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SPECI FI CATI ON TI TLE OF THE | NVENTI ON WARM WHI TE FLUORESCENT LAMP
BACKGROUND OF THE INVENTION 1. Field of the Invention The present
'nvention relates to a warmwhite| fluorescent |anmp which produces light in
the warm white region. 2. Description of the Related Art Thr ee
band fluorescent |anmps having high efficacy and high col or rendering
properties are wdely used agpygmeraicaTabi ng | anps. The three band
fluorescent lanp is one that produces light predonmnantly in three

wavel ength regi ons where the human eye is nost sensitive to color, that
I's, blue at about 450 nm green at about 540 nm and red at about 610 nm

and t hus | e »~ rendition w thout reducing | um nous
fl ux. Th?g?f'% ﬁ? fﬁg 'll'%‘r%s with different light colors are

produced by V%Mgwh (?I‘E?nFL%IO%gEéaEtNhF i&b&e wavel engt h regi ons.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a warm white
fluorescent lamp which produces light in the warm

white region.

2. Description of the Related Art

Three band fluorescent lamps having high
efficacy and high.color rendering properties are
widely used as general lighting lamps. The three
band fluorescent lamp is one that produces light
predominantly in three wavelength regions where the
human eye is most sensitive to color, that is, blue
at about 450 nm, green at about 540 nm, and red at
about 610 nm, and thus achieves increased color
rendition without reducing luminous flux, Three
band fluorescent lamps with different light colors
are produced by varying the energies in the three

wavelength regions.



For the past few years, three band fluorescent |anps designed to produce
light that sinmulates the incandescent |anp color to create a warm and

“rel axed atnosphere (hereinafter called three band warmwhite fl uorescent

| anps) have been draw ng nuch attention and have been finding application
for indoor lighting. The warmwhite resenbles the light color of an

i ncandescent Faop thedpasicfeweyeaes, bihdear bandif ubreseendnt |lanmp is
superior in efficacy to the incandescent |anp, this type of fluorescent

| anp hasl ainpds P@ésildréédottd Gﬁi-@dhmethﬁgwalﬁﬁat?%’imhi%es thelhough the
light colors are simlar, the three band warmwhite fluorescent lanp is

i nferi 07§ hB i ce P Aind'c SEOL HNE PRIASE W wh #iPand KL AREPW NY

respect. The 1 ncan ent lanp has e color characteristic that not

out” 1 netpEBRSn SRt e B R R REE, B A TRV £ rospher <.
Lo the (RLERKRECRRY e BARE BRSSh:eveat PuSheat bRt 1o%eci al 1y
L APPaaNavebeen finaing appiitation £or indoor lighting.
The warm white resembles the light color of an
incandescent lamp, and since the three band warm
white fluorescent lamp is superior in efficacy to the
incandescent lamp, this type of fluorescent lamp has
the potential of replacing the incandescent lamp.
Though the light colors are similar, the three
band warm white fluorescent lamp is inferior in color
rendition to the incandescent lamp in the following
respect.
The incandescent lamp has the color
characteristic that not only enhances.a warm and
relaxed atmosphere but has the effect of brining out
the beauty of colored objects and creating a
high-quality atmosphere.
The three band warm white fluorescent lamp, on
the other hand, is inferior tq the incandéscent lamp

in terms of object color appearance, especially the

appearance of red and reddish object éo_lors. The



previous three band warmwhite fluorescent |lanp thus has had the problem
. that its color renditionis clearly inferior to that of the incandescent
fanp when it cones to the high-quality atnosphere associated with the

col or appearance that the incandescent |lanp can provide. As a piece of

I nformati on, the appearance of green and greenish object colors is

conpar amgemi@usbg msre thandtwarm whibte fivaxescent lampp thus in view
of the inferior appearance of red and reddish object colors associated

wi th t hchase\hads theér pedbbemwarinathiitts f codroasceendBbpon tiss an  obj ect
of the present invention to provide a three band warmwhite fl uorescent

lanp thatlaeeltByeinfdrivt teddipdt certRergaicandssratabl amgp or
better than that of the incandescent |anp and green and greenish col or

appearar*lﬁﬁg?gr i xﬁeéo eﬁbtq{lﬁ'hﬁ?éﬁ d%mg,éﬂgégéescent | anp, and

yet has |cacy an that |nc scent Regardlng

o oval (REEE LRkEY kN BE°Es Bpr. ke akals] %ﬁ“@&"éqbi}ﬁt 1t vel y
eval vat & L0 SebebdSEITHY RrOELbSaS! 2al U piRtg g S ot hod
information, the appearance of green and greenish
object colors is comparable to or better than that
of the incandescént.laﬁp.
In view of the inferior appearance of red and
:eddish object colors associated with the previqus
three band warm white fluorescent lamp, it is an
object of the present invention to provide a three
band warm white fluorescent lamp that achieves red
ahd reddish color appearance comparable to or better
than that of the incandescent lamp and green and
greenish color appearance comparable to or better
than that of the incandescent lamp, and yet has higher
efficacy than that of the incandescentllamp.
Regarding color appearance under illuminating
light, a method known as the "method of evaluating
the fidelity of color appearance” is used to
quantitatively evaluate the color rendering

properties of a light source. Thismethod, specified
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in JIS Z 8726-1990" Met hod of Speci fying Color Rendering Properties of

Li ght Sources", is intended to quantitatively evaluate how faithfully the
lanp wunder test is rendering the target color in conparison with the
color rendered under a reference illumnant. JIS Z 8726-1990" "Method of

Speci fying Color Rendering Properties of Light Sources"” is essentially
regul at efini IS cBr @BH2e—1i%I01Hetimdodf Spetdrfiyning tCGelorE Pub. 13. 2
"Met hod of Measuring and Specifying Color Rendering Properties of Light

Sour ces(HERHE T 1 flge PRI PEr tS e 15 BT LGNt SRuFBed” , the Sansmlied! of

Rendering I ndex Ra. Nowadays, development of fluorescent |anps are

mpr ovi e e Ee T FREe Ry Sa RS hoR, Ha TR B e R hod of

cval uat MEORE HeEh Y, RerRieELpt PRt IS g8 odTor Al ceedi ng i n

recent years. _Jhis nethod.i s intended t uaptitativel val uate whet her

the_ col SrOBFATIBRR T 1) KHE FPLATE ZonderorhandeEss, LaE SHARERed it h

et o SRS aR S neFbs b BFESISNF: ILUREA od SHLCHETRY 1" °
Color Rendering Properties of Light Sources” is
essentially regulated in accordance with the method

set forth in the CIE Pub.13.2 “Method of Measuring
and Specifying Color Rendering Properties of Light
Sources(1974)”. The value is expressed in terms of
the General Color Rendering Index Ra. NOwadéys,
development of fluorescent lamps are directed toward
increasing the General Color Rendering Index Ra and
improving luminous efficacy.

On the other hand, besides the method of
evaluating the fidelity of color appearance, work on

a "method of evaluating the desirability of color
appearance” has been proceeding in recent years.

