SPECI FI CATI ON Li ght source FI ELD OF THE ART The present

i nvention relates to a light source for providing illumnation with high
efficiency while ensuring the mninum necessary |evel of color

reproducti on. BACKGROUND ART A light source generally known to
have a high. efficiency is the |ow pressure sodiumlanp. It has the

hi ghest | um nous efficiency anong artificial |ight sources which are
commonly used, and attains a t gpgceffeoremey of 1091 mMWwith a |anp
havi ng out put power of 55W However,

Light source

FIELD OF THE ART
The present invention relates to a light source for
providing illumination with high efficiency while ensuring

the minimum necessary level of color reproduction.

BACKGROUND ART .

A light source generally known to have a high
efficiency is the low préssure.éodium,lamp. It has the
highest luminous efficiency among artificial light sources
which a;e commonly used, and attains a total efficiency of
1091 m/W with a lamp having output power of 55W.'However;
most of emission from the low pressure sodium lamp is
concentrated in an emission line of 589 [nm} called D-line,
namely ﬁonochromatid light of orange-yellowish color, which
disables it to distinguish different colors.

Meanwhile, a three band radiation type fluoreécent lamp
has been developed as a high-efficiency light source capable
6£ good reproduction of colors bf concentrating the light in
the visible radiation band into red (R), green (G) and blue
(B).

Simulation has been conducted to verify the



nost of em ssion fromthe | ow pressure sodiumlanp is concentraped In an
em ssion line of 589 [nm called D-line, nanmely nonochromatic |ight of
orange-yel l owi sh color, which disables it to distinguish different colors.
Meanwhi | e, a three band radiation type fluorescent lanp has been devel oped
as a high-efficiency Iight source capable of good reproduction of colors
by concentrating the light in the visible radiation band into red (R)
green (G an®asaibilidy of a ligitndautiam wikisldms eorkmimsig o verify the
possibility of a I|ight source which has a | um nous eff|C|ency hi gher than
that of a Ii@ffisienay wigtemdham thati of en Isigitt raonufe twhiseh Heasl an
radiation type, and has sonme degree of color rendering properties, by
means of radi®M&FFO% BRaGhIam O Idirashkandhdiadiakiany poptherand ihgs sgme
visible degree of color rendering properties, by means of radiation
spectrum of dual band radiation type where light of visible
radiation band is concentrated into two anelength bands.

Simulation for optimization of light source of dual
band radiation type of the prior art is reported in
literature such as H.D. Einhorn and F.D. Einhorn "Inherent
Efficiency and Colour Rendering of White Light Sources",
Illuminating Engineering, P154, March 1967 and H.F. Ivey
"Color and Efficiency of Fluorescent and Fluorescent-Mercury
Lamps", Journal of the Opticai Society of America, Vol.62,
No.6, P814, 1972.

These works conducted numerical simulation of dual-
wavelength optimization based on the approximation of
spectral distribution of phosphor by the Gaussian
distribution and on such a concept of color rendering.
properties as evaluating, in terms of color difference, the
general color rendering index Ra of the prior art, namely"
the color shift between the appearance of color of a color
chip illuminated by a reference light source and the
appearance of color of a color chip illuminated by a light

source.

As a result, mixture of blue spectrum near 450 [nm] and



radi ation band is concentrated into two wavel engt h bands. Si mul ati on
for optim zation of |ight source of dual band radiation type of the prior
art is reported in literature such as H D. Einhorn and F.D.” Ei nhorn

"I nherent Efficiency and Col our Rendering of Wite Light Sources"”,

I'l'lum nating Engi neering, P154, March 1967 and H.F. Ivey "Color and
Efficiency of Fluorescent and Fluorescent-Mercury Lanps”, Journal of the
Opti cal Soci ge}lov Apectram Wehrc380 Romg, hRglbeenoeRnsideredTies benwdr ks
conducted nunerical sinulation of dual- wavel ength optinm zation based on
t he approxi mehite dfightpecuree thetr sbowssothef higbephoefyciencgawdidihan

di stribution and on such a concept of color rendering. properties as

eval uating, respechstef thel optimigatinse oft Hualgbaadaraddpsdone fyoe dg
index Ra of the prigr art, nanmely the color shift between the appearance
of color of %eEBEoPE sAmBlatigminAAdghsypgh Pewsﬁéﬁ&'eapﬂgﬁfl%o tand the

f I of hi.p.ill,um nated b | i ght
appearance of ¢ole" (8" daihehaCtii kil 15H0"r2E BeenSMonsiBE to be

most desirable in the'prior art from the view point of
efficiency'and Ra, now the yellow and blue light source of
dual band radiation tyﬁe described above is redefined as Y-B
base light source of dual band radiation type from the view
point of opponent-color response of humaﬁ célour_vision, and
a R-G base light source of dual band radiation type is newly
defined based on a systeﬁ of another opponent-c&lor response
However, when the efficiencies pf phosphdrs in
practical use are investigated,. there is no phosphor having
high efficiency among phosphors that emit at peak
wavelengths correépohding to yellow and blue. In case of a
phosphor of radiation spectrum épproximated by the Gaussian
distribution with quantum efficiency assumed to be constant
over the entire waQelength range, simulation may indicate a
high theoretical efficiency for the Y-B base light source of
dual band radiation iype but the emission from the actual
phosphor or light source sometimes shows varYing guantum
efficiency or includes subéwavelehgth'of emission. Thus it -
is ‘difficult to achieve the highést'efficiency as predicted

by simulation, and such a Y-B base light source of dual band



As a result, mxture of blue spectrumnear 450 [nn] and

-2- yel | ow spectrum near 580 [nn] has been considered to be a
white light source that shows the highest efficiency with respect to the
optim zation of dual band radiation type in terms of sinulation. (A though
a yellow and blue light. source of dual band radiation type has been
considered to be nost desirable in the prior art fromthe view point of

ef fici ency amadiatisnytipe g awtakedn gt iightprembricmbfusalual band

radi ati on type described above is redefined as Y-B base |ight source of
dual band radi ati dHahast rusrinans wificissiar wm chﬂ)me\tﬂ;l doy response of

col our vision d
huran oncentra€1ng the light in visible radiation. band at one

wavelength as in the case of the low pressure sodium lamp.
In this case, however, because the radiation séectrum is a
single line.spectrum, color discrimination is impossible
when illuminated with such a light spurce; Therefore, lamps
having a very high efficiency but poor color rendering

. properties such as the low pressure sodium lamp are used in
illumination of roads and road tunnels where emphasis is
placed on‘efficiency.

While colors have the role of providing various
information on the visual environment for humaﬁs, colors
have a particularly great role among the visual information
received by drivers of cars running on roads or‘in tunnels.
For example, distinguishing lane markiﬁg white and yellow in
a tunnel is very important to know wheﬁher'lahe changipg is
permitted or not. However, on roads and in tunnels which are
illuminated by the low pressure sodium lamps, it has been
difficult to dlstlngulsh the whlte and yellow lane marklngs
on the road surface.

While colors used on traffic signs include red, yellow,
green, blue, white and black on roads and in tunnels which
are illuminated by the low pressure sodium lamps, it has

. been difficult to distinguish different colors of these



a R G base light source of dual band radiation type is newy defined based
on a system of anot her opponent-col or response However, when the
effficienci es of phosphors in practical use are investigated, there is no
phosphor having high efficiency anong phosphors that emt at peak

wavel engt hs corresponding to yellow and blue. In case of a phosphor of

radi ati on spectrum approxi mated by the Gaussian distribution with quantum

efficiency asdigimd (thdr Runs e £ iQV (ide vERH Nu Vsl Nintpd HYE used
simulation may indicate a high theoretical efficiency for the Y-B base

l'i ght source iof tulmalsjand radiation type but the em ssion fromthe actua

phosphor or Iight source sonetines shows varying quantum efficiency or

i ncl udes sub- waveMhegtimpoirtamits sildmg Buthdt | thi ffdT WE dur fadd ¥Fldhe

hi ghest efficiency as predicted by sinmulation, and such a Y-B base |ight

source of dude eedpgnized red . Because red, in partichrlar, which is
coded for important meanings such as danger, prohibition,’
stop and fire fighting. Therefore important point in
improving the visual environment from the view point of
safety.

In case the Y-B base light source of dual band

radiation type described previously is introduced in such a
situation, there occurs such a problem that the probability-
of recognizing red which is an important color for the

indication of danger is reduced due to the lack of spectrum

at wavelengths 600 [om] and longer.

In order to solve the prob;ems-of the prior art
described above, the present in&ention ﬁas an objective of
providing a practical light source which, when applied to
road illumination or funnel illumination, enableg it to
distinguish yellow and white road surface markings and to
recognize the colors on road signs (particularly red).while
maintaining a high efficiency, and enables color recognition
at minimum necessary level in other applicationg; while
maintaining a high efficiency.

To sum up, the invention intends to realize a light



radi ati on type has not been put in practical use. : Hi ghest | um nous
efficiency can be achieved by concentrating the |light in visible .
radi ation.band at one wavelength as in the case OfTHOSHEOMWHREGENTE. Sodi um
lanmp. In this case, however, because the radiatipn spaglpfuppps a -pingle
line spectrum color discrimnation is inpossible—wremTHtumnrated with
such a |light source. Therefore, lanps having a very high efficiency but
poor col or rendecenghatr aphieves aublighs effifddiency’ e#hdlee enediring anp are
used in illumnation of roads and road tunnels where enphasis is placed
on effici encgategoricdli recognitionawé cthdors atofa mindimiimn gedriireds
information on the visual environnment for humans, colors have a .
particul arl ylgvedr wbideaidndst teriedsdeal impiromeatthen colerereadeninds i vers
of cars running on roads or in tunnels. '

properties with a major objective aimed at exactly

reproducing‘colors as represented by the general color
rendering index Ra in the development of an illumination

light source of the prior'art.'
DISCLOSURE OF INVENTION

A light source according to the invention has the
following means for achieving the above objective.

A light source of the first presént invention for categofical
color perception has major light emitting bands in ranges
from 530 to 580 {nm] and from 600 to 650 [nm], with
correlated color temperature of the lamp light color in a
range from 1700 to 6500 [K] and with DUV (distance from
perfect radiator locus on UV coordinates) in a range from 0
to 70, which allows categorical perception of at least red,
green, blue, yellow and white of surface colors of an
illuminated object.

" A light source of the second present invention is a
fluorescent lamp for categoricai color perception having
major light emittiné bands in ranges from 530 to 58b [nm]

and from 600 to 650 [nm] ,with correlated color temperatufe
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For exanpl e, distinguishing | ane marking white and yellowin a tunnel is
very inportant to know whether |ane changing is perfmg However,
on roads and in tunnels which are illum nated by the'l w

| anps, it has been difficult to distinguish the whi
mar ki ngs on the road surface. - Whil e colors used on tra
I nclude red, yellow, green, blue, white and black on roads and in tunnels
whi ch are i bfuttheatleshpbyl itghd lcodopr das & eang@di EndmmIo0 ito hse&oo qaen and

difficult to distinguish different colors of these

- 4- withg YV tilme ee franget faioli © iog 79 ,wianid alilictes reatagey sl used

perception of at least red, green,_blue,.yellow-and white
of surface colors of an illuminated 6bject. . |

A light source of'the fifth present invention for lighting
has the lamp light color being in a range of x-y
chromaticity coordinates enclosed by (x, y)=a: (0.228,
0.351), b:(0.358, 0.551), c:(0.525, 0.440), d=(0.453,:
0.440), e:(0.285, 0.332), which has major light emitting
bands in ranges from 530 té 580 [nm] and from 600 to 650
[nm].

A light source of the sixth present invention is a
fluorescent lamp for lighting with the lamp light color
being in a range of x-y chromaticity coordinates-enclosed by
(x, y)=a: (0.228, 0.351), b:(0.358,-0.551), c:(0.525, 0.453)
and d:(0.285, 0.332), and has major light emitting bands in
ranges from 530 to 580 [nm] and from 600 to 650 [nm].

A light source of the seventh preéent invention for lighting
has major light emitting bands in ranges from 530 to 580
[nm] and from 600 to 650 [nm] ,with correlated color
temperature of the lamb light color in a range from 3500 to
4500 [K] and with DUV in a range from 10 to 45.

A light source of the eighth present invention is a
fluorescent lamp for lighting .having major light emitting

bands of phosphor in ranges from 530 to 580 [nm] and from

—_—

—
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in tunnels). The inportant thing is that , the red of surface col or
be recognized red . Because red, in particular, T5—c0d f or

i mportant meani ngs such as danger, prohibition, %ﬁﬁﬁﬁﬁBﬁﬂﬁlghtlng.
Therefore inmportant point in inproving the vi N7 T Hrent fdom t he
view point of safety. In case the Y-B base |ight source of dual band
radi ation type described previously is introduced in such a situation, _
there occurs690cioa 6500linmy t,haiithheorrelatidd idolod vedpeaditiired gt ch
is an inportant color for the indication of danger is reduced due to the

l ack of specilamp lightacellerytins ab6@@ngenif rond 35000&o 4500 [K] ldhdhdath t o
sol ve the problens of the prior art described above, the present i nventi.on
has an obj ecPUVe inf a pangediforgma 16r &ct 4Gal | i ght sour ce whi ch, when applied
to road illumnation or tunnel illum nation, enablés it to distinguish
yell ow and white road surface markings and to

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l shows the chromaticity range of the light source
of the invention on x-y chromaticity coordinate plane.

Fig.2 shows the chromaticity range of éignal color
light according to CIE.

Fig.3 shows the color naming. of light-scurce colors.

Fig.4 shows a_spectrai-distribution of a fluorescent
lamp according to a first embodiment of the invention.

Fig.5 shows a spectral distribution of a flubreséént
lamp having flux ratio LAP/YOX of 100:0.

Fig.6 shows a spectral distribution of a fluorescent
lamp having flux ratio LAP/YbX of 93:7. |

Fig.7 shows a spectral distribution of a fluorescent
lamp having flux ratio LAP/YOX of 85:15. | |

Fig.8 shows a spectral distribution of a fluorescent
lamp having flﬁx ratio LAP/YOX of 76:24.

' Fig.9 shows a spectral distribution of a fluorescent

lamp having flux ratio LAP/YOX of 68:32. |

Fig.10 shows a spectrél distribution of a fluorescent
lamp having flux ratio LAP/YOX of 43:57. |

Fig.1ll shows a spectral distribution of a fluorescent
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recogni ze the colors on road signs (particularly red) while naintaining a
hi gh efficiency, and enables color recognition at mninmmnecessary |evel
in other applications, while maintaining a high efficiency. To sum
~up, the invention intends to realize a |ight _ source that
achi eves a high efficiency while ensuring categorical recognition of colors
at a mni.mmrequired level, while it is tried to inprove the col or
renderi ng prbépmpt hevingt lflax rathej DAPINPECDIEVO:400ed at exactly
reproduci ng colors as represented by the general color rendering i ndex
Ra in the devel opFégt 13f shows| thei aecunnliitgdt numbereodif tiimesprior art. 5
DI SCLOSURE OF THE | NVENTI ON ' A |ight source according to the

i nventi on haSatrgorérpdnradorezapdesingcwasyeNglunsed asaligeedsbjamctive. 10
A light source of the first present invention for categorical color

per cepti on ha8CRBPEAPLe” .| jght enitting bands in ranges from 530 to 580

[nm and from 600_t o O [nm, wth correlated col or tenperature of the
| anp |ight col or FﬁgaggaﬁbegLr5%%1989“@81658é pRpbgrgof timesn puv

di stance fro erfect . .radiator | Qqcus on UV coordi nates) in a range from®6
golio, mﬁg%%ggFFSRA EﬁhgﬁonEaﬁrﬁgﬁcgﬁﬁiﬁﬁa PaﬁﬁdléésngQQT'ﬁ &en,

bl ue, yeILoméggggthEglogo ggf%ggdering.

Fig.14 shows the accumulatéd number of times
categorical color rendering Was-evaluated'as
"poor".

Fig.1l5 shows the accumulated.number of times
categorical color rendering of black color chip was
evaluated as
"poor".

Fig.16 shows the felationship between Ra and the flux
ratio LAP/YOX is changed.

Fig.17 shows the value of subjective Ga obtained by
elemental color naming for each type of light source.

Fig.18 shows the probability of response which

' evaluates the color appearance as "goodh or "acﬁeptable"
beihg obtained when light flﬁx ratio of LAP and fOX
fluorescent lambs is changed.. -

. Fig.19 shows the probability of responée which .
evaluates the color appearance as "good" being obtained when

"light flux ratio of LAP and YOX fluorescent lamps is



15 colors of an illuninated obj ect, wherein (x,y) = (0.4362, 0.4361),

(0.4418, 0.4231) or x-y chromaticity coordinate is not included.
A-light source of the second present invention is a fluorescent |anp for
cat egori cal col or perception having major light emtting bands-in
ranges from530 to 580 [nn] and from 600 to 650 [nn], with correl ated

color tenperature of the lanp light color in a range from20 1700 to 6500

[ K] and wi t hchabged.a range from6 to 70, and allows categorical perception
of at least red, green, blue, yellow and white of surface col ours of an

i llum nat ed obj ecFig.20 shewsi an( experiméftd4R6appArda86s) fof0. £428, 0. 4231)
or 'Xx-y chromaticity coordinate i s not i ncl uded. A light
source of thevaipabipneoénthensenseonff dncbhnghuiby hfisligbt! egpipmeght 'eol or
being 25 in a ,range of x-y chromaticity coordinates enclosed by (xy) = a:
(0.228, 0.35}ighp: cppopsgs thegvisupl envigosmsntoofigpaddtuppedss, 0. 440),
e: (0.285, 0.332),.which gas naLor l'i ght emtting bands in _ranges from
530 to 580 [nnj ahu9f#énfBOWs: Ehessathn ofaubPdpRtiyey praluationgspst
0.4361) on thﬁ x-% chtgnatiéité coordinates.is not included. A
light sour ceSBFOPREIEI ¥ haprcathroratifitsninsan erpsrdBenk: ofanp for
lighting wt

chronaticitygg%gﬁﬁgggéggggL%ggégggksg?ggbgggkgytg I?gggég;héjégiff [vps

0. 358, 0.55 ; 5 : (0,453, .0.440), e: (0.285, 0.332
gnd has najo%ﬂ?ig%?&g%i%gyﬁgbﬁégégagﬁ ggﬁéeguFPgﬁFSSO_%o gBOFLnn] and fro%1
600 to 650 [nn], Fiﬁ?@?rghgw X4 fa£904§§2Fu§ﬁé§g%%F:%H??hakﬁghgdgg'

A light source of the seventh present I nventi as nmj or

light emittipgght L81ds FﬁeaamesﬁeéaoWciia@nighgﬁgsFg%egggggag%ggf{ to 650

[nn], with corfelated color 5 tenpefature o in a

range frO”‘3§QQi§Hné599iﬁKﬁnaéﬂpﬁkiﬁeﬁkwbkne@aluaﬁ%ﬁgftﬁéogbﬁget3f45-

A light source of the eighth present invention is a uorescent lanp for

l'ighting havingongruity of lighting equipment’s light color as the
visual environment of road ‘tunnels.

