30 Septenber 2005 1 DI SPLAY UNI T BACKGROUND OF THE I NVENTION 1.. Field of
the I nvention The present invention relates to display units and - ’
particularly relates to an inprovenent in a display unit including an
organic EL device. 2. Description of the Related Art A typical organic

el ectrol umi nescent (EL) device has a conposite structiyssgdigddidhsg an
organic EL | ayer sandwi ched by el ectrodes, one el ectrode being conposed of
a metal such as alumnum the other being a transparent el ectrode conposed
of, for exanple, indiumtin oxide (ITOr.”A proportion of light emtted
fromthe organic EL layer is directly output through the transparent

el ectrode, while 1light output toward the netal electrode is reflected by
the netal el ectrode and output tBISBGAYt UNIUransparent el ectrode. External
light incident on the organic EL | ayer through the transparent. el ectrode
Is also reflected by the netal electrode and then output through the
transparent electrode. That is, the external light is added to the

i nt er nal BRFRFROUNR, QF <BHE (BWENRI@N gani c EL | ayer for formng an i nage.
Thus, - under external |ight, such as daylight, the contrast of the inage

decreases: Aipkplef the tInvettimrevents such a decrease in
' The present invention relates to display units’ and

particularly relates to an improvement in a display unit
including an organic EL device.
2. Description of the Related Art
A typical organic electroluﬁinescent (EL) device has a
composite structure including an organic EL layer‘;éndwiched
by electrodes, one electrode being composed of a metal such
as aluminum, the other beiné a transparentlelectrode
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 td the internal light
‘emitted from the organic EL layer for fdrming an image.
Thus, under external light, such as daylight, the contrast
of the image decreases.

A display unit that prevents such a decrease in




80 September 2005 - 2 contrast is disclosed in Japanese Unexam ned Patent
Application Publication No. 9-127885. The display unit has circular

pol ari zation neans, which is a conbination of a linear polarizer and a
guarter wave plate, at a light emtting face. Since the direction of

circular polarization of the external light is opposijesdfehils o8bsection
of the <circular polarization reflected by the display unit, the extarnal
light is blocked by the circular polarization nmeans. Japanese Unexani ned
Pat ent Application Publication No. 2008--315582 di scl oses an organic EL
device having a visible [|ight-absorbing | ayer between a.cathode and an
organic EL layer. Color filters provided on red (R), green (G, and bl ue

(B) |ightoatickisitng spidi@les oded tinadepahbsBIUhBRaRinSa @E@sﬁt light
conmponents, respectively, can suppress the reflection of external Iight
ot her thapplilheaRiof, Pabd iBaltight NeQMponantses . Hoqwﬁéeais?m%euﬁ%%aé' lters

cannot suppress the reflection of the R, G and B |ight conponents of the

ext ernal clirghfarApodadirgity.ont heane!, gRAiehEksdgve6Mbah88ioRasFaa! OW

contrast. Furthernore, an organic EL display unit disclosed in Japanese ..

Unexani néinPatepolappkeratndnaPghbirtali wavélopl2000- 3¥88 bagha green col or

wth a min light transm ssion peak in the range of 490 to 530 nm The -

green fieméttisgdfapesedStnce gheediveghivm ofncheserat 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
1aYer.

Color filters provided oa red (R), green (G), and blue
(B) light-emitting pixels and transmitting the R, G, and B
1ight components, respectively, can suppress the reflection

‘Qf external 1ight other than the R, G, and B light
bomponents. However, these color filters cannot suppress
the ref}ection 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 Japanese Unexamined Patehf Appiication
Publication No. 2000-3786 has a green color with a main
light transmiésion peak in the range of 490 to 530 nm. The

green filter is disposed on a green organic luminescent

layer.




| ayer. 30 Septenber 2005 3 These known technol ogi es, however, have the
follow ng disadvantages: (1) Al though the display unit disclosed in
Japanese Unexam ned Patent Application Publication No. 9-127995 can
effectively suppress the reflection of external light,- the unit decreases
the transmttance of light fromthe organic EL |ayer.3pldeftembdt@obsim nance
is at nost 50% (2) In the organic EL device disclosed in Japanese

Unexam ned Patent Application Publication No. 2000-315582, light fromthe
organic EL layer is absorbed in the_visible |ight-absorbing |ayer. Thus,
the lum nance is at nost 50% (3) In conbination of RR G B filters and
corresponding RR, G B pixels, the reflectance of external |ight is about

30% Thus, the external light is not effectively renoved. SUWARY OF THE
| NVENTI ON Entié¢isgentisiopt: t hecpnesepies nvemiareseekiave prdei d€oalodisgl ay
unit that,k can significantly suppress a decrease. in contrast caused by

ext er nal 4453h2W2088ut a decrease in | uninance of an image. According to

an aspe of _the prese inventiqn, a display ,.unit conprises red, green,
and blugibifgﬂgmﬁgybnge S n lsﬁﬁ@&etePﬁFﬁed §eGaénced andta fPRPRRSERat

apsors tRGaki Al BaTBRRC hosPl ERth TTABA dtdoh' b, 00UREDTLs 2.9 een

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%.
(2) In the organic EL device disclosed in Japanese