This method is intended to quantitatively evaluate
whether the color shift caused by the light source
under test, as compared with the color observed under
the reference illuminant, is in the desirable

direction or undesirable direction. This



eval uati on nethod shows that if there is a color shift when evaluated in

. terns of the fidelity described above, if it is a shift in the desirable
direction it will bring a better result in ternms of color appearance when
seen by humans. Regardi ng the nethod of evaluating the desirability
of col or appearance, by noting the visual clarity (visual clarity effect)
associ ateevta Iniatiomemedhodrsindwsi thatr dfethiease dfs a todlor shif&, it has
been found that the degree of vividity ofobject color appearance can be

eval uat aghesl rgvaldsteld il atelms NGEX tiry efFdpksll 1 t9Mmdéecedisedt of
visual clarity, as described in such publications as "Hashinoto et al.,

Vi sual CA]??V% a3¢, 92! 1 89200sh £PR! RS lenéoliers firapANC u spddpL oAt T on, 19,

3, June 994)," "Hashinoto et a aluating the Col or
Render i P h£Ss ' ity, J. of th
Render| D9 YRRt Kok 8 WebkeSoWaBu ol Qanhaude Bagy 3 of (he

"Japanese_ Pat ent Uneégqined Publkfation NQ. 6-180248 (Japanese Patent
Appl i cat?BRGRF ARCS; 9}1. seen &&Hﬁ?d}%/: in devel oping a warmwhite

fluorescent |anmp that can produce the sanme beautiful, high-quality
at nospher e asREGAYAeag ehet medhpdcof evaluating the 5

desirability of color appearance, by noting the
visual clarity (visual clarity effect) associated
with the colorx réndering properties of a light source,
it has been found that the degree of vividity of object
color appearance. can be evaluated using a visual
clarity index developed from the concept of visual
clarity, as described in such publications as
“Hashimoto et al., Visual Clarity and Feeling of
Contrast, Color Research and Application, 19, 3, June
(1994),” "Hashimoto et al., Method of Evalu'ating the
Color Rendering Properties of a Light Source Based
on Visual Clarity, J. of the Illuminating Engineering
Institute of Japan, Vol. 79, No. 11, 1995,7 and
”Japanese Patent Unexamined Publication NO. 6-180246
(Japanese Patent Application No. 4-333919).
Accordingly, in developing a warm white
fluorescent lamp that can produce the same beautiful,

high-quality atmosphere as obtained from the object



col or appearance of the incandescent lanp, if the color appearance of
“objects inportant for the visual clarity effect of the light source, i.e.,
the red of food and the green of tree | eaves, can be nade conparable to
or better than the col or appearance of the incandescent |anp by using the
met hod of evaluating the desirability of color appearance, then it wll

becone posdiditeappearsnce bfjithealirnyandesseher e anpgf fEEt bHa Y
eliciting the beauty only of the object colors that are inportant for the

enhanceneollof appduvineerof bb{{ééﬁts- impor EhHte AP URE v 1Bha e most

i nportant issue Is to determne the color characteristic range within
offoct of Nhe Yo meareet Y PEGhe BRALER, 1ie vy EhE BELET 1L
appear anie st SnEh EhE. ASEAL hEe LRavEan: calBeoPaREng (he met hod
TVENTI CRomPRE 4h1 S O GE bttt JiiaRorAtk COLOF APRRARANGR AT that has
himwlaqgﬂgfiﬁggg ggbéﬁﬁegéﬁbéb¥j%§1ng the method of °

evaluating'the desirability of color appearance,

then it will become possible to create a high-quality

atmosphere by effectively eliciting the beauty only

of the object colors that are important for the

enhancement of the high-quality effect.

Stated anothgr way, the most important issue is

to determine the color characteristic range within

which the color éppearénce of objects important for

the visual clarity effect of the light source, i.e.,

the red of food and the green of tree leaves, is

substantially comparable to or better than the color

appearance of such bbjeéts under the incandescent

lamp by using the method of evaluating the

desirability of color appearance.

SUMMARY OF THE INVENTION
The present invention provides a fluorescent

lamp that has high lamp efficacy and, based on a visual
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clarity index M provides a color characteristic substantially conparable
 to that of the incandescent [ anp. A warmwhite fluorescent |anp of
the present invention is that the visual clarity index of said lanp is in
a range from 121 to 145 inclusive, the correlated color tenperature of its
light color is in a range from2700 K to 3150 K inclusive, and the

chromat icl ay ipoy ntindesaM} pgbvicider a ©dboat chavacterdstiomaticity
range where distance of chromaticity point fromthe Planckian |ocus on the
G E 196%&53%&&&%P1?Yc8m§ﬁ@@blé fet thﬁstsotf”%he iRdiRdartent greater

t han +0. 005 whi'te fluorescent |anp of the present invention
IS that:igﬁ>V|sual clarity index of said lanp is in a range from123 to
145 inclusive, the correlated color tenperature of its light color is in

a range from27 K h i nt of

sai d Igl ght c %%“I o‘ggl?'q'tﬁ %%#égxgﬂ‘gn‘g#% t?/f ﬁ{g@ %ggeﬁ?stance

chromaticit ojnt fro Pl.ancki,an | he, ClE 19

chr omat (VBT AR, 38 SEheE (188 Vigha LoCdet thE dndgkegiesdhgh +0. 005

A warmwhite fluorescent | anp of the gresent . ] 7
lamp is in a range from 121 to 145 inclusive, the

correlated color temperature of its light color is
in a range from 2700 K to 3150 K inclusive, and the
chromaticity point of said light colorlis located
within a chromaticity range where distance of
chromaticity point from the Planckian locus on the
CIE 1960 uv chromaticity diagram is not less than
-0.005 and not greater than +0.005.

A warm white fluorescent lamp of the present
invention is that the visual clarity index of said
lamp is in a range from 123 to 145 inclusive, the
correlated color temperature of its light color is
in a range from 2700 K to 2900 K inclusive, and the
chromaticity point of said light color is located
within a chromaticity range where distance
chromaticity point from the Planckian locus on the
CIE 1960 uv chromaticity diagram is not less than
-0.005 and not greater than +0.005;

A warm white fluorescent lamp of the present



invention is that the correlated color tenperature of its light color is
“in arange from 2700 Kto 3150 K inclusive, the chromaticity point of said
I"ight color is located within a chromaticity range where distance of
chromaticity point fromthe Planckian |ocus on the CIE 1960 uv
chromaticity diagramis not |ess than -0.005 and not greater than +0. 005,

and the inmventidmrisythaiexthe sodredmtedt clics temtpéd:é.wﬂe 75000/ T +
97.0 and M[err] 75000/ T + 118.5 A warm white fluorescent |anp

di | Bk f1Hh t£4 ' ' hat: id |
accordingft 4 t¢| ighlt dolor AHTihhg PaESFALE Bﬁ?mg?e?’gniéf’ﬁbi ?]]55@' anp

I's constructed using a blue phosphor whose pea ocat ed

peak wesel oot Ry ac e S PRaRTeREy B fntl oot TR SERSRE "o
tom solt ke Lo SRRted IS n SRGRAESE Ry BRRdR e R

| engt,h i,s | t it hi f 625. nmto_. 670_nm i nh¢l usi ve.
A var m BAEEANEE SteMNTORALACHEN ROLBE FEPM Fhe Planskian

i nvention is that said blue %hosphor is a blue phosphor activated with
bi val entlocus on the CIE 1960 uv ghromaticity diagram is not

less than -0.005 and not greater than +0.005, and the
visual clarity index of said lamp satisfies

M = 75000/T + 97.0 and

M =< 75000/T + 118.5

A warm white fluorescent lamp according to
claim 1, 2, or 3 of the present invention is that said
lamp is constructed using a blue phosphor Whose.peak
wavelength is located within a raﬁge from 400 nm to
460 nm inclusive, a green phosphor whose peak
wavelength is located within a range from 500 nm to
550 nm inclusive, a red phosphor whose peak
wavelength is located within a range from 600 nm to
620 nm inclusive, and a deep red phosphor whose peak
wavelength is located within a range from 625 nm to
670 nm inclusive.