Fi§.23 shows an embodiment where a phosphor which
converts blue light of visible radiation band to longer
wavelength side of visible radiation band is added to the
fluorescent lamp of the first embodiment. |

Fig.24 is a schematic diagram of a spectral radiation
rénge when a dual band radiation type light source is
consﬁruéted as an ordinary illﬁminati&n light source.

Fig.25 is a comparison diagram of the fourth, fifth,
sixth and seventh embodiments {(27) through (30)}.

[DESCRIPTION OF NUMERALS] | |
1: Color range of light from the lamp of the invenfion

2: Plankian locus

-~ 10 -



maj or light emtting bands of phosphor in ranges from530 to 580 [nm and
from600 to 650 [nm, wth correlated col or tenperature of the |anmp

| i-ght color in a range from 3500 to 4500 10 [K] and with DUV in a range
from10 to 45. For the addressee's reference, a "DUV' val ue can
be obtai ned using Japanese standard JIS Z 8725 - which is a Japanese

I ndustrial standard defining a "Method for Determ ning Di stribution
Tenper at ure 3adLibghdr frempesmulatiandlightebansgeCinoth@eperavdr &AP Such
a value is obtained by nmultiplying 1000 times a shift from Pl anki on | ocus
havi ng equal ©®&¥correl ated col or tenperature to a:light source having a
certain correlated col or tenperature _, on ClE1960 UCS col or chromaticity
graph. 4: Light from sgmuiptponchightomovrcerbapikagy fidex ratiorjgs. 1
shows the chromaticity range of the |light source of the invention on x-y
chromati ci t yLEB&FEENS eggane. Fig.2 shows the chromaticity range of

signal CO'OrS:lnghtagggﬁdggguigtgLE'light source having flux ratio
LAP:YOX of 85:15
6: Light from simulation light source having flux ratio
LAP:YOX of 76:24
7: Light from simulation light source having flux ratio
LAP:YOX qf.68:32
8: Light from simulation light source having flux ratio
LAP:YOX of 43:57
9: Light from simulation light source in the case of YOX .
only
10¢ Light from simulation light source having correlated
color temperature of 5576 [K] and DUV of 72.3
11: Light from simulation light source having correlated
color temperature of 5158 [K] aﬁd DUV of 58.9
12: Light from simulation light source having correlated
color temperature of 4467 [K] and DUV of 42.3
13: Light from simulation light source having correlated
. color temperature of 4219 [K] and DUV of 33.7 .
14: Light from simulation light source'ﬁaving correlated
color temperaturé of 3866 [K] and DUV of 26.4

15: Light from simulation light source having correlated

- 11 -



Fi g. 3 shows the col or naming of |ight-source colors. Fig.4 shows a
spectral distribution of a fluorescent |anp according to a first
enbodi ment of the invention. Fig.5 shows a spectral distribution of a
fluorescent [|anp having flux ratio LAP/ YOX of 100:O. Fig.6 shows a
spectral distribution of a fluorescent |anp having flux ratio LAP/ YOX of
93; 7. Fi.g. 7 shows a spectral distribution of a fluorescent |anp
havi ng fl ux calop témpatitore86£13392 {K] anhd. Buvhofis16.3pectral
distribution of a fluorescent |anp having flux ratio LAP/YOX of 76:24.
Fi g. 9 shows k6spbightl fdomt sikmulabhonf laghtusoarcenhavingpcbayieigtidux
rati o LAP/ YOX of 68: 32. Fig. 10 shows a spectral distribution of a
fluorescent cobep hewpagathue ofit 8045APKYOKndf DUY: 6%. 8.5 Fig .11 shows a
spectral distribution of a fluorescent

17: Light from simulation light source having correlated

color temperature of 2538 [K] and DUV of -0.3

18: Perspective view panel of road tunnel

19: Evaluation light source provides light from tunnel

luminaire

20: Light source provides light for control the adaptation

luminance

21: Observer

22: Prototype lamp having correlated color temperature of

5230 [K] and DUV of 63

23: Prototype lamp having correlated color temperature of

4820 [K] and DUV of 51

24: Prototype lamp having correlated color temperature of

4370 [K] and DUV of 40

25: Prototype lamp having correlated color temperature of

3670 [ﬁ] and DUV of 23

26: Prototype lamp having correlated color temperature of

3261 [K] and DUV of 14

27: Schematic diagram of spectral disfributioh of the fourth

embodiment.

28: Schematic diagfam of spectral distribution of the fifth

embodiment.

- 12 -



Iénp having flux ratio LAP/YOX of 0:100.. Fig.12 shows the accunul at ed
nunber of tinmes categorical color rendering was evaluated as "good" and

"acceptable". - Fi g.13 shows the accumul ated nunber of times
categorical color rendering was eval uated as "good" for categorical color
renderi ng. - Fig.14 shows the accunul ated nunber of tinmes. categorical
col or rendering was evaluated as "poor". Fi g. 15 shows the
accumul at ed 2fntRehermaticediagoangof i spéctoabrdistdibubionfofl the sbkbh
chip was evaluated as "poor". Fi g.16 shows the rel ationship between
Ra and the femhodiment. LAP/ YOX i s changed. Fig.17 shows the val ue of

subj ective Ga obtained b :
J 30: Schematig diagram of spectral distribution of the

seventh embodiment.

MOST PREFERRED EMBODIMENTS FOR REALIZING INVEN'i'ION

Outline of the invention will be described prior to
specific embodiments.

The inventors found a wavelength band which enables it
to distingﬁish colors of minimum rgquired limits while
increasing the luminous efficiency to maké it higher than
that of a light source having a rédiation spectrum of three
band radiation type,‘by creating a radigtion spectrum-of
dual band radiation type where light of visible radiation
band is concentrated in two wavelength bands.

| This.radiation spectrum is a combination of two Eands
of 530 to 580 [nm] and 600 to 650 [am], and the correlated
color temperature of fhe resultant lémp light color is from
1700.toc 6500 [K] and DﬁV is from 0 to 70.

This makes it possible tc recognize the color
categories of at least red, Qreen, blue, yellow and white,
namely to achieve the minimum nécessary level of categorical
color perception while maintaining a high luminous
efficiency. Also it is made possible to provide a light

source which, when applied to road illumination or tunnel

- 13 -



el emental color nam ng for each type of |ight source. Fig. 18 shows
the probability of response which evaluates the color appearance as "good"
or "acceptable" being obtained when light flux ratio of LAP and YOX
fluorescent |anps i s changed. : Fi g.19 shows the probability of
response which evaluates the col or appearance as "good" bei ng obtained
when |ight flux ratio of LAP and YOX fluorescent lanps is

-9- ilthmigadion, enabl@s29ts Iaewalemazga%hnyallebwaaaar %li?cef or the
eval uati on of the sense of incongruity of |ight equipnent's

road surface markings and to recognize the colors on traffic
signs.

Firstly we explain about categorical color perception.

The human visual system has color discrimination
capability to distinguish subtle difference in the color, as
well as the capability to classify colors into large groups
and categorically recognize colors. For example, it can
recognize both dull red and sharp red in terms of
representative concept of red by abstracting their common
feature. A number of studies on. the routine jﬁdgmént of
color recognition and color perception have revealed that
the categorical color perception, as well as the capability
of distinguishing slight color difference, is one of the
basic functions of the human colof perception.

Any developed language has color names for 11 common
basic colors, suggesting the existence of categorical_color
perception which is invariable regardless of the human race
(refer for example to Boynton, R.M. and Olson, C.X.
"Locating_basip colors in the OSa space", Color Res. Appl.,
Vol. 12 P94, 1987; and Uchikawa, K. and Boynton, R.M.
"Categorical color perception-of Japanese observers:
Comparison with that of Americans", Vision Res.‘27,lP1825,
1987).

These 11 colors are red, green, yellow, blue, brown,

- 14 -



i ght color as the.visual environnent of road tunnels. Fig.21 shows
the ratio of subjective evaluations of chromaticity and achromaticity in
an experinment of evaluating the sense of incongruity of lanp Iight color
as the visual environnent of road tunnels. Fi g.22 shows the ratio of
subj ective evaluations of [|ight col or (Reddi shness, G eenishiness,
Yel | owi shness, Bl uishness)in an exgerlnent of evaluating the sense of-
'|ncongrU|ty BFaPGthPHQPéQU|pWﬁkb whitght béethr and ghey,vishdgh emei r onnent
road tunn 3 shows an_enbodi ment where a phosphor which:
converts qu§1V+ﬂﬁ§ 6Ft9|§FbF€mﬁ§HFaFPéﬁrb§ﬁ§mﬁo(thQEB bhackl angt grayje of
visible radiation band is added to the fluorescent |anp of the first
embodi ment . @nd chgpgasic; go °§cﬁeﬁﬂﬁl&rﬁﬁag9§ﬁﬁﬁi Heéb@HVrbﬂuPadb§PM@n
range when a_dual band_radiati,on txge Lght source is _constructed as an

ordinary il hFREPr cRUFPYR: 2RduPER! ghyomgtic S°&Bﬁp§PF§8naHPagran1of

the fourth, fifther §1418.8"9n28"5R1NaSTP2g1 D! ?rLézQ,rteQa?“%el&%?) hnd
blue) and secondary colors (brown, orange, purple and pink).

Among these 11 colors, most fundamental éategofies from
the view point of lighting engineering are, in the group of
chromatic color categories, red, green, yellow and blue
which are components of opponent color response of color
vision and are primary colors. This is because the other
secondary colors are categories generated by the composite
of the primary colors. |
Represehtative_category of achromatic colors is white

from the view point of lighting engineering. This is because
white directly and most strongly represents the spectral
distribution of the light source. On the contrary, black
absorbs light and therefore results in constant category
recognition in the practical domain. Therefore dark colors
of achromatic color categories have lower iméortance
compared to white. For thesg reasons, red, green, yellow,
blue and white are selected here as the cbjects of the
minimum réquired categorical color perception in the

embodiment.

Now the concept of dual band radiation type will be
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[bESCRIPTICN OF NUNERALS] 1: Col or range of light -fromthe |anp of the.

i nvention 2: Plankian |ocus - 10 -

3 Light fromsinulation |ight source in the case of LAP only  4: Light
fromsimulation |ight source having flux ratio LAP:YOX of 93:7 5: Light
fromsimlation |ight source having flux ratio LAP:YOX of 85:15 6: Light
fronlsinulatagchi 25 ggfég? having flux ratio LAP: YOX of .76:24 -

There is a theorf called Land’s work on two-priﬁary
color projections which claims-fhat most colors can be
reproduced with the color stimuli of only two colors, even
in the absence of the complete set of three primary.colors-
of 1ight'namely red (R), green (G) and blue (B).

According to Land’'s Retinex theory, even in the absence
of the complete set of the three primary colors of light,
substantial number of colors can be reproduced.by blending
two colors (it may be interpreted that the color of
nonexisting spectrum is perceived due to the induction

-effect, memory of color accompanying ﬁhe recogniﬁion of the
object identity and color contrast).

A human retina has three types of pyramidal cells, S, M
and L, which have maximum sensitivity at short wavelengths
(blue), medium wavelengths (green) and long wavelengths
(red) in the visible radiation band, respectively. Outputs
of these three photoreceptors are combined to be subject to
intermediate processing in the retina as oppqnént—color
responses of "yellow and blue" and "red and green" and
eventually used in the categoricél coior recognition in the
higher center of cerebrum.

For the purpose of creating a white 1igh£ soﬁrce by

combining two stimuli of opponent colors, there can be the

concept of R-G base dual band radiation type light source

- 16 -



7: Light fromsinulation |ight source having flux ratio LAP:YOX of 68:32
8: Light fromsinulation light source having flux ratio LAP:YOX of 43:57
9~ Light framsinulation light source in the case of YOX only 10: Light
fromsinmulation |ight source having correlated color .tenperature of 5576
[ K] and DUV of 72.3 11: Light fromsinulation I'ight source having
correlated color tenperature of 5158 [K] and DUV of 58.9 12: Light from
si mul ati on | fgRerdidngctonhtbiagioventianewhich| stimukptest maéndyy 4467 apk
and DUV of 42.3 13:  Light fromsinmulation |ight source having correl ated
col or tenper@¥een becaptorgkpfathepopponest-golon: repgnnser systemubst the
| i ght source having correl ated_  color tenperature of 3866 [ K] and DUV of
26.4 15: LiY%heutofeReful hesddesi the senrepthali ¥gBcbape duad band

radiation type light source which stimulates mainly yellow
and blue feceptors of the épppnent—color response sysfem of
the visuval sense.

According to the invention, it has been found that a
high-efficiency light source which enables it to distinguish
colors at the minimum necessary level éan be realized by
concentrating the spectrum of light at two wavelengths
which are most éppropriate for the illuminating light of R-G
base dual band radiation type light source, in view of
obtaining minimum necessafy level of categorical color
perception rather than the conventional evaluation by means
of Ra.:

Accordingly, with illumination light composed of two
wavelengths, wavelength ranges of two wavelengths which_
allow miﬁimum necésséry level of categqrical color
perception of red, green, blue, yellow.and white color chips
are the combination of 530 to 580[nm] and 600 to 650[nm]
described above. .

Optimization of the Y-B base dual band radiation type
light source of the prior art has bgen_based on the |
optimization simulation of the dual bénd radiation type

light source according to such a concept of color rendering
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célor tenperature of 3392 [K] and DUV of 16.3 16: Light from sinulation
| i ght source having correlated color tenperature of 3045 [K] and DUV of
8-5 17: Light fromsinmulation |light source having correlated color
tenperature of 2538 [K] and DUV of -0.3 18: Perspective view panel of road
tunnel 19: Evaluation light source provides |light fromtunnel lumnaire
20: Light source provides light for control the adaptation |um nance 21:
Cbserver 22prépetrvigpeas acapalnaatingcoinetatrms obl coloendif fienencef tba30
[K] and DUV of 63 23: Prototype lanp having correlated color tenperature
of 4820 [K]cehor ehift Batween thetappesrance dfiveoloroofeaaceliorotbip

t enper ature of ' :

P illuminated by a reference light source and the appearance

of color of a color chip illuminated by a light source.u
Optimization of the R-G base dual band radiation type light
source according to the invention, on the other hand, is the
result of optimization by categorical color perception based
on actual human subjective category judgment on colors. This
is a more practical cohcept for evaluating the requirements
for practical use of light source which is required to allow
the minimum necessary level of color discrimination with

high efficiency, and is different from the prior art in the
evaluation method itself.

In the case of the Y-B base dual band radiation type
light source, important color of red which generally
indicatés'danger'must be reproduéed by relying on the
induction effect which has instability in color reproduction
thus making a problem for application to actual
illumination. -

In the case of the R-G base dual band radiation type
light source, on the contrary, red which generally indicates
danger is perceived by means of the emission spectrum. -
located at a wavelength longer than 600 [nm] without relying

on the induction effect which has instability in color

reproduction as in the case of the Y-B base dual band
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4370 [K] and DUV of 40 25: Prototype | anp having correl ated col or
tenperature of 3670 [K] and DUV of 23 26: Prototype |anp having
correlated color tenperature of 3261 [K] and DUV of 14 27: Schenatic
di.agram of spectral distribution of the fourth enbodinent. 28: Schematic
di agram of spectral distribution of the fifth enbodi nent. '

_12_
si xth

29: Schematic diagram of spectral distribution of the

enbodradihation type light source, and is therefore advantageous

for the application to actual illumination..

When efficiencies of phosphors in practical use are
investigated, there is a tendency that phosphors having
dominant wavelengths in red and green regions have higher
efficiencies than bhosphors having doﬁinant'wavelengths in
yellow and blue regipﬁs. _

With phosphors of spectral distribution approximated by
the Gaussian distribution and: quantum efficiency assumed to
be constant over the entire wavelength range, although
simulation may indicate a highef theoretical efficiency for
the Y-B base dual band radiation type-light source, emission
from the actual phosphor or light source includes sub-
emission or the like and the maximum efficiency as indicated
by the simulation is difficult to obtain. Eurthér in the
case of the R-G base dual band radiation type iight source
according to the invention, permissibie range of emission.in'
the band from 530 to 586 [nm], whgre large part of the
efficiency is gained when méking a practical light source,
is 0.85 or greater.with unit value (1) aésigned tol555 [nm],
when reference is made to the relative spectral luminous
efficiencY ¢ Which is relatively wide where the visual
efficiency is high, thereby offering broad choices for the
materials to make a practical light source.

Thus however high theoretical efficiency the Y-B base
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30: Schematic diagramof spectral distribution of the seventh enbodinent.
MOST PREFERRED EMBCDI MENTS FOR REALI ZI NG | NVENTI ON Qutline of the

i nvention will be described prior to specific enbodinents. The

i nventors found a wavel engt h band which enables it to .distinguish colors
of mnimumrequired limts while increasing the |um nous efficiency to
make it higher than that of a |light source having a radiation spectrum of
three band dueal dband rggbatbgnctypei hijghtradiunceomagpbaveyuntbé RdGababend
radi ation type where light of visible radiation band is concentrated in
two wavel engdwabapasd radiationstypei bighh sperceuhassguestebi advanhagé two
bands of 530 to 580 [nm and 600 to 650 [nnj, and the correlated. color

t enper at ure B8 ??ﬁﬂ?e@ﬁl?éﬂ?t+©ﬂb vighilébYer is from 1700.to 6500 [K] and
DW is fromO to 70 This nmakes it possible to recognize the col or
categories of at FThesinyemtignchas 5FGEhe§eP¢BﬁPEﬂﬂemﬁftBelng capable-of

increasing the proportion of emission in a band from 530 to
580 [nm] where visual'efficiency is higher, because.the
correlated color temperature of.the'lamp light color is in
the range from 1700 to 6500 {K] and DUV is from 0 to 70, and
therefore permissible range of light color is wider on green
side of the Plankian locus .

Note'here that.a correlated color temperature below
1700 [K] makes it impossiblé to obtain categorical color
perception of white, and a correlated Eolor temperature
beihg set above 6500 [K] makes it necessary to increase the
proportion of spectrum component of bluish light, thereby
canceling the merit of high efficiency in practical use .and
nullifying the difference from the conventional three band
radiation type light source.

Therefore, combination of emission spectra in a
wavelength region which enables categorical color perdeption
of the minimum necessary level while achieving an emission
efficiency higher than that of a light source which has
three band radiation type emission spectrum is, for a lamp
with emission spectrum of dual band radiation type, the

combination of emission spectra in two bands of from 530 to
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nanely to achieve the m ni mrum necessary | evel- of categorical color
perception while maintaining a high umnous effici'ency. Also it is nade
possible to provide a Iight source which, when applied to road

il lum nation or tunnel - 13-
illum nation, enables it to distinguish yellow and white road surface
mar ki ngs and to recogni ze the colors on traffic signs. Firstly we

expl ai n abou$8Qafmmprandl fxoho60petaehp’dofnm] with Toerhebabedi sadbrsyst em

has col or discrimnation capability to distinguish subtle difference in

the col or, dtempgratuxetdf theabamptyight céaberf incbherxangeofiramgé7§Poups
to 6500 (K] and DUV from 0 to 70.

