1° DI SCHARGE LAMP AND LUM NAI RE BACKGROUND OF THE | NVENTI ON. 1. Figedyd ¢afg-G
the Invention 5 The present' invention relates to a discharge |anp @r)\g a 3
lumnaire. 2. Description of the Prior Art . .. Currently, color e/
reproduced by a variety. of light sources are evaluated quantitatively-based:
on the color rendering index, which has been 10 an established nethod for
gquantitative.evaluation of colors..The color rendering index eval uates-
quantitatively how faithfully light of interest reproduces colors, _
compared with a reference DLIGHARGEIAMMIRANBOLEWINAIREe attention has -
been paid to how desirably colors are reproduced, apart_from.the . faithful

reproduction. It has becone increasingly inportant to illumnate 15 col ors
in our living space such as colors of human skin, fooddmmulﬂ‘mllfﬂmwmlerifor
decorati ons O ROBICNIFOF TER INWVENTION present, dis for
general illumnation having "a relatively high correl at ed ¢olsor '

t enper at ure Aahlipldgf theolnvepbion 5000K t o~ about 7000K are commonly used for

main illum nation # S . . St ; It . 1S Sdai t |anps
with al 055\;/1 col or tdggr%gr?%%%%?é%?%}%%ar%g%? s 5%861'1'&?%}‘%)616@ %Jrlg asr}g#lgné%?t able to
create a relaxed atnosphere in the illum nated space than |lanps with a

Lenperature PoCBRTHIUG PORRMAAH 1y of adual [y year by year in the field .
of i llum nation inChersel, lérsepf@fuced byRvAricaflight sowurePad th a hi gh
Femper at r o AHEASEHOIFPHEC6 0 o onne elor TARAEHRE JiogoPasLRos heen
| ncandesg@nt 5|, 33E: H1hed WEthbE Mr §ERRatiDe RGaltREbn JFREREANCITHE Edlo2 | amp for
main illumnation as a recent approach for 1llum nation in houses and
~ stores. Whenrendexine widek exahiages qeantitagiyelyehowe faithfudly lightoéantesestnai n
e on il D53 R ISR AR kB ore
FETTTT11t 11 htdehtibh Haklbebh Iphid td hdw desikably col_ors are reproduced, apart from the
faithful reproduétion. It has become inéreasingly important to illuminate '
15 colors in our living space such as colors of human skin, food, plants, interior -
decorations and clothes desirably. '
At the present, discharge lamps for general illuminat-ion having‘a
relati\?ely high correlated color temperature ranging from about 5000K to
about 7000K are conlxmonly' used for main illumination in houses and stores.
20  However, it is said that lamps with a low color temperature from about :2800
to 4500K are more suitable to create a relaxed atmosphére in the illuminated
space than lamps with a high color temperature. For this reaSoxi,_ a light
source with a low color témperatﬁre is gaining its popularity gradually year
by year in the field of illumination in houses and stores. .
25 Furthermore, a lamp with a high color 'tenllpera.tu're is more dazzling
. than a lamp with a low color temperature when the light source is viewed K
directly. Moreover, an incandescent lamp for downlight tends to be used
together with a famp for main illumination as a recent apprOach'-for
.1llumination in houses and stoi‘gs. When a lamp with a high color

30 temperature is used for main-illumination and an incandescent lamp is used - .

additionally, the difference in color between the lamﬁ with a high color
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_incongruity. As described above, although lanps with a |ow color,

_-’?000002* 2 tenperature and the i ncandescent | anp causes a sense\ of .

tenperature are thought to be suitable to create a rel axed atm) phere,

| anps in a conventional * | ow col or tenperature range of about 3700K or | ess
are believed to pose a 5 problemas to how colors | ook under the:lanps. For
exanpl e, such a lanp allows an object illum nated such as a new tatam nat

to | ook yellow sh Iike n.ol.d t, of the skin of aJ anese person to

| ook unnat ur dPRARHIE REGGRe tnsan eé??ﬁ‘tﬂ%lpatcah‘ﬁ@ﬁaé%?ﬁ?r rBIRISTIHY i ndex so
that it can reprodygeddsetiBed abbl tattfhuhgu 1@@93%351&9@% ltéxﬁB&ﬁatheQxl
green and red as main em ssion. 10 Thus, thé color of the object .

i |1 um nat ed ithousht tabs sitakdel t@@@atea@rgzlaxettatmh@hméammen@ qogvam;omdr
problemin t r oes no
ook whi o,  nosRIA tepePhEE kaRlElr Sk ARRR o 16Ls BBk fed Ml bhec e 1t
is also said ﬂﬁohiemab&mho@vrcoh)rsdm\kamdemthb ldlmyys tEamperaamlnleesuohnghlmpmnot '
provi de suffiaﬁc}lpent Co Identl;“@fﬁ on becayse 15 n%é Iﬂa Ior e not
repr oduced, Wg2a% 8 Jﬁﬁtr’élué‘?lpfi 1% HPEYi H&W%Wa 7 aYre 88’I1 ‘Emder
such a |l anp. HUMNMARYL,Gr tREEKINNENIAEdNeE0 pERI0RI 10,100l indtieal, eveg Ghdigh N
‘'mnd, it is the object of the_ present, 20_ inventiqQn to proyide g)dl scharge

lanp and a | Ufedampehas g high qoloriendering indesnen thad 1t ?%‘}hf@rf’ﬁllu‘{?l XSqgreen and
red spectral egirqns @@hi@éﬂh&‘&@h?ﬁ@&?‘ﬁ@e Gg&@&faﬂaqéagg R@fikgigh, col ors

of various col ored oghects, I'S not overl arely causes a
sense of lﬂnco’ﬁ}g\usuthqcoihenf tl@e;d)jwtu]iummnamdaﬁnesmodudedrﬁesu’ablﬁn order to
sol ve the aboye- crib i rst cha esent
O venti on radiGERGL PRerRli® BhStier oRollbEi st BPhE ohBBPsu Fred.
| i ght havi ng aam ermm&sshﬁm does kot IookGhit réhQﬁ)ely,mh\AﬁlHﬁllp&ja@hbt pfm‘;@e higlh a bl ue
spectral region; g{gt hV|n an }esgss n pe K |na500to P

wavel engt h r%@eﬂtﬁp e arsqIsay fﬁr? ampy I GARVETRY A th an 30

eni ssi on peaktehﬂoe@QauteQaﬁg@cm&@%ﬁa@ghﬁ&&mldﬂd@nﬁﬁ@htmcmge region.
The col or _point of the conbined l'ight lies within a retgl on commpn to the
15 natural colors are not reproduced, and it is more difficult to distinguish

similar colors under such a lamp.

SUMMARY OF THE INVENTION _
Therefore, with the foregoing in mind, it is the object of the presént

20 1invention to provide a discharge lamp and a luminaire primarily emitting
combined lights in blue, green and red spectral regions that allows improved
reproduction of natural colors of various colored objects, is not overly dazzling,
and barely causes a sense of incongruity whén used with an incandescent
lamp. ' _ .

25 In order to solve the above-described problems, a first discharge lamp
of the present invention radiates visible light including the following lights
combined: light having an emission peak in 400 to 490 nm wavelength range
in a blue spectral region; light having an emission peak in a 500 to 550 nm
wavelength range in a green spectral region; and light having with an"

30  emission peak in 600 to 670 nm wavelength range in a red spectral r_egidn.
The color point of the combined light lies within a region common to the

following regions: a region bounded by an ellipse with a color point (u, v) =

THIS SHEET HAS BEEN
REPLACED :



fol | owi.ng regi ons: a region bounded by an el i I-pse with a col or .point (u, \))-

TH S SHEET HAS BEEN REPI _ACGD 3  (0.224, 0.330) as its center, a major . -

axis of 0.056, a minor axis of 0.024, and an .angle fromthe u axis of 20
degrees in the CIE 1960 UCS diagranm a reégion. bounded by an ellipse with a
color point (u, v) _-(0.224, 0..330) as its center, a major axis of 0.078,
a minor axis of 0.014, and an angle fgomthe u axis of 30 5 degrees in the

Cl E 1960 UCS, 4liag i i 1k -poj. Nt
U 30 (o2 ond LR LB e G obe Pai iy fro B9 ampphnt
axi s of 0.03@ngknftomrthanghwds of Bthdepeees imthes COE 1360d2gH deagriam; tahwegliirE 1960

UCS diagra a region bounded. by an el l.ipse wt cpl oint (u_v) =
(0,225, 20 SupfinBEP by anadlipervicts Slestpainf §F of 8 24 0o REH et
8_. 018, and glitﬁajaflgi_(i% oIQ.(f’ZBQleﬁiélﬁrla?chlf’O.@M,%ﬁddﬂg&l@@s ﬁ:dmtlh@uﬁb{fsdﬂﬁﬁ UCs
iagram and a regi.on o Si .color tenperature |ower than a
i sot enper &t uidgsTeeRdn she ;@&&5&@&33&1&1%%@ xegiqrebansied ks elipRe i 8
enbodi ment  achiofp8itaudl S (L8 d.859) aMitdedhtéOW Ao hxislTMGERbUhfhor -

d lights'in bl ue,@ﬁgreen and red 15 spectral

primarily radiating conbi ne s )
regi ons t hat apisonfi @30, andein angle duim thelusaxis of Hhdegraeq indet C¥E 4860 §10S and

ST e el e 1 i

i ncludes radi-a ons or ecu r di scharge
from a phospld30)Asitcenterdh sedyar geislof OGN atchimop namoft0.018; @ntdiconangldi at es’

visible Ljght. 20 includi he follqw Q.| nbi ned: - Light. havi ng an
eni ssi onléealgrqnhcgh%ﬁ axf%‘)tz%bé?ﬁﬁe%’&}’eﬁﬁngﬁﬁIlég(%g:%cﬁlaﬁﬁﬁlugng 6&85}05’1 °% 3gi on;
l'i ght havi ng safe ofRGlorIkRipePftalre Idwar thdd drPisofebnpuranerédir ¢flahcoradlgied N a
green spectral_region; and Il&g}d having with an em ssion peak in 600 to

670 nm wavel éﬁ@rﬁemaﬁgeéurﬁof% spectral region. The col or point of the
conbined light lie | L8841 ' ' I ng four

col or points (u, v?‘hy:g %%bZSS%%E%VQQa?%%%SQE %bﬁ??&s%g&gggﬁo 338), and
(0.239, 0.334ymperdtnee GrifariigcadEsing cgnlamed lightsindhlivedgneentandoiedeves a
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and 1is not overly dazzling.
The visible light radiated by this discharge lamp includes radiation of
atoms or molecules exited by radiation or discharge from a phosphor.
A second discharge lamp of the present invention radiates visible light
20  including the following lights combined: light having an emission peak in 400
to 490 nm wavelength range in a blue spectral region; light havingan
emission peak in a 500 to 550 nm w-aveleﬁgth' range in a green spectral region;
and light having with .an emission pea.lk’in 600 to 670 nm wavelength range in
a red spectral region. The color point of the combined light lies within a
25  region bounded by lines connecting four color points (u, v) = (0.235, 0.342),
(0.252, 0.345), (0.248, 0.338), and (0.239, 0.334) in the CIE 1960 UCS diagram.
This embodiment achieves a discharge lamp with a low color
temperature primarily radiating combined lights in blue, green and red
spectral regions that allows an illuminated white object to be perceived as
30 white (i.e., provides excellent perception of white) and is not overly dazzling.
A third discharge lamp of the present invention radiates visible light

including the following lights combined: light having an emission peak in 400



spectral regions that allows an illum nated white object to be perceived as
30 whi-fe (i.e., provides excellent perception of white) and is not overly
dazzling. A third di.scharge [anp of the present inventi-on radiates visible
light including the follow ng |ights conbined: |ight having an em ssion
peak in 400 4 to 490 nmwavel ength range in a blue spectral region; |ight
having an em ssion peak in a 500 to ?50 nm wavel ength range in a green
spectral region; and light having w an em ssion peak.in 600 to 670 nm .
wavel engt-h ré?légoinﬁn WRVE gé*pé%‘?&%l“%@ﬁ!eoﬁi’?*l’ﬁ reH g@éi V1F 2% he conbi ned
l'ight |ies wgthl [ ' ' ' |

bounded by ar?hglh%l?ggga%mﬁ?h@go({gglggr%%gliak?%(n fg% \L/%{%:eni(%ar %%'Zﬁ%ge%t%%g&gg&?t S
center, a najaod lightshayin®withean emissier pealkin6Qf} ta6Bham wavelergthregingefinom
the u axis of 2 r in t C i . .eglan . bounded by
an ellipse V\jatli'?gés’%%o r%f?e 7 it ue, éo\%&go@?bb@%c%gﬁéga&gg%ﬁ?%%ﬁg er, a

maj or axi 5 ofrefiof mmomtatie fallowigs reidibd a ragidndouadgd by b dlhipse with a1 axi s

of 30 degrees jn the CIE 1 j.agr.am a region boun y an ellipse
with a col or Cﬁfc?FrPPH(td}l»a-z&géﬁ%,%@%ﬁ%ﬁe%ni a@é%‘ﬁoﬁj%@%‘%& s of
0. 060, a M nekif¥f G024, dhdla3Pangedréin tRO Yl £id 6020 déerets BXilse OIE 3060&HTSes in
the CIE 1960 UCS diagram a rrgdqi on bounded hy an el lipse V\,ith((i2 | or poi nt

(u, v) = (0. 2@ssram;3aregionbey an ellipsagyith agelog pgntdugpl™ nor axi s
of 0.018, 15 angl ; ' E50.01ut 60 UCS
|) a"g i'6 n&l?g%lfr’\g ggg%{ya %n@?’@ﬁ%e%&%%g% our j():g%'c? Eﬁ a(g;il %Itl%l% (u,

diagram and ‘a re _ ]
v) =-(0. 285, flB4h8} u axi®obIPdegredalz) the OIR1860 Q) G3diagramy aregpadoundeds) in

the CIE 1960 ,UCS dy Thi di i - di . £ hat
has both of (RN Atke 5ot RERE oD LR P RAEHD gR i RB0E, P inaiBF BT
t hﬁb fir Zt ¥ Sﬁﬁomtoaadnid&raft_idfsn(_btfl{; gedl anpsgle fven tioé u_raézﬂma')f;ﬂo obelfgx’eémin

ined |i e es within.a region on a side of, color .
'f gnper at ur eg thé\%g %é@nbbgﬁ ‘i@&%%’%‘?ﬂ go’i%i"gf’éi by ane &tk écfogotfl Ryt
tenperature qf, 3549%2\2,\%%.3&@ &5liEs e, WeSadh adisaN0.04U, & 101H AixiPsr0.018)Vi des

an advant age in that en the dischar

e 5 lanp Ls_used wi th. an

i ncandesdént andngn angledpea the uj m@m@?&de@rep% ip e CLE 185@1@% gya&_‘-'ﬁgl? and

o the advantaititPaSiapd Skaes Bk int S G1G fobty (S TG0S, DaadRc 1 on
(0.252, 0.345), (0.248, 0.338), and (0.239, 0.334) in the CIE 1960 UCS diagram.