A warm white fluorescent lamp according to
claim 4 of the present invention is that said blue

phosphor is a blue phosphor activated with bivalent



eur opi u
"460 nm

m whose peak wavel ength is located within a range from400 nmto
I ncl usive, said green phosphor is a green phosphor activated with

terbium whose peak wavel ength is located within a range from 500 nmto

550 nm
trival e

i nclusive, said red phosphor is a red phosphor activated with
nt europi um whose peak wavelength is located within a range from

600 nmeéuragdiom iwltbse peakntraise DefRfth ' 88 Nsabed wtRifee red

phospho
a range
| anp ac
war m wh
6% i ncl
said r
red pho
war m wh
i nventi
is in

from 20

r activated with manganese whose ™ peak wavel ength I1s located within

FagS 28 roi 119067:9m“%? BI%ZJ;US in‘hg- inC]tué‘iW m yhi e é#}éggnescent

cording to claim4 or the present Tnvedtion s In said
i ty | Saj 0 [ I m.an.range fromO0%to
Lglﬁ\%ﬂggﬁ&?:eaeﬁ%ﬁgs Sﬁ){?%’ galﬁ%éggﬁ'&et$?oW§&Aﬁ%rgW ncl usi ve,
- 1SN range fr 30% to 55%i.,ncl usive, nd sai d deep
SBRE TR Sk TehilH i, Tocadiad wikhit @ Bange: Brom - A
3%8 fl uor scEﬂi Ianp_aqgirdLng to claim4 or 5 of the present
0s o 3% Bm iheiwsiies| saidcsrd ph@sphox BBu@ phosphor
an range from0%to 6%inclusive, said green phosphor is in a range
oked pg%smbpg:s agkivated with trivalent europiu® whose

peak wavelength is located within a range from 600

nm to 620 nm inclusive, and said deep red phosphor
is a deep red phosphor activated with manganese whose
peak wavelength is located within a range from 625
nm to 670 hm inclusive.

A warm white fluorescent lamp according to
claim 4 or 5 of the present invention is that in said
warm white fluorescent lamp, said blue phosphor is
in an range from 0% to 6% inc]_.us:'Lve, said green
phosphor is in a rahge from 20% to 25% iﬁclusive, said
red phosphor is in a range from 30% to 55% inclusive,
and said deep red phosphor is in a range from 20% to
55% inclusive, by weight.

A warm white fluorescent lamp according to
claim 4 or 5 of the present invention is that in said
warm white fluorescent lamp, said blue phosphor is
in an range from 0% to 6% inclusive, said green

phosphor is in a range from 20% to 25% inclusive, said
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red phosphor is in a range from30%to 50% i nclusive, and said deep red
- phosphor is in a range from25%to 50% i nclusive, by weight. A warm
White fluorescent |lanp according to claim4 of the present invention is
that said blue phosphor is a blue phosphor activated with bival ent

eur opi um whose peak wavel ength is |located within a range from400 nmto

460 nm iredushosplioirdig dena plaaspdof rom 3 0% dsv Fheshholwsivegted with
terbium or terbiumcerium whose peak wavel ength is |ocated wthin a range

from S0Quidh 50 2P QEEY A PHOSTIOE i6edrPho3iRGe Exor 25BN eEPhor

activated with trivalent europi ose peak wavelength 1s located wthin

a range ma. 6 ls sive, and said deep red phosphor is a
deep re %ﬁogﬁguﬁééﬂa&% c{gfi um manganese whose peak wavel ength

is located within a range. Jrom625 nmto . 670 nminclusikve. A warm
white fluore eWP‘ITrﬁrrpwg&&ﬁ dﬂr&q]Besgleoﬂ% anp JECoOTELIng, if:)‘?esent

I nvention is that sai lanp is constructed primarily with bl ue phosphor
act i vat - @fh iQ%I e cprefent inyeryifpsphothak: ﬁﬁd-t‘gcb t er bi um

or terbiumcerium and a deep red phosphor activated with cerium
manganeg@hosphor is a blue phosphor activated with bivalent

europium whose peak wavelength is located within a
range from 400 nm to 460 nm inclusive, said green
phosphor is a green phosphor activated with terbium
or terbium cerium whose peak wavelength is located
within a range from 500 nm to 550 nm inclusive, said
red phosphor is a red phosphor 'activatec_l with
trivalent europium whose peak wavelength is located
within a range from 600 nm to 620 nm inciusive, and
said deep red phosphor is a deep-red phosphor
activated with cerium manganese whose. peak
wavelength is located within a range' from 625 nm to
670 nm inclusive. |

A warm white fluorescent lamp accoxding to
claim 1, 2, or 3 of the present invention is that said
lamp is constructed primarily with a blue phosphor
activated with bivalent europium, a green phosphor
activated with terbium or terbium cerium, and a deep

red phosphor activated with cerium manganese.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a diagram show ng the
"relative spectrumdistribution of a warmwhite fluorescent |anp according

to one enbodi nent of the present invention; Figure 2 is a diagram
showi ng a visual clarity index Mthat provides the basic concept of the
present invention; Figure 3 is a diagramshowi ng the visual clarity
I ndex M of an incandescent | anp; Figure 4 is a diagram showi ng the

relative spectrumdistribution of a warmwhite fluorescent |anp according

to one Ggﬁiﬁ%ﬁg{aﬁl‘ﬁ&'&&ﬁﬁﬁg#@Y%ﬂms Figure 5 is a diagram

showing a C Icrty Figure 6 is a diagram

show ng the 1 hghlue 1906t U £L kUL hot SR L LI s Lo sscent

Gescr| bagpectrum distridution of a warm white fluorescent = =
lamp according to one embodiment of the present
invention;

Figure 2 is a diagram showing a visual clarity
index M that provides the basic concept of the present
invention;

Figure 3 is a diagram showing the visual clarity
index M of an incandescent lamp;

Figure 4 is a diagram showing the relative
spectrum distribution of a warm white fluorescent
lamp according to one embodiment of the present
invention;

Figure 5 is é diagram showing a chromaticity
deviation SP; and

Figure 6 is a diagram showing the relative
spectrum distribution of a warm white fluorescent

lamp according to one embodiment of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

First, visual clarity index M will be described
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briefly. The degree of visual clarity of a colored object illumnated by a
- lighting lanp is expressed by the color area size of four test colors
{red, yellow, green, and blue). The color area size of the four test
colors is cal cul ated based on a color system defining brightness (B) and
colorfulness (M-g, M-b) in a nonlinear col or appearance nodel proposed

by NayatBgiicflgl.. Mhe.de anf ¢istlal €VadfitiReofancibdraeb!ication,
20, 3, (1995)). Table 1 shows the spectral radiance factors of the four

tc:le;i tﬁoég’r] u%it:f?%gﬂﬁ&ha@é’éaﬁire darightifig edmp ots &xp¥ésbed \1[|28ua|
by the color area size of four test colors (red, yellow,
green, and blue). The color area size of the four
test colors is calculated based on a color system
defining brightness (B) and colorfulness (Mr-g,
My-b) in a nonlinear color appearance model proposed
by Nayatani et al. (é.g., Nayatani et al., Color
Research and Application, 20, 3; (1995)). Table 1
shows the spectral.radiénce factors of the four test
colors. |

<Spectral Radiance Factors of Four Test Colors for

Visual Clarity Evaluation>
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As shown in Figure 2, since the test color that nost contributes to visual
"clarity is red, the red test color is taken as the reference and the sum
of the area of the triangle enclosed by the red, blue, and green test
colors and the area of the triangle enclosed by the red, yellow, and green
test colors is defined as the color area of the four test colors (red,

yel | ow, green,Aanghiows) . insFighhee 2 prgsiawe athéhtesttircd o ahQes, the
visual clarity index M is expressed by equation 1. [Equation 1] M=

[G(S, 10Gfositx)cdnteRiutd8o’d lvishbdl rd15ridsy pered Sth@%?e@ X))
|

I ndicates the color area of the four test colors under a test ght source

Sl ! lebeaess 4900el udieA oSS, rdBUIAREY) ar€TERBCR B Ol O

area of the four test colors under a referénce source

referenc I | ' ey 100 . re e visual clarjity index M of
the | arrpq’Tléé ég{agc#?fggdtgg %d%iéhgﬁ'q @%ﬁﬂﬁeéh ﬁle{ edey t]ﬂé%t col ors
under the il,Jum nation of an.arbitrary _lighting Igng IS substantially

equal to ARG GHIFD LeStFeloss and: the arsaiof theukriangbs, that

I's, when the_visual_ clarity equivalent to that under
13 enclosed by the red, yellow, and green test colors

is defined as the color area of the four test colors
(red, yellow, green, and blue). Using the color area
of the four test colors, the visual clarity index M
is expressed by equation 1.