. Unexamined Patent Application Publication No. 2000-315582,
rlight from the organic EIL layer is absorbed in the visible
light-absorbing layer. Thus, the luminance is at most 50%.
(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 QF THE INVENTION
Embodiments of the present invention seek to provide a
~display unit that can significantly suppress a decrease. in
contrast caused by external 1light without a decrease in
luminance of an image.
According to an aspect of the preéént invention, a display
-unit comprises red, ' green, and blue pixels arranged in a
predetermined sequence; and a filter that absorbs one 1light
compenent selected from a red light component, a green light

component, and a blue light component, the filter




<conmponent, and a blue Iight conponent, the filter 30 Septenber 2005 4 being
arranged at the output side of light or at the incident side of external

light of pixels of colors that are not selected. 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 @@gééfmhbérizghg of the
red and blue pixels. in the display unit, each of the re green, and bl ue

pi xel s may have a structure including an organic EL | ayer between a
reflective layer and a transparent Fager, 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 bl ue pixels

18y haveedndf UG d 06 Ylngaly Okdal 6 el beluggn a ref | ective

| ayer an trans ectrve layer, " i1t€er being arranged at

the out Bk sakie 8idd 9 Hiethathq it 8Nhixede B BX18HAAkpA Gl Of the
translucent reflective'layer 5. "ACcording t0 anot hér "aspect of thé present
inventi Ry de1dkbg$Rlgdy unit conprises red, green, and blue pixels arranged

in a predetermned sequence; a red-light-transmtting filter at the output
side of |ightpofnatqibsih Cﬁﬁlfet_@héeffit@ftﬁaﬂabelaggfe@ﬁ_ikfghﬁﬁd pi xel s;

and a blue-light- transmiting filter at the o t put stfde of ght or at the
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 énd a
transparent layér, 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
transiucent reflective layer, the filter being arranged at
the output side ofllight or at the incident side ofvexternal
light of the translucent reflective layer 5. |
According to another aspect of the present invention, a
display unit comprises red, green, and blue pixels arranged
in a predetermined sequence; a red-light-transmitting filter
at the output side of light or at the incident side of
external light of therred pixels; and a blue-light-
transmitting filter at the output side of light or at the

incident side of exte:nal light of the blue pixels, wherein

no filter is arranged at the output side of light or at the




pi xels co

incident side of external light of the blue pixels, wherein no filter is
arranged at the output side of |[ight or at the 30 Septenber 2005 - 5
i ncident side of external |ight of the green pixels. Enbodi ments of the:
present invention exhibit the follow ng advantages: (1) Since only one of
the R-, G, and B-light-absorbing filters is used to geslep¥xbesnal |ight
reflection, - only one type of material and only one patterning process
are required for formng the filter. (2) In particular, only a
G -light-absorbing filters 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 inproved, and only one type of nmaterial and only one
patterninﬁ giocess are required for formng the filter. (3) Since the

£ ‘?ﬂtn&lfiﬁeo%red%ﬁrélaﬂlb@ﬁ ©& thergresaveisaioptical resonator
structure, these pixels have high brightness. (4) an Rlight-transmtting
filter and ar’}é@PFg‘ﬂ?@tﬁ raﬁsrﬁhtetifﬁﬁe??r}tt et NP oV REd LAt *%q}f‘e out put si de

of lighte Or,atl t?g%g4§g dent side of external |ight of the corresponding
7 ef's. S Hce’

red and ue pi _ ce these filters effectively absorb external
light, the eentLastniy shani Hecantly ﬁﬂRrOW§Q' and B~light-absorbing

filters 1is wused to reduce external light reflection, - only

ocne type of material and only one patterning process are

required for forming the filter.

(2) In particular, only a G--light-absorbing filters is
provided at the output side of 1light or at the incident side

of external 1light 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.

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

(4} an R—light—transmitting filter and a B-light-
transmitting filter are provided at . the output side of 1light
or at the incident side of external light of the
corresponding red and blue pixels. Since these filters
effectively absorb external light, the contraét is

significantly improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A to ID are schematic plan views each




BRI EF DESCRI PTI ON OF THE DRAWNGS Figs. 1A to ID are schematic plan views
each 30 Septenber 2005 6 illustrating a conbination of light-emtting
pixels and a filter (or filters) according to the present invention; Fig.
2 is a cross-sectional viewof alight-emtting pixel according to a rlrst
enbodi nent of the present invention; Fig. 3 is a gra rna

| i ght refl ectance gf alight-emtting pixel not havi%§£%£%éﬁﬁﬁg§@ibsprblng
filter; Fig. 4 is a graph of the lumnosity curve of the naked eye; Fig. 5

is a graph of the external light refte6tance |Including the"lum nosity;
Fig. 6 is a graph of transmttance of a Glight- absorbing filter; Fig. 7
Is a graph of the external |ight reflectance including the GIlight

' ' i 1Rl LS4 h,of | ] flect
et udi gt Re ot adn, SohBife IO 0E LR AREE Eihe; pERDIESERG TR 4

havi g ormpoe oot n TP T o S gFlRE r e rhe BRcht PlbefPiohi™ 01T 2
cross-sectionglg View $dfa dd lseBitddd view of a light-emitting
pixel according to a first embodiment of the present
invention;
Fig. 3 is a graph of the external light reflectance of
a light-emitting pixel not having a G-light-absorbing
filter;
Fig. 4 is a graph of the luminosity curve of the naked
eye;
Fig. 5 is a graph of the external light reflectance
 inc1uding the luminosity;
Fig. 6 is a graph of transmittance of a G-light-
absorbing filter:
| Fig. 7 is a graph of the external light reflectance

including the G-light absorbing filter;

Lo Fig. 8 is a graph of the external light reflectance

including the luminosity and the G-light-absorbing filter:;
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; |
Fig. 10 is a croés-sectional view of a light-emitting'
pikel according to a second embodiment of the present
invention; and