This embodiment achieves a discharge lamp that has both of the
advantages of the first and second discharge lamps.

20 In the first, second and third discharge lamps, the color point of the
combined light preferably lies within a region on a side of color temperature
lower than an isotemperature line of 'a correlated color temperature of 3400K
in the CIE 1960 UCS diagram. -

This embodiment provides an advantage in that when the discharge

25  lamp is used with an incandescent lamp, a sense of incongruity is barely
caused by the difference in colors of lights emitted from the light sources, in
addition to the advantages provided by the first, second or third discharge
lamp. ' _ '

In the first, second and third discharge lamps, the coloi' point of the

30 combined light preferably lies within a circle having a center thereof at a color

point (u, v) = (0.2457, 0.3403) and a radius of 0.003 in the CIE 1960 UCSs .

diagram.



lanp. In the first, second and third discharge |anps, the col or point of

the 30, conbined light preferably lies within a circl-e having a center

thereof at a color - point (u, v) _ (0.2457, 0.3403) and a radius of 0.003

in‘the CLE 1960 UCS diagram 5 This enbodi ment ensures the advantages of

provi di ng excel |l ent discrimnation and perception of white, |ow |evels of

glare, and low |l evels of a sense of Fncongruity when t he di scharge' lanp is
0

used with an incandescent |lanp. 5 A fourth discharge |l .anp havjng the
characteristics of Lheemppdimentenshies thgradvantagegiod PrafgEe) e&ﬁﬁﬂﬁrg a

fi uorescent |qeimitidd Y GSEEH0d ARIBCloUdRTelsr Elde! SREER! 1dvakSFa
I ncl udi ng three phosphors having em ssion peaks in 400 to 490nm 5 C? to
550nm and 66ensoobingomgnuxwehemn thedischmayge lampriaiused sndoae mended@nthi s
enbodi nent a Qi eves a discharge lanp with a | ow color tenperature
primarily ra |Ié31pi'ng conbined lights in blue, green and red spectral

regi ons tBat provi defoueticdistienie dahphadisg thenthiahetenstingofhedapt, setomd,

white, and is not overly dazzling, In the fourth_digcharge lanp,. t

Fluor escont | 1oayBirastihares Bimp it Guetescqst L ¢ THIRHGCHHdBTRHIHRP s as
maei N conponent fuordbcedrRagyerdneludinvgatisab ghasg_smis hava et plalke iRAoBRBOr
having an emi ssion peak in a 400 to 490nm wavel ength range; at |east one

phosphor sel é90a@.H08tetHEnEy. ang €AOei 670 g wavelengihirangesangaise
~activated, trc'o&gJoﬁ@flt Lerbium activated, trivalent terbium and trivalent
cerium activated, and bival ent manganese and trival ent 20 terbium activated
green phdéphors halhgembodimerdiawhiqveala disckarg®amp witlbadew waloel engt h -

range; and at_| east, one_phosphor,.sel ected. fr. he gy .ou consy std ng of
rival et eurGBIGRIEEE PrOvERY OV Cmemsa tebss i Pien Progh iRt "
tetraval ent npegrabfgian! thadbesvidadertbllsphevisr dissrimgnatioreand petveppioalofi n a
600 to 670nm wavel ength range. 25 This enbodi nent achi eves a di scharge | anp
with a | ow cdV’dhe & é”épﬁ‘?’gyﬂﬁmﬁ}g-l y radi ating conbined |ights in blue,
green and red In the fourth discharge lamp, the fluorescent layer preferably includes

15 the following three phosphors as main components: at least one bivalent
europium activated blue phosphor having an emission peak in a 400 to 490nm
wavelength range; at least one phosphor selected from the group consisting of
bivalent manganese activated, trivalent terbium activated, trivalent terbium
and trivalent cerium activated, and bivalent manganese and trivalent

20  terbium activated green phosphors having an emission peak in a 500 to
550nm wavelength range; and at least one phosphor selected from the group
consisting of trivalent eﬁropiu’m activated, bi_valent manganese activated, and
tetravalent manganese activated red pho_éphbrs having an emission peak in a
600 to 670nm wavelength range. |

25 This embodiment achieves a discharge lamp with a low color
temperature primarily radiating combined lights in blue, green and red
spectral regions that provides excellent color discrimination or perception of
white, and is not overly dazzling.

A fifth discharge lamp having the characteristics of the first, second,

30  or third discharge lamp is a fluorescent lamp. The fluorescent lamp includes
a fluorescent layer including four phosphors having emission peaks in 400 to

490nm, 500 to 535nm, 540 to 550 nm, and 600 to 670nm wavelength rahges as



spectral regions that provides excellent color discrimnation or perception
of white, and is not overly dazzling. A fifth discharge |anp having the
characteristics of the first, second, 30 or third discharge lanp is a
fluorescent |anmp. The fluorescent lanmp includes- a fluorescent |ayer

I ncl udi ng four phosphors having em ssion peaks in 400 to 490nm 500 to
535nm 540 to 550 nm and 600 to 670ng wavel ength ranges as 6 nmain
conmponents. Thi.s enbodi nent achi eves a discharge lanp with a |ow color .
tenperature pPrERECHRPIEREating conbined lights in blue, green and red
spectral regions tIgis %Bydimt@éﬁfé'vwatdi&%a?%e Hirsf Wit adw @blopr perception
of 5 white, and is not overly dazzling. In the fifth discharge |anp, the
f1 uorescent [tes@erduse priamnlyinadiatingcombiaed dighbsimblue ogreep rs as main
conponent s: ' ' i - avi ng
an em ssion %g%‘}ﬁ?lﬁlte Otlﬂ? tcl)ﬁg(g)g(?\erﬁ %@%}%ﬁ&%ﬁ%@?atgﬁﬁe%%%{ Bﬁosphor
sel ect ed br owhibs agrdasmot owsilg tlama)ingf. 10 bi val ent nanganese activated, and

an e Ssi on poak | A ARS B HEChasEh HR e AR A B0y BHEdBhosphor
sel ect ed fr onhé fidl@viagHoucpicsphbtdgs tifaih conpbedritst £ loastomechivakehed,
trivalent terbiumand triv nt . ceriumactivated,.and bival anese
and trival enteuf%l?lb‘%ﬁ?té‘f?ctﬁsgf@dp}l@p Pe ﬂ“ﬁ‘ﬁ@é‘p%ﬁlwaffg‘%EQ%%peak
in a 540 to SPQARRMANSThABYHE ledR YR pHRBFhH sdl&tsd fronftiIRhaRRPRbnSistias bed
fromthe 8roup consisting of .trivalent europium activated, bivalent
manganes&0acthivalentimanganess: aﬁwﬁ%@nd@ﬁ@angmr&@pp%%% brvadedhosphor s
havi ng an em _sSj ' 0 . I r 2nTh S
embodi mont - achy sz SydiEs S phAs ORIV HR KR SRRLIn' AR SR
primarily radi3dnhimyaeelehitierhrgeght kastiold phospiioe seleated frad the geodp al

regions that praovj.des.excellent,color, .discrimnatjon,or perception of
white and is CEBPS 95r°f§r.w ﬁﬁipqrhﬁl.mﬂc?l?’? ’i;rﬂlYﬁ ﬁﬁ# %éb’luﬁ’élaﬁggglggleqr%east one
sel ected frometileh GétHted 2 THNAleH: inidh@inede hhanEivhlenit Bgrbdtat fLtBated

reflecting plate for radiating o .
1 green phosphors having an emission peak in a 540 to 550nm wavelength

range; and at least one phosphor selected from the group consisting of
trivalent europium activated, bivalent manganese activated, and tetravalent
manganese activated red phosphors having an emission peak in a 600 to
670nm wavelength range.

20 This embodiment achieves a discharge lamp with a low color
temperature primarily radiating combined lights in blue, green and red
spectral regions that provides excélle_ht color discrimination or perception of
white and is not overly.daizhng. _ '

A first luminaire includes at least one selected from the group

25  consisting of a transmitting plate and a reflecting plate for radiating
illumination light including the following lights combined: light having an
emission peak in 400 to 490 nm wavelength range in a blue spectral region;
light having an emission peak in a 500 to 550 nm wavelength range in a green
spectral region; and light having with an emission peak in 600 to 670 nm

30 wavelength range in a red spectral region. The color point of the
illumination light lies within a region common to the following regions: a

region bounded by an ellipse with a color point (u, v) = (0.224, 0.330) as its



ifTlumnation light including the follow ng |ights conbined: |ight having an
em ssion peak in 400 to 490 nm wavel ength range in a blue spectral region;
l'i ght having an emission peak in a 500 to 550 nm wavel ength range in a
green spectral region; and light having with an em ssion peak in 600 to
670 nm 30 wavel ength range in a red spectral region. The col or point of the
illTumnation light lies wwthin a regidn connDn to the follow ng regions: a

regi on bounded by an ellipse.wth a color t ( 330) as
its 7 cent ercenﬁe%nﬁjnbfﬂo’é%? SWO(? o%mnar %%(43 8%{ ‘1‘3’?3 %'Qﬁﬂtlé‘-’nuangl e
fromthe u axiso0do d8sdegieafe CIE 1960 Ods &&%Qaﬁelc@rdgléﬁ'b@ﬁhd@db @non
bounded by an___ellipse with a col or point é) 224, 0.330) as its

center, a najedipsexyvihgs coler poigt (w Vhrd@rZ?éx $36} a@—ﬁ@ fﬂntearitlm&ﬂpraﬁgﬁ effrom

the u axis ofg ﬁ%a%glglﬁr?(ﬁ‘sailgof@?lé a@l\;fariﬁ?gl_ ;@ﬂg@%&%ﬂ: P30 894RBs p,pmged by

an el lipse Wit poi nt , as 1ts center,
maj or axi & ofCll 086) UL Sriliagramxa segibn BoG8ded bpad eéltilp@ngith af qodon pdint (u aX| S

of 30 degrees |n t | 960 UCS, di agr n bounded.b elllpse
o th a col or o ke, 0T 8 St SR ey of fUeBa ARPF B R 0IBE, Lo
0.060, a m nczarnm angle o k8e uad}ds af3@degrees iwthd OFE 1960 UOS alagfraﬁﬁ adegr ees
in the CIE 1960 di agram gion on a sid col o enperat ure

| ower than aﬁewﬁwgtb&@? REe Hfﬁ’aa EelpF Boint &y Bt {922%0 Qn%@aﬁa fSe of
3500K. In t h'c%n?é"fbg%éjﬁflhmstolf'@ odol HEhaE LR dficddis, hRdtanAslé HdRs Bhd hed t he
transmtting plate or reflected fromthe reflecting plate primrily

consi st s 18f  amis pf Yhdeereps in the CHe 4860 AP diagrame and & regiog oha sidedPthas a
| ow col or t efEBﬁf(racg{Hﬁt%r?ﬂ}Q tl&l?é‘r) ﬂh‘éﬁ' Iséf‘e é%’t&%%f‘é(&ei +(ﬁ?éla &lior

di scrim nation Ica overly dazzling second
| um nai r e i nademgpesattre lof 8660Kne sel ected fromt he group consisting of a

transmtting plate.a a ectin atefor ti Q ill t|on
light including thé Qgﬁ %F%Jdn}ern@’h BW?@W’ th)ﬁfatﬁ%\?i ﬁ%nséﬂﬂgé Ssi on
peak in 400 t@aASQiteiMeANR ANgllBeted T ithe fefldctidiggert pramakdgearisistslof ght

havi ng an _em ssion peak in a 500 to 550 nm wavel ength range in a green
spect ral 1Pegilghts anhlye, greenand rrel shectralregipmsan habézlﬂwﬁﬂl%é‘émp% e nm

wavel engt h r angeieNusih&fte PREFHESbxBEhPPolor BRcAMiRALAP(IBEnQEicdtiéh) and
1s not overly dazzling.
A second luminaire includes at least one selected from the group
consisting of a transmitting plate and a reflecting plate for radiating
20  illumination light including the following lights combined: light having an
emission peak in 400 to 490 nm wavelength range in a blue spectral region;
light having an emission peak in a 500 to 550 nm wavelength range in a green
spectral region; and light having with an emission peak in 600 to 670 nm
wavelength range in a red spectral region. The color point of the
25  illumination light lies within a region bounded by lines connecting four color
points (u, v) = (0.235, 0.342), (0.252, 0.345), (0.248, 0.338), and (0.239, 0.334)
in the CIE 1960 UCS diagram.
In this embodiment, the illumination light that has transmitted the
transmitting plate or reflected from the reflecting plate primarily consists of
30 lights in blue, green and red spectral regions and has a low color temperature,
and the luminaire provides excellent perception of white and is not overly

dazzling.



25 illumination light lies within a region bounded by |ines connecting four
color- points (u, v) = (0.235, 0.342), (0.252, 0.345), (0.248, 0.338), and
(0.239, 0.334) in the CE 1960 UCS diagram In this -enmbodi ment, the

i I'fumination light that has transnmitted the transnmitting plate or
reflected fromthe reflecting plate primarily consists of 30 lights in
blue, green and red spectral regions and has a Iom/color tenperature, and

the lunminaire provides excel|lent perce on, of i te not._overly
szl fno. 8 At n PatTdernp Bt indRAGER! R0, dia {tiiEe BRI B0 e
group consi stomgstihg af 4 tasMitih@Plape aha a%(ﬂleauﬁgfpl@;@tfomgamtaﬁg for
radi ati ng iI- umnatlo | i ght corrprlsm t.he '

f | I ow ng Ii cqnbi ned:
li ght havi ngliwminatushght gmaprisipg sbe fa W495h|$ heprebioRdt g%éi*@%ngﬁna bl ue

spectral regiffissign peIRin H@U %6‘39@511‘?%%51@9@&9?@&%&9 1'91 AbRIBGpb&raPRgdA;
wavel ength range in"a green spectral égl on; ght haV| ng with an

eni ssi on peakishh hgPhaan emissinn peakvial 2HQY to 5@@19@1 Wavelengd mrgeting ereeyi on.

