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TECHNF CAL FI ELD The present invention relates: to a fluorescent |anp
that has | ow color rendering property but has high |anp efficacy.
BACKGROUND ART Di scharge .l anps that utilize the phenonmenon of

di scharge occurring within an arc tube are classified into two types:

hi gh-intensity discharge lanps and fluorescent |anps. High- intensity

di scharge | anps have high | anp efficacy, produce bright light, have |ong

life, and are, therefore, highly ] Eh@ﬁaﬁ. Because of these.
?_dVﬁtn_t ages, Ih| gh-intensity di scha_r%gﬁﬁm hét e del %/ used in oult door

i ghting appli C g illum nation over a |large
ar ea. o @%ﬁgﬂ%ﬁm&#{ﬁniﬁ?{ﬁﬁfg rge lanps, the |anp that has the

hi ghest | anmp effica j ure sodium | anp. Low pressure sodi um
| anps are therefor ecff%té?‘%ﬁ%@g‘g;ﬂme econony

TECHNICAL FIELD
The present invention relates to a fluorescent
lamp that has low color rendering property but has

high lamp efficacy;

BACKGROUND ART

Diécharge lamps that utilize the phenomenon
of discharge occurring within an arc tube are
classified into two types: high-intensity
diécharge lamps and fluorescent lamps. High-
intensity discharge lamps have high lamp efficacy,
produce bright light, have long life, and are,
therefore, highly economical lamps. Because of
these a&vantages, high-intensity discharge lamps
are widely used in outdoor lighting applications
which require bright illumination over a large
area. |

Of such high-intensity discharge lamps, the
lamp that has the highest lamp efficacy is the
low-pressure sodium 1émp. Low-pressure sodium

lamps are therefore used in places where economy



I's of “inportance, typical applications including tunnel illum nation.
~However, since low pressure sodiumlanps are lanps that utilize

di scharge in a sodi um vapor, they' produce nonochromatic orange-yellow |ight
near 590 nm The result is that colors of objects illum nated by

| ow- pressure sodi um | anps are hardly recognizable. Because of the
nmonochromati ¢ radi ation, the |ow pressure sodiumlanp has had a nunber of
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monochromatic orange-yellow light near 590 nm.

The ;esult is that colors of objects illuminated

by low-pressure sodium lamps are hardly

. recognizable. .

Because of the monochromatic radiation, the:
low-pressure sodium lamp has had a number of
problems; for example, in a tunnel, it isdifficult
to discern whether the color of lane-dividing
lines pained on the road is white or yellow, leaving
drivers unable to determine whether changing lanes
is permitted or not, or almost all objects appear
lacking in color and unnatural to viewers.

On the other hand, of discharge lamps, the
fluoreééent lamp has many advantages over other
types of lamp, such as ease of lighting, excellent
color rendering property, long life, and an
abundant.selection of light colors, and large
numbers of fluoresdent lamps are used in a variety
of fields.

Of various types of fluorescent lamps, three

band fluorescent lamps, among others, have come



.of fields. O various types of fluorescent |anps, three band
fluorescent |anps, ampbng others, have come -2-
into wide use in recent years, The three band type fluorescent |anp
produces |ight predomnantly in three wavel ength regi ons where the hunan
eye is nost sensitive to color perception, that is, blue at about 450 nm
green at about 540 nm and red at about 610 nm and thus provi des good
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efficacy as h;'a%h about 450 nm, green at about 540 nm, and red
at about 610 nm, and thus provides good color
rendering property without sacrificing
brightness.

With the widespread use of the three band
fluorescent lamp, one improvement after another
have been made to three narrow band radiation
phosphors used in the three band type
fluorescent lamp. Consequently, these phosphors
have excellent'characteriStiCé, such as high
quantum efficiency, compared with other phosphors.

Of the three narrow band radiation phosph’ofs . the
' mono-phosphor green fluorescent lamp using a green
phosph'o’r expressed by the chemical fofmula LaPO,:
ce**,Tb*", among others, has a lamp efficacy as high
as about 140 Im/W in high frequency operating; its
overall efficacy including the lighting circuit
efficiency of lighting fixture, that is, its
luminous efficacy including gear losses is about
130 1lm/W. Of all the present fluorescent lamps,

this fluorescent lanip has the highest luminous



as abeout 140 ImMWin high frequency operating; its overall efficacy
including the lighting circuit efficiency of lighting fixture, that is, its
| um nous efficacy including gear 1osses is about 130 MW O all the
present fluorescent lanps, this fluorescent |anp has the highest |um nous
efficacy including gear |osses. This has raised the potential for

devel opi ng fluorescent |'anps having high efficacy.. DI SCLOSURE OF THE

| NVENTI ON ' fa ' i SR . .
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to 560 nmand a red em ssion phosphor with a peak em ssion wavel ength at
600 nmto 630 nm characterized in that, under illum nation by said

[|porescent | SPSGLASURES 0ROk TRYAPRSOR, col o Tender i ng | ndex

In view of the above situation, it is an object
of the present invention to provide a fluorescent
lamp having efficacy comparable to or higher than
that of the low-pressure sodium lamp and yet -
capablé of providing minimum required color
recognizability.

The present invention of claim 1 is a
fluorescent lamp which produces primary light
using a green emission phosphor with a peak
emission wavelength at 530 nm to 560 nm and a red
emission phosphor with a peak emission wavelength
at 600 nm to 630 nm, characterized in that, under
illumination by said fluorescent lamp, four test
colors for special color rendering index |
calculation, No. 9, No. 10, No. 11, and No. 12,
specified in the Commission Internationale de
1’Eclairage CIE Publication No. 13.3, are
perceivable as red,-yellow, green, and purplish
blue, respectively, in terms of Munsell hues.

The present invention of claim 2 is a



specified in the Conm ssion Internationale de |'Eclairage ClIE Publication
No. 13.3, are perceivable as red, yellow, green, and purplish blue,
respectively, in terns of Minsell’ hues. The present invention of claim
21is a fluorescent |anmp according to claim 1, wherein the
correlated col or tenperature of said fluorescent lanmp is 3200 K to 4500 K,
and the chromaticity point of said |light color Is |ocated within a
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on the CIE 19 chromat1 Cli lagram 135 not less t 15 and not
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| anp according to claim wherein green em ssion phosphor is a rare

th phosph t "
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red em ssion phosphor is a rare earth phosphor
activated Wt g usgRidH ight Teewfswgt lovgtie@nwaitEiai w4 is a

fluorescent |anp according to claim3, wherein the ratio of said green

$hmesg 'r ggegrf%?@gﬁﬂtpg%ag@@h@he& 78h¥ 42staheeYofric@loper cent .
point from Planckian locus on the CIE 1960 uv
chromaticity diagfam is not less than 0.015 and
not greater than 0.045.

The present invention of claim 3 is a
fluorescent lamp according to claim 2, wherein
said green emission phosphor is a rare earth
phosphor activated with terbium, terbium cerium,
or terbium gadolinium cerium, and said red
emission phosphor is a rare earth phosphor
activated with europium.

