= OF THE?HNVENTfON Di schérge lanp and illum nation instrunment for

-1 - T B . Y ] . R . .
generdl illunfnhtion BACKGROUND OF THE | NVENTION | . Field of the invention
The pfesent -inyentién relates to a di'scharge 1anp*and an illum nation '

i nstrument, far>general illumnation in order to reproduce preferred skin
color by contrplling the reproduction color of skin in a fixed range of

color point. /2. Related art of the Invention At present,

as being classified

roughl y, thefe ar® sone illumnation | anps_guch as an incandescent |anp,
fl uorescent /1 anp [ | hiry di scharge |anp. Especially, as
fluore cent’Ianggrﬁgagpﬂﬁghiﬂmﬁﬂigﬁy"and are .econom cal, they have been

opul afi zed in Ja . Howeve flugrescent |.a are in
bop - paﬂlscharge iémp an 1Eium?nat1&gp§nstrumen

illumination

BACKGROUND OF THE INVENTION

1.Field-of the invention

erior to
fbr general

The present invention relates to a discharge lamp and an

illumination instrument for general illumination in order

to reproduce pfeferred skin color by controlling the

reproduction color of skin in a fixed range of color point.

2.Related art of the Invention

At present, as being classified roughly, there are

some illumination lamps such as an incandescent lamp,

fluorescent lamp, and high intensity discharge lamp.

Especially, as fluorescent lamps have high efficacy and

are economical, they have been popularized in Japan.

However, fluorescent lamps are inferior to

incandescent lamps and/or sunlight from the viewpoint of color

reproduction, there have been many studies which research the

color rendering properties of the fluorescent lamps.

The color rendering property is a property of a light

source,

which affects the reproduction of color.

A method for evaluating the fidelity of color



i ncandescent | anps .and/ or sunli ght fr0n1the'viemp6iht of col or

reproduction, there have been many studi es which research the col or o
rendering properties of the fluorescent |anps. The color rendering property
is a property of a light sayrce, which affects t hé&=gepr oducti on of color. A
met hod for ‘evaluating the ffgelity of col or -2- reproduction is

avail able as a nethod for quantitatively specifying the col or rendering
properties of light sources. This is a nethod for quantitatively specifying
how faithfully an obj I ces cgl | Cﬁ@ | Lth the
reference |i ghtr%%ggi%%%gg?gﬁﬁiaﬁggaﬁﬁegﬁﬁ@dgé%r %gtiﬁ?{fﬁ JIS Z
8726-1990 "Mt hggecc{fyslggcfﬁey cotor cijegaefﬁ:rédg{'épne%ties of light sources.

This is a method for quantitatively specifying how
faithfully angobject lamp reproduces colors in comparison with
the reference light and is regulated in Japanese Industrial
Standard JIS Z 8726~1990 “Method of specifying color rendering
properties of light sources” and is expressed with a value of
the general color rendering index Ra. JIS Z 8726-1990 is
essentially regulated in accordance with the method set forth
in the CIE Pub. 13.2 7 Method of Measuring and Specifying
Color Rendering Properties of Light Sources (1974).

At present, illumination lamps are developed for the
purpose of improving this general color rendering index Ra and
lamp efficacy.

On the other hand, "preference of color reproduction” has
recently been studied in addition to the specifying the
fidelity of color reproduction.

This method is a method for quantitatively specifying in
which direction, the preferable direction or
non-preferabledirection, the object lamp makes a color shift
in cémparison with the reference illuminant.

The evaluation of the preference of color reproduction is
an important factor of the color rendering properties of light
sources. No method is standardized yet.This is a futuresubject

of the studies.



properties of light sources' and is expressed with a value of the general.
color rendering index Ra. JI'S Z 8726-1990 is essenti-ally regulated in
accordance with the nmethod set forth in the CIE Pub. 13.2 " Method of
Measuring and Specifying .Col or Rendering Properties-of Light Sources
(1974). At present, illum nation |anps are devel oped for the purpose of

I nproving this general color rendering index Ra and | anp efficacy. On the
ot her hand, "preference of color reproduction' has recently been studied in
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exhibition, various exhibition lamps have been studied for a
long time. At present, illumination lamps have been widely
utilized for meat exhibitions. |

As regards the preference of color reproduction by
general household illumination lamps, especially, the color of
human skin is an important object (For example, Judd, D.B.,
I1lum. Engng., P593 to 598, (1967)). The preference of the
color of human skin of Western people by illumination lamps

~ was clarified by the experiments by Sanders (Sanders, C.L.,
I1lum. Engng., P452 to 456, (1959)).

However, it is considered that the preferable color
of human skin of Japanese people by illumination lamps is
different from that of Western people as the color of skin and
favorite color of Japanese people are different from those of
Western people.