The col or po'sb‘éct%l Itegﬁ)nélahhtﬂglm@%tab Mtg% éﬁal%‘%lq\“:}? lé;ina?({(ﬁ%a b fammor. to

t he foIIovm ng r poi nt
(u, v) = (0. m;eldixgm@alngxsm asedéipeccenﬂeegoa rrﬁ‘hercoh;xlpsmtfof@h@% a m nor

axi s of 002 and an le fr the. .u_ axis re eS|nthe ClE 1960
OGS di agr am WPt fefetiin reappepteor to. e RIPER et 8, ) |
(0.224, 0. 339ygisfi bounde&BY A elBpsvith 22ed]16r ®dint Qa, 0 & (024, omo;ms $tsof

0. 014, and an angle fromthe u axis of 30 Iﬁ)grees i n_the E gmw

di agr am 18 r e8nisR HEMRIAKIB T Q1956 2 rpaer axisel 9-0%% 8nd 38isnely

(0.235, 0. 33%@&26&5@5&&%@0@1@@ @ms‘dﬁgr&lnoé%%anmoaﬁae&lsy%nof 0. 030,
and an angle fromthe u axis of degrees 1 i the C UCS di agram a

regi on boundelinsg withal QOIICp‘S@mﬁ flh Vh ¢01284, P3BAY ag its center g majpmxinoB30) as
N L g e e T
bounded by Z@IE IM) Uﬁl’mha grang; 4 eegion bbmidgabbyhia ellipse witha dolorakint (, 342)
(0,292 5,35 49:240.,8, 50, a0 (0,255 O dith Lnhe GEcia U
advant ages Ofanﬁhﬁl hhgletirandhe acaadlof 30UEBRESH the CIE 1960 UCS diagram; a
region bounded by an ellipse with a color point (u, v) = (0.225, 0.330) as its
center, a major axis of 0.060, a minor axis of 0.018, and an angle from the u
axis of 20 degrees in the CIE 1960 UCS diagram; and a region bounded by
20  lines connecting four color points: (u, v) = (0.235, 0.342), (0.252, 0.345), (0.248,
0.338), and (0.239, 0.334) in the CIE 1960 UCS diagram.
This embodiment achieves a luminaire that has both of the
advantages of the first and second luminaires.
In the first, second and third luminaires, the color point of the
25  illumination light preferably lies within a region on a side of color
temperature lower than an isotemperature line of a correlated color
temperature of 3400K in the CIE 1960 UCS diagram.
This embodiment provides an advantage in that the illumination light
that has transmitted the transmitting plate or reflected from the reflecting
30 plate is not overly dazzling, and a sense of incongruity is barely caused by the
difference in colors of lights emitted from the light sources when the luminaire

is used with an incandescent lamp, in addition to the advantage of excellent



In the first, second and third-lum naires, the color point of the 25
illumpnation light preferably Iies within a region on a side of color
tenperature |l ower than an isotenperature line of a correlated col or
tenperature of 3400K in the CIE 1960 UCS di agram This enbodi nent provides
an advantage in that the illumnation light that has transmtted the
transmtting plate or reflected from®he reflecting 30 plate is not overly
dazzling, and a sense of incongruity is barely caused by the difference in
colors of |i gl dpsriminptionoen pareentigphef wbiteces when the luninaire is used
wi th an incandesce [ [4d : lent 9

col or discrininatigﬁj%gq%g?gg%?ﬁ%%&%ﬁﬁﬂ%ﬁ¥%nﬁ$ﬁg¥ﬁgEQ?fgg%tgggg%d and third
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advant ages of providing_excellent discrimnati 01(11'i and percepti.on of. white,
| ow | evel s ofthgt & ensiygd tohare the advmtagened RIPVIding nt HsgroHnaten

lum naire i s ysPeMeptioRBf WRAKRNIRSESEs of 3ldte aHdcO® [806ls OF Bariseastvant ages of
the present invention will becone 10 apparent to those skilled in the art

upon readi ng ianengrdier whem theninairefip uisethirith avdagandesesas dampt i on wi t h
reference o the achoNDARY! fef LBHEScos FHRhERDERERLETN (I JhERRAN NCS
y snowng cnhrona 0

FIG 1 is a diagramcollective I C ranges em ssion 15
col ors tH#t pappardet tdichose skilledgnshehirt weorpresiing and waderstandingsthe

excel lent col gr discrimnation,.hi per.cepti on.of white caol | ow | evel s
of glare caus@u°“iRB &?qaﬁlﬁ’?ﬁﬁf‘?r&{w %ﬂhﬁ' %rﬁg%fosthc?facﬁo?gﬁggn&%wga’ngr uity
due to the difference in colors of lights emtted fromthe |Iight sources
when used wi th_an_ incandescent Iz’ir(rﬁ% and_an especially preferabl e range,

according to BREEEIESOBIRGHN| @WHI(@ 2 is a diagram show ng a
chromatic range of m@l arg OdiaktahlcollS@HehPShdwial dBirOMatie r8RS of emission

di scrim nation between bl ack and dark bl ue colors according to the CE
1960 UCS 1 ageodens that provide the advantages of the present invention (i.e., excellent
color discrimination, high perception of white color, low levels of glare caused
by illumination, and low levels of a sense of incongruity due to the difference
in colors of lights emitted from the light sources when used with an
incandescent lamp) and an especially preferable range, according to the CIE
20 1960 UCS diagram.

FIG. 2 is a diagram showing a chromatic range of colors of light
sources that provide easy discrimination betWeen black and dark blue colors
according to the CIE 1960 UCS diagram.

FIG. 3 is a diagram showing a chromatic range of colors of light

25  sources that provide easy recognition of red color according to the CIE 1960
UCS diagram.

FIG. 4 is a diagram showing a chromatic range of colors of light
sources that provide easy recognition of blue color according to the CIE 1960
UCS diagram.

30 FIG. 5 is a diagram showing a chromatic range of colors of light

sources that provide easy recognition of green color according to the CIE 1960
UCS diagram.



FIG 3 is a diagramshowi ng a chromatic range of colors of |ight 25 sources
that provide easy recognition of red color according to the CIE 1960 UCS
diagram FIG 4 is a diagramshowing a chromatic range of colors of I|ight
sources that provide easy recognition of blue color according to the CIE
1960 UCS diagram 30 FIG 5 is a diagramshowing a chromatic range of
colors of light sources that provi dédeasy recogniti.on of green col or

according to the C 960 UCS di agram 10 FIG 6 is I agram showi ng a
chromatic range of ﬁﬁ@r‘é ad*laﬁaé‘hgg%‘ﬁmﬂgc%g ’E%tl‘bFWedg gfgg% f?lé%}lfgni tion of
colors in al |soh?@es%tagg%dﬁéeé’é\ycﬁrcgérﬁgionto?c@)lla?sgﬂl%@@@at@ﬁu@ A2bAthegF1 G 7

I's a diagram show n% a chromati'c range of colors of |ight 5 sources Fhat
provi de hi gh tedheddti B¥IGUCRrdingrazel or according to the CIE 1960 UCS

col o terperatur e diignd Sergnbbihe LR RNCHbRTaRDs pGRY, (T, 2 o
sources. 5Fl Gou9cdssthat gr@p&e highvwpargeitien ofewhite enbhiapcdrdingenthe KA 1961 at ed

10 -col or terﬁgﬁa .ure of light sources and the sense of incongruity caused
by the differeRc@2f1®M the color of light emtted froman incandescent

lanp. FIG 10 is a FiRS 1§raogifapa saawm@,ﬂtfw rlafiomsHip Betpédrethefcoelatetbodi ment
of the present_invention. 11 is m show ng t he c;ﬂg&; poi nts of
light eni tteoFOMrJﬁfnpfsawre@f Egbbmurp ga% Bange o %ﬁ%&ng spyxees.

present invention tggeigigr g %h@h&%ﬂﬁé Méﬂl&&mﬁ%tvb&en e RoRleide@N OF THE
PREFERRED EMBODI MENTS -Herelhafter, experinments for- obtaining chromatic

ranges i AOwhiasitor teeariergtire of bghasourgm and the sersg\of mgcongrwily canssd by the

Tt e bt SYRAT0L ok SRV L0 Bt 15500k Rug! o o, o) ot
experiments were cdifudoad atviewtshdwimphnexainpts 6fa hamrmmre of an
embodiment of the present invention.
FIG. 11 is a diagram showing the color points of light emitted from
15  fluorescent lamps produced as examples of the present invention together

with the evaluation results.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, experiments for obtaining chromatic ranges in which
20  light from a light source having a low color temperature allows desirable
reproduction of the color of a colored object will be described with reference to
the accompanying drawings.
First, experiments were conducted to study color discrimination
(1dentification) for the colors often used in a house under various lamps
25  having different colors of light emitted from the light sources. In the
experiments, it was determined how easily observers were able to discern
colors typically used in a house, i.e., black and dark blue, red, blue, and green.
The observers judged a difference in colors of color charts for a target color by
varying the color difference of the color.
30 FIG. 2 shows the experimental results regarding the ease of
discernment of black and dark blue colors. It was found that when the color

point of a light source lies within a region bounded by an ellipse with a color



(tdentification) for the colors often used in a house under various |anps
25 having different colors of light emtted fromthe l.ight sources. In the
experiments, it was determi ned how easily observers were able to discern
colors typically used in a house, i.e., black and dark blue, red, blue, and
green. The observers judged a difference in colors of color charts for a
target color by varying the color diifiference of the color. 30 FIG 2 shows
the experinmental results regarding the ease of discernnent of black and
dark bl ue colport. (W v) wé8 224UhaA3Q)ast itsvbrarier, hemeir gxis ¢fd).H96,¢f mandri aghs o our ce

lies within [ oun b n.elli ith a cgl ' (u, v) _
(0.224 0 330058 a?ﬁﬂsa%cé’ﬁégng%t}?neaFc?ﬁ“sa@ %\‘%grﬁ%’é’s&‘egéln}? ToePRicl
0. 024, and anlian@e T5%6or oee of the shsefvezd wiegabkstol disdera céloks W06 L&Ior

di agram 75% or. nore.of the observ .able.to discern col ors whose

color diffe %r«?_nicglsa"l‘t lle@%ttsé)mzﬁ?en ﬁié%@gg7@1@%e' col or space. 5 FIG
3 shows tpe experi mQt 8lshb@s¥hé sxpaabAidIFedilts KRR8I thdleasesnment of red
color. It was found that when the color point of the "em ssion color of a

| i ght sour ce discesnmenhphres qobayi oft Was frved that arhesl thepolorfioint ofgheol or poi nt
(u, v) = (0. : ' 25| ' - axi s
of 0.014, anﬁ%‘i‘ﬁﬁg‘ﬁ%@ﬁ%%gﬁﬁﬁégﬁﬁéﬁfeé "‘?}?}Eﬁg‘loepgfaeg'giar"eE gg&ﬁ%&}%%@lﬂ%%@% 10
di agram 75%aotolengpantu, tviie (0122dy 0.886) awite camtes, 4 magorsags nf .68y 3 mihos e
color difference. ] t |east in the GAE.19 *a*bh*.cgl o . G 4
shows ¢ he. exgoh ODLF e pulledfhum dfng e SLaLdoBels if BCPRRAREO TR e
col or. : uowasiizi%wnﬂ 1398br m;e%\ offhdia mbﬁrermieliré able @rﬂisfrﬁmoloiz@mbs@éolarl [ g(ght
source lies w.jhin a region bounde n_ellipse with a color 15 point (u,
v) = (0. 235, .@@wea%aﬁgﬂegsfc%mgﬁgéﬂaﬁ% ab %5%1??123‘.0960, a minor axis of
0.030, and an angl &8 QRhbRS tHe 8%perifbn rdSAFSREardinkiie Ghbe 4960 UCS
diagram 75% or nore of the observers were able to discern col ors whose

color di ff erdésreeninentiof blaasoloz. | i warfogng theywhenghp colospointnfsedssimG 5
areen color . P ugd R itbe s RIREY REkib BoRRIH B ap SR SEERIEAE: T
| i ght solbce poims(uwv) Ri(0.285 @§8Hmshivsicatetdr, mymajorelxlis pSE060,tehmizorcartispf poi nt
(U V)= (0 22530, Ind N adle Bt BRI L Hts & SPUSEreSib e off 9680 g nor
diagram, 75% or more of the observers were able to discern colors whose color
difference is at least 2 in the CIE 1976 L'a*b* color space.
FIG. 5 shows the experimental results regarding the ease of
20  discernment of green color. It was found that when the color point of
emission color of a light source lies within a region bounded by an ellipse with
a color point (u, v) = (0.225, 0.330) as its center, a major axis of 0.060, a minor
axis of 0.018, and an angle from the u axis of 20 degrees in the CIE 1960 UCS
diagram, 75% or more of the observers were able to discern colors whose color
25  difference is at least 2 in the CIE 1976 L*a*b* color space.
In other words, it can be concluded that when a light source emitting
light whose color point lies within a region common to all the regions bounded
by the four ellipses with respect to ease of discernment of black and dark blue, .
red, blue, and green colors obtained by the experiments, excellent color
30 discrimination can be achieved for colors in substantially all the categories.
The range common to all the regions bounded by the four ellipses is shown as

a hatched region in FIG. 6.



axis of 0.018, and an angle fromthe u axis of 20 degrees in the CE 1960
UCS djagram 75%or nore of the observers were able to discern colors
whose color 25 difference is at least 2 in the CIE 1976 L*ab* col or space.
In-other words, it can be concluded that when a |ight source enmitting
| i ght whose._color point lies within a region conmon to all the regions
bounded by the four ellipses with ragpect to ease of discernment of black

and dark bl ue, bl ue, .and green co] ors, obtained,by the experinents,
excel | ent col or BO%XEWHPH%&“F D CERFOTHCketh TREPERDEGC PEFGPLORpE White

subst anti al | ¥oRk wHdheolsatAAL an®bhiect b8n A3REH N £QEEABr ﬂﬁuﬁm'atéd"@y ’iz&ﬁb@é‘s
bounded by the four ellipses is shown as a hatched region in FIG 12

Next, exper i hdmPs haging ‘é‘gﬁmI&tlﬂiltrSégmedﬁothtth%t haveca jaw enrrelptaghealer coI or
when observi @%D?Praqgjrggff;g{] o1&y fighromatic color illum nated by various

| anps havi ng erent t source colors that have a | ow correl ated col or
t enper at ude of 3500 the eiqmsmeﬁtsl obdelmeerexpew ¢ drentashraphatic eadorscharéwed an

achromatic c or ch S val.ue. of under .having |ight
sources radi §{[Ws§? gﬁ{ueq}% %ﬁ%ﬁﬁpﬁr}?w%]dg?tusc?é’é‘ées chromatic
col or and howlfféneﬁheMseh@n €6lbey, ahﬂ@&dmwm}ié}ﬁoﬁm&mrcohfr anidehws| or chart
to contain, and heir perceptio V|n poi nts out of 100

points in pr@b‘b"rbcw etcgfo;g(jixgy]ge;cg%ve tge cp éo FllP‘b ?,haé'BF(b?OrﬁﬁH‘ wdt e
color. A hat ghgdet&DiHRAr b&c&ﬁﬁoxgb?gﬁﬁggo%om aﬁi(ﬁﬂbéﬂtf in(ii:roﬁoi't%ﬁﬂp"m as

a region that can .provid erception of white col or or colors in

t he hatched ithegraio of the Q}txgm@roglorgwewme golont A batched aegioninithe CAB| or .