"Figs. 11A to 11D are cross-sectional views of light-




i xel according to a second enbodi mrent of the present invention; and Figs.
11A to |iD are cross-sectional views of light 30 Septenber 2005 7 emitting
pi xel s according to a third, embodiment of the present invention.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS First Enbodi nent A first

enbodi mrent of 'the present invention will now be desch%%§ bl Shad
Referring to Fig. 1AL R G and B light-emtting pixe re arranged in a
predeterm ned sequence in a two-dinensional array. In this.drawing, R G
‘and B pixels are repeated in the X drrection, whereas pixels of the sane
color are repeated in the Y direction. A conbination of consecutlve R G

and B pixels in the X direction constrtutes an i mage pixel P. lB tth
enbodi e I v t - absor bi ng
Firee, TheiLreing E*n’g%‘égdrégéig%% | h?r %@Bpas‘ﬁ%t oE B nal - I i ght

i nci dentps t thereet he G prxels have no filters. Fig. 2 shows a
conposite %??%ct%?% ofl%% Ror Blight emtting pixel. Areflective |ayer

12, which is conposed of Pt, Au, C, or Wand which also functions as an
anode, is deposited on a glass substrate 10. A buffer layer 14 conposed

of m MIWFScR 2o TN AOF OFHE NEREFIGERESS EIRROSTIAEreN
First Embodiment
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—dimensienal 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
combination 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—absprbing
filter FG at the image display side (light output side or

'external-light incident side) thereof. The G pixels have no

L
\

filters.

Fig. 2 shows. a composite structure of an R or B light-
emitting pixel. A reflective layer 12, which is composed of

.'Pt, Au, Cr, or W and which also functions as an anode, is

deposited on a glass substrate 10. A euffer layer 14
composed of m-MTDATA, 2~TNATA, or the like is deposited on
the reflecfive layer 12, and a hole transport layer 16
composed of o-NPD or the like is formed on the buffer layer

14. A luminescent layer 18, which is composed of 2lg3 or




the reflective layer 12, and a hole transport layer 16 conposed of a-NPD
or the like is formed on the buffer layer 14. A lum nescent |ayer 18,
whi ch is conposed of Al ga or 30 Septenber 2005 8 the |ike and which al so
functions as an el ectron transport |ayer, is forned on the hole transport
| ayer 16. The buffer layer 14, the hole transport y@yséﬁ%nﬁggpbge
| um nescent |ayer 18 constltute an organic EL | ayer ransi ucent
reflective layer 22, which is conposed-of a My-Ag alloy and whlch al so
functions as a cathode, is deposited dn-the organic EL |ayer 20. A
transparent conductive layer 24 conposed of ITO or the like is formed on
the translucent reflective Iayer 22, and a paSS|vat|on f|:n1 ZGZZongﬁsed of
'SiN or t | K 0 [£ con uctlve ayer ., The
above- negﬁe'or%leig{éc} %ﬁatmahsgir 5 ngf n?ﬂi%t% A oS f I I FRAEL vat i on
film 26. rakl et Knes re o]
reflect|&g&F§§e?E1§0I?%%'P@ %@% Hole %?%%ﬁi%gﬁ ﬁa eF f t@@%eﬁhl (3)0
hol e transpeit 143y ehel Bo145 ti@nd Qf%m Javed) 1640 ?1?15%%% 1 inrﬁgﬁg%pgl‘:’ to 10
nm  (5) translucent reflective Iayer 6 nt
conduct i yaykayes aéns%chQelaQOQrBthén@L ﬁg%eBaéﬁ'Vat'on film26: 500 to
10,000 nm The operation of the Irght-emtt pixels will now be

A translucent reflectlve layer 22, which is composed- of

;

a Mg-Ag alloy and which also functions as a cathode, is

deposited on the organic EL layer 20. A transparent

SN

‘conductive layer 24 composed of ITO or fhe like is formed on
the translucent reflective layer 22, and a passivation 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.

Preferable thicknesses of these layers are as follows:
(1) reflective layer 12: 100 to 300 nm,

(2) buffer layer 14: 15 to 300 nm,
" (3) hole transport layer 16: 15 to 100 nm,

(4) luminescent layer 18: 15 to 100 nm,

(5) translucent reflective layer 22:'5 to 50 nm,

(6) transparent conductive layer 24: 30 to 1,000 nm, and
(7) passivation f£ilm 26: 500 to 10,000 nm.

The operation of the light-emittiﬁg pixels will now be
described with referénce‘to Fig. 2. A fraction Fl of light
emitted from the luminescent layer 18 of the organic EL
layer 20 passes through the translucent reflective layér 22,

the transparent conductive layer 24, and the passivation



described with reference to Fig. 2. A fraction F1 of light enitted from
the lumnescent |ayer 18 of the organic EL |ayer 20 passes through the

translucent reflective layer 22, the transparent conductive layer 24, an
t he passivation 30 Septenber 2005 9 film 26 and is incident on the '

G light-absorbing filter FG , Another fraction F2 of N Qt L tted
fron?the | um nescent |ayer 18 is reflected by the traﬁgrﬁ%%ﬁﬁ m?@ ective

layer 22 and the reflective layer 12. In other words, the translucent
reflective layer 22 and the reflecti-v@ layer 12 constitute an optical
resonator structure that causes nultiple interference of light. Since the
optical resonator structure functions as a type of narrow band filter, the-