As described above, it can be said that the R-G base
dual band radiation type light source is better in total
practical utility than the Y-B base dual band radiation type
light source in terms of practical visibility requirement
and practicél viability. Heréafter limitation on the
chrbmatiéity range of the light soufbe of the invention will
be described below with reference to the accompaﬁfing
drawings.

Fig.l shows the chromaticity range of the light source
of the invention on x-y chromaticity coordinate plane. The
range enclosed by the solid line 1 in the drawing is the
range of lamp light color of the invention, (x, y)=a: |
(0.228, 0.351), b:(0.358, 0.551), c:(0.525, 0.440),
d:(0.453, 0.440), e:(0.285, 0.332).

Line from (a) to (b) is the boundary with safety light
color of green, line from b to ¢ is anomalous color vision
confusion line of people having anomalous color.vision , and
line from c to e is the limitation of the chromaticity range
used in ordinary white light sources on the positive side of
DUV. _ |

Broken line 2 is the Plankian locus. It is known. that

the efficiency of a lamp generally becomes higher when the
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and categori

cally recogni ze colors. For exanple, it can recognize both

dull red and sharp red in terns of representative concept of red by

abstracting
j udgnment of
categorica

their conmon feature. A nunber of studies on the routine
col or recognition and col or perception have reveal ed that
col or perception, as well as the capability of distinguish

slight color difference, is one of the basic functions of the human col

per cepti on.

light Jduloxeve| bamepl isnshifieedafromnl tiie nPeskian ldcusnfon

basi ¢ col ors, suggesting the existence of categorical color perception

whi ch is i napvwaitd eto egparaites swivére RUViuhenposteivé dbet ibriexsapdethat
Boynton, R M and Oson, C X. "Lecating basic colors:in the OSA space",
Col or Res. /gessivg|shifting of BV decrersesabhe waluadoBogatand R M

"Cat egori ca

col or perception of Japanese observers: Conpari-son with th

of Aneri candmakeg $¥prR2oloy reppoductjog7impossiblepcthus 1makingssush

red, green,

gello . blue, brown, .
n application impractical.

Howe#er, there is such needs as the highest priority is
placed on the use of ﬁigh—efficient light source and that it
will suffice to be capable of categorical.recognition.of
safety colors at the minimum necessary level in such cases
as tunnel illumination and road illumination .

In such a case, provided that the visual system can

chromatic adaptation to the light color, it becomes possible

t he

ng
or

at

to accept, as the light source color, portions away from the .

chromaticity range‘of light source which has conventionally
been accepted as thé light source of ordinary use based on
the requirement of exact éolor reproduction.

Chromaticity nearer to the Plankian locus 2 leads to
improved color rendering , but results in.decreaéed lamp
efficiépcy. For this reason, iimitation fange of white light
source near the Plankiﬁn locus and limitation range of
chromatic light source near the spectrum locus were set from
the range of signal color light of CIE shown in Fig.2..
(Commission Internationale de l’Eclairage: Review of the
Official Recommendations of the CIE for the Colours of

Signal Lights, CIE Technical Report CIE107-1994)
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--14 - : orange, purple, pink, white, black and gray, which are
divided into achromatic color terms (white, black and gray) and chromatic
color terms (red, green, yellow, blue, brown, orange, purple and pink).
The chromatic color terns are further divided into primary colors (red,
green, yellow and blue) and secondary col ors (brown, orange, purple and
pi nk) . Among -t hese 11 colors, npbst fundamental categories from the
vi ew poi nt of |igHBhenyimagabéeni off aokori oft hhegildghtobourkeoodit thecol or
categories, red, green, yellow and blue which are conmponent s of opponent
col or responseventgzenoen greeunsidd,ain pentuastcbbothe Thhgei ofbedgnsd t he
ot her secondarx,colors are_categories gener@ted by the conEosLte )
light color of Fig.2, sets the light color of the invention-
on white side of the extended line of the white boundary of
green, and therefore clearly defines the separation from the
safety color of "green". Also because the light color of the
invention is set on white side of the extended line of the
white boundary of yellow (A) and red (B), the light color of
the invention no longer rides on the confusion line with
yellow and red anomalous color vision. This makes it easier
for people having anomalous color vision to distinguish
important signal light colors of red and yellow from the
light source of the invenﬁion.

It can be said that the area enclosed by the Plankian
locus and the areas of these signal light coloré is the area
where confusion with the chromatic light is less likely and
efficient categorical discrimination of a plurality of basic
color names is. made possible. |

Even when an area extended toward positive values of
DUV from the light color of white, which have conventionally
been evaluated in terms of accuracy of color rendering and
accepted as .the ordinary white iith source, is accepted as
the illumination light, this area.becomes the area where a

light source which allows categorical color perception with

higher efficiency than the conventional light source,
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o{ the primary col ors. Representative category of achromatic colors
is white fromthe view point of lighting engineering. This is because
white directly and nost strongly represents the spectral -distribution of
the light source. On the contrary, black absorbs light and therefore
results in constant category recognition in the practical donain.
Therefore dark colors of achromatic color categories have |ower inportance
conpared to hecaaseFoolbiesefr highnsatuedtionewhichcbirewuseld g aodiny te
are selected here as the objects of the mninmumrequired categorical color
perception ioft beloesbedcheas. safetyNeolblre eancbptd&%tduthbhad radi ation
type wll be 15

categorically.

When the efficiency and incongruity as the visual .
environment are taken into consideration , the lights with
the color areas of pale yellow and pale yellowish green
shown in Fig.3 are preferable, followed by yellow, yellowish
green, dgreenish white, pale green, and the areas of
yellowish white, white, pale yellowish red and yellowish red
above the Plankian locus.

This area has a configuration similar to the
chfomaticity range of the invention on the x-y chromaticity
coordinate plane.

-From the above discussion, it will be seen that the
invention is intended to put the light source of the
chromaticity range which is not found in the conventional
white light source in practical use.

According to the invention, high-efficient light source
can be realized while maintaining minimum necessary level of
categorical color perception of a plurality of basic colors
by setting the range of principal emission wavelengths in
the band from 530 to 580 [nm] to improve the v18ual
efficiency with weak sub-emlsSLOn in other visible radiation

region, while deviating from the chromaticity range of the

ordinary illumination lights of the prior art. It is
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descri bed bel ow. _ There is-a theory called Land's work on two-primary
col or projections which clains that nost colors can be reproduced with the
color stimuli of only two colors, even in the absence of the conplete set
of three primary colors of light nanely red (R), green (G and blue (B)
According to Land's Retinex theory, even in the absence of the conplete
set of the three primary colors of light, substantial nunber of colors can
be reproducegobgiblentiongnable cetegerficalnaplbe pereeptébadofhat t he col or
of nonexisting spectrumis perceived due to the induction .effect, nenory
of col or accphpzayiby oficbasicgapilovs dhclhdingbjredt motenefficietcyolbyr .
contrast). A human retina has three types of pyramdal cells, S, M
and L, whi chfnabberagpProanteasingvthe amisgaen auteidagthe EFDHU&ﬁPMW§@NUm
wavel engt hs reen) and I, ong wavel engt hs red) in _the visible radiation
band, rgspecﬁgvégg?[gmﬂpépgg the ban from(GOO)to 650 [nm].

Now preferred embodimgnts of the inyention will be
described with reference to the accompanying drawings.

- In a fluorescent type High Intensity Discharge Lamp in
general, emission by eleptric discharge.and the fluorescent
emission are controlled, while in.an High Intensity
Discharge lamp the emission by electric discharge is
controlled by selecting the sealed ﬁaterials{-

First embodiment of the invention is a fluorescent lamp
having spectral distribution shoﬁﬁ in Fig.4.

" The fluoresceﬁt lamp is made'by using green practical
phosphor which is commonly used and identified as'[Chemical
formula 1} LaP64: Ce, Tb (called LAP hereafter) and red
practical phosphor which is commonlf-used and identified as
[Chemical formula 2] Y203: Eu (dalled YOX hereafter). In the
form of a straight tube with 40 fW] outpuf, the fluorescent
lamp has a total efficiency of 87 [1lm/w] and, when the tube
diameter is reduced for high frequency operation and
operated at a high frequency, can operate with‘a totél
efficiency of 110 [1lm/w].

This figure surpasses the total efficiency 109 [1m/w]

of a 55 (W] type low pressure sodium lamp which is said to
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o{ these three photoreceptors are conbined to be subject to internediate"
processing in the retina as opponent-color responses of "yellow and bl ue
and "red and green" and eventually used in the categorical color
recognition in the higher center of cerebrum - For -the purpose of
creating a white light source by conbining two stinuli of opponent colors,
there can be the concept of R G base dual band radi ation type |ight source
- 16 - have theonighest cef ficienvent Howewdi ciPStemitates mainly red
and green receptors of the opponent-color response system of Ehe vi sual
sense, besi deenod¢hromatietlighty- B Bhexefiord paomly monochromatic color
can be seen under the LPS (Low Pressure Sodium Lamp) . The
fluorescent lamp is realized by this invention epoch making
as a practical light source which allows categorical color
perception of minimum necessary level.
11 color categories which make the basis for.
categorical color perception are red, green, yellow, blue,
brown( orange, purple, pink, white, black and gray. Among
these, most basic categories are red, green, yellow and blue
for chromatic components, and white for achromatic
component. This is because white directly reflects the
spectral distribution of the_lighf sourcé. On the contrary,
because black absorbs light, it results in constant category
recognition in the practical domain regardless of changes in
the spectral distribution. Therefore black has lower
importance than white. For these reasons, red, green,
yellow, blue and white are selected as.the objects of the
minimum required categorical color perception in this
embodiment.
. For the purpose of lighting engineering, color chips
used for evaluation must be chosen . In this embodimént,
safety colors, particularly traffic safety colors, are

chosen as the representative color ¢hips which must be

recognized as minimum requirement for illumination
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radi ation type light source which stinulates mainly yel low and bl ue
receptors of the opponent-color response systemof the visual sense.
According to the invention, it has been found that a high-efficiency |ight
source which enables it to distinguish colors at the m ninmum necessary.

|l evel can be realized by concentrating.the spectrumof |ight at two

wavel engths which are nost appropriate for the illumnating Iight of RG -
base dual bagmvizenmendn type |ight source, in view of obtaining ninim
necessary level of categorical color perception rather than the '
conventional eval aePrding heakbe purpase of lightindi agler ahips as
iIlumnation |ight copposed of two wavel engths, wavel ength ranges of two
wavel engt hs HPILRLE oPF oSVAL RRFLAR MR_ES3LEQ Pevehogencanctbei earasbpor of
per ception of feen, blue, yellow and white color chips _are_the

red
conbi nati on %?p§§6a€b°386Tnﬂf ®Y BBOSPBUES OPhRINURBEFEBRArYbboEE]l of

il . ] Chtion tupe: -
Cptln]zallc"bé%céggighE% aggtggg£iggfdcé g*é.lft ng.also be possible to

choose color chips used for evaluation of special color
rendering , that is, R9 (red), R10 (yel}ow), R11 (green) and
R12 (blue), or to choose other - representative colors of the
respective categories..However'these colors are highly
saturated colors and typical colors of category easy to
recognize and therefore do not make much difference in tﬁe
result, |

In this embodiment, therefore, the traffic séfety color
chips described above are employed as the representatives
which specify the minimum ﬂeéessary level of categorical
color perception, faking into conéideration the situation of
lighting'applications where high efficiency is réQuiréd
despite poor c¢lor rendering properties.

According to the invention, such a range of wavelengths
is found that enables minimum necessary level of categorical
color perception in the radiation spectrum of dual band
radiation type where light of visible radiation band is '
concentrated in two waveiength bands. This range is obtained
by péssing the lighthfédiated from an incandescent lamp

through a multi-interference membrane filter having half-
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Ifght source of the prior art has been based on the optim zation
sinmul ati on of the dual band radiation type |ight source according to such
a-concept of color rendering _ - 17 -
properties as evaluating, in ternms of color difference, the .color shift
between t he appearance of color of a color chip illumnated by a reference
| i ght source and the appearance of color of a color chip illumnated by a
l'i ght sour cenidtIptofri at jrm] ofo téretfad bosei sl specitrda Bdv@ré Dengyipe 1nght
source according to the invention, on the other hand, is the result of
optim zati orthey vics idujbs i xadiatlon hpend eid arhéslsiny mmlantalaioﬁmrmﬂ two
subj ective category judgnent on colors. This
wavelengths among these systematlcally, thereby emplrlcally
determining a combination of spectral wavelengths whlch
allow recognition of red, green, blue, yellow and white.
‘This experiment was conducted by employing the method
of successive categories where sensory evaluation of color
perception is made according to scale construction ranging
from "good" to "poor" with "acceptable" as the median.'
Purpose of the method of successive categories is different
from that of such criteria for evaluating the cqlorf
rendéring properties based on the color difference under
reference light as represented by the general color.
rendéring index Ra. Instead, categorical reproducibility of
colors is evaluated according to the color rendering
property evaluation tédhniqﬁe which evaluates the
'accéptability of a color as the recognition of the color.
(Such techniques of subjectively evaluating the
acceptability are'descfibed and well known , for example, in
W.G. Pracejus "Preliminary Report on a New Approach to Color
Acceptance Studies”, Illuminating Eﬂgineérihg, Vol. 62,
P663, 1967 and R.M. Boynton, L. Fargo, B.L. Collins
"Categbrical Color Rendering of Four Common Light Sources",

Color Research and Application, Vol.15, ‘No.4, P222, 1990.)

The experimental method described above does not
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is a nore practical concept for evaluating the requirenments for practical
use of |ight source which is required to allow the m nimum necessary | evel
of color discrimnation with high efficiency, and is different fromthe
prior art in the evaluation nethod itself. In the case of the Y-B
base dual band radiation type |light source, inportant color of red which
general |y indicates danger nmust be reproduced by relying on the induction
ef f ect whi chehabuatet the | peyceéptionhoofreplodusti anlightssonkesdon phebl em
for application to actual illum nation. In the case of the R-G base
dual band rdoasisonftthe atcghacgoofceolon réproduttioy, bet ebathates
general ly indicates danger is perceived by means of the eni§sion spectrum
located at ath@vetabilityopferatogerbcel [enion pevceptidyimgindy ohethe

i nduction effect which has instabilit¥ in color reproduction as in the
case of the Re®lp Rt Bhel apapptance of color perception.

As a result, it was made possible to recogniée the
color of the color chips of red, greén, blue, yellow and
white under the illumination of light composed of two
wavelengths, and a combination of Qaveléﬁgth bands which
allowed minimum categorical color perception were the
combination of 530 to 580 [nm] and 600.to 650 [nm].

Further, illumination light of dual band radiation type
which enables categorical color perception of the minimum
necessary level while achieving an emission efficiency. -
higher than that of a light source which has three band
radiation type emission spectrum is the combination of
emission spectra in two bands from 530 to 580 [nm] and:from
600 to 650 [nm] wherein correlated color temperature of the
lamp light color is in the range from 1700 to 6500 [Kj and
DUV value is from 0 to 70. -

This wavélength band is one wherein many ligﬁt emitting
materials with high luminous efficiencies emit light, and is
of practiéal use. [Chemical formula 1] and [Chemical formula
2] of the first embodiment described previously are green
and red-light emitting cqmponeﬁts.of the commonly used three -

band radiation type fluorescent lamp.
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-?18 - radi ation type |light source, and is theref ore advant ageous
for the application to actual illum nation.. When efficiencies of
phosphors in practical use are investigated, there is a tendency that
phosphors having doninant wavelengths in red and green regions have higher
ef ficiencies than phosphors having dom nant wavel engths in yellow and bl ue
regi ons. Wth phosphors of spectral distribution approxinmated by. the
Gaussi an di stribuThba enabjeanpunactitali eseyofisaubbghtosoteceowhight over
the entire wavel ength range, although sinulation may indicate a higher
theoretical alloesensyegoricaheparéeptiendofil cobarsyadtaleasttypd,|ight
source, emission fromthe actual phosphor or |ight source includes sub-

green, blue, yellow and white, namely_the minimum necessary

level of.categorical color perception while maintaining a

high luminous efficiency.

Further, when applied to road lighting or tunnel
lighting , the invention provides a light source which
allows discrimination of yellow and white line marking
markings and-enables it to distinguish the colors of traffic
signs. Besides this embodiﬁent, as described previously,
color chips to be evaluated may be selected according to the
particular application so that the minimum necessary
perception can be assured.

Now color perception under the light source of this
embodiment will be described below with reference to Fig.5{
Fig.6, Fig.7, Fig.8, Fig.9, Fig.1l0 and Fig.11.

Fig.5 througﬁ Fig.1ll show spectral distributions
simulated in the case of fluorescent lamps composed by
changing the proportion of flux from LAP and YOX lamps in .
this embodiment. LAP and YOX used in this experiment are
examples of phosphor which have peaks of emission in the
bands from 530 to 580 [nm] and from 600 to 650 [nm].
Proportion No.3 (Fig.5) is a case of LAP only with DUV value
75.

~ Proportion No.4 (Fig.6) is a case of flux ratio LAP:YOX of
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em ssion or the like and the maxi num efficiency as indicated by the
sinmulation is difficult to obtain. Further in the case of the R G base
dual band radiation-type light source according to the invention,
perm ssi bl e range of em ssion in the band from530 to 580 [nm, where

| arge part of the efficiency is gained when nmaking a practical |ight
source, s 0.85 or greater with unit value (1) assigned to 555 [nm, when

reference i 93ndgith D Al ¥o.spectral lum nous efficiency , which is
relatively wi de where the visual efficiency is high, thereby offering

o v TEERSERS NOUEE (Pl 7 4 oty oE, s el 2o o

- 19 - 85:15 with DUV value 43.
Proportion No.6 (Fig.8) is a case of flux ratio LAP:YOX of"
76:24 with DUV value 27.
Propotion No.7 (Fig.9).is a case of flux ratio LAP:YOX.of
68:32 with DUV value 14. '
-Proportion No.8 (Fig.10) is a case of flux ratio LAP:YOX of
43:57 with DUV value -11. _ _
Propotion No.9 (Fig.ll) is a case of YOX only Qith DUV value
-25.

These simulated 1i§ht sources were.actually made by
blending the light from.LAP and'YOX, and-color percgption
with these éimulated light sources was evaluated. The .
results will be described below with reference to Fig.12,
Fig.13, Fig.1l4 and Fig.15.