(02350 0. 3437 OGS dykphl AEFT PRGN Fs b abiiofl Shal eyl gz ™ |
the CIE 1960 pldfﬁpdloaglfavhlter:nlm; [ Fomaﬂofsnmrldlet}twtched regivin, sheipbeesversose

em ssion colors nthis re ite object .t recogni zed
as bei ng whi 88Y°¢ g@rﬁoﬁéﬁsr?ﬁt”éore t‘ﬂ“?eeg ‘é’i:t aqbée TE81BY S b8+mf1?‘gh¥%1“ﬁ a | ow col or
tenmperature coaRERIY fodbeslr Qbmlt@@ﬁ v) BR0 O3B! 0.822010.252,1(:348)| @ 24819.33B)par ed
bet ween col ors . 20 hav;‘?g’a the s cor rel ated col or_tenperat

result, 1P waedf@ZHd P 11&%1%15 60 Ui diagrames ThNSsE s Pg-dﬁég? n the

regi on boundgghp¥ohidd€Svhose emission colors lie in this region permit a white object to
be recognized as being white.
Furthermore, with respect to colors of light in a low color temperature
range of 3500K or less, perception of white color was compared between colors
20  having the same correlated color temperature. As a result, it was found that
among the light sources whose colors lie in the region bounded by lines
connecting four color points (u, v) = (0.235, 0.342), (0.252, 0.345), (0.248, 0.338),
and (0.239, 0.334) in the CIE 1960 UCS diagram, the light sources whose
colors have a chromaticity deviation of —0.007 to —0.003 from the Planckian
25  locus in the CIE 1960 UCS diagram (“—” indicates a chromaticity deviation
toward the lower right side from the Planckian locus in the CIE 1960 UCS
diagram) provide especially high perception of white color.
Another problem is glare of a light source. Glaring light not only
causes discomfort to the eyes, but also interferes with accurate perception of
30  the surroundings. The glare of a light source was also examined.
Experiments were conducted to study how much glare is caused by a

light source by varying the correlated color temperature of emission color of a



connecting four color points (u, v) _ (0.235, 0.342), (0.252, 0.345),
(0.248, 0.338), and (0.239, 0.334) inthe CIE 1960 UCS diagram the |ight
sources whose colors have a chromaticity deviation of - 0.007 to - 0.003
fromthe Planckian 25 locus in the CIE 1960 UCS diagram (" -" indicates a
chromaticity deviation toward the |lower right side fromthe-Planckian

| ocus in the CIE 1960 UCS diagran) pBovide especiarly high per ception of

white col or. ot her mis glare o | i .ce. daring |ight not
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same | um nance as dazzling when view ng t source having
Assumi ng tshe havingahffereot c@ﬂrelalte@mlostnmwav\mnels 3000 résults dre shown imbser ver s

j udged the lu cent hat z|l es. t Vi e ht s 5 havi ng
di fferent corirgie ai?egr}%ogroarp(ﬂ‘t é’r%’tﬁﬁgémnpﬂ% atpe, g‘%sst? SO g\t\{ﬁ& ﬁloﬁl G 8.
The graph showmperatire (K3 becdihe Aiglgr! thatluatinhhe ﬂmtrdebﬂbe@ha:oﬁsmrvers

t enperat ure (l|)< becane higher, the | um nance that dazzles the observers
becane | ower. mME OB t of further analysis, it was found that there is

no significant 10 A5 rEHBDER Urthe? aiiagﬂa'ﬁ ieRak fétﬁi@iha‘ﬂfth&%h@%b\&?ﬁﬁﬁhm

| um nance that dazzled the observers when view n i ght source with a

correl at df t ediblerenderia apdigadpant level of 4% betwmepn the ummﬁam:twha{t fazzled Ahp ed
th b f
5000 K hbr o SNETkrk oMl ko ind 0 Ry SCE Sith b tofreBRERTLBREIRCLETBRISHG T © ©

correl at ed t eKperlassuamed tﬁe RinfidaKceothdtenzzled thatobsa'vetdmhammwlhg atlnghtsame

| evel of glare as th causle(g cﬁgethe ki ht @@gr e th ahé reI at ed

t enperature o§°u§6%)8'1 af{%r){?a% ToRda r%f Itrat ed R REhEE ¥t |VY"?c,songrU|ty
due to the dichhartdacehd RgkdicdRithaefordelatéttdneferaalegf 3500 KoMidss a

color tenperature of 2800 K and a fluorescent |anp when thﬁ 5 g’es wer e
i1l umi nateyd ﬁ@pﬁﬁpbgzﬁggagyyhe same level of glare as that caused by the light source

with a correlated temperature of 3000 K.
| Next, the observers evaluated a sense of incongruity due to the
difference in color between a tungsten halogen lamp with a color temperature
of 2800 K and é fluorescent lamp when the lamps were illuminated
20  simultaneously.

The sense of incongruity due to the difference in colors was evaluated
by a method in which the observers selected one out of the following 5
categories: the difference in colors is “significantly bothering”, “i)othering”,

” &«

“acceptable”, “not bothering”, and “not bothering at all”. The results are

25 shownin FIG. 9. These results confirmed that as the correlated color
temperature of the fluorescent lamp became higher, the difference in colors
became more bothering. Thus, it was confirmed that the difference in colors
is acceptable when the correlated color temperature of the fluorescent lamp is
3400K or less.

30 As a result of comprehensive evaluation of the results of the visibility
evaluation tests described above, it was found that when the color point of the

emission color of a light source is within a circle having its center at a color



The sense of incongruity due to the difference in colors was eval uated by
a nmethod in which the observers sel ected one out of the following 5
categories: the difference in colors is "significantly bothering”,

"bot hering", "acceptable", "not bothering”, and "not bothering at all".
The results are 25 shown in FIG 9. These results confirnmed that as the
correlated color tenperature of thelﬂluorescent Ianp becane hi gher, the
difference in colors  becane nore bothering it was_confirmed that
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when used W talte 20RdttivRBASKIRGE Bilthd 6T 1960 TCS Qidpail fnWIG.tNI InFIGRI1E 1S
nost preferable. The chromatic ranges having the advantages of the present
invention archremptieganges Jengommass solors tiatproyele ededlent£gldm in FIG 1. In
FIG 1, chryg ng&hﬁ es I ent col or
dlscr|n1nat|on é%?gﬁﬁtﬁémggﬁggggaﬁﬁgge assggg%gﬁ%gﬁé iﬂﬁﬁgsg%lde 10
excel | enilOperezeglidnspenéeptivntof vdutecalor\ A hime 3 is anasotemtpemtpee Hpeo€al i ne of

| at ed t t f , h vvh h
The 111 umi nderstited <FF Eberayufhotii K WGt S bRy BBttt ©
line of a calugliAitiéh dohdroveslfRizaling.e 21ind40R df. isvenfgeratura lhruidar y

bel ow whi ch t he dlffe ence in em ssion golors of the t. sources bare
causes the sé&pgelaed foOFﬁ%‘BH%PF%/O SWHIGh 817 %ﬁquﬁsﬁg 1@%@#3

circle 5 is &iffB&hce P @&@m&{ é’olél%%fftﬁe h‘gﬂ't ebufcas Bafdly e&ese@% @gnéetéf cent er
at a color point (u, v) and a radi us of In the
Cl E 196018CS ta¢angrary wWiten useglrmtbmn meamlesneat lagyp.c o) eircle @mp@rraps.tr e whose
color lies i to t
Giscrim nat g)ﬁgfgﬁéﬁlpq%g%% DR R o BFcil B9 RE c&RtEFhE §W1of Poft (u, v) =

(0.2457, 0.3403) and a radius of 0.003 in the CIE 1960 UCS diagram.

The light source with a low color temperature whose color lies in a

range common to the range for excellent color discrimination and the range

20  for excellent perception of white color of the present invention has a low color
temperature and provides excellent color discrimination and perception of
white color. Furthermore, since the color point of the above-described light
source lies in a range on the side of color temperatures lower than the
1sotemperature line of a correlated color temperature of 3500K, the light is not

25  overly dazzling, in addition to providing excellent color discrimination and
perception of white color. When the color point of the above-described light
source lies in a range on the side of color temperatures lower than the
1sotemperature line of a correlated color temperature of 3400K, the light is not
overly dazzling, and the sense of incongruity is barely caused due to the

30 difference in colors from the light sources when used with an incandescent
lamp, in addition to providing excellent color discrimination and perception of

white color.



20 for excellent perception of white color of the present invention has a
| ow col or tenperature and provi des excellent color discrimnation and
perception of white color. Furthernore, since the color point of the
abeve-described light source lies in a range on the side of color
tenperatures |lower than the isotenperature line of a correlated col or
tenperature of 3500K, the light is ndb5 25 overly dazzling, in addition to

provi di ng excel l ent_col or, di scrinjnation and ercepti.on of white col or.
Wen the col or poi &&10 erttﬁé“cglf&?gbﬁki‘??%‘é‘i‘fellﬁagmg &gﬁh"é’ﬁ'dleﬁ‘\é\@bq a range
on the side (&fdvﬁﬁtafgres,tzﬁtiﬁ@hélﬁg‘érlﬁﬁlf RRitel RBNedsbehe folRWEAP VMU NREHEs ne of a
correl ated col or .tenmperature of 3400K, the light is not overly dazzling,

and the senséoBPiRgd Hight hpving an paision pealsetia 408 te 490w in; biuerspeetrab i n
col ors from thgiohi Qhkt ﬁ%hg% AR oM SR 1M tAd oA 55@9%‘9?%%%&1 spedtral ! N

addition to providi ng excellent color discrimnation and perception of
white col br. resion} andlight havingehi emessidnepdakyatt 6bier GWnmavn aged lspectral

above- descr | ed: 9dvaL aes & A DAL dfdidThd Al AkES Al hediladie
fol |l owi ng vi&%’le'lig {5 EOR DI Y g%t i w%g qhaeH €sion peé’k at a 400
to 490nm i n anténtéorsphesiitably selegiing thé rghintibawnngndef Eghtsinct®OpeatdOaim, 500

to 550nmin re spect region; and | ight having an em ssion peak at

600 to 670nm%0ﬁ t&%‘}’gag’s?)’é‘i?bgl%o 6?@@‘?‘0 ?V#ﬁ’_égthi%é‘é‘ﬁ%?'ge l'anp can provide the

advant ages of the Ra@s@idn froRVdhisdt Mylesiick akit¥d 9 raaidtitg dritEsdtagdigat i on

amount of lights in 400 to 490”%5 500 tg 550nm_and 600 to 670nm wavel ength
¢

ranges. R8di drqm phesahex earsbe ntiised buradiatedtheatbong-deserikad waibds lighksehar ge
ght o vien the o B MEidrEEinhd if Bk EadhPIARG GotRGE BhEE KoF 0, ©
can be achi éesthigvedripvpmividgng blee flhomsestdamp with afludreacdntdayesscent | ayer
500 to 590nmiAAIREAY BAERTY RAURSRE A Pa (Ee 08 AR R AU naRpem. 15
Simlarly, tls@oabdsenabpnd600aschenachhelentbyrapgoy hlifiin chapbhemtsescent
e 5si on 1foaks i n_ 3OBIREYASEROVSOBRCh S bAAr RSN Db PESUAHERS 600 ¢ o
670nm wavel enfidhed @AY BSAViIRE MfoPEREAERYRr including at least four phosphors
having emission peaks in 400 to 490nm, 500 to 535nm, 540 to 550nm and 600
to 670nm wavelength ranges as main components.
It is well known that a green phosphor with an emission peak at 500
20  to 535nm, or a red or dark red phosphor with an emission peak at 620 to
670nm may allow the colors of various colored objects to look vivid. The
present invention can be provided with this effect as well.
Examples of the phosphors that can be used when the discharge lamp
is a fluorescent lamp are as follows: a bivalent europium activated blue
25  phosphor as a phosphor with an emission peak in a 400 to 490nm wavelength
range; bivalent manganese activated, trivalent terbium activated, trivalent
terbium and trivalent cerium activated, and bivalent manganese and
trivalent terbium activated green phosphors as a phosphor with an emission
peak in a 500 to 550nm wavelength range; and trivalent europium activated,
30 bivalent manganese activated, and tetravalent manganese activated red
phosphor as a phosphor with an emission peak in a 600 to 670nm wavelength

range.