The present invention of claim 4 is a
fluorescent lamp according to claim 3, wherein the
rafio of said‘gieen emission phosphor to said red
phosphor is 70:30 to 50:50 by weight percent.

The present invention of claim 5 is a
fluorescent lamp according to any one of claims
1 to 4, wherein said fluorescent lamp is used in
outdoor lighting applications.

The present invention of claim 6 is a

fluorescent lamp according to any one of claims



fluorescent |anp according to any one of clains 1 to 4, wherein said
fluorescent lanp is used in outdoor |ighting applications. The present
invention of claim6 is a fluyorescent |anmp according to any one of clains
1 to 4, wherein said fluorescent lanp.is used in roadway |ighting and
tunnel lighting applications. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 is arelative spectral distribution diagramfor a fluorescent

| anp accordin ope t | 2
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a relative spectral distribution
diagram for a. fluorescent lamp according to one
embodiment of the present invention.

Figure 2 is a diagram for explaining a method
of evaluéting color characteristics accbrding to
the pfesent invention. |

Figure 3 is a diagram showing the Munsell hue
circle which provides the basic'concept of the
present invention. |

Figure 4 is a diagram illustrating a

chromaticity deviation SP.

BESTHMObE FOR'CARRYING.OUT THE INVENTION
Basic considerations in developing a
fluorescent lamp that has high luminous efficacy
including gear losses and has low color rendering
property, for example, minimum required color
rendering property, will be described first.
'To increase the luminous efficacy including

gear losses, that is, the lamp efficacy, of a



Basi c- consi derations in developing a fluorescent lanp that has high
I'um nous efficacy including gear |osses and has |ow col or rendering

pr operty, for exanple, mninumrequired color rendering property, wll be
described first. To increase the lum nous efficacy including gear
| osses, that is, the lanp efficacy, of a ~fluorescent lanp, it is

Therol or e, 1t .5 SLLECLANS {0 480 Fi 400 ¢aordiGen. STl oal hRbasHgE, such
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PhOSpm” and (G d' 9 {Rrbl VaiPYype fluorescent lamps and is
presently the highest in efficacy, as previously
described.
Next, to effectively provide the minimum
required color rendering property, it is important
to decide what other phosphors are to be used and
in what proportions.
The operating principle of a fluorescent lamp
is such that the mercury contained in the tube
produces mercury line spectra and the phosphor
excited by the mercury line spectra emits light.
‘Accordingly, the light emitted from the
fluotesbent lamp is a blend of the light emitted
from the phosphor and the light in the visible
mercury line spectra. The visible mercury line
spectra are partiéularly prominent in shorter
wavelength regions at 405 nm, 436 nm, etc., and
it is said that the amount of visible mercury line
spectra contained in a fluofescent lamp is about

5 1Im/W.



mercury line spectra. The visible nmercury |ine spectra are particularly
prom nent in shorter wavel ength regions at 405 nm 436 nm etc., and it is
said that the anount of visible nercury line spectra contained in a
fluorescent lanp is about 5 I m W Therefore, a fluorescent

| anp, by its nature, produces sonmewhat bluish light. It should be noted
here that blue radiation inproves the color rendering property if added in

consi der ably | over THARSHRAES anfrEIaQr SEERRE ot aBEre it § RAEMES on
Col o s are usBFIGHCEHBPHEVART, BLHLEh FitehEse Hfa BRRHLACRE N | 1
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is considerably lower than the luminous efficacy
of green and red emission phosphors, and that
letters and bictorial symbols of red and similar
colors are used for danger warning signs. For
these and other reasons, it is desirable not to
use blue phosphors.

From the above, it can be seen that it is
desirable to use a red phosphor and a green phosphor
in appropriate proportions.

As already proved with three band type
fluorescent lamps,-a phosphor having an emission
peak in the range of 600 nm to 630 nm, centered
around .1,:he wavélength of about 610 nm whére humans
perceive color efficiently, éhould be used as the

" red phosphor. |

Further, there arises the problem of in what
ratio the green and red phosphors should be mixed
for the minimum required color rendering property.

The colorimetric calculation method to find

the optimum mixing ratio was determined in the



red phosphor. Further, there arises the problemof in what ratio the
green and red phosphors should be m xed for the m ninmumrequired col or
renderi ng property. The calorinetric calculation nethod to find the
optimum m xing ratio was determned in the fol | owi ng manner.
That is, at least for basic colors, the colors. of an object nust be
perceived nearly the sane as the original colors of the object. For the

col or percepti the state of chromatic adaptation of the human eye nust
be consi der ed.foorlbn%ogrlirbgnﬁ‘la%?ﬁ'r‘s of an object nean the col ors observed

p:t xzpét thdd| gi}{rsé’g‘fiﬁﬂ:g@fije&s“ﬁ@if?ﬁ%i”ﬁ&%ﬁﬁ%{’%lﬁ??gg{d&s These
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' the human eye must be considered. The original
colors 6f an object mean the colors observed under
a standard illuminant under which we usually see
objects. In perceiving the colors of an object,
hue is the mdst important factor. These and other
points were considered.

From the above point, test colors for special
color rendering index evalué.tion, No. 9, No.- 10,
No. 11, and No. 12, specified in the Commission
Internationale de 1l’Eclairage (CIE) Publication
No. 13.3 were used as the basic colors.

These test colors are the high saturation four
test colors selected for the evaluation of.the
color rendering properties of light sources in
Japan and in other countries of the world.
Spectral radiance factors of the four test colors
are shbwn in Table 1.

Spectral Radiance Factors of Four Test Colors
No. 9 to No. 12 in CIE 13.2-1974
[TABLE 1]



Japan- and in other countries of the world. Spectral radiance factors of the

four test colors are shown in Table 1. Spectral Q{éj f@tﬂ.{s of
Four Test_Colors No. 9 to No. 12 in CE 1321974 E% € A

oo | @ _Test Color VavFewitoTor Thst
color | (om) 1N & TR0, T8 Fp-110) M\Amﬁcg\yg“% N )
0. 701 0. | 380]6106640.0%8}05 H5400] 20} W@!G?Iﬂé
390 0. 05838510.06210.054(05] 20 086001644

S

Q
jmad
3
&

0. 129 0. p30E |E0SEIP.CEID. T2700. 590 @.qm:oma ) 500
0.190 0. 188%.100055|0.063{0. T2950.08H[ 395410 0. 3I6B06POSI (R 092
0.016 4 | 0 0051 0./068 0. 116 0.64 610]0. 336 0. 707| 0. 090 |0. )50
0. 069 0. 14200.|0:652A K0 06600 287100076 © 005 Q. 180p00s06 075
8 388065 D4 051 030(52)@.06@(105! 21‘05068»%05)7@).256 057075 é
645074‘0521‘. . % cQgQ | qﬁ%’é)gggg $
0.078 0. 9494338 0490 O7010. 105 |0.098 p&25 (1 HQ] 1037081 (B .
0.038 0. )& 0.10204B 3O 721001 041001 22 63@}@:@4]3 @c710|08 134
0.347 66% 4 8R001 034 4T 19.
0.725 0. )ﬁ%éﬁ% é% % 2;3 %é& %g% gfgégél 130
480 0.030 " - .
0.219 0. A# 2400 78{06T06] 250 .74010.71410.
450 10.042{0.08310.110(0.300{| 650 |O. 0. .
1455 |0.041]0.08810.115]0.331{| 655 {0.770]0.
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510 10.030]0.365}0.356|0.154 |{ 710 |0.831
515 10.030/0.416{0.353]0.129|; 715 {0.833
520 |0.031|0.465|0.346{0.109|| 720 {0.835

525 |0.031(0.509(0.333]|0.090}{| 725 10.836{0.754]0.
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490 0:028 0.189 0.252 0.257 690 0.819 0.739 0.125 0.056 495 0.028 0. 219
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720 0.835 0. 753 0.242 0.257 525 0.031 0.509 0.333 0.090 725 0.836 0.754
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described briefly bph@Wunsell color system and the Munsell hue

will be described briefly below.