[Equation 1]

M= [G(S, 1000 (1x) / G(D65, 1000 (1x))]1*°® x 100
where G(S, 1000 (J.x) ) indicates the color area of the
four test coldrs under a test light source S at
illuminance 1000 (1x), and G(D65, 1000 (lx))
represents the color area of the four test colors

under a reference light source D65 at reference

illuminance 1000 (1lx).

Here, the visual clarity index M of the lamp is
specified as 100 when the color area of the four test
colors under the illumination of an arbitrary
lighting lamp is substantially equal to the color
area thereof under the standard illuminant D65, that
is, when the visual clarity equivalent to that under

13



the standard illum nant D65 is obtained. The higher the visual clarity
“i,ndex M the greater the lanp's effect of enhancing the visual clarity of
obj ect colors such as the red of flowers and the green of tree |eaves.
In the present invention, the nost inportant issue is, as previously
described, to determne the range of visual clarity indices within which

the col bheagpemndasd df1 bhpeaisntnD66! 48t ob¥aikedyi sute Kighdy ef fect
of the light source, i.e., the red and green of food, flower, and tree

| eaves, the SHDSURILIQlLbt LOYPANYBR 19 ¥hdeyieatdANthie FohQ's
Acandes anp.

appearance of such objects under the I ent _ & conduct ed
o Ve R | oo LR 98 b1 BGOLY ISHADIGERLY | 1 cos
worm wrepaty o PiB, 8 RS NEL GF ¥ Ttie ) ehe thPagsePngkes M
o oducedtbeah KPAYRrce col or - phosphors. i ... a green phosphor

LaP . Celerr], ,Th[err . ] 14
apQerr] &n ihe gresLnt invention, the most important

issue is, as previously described, to determine the
range of visual clarity indices within which the
color appearance of objects important for the visual
clarity effect of the light source, i.e., the red and
green of food, flower, and tree leaves, is
substantially comparable to or better than the color. |
appearance of such objects under the incandescent
lamp.

We conducted an evaluation experiment to
determine the range of visual clarity indicés that
provide effects substantially equivalent to the
color appearance of the incandescent lamp by
producing several different 40 W straight-tube warm
white fluorescent lamps with different visual
clarity indices M.

Each of the warm white fluorescent lamps used
in.the experiment was produced by mixing three color

phosphors, i.e., a green phosphor Laﬁ04: Ce**, Tb%*

14



(designated LAP in Table 2), a blue phosphor Srferr]

" (Pgerr])[err]Cl[err]: Eu[err] (designated SCA in Table 2), and red
phosphors Y[err](err]: Eu[err] (designated YOX in Table 2) and 3. 5wyO
O5MgF[err] Ge(err]: Mjferr] (designated MFGin Table 2). Further, a warm
white fluorescent |lanp having a correlated color tenperature of 2800 K

equi val e(‘Heéi’?hB‘téG' AP CIREFANLE _Q.f) tha iHTﬁédW§§th to be
conpared was al'so produced for comparison purposes. In the

32???2‘2%%?1» CRoGh CHa s T {epigireLed 2 oﬁ'*‘ﬂo%#ﬁlﬁf%ﬂgﬁ%‘%ﬁﬁ ﬁbarf‘??l

, ' 30 shigh . .
cur face 5P IBOBRIOTE X0 805, ?Hs%seﬁ%eﬁg%f@? i PR AN ere
N8. 5, N5, N7 ' . ,
oo, o ReyS - B0 P YaH s sR0s o Caehiginar <R MRS L RIRAR ST such
as a crinson rose, red, pink, and white carnations, a small yell ow
chrysantBdrumFarsber cea wammplwhite filnerascenddilamphavdngower s,

and
a correlated color temperature of 2800 K equivalent

to the color temperature of the incandescent lamp to
be compared was also produced for comparison

purposes.
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a white bellflower wth purple and pink edges, and other itenms such as a

- glass, plaster work, hand mrror, small tatam mat, newspaper, and
magazi ne, plus 15 kinds of color chips. The experinent was conducted

under the fluorescent lanmp lighting and i ncandescent |anp lighting
alternately, and the appearance of the colors in the observation booth was

eval uat ed by 150BRE HBddRatlch SRPEVIHERLYAUCH F1 forasReRR! | amp

wi th the col or appearance un escd lanp as tinme el apsed.

Fval vat [l SAPRHL WHERGRILs LU Taflp 4ERSISHEERL YA Wy PR deecen!

Iﬁnp ﬁﬁ I d d I b I d &ﬂEthEL
wro | RISt A PREFNRELON DAFEh AL RRomRASEREd obBci col or s

were not rendered too vivid as corrpared with the object coI ors rendered
under t € de@Pdedbht crapldene andp 1&thpems hikgh.in the eval uation

experinment and the results of their evaluations are shown in Table 2.
The Munsell values of the wall surface of the

observation booth, the floor surface, and the desk
were N8.5,N5,N7 respectively. On the desk were
placed foods such é.s a tomato, lemon, orange, and
green pepper, various colorful flowers and plants
such as a crimson rose, red, pink, and white
carnations, a small yellow chrysanthemum, a statice
with bluish purple and reddish purple flowers, and
a white bellflower with purple and pink edges, and
other items such as a glass, plaster work, handmirror,
small tatami mat, newspaper, and magazine, plus 15
kinds of color chips. The experimeht was conducted
under the fluorescent lamp lighting and incandescent
lamp lighting alternately, and the appearance of the
colors in the observation booth was evaluated by
comparing the color appearance under the fluorescent
lamp with the color appearance under the incandescent
lamp as time elapsed.

Evaluation of each fluorescent lamp as a

replacement for an incandescent lamp was performed

16 -



17 Tabl e 2 shows the |anp sanpl e nunber (No.), kinds of

- phosphors (SCA, LAP, YOX, andMFG and their ratios in weight percent,
correlated color tenperature, the distance of the chromaticity point from
t he Pl anckian |ocus (Au,v, which is positive when the distance is in the
upper left side of the Planckian |ocus, and negative when it is in the

over 1i gy Fidgitg e AR LB KollitsClidiid YroRlidl and

resul t vatTon evaluation, In-t circ In Table 2

| ndi cat eg kel {pglad B8 (0P 4AH WPiviPREIHER L PPheYe cOl 0TS vere

render ed
rendered under the incandescent lamp, and whether the

object colors were not rendered too vivid as compared
with the object colors rendered under the
incandescent lamp. The lamp samples used in the
evaluation experiment and the results of their

evaluations are shown in Table 2.

17



as beautiful and vivid as when rendered under the incandescent |anp and
-were not rendered too vivid as conpared with the object colors rendered
under the incandescent |anp. As can be seen from Table 2, it was
found that the lanp had a col or characteristic equivalent to the color
appearance of the incandescent |anp when the value of the visual clarity

index Mis smapdilel Dadhowadthd 13ip F@mpie hiabd 24N .93/ keinds

approximately equal to the visual clarity index Mof the incandescent

1 anp. of ggiyg? gg;gr§ 3@%@9@@ PO eehd MrE ' oha LRERY %?EfoéTC) and

vi sual

'Vii32?e§ﬁ%‘hf%&i%@ﬁxak”eﬁ%ﬁs%&cﬁfclqcﬁﬁﬁbﬁsgﬁiﬁe?ﬁéhﬁ{%E'f%l‘géﬁ |3 121
Thi ' . '

{ emper at HeS SERSK GRS ChFamatd C LEF RP 1 a ARgm the B krBEEans, | ar ger

in order to achieve color appearance conparaple tqQ or_better than that of

t he i ncad®@@esnd Az atwhich ds peeiitsere vhen, the diskange hfex M of
an incandescent |anp operating at 2900 Kis 123. This neans that a warm
white fl dm eshentupper diefitasdade ebfit dtheocPdanckian locus, and

negative when it is in the lower right side of the
Planckian locus), visual clarity index M, and result
of observation evaluation, in this order. Thecircle
in Table 2 indicates the result of £he evaluation
showing that the object colors*were'rendered almost
as beautiful and vivid as when rendered under the
incandescent lamp and were not rendered too vivid as
compared with the object colors rendered under the
incandescent lamp.

