit as claimed in claim 10, wherein the
display unit is adjusted so that a peak wavelength X of a
spectrum of the light to be output satisfies the equation:

2LIAAD2=m

wherein m is an integer, L represents an optical distance

between the reflective layer and the translucent reflec-
tive layer, and @ represents a phase shift of reflected
light occurring in the optical resonator.

12. A display unit as claimed in claim 11, wherein the
display unit is adjusted so that the optical distance L of the
optical resonator has a positive minimum.
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