The Munsell color system, devised by an
American painter A. H. Munsell, is a system for
classifying and arranging colors based on three
attributes, i.e., the Munsell hue, the'Munsell
value (lightness), and the Munsell chroma.
| The Munsell hue is defined on a scale of a total
of 100 hues; that is, 10 hues consisting of five
basic hugs of R, Y, G, B, and P and their
'intermediate hues YR, GY, BG, PB, and RP are
arranged at equal intervals along a circle, and
each of the 10 hue intervals is further divided
into 10 equal parts, thué defining the 100 hues
having psychologically equal hue differences.

Prior to the colorimetric calculation, a 40
W inono-phoéphor fluorescent lamp consisting of a

linear tube was produced to obtain the spectral
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The Munsel|l col or system devised by an Anerican painter AL H Minsell, is
a systemfor classifying and arranging colors based on three attributes,
i.e., the Munsell hue, the Miunsell value (lightness), and the Minsell

chr oma. The Munsell hue is defined on a scale of a total of 100 hues;
that is, 10 hues consisting of five basic hues of R Y, . G B, and P and
their intermediate hues YR GY, BG PB, and RP are arranged at equal

el s o o0 etk AL EERGo Il IRV B PB s LA wibes
N e
i ezgggegya%%?ﬁgé%ai?éf#% %&%ﬁ?@ﬁ%@iﬂﬁfﬁ% R BoRor
??Egr tegggnz I Fﬁ%ﬁ%ﬁnf@n%s%ré\%sﬂﬁsed%‘xp t r@r\rsmﬁo- pﬁéoép oir)é_lgipg}n wab |
exprossed by HeSiERr EReTRBHF BISHEnDY grdh KL cattn e 1 ouBPT,
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total |um nous 0- phosphor green _
phosphor expressed by the chemical formula Y,0;:

Eu®*, also proven in three band type fluorescent
lamps, was used. |

Next, the spectral distribution and total
luminous flux of each of the mono-phosphor green
and ' mono-phosphor red fluorescent lamps were
measured.

Based on the obtained spectral distributions,
the luminous flux ratio between the two
fluorescent lamps was varied and the spectral
distributions of various blended lights were
calculated by light blending calculations.

Using the spectral distribution of each
blended light thus calculated, the
characteristics of the fluorescent lamp having the
minimum required color rendering property were
studied using the calculation method shown in
Figure 2 which illustrates an example of the

colorimetric calculation.

- 12 -



and nono- phosphor red fluorescent |anps were neasured. Based on the
obt ai ned spectral distributions, the |umnous flux ratio between the two
fluorescent |anps was varied and the spectral distributions of various
bl ended lights were calculated by |ight blending calcul ations. Usi ng
the spectral distribution of each blended |ight thus cal cul ated, the
characteristics of the fluorescent |anp having the m nimumrequired color

Lenderl 19 B1 0P LY PELGe S UMl MaRAS L Bo AL ENISIUER AP gBd v [
Izi[ éﬁt ] the Zpé&}amiﬁt%ﬁiﬁkéfi?aéﬁ st f?#éé%g%gé?aéléﬂﬁsfé‘ﬁﬁ%? aE
‘tristinulus v%gsh%@ggl g%ﬁﬁjg?l??g?ﬁ ?ﬁied]t u% Cc% cjuollétfe:jdgg'?e%ﬁ]é?r
diﬂribMion'ﬁatching function are input.

(1) CiE XYZ tristimulus values are calculated
from the thus calculated spectral distribution of
each illuminating light, the spectral radiance
factors of the four test colors specified in the
CIE Publication No. 13.3 shown in Table 1, and the
CIE 2° field color matching function.

(2) Under standard conditions in which the CIE
standard illuminant C is used as the standard
reference light, the'illuminance of each
illuminating light and the standard reference
light is 1000 1lx, and the reflectance of the
background is 20%, the xyY values of corresponding
colors under the standard illuminant C are
obtained using the CIE chroﬁatic adaptation
transform.

(3) Next, the xyY values under the standard
illuminant C are converted into corresponding
Munsell values (HV/C).

The Munsell values (HV/C) of the four test
colors under the various illuminating lights are

shown in Table 2 for each test color.

- 13 -



each illumnating light, the —\spectral radi ance factors of the four test
colors specified in the CIE Publication No. 13.3 shown in Table 1, and the

CIE 2 field color matching function. (2) Under standard conditions in
which themClIE standard illumnant Cis used as the standard reference
l'i ght, -th,‘g i Il um nance of each illumnating |light and the standard
ref erencegl i ght uu! R FTIECK ance[Qf '
the xyY vl ues a® hyhs S 8p t hEisigaled
obt ai ned wsing ft & r apigf frime
xyY val ug® under d he re Q
correspordi ng Mg | Muh
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[err] - As shown in Table 2, of the four test colors in the CE
Publication No. 13.3, the test color No. 9, under the standard illum nant,
has a Munsell hue of 5.0 R, a Munsell yellow hue of 5.2 Y, a Minsell green
hue of 4.8 G and a Munsell blue hue of 3.3 PB. Therefore, under the
standard illum nant, the hues of the four test colors are substantially
centralized in the red region designated Rin the Minsell hue, the yell ow

(R Cruncsl P"hic B4 "ehELARTERNG, 2108 ene resu egronemace 1
hue, of the 1QhUghe cIE Publication No. 13.3, the test color
No. 9, under the standard illuminant, has a Munsell
hue of 5.0 R, a Munsell yellow hue of 5.2 Y, a
Munsell green hue of 4.8 G, and a Munseil blue hue
of 3.3 PB.

Therefore, under the standard illuminant, the
hues of the four test colors are substantially
centralized in the red region designated R in the
Munsell hue, the yellow region designated Y in the
Munsell hue, the green region désignated.G in the
Munsell hue, and the purplish blue region
designated PB in the Munsell hue, of the 10 hue
regions in the Munsell hue circle.

Further, under the standard illuminant, most

individuals cannot differentiate colors when the
color difference CIE 1976 AEab* = 1.2, and can

differentiate colors when AEab* = 2.5.
Therefore, the resolution of color

differentiation in the Munsell hue can be assumed

to be a little more than about one unit (H = A
1.0). .