' i d f2gh t B YRy h put 1Light reases. cesulting in
ot oved Chronat P e L A R PR 1 ter
is  brounhbthetorth8eivht Pat Be Eﬁ@klwgﬁ%'SH@E@FEff%ﬁﬁOEBECtr””‘ of the

output light. Mre specifically, the peak waveleng he spectrum of the

|1 ght enlbiiedeasendulapbr 19 kheerbgRBACHYL thay Bragl1aaLhg! | €5 equation

(1): 2L/ X + 4i/2,r = m(m integer) (1) erein L represents the optical

di st ancerdiel e€eivé heaysef be2chhaethayperidetive! REybLans! ucent jrgllective
ayer Zamxrds, the translucent reflective iayer 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 1light decreases, resulting in improved chromatic
purity.
| 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
A of the spectrum of the light emitted and output fiom the
organic EL layer 20 satisfies equation (1): |
S 2L/A + ®/2% = m (m: integer) (1)
| 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 @
represents the phase shift (radian) befween,theiiight
components reflected by the translucent reflective layer 22
and the reflective layer 12. Preferably, the optidal

distance L and the peak wavelength A are both on the same

order. 1In practice, these values are set so that the




S,

{optical thickness of the organic EL |ayer 20), and represents the phase

shift (radian) between the light conponents reflected by-the transl ucent

reflective layer 22 and the reflective |ayer 12. Preferably, the optical

.. distance L and the peak wavel ength ? are both on the same order. In |
practice, these values are set so that the 30 Septenb%r %29%%5{%3\5\%8 - optical ‘
di stance L of the optical resonator has the positive % | \ W n the |
range satisfying equation (1) above. Such a condition agrees with a _ i
condition for maxim zing the light trkthsmttance. In other .words, this
condition mnimzes the reflection of external light. Concerning the

-~ external light, Fig. 3 shows the external light reflectance R(k) of the

i ght - enbptkBA1PEXEAnYECT Be Enbl 8Bt1BATOHNEBHarbE! hELS(HE Bo8REQYI ded.

In Fig. 3, spectra R G represent the re ances o Xt er nal

i ght at m§ hemfn ﬁthﬁﬁdtﬁelrangeegaﬂgﬂglﬂgxghﬁat GAPPEY ! ¥Bbye S descri bed

‘above, the optical resonator nust mninize thé reflectance of fhe external

light. For exsugd e dohdieidh ld esemﬂﬂrw dHd@® iort N §hd of the
B gxt ernal |ight (about 1450 toﬁg%o nm is ITCI;I’]I m zleod The re’?{%%ﬁﬁ’ces of

the R anthé 11igight teahéhi Pgapt&el SR StREE WP 11 &i Gonditfb9. 4 shows a
| um nosity curve y(k), which indicates the senS|t|V|ty of the naked eye.

The cur veimisi zesrethenireflecthen gieegxte€onAD. 1S, tdenhdaketh§Yendbserves
t he

external light, Fig. 3 shows the external light reflectance
R(A) of the light—emitting pixels when no G-light-absorbing

- filters FG are provided. 1In 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 anrd G
light-emitting pixels are also shown in Fig. 3.

Fig. 4 shows a luminosity curve y(A), which indicates
the sensifivity 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
broducts of the reflectances R(A) shown in Fig. 3 and the
luminosity curve y(A) 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 1is substantially zero percent. As shown by an arrow



external light reflectances shown in Fig. 5, which are - products of the
refl ectances R()) shown in Fig. 3 and the Ilumnosity curve y(A) shown in
Fig. 4. According to Fig. 5, the reflectance at each peak wavel ength of
emtted light. is quite ow on the order of a few percent. For exanple,

the reflectance of B external light at the B light-enidin [ IS
substantially zero percent. As shown by an arrom/30'Sg%%%ﬂ%%?m§6é%£- 11 F5

(at a wavel ength 550 nn), the reflectance of G external |Ilight at the R
light-emitting pixel is 0,6, and the ldefl ectance of G external |ight at
the Blight-emtting pixel is about 0.4. These values are considerably
high levels. In this enbodinent, as shown in Fig. 1A the G1light-

absor bi s f(dd &f SyefB Rty oy login pn L. B Ak hdd Ol - L, Pl xel s.

The G light-absorbing filter FG has a transmssion c ar ac eristic T(k),
for examilgnt HoWnd R Atynt fomd Oefitg phred hes o ANSTHd ARgee 15 minim zed at
¢

the Glight wavelength and is maxim Zed at the R and ht wavel engt hs.

I n ot herefWedsaridee oF |G ghiteinor bi ighi idd atnd® aliPSt- @WK €1 Y absorbs
G light and al nost conpletely transmts R light and B li1ght. "As descri bed

above, plizelaled abpaitha@s 4 .hi ghaansidingd ardd ddisi@driapily Wayel e ngth (see
‘Fig. 4). The external light is incident on the light-emfting pixel
t hroughlekel6-| i ght - absorbing filter FG and energes
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(A). for example, shown in Fig.
6. 1In 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
compietély 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}.
The external light is incident on the light-emittiﬁg