As can be seen from Table 2, it was found that
the lamp had a color characteristic equivalent to the
color appearance of the incandesdent lamp when the
value of the visual clarity index M is smaller than
150 but not smailer than 124, a value approximately |
equal to the visual clarity index M of the
incandescent lamp.

Next, the relationship between the color

temperature (TC) and visual clarity index (M) of an

18



tenperature 2900 K needs to have a visual clarity index Mof 123 or |arger
*in order to achieve color appearance conparable to or better than that of
the incandescent |lanp at 2900 K. The rel ationship between the
correlated color tenperature T and visual clarity index Mof the |anmp

col or can be expressed nunerically by the follow ng sinultaneous

i nequal i t:l.'r@andesc%li:eflrd ;[359.%0/556w917-1§h Eiqd\ééefsr] %{g) ? bdl18. 5

Here, the correlated col or tenperature o 1S in a

range 7 gagdOBelin #Ydfes, ‘E‘H%H’&ua"l”%fc%ﬁﬂ} YRALY by gl of 1t
EP;‘SEE? A RbERHeIRE Lo GepeT e iRgnat A190 B 48 4h s ndBIBes than

-0. 005 and not %A_leat er than +0, Q05. Next , the rel ative spectral
di st ri bulGAN8; thatapmWakRe Vh&&%sgéhloxﬁﬁﬁ%‘éd&@@@|Wlé-'efboa—dance with
one enbodi nent _of the present invention will be shown below (First

enbodi refeX¥elated @pdorhempepature 315K needartpdehave e
fluorescent lanmp wll
visual clarity index M of 121 or larger in order to

achieve color appearance comparable to or better than
that of the incandescent lamp at 3150 K. Likewise,
the visual clarity index M of an incandescent lamp
operating at 2900 K is 123. This means that a warm
white fluorescent lamp with a correlated color
temperature 2900 K needs to have a visual clarity
index M of 123 or larger in order to achieve color
appearance comparable to or better than that of the
incandescent lamp at 2900 K.

The relationship between the correlated color
temperature T and visual clarity index M of the lamp
color can be expressed numerically by the following
simultaneous inequalities.

M = 75000/T + 97.0

M < 75000/T + 118.5
Here, the correlated color temperature of the lamp
light color is in a range from 2700 K to 3150 K

inclusive, and the chromaticity point of its light
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be shown, dealing with a 40 Wstraight-tube fluorescent |anp constructed
" usi ng four ki nds of phosphors and having a correl ated color tenperature
of 3000 K. Figure 4 shows the spectral distribution of the
fluorescent |anp constructed by m xing the four phosphors, -
Sr{err](PO[err])[err]Cl[err]: Eu[err], LaPO»:. Cel[err], Tb[err] , Y203:

Euferr], eodot PdyTbdatebFiathifed WHiomd Féiby IFaRb@PAReRES Of
about 2:21:46:31 by weight percent in this order. ual arity index

M of the (o]7g =¥ f d efficacy is
about 72 tUII%W Tﬁghcﬁfggrﬁg% 6 roma%ltg t]éig%gﬂt f|]I§81:‘10 3 fromthe

Pl ancki a 0

chromat i C’ir:l_&ﬁgﬁ%‘g am Yollib ]o%ﬁ t&eSL%:FEcllz?rQQyu n&'}rmt%ﬁllq?ﬁandescent

| anp at 3000 K.is 122 tsI effl about 12 ImW

Tthef or ?ﬂgql}‘u{)?egﬁ’%nﬂq qﬁﬁ ﬁ8§ ngt sHeaterx danbout six
times as h gg t hat of the |ncandescent | anp, and a visual clarity index
M hlgher ﬁﬁfhat of the incandescent lanp. This neans that the warm

white fluorescent |anp shown here can render colors, especially the red of
flowers and tN@X&echher Hebatllem'espem:lneaﬂ)eahtstnh.bandlonvmif a

warm white fluorescent lamp produced in accordance
with one embodiment of the present invention will be
shown below.

(First embodiment of the fluorescent lamp)

First, an example of the fluorescent lamp will
be shown, dealing with a 40 W straight—tube
fluorescent lamp constructed using four kinds of
phosphors and having a correlated color temperature
of 3000 K.

Figure 4 shows the spectral distribution of the
fluorescent lamp constructed by mixing the four
phosphors, Sr;,(PO,)Cl,: Eu**, LaPO,: Ce®*,Tb%*, Y,0,:
Eu**, and 3.5Mg0:0.5MgF,-Ge0,: Mn*, in proportions of
about 2:21:46:31 by _wéight percent in this order. The
visual clarity indéx M of the fluorescent lamp of
Figure 4 is 133, and its lamp efficacy is about 72
lm/W. The distanve of chromaticity point is -0.0003

from the Planckian locus on the CIE 1960 uv

20



t han when the sanme colors are rendered under the incandescent |anp.
"(Second enbodi nent of the fluorescent |anp) A second enbodi nent of the
present invention wll be described next. Usually, incandescent |anps
operate at around 2800 K. The fluorescent lanp of Figure 4 has a
correlated color tenperature of 3000 K and, therefore, its |Iight |ooks

sonewhat c\mi'dbmatidmtyi r&ﬁa@q_s&;ﬁ-nt |l amp light of 2800 K A corre! at ed
col or tenperature from 2700 K to 2900 K centered around 2800 K is thus

Cons! dered CPHENASdal’ 1 AELUY 1 haleap ! BF Yo "FARIGIGERCA AP | O

One exanple of a fluorescent np-“constructéed usin

Cemer at SR a0 fUR X W RA2EcRnd L e8 L Ao FE Uit o Rt et 1

phosphor $2 SR (e er 1) [orr] GLl arr]- Eulerr] . Laboi Colerr), Tolerr].
About 2: 22 35 TREBR LRGNt Che: SINOFRAGRBLoLAED Of1T Lohmebrbdant | amp
corresponds to the fluorescent |a No. 4 in Table 2. The vi sual
clarity and@mm &f fheadycabowdnis iIkatpinésFiagureighi asl4hatndfts | anp
efficacy is about
the incandescent lamp, and a visual clarity index M
higher than that of the incandescent lamp. This
means that the warm white fluorescent lamp shown here
can render colors, especially the red of flowers and
the green of tree leaves, more beautiful and vivid
than when the same colors are rendered under the
incandescent lamp.
(Second embodiment of the fluorescent lamp)
A second embodiment of the present invention
will be described next. Usually, incandescent lamps
operate at around 2800 K. The fluorescent lamp of
Figure 4 has a correlated color temperature of 3000
K and, therefore, its light looks somewhat whiter
than incandescent lamp light of 2800 K. A correlated
color temperature from 2700 K to 2900 K centered
around 2800 K is thus considered optimum as a
replacement for ordinafy incandescent lamp light.

One example of a fluorescent lamp constructed using |
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66 | MW The distance of chromaticity point of its |light color is 0.0004
"fromthe Planckian locus on the ClE 1960 uv chromaticity diagram On the
other hand, the visual clari ty index Mof an incandescent |anp operating
at 2800 Kis 124, and its lanp efficacy is about 12 I mMW Therefore,
the fluorescent |lanmp of Figure 1 has a lanp efficacy about 5.5 tines as

hi gh as tfowrdkinde ohpindspists @@ hatinyg 4 e8dre] ateld coxsy M
hi gher than that of the incandescent | anp. 'Ilﬁls means that the warmwhite

fl uor escaumpaTa €U ST 286K TWIEREMP Be1ipeCi 8l |y the red of

flowers and “"the green of tree | eaves, nore beau and vivid

d th andescent
famp.  (Thi rd R aRe tfesﬁ%&ﬂ%°£¢§é§éaeféﬁ%r% LR 8 FHToa: mon
ed “Shﬁrﬁﬁ% R SR BB, SORP ERURHGEN 56 BIRIN GBS FeHTbhosphar
Figure 6 ows the spectral distri but lon of a fluorescent |anp constructed
by mi xi n@%‘l’i??@ck?ﬂds S 1fo { BRIk {/QAIIE@PQLEIGQT: Thil er¥}Q;taPqerr] :

Ce[err], Tb[grr], and _G&d err]Qerr]: Ce[err] ,Mlerr].
Lerrl. RRlsrr Lo 8% smghégtg g% Ge]aOZ. e , in proportions of

about 2:22:38:38 by weight percent in this order.
This fluorescent lamp corresponds to the
fluorescent lamp No. 4 in Table 2.