It is well known that a green phosphor with an em ssion peak at 500 20 to
535nm, or a red or dark red phosphor with an em ssiaon peak at 620 to 670nm
may allow the colors of various colored objects to |ook vivid.. The present
i nvention can be provided with this effect as.well. Exanples of the
phosphors that can be used when the discharge lanp.. is a fluorescent |anp
are as follows: a bival ent europium détivated bl ue 25 phosphor as a’

phosphor with an emd ssion peak in a 400 fo 490nm wave] ength range;

bi val ent rranganeserpé{f?’??fé‘_fdga’,tli’tera_r 3F & le°£ %?Ibg‘&ﬁ? e EYB g g ’\YS-Peé‘t"it

terbium and tmangdmsit seivhted divaBhethan@itledd ¥@d BivaldMRUEAAE Rvated

trivalent terbium gct I.vat eg,cgr,een phosphors as a phosphor wi th an em ssion
I

peak in a S0BTEER BEORRAKAYRIcBigaPhosrber having an emissien Reakdpialiiditet i vat ed,
30 bival ent ' . f g s}g% \Y; red
phosphor as ;@gﬁggﬁg‘?ﬁﬁ h?%rgg%é%s i%ﬁhgggab:&&r?% g%agg,ﬁg nmg'waa’\i/%ﬂgngth
range. 165 Furistelistovhowingphasphvr mbjeetds that dae trakiedte debigve shegresent

bi val ent MaNgaN&sS,Act i vated or bival ent manganese and bi val ent europi um
activated green p(ho’sphor, whi ch is a phosphor having an em ssion peak in a
500 to 535nm wavel ength range, al ong iidble ihe above-descri bed phosphors.
Table 5 1 is a list show ng phosphor materials that can be used to achi eve
the present _invention. Table 1 Phosphor Abbrevia Peak Em ssion _tion

wavel engt h qdhwmsphenir opi um acti vat ed st r pAbbreviSRPeaX4nm bl UEmipsioaphat| e
eur opi um act|i vat ed bari um BAM 450nm bl ue| tisRgnesi|wawlegthal eolerlr opi um
activated stiropbpium Sésvate@R3troRtien Chl of gprat 1 tq Lanap! um ppljevat ed
strontium SAEADRMCD! ui sh green al um nate
europium activated barium BAM 450nm blue
magnesium aluminate
europlum activated strontium SCA 450nm blue
chloroapatite
europium activated strontium SAE 490nm bluish green
aluminate
europium and manganese activated |{ BAM-Mn | 515nm green
barium magnesium aluminate
manganese activated cerium CMM 518nm green
magnesium aluminate
manganese activated zinc silicate ZSM 525nm green
terbium activated cerium CAT 545nm green
magnesium aluminate
cerium and terbium activated LAP 545nm green
lanthanum phosphate
terbium and manganese activated CAM 545nm green
cerium magnesium aluminate 518nm
europium activated yttrium oxide YOX 611lnm red
europium activated yttrium PW 621nm red
phosphate vanadate
europium activated yttrium YOS 627nm red
oxysulfide
manganese activated cerium CBM 628nm red
gadolinium borate
manganese activated MFG 658nm dark red
fluoromagnesium germanate

10



eur opi um and manganese activated BAM Mh 515nm green bari um nmagnesi um

al um-pat e manganese activated ceri um CVW 518nm green magnesi um al um nate
manganese activated zinc silicate ZSM 525nm green terbium activated cerium
CAT 545nm green nmgnesi um al um nate cerium and terbi um activated LAP 545nm
green | ant hanum phosphate terbi um and manganese activated CAM 545nm green
cerium magnesi um al um nate 518nm eur dfi um activated yttrium oxi de YOX 611nm

red europiumactiyated.yttpjum PW621nmr.ed hosphat e vanadat e .euy opi um
activated yttrium _i%%og’#hﬂfh@opreﬁ%tslﬁf“??ﬁ%n Hﬁﬁ@%‘?‘?@&g AR AT R ) Q,fé:Pfoﬂi% CBM
628nm red gadohiibisBAIBAIEI e AR NUANRERedChn B8 EERieVESHS NP &l RIKin06h
fluoroma esiumgermanate 10 17 The object of the present I nvention of

i nprovi ng r epRYHELY asteneef airansmiting plate ard areded)sRlate thatatomat ed can

be achi eved i . i nair i t . ane itin
pl ate and a lr%eéfh Fg’é‘{?’?ﬁgl%# g%) gpéteﬁgthag??ég\{/tvgb%i c}’lﬁ? fh EICR : G ¢ SRR J

at € Tig oma light source to have
sui t abl e &hr emamipd¢ of/a lrh@ainOofsmevenlodimene rbithe preséntanventiomi re of one
enbodi nent of the esent. i nventdagn. This l.um nai.redn Lum naire
Porerno e o b BRERRhinaiR IRt ARs  Hitrna U LORURE o, ATMIRPp WA 87 1C o
provi ded i n ahé hghsingd, aader fpantmittinggdlatd 8 providel lreatight padessespdrbr ough t he

{ransm 4100 0Lat e % St e LLAnEI e IOt Sl A Ted B
l'ight that hagafdmhiereatlighttdisl dtildzed3RdBubliRAti&R NgRE. OVIKietransmitting plate 8
10  is designed to release light that has chromaticity in a range that can provide

the advantages of the present invention.

More specifically, the transmitting plate 8 generally can be produced
with glass or plastics, and the spectral transmittance in a visible light range
of the transmitting plate 8 is controlled and designed so that an emission

15  spectrum of light radiated from the lamp 7 can result in a desired illumination
light that has the advantages of the present invention.

In order to control the spectral transmittance in a visible light range
of the transmitting plate 8, a substance or substances that absorb light in a
specific wavelength range are added to a material for the transmitting plate 8.

20  Typically, when the transmitting plate 8 is formed of glass, the material is
doped with metal ions that exclusively absorb light in a specific wavelength
range as one component of the glass composition. When the transmitting
plate 8 is formed of plastic, it is known to mix a pigment that absorbs light in
a specific wavelength range with the plastic before the plastic is molded into a

25  plate, and then to mold the material including the pigment into a plate.

Furthermore, either surface of a transparent or semi-transparent
glass or plastic plate may be coated with a pigment or the like. Alternatively,
the transmitting plate 8 can be produced by attaching a plastic film having a
controlled spectral transmittance to either surface of the glass or plastic plate.

30 The example shown in FIG. 10 is a luminaire having a transmitting
plate, but it is possible to use a luminaire having a housing provided with a

reflecting plate that reflects light in a chromaticity range that provides the



t he advantages of the present invention. Mre specifically, the
transmtting plate 8 generally can be produced wth glass or plastics, and
the spectral transnmittance in a visible light range of the transmtting
pl-ate 8 is controlled and designed so that an em ssion 15 spectrum of |ight
radiated fromthe lanp 7 can result in a desired illumnation 1ight that
has the advantages of the present inugntion. In order to control the
spectral transpittance in a visible light range of the transmtting plate
8, a subst anclvaptagasofshe ezesephinvepsiony Fughhermere, theJumingize waye| engt h

range are addsd RuPReEASfAl AN HEFTMIAIBGIAt e B. 20 Typi cal ly

when the transmtting ate 8 ormed of glass,”'the material is doped
with netal ions thaddoxexspeadicaly,yillubdnation light that provideseasxccalaw el engt h

range as one nent of. e-qal.as sithen. . W smtiing
plate 8 is fo(ﬁgr%@d‘% o aqb(fnaé?ﬂg%,lﬁ%tt%lnz Oﬁ%g\%]etc Eoﬂﬁnlmkmgt%lpgirzigp Et hat * abSor bs
l'ight in 5a sjbwtbmpenatiak andtbarelyngases glaré ben pk abtdinedby asmgtde pl astic
i's m)ldedintloa25 pl ate, an thent(%noldthe.natlerial i nckudin 1the

pi gment i nt o ‘ATPPAYE 1NCIRGHG steonetairpanenntiinedlate apd a gpflect ks

sem -t r ansparfgptadigdtiagthe folvask iGuRimdtforByhi e THRAllethinhtibn Aght BitbidesOr
the like. Alternati velfy the transmtti ng gl ate 8 can be, produyced b

attachi ng a ptdsesttheifplewing lighta combieds g thﬂé’&ﬂfna‘?mﬁs&’@s?ﬁatktmﬁoo

ei ther surfac t - Asty - Th in FlG
10 1's o | um rapemh Sy AEREh el Ao Bhakf rdiol B HARLE SSEHESD (o a
| umi nai r dO0havieads ia $Ho06 tnG5EPnovwdeeengthhrangerinfd green spegraltregiomanndef | ect s

light in a cht ticity.nrange that provid h 8_ advant ages of .t he

bt asent |1 nvortabaehy Ml RS Fetivin Bha i 0 kRag B REVARLEHS s ih X
transm tting pedapectaaliregisef |'Hed ¢odgr poiat of thvtllansipatioh ilight liys wiitHinri nat i on
| ight that provides easy co]or _discrimnation. (identjfication) of glrll

obj ect i | | uni%egta¥casymop ipthefallpwing sggions: apregion Reyndedihy, an eitipsp ribh 9

causes gl are &t RinPRL %) B]Y. 204, 0380Padits YEARR! 4 fajdiC6b1'0.086, 4 afbr One of
atransmtting plate and a reflecting plate for radiati ng t he follow ng
&

i |1 um natlion axighf 0.024cand hnmingla from theghaxisof 20 desreestin the AEL S0 Y Clowi ng
S0, Tl O 0B PSR S d a8, 452 ool ot
0.330) as its center, a major axis of 0.078, a minor axis of 0.014, and an angle
from the u axis of 30 degrees in the CIE 1960 UCS diagram; a region bounded
by an ellipse with a color point (u, v) = (0.235, 0.335) as its center, a major axis
20 0f 0.060, a minor axis of 0.030, and an angle from the u axis of 30 degrees in
the CIE 1960 UCS diagram; a region bounded by an ellipse with a color point
(u, v) = (0.225, 0.330) as its center, a major axis of 0.060, a minor axis of 0.018,
and an angle from the u axis of 20 degrees in the CIE 1960 UCS diagram; and
a region on a side of color temperature lower than an isotemperature line of a
25  correlated color temperature of 3500K.
Furthermore, illumination light with a low color temperature that
provides excellent perception of white color and barely causes glare can be
obtained by using a luminaire including at least one of a transmitting plate
and a reflecting plate for radiating the following illumination light. The
30 illumination light includes at least the following lights combined: light having
an emission peak in 400 to 490 nm wavelength range in a blue spectral region;

light having an emission peak in a 500 to 550 nm wavelength range in'a green



10 peak in a 500 to 550 nm wavel ength range in a green spectral region; and
| i ght -having with an em ssion peak in 600 to 670 nm wavel ength range in a
red spectral region. The color point of the illumnation light lies within
a -region conmon to the follomnng regi ons: a region bounded by an ellipse
with a color point (u, v) (0.224, 0.330) as-its center, a major axis of
0.056, a mnor 15 axis of O. 024 and]éh angle fromthe u axis of 20 degrees

inthe GE 1%9&&9& Eﬁjdx@%‘hﬂrﬂ 12 Ha98h LRiAOUD ORI S BEa1eld 6RP & 810 A cOl Or
point (u, v) = as I1ts center, a 1or axis of 0.078, a

m nor axis ofWEOIedELHETherﬁdgam an‘gdépeﬁr%dmem u Theicslosfposy efdéheees in the O E
1960 UCS di agggﬁmngtlg eglggp hbs0 \lajv%ill%g a rg%mnrbo%l dfzg%glfm%tsgggng& n?% foRRor (U: V)

= (0.235, 0. a5t s8Cent axl's Sor SAXFs of
0. 030, and aq)omlgl a1, ) scr(OtZ:Bé 0 342) %0 662,3013415)9(@%8 i(h338)hand(E239,603R0S

((ji)agrzgm 0: 330 tg% qqt%s{b%@d‘r‘gé ‘ﬁgg’%ﬁ!liar fg%wéggﬁeaéﬁg%’%rthg%ﬁ%S?‘s%ﬁF é')bc%eo 018,

and an angl e ¢pfigsohReldts ﬁé'lﬁ tné réfof BEGLES] b 1ihBe céArfeclid8do kiR 16k pahaym and
a region on a side of color erature | ower than an |soterrper4$1ture l'i ne

of a 25 cor (8] 23 6}34?@ s &%45& (053489 R. 338 rangelOnési% 0-334) tdbeat i on
i ght v th 2 digy 669 Plod BRBELA Al iAlour VRS rfiGBhIcBlks BatE@PL | on of
arely cauSes gl are can

white col or an g obt ai ned using a lumnaire
i ncl udi ng at cheemationy deviagionrafns9 QA7 teg 11.88% froanmthesPlaatkiastlpens iyl thee f or

radi.ating,th Kl um nat i nI| Ih Ly ght
i ncl udesqgt @fﬁi&w ﬁaggarﬁd)rpp ‘gcé?f]gh‘bgglg?m%%ttl rg}é{/@%dgtgragir?&em ssion-
peak in 400 to 490 Inﬁmmmbxenghhpf@m da@y@ohkdjscsmm'ratlah (rdegtnﬁloatloh)@‘lt

havi ng an em ssj on peak n a 500 to 550 nm wavel a green 19
spectral regidhlvminated,phiest-Andhgxerilent ReTCeRRIQR P WgﬁééR B@‘b th% 670 nm

wavel engt h r%ﬂ@wix{% &vd Pé&@@%féﬂtghré %éﬁbd igeth@qneﬁn@m(m light h#¥€ing
illTumnation light Ties within a r‘gaal on boun | i nes connectl ng four

col or poi nt $rafgmit{gd the(tyapgyittipg]ate or(pflegrd fmmby reflegtingplate 338) | and
(0.239, G5334) RgbPal ib%sglee fo%@&lxgéﬁ i 2nThed: rhéﬂlﬂ'l?a n eﬂﬂ?ﬁgn bBgk ! i ght

sources whose em ssion ¢o R the regr on oun [T nes
connect i ng f anrd08coct90punviaveldngthuwpnge {(10a e s@cmregxpo, ,ha@/igga8n,

(6,245,"C 35),end (9,238 00 530 40 02 AR00, 0l AR ik o
and light having with an emission peak in 600 to 670 nm wavelength range in
a red spectral region; and (2) the color point of the illumination light lies

20  within a region common to the following regions: a region bounded by an
ellipse with a color point (u, v) = (0.224, 0.330) as its center, a major axis of
0.056, a minor axis of 0.024, and an angle from the u axis of 20 degrees in the
CIE 1960 UCS diagram; a region bounded by an ellipse with a color point (u,
v) = (0.224, 0.330) as its center, a major axis of 0.078, a minor axis of 0.014,

25 and an angle from the u axis of 30 degrees in the CIE 1960 UCS diagram; a
region bounded by an ellipse with a color point (u, v) = (0.235, 0.335) as its
center, a major axis of 0.060, a minor axis of 0.030, and an angle from the u
axis of 30 degrees in the CIE 1960 UCS diagram; a region bounded by an
ellipse with a color point (u, v) = (0.225, 0.330) as its center, a major axis of