{" pixel through the G-light-absorbing filter FG and emerges

from the light-emitting pixel through the G-light-absorbing

f£ilter FG. When the G-light-absorbing filters FG are

ﬁrranged on the R and B light-emitting pixels, the

reflectance Rt(A) of the external lighf’is a product ofrthe

reflectances R(A) shown in Fig. 3 and square the

transmission characteristid T(A) shown in Fig. 6, as

represented by equation (2): N

RE(A) = T(A}xR(A)XT(L) (2)




fromthe light-emtting pixel through the Glight-absorbing filter FG
When the G light-absorbing filters FGare arranged on the R and B
light-emtting pixels, the reflectance Rt(k) of the external light*:Ls a
product of the reflectances R(k) shown in Fig. 3 and square the

transm ssion characteristi ¢ T(k) shown in Fig. 6, asd¥f§ao%§§) Pg&%

equation (2): RMT(X)XR(X)xT(X ) (2) 30 Septenber 7 is.
graph corresponding to the equation (2). The reflectance of external Ilght
at the Gregion for each color light-B#itting pixel is quite |ow The

| um nosity curve y(h) of the naked eye is shown in Fig. 4, as descri bed
above. Thus, 'in this enbodi nent, the reflectance Re(X) of external |ight
in con5|§§§atvomsog ?Qgp |%%k&%§bb%dﬁﬁbv%oy LERG SEated B§8equat|on
(3): Re(X) = Rt(k)xy(k) (3) . IsS™a grap mnng t . The

refl ect apse1RetAnbebyrt Eﬁt@rnb'lgﬁ&?ﬁlesﬁrtb'tﬂg €] E{e ELoan?%:)%g%% adabe | hi s

enbodi nent (Fig. 8) is conpared w the reflectdnce ut the

G | i ght - Bhgiot bémgt tinht pixES 5 guibd- 15he graph for the G light-enmitting
plxe? is the sane in glgs 8 andES For the Rand B light- emtting pixels,

the refl ect amie dfuniioexterdavd i) ige Fhd ndkdd- éiHé L6 | Y & the
entire visible light region and
' Fig. 4, as described above. Thus, in this embodiment, the
reflectance Re(A) of external light in consideration of the
Tuminosity curve y(A) is represented by equation (3):
Re(h) = Rt(A)xy(A) - ~(3)
Fig. 8.is a graph showing this curve.
The reflectance Re(A) by the G-light-absorbing filter
'FG acdording to this embodiment (Fig. 8) is compared with
the reflectance R(MA)xy{(A) without the G-light—absorbing
filter FG (Fig. 5). The graph fo; the G light-emitting
pixel is the same in Figs. 8 and 5. For the R and B light-
émitting pixXels, the reflectance of the external light in
‘Fig. 8 is quite low over the entire visiblé light region and
'particularly in the G light region near 550 nm,
demonstrating effective suppression of external light
reflection.
The ;atio of the integral external light reflectance to
- the integral luminosity curve y(A) ovér the ehtire visible
light region is the luminous reflectance shown in Fig. 9.
In Fig. 9, "with G-light-absorbing filter" means the ratio
of the integral external light ;eflectance to the external

- light reflectance Re(A) shown in Fig. 3: The ratio is 3.6




particularly in the Glight region near 550 nm denonstrating effective
suppression of external light reflection. The ratio of the integral _
external light reflectance to the integral |umnosity -curve y(X) over the
entire visible light region is the lunmnous reflectance shown in.Fig. 9.
In Fig. 9, "with G light -absorbing filter" neans th%or%fdté}n ﬁquo{)ge
I ntegral external |ight reflectance to the external I|i1ght reflectance
Re(h) shown in Fig. 3: The ratio is 3.6 30 Septenber 2005 - 13 for the R
light-enitting pixel, 15.9 for the G1}3ht- enitting pixel, 8.2 for the B
light-emtting pixel, and 9.2 on average. Furthernore, "without o

G light-absorbing filter" means the ratio shown in Fig. 5 The ratio is
47.5 forfobetRe Ri ghghememlithang pake11518.60kotNene i ghhneni tting pixel,
32.0 for the B light-emtting pixel, and 31.8 on average. ~ Thus, the _
G4-Iightembtbihgngikéltes.QamoredhéeBtmighQHEMQHQinéegﬁﬁéiénﬁﬁdFQ.Q”G'th'rd
or less on average. The lum nous reflectance of the light-emtting pixel
does notomhawgeagei ncEurthdemsraot "favhotlecGLijabt apbsepPhgoshitber. The

G light-absorbing filter FG has the transm ssion characteristic T(?) shown

in Fig. medwms the saghal shoghtineRigt ed:fThe theior ganis, ELebayehe2R. As
shown in Fig. 6, the Glight-absorbing filter FG effectively transmts the
si gnal 1}igit-emhtting hpidets ebSe?i fiobrtgat Gessght-amitting 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 npt change
' since it does not have the G-light-absorbing filter.

The G-light—absorbing filter FG has the transmission
characteristic T(A) 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 transmité the’
signal light. Thus, the decrease in brightness of a

‘displayed image can minimized. Accordingly, compared with

' donventionél display units, the display unit according to
‘this embodiment exhibits a significantly high contrast under
external light without a decrease in display brightness.

As shown in Fig. 9, in a conventional three-color
filter in which R, G, and B transpareﬂt filters are provided
on R, G, and B ligthemitting 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




di spl ayed image can mnimzed. Accordingly, conpared with conventional
display units, the display unit according to this embodi ment exhibits a
significantly high contrast under external |ight without. a decrease in
di splay brightness. As shown in Fig: 9, in a conventional three-color
filter in which RR G and B transparent filters are-pr Véega?eqﬂbe‘?'ﬁo& G and
Blight-emtting pixels, respectlvely the lum nous retlectance s 5.1 for
the Riight-emtting pixel, .5 for the Glight-emtting pixel, 1.3 for the
‘B light- emtting pixel, and 4.0 on -t Het aver age. These val ues are 30
Sept enber 2005 - 14- lower than these in this enbodiment. However, the
production of the three-color filter requires three types of filter