The visual ciarity index M of the fluorescent
lamp of Figure 1 is 144, and its lamp efficacyl is about
66 1lm/W. The distance of chromaticity point of its
light color is 0.0004 from the Planckian locus on the
CIE 1960 uv chromaticity diagram. On the other hand,
the visual clarity index M of lan incandescent lamp
operating at 2800 K is 124, and its lamp efficacy is
about 12 1lm/W. | |

Therefore, the fluorescent lamp of Figure 1 has
a lamp efficacy about 5.5 times as high as that of
the incandescent lamp, and a visual clarity index M
higher than that of the incandeécexit lamp. This
means that the warm white fluorescent lamp shown here
can render colors, especially the red of flowers and

the green of tree leaves, more beautiful and vivid

22



In Figure 6, the visual clarity index Mis 145, the color tenperature is
"2800 K, the distance of chromaticity point of light color is O fromthe

Pl ancki an | ocus on the CIE 1960 uv chromaticity diagram Thus the
fluorescent lanp of Figure 6 has a higher visual clarity index Mthan that
of the incandescent |anp, which neans that the warmwhite fluorescent

| anp showhanr when thelesame ocolmspeare | yehitbkered widékrowtie and the
green of tree |eaves, nore beautiful and vivid than when the sanme col ors

are rendgnadndnﬁgcehhe 1aﬁ@ﬂgescent Ianp Though specific enbodi nents
of the present I nvention have been

shown i n (FigiEES dmbbhd AREn! ? of tﬂé'f&%&fgﬁggﬁei al the present

i nvention can also be enbodi ed by various o osphar” conbi nati ons.

Stlorr ) PLert] O erops e pBBiiiene o' <Rk bhbelhky hVeRTIQ F7)
(51 Ca) [ BHqYho ?ﬁ%%b%ﬁ@é?&%%@ﬁpdwpt afes . deep red

B err Eu[err]: hosphors producing Iight at 500 nmto
52(';@ Lrenr H?acﬁéé %m 1m@d]%¢[§.[i£qqrplum m%nganesge as the deep
Laferr](err].0.2SiJerr].0.9P[err]O[err]: Ce[err],Tb[err],

CeMyAl [ ek@d) Phasphiomsr r], and GdMgB[err]Qerr]: Ce[err], Tb[err]:
phosphor s

Figure 6 shows the spectral distribution of a
fluorescent lamp constructed by mixing three kinds
of phosphors, BaMgAl,,0,,: Eu®**, LaPO,: Ce®,Tb%", and
GdMgB,0,,: Ce®",Mn?*.

| In Figure 6, the visual clarity index M is 145,
the color temperature is 2800 K, the distance of
chromaticity point of light color is 0 from the
Planckian locus on the CIE 1960 uv chromaticity
diagram.

Thus the fluorescent lamp of Figure 6 has ahigher
visual clar_z‘.ty index M than that of the incandescent
lamp, which means that the warm white fluorescent
lamp shown here can render colors, especially the red
of flowers and the green of tree leaves, more
beautiful and vivid than when the same colors are
rendered under the incandescent lamp.

Though specific embodiments of the present
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producing light at 600 nmto 620 nminclude Y203: Eu[err]; and phosphors
- producing light at 625 nmto 670 nm include Y[err]Oerr]: Eu[err],
GdwgB[err]Jerr]: Ce[err] ,Tb[err],M[err] , GIMgB[err](err]:
Ce[err],MJferr], My[err]As[err]O[err]: MjJerr], and 3.5MO 0. 5MyF[ err]
Gederr]: MfJerr]. Further, it will be appreciated that a warm

white fldorweaeilionaiaveabednashohdi haF dgiafestly 4gué~iztdif8} aty
equi valent to that of the incandescent |anp can also be produced if a

hosphor { N L £l o] | t Bl [ I nut e
guanltoi ti g}g'?y%t %g? étﬁg%etcﬁ%‘&gﬁk}g'{p ogptrtlzlglreé g@%ﬁﬂﬂ gé‘;’%’g‘?nﬂgg cs;\hfg‘t 400 nm

o o o0 4th b ERREREEEH by haldil bt MllogBRey" Proseher &t €00

3\3_ E(ﬂ’gén £ The above embodinents haveh(e)ach dealt wth a warm
ite fl LBRATIIRS conSeF uSHARAM PRESPLOLS RPEREUGMRT hut it will
be recognized that the fluorescent lanp of the present invgntion can be
const r ucldegRt &% 4PSh NN 6 Padis RElude Hn.BaPeit BWbe shapes.
As the distance [err]Ju,v of the chromaticity point of light color fromthe
chrorratiﬁnm(mntsﬁﬂ]u}:t HBu®t ahSici,La ) pslRO; bBLlougBu?t) oser to zero on the
aF (Sr,Ca),,(PO,)Cl,-nB,0,: Eu?*, and BaMg,Al,.0,,: Eu®*';
phosphors producing light at 500 nm to 550 nm include
LaPO,: Ce®*,Tb*, La,0,:-0.25i0,:-0.9P,0.: Ce’*', Tb*,
CeMgAl,,0,,: Tb*", and GdMgB,0,,: Ce’*',Tb*"; phosphors
.producing light at 600 nm to 620 nm include Y,0,: Eu®*;
and phosphors producing light at 625 nm to 670 nm
include Y,0,: Eu®*, GdMgBSOIO: ce®*,Tb*,Mn?**, GdMgB,0,,:
Ce®*,Mn?*, Mg,As,0,,: Mn**, and 3.5MgO-0.5MgF, GeO,:
Mn®*. |
Further, it will be appreciéted that a warm
white fluorescent lamp having a color characteristic |
substantially equivalent to that of the. incandescent
lamp can also be produced if a phosphor having a peak
emission at other wavelength is added in minute
quantities, other than the blue phosphor héving a
peak emission at 400 nm to 460 nm, the green phosphor

at 500 nm to 550 nm, the red phosphor at 600 nm to

620 nm, and the deep red phosphor at 625 nm to 670
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1960 uv chromaticity diagram the fluorescent lanp |ight color becones
“¢closer to the incandescent lanp color. In the case of fluorescent |anps,
however, variations occur in light color in the manufacturing process,
and the distance [err]u,v is kept within an acceptable range of plus or
m nus 0.005 relative to O in order to produce light color close to the

i ncandes®@n¢ | anp |ight color. Further, as shown in Figure 5, the
chromaticity distance [err]u,v is defined as distance SP between

S(u,v) and P(dllserdbbove enbvdifernds HR08 edcihae Lt Siith dwaram where

S(u,v) is the chromaticity point of the light color of the light source

and P(ul e’miitéerﬂﬂﬁok%sééﬁﬂ%é&?g%ﬁﬁﬁgﬁﬁ'Eé@jiv?ﬂ:ﬂr élj%’@pwi fromthe

25 chromaticity point I'an | ocus ersects with

t he Pl angki.ans e,: 4 he :di stance | 0Si LIV err v >0
when i t%ilﬂsfl#% acyeztpr?eihesﬁr&pejl’él g’ﬁdigl %% (F%éﬂp%”g?ggﬁiéll[ﬂa{:l ? ¢ col Z)r

I d f Pl ki an .l ocus, and negative (Ay,v < 0) when it is in the
Isl)vv:a (r)i fﬂt'{f%ﬁz@i???"i‘ﬁ dram e&’oﬁa shhe; Jress %P&’éntion eangde | ped
above, accordj ggl to the presen invention, a warmwhite fluorescent |anp

can be SORRLEMRGERE @loy 3 exest bpwh wettagearamd in

different tube shapes.