Fig.lZ, Fig.13 and Fig.1l4 show the results of
categorical color'rendering evaluation in which sénsory
evaluation was done to determine whether colér of white,
red, green,-yellow and blue used in traffic signs and a
color of yellow used in road sﬁrface marking were "good",
"acceptable" or_"podr" in terms of color pérception. Fig.12
shows a histogfam which represents the number of times the

color was evaluated as good or acceptable, Fig.13 shows a

histogram representing the number of times the color was
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dual band radiation type |ight source may have, the R-G base dual ‘band
‘radiation type light source has greater advantage in terns of practical
vi-cability. The invention has anot her advantage of bei ng capabl e of

i ncreasing the proportion of emission in a band from530 to 580 [nn] where
visual efficiency is higher, because the correlated color tenperature of
the lanp light color is in the.range from 1700 to.6500 [K] and DW is from
0 to 70, anévalmateidoes good,sand &Fidardde shows ghhisdiogram rneprasentifiken
side of the Plankian |ocus Note here that a correlated col or :

t enper at ur e thel snmberoef] Kjimesk &he colegosashlevalyuadiedaia® @MC3gori cal col or
perception of white, and-a correlated col or tenperature being set above
6500 [K] makes | Theesodexsy used forcidatifiic sigmsalioss @Fresﬁ'%é-ttﬁfm

conponent of_ bl_ui | i ght,. thereb cancel.ing the nerit_ of, high _efficiency
in practicaMuse i‘ﬁ-@‘”ﬁﬁul““'ﬁyi & ’hg'tﬁRfl‘f/é:’er%ae 1SS *t ﬁ@%’(ﬁwgﬁﬁli &l three

band radia%h%%89%&%§,i%ﬂh&ﬁowng%52.5/7.5; The colors specified .in the
Ordinance on Road Traffic Signs (refer to "Road Traffic Sign
Handbook" edited by Japan Contractors Association of Traffic
Signs and Line Markings ; supervised by the Ministry of
Construction, Road Bureau and Nation%l Police Agency,
Traffic Bureau). The color chip for yellow of foad surface
marking represents the. road marking yellow 5.5YR6.5/12
specifiea by the National'Police'Agehcy-(yeliow color sample
for road signs maﬁufactured by Japan Contracﬁors Association
of Traffic Signs and Line Markings).

The histograms 3, 4, 5, 6, 7, 8 and 9 in the drawing
show the results of evaluation with the lights of Fig.5,
Fig.G,.Fig.T, Fig.B,.Fig.9, Fig.10 and Fig.1ll1, respectiﬁely.

D65 shows the results of evaluation with a fluorescent
lamp for color evaluation with a spectral distribution near
that_of reconsgituted'daylight D65. NX shows the results of
evaluaﬁion wiih a low.pressure sodium lamp, NH shows that
with a high pressure sodium lamp and EX-L shows that of a
three band radiation type fluorescent 1amp of incahdescent
lamp color..

With the D65 fluorescent lamp which is a reference lamp
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Therefore, conbination of em ssion spectra in a wavel ength region which
enabl es categorical color perception of the mnimum necessary |evel while
achieving an enmi ssion efficiency higher than that of a |ight source which
has three band radiation type em ssion spectrumis, for alanp wth

em ssion spectrum of dual band radiation type, the conbination of em ssion
spectra in two bands of from530 to - 20 -
580 [nn] anfiotr emlec0crmpesdspns] largestonumbearedfc responsespevalwatedt t he
lamp light color in the range from 1700 to 6500 [K£ and DUV fromO to 70.
As descri bebhgbgodori pemﬁpgéogaaa grad,t WaikeGtbgsdow pressure sodium

lamp received the smaller number of evaluation of "good".
Number of responses thch evaiﬁated the color perception as
"poor" was, on the contrary, smallest with the D65
fluorescent lamp and greatest with the low pressure sodium
lamp. |

In case the light from No.3 to No.9 composed by
changing the flux ratio of LAP and YOX in this embodiment,
ﬁhe evaluation changes depending on the proportion, although

. the evaluation is higher when the DUV value is on the
positive side than when the DUV is on the negative side,
indicating a ten&ency of evaluation being maximized when the
DUV value is on the positive side. In the case of this
experiment, the proportion-No.G-achieve& the largest number
of responses evaluating the color perception as good, while
the proportion No.6 achieved the least number of respﬁnses
evaluating the color perception as poor.

When responses with evaluations of good and acceptable
are regarded as showing tolerable properties for the purpose
of assuring minimum necessary level of color perception,
proportion No.6 performed comparably with D65 and EX-I and
satisfied the color.perception requirements at the tolerable
level. It is also shown that'color-pefception with the low

pressure sodium lamp and the high pressure sodium lamp is

- 33 -



dual band radiation type light source is better in total practical utility
than the Y-B base dual band radiation type |ight source in terns of
practical visibility requirement and practical viability. Hereafter _
limtation on the chromaticity range of the light source of the invention
will be described belowwth reference to the acconpanying draw ngs.
Fig.1 shows the chromaticity range of the |ight source of the invention on
x-y chronmat lowey deortdienalegreens ativeptiamege thanl ched grogdit istld didde 1
in the drawing is the range of lanp light color of the invention, (X,

y)=a: (0.2238, 60aRstl)7. b: (0.358, 0.551), c:(0.525, 0.440), d:(0.453,

0. 440), e:(0.285,ﬁo.332). Line from (a) to_(p) is the boundary with
safety light colfdg.d5 ghos d ihietiogyan representdmgniheusuniderr off si on
confusion line of people having anomal ous color vision , and line fromc

to e is thetimest heoblaick isolom aned din tnefifje signe wasoredialarateshiase
1 ght SO”rC%%oﬁni%h%h%9géf3?3fﬂdﬁiﬁﬁlg %g%bértiés.

That the graph is blank means that all responses
evaluated as good. From this result, it can be seen that
achromatic color for defining the minimum necessary color
rendering properties may be represented by white.

When these results are sumniarized to examine the degree
of acceptance for the color rendering:properties of color
chip of traffic sign color which is a kind of séfety célor,
red is coded for signs of relatively high degrees of danger
and urgency, and blue is coded for instruqtion and guidance
signs of relatively low degreés of danger and urgency. Thus
it can be said that the light source of positive DUV value
has higher degree of dcceptance for safety color perception
than that of negative DUV value whic¢h is evaluated as
"unacceptable" for red.

These results indicate higher performance than'fhe low:
pressure sodium lamp and the high pressure sodium lamp which
are commonly used in traffic lighting for the reason of
efficiency, showing the superiority of the R-G bése dgai
band radiation type light source.

Fig.16 shows the general color rendering index Ra of
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Bfoken line 2 is the Plankian locus. It is known that the efficiency of
Ianp general |y becones hi gher when the -

light color of lanp is shifted fromthe Pl ankian [ ocus 2

upmard to an area where DUV is positive, but it is said that excessive
shifting of DUV decreases the value of Ra and nakes exact col or
reproducti on inpossible, thus nmaking such an application inpractical.
However, thethe fluevebcentdiamp whichi wasshupericallyi simplated by t he use

of high-efficient light source and that it wll suffice to be capable of

categori calchangingttbe Hluxsmétig obl DAB andt¥eXwi hefitmoatcpeintyihevel

such cases

the graph shows the case where the propcrtlon of LAP flux is
100% and the fightmost point shows the case where the
proportion of LAP flux is 0%, namely the proportion of YOX
flux is 100%, with the proportion of LAP flux decreasing to
the right.

It can be seen that the point indicated by W in Fig.16
is the point where DUV is 0 and Ra reaéhes the maximum value
at this point. This means that, when the dual band radiation
type light source is evaluated by the conventional
evaiuatiqn technique based on Ra with the scheme of
evaluating color rendering properties according to the color
difference from the color percepfion-dnder the reference
light source, the point where DUV is 0 becomes: the point of
highest value. | .

When subjeétive e;aluation of categorical color
reproduction is conducted by human subjects, on the
contrary, a point of higher subjective evaluation occurs on
the side of positive DUV value, namely on the side where the
luminous flux ratio of LAP is greater than W. Thus it will
be seen that‘the invention deals with a novel operation
effect of a phenomenon different from the conventional
evaluation according to Ra.

Now the reason why such novel operation effect is
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as tunnel illumnation and road illum nation In such a case, provided
that the visual systemcan chronatic adaptation to the |ight color; it
becones possible to accept, as the |light source color, portions away from
the chromaticity range of |ight source which has conventionally been
accepted as the light source of ordinary use based on the requirenent of

exact col or reproduction. Chromaticity nearer to the Pl ankian | ocus 2
| eads to idhradMest aRill berdeddrtibed bdldwsul ts in decreased | anp _
efficiency. For this reason, limtation range of white |light source near

the Pl anki an | oclis thel dxpeitbiemt), reometivdr witionthie cevaDhat Soniref near the
spectrum |l ocus were set from. the range of signal color |light of ClIE shown

in Fig. 2. daQogosiscah ¢oler cendeing diesdidbed rpogevideslew sdbjéetive ,
O ficial Recomendations of the CIE for the Colours of Signal Lights, CE

Techni cal Feqskuatdan Jgy @bemental color naming method was cqnd@gted.

This technique comprises a first experiment in which a
subject who is given 10 points looks at a color chip
produced and assigns his points to the chromaticness and
achromaticness he.fEels from the color, and a second
experiment in which the subject is given 10 poiﬁté again and
selects one or two from among reddishnéss, greenishness,
yellowishness and bluishness for the chromaticness thereby
to assign his points.

By multiplying the evaluation point of the
chromaticness obtained with this technique by the evaluation
points of reddishness, greenishness, yellowishness and
bluishness, sﬁbjective color'feeling.bf the subject can be
represented.

The subjective color can be represented by a poinﬁ on a
rectangular coordinate pléne defined by two axes; one is an
axis of opponent colors of reddishness and greenishness and
the other is an axis of opponent colors of bluiéhneés and
yellowisﬁness. When this is defined as subjective
chromaticity coordinate, subjective chromaticity coordinate

position of every one of color chipé evaluated under various

light sources is determined and the area surrounded by the
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The Iimtation of color of the light source of the invention on green

side, in contrast to the range of signal |Ilight color of Fig.2, sets the

| i-ght col or of the invention on white side of the extended line of the
white boundary of green, and therefore clearly defines the separation from
the safety-color of "green". Also because the light color of the

I nvention is set on white side of the extended line of the white boundary

of yellow (p9sibilonedcé®)bet B&1EubAteqol or of the invention no | cnger
rides on the confusion line with vyellow and red anonal ous col or vi sion.

This makes it eashen thbs areal tshesprgsenbsdl bysthel subyestivet Gamut

di stinguish inportant signal light colors of red and yellow fromthe

| i ght sour cared. Ghcobbainedoin the elémental beolar dnahingt bechniquepcl osed

by the Pl ankian
the higher this value, the more clearly the color appears to
the observer. |

Fig.17 shows the values of subjecti§e Ga obtained by
the elemental color naming technique for different light
sources. From the left to the right in Fig.17, 3 is fér
Fig.5, 4 is for the fluorescent lamp of Fig.é, 5 is for the
fluorescent lamp of Fig.7, 6 is for the fluorescent lamp of
Fig.8, 7 is for the fluorescent lamp of Fig.9, 8 is for the
fluorescent laﬁp of Fig.10, 9 is for thé fluorescent lamp of
Fig.11, D65 is for the color evaluation fluorescent lamp
with spectral distribution near that of synthesized daYlight
D65, NX is for the low pressure sodium lamp, NH is for the
high pressure sodium lamp and EX-L ig for the three band
radiation type fluorescent lamp of incandescent lamp color.
The value of subjective Gamut area: Ga obtained by the

elemental color naming technique has the highest point in
the dése of proportion 6 similarly to the result of
evaluation of the categorical color rendering where the
color of the color chip is subjectively evaluated whether it
is good, acceptable or poor.

When examining these subjective evaluations combined,

categorical color perception improves at the point where

- 37 =



| ocus and the areas of these signal light colors is the area where
confusion - with the chromatic light is less |ikely and efficient

categorical discrimnation of a plurality of basic color nanes is nmade
possi bl e. Even when an area extended toward positive values of DU
fromthe Iight color of white, which have conventionally been evaluated in
terms of accuracy of color rendering and accepted as the ordinary white

| i ght sour UV iis ashifted ts thécposiviveaside sogthattthe evebustiones the

area where a |ight source which allows categorical color perception with
hi gher ef f i3y @Wcﬂm@omehnmnanpwgm?. sBuateis, in such a case
- 23 -

as this invention, deterioration in the accurate
reproducibility of a color chip is compensated for by the
improvement in the color separation due to the improvement
-in the subjective color clearness, resulting in an improving
effect of the categorical color perception.

Validity of this examination can be proved by the fact
that the points where improvement.occurs'are common whén the
results of several subjective evaluation techniques are
evaluated in many aspects.

To sum up, the effect of the lamp of the invention
captures an phenomenon which is not captured in the
conventional evaluation ﬁethods. Also according to the
invention, efficiency of a lamp.can be improved because the
spectral distribution is concentrated in the wavelength
reéion from 530 to 580 [nm] where the spectral luminous
efficiency is high. Further, the invention has such a
feature that the proportion of the above wavelehgth region
increases in the spectral distribution and the lamp
efficiency.increases when DUV deviates to the positive'siae.

It is an importaﬁt point to determine the limitation on
the value of DUV on the positive side from the categorical
color perception,.in designing a lamp of higher efficiency

while maintaining the minimum necessary level of color
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because col ors of high saturation which are used in coding of colors such
as safety colors can be distinguished categorically. When t he
efficiency and incongruity as the visual environnment are taken into
consideration , the lights with the color areas of pale yellow and pal e
yel |l owi sh green shown in Fig.3 are preferable, followed by yell ow,
yel l owi sh green, greenish white, pale green, and the areas of yellow sh
whi te, whitpergapeignll owi sh red and yell owi sh red above the Plankian
| ocus. - This area has a configuration simlar to the chromaticity
range of the invEbgi b8 andt Fegx1l9 shownthecréyationshHipabetweenethe
From t he above discussion, it will be seen that the invention is intended
to put the ¢hghgesoincthefvahue ofir BUU¥t withythaengbanpeehinstwot emdesdonn
the conventional white |ight source in practical use, . According to
t he i nvent i p@akai ghdethecprababiyitysofir respenaesecevalnatinguwbheecolor
mai nt ai ni ng m ni num necessary | evel of ' L.

perception as good and acceptable and the probability of

response evaluating the color perception as good beiﬁg _

obtained, when the ratio of blending the light from LAP and

de fluorescenthlamps is changed from near that of LAP only

of 10 to near DUVO of 17 (closer examination was given to

the positive side of DUV value). Peak intemnsity ratio of

LAP:YOX is about 1:2 in the case of fluorescent lamp of 10

where DUV is about 0, and peak intensitf ratio of LAP:YOX is

about 10:1 in the case of fluorescent lamp of 17 where puv

is about 72. The probability of responses which evaluate

the color perception as good and acceptable being obtained

in Fig.18 will be described below.

Responses which evaluate the color perception as good
and acceptable combined decrease rapidly when-DUV is greater
than 70. Assuming that the required color perception can be -
assured when DUV is 70 of less, it can be said that
categorical color perception is assured in a region from
near DUV of 0 to near 70, namely in a region where the ratio
of emission peak intensity of LAP:YOX is from 1:2 to 10:1.

In this experiment, too, high evaluation is given in the

region of DUV over 0 up to 70, not at 0.
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cétegorical col or perception of a plurality of basic colors by setting the
range of principal em ssion wavel engths in the band from 530 to 580 [ nnj
to inprove the visual efficiency with weak sub-em ssion in other visible
radiation region, while deviating fromthe chromaticity range of the
ordinary illumnnation lights of the prior art. It is

- 24 - - possible to enabl e categorical color perception of a
plurality of basWhiiel the chahygéi ig the swaduatfioni edth bhe thatiger in
concentrating the em ssion outside the band from530 to 580 [nn] into the
band from cbbet vag30 pfinflux LAP hod N¥OXf ésr desentouspicususl inh&hiisvent i on
will be : ' '
experiment compared to the previously described experiment,
this difference'correéponds to the différance in the method
of providing the evaluation stimulus between the
experiments.

The previous experiment is an experiment of extracting
the aspect of change in the evaluation, wherein evaluation
stimuli were provided successively according to the change
in the ratio of flux LAP and YOX, for the purpose of
studying the aspect of change in the'evaluation with the
change in the ratio of flux LAP and YOX.

This experiment,:on the cbntrary, is an experiment of
extracting the absolute value of probability of evaluation
to be obtained, wherein evaluation stimuli were provided
randomly while increasing the number of repetitions
regardless of the change in the ratio of blending the light
of LAP and YOX, for the purpose of determining'thé
occurrence rate of the evaluation with the change in the
ratio of blending the light of LAP and YOX.

In case the limitation for securing the minimum
necessary categorical color perception is to be determined
by evaluating the categorical color perception based on the

degree of acceptance of recognizing a color, the region of

DUV from 0 to 70 can be taken where DUV deviates to the
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described with reference to the acconpanyi ng draw ngs. In a
fluorescent type H gh Intensity Discharge Lanp in general, em ssion by
elrectric discharge and the fluorescent em ssion are controlled, while in
an High Intensity Discharge |anp the em ssion by electric discharge is

controlled by selecting the sealed materi al s. First enbodi nent of the
invention is a fluorescent. lanp having spectral .distribution shown in
Fig. 4, posibevél HoaesaanikkatRel priB¥caly.usi ng green practical

phosphor which is commonly used and rdentified as [Chem cal fornmula 11

LaPO4: Ce, Tb (cehiedmbpPbiebeahiige) thadcbedr §bﬁ§thﬁé¥ pFogRBaARIWII Ch s
comonly used and identified as [Chem cal fornula 2] Y203: Eu. (called YOX

hereafter). sénsehewhichnmetna shasi gblokupervepbidfl b¥] thet paie bbject
fluorescent |lanp has a total efficiency of 87 [Imw and, - when the tube
di anet er i sineduviéduidr ehivgmohmegtiedogsopetathengandigopéianatlyt exreni gh
frequency, can operate with a total efficiency of 110 . [Imw. Thi s
figure surpubeasthaelightl wbithcidhupinadepl the] visual environment

changes, bécause of the adaptation of the human visual sense
to the illumination light, continues to wérk up to about 70

of the DUV value and therefore categorical color perception

can be obtained due fo coior adaptation. |

The probability of responses which evaluate the color
percepfion_as good and acceptable being Obtained in Fig.19
will be described below.

In case such a technique of -experiment as the
evaluation stimuli aré'provided randomly instead of
providing the evaluation stimuli successively as in this
case, substantial range of colof perception up to near 70 in
-thg DUV value is accepted as far as the evaluation is
"acceptable” or higher and difference in.evaluation beéomes
less conspicuous. In case the difference in evaluation is
extracted with higher sensitivity by the probability of
evaiuation "good" being obtained, preferred range qu the
perception of red which is particularly -important color is
from about 10 to 45 of the DUV value.,it can also be seen
that hiéh evaluation is given in the region of DUV over 0 up

to 70, not at 0, despite the difference in the experiment
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of a 55 [W type | ow pressure sodiumlanp which is said to

25 have the hi ghest efficiency. However LPS enmts
nbnochronatlc light . Therefore , only nonochromatic color can be seen
under the LPS (Low Pressure Sodium Lanp) . The fluorescent lanp is _
realized by this.invention epoch making as a practical |ight source which
all ows categorical color perception of mninumnecessary |evel. 11
col or categﬁécnﬁlqhech make the basis for. categorical color perception
are red, green, yellow, blue, brown, orange, purple, pink, white, black

and gray. Anmong At peseotypet fmaareseahegQampwarsemaaé bgr @8fingy ewbow and

Plue phosphors LAP and YOX, visual environment of road tunnel was
created with an experimental apparatﬁ§ as shown in Fig.20,
and evaluation experiment for the sense of incongruity of
lamp c&lor was conductgd.