Accordingly, the range in which the test color
No. 9 in the CIE Publication No. 13.3 can be

substantially perceived as red is from 9 RP through
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regions in the Miunsell hue circle. Further, under the standard

illum nant, npst individuals cannot differentiate col ors when the col or
difference CIE 1976 AEab* = 1.2, and can differentiate col ors when AtEab* =
2. 5. Therefore, the resolution of color differentiation in the Minsel
hue can be assuned to be a little nore than about one unit (H=A 1.0).
Accordingly, -the range in which the test color No. 9 in the CIE Publication

N0 133 0N R LSUSRIAR IdCRERAET I RIS Khd PERRSTITIA |
L0 0, Dl R o8 WoP IR SBH e Bl aII TG YT [ oOh
Do ot B GRR y I ERD 1 | 0B SR OHEbhOp! 66 17 the
substantial ly gpprffi ¥h¢ MuR¥ed? Hud;Ufhe range in which the test
color No. 11 can be substantially perceived as
green is from 9 GY through G to 1 BG in the Munsell
hue; and the range in which the test color No. 12
can be substantially perceived as purplish blue
is from 9 B through PB to 1 P in the Munsell hue.
If the Munsell hues of the test colors obtained
through the earlier described calculation steps
(1) to (3) under each illuminating light are in
the above ranges, the test colors éhould be
substantially perceivable as red, yellow, green,
and purplish blue, respectively.
~ The Munsell hue values in Table 1 calculated
for the respective test colors under the various
illumiﬁaﬁing lights are plbtted in Figure 3. 1In
Figure 3, black squares indicate the four test
colors under the CIE standard illuminant C; that
is , the colors of the color chips themselves, while
black dots indicate the calculated values of the
respective test colors which fall within the
Munsell hue ranges in which the four test colors

can be substantially perceived as their original

- 16 -



is from9 B through PBto 1 P in the Minsell hue. I f the Munsell hues
of the test colors obtained through the earlier described cal cul ati on steps
(1). to (3) under each illumnating light are in the above ranges, the test
colors should be substantially perceivable as red, yellow green, and
purplish blue, respectively. The Munsell hue values in Table 1
cal cul ated for the respective test colors under the various illum nating

four et ool e thrss R Sriiad Sk T1AgaddRe SHE BRlGRIRREL T
vl ues of the talfe: Bl hEcEedl cELRHE, Fhed Phaf HASRE AL CAEC”
ranges 10 i 148K &8s | HhabY Lh Ak PER YT Rh I AYIREY $YatRES3S

their original Wwhite

el S0 o o NG pHR RSl TEi000 1O

col or Ng 9 a:sl}égﬁg'r #%H]tth:él?%%'erdelg?%ﬁlgggi gn%g?dégp‘g ?ﬂﬁhé CEgE Bol6r ot
No. 9 as color in the red region designated R in
the Munsell hue, is in the range of about 8:2 to
2:8 in terms of the luminous flux ratio between
the mono-phosphor green fluorescent lamp and
mono-phosphor red fluorescent lamp. The
illuminating light that substantially renders the
test color No. 10 as color in the yellow region
designated Y in the Munsell hue, is in the range
of about 8:2 to 0:10 in terms of the luminous flux
ratio between the mono-phosphor green fluorescent
lamp and mono-phosphor red fluorescent lamp.

- The illuminating 1igh£ that substantially
renders the test color No. 11 as color in the green
' region designated G in the Munsell hue, is in the
range of about 10:0 to 6:4 in terms of the luminous
flux ratio between the mono-phosphor green
fluorescent lamp and mono-phosphor red
fluorescent lamp. |
The illuminating light that substantially

renders the test color No. 12 as color in the

- 17 -



the Munsell hue, is in the range of about 8:2 to 2:8 in terns of the

| um nous flux ratio between the nono-phosphor green fluorescent |anp and
nono- phosphor red fluorescent lanp. The illum nating |ight that
substantially renders the test color No. 10 as color in the yellow region
designated Y in the Munsell hue, is in the range of about 8:2 to 0:10 in
ternms of the-lumnous flux ratio between the nono-phosphor green

fl:mttthg' %}E@W'@%ﬁgiﬁ%ﬁﬁﬁ%ﬁ%ﬁ?ﬁtp o3t SRS MRESeAL o

of about 10:Oﬂpﬁsﬁ:ggﬁﬁﬂﬁgﬂﬁg&ﬁﬁééﬁg H%gg ?Pgi?b% WYE g{%gég srange
E‘;nplz“p%l Bl o R R, '?@f&"%ﬁ?&ﬁﬁs’%ﬁ Sﬂ’ ?E‘?féi?“tcol or
bl ue region dggggﬁgﬁ%%eﬁq F?él'%nse cfeﬂ}elam?l ﬂgr%oran& oflﬂgts)u!t | i(r)] 0
to 0:10 in tenBy fluorescent lamp.

Accordingly, the illuminating light that
substantially renders the test color No. 9 as color
in the red region designated R in the Munsell hue-,
the test color No. 10 as color in the yellow region
designated Y in the Munsell hue, the test color
No. 11 as color in the green region designated G
in the Munsell hue, and the test color No. 12 as
color in the purplish blue region designated PB
in the Munsell hue, is in the range of about 8:2
to 6:4 in terms of the luminous flux ratio between_
the mono-phosphor green fluorescent lamp and
mono~-phosphor red fluorescent lamp.

In the above calculations, the spectral
distributions of the mono-phosphor fluorescent
lamps were used, using the phosphor expressed by
the chemical formula LaPO,: Ce®',Tb*" as a
representétive example of the green emission
phosphor whos.e peak emission wavelength is 530 nm
to 560 nm, and the phosphor expressed by the

chemical formula Y,0,: Eu’* as a répresentative

- 18 -



of the lumnous flux ratio between the nono- phosphor green fl uorescent

| anp and nono- phosphor red fluorescent |anp. Accordingly, the
illumnating light that substantially renders the test color No. 9 as
color in the red region designated Rin the Miunsell hue, the test col or No.
10 as color in the yellow region designated Y in the Minsell hue, the test
-color No. 11.as color in the green region designated G in t he Munsel | hue,

and the test color as color in,the, urpllsh u i on desi gnat ed
:DB in the I\/Unﬁﬁmmé-’— Pé 'éh? n@@l@fsh ButPRo EeBRABE the
um nous flux rati o between the hor fl uorescent |a and
mono- phosphor §B4SH1LRRHKaValengs. é)% 'g égocﬁ%ul 9Wﬁ§’e£ﬁe

61 ng ¢ he. phodhRBF ek ResEEE HEs: F d %"éaf Ve FALPukaoEoRE anev

L R ik W .1

- 18 - liuminant char céeklstlcsFbgr%ﬁfﬁéﬁaus1ng the

" .illuminant blending two mono-phosphor fluorescent

lamps having the above-stated wavelengths, the
results of the above calculations are also valid
if phosphors other than thoée specifically given
abové are used. That is, the point here is to
provide a fluorescent lamp that produces primary
light using a green emission phosphor with a peak
emission wavelength at 530 nm to 560 nm and a red
emission phosphor with a peak emission wavelength
at 600 nm to 630 nm.