30  0.060, a minor axis of 0.018, and an angle from the u axis of 20 degrees in the
CIE 1960 UCS diagram; and a region bounded by lines connecting four color
points: (u, v) = (0.235, 0.342), (0.252, 0.345), (0.248, 0.338), and (0.239, 0.334)



chromaticity deviation of - 0.007 to - 0.003 fromthe Planckian locus in
the 10 CIE 1960 UCS diagram provi de especially high perception of white
color. [Illumnation light provides easy color discrimnation
(i'dentification) of an illum nated object and excellent perception of white
color, when the following two requirenents are satisfied: (1) the
illumnation light having transmtted the transmtting plate or reflected

fromthe reflecti | at e {.ncludes at least the following |ights

conmbi ned: i dﬁt&‘ﬁgﬁﬁﬁbg_aeé)nljé%i 8B peak in 400 to 490 nm wavel ength range
in a blue spectral mgghdmork! Ghke DRVIINGiRAtioR Heht rQBiaP&RS ol k1R 1RHinhRe 550

nm wavel ength range in a green spectral region;” and light having wth an

eni ssi on pealofithe poesens isvemtion hanatdogpeint imgaegion on g sidevbeeer al regi on;

and (2) the r j I ] j | i i i hhin a region
common to t hggbgjlefg%irggo‘?ergéﬂé%séﬁ gsgﬁg&lgﬁ%ﬂr? ]E)&c? ulél%gélf %g&g%lageeﬂoﬁ%lse with a
col or poi At (tampeyaturg ©f 320K 0tha3dUindsativss lightberely aanmis @lamxirsadditiof. 056,

a mnor axis of,0.024, ,and.,a ngle fromithe u axis ,of 20 .degr.ees in the
A E 1060 e BiheeRare 4Rl A dufagsn kb Ahebmbre, Suhly e SRS Ron D e (.
v) = (0.224, 18:m39Niaa6d ifotn ElNBhinadreBIitRE paddenit Mhvdtidhthasta £816Opoiakis Of

0.014, 25 and an_angle fromthe u axis of 30 degrees.in the CE 1960 UCS
di agram a ricEgen Bearfdddichiplortemnerpage Jpwer thasotnisofranparagyre e of a

(0.235, 0.33 i i i . i i
60050 and. akbrbiateliboldi Wirphratd, Bt 9100K, hedlubhifiidon Akt Blelddells

di agram 18 r egnsaobingangohityydumto tdie| differensk tih colorpoigthedightsopxces when
(0.225, 0.33 i cen [LOr i . 30 L 1111 axi s of
0.018, and aﬁ)saeﬁéwgfl?“rno‘%cé‘ﬁ esgeht R, in éﬁﬂ&gé‘rté’ce{%‘gi%‘(r%bk'%ggé%%rédl%o UCS
di agram and aivaagagys. bounded by |ines connecting four color points: (u,

v) = (0.235, 0.342)..(0.252, 0.345),..(0.248, 0.338), and (0.239,,.0.334) 20
in the CIE 1960 UCS™ _%‘g‘?’ﬁrﬁ’lﬁmfﬁ)&fr’ﬁ?’é, g rap }"it?cpf}f-ﬁ Faprgttight

radi ated frompihfeor AMleBRI Bomhe B RIRSHALe is WHRIH 4 eRclBdmvinE Rk @énfeei Nt in
a region on a side of color téﬁg&%ature | ower than an isotenperature |ine

of a corrél at¥d eVPLPOIBL (BripeT 8/3498bord arndiys of ORI ths (EEgtP6Gar el y
Whon the 11§ it gRd Yhe okt AR RNGE R B ARSI ceent
i nventi on hadliscrimiimatiquoamd pereeption of white color; low levels of glare; and low levels
of a sense of incongruity due to the difference in colors when used with an
incandescent lamp. The region within this circle is most preferable.
20 Next, evaluation tests by actual observation were conducted with
respect to fluorescent lamps produced with the phosphors listed in Table 1.

Table 2 shows the results.



a'region on a side of color tenperature |ower than an isotenperature |ine
of a- correlated color tenperature of 3400K, the illum nation |ight barely
causes a 10 sense of incongruity due to the difference in colors of the

| i-ght sources when used with an incandescent lanp, in-addition to the
above-described advantages. Vhen thglcolor p0|nt .of i ght having

transmtted the tramsmtt atre refiectedy T tihe reflecting plate
is within a C|rcle'%a%;ng it S center 5 at | a gol or |pbijnt (u, v) = (0.2457,
0.3403) and a radluggxﬁ 0{003 | n the |[ClH 1960, WCE (dijagrlam the follomﬁng
advant ages are proysddd: EXCed|@ M x @ o|di <Ot AP d®|and perception of
white color; low levels,otf [glal g [and Towil eviells| loff a |sgnse of incongruity
due to the dlffere$c%“[§g:olcrs wheh {used |wl th [an oin:(guocescent | anp. The
region within this]|cefé TS| HRAPBIXLLR P8 R&Y al uation tests by
actual observation e conducted|w tih| regspect| to fll torescent | anps
produced with the phi §o sl Ili stled | n ]a l{e 1@{ Ta@;e 2l shows the results.
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G o oo Yheseat thPoaPoia b P 1 oBp U Riflelio R 1afdoh, e 33
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ccdaoc ,.CO CD h h
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-0 Cott Us. ~4indicates a chromatmty deviation toward the upper left side from the

Planckian locus in the CIE 1960 UCS diagram, and “—” indicates a
chromaticity deviation toward the lower right side from the Planckian locus),
the evaluation results of ease of color discrimination, perception of white color,
glare of the light sources, a sense of incongruity with respect to an electric

10 lamp, and cqmprehensive evaluation as to whether or not the lamp can create
a suitable illumination environment, focusing on natural reproduction of
colors.

The evaluation results of ease of color discrimination, perception of
white color, glare of the light sources, a sense of incongruity with respect to an

15  electric lamp, and the comprehensive evaluation are shown by © (especially
excellent or most preferable), O (excellent or preferable), A (marginally
acceptable), and X (bad, not preferable).

FIG. 11 1is a CIE 1960 UCS diagram showing the color points of
emission colors of the produced and evaluated lamps shown in Table 2

20  together with enlarged preferable chromaticity ranges obtained from the
experiments described above. In FIG. 11, the color points of the lamps are
shown by ©, O, A, and X, which are the evaluation results as to whether or
not the lamp can create a suitable illumination environment, focusing on
natural reproduction of colors, shown in Table 2. The letters in FIG. 11

25  1identify the lamps shown in Table 2.

The above-described plotting has confirmed the chromaticity range for
colors of light that provides the advantages of the present invention. The
same results were obtained when the other phosphors listed in Table 1 were
used.

30 Furthermore, the same advantages can be obtained with a high
intensity discharge lamp which utilizes visible light radiated from atoms or

molecules excited by discharge.
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Tabl e 2 shows | anmp nunbers, the types of phosphors and the weight ratio

t hereof, the color points in the CIE 1960 UCS di agram of the lanps, the
correlated color tenperature Tc of th®g |anps, the chromaticity deviation
Duv fromthe Planckian locus in the CIE 1960 UCS diagram of -the |anps ("+"
5 i ndi cates a chr orfrReilBYenticicpasbe smhadied i ether frpesy witheut dengatingdram he

Pl anckian | o b : é@i;r- I: NG e ainhodi o) : :
chromati ci tngig%)g%titéo}ﬁes%%%%% tQl ﬁe 01\%%(?&?%9 %ﬂas?‘ 8eﬂb§r%h I'ltagfé&P gﬂg |(:1alrr11

| ocus), the thisaipmicatinn pes td be cafsidarsd infalloekspectsias diwstratinte amd npter cept i on

of white color,...qlarg of the.light sources,.a,sepnse of inc ulty with
respect to a(rflm?alltle ri eﬁﬁo?%ﬂ%ﬁhegﬂ&e'&tb?ﬂ)}selﬁg'hcfit?fgg%\% ?ﬁ%?‘?nod??ﬁg:la%yv\het her
or not the | aatherahaarngathe foregditigtdRbptibh landallichan s hizhrenie witléiisi ng
on natural reproduction Qf colors. The evaluation results qf ease of color
di scri ni nat i $R® RANEBRAPEFaBEe oAgAUEaleBRLPL thy) %@So%retlﬁ&er}qeaﬁp ources, a
sense of | nCcRpgldbdy tidrbih. respect to an 15 electric |anp, and the

conpr ehensi ve eval uation are shown by O (especially excellent or nost
preferable), 0 (excellent or preferable), A (marginally acceptable), and X
(bad, not preferable). FIG 11 is a CIE 1960 UCS di agram showi ng the col or
poi nts of



em ssion col ors of the produced and eval uated | anps shown in Table 2 20

t oget-her with enlarged preferable chromaticity ranges obtained fromthe
experiments described above. In FIG 11, the color peints of the lanps are
shown by O 0, A and X, which are the evaluation results as to whether or
not the lanp can create a suitable illum nati-on envitonnment, focusing on
nat ural reproduction of colors, showp4g n Table 2. The Ietters |n FIG 11 25
identify the W@FSWE |l e 2. The above-described plotti ng has
confirmed the t p ge for colors of light that provides the
advant ages of the present invention. The sanme results were=obtai ned when

t he ot her phosphors listed in Table 1 were wused. 30 Furthernore, the sane
advant ages cah bé disthangedampt wh aréingh intensity di scharge |anp which
utilizes visible Ii @1‘?3‘11? i

di scharge. 23 The vl%r}bleen gﬁllaﬁn%;é }geglales ?rrggg%]%%wo r%g th?golﬂxvlng
departing5fr drgh'theom[bmed' light hassmlgtaradammmxap;etadsriwt@(bm 49ﬂhmmoﬁave‘[¢mgth
enbodi nent s dlsclose atipn .are to be. considere

Fespects as TREEIRATIYE RihAGEERR: fiRb] REvFRs' Sedfioh e < TRl fh 1 s
i ndi cat ed by mhevﬁmargthcfaﬁgama g5eéxﬁ§;li‘&traﬂ h}agiohyaﬁdlﬁghoh@gﬁgngth an
description, and alleg?‘ %Zﬁ)w%ﬂﬁh come n the neanpi ‘? and range of
equi val ency JTOSRENH doi9 DR StAVE ’}% rapgs Hrade &x reé‘r@n\/\lHAT 1S
CLAIMED 1S 1. A diwgdieifg c&appom%ﬂl% fh&h@dﬁigﬁltlu&fwltmﬁdﬂéﬁ& Eghifohhe
di scharge | anp conprises the followng 5 Iights conbined: |ight having an
em ssi on }Qealéolthezf@@vt'lé\gél’g@mﬁﬁa Wavelength range in a bI ue spectral region;
| i ght having an em ngth a
green spectral regla(s)ln%| WH haV| n E‘Qacgf& SSI ghg) ({(2?%‘%6 %b)to
670 nm wavel earsgabentangbenenf amemrapfsortfr(}aﬂ)se egminmr adieofd. 6243, aowl @ apglent  of

the radi ated g gith\] §8s U bYlalpfel SPAD CHETTERD UOE il 1! oW o

a region bounded by an ellipse with a color point (u, v) = (0.224, 0.330)

15 as a center thereof, a major axis of 0.078, a minor axis of 0.014, and an angle
from the u axis of 30 degrees in the CIE 1960 UCS diagram;

a region bounded by an ellipse with a color point (u, v) = (0.235, 0.335)
as a center thereof, a major axis of 0.060, a minor axis of 0.030, and an angle
from the u axis of 30 degrees in the CIE 1960 UCS diagram;

20 a region bounded by an ellipse with a color point (u, v) = (0.225, 0.330)
as a center thereof, a major axis of 0.060, a minor axis of 0.018, and an angle
from the u axis of 20 degrees in the CIE 1960 UCS diagram; and

a region on a side of color temperature lower than an isotemperature

line of a correlated color temperature of 3500K.

25
2. The discharge lamp according to claim 1, wherein a color point of the
radiated light lies within a region on a side of color temperature lower than an
isotemperature line of a correlated color temperature of 3400K in the CIE
1960 UCS diagram.

30

3. The discharge lamp according to claim 1,

wherein the discharge lamp is a fluorescent lamp that includes a



a regi on bounded by an ellipse with a color point (u, v) = (0.224, 0.330)
as a center thereof, a magjor axis of 0.056, a mnor axis of 0024, and an
angle fromthe u axis of 20 degrees in the. CIE 1960 UCS di agram - aregi on
bounded by an ellipse with a color point (u, v) = (0.224, 0.330) 1$ as a
center thereof, a major axis of 0.078, a mnor axis of 0.014, and an angle
fromthe u axis of 30 degrees in the Zd E 1960 UCS di agram _a regi on: bounded

by an ellipse with a color point (y, v),= (0.235,..0.335)~as a center
thereof, a ng’ju(?resgﬁpgfadfr_ewger},sug r %Ph%ﬁa@r%_ﬁam%w;w%ﬁa P&ﬁﬁah@%g %rom
the u axis 0of498Qnd&P0RES50ANL BEd G006 tbHT9 &Ue@&{g%ﬁlraﬁge@aé 84gipn bounded
by an ellipse with a color point (u, v) = (0.225, 0.330 as a center

t hereof, a NEPBPORKNE. of 0.060, a minor axis of 0.018, and an angle from
the u axis of 20 degrees in the CIE 1960 UCS diagram and a region on a
side of color tenperature |lower than an isotenperature |ine of a

correl at ed cdl offHeshipdraate lamphacdx@iitg toddaizn 3The di scharge | anp accordi ng
to claim1, wherein,a color boint of,the radiated Light |j,es wthi,n a
region on a side of¥ }@G?I(Ij‘rt?‘%ﬁt%?sﬁﬂ{ @Yﬁgﬁglpppﬁgﬁaé#ohgg/&%%g?g}lgﬁ%hqrﬁne of
a correl at ed agah&in dodipaieatdir e of 3400K in the CIE 1960 UCS diagram 30 3.
The di scharge | amp afcordi ng, t? claiml1, wherei B ﬁhe flji S ha&)ge. | a is a

fl uorescent |anp tﬁf‘i eaSﬁeP'a pa %tﬂTOPﬂ%PéQ%ﬁ blug p OStPg’ﬁf) et hr ee
phosphors hayifigsigHipRak 9 aRRRKD 490nt0Q abelenfBPRRge200 to 550nm and 600 to
670 nm wavel ength ranges as main conponents. 5 4g The di scharge | anp

accor di nd0t o cl ai ma8]eashene phositherfselegtassfrom: thiegrevp eengistingef hiNaleng| | owi ng
th hosph ' : . at. : i '
tivatea bl aeepra LR ReySOR ARAL S cbbi ERR o, Qe SRR

activated bl ue
wavel engt h r anigelent@eriinl actstatedearphinisplemt nselgaicee afid drivaleat exbinm

consi sting Ofacglvggeldegnx:[een phosphors having an emission peak in a 500 to 550nm

wavelength range; and

15 at least one phosphor selected from the group consisting of trivalent
europium activated, bivalent manganese activated, and tetravalent
manganese activated red phosphors having an emission peak in a 600 to

670nm wavelength range.