As the distance Au,v of the chromaticity point
of light color from the chromaticity point on the
Planckian locus is brought closer to zero on the CIE
1960 uv chromaticity diagram, the fluorescent lamp
light color becomes closer to the incandescent lamp
color. In the case of fluorescent iamps., ‘however,
variations occur in light color in the manufacturing
process, and the distance Au,v is .kept within an
acceptable range of plus or minus 0.005 relative to
0 in order to produce light color close to the
incandescent lamp light color.

Further, as shown in Figure 5, the chromaticity
distance Au,v is def'ined as distance SP between
S(u,v) and P{(u,,v,) on the CIE 1960'uv chromaticity
diagram, where S(u,v) is the chromaticity point of
the light color of the light source and P(u,,v,) is

the point where a perpendicular dropped from the
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to or better than the col or appearance obtainable wunder the illum nation
"wth an incandescent |anp, and yet has high lanp efficacy conpared with
the incandescent | anp. 26
[ Table 1] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err]
380 0.058 0.078 0.075 0.066 565 0.062 0.747 0.191 0.055 385 0. 059

0.084 0. 88rSmAtA STy PIPRLO S/ 0o0thed Pl%‘ifckm%ﬁoloc%sﬂm 0.092 0. 088
0.076 575 0.068 0.750 0.154 0.053 395 0.061 0.099 0.096 0.085 580

0. 075 0 1 0 092 590 0.116 0. 746
0 105 o SEFersetds Ogié:éb §08, pHafigk fan Jd g8t 0 2070 745 0 036 . 055
415 0.060 O 0 2 0. 059
0.107 0. 112 oﬁ%%{eeoﬁi’ %985%4 %Séggsg%ﬁe (%45’0"0; 8?)9‘%?%68 0. 15
0.120 610 29. Q. 075 0.052 0..05 0.118 Q. 615
0.412 0. #’z’el@ 37023%‘75992111 ti‘ﬁuple 55&%#0*1@1@9122%% 'éenel% 9 0.723
0.071 0.052 440  0.058 0.111 0,125 0.154 625 _0.555 0.721 0.070 0.052
445 0. ddpht1cokorieigleyoof3cthe. Rbapckinan. derwsesand

635 0.641 0.719 0.069 0.052 450 0.056 0.115 0.135 0.184 640 0.665
0.718 0.pegatise ( Maszv <.0pswheneit. 1ia dnihesdowesszrights 0. 069
0. 052 460 0.055 0.118 0.149 0.200 465 0.054 0.120 0.158 0.208 650
0.694 0. gide®. 06N kRé2reddish light color side).

As described above, according to the present
invention, a warm white fluorescent lamp can be
achieved that provides color appearance comparable
to or better than the color appearance obtainable
under the illumination with an incandescent lamp, and
yet has high lamp efficacy compared with the

incandescent lamp.
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= 0.053 0.123 0.166 0.211 655 0.703 0.718 0.069 0.052
6 0.175 0.209 660 0.708 0.719 0.070 0.052

480

475

0. 052
0.051 0.130 0.184

27

*0.202 665 0.713 0.721 0.072 0.051 485 0.050 0.137 0.195 0.190 670
0.716 0.723 0. pFabRe03) 490 0.050 0.148 0.209 0.177 675 0.718 0.725
0.074 0.051 4985 0. 04 0 A 0227 0.163 A8 0720 0. 727 0 076-Q. 051
500 0.049 0.1 0 685 0.]7 oll7 D. 71051 5pD5 q. 049
0.240 0.291 0.1 . . 73 0. 0@0 0 @alﬂb @0. 0@0 2 . 325
0.118 695 0.72 S5RI0086D7 5100066 || 56D 61062105 47 [62799|G.055|00
0.731 0.734 0.0 (2884/008H0.078 1 570 £5.065]{0: 20170108%4]. 734
0.081 0.053 0020008 D 976475 [D.068]0F S0[03550/0:863]. 054
530 0.051 0.5 $9316.096|04388|| 580 [D.096|0. 0850, 1 33#6.053]. 052
0.645 0.331 0.0 ML 82(3 9|i®ss |o: 7451053201686, 308
0.067 725 0.75 6@ 92| 5HO106]0746 [25308|0.952(30
0.754 0.736 0.0 RIS RR 1695 00 50/065M 3185096/ 095 A]. 736
560 0,080 0.7 § T RRIG T BE0D. 1@%5‘.‘889%%%2& oot
Wavel ength (nh’) 783 b Ep% - 0.0800.051
755  0.765 0.7 8 ér] 0.33810.72910.073¢3,052 766
4 g J18|0.723]] 615 |0.41210.726/0,0
0.747 0.102 0.1 és - .‘2207 5@%@%@ \’8 o 105
0.129 [err] Grejo 081010101 85?% A Ogl1a82
75,9 0173 0. 790 310087 (0143 8?1%& 198 €50 0:603/0.72010.069[0053] 77
' ' ' ~ 635 f0.64110.719[0.069[0.052
460 (0.055{0.118(0.149/0.200 68210 - :
465 [0.054 [0.120]0.158/0.208]| 650 |0.6940.717]0.069{0.052
47010.053]0.12310.166{0.2111| 655 |0.703{0.718|0.069|0.052
475 10.0520.126/0.175(0.209|| 660 |0.708(0.71910.070]0.052
4800.051 |0.130]0.184{0.202}| 665 {0.713]0.721|0.072]0.051
4850.050{0.137|0.195|0.190|| 670 |0.716(0.723|0.0730.051
490 10.050|0.148]0.209|0.1771| 675 |0.718/0.725[0.074 |0.051
495 |0.049|0.164[0.227/0.163 ggg 8.;%8 8’%%579 8’8;9 8’821
20010-04910-19810-25810-127 | 690 |0.7240.730/0.079/0.051
515 10.050{0.376(0.352(0.105|| 700]0.73110.734/0.08110.052
52010.050{0.45110.36310.094 | 705]0.733]0.734/0.0810.053
525 10.051 [0.529]0.361|0.084]| 710/0.73810.735(0.081 |0.054
53010.0511{0.59610.348{0.077{l 71510.74210.73510.080/0.056
535 |0.05210.645[0.33110.071 || 72010.7460.734.10.0800.058
540 {0.053|0.68410.308|0.0671} 725 (0,751 0.734|0.08010.060
545 0.054]0.710|0.284/0.063 730|0.75410.73610.081/0.062
ggg 8~8*53§ 8{;’%‘75 8-%3% 8'8223 74010.758|0.740/0.086|0.067
5600.060[0.743(0:213(0.057 ;‘;(5) g-;gg g~;ﬁ 8-832 g-g;;
@ Wavelength (Nm) 75510.765|0.747(0.098/0.085
@ Red 760{0.766{0.74710.102|0.106
® Yellow 765]0.769[0.749(0.105[0.129
@ croen 77010.770{0.750(0.1080.155
77510.77310.750/0.110{0.176
® Blue 78010.77410.749]0.112[0.193



28" CLAI M5 1. Awarmwhite fluorescent

- lanp wherein the visual clarity index of said lanp is in a range from 121
’to 145 inclusive, the correlated color tenperature of its light color is
in arange from2700 K to 3150 K inclusive, and the chromaticity point of
said light color is located within a chromaticity range where di stance of
chromaticity point fromthe Planckian |locus on the CIE 1960 uv
chromaticity diagramis not |ess than -0.005 and not greater than

@ IX|X|{xX|olo|Oo|O|X o
¥
o |
+
—|OlOolNIIOImMm|{N | <t v
@ [ Olojv|g|m| NN~ [N Q
g d
D*E;: 8
> Isinie|slafofsl=] |28 5 3
Ql ! Jéo-ﬂp
4 ®
0 9 o
0 0 @~ W
n P v O
Mmoo olo|olmjo|jo| 2 & o,
Q@ |woiD|]V|IOICIN|N|O] g T © =
ol~inNsiNjOojOi~N{0|0] 8 4 38 F
NN N NN B 8 3 g
H O > m
G QI oYM |©
L INIglolojloiad|glo
§l\m<rmmc\1§ ©0 6 9
X Wi fofolo
O |lolmiciw|SF|— ||~
> Nl |[{O]|~
o A NN mi—
<€ | Ol—]—|NIM|< O}
J NNVl
S lojojafwjv|v|wlo
N =0l —]—l—{—=]—=|m
~
g g‘—mmqm@r\oo@
Mm
3