Specifically, a perspective view panel 18 of a road
tunnel was installed with a portion of the perspéctive'view '
panel 18 corresponding to a light source being cut out and
the luminance of the light source being given by
illuminating from an'evaluatioﬁ light source 19 arranged on
the rear of the panel, while adaptation luminance of the
visual environment is given from an evaluation light source
19 arranged in front of the panel. A scene for simulating |
the ﬁisual environment was created in a dark room with such
an arrangement.

An obserQer evaluator 21 can see only the light emitted
from the evaluation light source 19 disposed at the light
source portion of the perspective view panel 18, and cannot
see the evaluation light source 20 disposed in front of the
perspective view panel 18. Namely, the evaluation light
source 20 disposed in front of the panel 18 illuminates the
panel 18 but cannot be seen by the evaluator 21. By
providing the adaptation luminance of the observerfs eyes ,

and the luminance of the light source itself independently,
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for chromatic conmponents, and white for achromatic conponent. This is
because white directly reflects the spectral distribution of the Iight

sogurce. On

the contrary, because black absorbs light, it results in

constant category recognition in the practical domain regardl ess of

changes in
| nportance

t he spectral distribution. Therefore black has | ower _
than white. For these reasons, red, green, vyellow blue and

white are sekpeffﬂeﬁtalheoﬁaieﬁbﬁsoéftbBe ﬂl@t&ﬂﬂéﬁeﬂﬂbﬁﬁénﬁaiegorlCa
color perception in this enbodinent: For the purpose of 1ighting
engi neer i ngregolatedhcpsstantdfber eavhl Laghtnseustebe chosen . In this

enbodi nent ,

safety colors, particularly traffic safety colors, are chosen

as the representﬂithethbsoarrhhgemahtghtheslight-aeungeiaédthé m ni num .
requi renment for illum nation - 26 -

invention was evaluated as lighting environment by
simulating the lighting environment in the dark room.
Elemental color naming technigue was employed for the method
of evaluation.

Results of the experiment are shown in Fig.21 and"
Fig.22,

Plotted along the abscissa of the drawing is the type
of llght source. From 22 to 26 are the prototype lamps, and
EX- -L is the three band radiation type fluorescent lamp of
incandescent lamp color used for the purpose of comparlson.

The elemental color naming technique comprises a first
experiment where a subject who is given 10 points locks at
the color of a light source produced and assigns his éoints
to the chromaticness and achromaticness he feels from the
color, and a second experiment wherg the subject is given 10
points again and select one or two from among reddishness,l'
greenishness, yellowishness and-bluishhess for the
chromaticneés thereby to assigns his points.

The prototype lamp 22 .has correlated color témperature
of 5230 [K]. and DUV value of 63, the prototype.lamp 23 has
correlated color'teméerature of 4820 [K].and DUV value of

51; the prototype lamp 24 has correlated'color.temperature
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envi ronment . According to the purpose of lighting color chips as

obj ects of evaluation nmay al so be chosen on the occasiron of application in

order to ensure mnimum necessary |evel of perception of categorical color
It may al so be possible to choose color chips used for evaluation of .

special color rendering , that is, R9 (red), RLO (yellow), R11l (green) and

R12 (blue), or to choose other representative colors of the respective

cat egof i es.of048V€@r [Kheard CcDUVI sabiie Sfgl0y thetpretetypel Dampaps hypi cal

colors of category easy to recognize and therefore do not make much
di ff erence ¢ortrébatedscdblor temperatthesoEndeudnpRl, ahdiepuiovalubheftpaffic
safety color chips described above are enpl oyed as the representatives
whi ch speci&ydt tke nprnobobypectsspr 96 | kael| cofrehatgdr cohbr temperature
of 3261 [K] and DUV value of 14.
Proportions of the subjective evaluation of
.chromaticness and achromaticness of Fig.21 shows.that
chromaticness and achromaticness of the light source are in
balance in the case of the prototype lamp 24 and
chromaticness of the light source becomes stronger when the
proportion of LAP becomes highef. It can also be seen that
the prototype lamps 25 and 26 show similar strength of
chromaticity as the EX-L of fluorescent lamp of incandescent
lamp color which is a commonly uséd light source.
Proportions of the subjective evaluation of the_light
color of Fig.22 shows that the strengfh_of greenishness and
the strength of yellowishness are inverted bétween the
prototype lamps 24 and 25, and the impression of color
perception of the light source is inverted from greenish
yellow to yellowish green. And as the proportion.df LAP ié
decreased down.to 26, impression of greenishness disapéears
while reddishness and yellowiéhness become the predominant
impression similarly to the case of fluorescent lamp of
incandescent lamp color which is-the commonly-used light

source. This is because the range which has

conventionally been used as white light source is tinted to

- 44 -



col or perception, taking into consideration the situation of 1lighting
applications where high efficiency is required despite poor color
renderi ng properti es. According to the invention, such a range of
wavel engths is found that _enables m ni mum necessary. | evel of categorical
col or perception in the radiation spectrumof dual band radiation type.
where light of visible radiation band is -concentrated in two wavel ength
bands. Thi sbe ansddish ciidi yelllowisipagisemnotiidecoipdlatedi edbberfrom an

I ncandescent | anp through a multi-interference nenbrane filter having
~hal f - temperature is low. - 27 - wi dth of 10 [nn] to
extract various spectral wavel engths in

When these results are taken into con31deratlon
comprehensively, correlated color temperatures of the lamp
light color from 3500 to 4500 [K] and DUV values near 10 to
45 can be said to be the preferable range without the sense
of incongruity as visual environmenf in terms of light
color. |

The second embodiment is shown in Fig.23._

This is an embodiment where a phosphor which converts
blue light in the visible fange to ionger wavelengths in the
visible range is added to the fluorescent lamp of the first
embodiment,

A fluorescent lamp has emission iines of mercury also -

| at 405 [nm}, 436 [nm], 546 [nm].and 578 [nm] in the visible-
range of the emission spectrum. Among.these, blue color at
405 [nm] and 436 [nm].has emission efficiency of about 1
[lm/W]. |

Because spectral luminous efficiéncy is low in these
wavelength bands, the lamp efficiency éan be improved by
about 5 [lm/W]lor more by using a phosphor, which converts
blue light in the visible range to longer wavelengths in the
visible range, in the R-G base dual band radiation type

fluorescent lamp.

Similar improvement in the lamp efficiency can be
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the vi sible.radiation band and checki ng conbi nati ons of two wavel engths
anong these systematically, thereby enpirically determ ning a conbination
of spectral wavel engths which- allow recognition of red, green, blue,
yel Il ow and white. Thi s experinment was conducted by enploying the

met hod of successive categories- where sensory eval uation of col or
perception is nmade according to scale construction ranging from "good" to
"poor" witheXpecepd abled lbayp addingda gphosphoppsehdéht hlesoebioblaé. '
successive categories is different fromthat of such criteria for
eval uat i ng embszbbnrand ecoevenys pibpeot erisbiordobnlohgerovavellehfthepce
under reference light as represented by the general color rendering index
Ra. | nsteadto cthegphdephor cpf othrei Hluorgsoént cdisrkarge elampaamdngccor di ng
to the color_rendering property evaluation technique which eval uates the
accept abi | i 2leStriccdigpharge nbampgogni ti on of the color. (Such techni ques
of subjectively evaluating the acceptability are described and well known -
, for exanple, i3 YWe Phesphersvhirh| converys febeetlighh Nawth@proach to

Col or visible range to longer wavelengths in the visible range,

there are {[Chemical formula 3] Y3Alg015t Ce} which is
cerium-activated garnet-based matrii,.{[chemical formula 4]
28x0.(1-n)P,0g.nB,03: Eu} which is éuropium-activated
borophosphate strontium-based mgtrix and {[Chemical formula
5] 3.5Mg0.0.5MgF,.Ge05: Mn} which is manganése-activated
flurine germanate , and the conversion efficiency of
[Chemical formula 3] reaches 80%. |

Now the third embodiment will be described below.
Fig.24 shows schematically the range of spectrai emission in
case a dual baﬁd radiation type light source is ﬁade as a
lighting source for ordinary illumination. Solid line 19
schematically shows the range of spectral emission in.
wavelength band from 530 to 580 [nm], and solid line 20
schematically showé fhe range of spectral emission in
wavelength band from 600 to 650 [nm]. Broken line 21 |
schematically shows. the proportion of spectral'emiésion in
other wévelengths of the visible radiation band, and dot and
dash line 22 schematically shows the proportion of spectral

emission at wavelength of blue not longer than 530 [nm] in
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Aéceptance Studi es", Illuninating Engineering, Vol. 62, P663, 1967 and
R M Boynton, L. Fargo, B.L. Collins "Categorical Color Rendering of Four
Common Li ght Sources”, Color Research and Application, Vol.15, No.4, P222,
1990.) The experinental nethod described above does not
-28 - eval uate the perception of color of a light source on the
basis of the accuracy of color reproduction, but evaluates the stability
of categorithe wisiblecradpationnipamiiy on the basis of the acceptance of
col or perception. As a result, it was.made possible to recognize the
color of the colWhemnimaking amdelerkeric-disechayee| bampndit is ideal to
concentrate the entire emission within the range'of 19 and
20, although emission occurs at other wavelengths in the
visible radiation band as indicated by 21. As the proportion
of 21 increases, color rendering properties in the sense of
accurate color rendering represented by Ra improves but the
efficiency decreases. _ .

When lamp light color is designed to be high correlated
color temperature within the x-y chromaticity range of the
present invention , emission ' in the range 22 is to be
increased.

Setting the correlated color temperature at 4000 fK]_or
higher while concentrating the radiation in the wavelength
ranges of 19 and 20 requires the total flux of the radiation
in the range of 22 to be at least about 5% of the total flux
of the radiation in the rangé of 19 and 20.

Therefore in embodiments of fluorescent lamp , blue
phosphor such as [Chemical formula 11]

BaMg,yAly£0,57:Eu, [Chemical formula 12]
(Sr,Ca,Ba)g(PO;)3Cl:Eu, or [Chemical formula 13}
SryAly40,5:Eu , can be slightly included or in embodiment of
HID lamp blue emitting material can be included.

Similar effect can also be obtained by making a light

source which emits mainly in the wavelength range from 530
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white under the illumnation of |ight conposed of two wavelengths, and a
conbi nati on of wavel ength bands which allowed m ninmum categorical color
perception were the conbination of 530 to 580 [nn] and 600 to 650 [nn].
Further, illumnation light of dual band radiation type which enables
categorical color perception of the m nimum necessary level while

achi eving an enission efficiency higher than that of a |ight source which
has three bamds80 aphm] i Didigypeedbpstive sepkid rline sof hEo candi #al ight of

em ssion spectra in tw bands from530 to 580 [nm and froem 600 to 650
[nn] wher eispuxre evlaich enive meipby ainrechofwavelehgtiy faghe fnberOB in
the range from 1700 to 6500 [K] and DWV value is fromO to 70. Thi s
wavel engt h @80 sfump indicateddry thghtokidtlimg ofre2@siahd with high

| um nous efficiencies emt light, and is of practical use. [Chem cal
formula 1] bhtuminating with mised 2}ight ttkereeE: enmbodi ment descri bed
previously are green and red light emtting conponents of the commonly

used three band($5h4a(?%hrt?%%)f#@éné%%kn@ | Big-25 show the fourth,

fifth, sixth and seventh embodiments, respectively.

(a) which showé the fourth embodiment is a schematic
diagram of spectral distribution in the case of a
fluorescent lamp composed by a,coﬁbinafion of a phosphor
having emission peak in the range from 530 to 580 [nm] and a
phosphor ha&ing emission peak in the range from 600 to 650
[nm], both phosphors having large half-width.

(b) which shows the fifth embodiment is a schematic
diagram of spectral distribution in the case of a
fluorescent -lamp composed by a combination of a phosphor
having emission peak in the range from 530 to 580 [nm] with
a large half-width and a phosphor having emission peak in
the range from GOO.fQ 650 [nm] with .a small half-width.

(c) which shows the sixth embodiment is a schematic
diagram of spectral distribution in the case of a
fluorescent lamp composed by-a_combination of a phosphor
having emission peak in the range from 530 to 580 [nm] with
a small half-width and a phosphor having emission peak in
the range from 600 ﬁo 650 {nm] with a large half-width.

(d) which shows the seventh embodiment is a schematic
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- 29 - Thi s enabl es practical use of a |light source which
al l ows categorical perception of colors, at |east red, green, blue, yellow
and white, nanely the m ni num necessary |evel of categorical color
perception while maintaining a high |Ium nous efficiency. ~ Further,
when applied to road lighting or tunnel lighting , the invention provides
a light source which allows discrimnation of yellow and white |ine

mar ki ng  medkagusm aofl spedtesl idiseribetioguishthidecasdoss f traffic
signs. Besides this enbodinent, as described previously, color chips to be
eval uat ed nfjudicesemdetct kanpceampbaed tioy t#iccombination of a phosphor

having emission peak in ﬁhe'range from 530 to 580 [nm] and a

phosphor having emission peak in the range from 600 to 650

[nm], both phosphors having small half-width.

Generally a lamp of higher efficiency with higher
quantum efficiency of phosphor can be made by using a rare-
earth element phosphor of smaller half-ﬁidth. However,
because rare-earth element phosphof is expensive, the
fluorescent lamp of the invention is made in the fourth
embodiment with a combination of a self-activated phosphor,

2

a s® electron configuration ion-activated phosphor and a Mn-

activated phosphor and a combinapidn.of rare-earth element
phosphors both having large half-width. In this case,
however, the efficiency relatively decreases.

The fifth embodiment is a case of making a fluorescent
lamp with a combination of a self-activated phosphor, a g2
electron configuration ion-activated phosphor, a Mn—.
activated phosphor or a rare-earth eleﬁent phosphor having
large half-width being used forlﬁhe phosphor having emission
peak in the range from 530 to 580 [nm] and a rére-earth
element phosphor having small half-width being used for the
phosphor having emission peak in the range from 600 t6_650
[nm}. In this case, because the wavelength band from 530 to

580 [nm] which greatly contributes to the efficiency is
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particul ar application so that the m ni num necessary perception can be

assur ed. “Now col or perception under the light source of this .
enbodi ment will be described below with reference to Fig.5, Fig.6, Fig.7,
Fig.8, Fig.9, Fig.10 and Fig. 11. Fig.5 through Fig.11 show spectral

distributions sinulated in the case of fluorescent |anps conposed by
changi ng the proportion of flux from LAP and YOX lanps in this enmbodi ment.
LAP and YObisad and tthe wekgual nefificience xtnetein ois phbgivhothehbrbadave
peaks of emi ssion in the. bands from530 to 580 [nnj and from 600 to 650
[nni. ProptpecraNcdBstribubion dees et ofaus® ntly decredidy iml tke 75.
Proportion No.4 (Fig.6) is a case of flux ratio LAP: YOX of
- 30 - efficiency and therefore the range of choices for the
material to make a practical light source becomes broader.
The sixth embodiment is, on .the contrary, a case of
making a fluorescent lamp with a. combination of a self-

activated phosphor, a g2

electron gonfiguration ion-
activated phosphor, a Mn-activated phosphor or a rare-earth
element phosphor having large half-width being used for the

~ phosphor having emission peak in the ranée from 600 to 650
[nm] and a rare-earth element phosphor having small half-
width being used for the phosphor having emission peak in
the range from 530 to 580 [nm]. In this case, the fange of
choices for the material to emit in the range from 600 to
650 [nm] used to make a practical light éouxce becomes
broader. When uéing_rare~éarth element phosphor [Chemical
formula 6] (Ce, Gd, Tb3+)(Mg, Mﬁ)BSOlO which has small_half;
width and emits green light and rare-earth.element phosphor
[Chemical formula 7j (Ce, Gd) (Mg, Mn2+)B5010 which has large
half-width and emits red light, higher quantum éfficiency
can be obtained by turning these into a sihgle,phosphor
activated with manganese énd terbium rather thap mixing
them. By doing so, production process can be simplified
because the R-G base dual band radiation type light source

can be made from a single phosphor.
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93:7 with DUV value 60. Proportion No.5 (Fig.7) is a case of flux ratio
LAP: YOX of 85:15 with DUV value 43. Proportion No.6 (Fig.8) is a case of
fl-ux ratio LAP: YOX of 76:24 with DUV value 27. Propotion No.7 (Fig.9) ‘is
a case of flux ratio LAP: YOX of 68:32 with. DUV value 14. Proportion No.8
(Fig.10) is a case of flux ratio LAP: YOX of 43:57 with DUV val ue -11.
Propotion No.9 (Fig.1l1l) is a case of YOX only with DU value -25.

These sinul at ed Th@héevONEl eSmbEd fneiet UDs | & d@6le Wherd! €Réli AlubrEsbbmbt
from LAP and YOX, and color perception wth these sinulated |ight sources

was eval uatksahmp T thesinventidn De 1meds rbpesomiel winyg fdrécégEence to
me- iz element phosphors having small half-widths of 30 [nm] or
less. |

In this case, many practical phosphors.have high
quantum efficiencies and a combination having the highest
efficiency is made possible for realizing.the invention.

For the rare-earth element phosphor having small half-
width and high gquantum efficiency, a phosphor activated with
terbium, terbium-cerium or terbium—gadolinium—cerium having
peak emission wavelength in the range from 530 to 580 [nm]
or a phosphor activated with manganese, europium, samarium
or praseodymium having peak emission wavelength in the range
from 600 to 650 [nm] may be used.
| Typical examples of such combination are the
combination of [Chemical formula 1] énd'[chemical formula 2]
and the combination of [Chemical formula 6] ané [Chemiqall
formula 2]}. A combinatiop of a plurality of phosphors having
peak emission wavelength in the range from 530 to 580 [nm]
and a combination of a plurality of phosphors having peak
emissibn.wavelength-in the range from 600 to 650 [nm]'méy
also be uséd.

In case a phosphor which converts blue light in the
visible range to longér wavelengths in the visible range is

combined‘with one of the fourth'through seventh embodiments,

- 51 -



ng.13, Fig.14 and Fig. 15. Fig.12, Fig.13 and Fig.14 show the results
of categorical color rendering evaluation in which sensory evaluation was
done to determ ne whether color of white, red, green, yellow. and blue used
intraffic signs and a color of yellow used in road surface narking were
"good", "acceptable” or "poor" in terns of color perception. Fig.1l2 shows
a hi stogram whi ch represents the nunber of times the color was eval uated
as good or effbpiedty,cdn god Jimprosed adiblograniseisssEiésdof hrepoiber of
times the col or was -31- '
_eval uat ed aat gb@hl, (eml #nd). 436 sfump ardi coweerted eps ekemngénogwavelengths
in the visible range. ' |

A fluorescent lamp having light color within the range
of chromaticity of the invention may also be made with less
proportion of expensive rare-earth element phosphor, by
mixing a rare-earth element phosphor haﬁing peak emission

“wavelength in the range from 530 to 580 [pm], a rare-earth
element phosphor having peak emission wavelength in the
‘range from 600 to 650 [nm] and caicium halophosphate -
phosphor [Chemical formula 8] Cag (POy)3(F, Cl): Sbs+, M2t
which is an inexpensive and commonly used phosphor having
broad emission band in the visible range.