mat eri-al 1 t pheg 587 Ph NEnPEOERESES suI pgreased materia
and nanufgﬁgﬁrP%g cgg%s In contrast, %ﬁ £ lt]b‘gg}’lgﬁt a%sorblng filter FG

s provitesaidt i Bh Sof SERW O IESE - cIDYS fiftérePQQQiPEQt *fgg'{fﬁe%P%% one

type of material and only one patterning proceSs, resulting

product i 4 1 e hdt 6 SIAT esh Bt IRF & paPEe FRING aj]%éb?éé@eé;osfés? %9 %rﬁ and 1C
show nodi fications of the first enbodlnent n Flg. 1B, R sor bi ng

filters fiRws®sedmeidieih 0 anen e d et +eg ddd 1. pli&?'éon%f'aétb' S
nodi fication, the external |ight reflectance is reduced at

wavel engirily elgle)rG-O'lflgﬁ’tE-Egj’Sif]:l‘b:B’f@Vﬂl'!fblFlEﬁ 5 grbvidden i&thls
B-1ight-absorbing filters FB are provided on R and ,
' embodiment. Thus, this embodiment requires only one type of
( material and only one patterning proceSs, resulting in high
productivity with reduced.material aﬁd manufacturing costs.
Figs. 1B and 1C show modifications of the first
embodiment. 1In Fig. 1B, R-light-absorbing filters FR are
provided on G and B light-emitting pixels. 1In this
modification, the external light reflectance is reduced at
the R wavelength region of the'graph shown in Fig. 5. 1In
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.

Second Embodiment

Referring to Fig. 10, a second embodiment of the.
present invention will now be describeﬁ. Components having
the same functions as in the first embddiment are referred
to with the same reference numerals. In this embodiment,
light is output from the.sﬁbstrate side, unlike the first

embodiment. A translucent reflective layer 50, a buffer




"G light-emtting pixels. In this nodification, the external Ilight re
flectance is reduced at the B wavel ength region of the graph shown in Fig.
5. Second Enbodi nent Referring to Fig. 10, a second enbodi nent .of the .
present invention will now be described. Conponents having the sane
functions as in the first enbodiment are referred to M e
reference nunerals. In this enbodinment, light is outaﬁééwéﬁhrgg&gubstrate
side, unlike the first enbodinment. A translucent reflective |layer 50, a
buf fer 30 Septenber 2005 - 15 |layer 1#, Ta hole transport |ayer 16, a

| um nescent |ayer 18, and a reflective |layer 52 conposed of alum num or
the like are deposited in that order on a substrate 10. Thus, the

transl ucéayerefibecti helbayeanSPors anyapged,ah 1hmifubebhdt aysides, A

G light-absorbing filter FGis arranged on the substrate 10. A fraction :
F11 of |&pfAtaenefledtivemlaer| 68 nempestd bAyelumBnam bhetvegniks EL | ayer
20 passes through the translucent reflective |ayer 50, transparent
conduct i 98¢ flepesibkad indthat grder subatsabstiddtantois Thes detfhe on the

G light-absorbing filter FG Another fraction F11 of the light enitted from
t he | unmi Feagehacenycrefidectivef layerdS®yis tdveranged| at etihe redbectate | ayer

50 and the reflective layer 52. In other words, the translucent reflective
| ayer 505tdg A G-light-absorbing filter FG is arranged on the

substrate 10.

A fraction F1l1 of light emitted from the luminescent
layer 18 of the qrganic EL layer 20 passes through the
translucent reflective layer 50, transparent donductiver
layer 24, and the glass substrate 10 and is incident on the
G-light-absorbing filter FG. Another fraction Fl1 of the
light emitted from the luminescent layer 18 is reflected by
the translucent reflective layer 50 and the reflective layer
52. In othef words, the translucent reflective layer 50 and
the reflective layer 52 constitute anloptical resonatbr

" structure that caqses multiple interference of light. The-

light passing through the substrate 10 emerges to the

T

exterior through the G-light-absorbing filter FG. The
‘second embodiment, therefore, has the same effects as the

first embodiment.

Third Embodiment
Referring to Figs. 11A to 11D, a third embodiment of
the present invention will now be described. 1In Fig. 11A, a

G-light-absorbing filter FG is provided on a passivatibn



the reflective layer 52 constitute an optical resonator structure that
causes nmultiple interference of light. The |ight passing through the
substrate 10 enmerges to the exterior through the Glight-absorbing filter
FG The second enbodi ment, therefore, has the sane effects as the first

enbodi ment. Third Enbodi nent Referring to Figs. 11A to t
enbodi nent of the present invention wll now be descr? iéﬁ?tﬁi@ goég 11A, a
G light-absorbing filter FGis provided on a passivation 30 Septenber 2005
- 16 film26. In Fig. 11B, a Glight-Hbsorbing filter FGis provided

bet ween a transparent conductive |ayer 24 and a passivation film26. The
only difference between these nodifications and the first enbodiment is

the posi £l 06. the B14l.91uBabSOEhNIGNELLbB0rEEngl Ritiley! pEoygembodi nent,
the | um nescent | ayer “al'so ‘functions as the e ctron transport | ayer.