28



+0. 005. A mm"{te fluorescent [anp wherein the visual clarity

2.
, ndex of mm“ ‘ range from 123 to 145 inclusive, the correl ated
color te

light color is in a range from2700 K to 2900 K
i ncl usi ve, *and the chromaticity point of said light color is |ocated
within a chromaticity range where distance chromaticity point fromthe
Pl ancki an | ocus on the ClE 1960 % (itﬂlrsomatici ty diagramis not |ess than
-0.005 and not greater than +0. é 3. Awarmwhite fluorescent |anp

wherein the  coLl el g ohiit8MAFoLEBHnt! T g eHeh8iy Sthkh @ range

from 2700 K to 3150 K inclusive, _ o o
Fange. vhor iRyt BLEE O CptR oF ALY 1ERE 0 R S EABASAERBRS on the
than 10 b8t TAS HAGNEYTa, | Bhe ngorinlaked i apgaisfies & M
[err] 75000/ T + 97.0 and , M[err] 75000/ T + 118.5 4. Awarmwhite
f I uor escerRMPEKARHES @fhd tiso Light iealor, isrip awnangen fazon 27200 i s -
constr UCtKedto 3150 K inclusive, and the chromaticity point of

said light color is located within a chromaticity

range where distance of chromaticity point from the

Planckian locus on the CIE 1960 uv chromaticity

diagram is not less than -0.005 and not greater than

+0.005. |

2. A warm white fluorescent lamp .whereih the

visual clarity index of said lamp is in a range from

123 to 145 inclusive, the correlated color

temperature of its light color is in a range from 2700

K to 2900 K inclusive, and the chromaticity point of

said light color is located within a chromaticity

range where distance chrdmaticity point from the

Planckian locus on the CIE 1960 ﬁv chromaticity

diagram is not less than -0.005 and not greater than

+0.005.

3. A warm white fluorescent lamp wherein the
correlated color temperature of its light color is

in a range from 2700 K to 3150 K inclusive, the
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using a bl “W‘uose peak wavel ength is located within a range from
"400 n ““ﬁmm Ive, a green phosphor whose peak wavel ength is
focatgx e n & r%nﬁe from500 nmto 550 nminclusive, a red phosphor
whose pe*ak wavel ength is located within a range from600 nmto 620 nm

I nclusive, and a deep red phosphor whose peak wavel ength is | ocated within

a range éhgmﬁéi@rﬂﬁy @Zﬁﬁlﬁn bECIggiMe 1ight ToloyaliB W £&hor escent
]blf% p blue p

| anp according to claim4, wherein said e phosphor T's a osphor
Fange 11 omEb0 Rt S aR R Y e ot e kR A B RRhe S SR G een |
posphor GREBHAETALY, b HAR RS s anckian LaguimamcHBS s, saic
peak’ vaVSEBndi3EPS b COPEOTIR EACH o | SAROF ABmiGORRY LLeSE2ERAR

I ncl usi ve, and said deep red phosphor is a deep red phosphor activated

with mangz®e80naBd nek greatengthan +0c£H05, wand ther arigguédom 625 nm
to 670 nminclusive. 6. Awarmwhite fluorescent |anp according to

claim4 c?larityrdindex off saddmlampe sfd tubsEdemt

M = 75000/T + 97.0 and

M =< 75000/T + 118.5

4. A warm white fluorescent lamp according to
claim 1, 2, or 3, wherein said lamp is constructed
using a blue phosphor whose peak wavelength is
located within a range from 400 nm to 460 nm inclusive,
a green phosphor whose peak wavelength is located
within a range from 500 nm to 550 nm inclusive, a red
phosphor whose peak wavelength is .. located within a
range from 600 nm to 620 nm inclusive, and a deep red
phosphor whose peak wavelength is located within a
range from 625 nm to 670 nm inclusive.

5. A warm white fluorescent lamp according to
claim 4, wherein said blue phosphor is a blue phosphor
activated with bivalent europium whose peak
wavelength is located within a range from 400 nm to
460 nm inclusive, said green phosphor is a green
phosphor activated with terbium whose peak
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| anp, said blue s in an range from0%to 6%inclusive, said

"green p?nﬁ B\‘“‘ﬁﬂ%ﬁ“\ange from 20%to 25% i ncl usive, said red phosphor
isin a oy oto 55% i nclusive, and said deep red phosphor is in
a range from 20%to 55% i nclusive, by weight. 7. Awarmwhite

fluorescent |anp according to claim4 or 5 wherein in said warmwhite .

f1 uorescemave bengtidei Isbloeattedrwetiin i 4 RANGEIBr&OBITokMA 80
i nclusive, said green phosphor is in a range from 20%to 25% i ncl usi ve,

idred inE¢1481 Tl 0 % Lngl US| jdd
Fod phosphor Ho T B Page! T ot ZE0e B G OEl 18, Bt ChyERgROT ¢ 957
var m Wi LEctPRERE W LN AE6RIUAE Ehrd IR YndlR $Lar™ O DL

phosphor TS alu(gﬁrlue phosp activated

i o WGBTS RN WIS R i PG e 5
activated_ with terbiumqr terbiumcerium whose peak wavel ength is | ocated
within a ?4fgBo LRGLuadviey ﬁﬁ%ﬁﬂ%dmp@edepﬁganh@migmmep is a
red phosphor, activated with trival ent europi um whose peak wavel ength is
| ocat ed WER Phosphert aghboatednwitbomangansssi whosedpsak deep red
Phosphor wavelength is located within a range from 625 nm to
670 nm inclusive.
6. A warm white fluorescent lamp according to
claim 4 or 5, wherein in said warm white fluorescent
lamp, said blue phosphor is in an rai;g,e‘ from 0% to
6% inclusive, said green phosphor is in a range from
20% to 25% inclusive, said red.phosphor is in a range
from 30% to 55% inclusive, and said deep red phosphor
is in a range from 20% to 55% inclusive, by weight.
7. A warm white fluorescent lamp according to
claim 4 or 5, wherein in said warm white fluorescent
lamp, said blue phosphor is in an range from 0% to
6% inclusive, said green phosphor is in a range from
20% to 25% inclusive, said red phosphor is in a range
from 30% to 50% inclusive, and saJ'_.d deep red phosphor
is in a range from 25% to 50% inclusive, by weight.
8. A warm white fluorescent lamp according to

claim 4, wherein said blue phosphor is a blue phosphor

31



|s a d activated with cerium nanganese whose peak
"V\B.VG| sﬁmu MA thin a range from625 nmto 670 nm i ncl usi ve.
i cent lanmp according to claiml, 2, or 3, wherein

sald lanp is constructed primarily with a blue phosphor activated with
bi val ent europium a green phosphor activated with terbiumor terbium

g(zar um @t Aveeeedr edi thodnihwalead Ieﬁt@bmmhmsenpmganese
wavelength is located within a range from 400 nm to
460 nm inclusive, said green phosphor is a green
phosphor activated with terbium or terbium cerium
whose peak wavelength is located within a range from
500 nm to 550 nm inclusive, said red phosphor is a
red phosphor activated with trivalent europium whose
peak wavelength is located within a range from 600
nm to 620 nm inclusive, and said deep red phosphor
is a deep red phosphor activated with cerium
manganese whose peak wavelength is located within a
range from 625 nm to 670 nm inclusive.

9. A warm white fluorescent lamp according to
claim 1, 2, or 3, wherein said lamp is constructed
primarily with a blue phosphor activated with
bivalent europium, a green phosphor activated with
terbium or terbium cerium, and a deep red phosphor

activated with cerium manganese.
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