In this case,.emissioh efficiency of the lamp decreases
as the proportions of [Chemical formula 1] and [Chemical
formula 2] with respect to the rare-earth element pﬁosphor,
or more particularly the proportion of emission at
wavelengths other than the main bands of emission from 530
to 580 [nm] and from 600 to 650 [nm] increase.

In the case of fluorescent mercufy lamp or fluorescent
type High Intensity Discharge lamps such as electrodeless
fluorescent type discharge lamp, too, requirements for
making the phosphor except for the emission lines of

discharge gas are similarly set with the major wavelengths

of emission in the ranges from 530 to 580 [nm] and from 600
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the nunber of times the color was eval uated as poor. The col ors used
for traffic sign colors are white: N9.3, black: NL.5, red: 7.5R4/13.5,
green: 5G4/8, yellow 2.5Y8/12.5, blue: 7,5PB2.5/7.5. The colors specified
in the Odinance on Road Traffic Signs (refer to "Road Traffic Sign
Handbook" edited by Japan Contractors Association of Traffic Signs and-

Li ne Markings , supervised by the Mnistry of Construction, Road Bureau
and Nat i ona¥o Fo$9 cEnmpjenty, cage atliere Bus caustrahg ebéotribi-giéchayegeél ow of
road surface  marking represents the road narking yellow 5. 5YR6.5/12

speci fied HmiselontIbpal ipothe erapgecyhoyevenw tbl can shepusedfwhilead
signs manufactured by Japan Contractors Association of Traffic Signs and
Li ne Mar ki rijusting thecadditbon apk the sphasplor 7to gaghiewve| bthehe drawi ng
show the results of evalpyation with th I%ghts of Fig.5, Fig.6, Fig.?7,
Fig.8, Fig SPrYMtisityqgi the range el ynventionpss shows the results

Gi st v buti on nears TreSarS e oheref Relfé Fop, Stost “sctnlnsof teifacu s
of Intensity Discharge lamp for ordinary illumination, the
invention may be embodied by combining metal halides having
major emiséion band in the ranges'from 530 t§ 580 [nm] and
from 600 to 650 [nm]}. The same applies £0'the case of
electrodeless discharge lamp.

The invention can be realiied by'increasing.the amount
of thallium-base metal halide sealed in a metal halide lamp
used commenly as white light source.

While metél halide laﬁps in common use are based on In
(blue emission)-Tl (green emission)-Na (yellow, red
emission), the invention can be realized by combining sealed
materials of thallium- and sodium-based metal halides (for
example iodides of thallium and sodium),with'tﬁé amount of
In decreased to reduce .the blue emission.

 The invention may also be realized by combining
éompound_[Chemical formula 9] NaI.AlCl3-of [Chemical formula
10) CaI,.AlCl; and a sealed material of thallium-based metal
halide (for example thallium iodide). '

The invention may also be realized by combininé another

common metal halide lamp, namely one based on Sc-Na-(Th),
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evaluation with a | ow pressure sodiumlanp, NH shows that wth a.high
pressure sodium | anp and EX-L shows that of a three band radiation type

fl-uorescent | anp of incandescent |anp col or. Wth the D65
fluorescent lanp which is a reference | anp
- 32 - for color conparison, |largest nunber of responses

eval uated the color perception as good, while the | ow pressure sodi um

lanp recei vasdtdesoaned ahatefDLl 6f eNallsahopaséd sees]. haNﬂaae(fei:
responses which eval uated the col or perception as "poor" was, on the

contrary, sexampebé thablite L6&idé)uorescent lanp and greatest mnth the | ow
pressure sodi um
The invention may also be realized by comblnlng one
based on Ce-Na-Cs(Sm) (for example iodides of these metals)
with the amount of sealed Sm decreased to reduce blue’

emission and a sealed material of thallium-based metal

halide (for example thallium iodide).
POSSIBILITY OF INDUSTRIAL USE

Applications of the invention include traffic lighting
s street lighting, security lighting ;lighting of automated
factory, lighting of unfrequented public space and outdoor -
lighting where accufate colof pgrception is not required and
emphasis is placed on energy saving and economiéal
efficiency.

As described above, the lamp of the invention has such
an effect as being capable of realizing a high-efficiency
light source while ensuring necessary level of categorical
perception of a plurality of basic colors such as at least
red, green, blue, yellow and white.

The invention is also capable of simplifying the lamp
manufacturing process because the number of sealed light
emitting materials is less in dual-wavelength type than in

three-wavelength type.
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Iénp. In case the li g conposed by changing the

flux ratio of LAP and YOX in | odi m ~ the eval uati on changes
dependi ng on the proportion, H ﬂkm H'ﬂl uation is higher when the
DUV value is on the positive u sthe DUV s opn the negative

side, indicating a tendency.of eval uation being naxi friTzesl subENHREG a0V
value is on the positive side. In the case of this egperi IRBPLACEDE )
proporti on NoSEGOREhOFYEUAINe | argest number of responses evaruating—He
col or perception as good, while the proportion No.6 achieved the |east
number of respodsed ldghitusourget Korcolasegosicedt codoxs pesseption  \Wien
responses with eval uations of good and acceptable are regarded as show ng .
tol erabl e prYpBE Magorodighd. emifddag bandssdn xgnges Frenssds & p8level

of col or perception, praopartion No.6 perfaqroed conparably with D65 and
EX-L and $8MmlsAngd frrm 880topsSlefnidn Wil coremlated ©Rda%o| erabl e

level. It is also,shown  that color _perception with the |o r re sodi um
lanp and t FEMREGATHEEs O &heodamR Il&ﬂﬁ%i golor in a range trdm els’.-% to

6500 [K] and with DUV (distance from perfect radiator locus

on UV coordinates) in a range from 0 to 70, which allows
categorical perception of at least red, greemn, blue, yellow

and white of surface colors of an illuminated object.

2. A~1ight_source which.is a fluorescent lamp for
categorical color perception having major light emitting
bands in ranges from 530 to 580 [nm) and from 600 to 650
[nm] ,with correlated color temperature of the lamp ligh£
color in a range from 1700 to 6500 [K] and.with DUV in a
range from 0 to 70, and allows caﬁegorical perception of at
least red, greeh, blue, yellow and wﬁite of surface colors

of an illuminated object.

3. The light source according to claim 1 or 2 ,
wherein
application of said light source is road lighting or

outdoor lighting.

4. The light source according to claim 3 , which

This Sheet Has Been Replaced

(U
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- 33 -
No. 4,

| ower in the#gggLee—e#—atceprance than the proportions

5 6 and 7. Flg 15 shows a h| ran1re Lesenting the nunber
of- times the black col or aa‘m“ |“e“ m!k was e HISaSHRETasAS POEN |i n
the col or rendering properti ~gr aph i s_bl &RRLA®EINS t hgt

all responses. evaluated as gbod" ron1th|s result, it can D& Seemtimat

achromatic color for defining the m ni mum necessary col or rendering
properties mww rvemteserdmgxy ihluminance of\f200t hksp. results are _
sumari zed to exam ne the degree of acceptance for the col or rendering
properties of color

5. A light source for lighting with.the.lémp light
color being in a range of x-y chromaticity coordinates
enclosed by (x, y)=a: (0.228, 0.351), b:(0;358, 0.551),
c:(0.525, 0.440), d:(0.453, 0.440), e:(0.285, 0.332), which
has major light emitting bands in- ranges from 530 to 580

[nm] and from 600 to 650 [nm].

6. A light source which is a fluorescent. lamp for
lighting with the lamp light color being in a range of x-y
chromaticity coordinates enclosed by (x,_y)=é: (0.228,
0.351), b:(0.358, 0.551), c:(0.525, 0.453) and d:(0.285,
0.332), and has major iight emitting bands in ranges from

530 to 580 [nm] and from 600 to 650 [nm].

7. A light source for lighting having major lighfn
emitting bands in -ranges from 530 to 590 [nm] and from 600
to 650 [nm] ,with correlated color temperature of the lamp
light color in a range from 3500 to 4506 [K] and with DUV in

a r&nge from 10 to 45.

8. A light source which is a fluorescent lamp for
lighting having major light emitting bands of-phosphor in
ranges from 530 to 580 [nm] and from 600 to 650 [nm] , with

,,¢~”;"-’#’ﬂ//ﬁﬂ’
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cﬁip'of traffic sign color.
for signs of relatively high d

. safety color, red is coded
egrees of danger and urgency, and blue is

coded for instruction and gu ﬂﬁ

danger and urgency. Thus

mi“ muk rel atively jow degrees of
LE | St the Iight [sotiScemgh P, "
DW val ue has higher -degrée*of-&ceptance for safety CJLQL“EE%$§EEEE~L;i7
than that of negative DUV value which is evaluated as "unacceé -

red. JﬁneaawIaﬂdﬁcﬂé@é&ﬂwrop%ﬁ@r%qim_écﬂfof Oth a

pressure sodiumlanp and the high pressufe sodi um1anp which are commonly
used in trafdricge |16 i 3800 Ao 4800 e@cPramd wiK IBUENGY , a SRS +AR 10
superiority of the R-G base dual band radiation type |ight Source.

Fi g. 16 shows t4fe general col or rendering i ndex Ra of

- 34 - :

9. The light source according to any one of claim 5 to.
8 , which | |

allows .categorical perception of at least red, green,
blue, yellow and white of surface coléurs of an illuminated

object .

10. The light source according to claim.2, 3, 4, 6, 8
or 9 , wherein

phosphor having emission peak in the range from 530 to
580 [nm] is a rare-earth element phosphor'of half-width 30

[nm] or less.

11. The light source according to claim 2, 3, 4, 6, 8
or 9 , wherein

phosphor having emission peak in the range from 600 to
650 [nm] is a fare-earth element phosphor of half-width 30

[nm] or less.

12. The light source according-fo claim 2, 3, 4, 6, 8

or 9 , wherein

both the phosphor having emission peak in the range

/
et Has Been Replaced

" T
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the fl uorescent | anp whi ch was nuherically si mul ated by changing the fl ux

T J—

ratio of LAP and YOX. Leftnost pormt in the graph shows the case where the

r-oportion of LAP flux is 100% an ' 'ﬁmn i nt .
\a/here the proportion of LAP fl ux :u““m“'“! M‘Imj)lpr op WSO_WI?ﬁT NAXBEEM ux
is 100%. with the proportion of LAP £ ux decfeadingdto #&ﬁ%ACED At
can be seen that the point indicated by Win Fig.16 is the point where

is 0 and RESROGBE §dSTRX MM atd Ushe Ghddplfo Kk ing Nasi s@E6s péak, when:
the dual band radiation type light source is evi;?ateiﬁfy t he i;gzentlonal
eval uat i on irecthe gtendmsfrbwre G 8 450 hEne T heree Kdre-cvattinte Iém or
renderi ng propertiesggicording to the cgﬁzrp di fference fromthe col or

per cept i on phubpharte ofeflmHhocidtih G0 fow) cex' Xdws point where DUV is 0
becones the point of highest val ue.

"13. Thé light source according to claim 12 ,
wherein

emission intensity ratio of the emission.peak in the
range from 530 to 580 [nm] to the'eﬁission'peak.in the.range

from 600. to 650 [nm] is within 1:2 to 10:1.

14. The light source according to claim 10, 11 or 13,
wﬁerein

the phoséhor having emission peak in the range ffom 530
to 580 [nm] is a phosphor activated with terbium, terbium-

cerium or terbium-gadolinium-cerium.

15. The light source according to claim 11, 12 or 13,.
wherein

the phosphor having emission peak in the range from 600
to 650 fnm]-is a phosphor activated with manganese,

europium, samarium or praseodymium.

16. The light source according to claim 2, 3, 4, 6 or
any one of claims 8 to 15 , '
wherein
"\
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When subj ective eval uation C coI or reproduction is conducted

by human subjects, on the contrak f hi gher subjective

eval uation occurs on the s w vaI ue| TRTERS he _si de

where the |lumnous flux Nl I's greater tha
it VA novel” oper ati on

seen that the invention déal $ wi f
phenonmenon different fromthe conventional evaluation accordl ng to Ra.

Now the reason whphosphdoudli dPeibtds YR tedission and converts it
- 35 - obtained will be described bel ow. In the experinment,

t oget her witich M@&V&i&ﬁléﬁ@&fs than the blue emission is added.

_—
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categorical color rendering described previously, subjective evaluation by
el enental col or nam ng net hod was conduct ed. Thi s techni que conpri ses
a-first experiment in which a- subject who is given 10 points | ooks at. a
color chip produced .and assigns his points to the chromaticness and
achromaticness he feels fromthe color, and a second experinent i-n which
the subject is given 10 points again and selects one or two from anong
reddi shnes&BSPRACST shness, yel |l owi shness and bl ui shness for the
chromaticness thereby to assign his points. By multiplying the

eval uati on poi nA dfighite scsincendicrc cetegoitiziale codicrh periceptdemibdge by t he
eval uation points of reddishness, greenishness, yell ow shness and

bl ui shnessmaggs] ddghike epditdingedands dn mangashfaom &30 g 38Grleweht ed.
The subj ective color _can be represented by a point on a rectangular

coor di nat e 3daf& e 600 & Db\p X0d nides Widke qorradated s fwIRaRatHDrs of

reddi shness and greeni shness and the other is an axis of %ﬂPonent col ors
of bl ui shn®Es thejlamp light color in a range from 1700 to 6500 [K] and

with DUV (distance from perfect radiator locus on uv
coordinates) in a range from 0 to 70, and allows categorical
perception of at least red, green, blue, yellow and white of

surface colors of an illuminated object.

- 60 -



at

yel | owi shness. Wien this is defined as subjective chromaticity coordinate,
subj ective chromaticity coordinate position of every one of color chips
eval uated under various |ight sourcgs 9 dgeterm ned and the area
surrounded by the - 36 -

posi tions can be cal cul at ed. When this area is represented by t he
subj ective Ehxgg 3Lea Ga obtained in the elenental color nam ng techni que,
t he hi gher th Valle, the nore clearly the color appears to the observer.
Fig.17 shows the val ues of subjective Ga obtained by the elenental col or
nam ng technique for different |ight : '
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sources. Fromthe left to the right in Fig.17, 3 is for Fig.5 4is for
the fluorescent lanp of Fig.6, 5is for the fluorescent lanp of Fig.7, 6
is for the fluorescent lanp of Fig.8, 7 is for the fluorescent |anp of
Fig.9, 8is for the fluorescent |amp 2f/Fggl0, 9 is for the fluorescent
| anp of F| 5 is for the color evaluation fluorescent lanp wth
spectral di tI E?Fn near that of synthesized daylight D65, NXis for the
| ow pressure s | anp, NH is for the high pressure sodiumlanp and EX-L
is for the three band radiation type fluorescent |anp of incandescent |anp
col or. The val ue of subjective Ganut area: Ga obtained by the

el emental col or nam ng techni que has the highest point in the case of
proportion 6 simlarly to the result of evaluatlon of the cateaorlcal

col or renderi ng col or of it hgTotor—Thip TS ECTTvEry
eval uat ed sQod:.__accedtal T oiCLEostandar %$#§H’ &@xani ning [

these subjectT ve/eval “:ﬁ,;' onSNgonbi ned, m?ﬂﬂ'rr"eﬁ%l CiR! SiehS TR ies

i nproves at the
-—- Current restricted CIE signal
------ == boundaries B
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- 37 - DUV is shifted to the positive side so that the eval uation
can be considered to have inproved. That is, in such a case as this

i nvention, deterioration in the accurate reproducibility of a color chip

i s conpensated for by the inprovenent Lﬁ he col or separation due to the

| nprovenent, ,int subj ecti ve col o ¢f efr ess, resulting in an inproving
ef fect of Ehg atggorical col or perception. Validity of this

exanm nati o aR ‘be’proved by the fact that the points where inprovenent
occurs are common when the results of several subjective evaluation

techni ques are evaluated in many aspects. To sum up, the effect of
the lanp of the invention

0.9
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captures an phenonenon which is not captured in the conventional

eval uation nethods. Al so according to the invention, efficiency of a |anp
can be inproved because the spectral distribution is concentrated in the
wavel ength region from530 to 580 [nn] where the spectral | um nous
efficiency is high. Further, thegnveptgon has such a feature that the
proportion of the above wavel ength region increases in the spectral
distribution and the lanp efficiency increases when DUV deviates to the
positive side. It is an inportant point to determne the limtation
on the value of DUV on the positive side fromthe categorical color
perception, in designing a | anp of higher efficiency while maintaining the

m ni mum necessary | evel of color Eg - 38 -
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per cepti on. Fig.18 and Fig.19 show the rel ati onshi p between the
changes in the value of DUV with the changes in two em ssion peaks and the
probability of responses evaluating the color perception as good and
acceptabl e and the probability of .response evaluating the color perception
as good being obtained, when thg patgd ogof blending the Iight fromLAP and
YOX fluorescent |anps is changed from near that -of LAP only of 10 to near
DUVO of 17 (cl oser exam nation was given to the positive side of DUV
value). Peak intensity ratio of LAP:YOX is about 1:2 in the case of
fluorescent lanmp of 10 where DUV is about 0, and peak intensity ratio of
LAP: YOX is about 10:1 in the case of fluorescent lanp of 17 where DUV is

about 72. The probability of responses which eval ug€De the color
perception as good antacceptabte—berngrobtarmed—m 559.18 will be
descri bed bel ow. Responses which qvaluate t he ToMor perception as
good | i A
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and accept abl e conbi ned decrease rapidly when DUV is greater than 70.
Assum ng that the required col or perception can be assured when DU is 70
or less, it can be said that categorical color perception is assured in a
region from near DU of O to near 70, nanely in a region where the ratio
of em ssion peak intensity of Hﬁﬁ7¥9%5£5 from1:2 to 10:1. 1In this
experinment, too, high evaluation1s“gi*ven in the region of DUV over 0 up
to 70, not at O. - 39 -

Wil e the change in the evaluation wth the change in the ratio of flux
LAP and YOX is | ess conspicuous in this experinment conpared to the

previ ously descri bed experinent,
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this difference corresponds to the difference in the method of providing
the eval uation stinmulus between the experinents. The previous
experinment is an experinent of extracting the aspect of change in the
eval uati.on, wherein evaluation stimuli were provided successively
according to the change in the'f@yig<g flux LAP and YOX, for the purpose
of studying the aspect of change’in the evaluation with the change in the
ratio of flux LAP and YOX This experinment, on the contrary, is an '
experinment of extracting the absolute value of probability of eval uation
to be obtained, wherein evaluation stinuli were provided randomy while

i ncreasi ng the nunber of repetitions regardless of the change in the ratio
of blending the Iight of LAP and YOX, for the purposeggl determ ning the

occurrence rate of theevaluation with the ch rati o of bl ending
the Iight of LAP and YPX ! In case the limtati r securing the