20 5. The discharge lamp according to claim 1,
wherein the discharge lamp is a fluorescent lamp that includes a
fluorescent layer comprising four phosphors having emission peaks in 400 to
490nm, 500 to 535nm, 540 to 550 nm, and 600 to 670nm wavelength ranges as
main components.
25
6. The discharge lamp according to claim 5,
wherein the fluorescent layer comprises the following four phosphors
as main components: .
at least one bivalent europium activated blue phosphor having an
30  emission peak in a 400 to 490nm wavelength raﬁge;
at least one phosphor selected from the g'rbup consisting of bivalent

manganese activated, and bivalent manganese and bivalent europium



manganese activated, trivalent terbiumactivated, trivalent terbium and
trival ent ceriumactivated, and bival ent manganese a i nt terbium
activated green phosphors having an em ssion peak in a 500 to 550nm

wavel engt h range; and 15 at | east one phosphor selected fromthe group
consisting of trivalent europiumactivated, bival ent nanganese acti vated,
and tetraval ent nmanganese activated2eed phosphors havi ng an.-em ssion peak

ina 600 to 670nm wavel ength range. 20 5. -The di'Scharge | anp_according to
claim1, wher® Waf‘ﬁﬁg’iﬁegéﬁ‘g? Oqsg%wq%a’éefnrlﬁ%?’ég&%]ﬁtm p tP%anPlnm udes a
fluorescent |ayedleg@i¥angbng four phosphors having emnission peaks in 400 to

490nm 500 to 535nm 540 to 550 nm and 600 to 670nm wavel engt h ranges as
maei n conponents. 25itdeastipae phoephargelackembiraacdesmayp congipangpbtrividentei n t he

f1 uorescent 't%)‘lfihn?%ﬂ%dtﬁ@?tr%‘fe (Pt Ind QHCaIBHE’é%aagtigaté@i

conponents: at [east one bivalent ‘europl um activate ospﬁgg havi ng
an 30 enbssilomaleadmdangaaeddind ariddlonttevhiveh ewctjy Atedagrgen phospheas havie

phosphor selected.fromthe. gr C i sting,of bival ent . nanganese
activated, arfd" %ﬁn\]i%ﬁloéhlt’eatkaﬂ’g%?iggéo gﬁ@mgivy,%‘?eémgtgdlagg?,&ﬁd% activated green
phosphors havi ng amt&eastsnephpeplior selextdDfiobrntHe3Ronp consietinof trivadage; at

| east one phosphor sel ecteq fromthe group consistin f trivalent terbium
activated, triVaPeHt aF’éY%'ieank_’%{ “ttr”?%‘%aé’ﬁfﬁe é%tr‘Y‘ifﬁha%‘?q &ﬁf%‘@}ergtnd 5 bi val ent
manganese andnbhbyaddectivaidd R pHosh Natsath vihE R ophIOSiPH Pedk MuioUD toan

em ssion peak in a 540 to 550nmwavel ength range; ‘and at | east one phosphor
sel ect ed 10r orf't0man grayglengbhzangd.ng of trival ent europium activated,
bi val ent nmanganese activated, and tetraval ent nanganese activated red
phosphors having an em ssion peak in a 600 to 10 670nm wavel engt h range.

7. Adischarge lamp, wherein

visible light radiated from the discharge lamp comprises the following
lights combined: light having an emission peak in 400 to 490 nm wavelength
15 range in a blue spectral region; light having an emission peak in a 500 to 550
nm wavelength range in a green spectral region; and light having with an
emission peak in 600 to 670 nm wavelength range in a red spectral region,
wherein a color point of the radiated light lies within a region bounded
by lines connecting four color points (u, v) = (0.235, 0.342), (0.252, 0.345),
20  (0.248, 0.338), and (0.239, 0.334) in the CIE 1960 UCS diagram.

8. The discharge lamp according to claim 7, wherein a color point of the
radiated light lies within a region on a side of color temperature lower than an
isotemperature line of a correlated color temperature of 3400K in the CIE

25 1960 UCS diagram. |

9. The discharge lamp according to claim 7,
wherein the discharge lamp is a fluorescent lamp that includes a
fluorescent layer comprising three phosphors having emission peaks in 400 to
30  490nm, 500 to 550nm, and 600 to 670 nm wavelength ranges as main

components.



7. A discharge | anp, wherein visible light radiated fromthe discharge | anp
conprises the followwng I|ights conbined: |ight having an em ssion peak in
400 to 490 nm wavel ength 15 range in a blue spectral-region; [ight having
an.em ssion peak in a 500 to 550 nm wavel ength r.ange in a green spectral
region; and light having with an em ssion peak in 600 to 670 nm wavel engt h
range in a red spectral region, whergin a color. point of the radiated

l'ight |ies wihi .eql.on _bounded | j ngs. cannect i ng four—eetor—pui nts
(u, v) _ (0. 2%(2, %3@%%{‘”5‘6?%@,“6@%@%%05%11 0.248, 0.338), and (0. 239,
0.334) in the CE MtdeliChedlwgesient Sayethompirzeh ahglloning doeeptiosghdre

claim?7, wherein a color int of the radiated light lies within a region
on a side of ToP8" tUAPME Ere | ower than an isotenperature |ine of a

correlated col or teiNeisalont ®ivileAABpiuin lBvElel Hie pREDHIECRaH ALEAM 9.
The di scharge | anp accordi ng tt?oafsal aim7, wherein the discharge lanp is a

f1 uor esceRt |eapssionaeakig| Oniny greelemgth ragge; conprising three
h h havi 1. S5 i 0,49 : d 600
prospr iy Bl i 00 A0 g, S

to 670 nm wavel eng di’s ge |lanmp
accor di ng t o mhagmmeése agheawidntiivvdefit terbBeu @ntiva@detrivalemt feskisint hadf ol | owi ng

t hree phosphqrs _;as nain compqgnents:, at,|l east one bival ent. europi.um
acti vated bl ﬁéw&%%@pcﬁgrunh39tﬁage§’nandsb’é{ﬁlle B EFERe iaﬁgﬁnX@](?“?{)e Bm
wavel engt h r angwatat gleeadthospieors haspioin saligibe gedlt i 506 tg5560AMCONSI St i ng

of bival iﬁt nmanganese act.i vaifed, trivalent terbiumactivated, trival ent
terbi um and YRYVEPEMIARER: activated, and bival ent manganese and

trivalent terbium ,3¢4ds¢3hePhOsHRR sema&mﬂﬁsﬁl mvgregp%hﬁﬁ%ggge iRkt i n a

500 to 550nm 10 wavel ength range; and at [east one phosp ected from
t he group corfsirgpiung agtivateflykivelent neangapiesernetivatodtaml tepravalentt manganese

act i vated: ang Leli@XaLA0k ca TAGHIESFord ot 59 chRLATPSRANEN 2 cBBNL"T 2
670nm wavelength range.

15
11. The discharge lamp according to claim 7,
wherein the discharge lamp is a fluorescent lamp that includes a
fluorescent layer comprising four phosphors having emission peaks in 400 to
490nm, 500 to 535nm, 540 to 550 nm, and 600 to 670nm wavelength ranges as

20 main components.

12. The discharge lamp according to claim 11,
wherein the fluorescent layer comprises the following four phosphors
as main components:
25 at least one bivalent europium activated blue phosphor having an
emission peak in a 400 to 490nm wavelength range;
at least one phosphor selected from the group consisting of bivalent
manganese activated, and bivalent manganese and bivalent europium
activated green phosphors having an emission peak in a 500 to 535nm
30  wavelength range;
at least one phosphor selecﬁed from fhe group consisting of trivalent

terbium activated, trivalent terbium and trivalent cerium activated, and



670nm wavel engt h range. 15 11. The di scharge | anp according-to claim7,
wherein the discharge lanp is a fluorescent Lamp—tfiat includes a

fl uorescent |ayer conprising four phosphors having emn ssion peakis in 400 to
490nm 500 to 535nm 540 to 550 nm and 600 to 670nm wavel engt h ranges as
20 main conponents. 12. The discharge |anmp according to claiml1t; wherein
the fluorescent |ayer conprises the £8l1ow ng four phosphers™ as nain

conmponent s: EHS a];t Least one bi%al.e t eurﬁm umactj vat ed b| ue phosphor
having an erf"$3°Bh J5EROEE and BV lenusaRHMATEY aleg ares i RGesPhors ha¥me one
phosphor  sel eat edidsiampddleindd 840 t6 S5Gh B W1 thirdabennd Manganese
activated, and bival ent manganese and bi val ent” europium activated green
phosphors havi ng aritdenst neRbperhoriselestesbiyomothsamaup sonsisting efigivaleainge; at
| east one ph . Iy 1S 1Sk hval ent terbium
activated, t%%\%gﬁiélr?? g%tgﬁ)tl%gré 13%%5&1%%? a\lllgﬂag%tg © %Ee)c?%tréna’a%ﬁ %fatlf&e‘réi,lé/rgcnd 28

bi val ent fangaargenesncctivatedl redtphosphingrhaving eatedsgorprakhoa@Orte havi ng
an em ssion in aﬁf40 ﬁo 550nm wavel engt h range; and at |east one
phosphor sel et ed FRSHPRE 538 consisting of trivalent europi um
activated, bivalent nmanganese activated, and tetraval ent 5 manganese
activated reg]ngghosg.hoﬁs h?vi ng an em ssion peak in a 600 to 670nm

wavel engt h r ange 2 dischategilampawhereiap, wherein visible |ight radiated from
the discharge | anp GGPRMiARTalillRed BlonPd @iscHS) gk 18RbTofHHYE€Re fdllowihg
having an _em ssion peak in 400 to 490 nm wavel ength  range in a blue

spect ral 1Pegilights cpmhinadalichyhavingminsemissionepgaki in 40050019008 30avelength

wavel ength r i ' ral . i on: j Q] i i

e 551 on peaidir e ihp YL BT AR ERLR, LERPhAn Abaistioh AR WG 8
wher ei n a colmwn wwielkngth rahge irndigatexdspectal régies; and hight haviegiwdth ennmon

emission peak in 600 to 670 nm wavelength range in a red spectral region,
wherein a color point of the radiated light lies within a region common

15  to the following regions:

a region bounded by an ellipse with a color point (u, v) = (0.224, 0.330)
as a center thereof, a major axis of 0.056, a minor axis of 0.024, and an angle
from the u axis of 20 degrees in the CIE 1960 UCS diagram;

a region bounded by an ellipse with a color point (u, v) = (0.224, 0.330)

20  as a center thereof, a major axis of 0.078, a minor axis of 0.014, and an angle
from the u axis of 30 degrees in the CIE 1960 UCS diagram;

a region bounded by an ellipse with a color point (u, v) = (0.235, 0.335)
as a center thereof, a major axis of 0.060, a minor axis of 0.030, and an angle
from the u axis of 30 degrees in the CIE 1960 UCS diagram;

25 a region bounded by an eHipSe with a' color point (u, v) = (0.225, 0.330)
as a center thereof, a major axis of 0.060, a minor axis of 0.018, and an angle
from the u axis of 20 degrees in the CIE 1960 UCS diagram; and '

a region bounded by lines_'cohnecting four color points: (u, v) = (0.235,
0.342), (0.252, 0.345), (0.248, 0.338), and (0.239, 0.334) in the CIE 1960 UCS

30 diagram. -

14. The discharge lamp according to claim 13, wherein a color point of the



15 to the fol I ow ng regions: a region bounded by an elli ith a col or
poi nt_(u, V) (0.224, 0.330) as a center ther - maj or axi § of 0. 056,
a mnor axis of 0.024, and an angle fromtRe u axis of 20 degrees in the
Cl: E 1960 UCS di agram a regi on bounded by art\ ellipse with a color point (u,
v) = (0.224, 0.330) 20 as a center thereof,'a major axis of 0.-878, a i nor
axis of O. 014 and an angle fromthea axis of 3/dMn t he CI E 1960
UCS diagram a regl on bounded by an ellipse w th a color point (u, v) =

(0. 235, 0. 3355adigteddighddies withiararsigioroma;site efeolordemperyre lowrAntbansd s of

0.030, and an;gng) f I
di agram 25 alsr eglﬁeraé%%nrﬁcﬁ etc}& coq?]éléﬁ(?ll Cﬁ)g(gr %ﬁﬁ%?g&crlgl%?ﬂg%gn tl}%@ﬁ\%

(0. 225, 0.330196ECH dnagtzan.thereof, a mpjor axis of 0.060, a mnor axis of.
0.018, and an angle fromthe u axis of 20 degrees in the CIE 1960 UCS

di agr am and a region bounded by lines.'connecting four color points: (u,

v) = (0.235, 18). 3AR9 distRargedan®. a?cé&)dm%@o d48n, 1) wI38din Bedor SbiRBOf tH 334)

|nthe ClE 1960UC§ 0 diagram 14 e di schar ge la accordlngto claim
13, wherein aradit b%tr"fesd’\'lt]i“ﬁea ggcehamrb&%aemegﬁf ajcokox PRIYUnVE=r egi on on

a side of col 245‘31”9(%{4@%215% b3¥Rfud dF 0@ in th%%?ﬂi@%@tlﬂsﬁdia of a
correl ated col or tenperature of 3400K in the CIE 1960 lagram 5 15.