The characteristics of the various
illuminating lights, calculated by varying the
luminoﬁs flux rafio between the two fluorescent
lamps by the above-mentioned light blending
ca_.lculations, are shown in Table 3. Table 3 shows
the illuminating light number, luminous flux ratio,
correlated color temperature, chromaticity
deviation (hereinafter described as Auv) of the
distance of color point from Planckan locus on the

CIE 1960 uv chromaticity diagram, and predicted

- 19 -



exanple of the red em ssion phosphor whose peak em ssion wavelength is 600
nmto 630 nm However, since the results of the above cal cul ati ons show in
general the results of the calculations for illumnant characteristics
performed using the illum nant bl ending two nono- phosphor fl uorescent

| anps havi ng the above-stated wavel engths, the results of the above
calculations.are also valid if phosphors other than those specifically

gi ven above 3gre use That is, the ﬁOInt h |s to provide a fluorescent
| anp t hat progﬁﬂgg FRCY 1 gt * eni ssi on phosphor with a
peak em ssion mavelength at 530 nntto 560 nmand a red em ssion phosphor
with a peak en ssion wavel ength at 600 nmto 630 nm The
characteristics of the various illumnating lights, calculated by varying

t he | um nous ~Htx—tat+o—between—the—two—ftoorescent  anps Dy tNe
above-nentioned light blending calculations, are shown in Table 3. Tdble 3
shows

- 20 -
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Using Table 3, the correlated color
temperature, the chromaticii:y. deviation (Auv) of
the distance of color point from Planckian locus
on the CIE 1960 uv chromaticity diagram, and the
lamp efficacy were examined in detail for each of
the illuminating lights whose luminous flux ratios
between the mono-phosphor green and mono—-phosphor
red fluorescent lamps are 8:2 to 6:4.

The illuminating light when thé luminous flux
ratio between the mono-phosphor green and

mono-phosphor red fluorescent lamps is 8:2 has a

correlated color temperature of 4175 K, Auv of

. +0.0356, and lamp efficacy of about 120 1Im/W. The

illuminating light when the luminous flux ratio
between the mono-phosphor green and mono—phosphor
red fluorescent lamps is 7:3 has a correlated color
temperature of 3466 K, Auv of +0.0189, and lamp
efficacy of about 110 lm/W.

Further, the illuminating light when the
luminous flux ratio between the mono-phosphor

green. and mono-phosphor red fluorescent lamps is

6:4 has a correlated color temperature of 2852 K,
Auv of +0.061, and lamp efficacy of about 100 1m/W.
The lamp efficacy of the illuminating light

when the luminous flux ratio between the mono-

- 22 -



[err] -

phosphor green and mono-phosphor red fluorescent
1amps.is 6:4 does not show a significant -
improvement compared With the lamp efficacy of
about 90 1m/W of the presently used 40 W linear
tube three band fluorescent lamp.

Accordingly, a fluorescent lamp that has high
lamp efficacy and yet provides the minimum
required color rendering property can be produced
when the luminous flux ratio between the mono-
phosphor gre’én and mono-phosphor red fluorescent
lamps is in the range of about 8:2 to about 7:3.

In particular, a fluorescent lamp that has the
highest lamp efficacy and yet provides the minimum
required color rendering property can be produced
when the quantity of light from the mono-phosphor
green fluorescent lamp is the largest, that is,
the ratio of the luminous flux radiated from the
mono—pﬁbsphor green fiuorescet;t lamp to that from
the mono-phosphor red fluorescent lamp is about
8:2. _

Referring to Table 3, and considering the fact
that the characteristics of the illuminating light
vary within a certain range depending on the kinds

of the phosphors:used, the correlated color

temperature and the range of Auv of the

- 23 -



-21- - Using Table 3, the correlated color tenperature, the
chromaticity deviation ([err]Juv) of the distance of color point from
Pl ancki an | ocus on the CIE 1960 uv chromaticity diagram and the |anp

efficacy were examined in detail for each of the illum nating |ights whose
| um nous flux ratios between the nono-phosphor green and nono- phosphor red
fluorescent l.anps are 8:2 to 6:4. The illum nating |ight when the

f1uor escent | dhps RS i LEGHR BPEPERE st e HRTY PRV RO JazPRer 1@

FﬂL]muXa?T ng I %ﬁ?—%ﬁﬁ%‘*ﬁ %k{]%ugs%]géw Q‘t tmé%[(}lvéfeﬂn\/\: heTngno phosphor

green and mono- phosplar ,resent invention provides a notable
effect when the luminous flux ratio between the
mono-phosphor greeh and mono—-phosphor red
fluorescent lamps is in the range of about 8:2 to
about 7:3, but an equivalent effect can also be
obtained in a wider range from 9:1 to 6:4.

In view of this, the correlated color

temperature; 3150 K, and the chromaticity
deviation relative to the Planckian locus, 0.013,
were taken as respective values at mid point
between the luminous flux ratios 7:3 and 6:4, and
the correlated color temperature, 4550 K, and the
chromaticity deviation relative to the Planckian
locus, 0.045, were taken as respective values at
mid point between the luminous flux ratios 9:1 and
8:2, and these Values were rounded to the values
nearer to the narrower range side, to define the
range of the present invention.

More specifically, the correlated color
temperature of the illuminating light, that is,
the fluorescent, of the present invention is about
3200 K to 4500 K, and the chromaticity deviation
of the chromaticity point of its light color

- 24 -



red fluorescent lanps is 7:3 has a correlated color tenperature of 3466 K,
[errjuv of +0.0189, and lanp efficacy of about 110 |m W Further, the
illumnating |ight when the lum nous flux ratio between the nono-phosphor
green and nono- phosphor red fluorescent lanps is 6:4 has a correlated col or
tenperature of 2852 K, [err]uvof +0.061, and |anp efficacy of about 100

| m W The lanp efficacy of the illumnating |ight when the |um nous

f|uxrat“)beQ@T§ﬂﬂWb”W3*t e Planckian locus on the CIE 1960
phosphor green and nono- phosphor re uorescent lanps 1s 6:4 does not

show a signif iﬁnéﬁmagg_rggtwma i 4l t@gollgqrptgf fg cagy of about 90

| MWof the presently us | 1 nedr tube three band fluorescent |anp.

Prov deo i b i nl meEE, RaAgEPidi BB IAY g SHoChea BerNA 2,

when the |um nga §!adrBetw@&haeantd'S "M since the resolution
of color differentiation in the Munsell hue is
about one unit (AH = 1.0), as previously stated,
the effect of the present invention can be
accomplished by considering the kind of lamp and
the manufacturing variations due to the kind of
phosphor within the above range.
(Embodiment 1 of the Fluorescent Lamp)

Based on the studies conducted using the
colorimetric calculations described above, the
spectral distribution of a 40 W linear tube
fluorescent lamp produced as one embodiment of the
invention will be shown here.

Figure 1 shows the spectral distribution of
the fluorescent lamp using the phosphor expresséd
by the chemical formula LaPO,: Ce’,Tb’" and the
phosphor expressed by Y,0,: Eu’ mixed in
proportions of about 6:4 by weight.