I n: Fi g. ﬁﬁ@blb@ﬂhb@théﬁhnﬁs%Qﬁhsbﬁféﬁtléﬁndﬁﬁ@1@@ QE?@ErQQ éﬁanaport | ayer
18B are provided. In the above enbodi nents, a ref Ive layer and

trans| ucpassiehtechi ¥e1mayer CQﬁétbhmyedQﬁfeﬂbhea|bé@ﬁeéﬂtﬁﬁ sétructure In
Fig. 11D, no translucent reflective layer is provided. The ?lght emtted

from t hemodiyhéat Ebnkagra Phei Sirdir@bbilimsatdent tA8 %oﬁti&ht ofbsorbi ng
filter FG as shown by arrow F1, or is reflected by the reflective | ayer
12 and the G-light-absorbing filter FG. In the first embodiment,

fhe luminescent layer 18 also functions as the electron.

transpdrt layer. 1In Fig. 11C, both a luminescent layer 18A

and an electron trahsport layer 18B are provided.

In the above embodiments, a reflective layer and a
translucent rgflective.layer constitute an optical resonator
structure. 1In 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 (refledtive layer 12) and a
transPéient electrode (transparent conductive layer 24). An
example of such organic EL‘deVices is'disclosed in Japanese
Unexamined Patent Application.Publicatioh 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




‘then is incident on the Glight--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 |ayer,24).. An anpl e of
such organic EL devices is disclosed in Japanese Uneﬁg%%%ﬁp$%€gﬁ¥
~Application Publication No. 6-132081 in which a band pass filter is used
to inmprove the chromaticity. Wen & l7ght-absorbing filters FG are
provided on Rand B light-emtting pixels of this organic EL device, as in
the 30 Septenber 2005 - 17 present invention, the organic EL device
disclosq&ésbﬁheinﬁ@ﬁeﬂ&nglﬁ@eh@ﬁgéﬂfaS@ﬂ?dé%i@&téiéélégééeiﬁ“tﬁ?e present
i nvention. The display unit of the present invention requires only one type
of mat erpaderdi ta Db Y& e PGt $ id)i SEF e PEHCLS SEhEES UL | Fite | pirdld S
~productivity wwth reduced material and-manufacturing costs, conpared with
t he organiventHomleviTee dbeh Dpe din it JoP aries eprésadn NeecbiRad@nt  Application
Publication No. 6-132081. Fourth Enbodi nent Referring to Fig. 1D, a.fourth
enbodi maequiitds ravi heonaleisgie el mdtedid B @b ashIErine gatterning
R-light-transmtting filter ERis provided on an RIlight-emtting pixel
and a BpHoag#s t memnitingigin iligh mibductpromMided tn mediddght -

material and manufacturing costs, compared with the organic
EL device disclosed in Japanese Unexamined Patent

Application Publication No. 6-132081.

Fourth Embodiment
Referring to Fig. 1D, a fourth embodiment will now be
described. In this embodiment, an R-light-transmitting
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
correspond; 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, i.e., 5.1, and the luminous reflectance of the B light-
emitting pixel with the B-light-transmitting filter is very

low, i.e.,‘1.3._
A combination of the R light-emitting pixel with the R-

light-transmitting filter and the B light emitting pixel




emtting pixel. In other words, a Gfilter is omtted from a known displ ay
unit including RR, G and B color filters. That is, the above-nentioned

G light-absorbing filter FG corresponds to the R and B-light-transmtting
filters ER and EB. As shown in Fig. 9, the lum nous reflectance of the R

light-emtting pixel with the R light-transmtting fil S . | i.e.,
5.1, and the lum nous reflectance of the B |ight- emtﬁﬁﬁﬁy%wwgﬁwﬁtr1the
B-light-transmtting filter is very low, i.e., 1.3. A conbination of the R
light-emtting pixel with the B- |lightt8transnmitting filter and the B |ight

emtting pixel 30 Septenber 2005 - 18 wth the B--light-transmtting
filter shown in Fig. 1D .exhibits higher |umnous reflectance, i.e., 5.1

for the il Hold 17 Adiil0cRinhs ¢ ehg £P{edD %Rl O R 11O Pixel, 1.3

for the B light-emtting pix _ on average. ngly, the
resul ts dyhiniiss PTeifn A G URSF 1 & tdifbe  NOSE, | %.51{1%&?0 s Nt | oned

enbodi nents. O her Enbodi nents The display unit accor the present
inventi on gian entitGl e JIBAYL eNBPd N SerRN & MO Gl S fH el ows: (1)
I'n the above eﬁbodiggﬁts,_the display unit is g% orgéhic ggﬁuﬁﬁéﬁlay. The
present 1.3veid Ghd B AARYHCRIE: it P PAxdl X rdTBt.1d dord R Rfgedi spl ay. For
exanpl e, the display unit ' _
Accordingly, the results in this embodiment are superior to

those in the above-mentioned embodiments.

Other Embodiments

The display unit according to the present invention can
include many émbodiments and modifications as follows:
(1) In the above embodiments, thé display unit is an organic
EL display. The present invention is'applicable to any
pPixel-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
deviée may have any configuration and may be composed of any
material.
(2) The abqve-mentioned layers may have any'thickness and

may be composed of any material.




-

.0f the present invention may be a liquid ¢crystal display, a plasm

di splay, or the like. Furthernore, the organic EL.- device may have any
configuration and may be conposed of any material. (2) The above-nenti oned
| ayers may have any t hi ckness and nmay be conposed of any material. 30

"Septenber 2005 - 19 WHAT IS CLAIMED I'S: 1. A display unit conpr|5|ng red,

green, and blue pixels arranged in a-predeternined s bes g0 filter
t hat absorbs one |ight conponent selected from a red |ight component, a
green | i ght component, and a blue |4 gw® conponent, 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. 2. A display unit

accor di A@ f# %% eln the filter is a green-light-absorbing
filter, e frrteér |ng franged at the output side of light or at the

incident side of external light of the red and blue pixels. 3 . A display
unit according to claim| or 2, wherein each of the red, green, and bl ue

pi xel s has a struyc ic EL layer between a reflective
1 I A P

| ayer and a ‘transpar bei ng arranged at the output

si de of I ghtre 0T @leelnN® dnal AR ﬁiﬂgi '%f?gﬂgéﬁaan!%ggrég;termlned

sequence; and
a filter that absorbs one light component selected from
(ﬂ a red light component, a green light compoﬁent, and a blue
'1ight component, the filter béing arranged at the output
side of light or at the incident side of external light of

pixels of colors that are not selected.