.. .o L .
m ni mum necessary catggorical col or perqeptlon is tolbe determ ned
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A

by evaluating the categorical color perception based on the degree of
accept ance of recognizing a color, the region of DUV fromO to 70 can be
t aken where DUV deviates to the - 40 -
positive side unlike the prior art. This may be because the col or
constancy of visual sense, whiclB €aBsbthat col or perception of the sane
object in a visual environnent does not change significantly even when
the light which illum nates the visual environnent changes, because of the
adaptation of the human visual sense to the illumnation |ight, continues
to work up to about 70 of the DUV value and therefore categorical color
perception
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can be obtained due to col or adaptati on. The probability of responses
whi ch eval uate the color perception as good and accept abl e bei ng obt ai ned
in Fig.19 wll be described bel ow In case such a techni que of
experinent as the evaluation stimuli are provided randomy instead of-
providing the evaluation stinuli Qugfedsbvely as in this case, substantial
range of color perception up to near 70 in the DUV value is accepted as
far as the evaluation is "acceptable" or higher and difference in

eval uati on becones |ess conspicuous. In case the difference in evaluation
is extracted with higher sensitivity by the probability of evaluation
"good" being obtained, preferred range for the perceptig of red which is

particularly inportant color is fromabout 10 to 45 of e DUV val ue. It

can al so be seen that high eval uation is biven in thedr&gi on of DUV over 0
up to 70, not at 0, degpite qhe differenck in the expgrinent -
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- 41 - t echni que. A prototype fluorescent |anp was made by
using two phosphors LAP and YOX, visual environnment of road tunnel was
created with an experinmental apparatus as shown in Fig.20, and evaluation
experinent for the sense of incongruity of |anmp color was conducted.
Specifically, a perspective view panel, 18 of a road tunnel was installed
with a portion of the perspectiv v@eﬁ?ibégel 18 corresponding to a |ight
source being cut out and the lum nance of the |ight source being given by
illumnating froman evaluation |light source 19 arranged on the rear of
the panel, while adaptation |um nance of the visual environnment is given
froman evaluation |ight source
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19 arranged in front of the panel. A scene for sinmulating the visual
environnent was created in a dark roomw th such an arrangenent. - An
observer evaluator 21 can see only the light emtted fromthe eval uation

|l i ght source 19 disposed at the light source portion of the perspective

vi ew panel 18, and cannot Sﬁﬁp%29 &v uation |ight source 20 disposed in
front of the perspective vi ne Nanely, the evaluation |ight
source 20 disposed in front of the panel 18 illum nates the panel 18 but
cannot be seen by. the evaluator 21. By providing the adaptation |um nance
of the observer's eyes and the |um nance of the light source itself

i ndependent |y, - 42 -
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experinmental conditions of the visual environment is regulated constant
for each |ight source. Wth this arrangenent, the |light source of the
i aventi on was evaluated as lighting environment by simulating the Iighting
environnent in the dark room Elenental color nam ng techni que was

enpl oyed for the nethod of eval uation. Results of the experinent are
shown in Fig.21 and Fig.22. 1 g9 Photged along the abscissa of the
drawing is the type of light source. From22 to 26 are the prototype

| anps, and EX-L is the three band radiation type fluorescent |anp of

I ncandescent | anp col or used for the purpose of conpari son. The

el emental col or nam ng technique conprises a first experine where a

subj ect who is gifvemr—t0—pormts—tooks—at—tte—Toftorjof a |ight source
produced and ass RN ; ssThnd achAl omati cness he
feels fromthe ¢ ' aTe subgpct IS given
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poi nts again and sel ect one or two from anong reddi shness, greenishness,
yel | ow shness and bl ui shness for the chromaticness thereby to assigns his
poi nts. The prototype | anp 22 has correl ated col or tenperature of
5230 [K].and DUV val ue of 63, the prot otype lanp 23 has correlated col or
tenperature of 4820 [K] and DUV ga/lez og 51, the prot otype lanp 24 has
correl ated col or tenperature- - 43 -

of 4370 [K] and DUV val ue of 40, the prototype lanp 25 has correlated

col or tenperature of 3670 [K] and DUV value of 23 and the prot otype | anp
26 has correlated color tenperature of 3261 [K] and DUV vaI,-_-ue of 14.
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Proportions of the subjective evaluation of chromaticness and
achromaticness of Fig.21 shows that chromaticness and achromati cness- of
the light source are in balance in the case of the prototype |lanp 24 and
chromati cness of the |ight source becones stronger when the proportion of
LAP becones higher. It can also be seen that the prototype |anps 25 and 26
show sim | ar strength of chrqpqgtzigy5as the EX-L of fluorescent |anp of

i ncandescent |anp color which is"a comonly used |ight source.
Proportions of the subjective evaluation of the light color of Fig.22
shows that the strength of greeni shness and the strength of yell ow shness
are inverted between the prototype |anps 24 and 25, and the gnpression of
color perception of the light source is inverted fromgreenigh vyellowto
yel | owi sh green. pAnd—as—theproportiomof—tAPTS—gecr eased wn to 26, .

| mpr essi on of grgeni shness di sappears while reddi ghness and | | ow shness
becone the predorinant inpression simlarly to the~cé§e of or escent

| anp of incandedcent |anp color which is thgﬁggn@;nlyJused | i ght
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sour ce. This is because the range which has conventionally been used as
white light source is tinted to - 44 -

be reddi sh and yell owi sh when the correl ated color tenperature is |ow.
When these results are taken into consideration conprehensively, :
correlated col or tenperatures of the lanp |light color from 3500 to 4500

[ K] and DUV val ues near 10 to 45 can be said to be the preferable range

wi t hout the sense of incongruiﬂyfﬁs/VZS&hl environnment in terns of |ight

col or. The second enbodi nent is shown in Fig.23.
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Tﬁis is an enbodi nent where a phosphor which converts blue light in the
visible range to | onger wavel engths in the

fl-uorescent |anp of the first
em ssion lines of nercury al so

enbodi nent .
at 405 [nny,

visible range is added to the
A fluorescent | anp has

[nmM in the visible
col or at
Because spectral

| um nous

range of the em ssion spectrum Anong these,
405 [nn] and 436 [nni s £An2s&ion efficiency of about 1
efficiency is lowin these

436 [nni,

546 [nm and 578
bl ue

[1m W,

wavel engt h bands,

the lanp efficiency can be inproved by about 5 [ImMW or nore by using a

phosphor,
wavel engths in the
fluorescent |anp.

- 45 -

General color rendering index Ra

Fig. 16

whi ch converts

vi si bl e range,

bl ue |ight

in the R-G base dual

in the visible range to | onger

band radi ation type

Sinmlar inprovenent in the |anp g;?iciency can be
N

- o
e
&
(@]
|
p
" E? -~
()]
[ ]
=
— 8
E o
=]
=
o
- ©®
[a W)
L. o
—d
o
@

100




expected al so by addi ng a phosphor, which absorbs blue em ssion and
converts it to em ssion of |onger wavel engths, to the phosphor of the
flFuorescent discharge |anp anong electric-discharge |anps. As the
phosphor which converts blue light in the visible range to |onger
wavel engths in the visible range, there are {[Chem cal fornula 3]
Y[err]Al[err](err]: Ce} which is Terigmbactivated garnet-based matrix,
{[Chemical formula 4] 2SrO. (1-n)P[err]err].nBlerr]Jerr]: Eu} which is
europi um acti vated borophosphate strontium based matri x and {[ Chem cal
formula 5] 3.5MyO O0.5MgF[err].CGe(err]: WM} which is manganese-acti vated
flurine germanate , and the conversion efficiency of [Chemcal formula 3]
reaches 80% No LT[]:]c T derbodrent—wrtbe—de .ri—'bed bel ow.
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Fi g. 24 shows schematically the range of spectral em ssion in case a dual
band radiation type light source is made as a lighting source for ordinary
illumnation. Solid line 19 schematically shows the range of spectral

em ssion in, wavel ength band from530 to 580 [nm, and solid line 20
schematically shows the range of spectral em.ssion in wavel ength band from
600 to 650 - [nn]. Broken line 211 ®h€nBtiscal |y shows .t he proportion of
spectral em ssion in other wavel engths of the visible radiation band, and
dot and dash line 22 schematically shows the proportion of spectral

em ssion at wavel ength of blue not |onger than 530 [nn] in
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t he visible radiation band. When meki ng an el ectric-di scharge | anp,

it isideal to concentrate the entire em ssion within the range of 19 and
20, al though em ssion occurs at other wavelengths in the visible radiation
band as indicated by 21. As the proportion of 21 increases, color
rendering properties in the sense of ccurate color rendering represented
by Ra inproves but the efflcﬂeﬁky9dgc eases. When | anmp |ight color
is designed to be high correlated color tenperature within the x-y
chromaticity range of the present invention , emssion in-the range 22 is

to be increased. Setting the correlated color tenperature at 4000
[K] or higher while concentrating the radiation in the wavel ength ranges
of 19 and 20 requjres the total flux of the radiat] in t&e range gf 22
to be at |east abbput 5% of t ot al flugw of the riqgat sl ot he ngnge of
19 and 20. rherefqle | i of quore:centC?dﬁb , bl uem
phosphor such as | Chanm cal >
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BéNg[err]Al[err]CIerr]:Eu, [ Chemical fornula 12]
(Sr,CaBa)[err](Pderr])[err]d :Eu, or [Chem cal formula 13]
Sr[err]Al[err]derr]:Eu , can be slightly included or in enbodiment of H D

| anp blue emitting material can be included. Simlar effect can al so
be obtained by making a light sRubcg’vhiBh enits mainly in the wavel ength
range from 530 - - 47 - to. 580 [nmM

indicated by the solid line of 19 and a |ight sourcg which emts mainly in
t he wavel ength rangegfrom 600 to 650 [nm indicatedeoby the solid |ine of

20, and illumnating with mged Iight thereof. 5 5 (27), (28), (29) and
(30) of Fig.25 show &he fogg%?,

light so

Evaluati
light so
20 Evaluati

19

18 Perspective view panel of
) tunnel

————— >

21 Observer

@

Fig. 20



fifth, sixth and seventh enbodi nents, respectively. (a) which shows
the fourth enbodinent is a schematic diagramof spectral distribution in
the case of a fluorescent |anp conposed by a conbinati on of a phosphor

havi ng em ssion peak in the range from530 to 580 [nm and a phosphor:

havi ng em ssion peak in the rang ﬂgﬁylgog to 650 [nn], both phosphors

havi ng | arge hal f-w dt h. ( ich shows the fifth enbodinent is a
schematic diagram of spectral distribution in the case of a fluorescent
| anp conposed by a conbi nation of a phosphor having em ssion peak in the
range from530 to 580 [nn] with a large half-wi dth and a phosphor having
em ssion peak i® the range from600 to 650 [nmM with a small hal f-w dth.

(c) which showghthe si ragr gm of spectra
distribution i@the cgse of a fluorescent |gRp conposed by a comnbi nation
of a phosphor Zﬁaving em ssion peak in the range from53070 580 [nn wth
a smal | half-mﬁgth and a phosphor having em ssion peak i{n~the range from
600 to 650 [nnjgmﬁth d large hal f-w dth.
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(d) which shows the seventh enbodinment is a schematic

- 48 - di agram of spectral distribution in the case of a

f lFuorescent | anp conposed by a conbination of a phosphor having em ssion
peak in the range from530 to 580 [nn] and a phosphor having em ssion. peak
in the range from 600 to 650 [ng%, bat h %hosphors havi ng smal | hal f-w dth.
Cenerally a lanp of higher effici ﬁ%y9m? hi gher quantum efficiency of
phosphor can be nade by using a rare- earth el enment phosphor of snaller

hal f-w dth. However, because rare-earth el enment phosphor is expensive, the
fluorescent lanp of the invention is made in the fourth

—
TR

25
Light source

24

Elemental color naming: Analysis of chromaticity
23

22

I I I 1 I 1 1 i |
3 88R88388¢20°

‘0 Reddishness + Yellowishness ¢ Greenishness A BLuishness

(%) SOT370T38WOIYD SNOTJIBA JO
SUOT1BNTBAD 9AT309[qns JOo suojjaodoid
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enbodi mrent wth a conbi nation of a self-activated phosphor, a s[err]

el ectron configuration ion-activated phosphor and a Mi- activated phosphor
and a conbination of rare-earth el enment phosphors both having | arge

hal f-width. In this case, however, the efficiency relatively decreases.
The fifth enbodi nent is a case 2f 3npkihgba fluorescent lanp with a

conbi nation of a self-activated phosphor, a s[err] electron configuration
i on-activated phosphor, a Mi- activated phosphor or a rare-earth el enent
phosphor having |large half-wi dth being used for the phosphor having

em ssion peak in the range from530 to 580 [nm and a rare-earth el enent
phosphor having small half-w dth being used for the phosphor having

em ssion peak in the range from 600 to 650 [nnm . In tggs case, because the
wavel ength band from 30 to! 580 [nni wh|ch greatly do@dributes to the
efficiency is H 49 -

e e e . ———————— ]

____-__---_..__-4:____________
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Wavelength (nm)
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broad and the visual efficiency therein is high, the broad spectral

di stribution does not cause nuch decrease in the efficiency and therefore
the range of choices for the material to nmake a practical |ight source
becones broader. The sixth enbodinment is, on the contrary, a case of
maki ng a fluorescent lanp with a conbination of a self- activated
phosphor, a s[err] electron configpratiompign- activated phosphor, a

Wh- activated phosphor or a rare-earth el enent phosphor having | arge

hal f-wi dt h bei ng used for the phosphor having eni ssion peak in the range
from600 to 650 [nm and a rare-earth el enment phosphor having small half-
w dt h being used for the phosphor having em ssion peak in he range from
530 to 580 [nm. In this case. the range of choices for t material to
emt in the range from600 to @50 [nn] usedito nake al pdagdical |ight
sour ce becomes ' -

Te=—————————

600

Wavelength (nm)

|————- Ak Rl s ettt i —

n
~—

e e r o e e o e e

e = v  —————
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50 f------
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Ty T e

broader. Wen using rare-earth el enment phosphor [Chem cal fornula 6] (Ce,
&d, Tb[err] )(My, M) B5010 which has small half- wdth and emts green

Ilght and rare-earth el enent phogplor” ¢ Gyemical formula 7] (Ce, Gd)(My,
Mi[ err])B5010 which has large half-width and enits red light, higher

guantum efficiency can be obtaingg by turning these into a singlgphosphor

activated with man m rat her tpamrrrxig—Tthem 0i ng so,
production prlocess can be sinpli d becausejthel R-G baqe dual fpand
radi ation type ligght sourice canjbe nade fronfa single pHosphor .
- 50 - i Thé seventh enbodi ment |s aj case wiere the
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| app of the invention is nade.““‘ﬁﬁ“ﬁrng~FaLe\earth el enent phosphors
havi ng smal | hal f-wi dths of 307@ ”ﬂ“’”ﬂm‘ﬂﬂﬂm os laﬂdt hj}?gfnggfff%gégﬂﬁw

practical phosphors have high
havi ng the hi ghest efficiency is frade possi for realftztng—the
I nventi on. For the rare-earth el enent phosphor having smal | half-

Ler bi um ceri am or Terbi ﬁﬁ%ﬁéﬁfﬁ%ﬁ%fﬁiﬁfw ek 1 #‘gg%é%g%xz: -
wavel engt h |3}the range fr n15t IED of a ﬁﬁgﬁé ; activ 10 8h
nmanganese, r ST EARg BaRdsn Hak i 339 ok

|
\é\/i\é%faggt gf ! gtuﬁ'ﬂ]e | HAat on a?‘ggtigo 66%%1 &%ﬁyccgirT&%Tﬁ c‘é?l?’c’)-rrm: gal]

enj.ca
oo e cale by oevhd ‘ﬁﬁ@#&? SOt 1 S ahee Rt b oS
peak em ssi orgy@(yeq@r%rm 'ﬁt;ﬂ"qizl é%éﬂaéépfé@fdraéfgtgr locus
a pl'u osp

conbi nati on of Ity O V|ng pe
on UV coordinates) in a range from 0 to 70, which allows

categorical perception of at least red, green, blue, yellow

and white of surface colors of an illuminated object.

2. A 1ight source which is a fluqrescent lamp for
categorical color perception having major light emitting
bands in ranges from 530 to 580 [nm] and from 600 to 650
[nm] ,with correlated color temperature of the lamp light
color in a range from.1700 to 6500 [K] and with DUV in a
range from 0 to 70; and alloWslcategorical perception of at
least red, green, blue, yellow énd white of surface colors

of an illuminated object.

3. (AMENDED) The light source according to claim 1 or 2 ,

wherein
application of said light source is tunnel lighting ,

road lighting ,street lighting or outdoor lighting.
4. The light source according to claim 3 , which

I

Sheet Has Been Replaced
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enm ssion wavel ength in the range from 600 to 650 [nnj may also be used.

I n case a phosphor which converts bl ue light in the visible range to -

| onger wavel engths in the visj nbi ned wi th~one—of the fourth
t hrough seventh enbodi nents, “glﬂl “mmm “m “ |m J_UTHIS -SHEET-HAS BEEN
efficiéncy can be inproved as ue ém #si én Fines of ner &El¢ﬁﬁm[nm
and 436 [nn] are converted to | onger wavel engths in the visible range.—
A fluorescentis aapedawitiginidésignl bllweinancehefra®@ellwf.chromaticity of

the invention may also be nmade with |ess proportion of expensive
rare-earth el ement phosphor, by . :

5. A light source for lighting with the lamp .light
color being in a range of x-y chromaticity coordinates
enclosed by (x, y)=a: (0.228, 0.351), b;(0;358, 0.551),
c:(0.525, 0.440), d:(0.453, 0.440), e:(0.285, 0.332), which
has major light emitting bands in ranges from 530 to.580

{nm} and from 600 to 650 [nm].

6. A light source which is a'fluorescent'lamp for
lighting with the lamp light color being in a range of x-y
chromaticity coordinates encloéed by (x, y)=a: (0;228”
0.351), b:(0.358, 0.551), c:(0.525, 0.453) and d:(0.285,
0.332), and has major light emitting bands in ranges from

530 to 580 [nm] and from 600 to 650 [nm].

7. A light source for lighting having major light
emitting bands in rahges from 530 to 580 [nm] and from 600
to 650 [nm] ,with correlated color temperature of the lamp
light color in a range from 3500 to 4500 {K] and with DUV in

a range from 10 to 45.