The di scharge | anmp according to claim 13, wherein a col or poi nt of the

radiated |ighisli ircl vin ter at a color point (u, v)
(0. 2457, 0.34&') e Mot B be o il s SreiBY W Bt L% 080 Dt agram 16. The

di schar geld anp accowhémein tie disahzmgéliamiﬂswfmic&es‘cehhmxﬂpshharrghldearm is a
fl uorescent | t hat .i ncl udes.a uor risin thr
bhosphor s havi RGeSt R SEmRiSing hS Rk bRYR A RO EaTRS B ADHE0 o
670 nm wavel epgidin! S0WES550 AP 66PIPETE AhSwatdleddth rdiedas Gheinge | anp
according to claim 16, wherein the fluorescent |ayer conprises the

foll ow ng thr@énli’ﬂf&%ﬁors as mai n conponents:

15 17. The discharge lamp according to claim 16,
wherein the fluorescent layer comprises the following three phosphors
as main components:
at least one bivalent europium activated blue phosphor having an
emission peak in a 400 to 490nm wavelength range;

20 at least one phosphor selected from the group consisting of bivalent
manganese activated, trivalent terbium activated, trivalent terbium and
trivalent cerium activated, and bivalent manganese and trivalent terbium
activated green phosphors having an emission peak in a 500 to 550nm
wavelength range; and

25 at least one phosphor selected from the group consisting of trivalent
europium activated, bivalent manganese activated, and tetravalent
manganese activated red phosphors having an emission peak in a 600 to

670nm wavelength range.

30 18. The discharge lamp according to claim 13,
wherein the discharge lamp is a fluorescent lamp that includes a

fluorescent layer comprising four phosphors having emission peaks in 400 to



at | east one bival ent europium activated bl ue phosphor having -an emn ssion
peak .in a 400 to 490nm wavel engt h range; 20 at-least—ene-phosphor--sel ected
fromthe group consisting of bivalent nanganese activated, trival ent
terbium activated, trivalent terbiumand trivalent ceriumactivated, and
bi val ent manganese and trivalent terbium activated green phosphors having
an emni ssion peak in a 500 to 550nm wavel ength range; and 25 at |east one
phosphor selected fromthe gro&g)t consi sting of trivalent ~europium

activated, bi dinntS0RhinRdiage a0 o 20, andicP@te 6lGnm avelgneyhasees as
2

activated red,pho ]n%vi ng an em ssion peak in a 600 to 670nm
wavel engt h ralr?ge %Bétze e discharge lanp according to claim 13, wherein
the discharge lanp is a fluorescent lanmp that includes a fluorescent |ayer

conprising fo sphor s _havi ng em ssi on peaﬁain 400 to 30 490nm 500 to
535nm 540 toi%SSPﬁ‘?na‘s hﬁrgggﬁmtpoacée}’ﬁﬁ%g%@@r@ h ranges as main

conponent 5 19. ThewHéeh 8hidfub@Ete R d8psrtiontp rigesthaifollckbing Fowhph&iphotde
fluorescent |ayer conprises the follow ng four phosphors as nain

conponents: afS @R COPRANPRLGA| ent eur opi um acti vat ed bl ue phosphor havi ng

an em ssion peak ig 1@8a&QheliAvARADNBUMWDY SRS td PRIER pHbph&ASdviAB @nPhOS phor
selected fromthe group consisti 2&9 of "bivalent 10 manganese actlivated, and
P

bi val ent nmangaREEsIOTEPRRKINAAER to wavelengthrange green phosphors havi ng
an em ssion peak in 0.to.h ; . L osphor
ssiton p 3280 e Sphsotgsﬂgxl se}f@%&%l {f}'ﬁa&%%er Ex{bgli coﬁglshﬁg%tfbﬁgag?m Sp

selected fromthe group consi ng o brrum-activa
trival entl( er mangnaesk dotivaséd nindddvalent acingaatsdandbivaldntieurepiemt manganese

and trivalent terhium activated green phosphors hayi.n ].SSi on peak in
a 540 to SSOnWMEﬁTEHWIP%R stg%"dnﬁtanleé’g’éﬁmﬁr?@a%%g’pﬂgfmg@%ﬂed from
the group conghéleAgtiPfardet val ent europi um activated, bival ent manganese

activated, and tetraval ent L .
at least one phosphor selected from the group consisting of trivalent

terbium activated, trivalent terbium and trivalent cerium activated, and
15  bivalent manganese and trivalent terbium activated green phosphors having
an emission peak in a 540 to 550nm wavelength range; and
at least one phosphor selected from the group consisting of trivalent
europium activated, bivalent manganese activated, and tetravalent
manganese activated red phosphors having an emission peak in a 600 to

20  670nm wavelength range.

20. A luminaire comprising at least one selected from the group consisting of
a transmitting plate and a reflecting plate for radiating illumination light
comprising the following lights combined: light having an emission peak in
25 400 to 490 nm wavelength range in a blue spectral region; light having an
emission peak in a 500 to 550 nm wavelerigth_r-ange in a green spectral region;
and light having with an emission peék in 600 to 670 nm wavelength range in
a red spectral region, _ _
wherein a color point of the illumination light lies within a region
30 common to the following regions: -
a region bounded by an ellipse with a ,C(.Jlor point (u, v) = (0.224, 0.330)

as a center thereof, a major axis of 0.056, a minor axis of 0.024, and an angle



manganese activated red phosphors having an enission peak in a 600 to 20
670nm wavel ength range. 20. A luminaire conprising at [€ast one-selected
fromthe group consisting of a transmitting plate and a reflecti nglpl ate

for radiating illumnnation light conprising the follow ng |ights.
combi ned: |ight having an enission peak in 25 400 to 490 nm wavel engt h
range in a blue spectral region; lightl having an —enissi-on-pea 500 to

550 nm wavel ength range in a. green spec and:|ight having with
an em ssi on g‘_@élkt ‘hUgae® ?&%Wﬁ‘?ﬁ\ﬁa @1‘3?—%69 gfrﬁdﬁ%ma red spectral
region, wherein a ﬁ%?mn%h%e@%ytaﬁleelhbé@m%aé EQ8r hbigbiy, |\»')&5(0V224h0r33@?
region 30 conmon to | ow ng regl ons: a region bounded by an el lipse

wi th a col or ap@i genteuthepyof-a pmrjopaxis of OGP, a aeingr axisiad 0.Q1{epadfan anglgj or
axis of 0.056 tomthe u axis of
20 degrees in tnﬁeﬂ%:}]%rxi%éfo%g?sgé} 6{1%3@123 ?g%(?gﬁi%%% a2 by an ellipse with
a color pdint (u, u)regmb(hoﬁﬁdedBy&&&)l]ipmwiath@emlerpoihe(xe@f)—(@Z%j 0r33axi s of
0.078, a m nor axi 4, and I fromthe 30 degrees
‘e GE 1966 Seloathagsatnt mOa 85 0B UeD.n dudOh gt ot ORCD 8B4 B AT o o
point (U, V) frorf €h@3%nxideBRPdegrass i tHRNCH 196@UCH disgraim} or axis of 0.060,
a mnor axis of 0.030, and an angle from tkqllﬁ?e u axis, of 3(3_(:1@%‘{2%’?8 -%the
ClE 1960 _UCS di agr aegienhoyndad by ancrlipsR Witk 2£olonhRING(LY éﬁ At (u,
v) = (0.225, 5Q.533%ker ﬁ%r@o@&@ﬁ%ﬁr Eﬁgro?@f%Oaa TRn8F adis of 00 16) a8 @n @nglk nor
axis of 0.018, and an an fromthe u axis of 20 degrees in the CE

1960 UCS1Qi adraumrthemdixas 0%%9 degrees in BiedelBHA96QK:S disgpamannde | ower than an
i sotenperature Ilne glf ncﬁg})ngr lo?m?e]'l(é 98118&&5{%@%&%&%& ?ﬁgg’?‘gr%ﬂmme

| um nai re accordi ng 't FeThPE co poin

i I'lum nati on linegifta ddrﬁeslaWdtdold'r tampegatmne oi3803K.de of col or tenperature

| ower than an isotenperature line of a correlated col or tenperature of
3400K in the CE 1960 UCS diagram 22.. A lum naire conprising at |east

one sel ect ed ofir oMKeN@nAHSMP a@é&}&irfgtﬂorwalﬁi 20 2Phérelin arsldripoitdbfRhat e and a
reflecti ng plate for radiating illumnation |Ijght

illumination light lies within a region on a side of color temperature lower

than an isotemperature line of a correlated color temperature of 3400K in the

CIE 1960 UCS diagram.

22.. Aluminaire comprising at least one selected from the group consisting of
20  atransmitting plate and a reflecting plate for radiating illumination light
comprising the following lights combined: light having an emission peak in
400 to 490 nm wavelength range in a blue specfral region; light having an
emission peak in a 500 to 550 ﬁm wavélength range in a green spectral region;
and light having with an émission’ péa’k in 600 to 670 nm wavelength range in
25  ared spectral region, o o
wherein a color point of tﬁe' illumination light lies_within a region
bounded by lines connecting four céloi‘_ points (u, v) = (O.I235, 0.342), (0.252,
0.345), (0.248, 0.338), and (0._239,"20.334_), in the CIE 1960 UCS diagram.

30 23. The luminaire accordihg to cl_éiifﬁ 22, wherein a.color point of the
illumination light lies within a region on a side of color temperature lower

than an isotemperature line of a correlated color temperature of 3400K in the



~conprising the following |ights combined: |ight having an enission peak in

400 to 490 nm wavel ength range in a blue spectral region; light having an
em ssion peak in a 500 to 550 nm wavel ength range in a.green s ectr al
~region; and light having with an emni ssion peak. in 600- t nm wavel engt h

range in 25 a red spectral region, wherein a color point of the
illTumnation light lies within a regi3(2n bounded by |ines connecting four

col or points 0,235, 0.342), (0.252, 0.345), (0.248, 0. 338) and
(0.239, 0 332@5 ?#QWQ(S@

: , 0. : RERYBO UCS di agram 30 23. The | iFeaccor di ng
to claim 22, V\,herein ‘a.color point of the illum ron light lies wthin

a region on side of color tenperature lower than an isotenperature line
of a correl at?éd dolvarinpiesemprisieg af leaaoone seleqtad fzm tig Erop@eONLISHENgicdgr am

24. A lum naiy a tin
of a tlrJansmlat?l ngm)ﬁrdlfgie‘n gndzs%fi gg‘?’{l {}‘6%1‘3‘% g)t%ggfﬂ B{Ba%ﬁ%flg%ggﬁl %Slr@nSIr\Zt: o%
light 5 cénprcpmmgsm@ehé fmllllowmmglbghisgjmndnnedrﬂlgiﬂdtavﬁmgmn ehdssiog peak @i ssi on
k i 400 h bl tral | i ght
having an  eri00dPcAPoumRr b e e 5 D wRrs LA R R SRR nE 28 eon
spectral regiepissiodpdakiigat5desiss rlMJWhv@[brtglﬁhiahgmupﬁgi(ednrhpﬁaﬁalﬁeg&ﬁQ nm

wavel ength ran i a red pectral .region, 10 wherein a caql or point of the
i Il um nation qq%glﬁg tlli‘%’éng\nwtl ﬁnsm%%?lbﬁealé%ﬁ%tq 870 pmn WBY? DErangiiBns: a

regi on boundeadrelaysﬁet@“ééq&fg with a color point (u, v) (0.224, 0.330) as
a center thereof, maj or axis of 0.056, a mnor axis of 0.024, and an

angle fdA@mthe u avhegemfa eqjoripejnt ef thenilumeingtion 1pho lisswithiagr region s a
regi on bound col or point (u, v) (0.224, 0.330) as
a center the%gg’?xoggoale foag%l%\é;%%l 078, a minor axis of 0.014, and an
angle fromthe u wmeglomﬁb&ﬁlddd@iymelhpsé iwetlﬁk Eolﬂ:ﬁﬁ@mlﬂ«‘ﬁ, @la@m (a33(®mgi on
bounded by an eII| se wWth.a color

center theredf? ¥ theragk a D&‘I‘Job f%epéﬁ ﬁd? né’%l %%go%‘g@nﬁa%fﬂaﬁa €angl e
20 fromthe tfr@@ﬂtﬁe@ﬂ‘aﬁgoﬂ@@ﬂ@gx%esmtﬁlﬁcmﬁgé@m@%gaﬁgr am a region

bounded b% an elll %Sr%gvgnt lt]ou?ld(églb?rranpgllhgtse gvl:th 2\1/ )colgn(') p(2)12n? (u,v)= (8 224, 0.330)
as a center thereof, a major axis of 0.078, a minor axis of 0.014, and an angle
from the u axis of 30 degrees in the CIE 1960 UCS diagram;

a region bounded by an ellipse with a color point (u, v) = (0.235, 0.335)
as a center thereof, a major axis of 0.060, a minor axis of 0.030, and an angle

20  from the u axis of 30 degrees in the CIE 1960 UCS diagram;

a region bounded by an ellipse with a color point (u, v) = (0.225, 0.330)
as a center thereof, a major axis of 0.060, a minor axis of 0.018, and an angle
from the u axis of 20 degrees in the CIE 1960 UCS diagram; and

a region bounded by lines cbnnecting four color points: (u, v) = (0.235,

25  0.342), (0.252, 0.345), (0.248, 0.338), and (0.239, O 334) in the CIE 1960 UCS

diagram.

25. The luminaire according to claim 24, wherein a color point of the
illumination light lies within a region on a side of color temperature lower
30  than an isotemperature line of a correlated color temperature of 3400K in the

CIE 1960 UCS diagram.



as a center thereof, a mgjor axis of 0.060, a mnor axis of. 0-018 and an
angle. fromthe u axis of 20 degrees in the ClE. 1960 ucs dlagran1 and a
regi on bounded byllnes connecting four color points: (u, v) = (0.235 25
0.°342), (0.252, 0.345), (0.248, 0.338), and (0.239, O. 334) in the! CIE 1960

UCS diagram 25. The lum naire according to clalﬁgnfgﬂ’gﬂngLn/a col or
point of the illumnation light lieg3awithin a regi - col or
t enperature I than. an is atu ne.of a co d col or

tenperature & T&%&umm?lﬁ% acc(?lr%“fg%(fi%&é%l% Gy agglor i’guﬁ'ﬁﬁéﬁ? um nai re

accordi ng toithminatén hg\ﬂﬂﬁ@s Withéh & elréle H@ing a @énfeh€herebf 41 Balbl p@m't I(@ ht
lies wwthin a circle having center thereof at a_ col or 8 aint. (u,

(0.2457, 0. 3403)0L#P7a0348) andha radigg of 0,P03e the €1EQLRS

Sc#lag'f% | NV.