- 2. A display unit according to claim 1, wherein the
filter is a green-light-absorbing filter, the filter being
arranged at the output side of light or at the incident side:

of external iight'of-the-red and blue pixels.

3. A display unit according to claim”‘i or 2, wherein each
of the redf green, and blue pixels has a structure including
~an organic EL layer between a reflective layer and a
transparent lafer, the filter being érraﬂged at the output
_.side of light or at the.incident side of external light of

the transparent layer;

4. A display unit according to claim 1 or 2, wherein each

. of the red, green, and blue pixels has a structure including




*the transparent |layer. 4. A display unit according to claiml or 2, wherein
each of the red,. green, and blue pixels has a structure including 30

Sept enber 2005 - 20 an organic EL | ayer between a reflective |ayer and a
transl ucent reflective layer, the filter being arranged at the output side
of light or at the incident side of external [|ight of e.tr nsir? ent
reflegtive |l ayer. 5. A display unit according to cIain?ége%ﬁB&%i the
reflective |ayer and the translucent reflective layer constitute an
optical resonator for outputting |ight?20 conponents to be output fromthe
corresponding pixel. 6. A display unit according to claim5, wherein the
display unit is adjusted so that the peak wavel ength X of the spectrum of

the |ighanterdenout put 163+ ShbehebhCactbdl b8Bive 2LAFSE/ 4ng =N wherein mis
an integer, L represents the optical distance between the reflective

| ayer, amcandibucenbsteceactieé| Bayere thayeilead Qeil‘?%r&ﬁﬁéﬁéed hex phase
shift (radian) of the reflected light occurring in the optical resonator.

7. A di sph@youtpt astde donglight!| ai-mab, tbeigtiddie s s DR Yertidnd S
adj usted so that the optical distance L of- the optical resonator has the

posi ti velighii nufin ti8e #rahshicentintéfoapivei Mayer.

5. A display unit according to c¢laim 4, wherein the
reflective layer and the translucent reflective layer
constitute an optical resonator for outputting light

components to be output from the correspohding pixel.

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

| 2L/A + ®/2x = m
‘wherein m is an integer, L represents the optical distance
k _ between the reflective layer, and the transiucent reflective
layer and @ represents the phase shift (radian) of the |

reflected light occurring in the optical resonator.
7. A display unit according to ciaim 6, wherein the
display unit is adjusted so that the optical distance L of-

the optical resonator has the positive minimum.

8. A display unit comprising:




230 Septenber 2005 - -21 red, green, and blue pixels arranged in a
predetermned sequence; a red-light-transmtting filter at the output side
of light or at the incident side of external light of the red pixels; and
a blue-light-transmtting filter at the output side of |Ilight or at the
incident side of external light of the blue pixels, ei.n no ter is
arranged at the output side of |light or at the inci dgr@f‘éeéat%'éb fzfogéternal
light of the green pixels. 9. A display unit according to claima8, wherein
each of the red, green, and blue pixéls-has a structure including an
organic EL | ayer between a reflective layer and a translucent reflective

| ayer, the filter being arranged at the output side of light or at t he -

i nci dent si dered, aydtedialand e Qfitdies @RS ety TL1d ﬁf&% 10. A
di splay unit accordlng to claim9, wherein the reflective ayer and t he
transl ucesdquéedédective layer constitute an optical resonator for
-outputting light conponents to be output fromthe correspondi ng pixel. 11.

A displ ay unid mebaridintg tramdmiteily shefal nt Raa3GuigRiteaele 9205 -- 22

light or at the incident side of external light of the red

pixels; and

& 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.

9. A display unit according to 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 belng arranged at
{‘ the output side of light or at the incident side of external

light of the translucent reflective layer.

10. A display unit according to claim 9, whereih the
reflective layer and the translucent réflective layer
constitute an optical resonator for outputting 1light ‘

components to be output from the corresponding pixel.

11. A display unit according to claim 10, wherein the



»di splay unit is adjusted so that the peak wavel ength X of the spectrum of
the light to be output satisfies the equation: 2L/) + (D2n = mwherein m
is an integer, L represents the optical distance between the reflective
| ayer and the translucent reflective |layer, and c represents the phase

shift (radian) of the reflected light occurring int I cal onat or
12. A display unit according to claim 11., wherein thgﬁsﬁggﬁﬁﬁwzgﬁft i's

adj usted so that the optical distance L of the optical resonator has the
positive m ni mum - 22 - :

display unit is adjusted so that the peak wavelength A of
the spectrum of the light to be output satisfies tﬁe
equation:

2L/Ah + ®/2n = m
wherein m is an integer, L represents the optical distance
bétween the reflective layer and the translucent reflective
layer, and ¢ represents the phase shift (radian) of the

reflected 1light occurring in the optical resonator.

12. A display unit according to claim 11, wherein the
display unit is adjusted so that the optical distance L of

the optical resonator has the positive minimum.

e,