This fluorescent lamp was produced so that the
spedtral distribution from it became
substantially equal to that from the illuminating

light No. 3 in Table 3 in which the luminous flux

- 25 -



phosphor green and nono- phosphor red fluorescent Ilanps is in the range of
about 8:2 to about 7:3. In particular, a fluorescent |anp that has the
hi ghest | anmp efficacy and yet provides the mninmumrequired color rendering
property can be produced when the quantity of |ight fromthe nono-phosphor
green fluorescent lanp is the largest, that is, the ratio of the | um nous
flux radiated fromthe nono-phosphor green fluorescent lanp to that from

Tabl o 3, and dREiGepakWHEAr Hie  RehotoReibuol. reen HpY [0 1°

L nating, b ohe-sRRKOHAL BB SIGFB AR SRR 18 SRolliedi 20° o

e present | VB BATRALEGASY,: 0.ERTS cavs ia,pHS Tk 20 00

IR, T TSt gt B e S
to confirm whether the fluorescent lamp of the
present invention had the minimum required color
rendering property.

In the observation experiment, the
fluorescent lamp of the present invention was
installed on the ceiling of an observation booth
which measured 170 cm deep, 150 cm wide, and'180
cm high.

The wall surface of the observation booth was
N8}5, the floor surface was N5, and the desk was
_N7,andred,yellow,green,andpurplishbluecolo:
chips conforming to the test colors for special
color rendering index evaluation, No. 9, No. 10,
No. 11, and No. 12 ;, specified in the CIE Publication
No. 13.3, were placed on the desk. Prior to the
observation, chromatic adaptation was performed
for five minutes.

As the result of the observation, it was
confirmed that the color chip conforming to the

test color No. 9 in thé CIE Publication No. 13.3

was substantially perceivable as red, the color

—26.—



fluorescent lanps is in the range of about 8:2 to about 7:3, but an

equi val ent effect can also be obtained in a wider range from9:1 to 6:4.
In view of this, the correlated color tenperature, 3150 K, and the
chromaticity deviation relative to the Planckian |ocus, 0.013, were taken
as respective values at md point between the lumnous flux ratios 7:3 and
6:4, and the-correlated color tenperature, 4550 K, and the chromaticity

val ues ot mi & DB CORARERIHY £ S0 notl of YeTa . e R SRERT '
Egeéifivﬁé“fﬁev’féﬁaﬁ&% B, 5 MEn 1 R RN, 8 WiTod R8ER T

i uor eacent . STOPRCYIREDS S Bian 37 1ad T s Bind ushiide and the
chr omat 1 ci Y qeybghi fiing! 4AE SRIRLLE Fqi P cdi sy | Shd thy

- 24
property.

Further, to confirm once again the usefulness
of the method of quantifying the characteristics
of the fluorescent lamp having the minimum
réquired color rendering property, the Munsell
values (HV/C) of the four test colors No. 9 to No.
12 in the CIE Publication No. 13.3 were calculated
from the spectral distribution of Figure 1 in
accordance with the previously given colorimetric

calculations. The calculated results are shown

in Table 4.
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relati've to the Planckian | ocus on the CIE 1960 uv chromaticity diagramis
0.015 to 0. 045. This range corresponds to the hues between 2 and 3
and between 4 and 5, and since the resolution of color differentiation in
the Munsel |l hue is about one unit ([err]H = 1.0), as previously stated,

the effect of the present invention can be acconplished by considering the
kind of lanp and the manufacturing variations due to the kind of phosphor

wi thin the above rapgd.or Qﬁi@fﬁ'd’@éi:ﬂsi?ic"shéf':fh@ FI60Fe ag\geased
escr I

on the studies conducted using the colorinetric cal culations

above, the —speebiiddny MEUOME embodInALNeF tHee Bregespeent |am
produced as one enbodi nent of the 1nvention wll be shown here Fi gure-
1 shows the sppatviert§loxt ribution of the quorescent | anp using the
phosphor expressed by the chem cal formula LaPO4: Ce[err] ,Tb[err] and the
phosphor expressed pyadmE®rqerr]: Eu[err] mixed in proportions of about
6:4 by weight. his fluorescent |anp was produced so that the spectral
distribution fromit becane substantially equal to that fromthe
illumnating light No. 3 in Table 3 in which the |um nous fl ux

Test Cblor Munsell Hue Munsell Value |[Munsell Chroma

H |V __C
No.9 |9.8RP 3.8 12
No.10 |0.1GY 8.3 8.8
No.11 |[8.8G 5 5.8
No.12 |6.9PB 2.4 11.2

The result of the calculation of the.Munsell
value (HV/C) for each test color under the _
illuminating light No. 3 in Table 2 in which the-
luminous flux ratio between the mono-phosphor

- green ahdqmono-phosphor red fiuoresdent-lamps is
about 8:2, substantially agreed with the result
of the calculation of the Munsell value (HV/C)
calculated for each test color illuminated by the
actually manufactured fluorescent lamp shown in
Table 4. |

Therefore, the characteristics of the

fluorescent lamp having the minimum required color
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rati o between the nono- phosphor green and nono- phosphor

r ed

fLuorescent lanps is about 8:2. The lanp efficacy in this case is about 120

| mw Next ,

the fl uoresce
col or renderi

fluorescent l-anp of the present

an observatio
hi gh. The

bl ue col or chipsS con

i ndex eval uat

ng property. In the observation experinent, the

an observation experinent was conducted to confirm whet her
nt lanp of the present invention had the m ni mum required

I nvention was installed on the ceiling of

i, PPRERE gL Ot ARl . ECRIBE £ 100,
surface was N%ai%#QEiQﬁ%kT%oawgﬁggp-% #%lrl 19 ngaagghgurpl I sh

orm ng et ors Cla

renderi ng

[ , , ified in the CIE
Publ i cati on Nlofgaify.%}l&rn{e\g%}l%e%égﬁeﬁefgg&&ﬁ?ﬁ’rtfg’%Lgbslepvat ieon,
chromatic adaptati %H@a%ﬁﬁ?wﬂ%ﬂﬁﬁféﬁ]b@e I 4 Eistra éa _t_{ﬁ result of
I'r e a

t he observation, it was con

test color No

-adcidkrdifice Wit ¥Rt M, Yut it will be

appreciated that the fluorescent lamp can also be
manufactured by combining various phosphors in
other ways than described above.

As an example, the green emission phosphor
with a peak emission wavelength at 530 nm to 560
nm is a rare earth phosphor activated with terbium,
terbium cerium, or terbium gadolinium cerium,
expressed by such chemical formulas as LaPO,:
ce*',Tb**, La,0,-0.2S8i0,:0.9P,0: Ce’*,Tb*,
CeMgAl,,0,,: Tb**, GdMgB,0,,: Ce®*,Tb’,
(La,Ce,Tb),0,:0.2510,:0.9P,0,, etc.

The red emission phosphor with a peak emission
wavelength at 600 nm to 630 nm is, for example,
a rare earth phosphor activated with europium,
expressed by such chemical formulas as Y,0,: Eu’,
(Y,Gd),0,: Eu®, Y,0,: Pr**, etc.