8. A light source which is a fluorescent lamp for
lighting having major light emitting bands of phosphor in

ranges from 530 to 580 [nm] and from 600 to 650 [nm] , with

I
et Has Been Replaced

BT W



mxing a rare-earth eIeagnL_phospth-hav¥ng peak enission wavel ength in
the range from 530 to rare-earth el ene phosphor havi ng peak
em ssi on wavel ength in t Ehlﬁ}ﬂl “ H ﬂ 0 to 650 [nr’ri andrHIsISHEEMHAS BEEN
hal ophosphat e phosphor 8] Ca[err] (P érr]) REPLACED:
Sh[err], Mi[err] which i S an |nexpen5|ve and commonly used phosphor havi ng
broad em ssion band in the visible range. I.n this case, _em ssion

ef fici ency oformelaied @@c,lp@a;@@peér@tﬂx@ fotde ilomp dighthenlen ol a
1] and [ Chemi cal fornula 2] with respect to the rare-earth el enent
phosphor, oFaRgee Exam 35Q0atoy 4500 J¥dpand Gﬁ-"gf DUV 4y & zangendra®e it hs
ot her than the I n bands of emssion from530 to 580 [nn] and from 600 to
650 [nm i nc@ade - In the case of fluorescent nmercury |anp or
fluorescent type High Intensity Discharge | anps such as el ectrodel ess
fluorescent type discharge |anp, too, requirenents for making the phosphor

except for the enlss l4is .gas .ar jmlar] el. W he
maj or wavel engt hs #ﬁ’e%mls %ﬁ-‘ %Ourq’t %gl%eé' 3%1 %5‘%' {gg%é’(f’y(ca'rﬁlagn%rﬁc}r om
600

8

s which
allows categorical perception of at least red, green,
blue, yellow and white of surface colours of an illuminated

object .

10. The light source according to claim 2, 3, 4; 6, 8
or 9 , wherein.

phosphor having emission peak in the-range from 530 to
580 [nm] is a rare-earth element phosphor of half-width 30

[nm] or less.

11. The light source'according to claim 2, 3, 4, 6, 8
or 9 , wherein

phosphor having emission peak in the range from 600 to
650 [nm] is a rare-earth element phosphor of half-width 30

[nm] or less.

12. The light source according to claim 2, 3, 4, 6, 8
or 9 , wherein

both the phosphor having emission peak in the range

is Sheet Has Been Replaced
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- 52 - to 650 [nnj. In case—there is a strong el ectric-discharge

em ssion line in the range - n be used while |agjsskEEDREREERN
addi ti on of the phosphorjﬂummmlmwm&romt icity in the rarggPLaCEDhe
i nventi on. In the O L s I de |l anp as an exalplré of Hi gh
Intensity Discharge lanp for ordinary illumnation, the invention may be
enbadi ed by conbining netal halides having nmajor em ssion band in the
ranges from 5B30omo53B0t$ nHP0 afmim ) f andh €86 pbosphof nhavingecenisaiapppesk to
the case of el ectrodel ess discharge | anp. The invention can be
realized by iimrethei nangéecfvomud®0 to 650 [nm] are rare-earth element

phosphors of half-width 30 [nm] or less.

13. The light source according to claim 12.,
wherein

emission intensity ratio of the emission peak in the
range- from 530 to 580.[nm] to the emission peak'in the range

from 600 to 650 [nm] is within 1:2 to 10:1.

14. The light source according to ¢laim 10, 11 or 13,
wherein |

the phosphor having emission_peak in the raﬁge ffom 530
to 580 [nm] is a phosphor activated with terbium, terbium-

cerium or terbium-gadolinium-cerium.

15. The light source according to claim 11, 12 or 13,
wherein _

the phosphor having emission peak in the range from 600
to 650 [nm] is a phosphor activated with manganese,

europium, samarium or praseodymium.

16. The light source according to claim 2, 3, 4, 6 or
any one of claims 8 to 15 , .

wherein

This Sheet Has Been Replaced
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of thallium base netal halide seal ed in a netal hali de lanp wused commonly
as white |ight source. While netal halide |anps in common use are

em <si o)+ the i nventlon can ﬂﬂlﬂlﬂmllﬂmmﬂ . E'?néyi'e'a?aem?s?%xa%w 708 OGP

thal lium and sodi umbased netal Hal i"de& (for exanple iodldes Lum

and sodium with the anmount of In decreased to reduce the blue em ssion.
The invention my & pbosphogamhich mposcaks kilup exdysdond dncheemalriorigl a
9] Nal.AlCl[err] or [Chemical formula 101 Cal2. AlCl[err] and a seal ed
material -of t k8 Liongeravayelsngthshihage ‘thieo b lavea eplim stilval |iisuraddedi de) .

The invention nay al so be realized by conbining another conmon net al

hal i de | anp, nanely one based on Sc-Na-(Th),

- B3 - .

is Sheet Has Been Replaced
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and & seal ed material of thalliumbased netal halide (for exanple thallium
I odi de). The invention so be realized by conbining one based
on Ce- Na- Cs(Sm (fEEPL@»C&MEN@ $REfTdes of these nmetals) with the amount of

seal ed Sm decr eajeg—to-reducebtye} em s Wu?e §ﬁ t 1?Eé£ftbﬁ4be9f1999

thal | i um based ngta o] xanpl e” thalTrum o
PCSSI BI LI TY OF | NDUST??Eaéé‘Uggéé Applications of the | nvent I on include

traffic lighting street |ighting, security lighting |ighting of
automated factorly, lighting of unfrequented public space and out door

|'i ghti ng where acedurate—cotor— ption is not required and enphasis is
pl aced on enengee Haypchicvasd kg affiviangy whilefensuréng gategorical recognition of colors at a

minimum required level, while it is tried to improve the color rendering properties with a

major objective aimed at exactly reproducing colors as represented by the gemeral color

rendering index Ra in the development of an illumination light source of the prior art.
DISCLOSURE OF THE INVENTION

A light source according to the invention has the following meaus for achieving the
above objective.

10 A light source of the first present invention for categorical color perception has major
light emitting bands in ranges from 530 to 580 [opm] and from 600 to 650 [nm], with
correlated color temperature of the lamp light color in 2 range from 1700 to 6500 [K] and
with DUV (distance from perfect radiator locus on UV coordinates) in a range from 6 to 70,
which allows categorical perception of at least red, green, blue, yellow and white of surface

15 colors of an illuminated object, wherein (x,y) = (0.4362, 0.4361), (0.4418, 0.4231) or x-y
chromaticity coordinate is not included.

A light source of the second present invention is a fluorescent larmp for categorical
color perception having major light emitting bands in ranges from 530 to 580 [nm] and from
600 to 650 [nm], with éorrclatcd color temperature of the lamp light color in a range from

20 1700 to 6500 [K] and with DUV in a range from 6 to 70, and allows categorical perception-
of at least red, green, blue, yellow and white of surface colours of an iltuminated object,

- wherein (X,y) = (0.4362, 0.4361), (0.4418, 0.4231) or x-y chromaticity coordinate is not
included. |

A light source of the fifth present invention for lighting has the lamp light color being

25 in a range of x-y chromaticity coordinates enclosed by (x,y) = a: (0.228, 0.351), b: (0.358,

+0.551), c: (0.525, 0.440), d. (0.453, 0.440), e: (0.285, 0.332), which has major light
------ emitting bands in ranges from 530 to 580 {nm] and from 600 to 650 [nm], wherein (x,y) =
{0.4362, 0.4361) on the x-y chromaticity coordinates is not included.

A light source of the sixth present invention is a fluorescent lamp for lighting with the

30 lamp light color being in the range of X-y chromaticity coordinates enclosed by (x,y) = a:
(0.228, 0.351), b: (0.358, 0.551), c: (0.525, 0.440) and d: (0.453, 0.440), e: (0.285, 0.332)

SR3c2S62—
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As described above, the | anp of the invention has such an effect as being
capabl e of realizing a high-efficiency light source while ensuring

necessary |l evel of caj

such as at

is al so capable of sif
nunber of sealed lig
than in three-wavel gn

Cl ai ns:

maj or light emttinglbands in

10

15

#glékﬁéjlﬂ:ﬂﬂu'ﬁ%;icepf ion of a plurality of basic colors
| east red : EREI |l §|1% | ] §33)q ' '
I fylrng the Tganp OZrVanu ggﬁﬁ%\egetpr%es Sg{ci:)\aéggltegﬁe
enqig g'Epg»]gggt rijals is |l ess in dual -wavel ength type
h type.

atfegori cal col or perception having

1. A lijg

and has major light emitting bands in ranges from 530 to 580 [nm] and from 600 to 650 [nm],
wherein (x,y) = (0.4362, 0.4361) is not included.

A light source of the seventh present invention for lighting has major light emitting
bands in ranges from 530 to 580 [nm] and from 600 to 650 [nm], with correlated color
temperature of the lamp light color in a range from 3500 to 4500 [K] and with DUV in a
range from 10 to 45, '

A light source of the eighth present invention is a fluorescent lamp for lighting having
major light emitting bands of phosphor in ranges from 530 to 580 [nm] and from 600 to 650
{um], with correlated color temperature of the lamp light color in a range from 3500 to 4500
[K] and with DUV in a range from 10 to 45.

For the addressee's reference, a "DUV" value can be obtained using Japanese standard
JIS Z 8725 - which is a Japanese industrial standard defining a "Method for Determining
Distribution Temperature and Color Temperature and Correlated Color Temperature”. Snch
a value is obtained by multiplying 1000 times a shift from Plankion locus having equal
correlated color temperature to a light source having a certain correlated color temperature
on CIE1960 UCS color chromaticity graph.



ranges from 530 to 580 [nn] and from 600 to 650 [nn]j, with correlated color
t enper at ure of the lanp light color in a range from 1700 to 6500 [ K] and
with DUV (distance fromperfect 5 radiator |ocus on UV coordinates) in a

range from6 to 70, which :31I | ows -cat egor iscg},bsﬁnﬁ?rsﬁgg{g Lary 8kpfdmbeRtbabed,

green, blue, yellow te-uf—"31 e colors of an illum nated :
obj ect, wherein (x,Yy) i“fhﬁ@ﬁ@éh SHQ 61), (0.4418, 0.4231) or x-y
chromaticity coordinate 'S not incj uded. 10 2. A light source
according to claim1l, ere£gISERRHsoUV js 15 to 70. 3. A |ight

ategorical color perception having

source which is a fludréscent |anp fof
major light enmitting ba t m 530 to 580 [nn] and from 600 to
650 [nm, with cornel ated color te rature of the lanp light color in a
range from 1700 to 65 15 with DUV in a range from6 to 70, and

al l ows categorical perception of at |east red, green, bl ue, yellow and
white of surface colours of an illum nated object, wherein (x,y) (0.4362,
0.4361), (0.4418, 0.4231) or x-y chromaticity coordinate is not included. .
4. A | i ghBRIEET DESORIPOUEON] OFc THE (DRAWINGS 2, wherein said DUV is 15 to
70. 20 5, The |ight source according to claim1 or 2, wherein
appl i cati on of saFdgl-ilgishovsutde ichnamatdicitymange obakhei hghtigsovrceet
l'ighting or out dgor |ighting. 25 6. A light source for_lighting

with the | anpfl £HRt LOYEBLIRE §§ KrYa ShERRRtdCLtY) coordinakatpLang.

coordi nates enclosed by (x,y) = a: (0.228, ,0.351), b: (0.358, 0.551), c:

(0. 525, 0. 4405 194: (5&7.01%3?116.&’ ,ﬂ‘aé‘-.m(Jdinef@en% ﬁt(Z)S:lWJchcﬂigrnaj or

| i.ght enittiﬂg Egnds in Langg; from530 to 580 [nn] and from 600 to 650
[nn], wherei h*ERCyRFCECEBIRI530 §IF361) on the X-y chromaticity
coordinates is nogﬁin rce in accor ance W th

| d. 7. Al
claim6, wherein 9dSI g eWFi Sgﬁ E8LeF i“?"ﬁlﬂg:a%&tar%% t-source co -

Fig.4 shows a spectral distribution of a fluorescent
lamp according to a first embodiment of the invention.

Fig.5 shows a spectral distribution of a fluorescent
lamp having flux ratio LAP/YOX of 100:0.

Fig.6 shows a spectral distribution of a fluorescent
lamp having flux ratio LAP/YOX of 93:7.

Fig.7 shows a spectral distribution of a fluorescent
lamp having flux ratio LAP/YOX of 85:15.

Fig.8 shows a spectral distribution of a fluorescent
lamp having flux ratio LAP/YOX of 76:24.

Fig.9 shows a spectral distributiom of a fluorescent
lamp having flux ratio LAP/YOX of 68:32.

Fig.l0 shows a spectral distribution of a fluorescent
lamp having flux ratio LAP/YOX of 43:57. |

Fig.ll shows a spectral distribution of a fluorescent



of X-y chromaticity coordi nates enclosed by (x-y) = a: (0.228, 0.351), b:
(0.358, 0.551), C (0525 0.440), d: (0.436, 0.440), e: (0.277,
0.335). 8. AREPM@FW S&Emhi ch is a fluorescent lanp for |ighting
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on t he &layms:hromaticity coordinates is not included.
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light color,in a u&ge from 3500 to 4500 [K] and with DUV in a range

from 10 to 5ot g 13. The light source according to any one of clains 6
to 12, which

10 2. A light source according to claim 1, wherein said DUV is 15 to 70.

3. A light sdurcc which is a fluorescent Jamp for categorical color perception having
major light emitting bands in ranges from 530 to 580 [nm] and from 600 to 650 [nm], with
correlated color temperature of the lamp light color in 2 range from 1700 to 6500 [K] and

15 with DUV in a range from 6 to 70, and allows categorical perception of at least red, green,
blue, yellow and white of surface colours of an illuminated object, wherein (x,y) = (0.4362,
0.4361), (0.4418, 0.4231) or x-y chromaticity coordinate is not included.

4, A light source in accordance with claim 2, wherein said DUV is 15 to 70.
20
5. The light source according to claim 1 or 2, wherein
application of said light source is tunnel lighting, road lighting, street lighting or
outdoor lighting.

25 6. A light source for lighting with the Jamp light color being in a range of x-y
chromaticity coordinates enclosed by (x,y) = a: (0.228, 0.351), b: (0.358, 0.551), c: (0.525,
0.440), d: (0.453, 0.440), e: (0.285, 0.332), which has major light emitting bands in ranges
from 530 to S80 [nm] and from 600 to 650 [nm], wherein (x,y) = (0.4362, 0.4361) on the
X-y chromaticity coordinates is not included.

30

7. A light source in accordance with claim 6, wherein said lamp light color is in a range



al | ows cat egori cal percept I on of at | east red, green, blue, yellow and
white of surface [%igol aurs of. 441 unmi nat ed obj ect . 30 14. The |ight
source according tlo HEP@A@EWNTSSHBET 12 or 13, wherein phosphor

havi ng em ssion pepketr-tire—t d[lge row re
el enent phosphor of 2ite oy - 1?#@ F@’Hﬁf &Rﬁce
according to claimj 3 phosphor havi ng

em ssion peak in thejir tomﬂn "'"'!!!"#"lmw e-earth 5 el enment

phosphor of hal f-w _ i ght source
according to claim v , \/\herel n bot h the phosphor
havi ng em ssof &iy Wtiqﬂytqqmmmlpmme-wmasm R2%]0.351), bh€0.358,1h68§har

o emont 10 Theenoreof 6.9, soBpi olsPoss. T T The 1 ont

source according to claim 16, \/\herel n em ssion intensity ratio
of the em ssion peak in the range from530 to 580 [nni to the em ssi on
peak in the8rangd lights0e00 which6se flunrebcents lampt for tighting with #@:14mp light color being

5 inarange of x-y chromaticity coordinates enclosed by (x,y) = a: (0.228, 0.351), b: (0.358,
0.55D), c: (0.525, 0.440) and d: (0.453, 0.440), e: (0.285, 0.332) and has major light
emitting bands in ranges from 530 to 580 [nm] and from 600 to 650 [nm], wherein (x,y) =
(0.4362, 0.4361) is not included,

10 9. A light source in accordance with claim 8, wherein (x,y) = (0.4362, 0.4361) on the
X-y chromaticity coordinates is not included.

10. A light source in accordance with claim 8, wherein said lamp light color is in a range
of x-y chromaticity coordinates enclosed by (x-y) = a: (0.228, 0.351), b: (0.358, 0.551), c:
15 (0.525, 0.440), d: (0.436, 0.440), e: (0.277, 0.335).

11. A light source for lighting having major light emitting bands in ranges from 530 to 580
fum] and from 600 to 650 [nm], with correlated color temperature of the lamp light color in
a range from 3500 to 4500 [K] and with DUV in a range from 10 to 45.

20
12, A light source which is a fluorescent lamp for lighting having major light emitting
bands of phosphor in ranges from 530 to 580 [nm] and from 600 to 650 [nm], with correlated
color temperature of the lamp light color in a range from 3500 to 4500 [K] and with DUV in
a range from 10 to 45. :

25
13. The light source according to any one of claims 6 to 12, which

allows categorical perception of at least red, green, biue, yellow and white of surface

colours of an illuminated object.

30 14.  The light source according to claim 3, §, 8, 12 or 13, wherein
phosphor having emission peak in the range from 530 to 580 [nm] is a rare-earth



8. * The | i ght “sous T | aim 14, 15 or 17, wherein

t he phosphor havi ng QE?MEMET‘ L.n{the range from530 to 580 [nmM is a
phosphor acti vatle er bi um} tler bi um ceri um or

t er bi um gadol i ni umicer i 299999. ht.. sour.ce ac I

15, 16 or 17, wheréjn {8 SEP t He phogzﬁbﬁ% hﬁ'\’/ nﬁ’ee% sﬁ%“gg?& rcl
range from 600 - 65 M- osph r activated with manganese,

eur opi um sanmarium or praseodyniu 20. The 1i ght sour ce accordi ng

to claim3, 5, 8 or -ary—one of clains 12 to 19, V\heﬂmmﬂmuu hosphor
whi ch absorbs bl ue em ssion and converts it to |ong "s’nm
the blue em ssion is added.

element phosphor of half-width 30 [nm] or less.

15.  The light source according to claim 3, 5, 8, 12 or 13, wherein
phosphor having emission peak in the range from 600 to 650 [nm] is a rare-earth
5 element phosphor of half-width 30 [mm] or less.

16.  The light source according to claim 3, §, 8, 12 or 13, wherein
both the phosphor having emission peak in the range from 530 to 580 [nm] and the
phosphor having emission peak in the range from 600 to 650 [nm] are rare-earth clement
10 phosphors of half-width 30 [nm] or less.

17.  The light source according to ¢laim 16, wherein
ernission intensity ratio of the emission peak in the range from 530 to 580 [nm] to the
emission peak in the range from 600 to 650 [nm] is within 1:2 to 10:1.
15
18.  The light source according to claim 14, 15 or 17, wherein
the phosphor having emission peak in the range from 530 to 580 [nm] is a phosphor

activated with terbium, terbium-cerium or terbium-gadolininm-cerium.

20 15.  The light source according to claim 15, 16 or 17, wherein
the phosphor having emission peak in the range from 600 - 650 [nm] is a phosphor
activated with manganese, europium, samarium or praseodymiwm.

20.  The light source according to claim 3, 5, 8 or any one of claims 12 to 19, wherein
25 a phosphor which absorbs blue emission and converts it to longer wavelengths than

the blue emission is added.