Further, if a phosphor having an emission peak
at other wavelength is added in minute quantities,
other than the green emission phosphor having an

emission peak at 530 nm to 560.nm and the red
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was substantially perceivable as red, the color -
26 - chip conformng to No. 10 as yellow, the color chip
conforming to No. 11 as green, and the color chip conformng to No. 12 as
purplish blue, thus providing the mninmmrequired color rendering
‘property. Further, to confirmonce again the useful ness of the nethod
of quantifying the characteristics of the fluorescent |anp having the

T U [ SO SRAgE 08 GRS AT, oh EaldBRIdn HBREREINID 21
calou ated 11 o WSS o ELBL 8RR Buif iy BT I7I0S 1D
shown substantially the same characteristics as those
of the fluorescent lamp of the present invention
can, of course, be produced as long as claim 1 is
satisfied.

The mixing ratio in weight percent, of the
green emission and red emission phosphors varies
depending on the luminous efficacy of each
phosphor, on the particle size, weight, and
particle shape of each phosphor, on the solvent
used to the phosphors, or manufacturing conditions
such as temperature and drying conditionmns.

For the green and red emission phosphors
genefally used.in three band type fluorescent
lamps, the_rat:_i.o between the green and red emission
phosphors that provides substantially the same
characteristics of the illuminating lights Nos.
3 and 4 in Table 3 in which the luminous flux ratio
between the mono-phosphor green and mono—-phosphor
red fluorescent lamps is about 8:2 to about 7:3,
is 70:30 to 50:50 by weight percent. |

Though the present embodiment has dealt with
a fluorescent lamp constructed from a 40 W linear

'tube, it will be appreciated that the fluorescent
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in Tabl e 4. _ - 27 -
Col or Characteristics of the Fluorescent Lanp According To One Enbodi nent

of the Present  Invention [ TABLE 4] Test Col or Munsel |l Hue
Munsel | Val ue Munsell Chronma H Vv
C

lamp of the present invention éah be constructed
at different lamp wattages and in different tube
shapes.

Further, if a high—frequency lighting 32w
linear tube is used, the fluorescent lamp of the
present invention having the highest lamp efficacy
can be produced.

The fluorescent lamp of the present invention
has the minimum required color rendering property
and high lamp efficacy, and therefore offers many
advantages such as ease of lighting and lower cost
than high-intensity discharge lamps.

The fluorescent lamp of the present invention
is therefore suitable for outdoor lighting
applications where economy is relatively
important and where high-intensity discharge
Jamps are durrently used, in particular, for

"foédwaj lighting and tunnel 1lighting
applications. |

It can also be used in applications where
strict color appearance is nbt.much demanded but
energy saving and economic efficiency are primary
considerations, such as traffic lighting, street
lighting, secufity lighting, factory lighting in

automation factdries,'and public lighting in
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No.9 °~ 9.8RP 3. 8 12 No. 10 0.1 &Y

8.-3 8.8 No.11 8.8G 5 5.8

No.12 6.9PB _ 2. 4 11 2 The result of

t he cal cul ati on of the Minsell value (HV/ C) for each test col or under the
illumnating light No. 3 in Table 2 in which the | um nous flux ratio

bet ween t he nono- phosphor green and nono- phosphor red fluorescent | anps
is about 8:2placesawhiedtéyregiatively tfewrpedple ggasbe cal cul ation

of the Munsell value (HV/ Q) cal cul ated for each test color illum nated by
the actually manuFacthen,f lasr shosan ianpFilguarei 4, Thel e 4.

Therefore, the characteristics of the f]uorescent |anp having the m ni mum
requi red col orchromaticity deviation Au,ws(Au,v: therdistange

property obtai ned by the above cal cul ati on nethod can al so be applied to
the actual |y afincdbdanmpaintidroncBldnkpan locusnenctheliGEBt18969 been
illustrated in accordance with Figure 1, but it will be appreciated that
the fluoresceravl ehromatidcitiye diagram) is defined 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 chromaticity point
S to the Planckian locus intersects with the
Planckian locus.
Here, the chromaticity deviation is positive
(Au,v > 0) when it is located in the upper left
side (in the greenish light color side) of the
Planckian locus, and negativ,e (Au,v < 0) when it
is in the lower right side (in the reddish light

color éide).

POTENTIAL FOR INDUSTRIAL UTILIZATION

' As described above, according to the present
invention, a high-efficacy fluorescent lamp
having the minimum required color rendering

property can be realized.
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manuf act ured by conbi ni ng vari ous phosphors in other ways tha
ahove. As an exanple, the green enission phosphor wth Iﬂmmlllmwlnlll
em ssion wavel ength at 530 nmto 560 nmis a rare earth phosp er ac

with terbium terbiumcerium or terbiumgadoliniumcerium expressed by

such chem cal formulas as LaPO4: Cel[err] ,Tb[err] ,

La[err]O[err]-0.2SiJerr] O9P[err]0: Ce[err] ,Tb[err]b)[CEN?Aillogerr]:
Tb[err] , & r 0L e r¥l,. Tb[err], (La,Ce, Th)[err]Of[err

0. [ZSi q]er r] Q0. rg'r rl?%[ grl?lﬁgds '{L The red em ssion phosphor with a

peak em ssion “ﬁV6|ﬁ?gﬁ. M1 1800 nmto 630 nmis, for exanple, a rare earth
phosphor activated euro I um expressed by such chenlcal formul as as

o sfl” O[j;”pmfﬁ[ere%l 1&1%%%%%%15% WRLEH Lezéhsf LB inarY e;;]’
phosphor havi i Qﬁ*e%%% C fh68h' ErffaaiditphBRRHOE FiH 4Bedk
- 29 - ﬁnw&hpém @ﬁvaragsasbeﬁm'oms@@aﬁ Aarfi¥0 Pay 0 630

nm a fluorescent Ianp havi
emission phosphor with a peak emission wavelength

at 600 nm to 630 nm, characterized in that, under
illumination by said fluorescent lamp, four test
colors for special color rendering index
calculation,'No. 9, No. 10, No. 11, and No. 12,
specified in the Commission Internationale de
l’Eclairage CIE Publication No. 13.3, are
perceivable as red, yellow, green, and purplish
blue, respectively, in terms of Munsell hues.

[CLAIM 2]

A fluorescent lamp accofding to claim 1,
whgrein:the_correlated color temperature of said
'fiuoreécent laﬁp is 3200 K to 4500 K, and the
chromaticity point of said light color is located
within a chromaticity range where the distance' of
color point from Planckian locus on the CIE 1960
uv chromaticity diagram is not less than 0.015 and
not greater than 0.045.

[CLAIM 3]

A fluorescent lamp according to claim 2,
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substantially the same characteristics as those of the fluores
the present invention can, of course, be produced as |ong as Hm"lvllmmllmllllmll
satisfied. The mixing ratio in weight percent, of the greem em SSIan s =
and red em ssion phosphors varies dependi ng on the | um nous efficacy of

each phosphor, on the particle size, weight, and particle shape of each
phosphor, on the solvent used to the phosphors, or manufacturing conditions

L STOSRRMERSR 4514 GEGER i Bion SARABRALCIB. N <hER.. 1.
(2110 bet een 465 BhBGR SENIY 0o ERIC Po LA UdBign
and 4 10 Tabl ecdz iy 67 LBSHHGGHAd] 11U e DERCHRA Batd red, , |

nmono- phosphor green afd nono-p rre uor escen mps i'sS

about 7:3, is éﬁi@sign's&'ﬂgg?ﬁjh&fi g RevGHRd - eatrtthﬁﬂ?ggth@rpresem

enbodi nent has dealt wt orescent |anp construct ma 40 WI i near

tugg, it will Retipatedi@thadurbp{amer escent

[CLAIM 4]

A fluoreséent lamp according to claim 3,
wherein the ratio of said green emission phosphor
to said red phosphor is 70:30 to 50:50 by weight
percent. | ' |

[CLAIM 5]

A fluorescent lamp according to any one of
claims 1 to 4, wherein said fluorescent lamp is
used in outdoor lighting applications.

[CLAIM 6]

A fluorescent lamp acéording to any one of
claims 1 to 4, wherein said fluorescent lamp is
used in roadway lighting and tunnel lighting

applications.
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| anp of the present invention can be constructed at different |anp

wattages and in different tube shapes. Further, if a high-frequency
lighting 32 W linear tube is used, the fluorescent lanp of the present
i nvention having the highest |anp efficacy can be produced. The

fluorescent |lanp of the present invention has the m ni mumrequired col or
rendering property and high lanp efficacy, and therefore offers many

advant ages suc I€Q¢ of lighting and | ower cost  than high-intensity
di schar ge land@?éﬁ? Eé'fluorescent | anp of the present invention is

therefore suitable £0 L ghtq eatl 1%9& e IS
relatively i rrportanztg g&g&%gﬁc #gh]}é\hﬁgnﬁ%b& gﬁgrage %m*%‘gfgl%‘?y
currently usedy ;i i ) r :| 4 1 Eﬁﬂg t i g
appl i cations. dllbht??jéia'#da?isg géﬁse [ ngéﬁgﬂé‘éﬁg ns ﬁhgg'erﬁ&stéig_?aggl or
appearance is éfii SBESNIGEAETANYENCAY B30 Wi ¢ H6 6°ARC U °h! LELNCY
are primary considerations, suclras traffic Tighting, stree | T'ght1 ng,
security |ightéfisd P6hOphdsPhblr'%ith a peak emission wavelength
at 600 nm to 630 nm, is characterized in that, under
illumination by said fluorescent lamp, four test
colors for special color rendering index
calculation, No. 9, No. 10, No. 11, and No. 12,
specified in the Commission Internationale de
l’Eclairage CIE Publication No. 13.3, are
perceivable as red, yellow, green, and purplish

blue, respectively, in terms of Munsell hues.
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automation factories, and public lighting in - 31
- pl aces where relatively few peopl e pass. Furt her, as shown
in Figure 4, the chromaticity deviation [err]Ju,v (Au,v: the distance of
color point from Plankian |locus on the CIE 1960 wuv chromaticity di agram
is defined as distance SP between S(u,v) and P(u[err]v[err]) on the CIE
1960 uv chromaticity diagram where S(u,v) is the chromaticity point of
the light color of the Iight source and P(u[err]v[err]) is the point where
a perpendicul ar dropped fromthe chromaticity point S to the Pl anckian

| ocus intersects with the Planckian |ocus. Here, the chromaticity
deviation is posftrve ([errJju,v > 0) when 1t 1S Tocated |&i he upper |eft

side (in the gregnish light color side) of the Planckian | and

negative ([errJujv < 0) when it is in the |lower right si ggljthe r eddi sh
| i ght col or side}.

10¥L

1G¢L

OLL
G69

WAVELENGTH (nm)

1
1001
- 90
- 80
70F
60
50

=
(%)

o]



POTENTI AL FOR | NDUSTRI AL UTI LI ZATI ON As descri bed above, according to
the present invention, a high-efficacy fluorescent |anp having the m ni num
required color rendering property can be realized.

- 32 - VWhat is clainmed is: [ CLAI M 1] A fluorescent |anmp
whi ch produces primary |light using a green em ssion phosphor with a peak

em ssi on- wavel ength at 530 nmto 560 nmand a red em ssion phosphor. with a
peak enissionlﬁévéleﬁgth at=300 nmto 630 nm characterized in that, under
illumnation by said fluorescent |anp, four test colors for special color
rendering index calculation, No. 9, No. 10, No. 11, and No. 12, specified
in the Conm ssion Internationale-de |'Eclairage CIE Publication No. 13.3,
are perceivable as red, _yellow_qgreen, and purplish blue, respectively, in
terms of Miunsell hues. |tnypuT DATA

SPECTRAL DISTRIBUTION OF ILLUMINATING.
LIGHT : '

SPECTRAL RADIANCE FACTORS OF FOUR TEST
COLORS

CIE 2° FIELD COLOR MATCHING FUNCTION

CALCULATE CIE .XYZ
TRISTIMULUS VALUES
.(2) CALCULATE xyY VALUES OF'CORRESPONDING COLORS

UNDER ILLUMINANT C USING CIE CHROMATIC
ADAPTA N_FORMULA

(1)

TO MUNSELL VALUES (HV/C)

l

(4) 9RP<MUNSELL HUE _ ,
, " OF TEST COLOR NO.9=1YR
9 YRSMUNSELL HUE _ _
OF TEST COLOR NO ,10=21GY
SGYSMUNSELL HUE
OF TEST COLOR NO.11=1BG
9BSMUNSELL HUE :
OF TEST COLOR NO.12=<1P




[ CLALM 2] A fluorescent |anmp according to claim 1, wherein the
correlated color tenmperature of said fluorescent lanp is 3200 K to 4500 K
and the chromaticity point of said light color is located within a
chromaticity range,where the dbstance of col or-point from Pl ancki an | ocus
on the CIE 1960 uwchroma d| agranals not | ess than 0.015 and not
greater than O. 04 fI uorescent |anp according to claim
2, 3@- :::E: E-l wherein said green em ssion
phosphor is a rar%éért @ﬁor afi'a@t ed with terbium terbiumcerium

5’
G

or terbium gadol i i gm deny O Bnd. sgidier ed em ssion phosphor is a rare
earth phosphor ad? gaggm @E ro Hjﬁ [ CLAI M 4] A fl uorescent
| anp accordi ng touwl Hﬁﬁ Tver-edn ﬁ%datlo of said green em ssion
phosphor to sal d r‘é% ph:m%h:p ﬂ%?@ to 50:50 by weight percent.
[ CLAI M 5] f e# EMacﬁ@djngto any one of clainms 1 to 4,
wher ei n sai d qu oPstent oty > &
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used 4 n outdoor |ighting éppl I cations. | [ CLAI M 6] A fl uorescent
| anp according to any one of clains 1 to 4, wherein said fluorescent |anp

is used in roadway |ighting and tunnel |ighting applications.
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