Recently, illumination lamps have been developed by
various manufacturers for the purpose of making the color of
skin appear beautiful. Howevef, in these illumination lamps,

a beautiful color of skin was based on a lamp, the color point
of which is near that of skin color under the reference
illuminant (for example, the reference illuminant

corresponding to a 5000K illumination lamp is sunlight of



sources. No nethod is standardized yet.This is a futuresubject of the

st udi es.- -3- As regards the preference of color reproduction, the skin
of the human body, color of foodstuffs, and green of |eaves are inportant
objects. Fromthe viewpoint of foodstuff exhibition, various exhibition

| anps have been studied for a long tine. At present, illum nation | anps
have been widely utilized for neat exhibitions. As regards the preference
of col or reproduction by general househol d-44 1 um nation | anps, especially,
t he col or of hug@g ﬁrin is an inportant object (For exanple, Judd, D.B.
[llum Engng., g ‘0 598, (1967)). The preference of the color of human

skin of Véstern peoppgeDyfobh! W 435:0ge®Bsp nor illumination

instrument exists, by which the color of skin of Japanese

people appears beautiful.

SUMMARY OF THE INVENTION

In order to solve the above themes,it is therefore an
object of the invention to provide general discharge lamps
and illumination instruments which emit light having the
relative spectral distribution, especially general lighting
discharge lamps or general lighting illumination instruments,
which are generally used in houses, stores, offices, etc. by
clarifying the region of the chromaticity of the preferable
color of skinof Japanese women by illumination lights through
experiments and assuming, from the region of the chromaticity,
the relative spectral distribution of light sources, spectral
transmitance of transmitting plate of illumination instruments,
spectral reflectance of reflection plates of illumination
instruments, which are necessary to reproduce the color of
skin which Japanese women prefer.

Firstly, a description will be given of the
experiments and results thereof by which the region of the
chromaticity of the skin color, which Japanese women prefer,
by illumination lights has been obtained.

In order to clarify the region of the chromaticity of the
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was clarified by the experinents by Sanders (Sanders, C. L., Illum Engng.,
P452 to 456, (1959)). However, it is considered that the preferable color -
of 'human skin of Japanese people by illunination lanps is different from
that of Western people as the color of skin and favorite col or of Japanese
people are’different fromthose of Western people. .Recently, illum nation
| anps have been devel oped by vari ous nmanufacturers for the purpose of
nmeki ng the color of skin appear beautiful =SHowever, in these illunination
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colors of models) were created by using a light color varying
device, and some persons in charge of the color evaluation
were causedto observe the skin colors of the models. Here, a
light color varying device is an apparatus which is able to
create a light of any color by controlling the light outputs
of three kinds of fluorescent lamps (deep red, green and blue)
with a computer.

Persons in charge of specifying the color were made
tospecify the color in seven categories from “very preferable”
to "very non-preferable”.

Forty skin colors by illumination lights are created
per model. The background light and luminance adaption/
chromatic adaption illumination lights of the models are set
to 6100K, and the luminance of the respective illumination
lights is fixed to 100cd/m’.

The models were three Japanese women aged 24, 28 and_

'33, normally made-up without any point painting.

Persons in charge of specifying the face colors of
themodels were twenty-one women aged from 20 to 32, whose
chromatic vision is normal.

¥hen analyiing the experimental datat a psychological
scale of each category (“very preferable” to “very non-

preferable”) of the seven step evaluation was calculated based



-4- 5000K). Therefore, no discharge | anp nor illum nation instrunent

exi sts, -by which the color of skin of Japanese people appears beautiful.
SUVMARY OF THE I NVENTION In order to solve the above thenes,it is therefore
an object of the invention to provide general discharge |anps and

i 1lum nation instruments which emt |light having the relative spectral

di stribution, especially general |ighting discharge |anps or general
lighting illumnation instrunents, which aré-generally used in houses,
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colors. Using the obtained psychological scale, the
psychological evaluation values for the respective skin colors
(120 colors) of the three models in the illumination lights
of forty colors are obtained. Next, an equation derived by
multiple regression analysis, by which the correlation between
the color points (CIE1976u’ v’ color points after converting to
the color point under the standard illuminant D65 using the
CIE chromatic adaptation equation) of the 120 skin colors and
the psychological evaluation valuas for fhe respective color
points is heightened, was obtained. Fig.l shows the region
(ellipse 2) of the chromaticity of skin colors for which high
psychological evaluation values are obtained from the multiple
regression equation, the color point 1 which is the highest
psychological evaluation value (most preferable skin color),
and the color points (after. converting to the color point
under the standard illuminant D65 using the CIE chromatic
adaptation equation) of the skin test color No.15 (Japanese
women’ s skin color) for calculating the color rendering index
by JIS Z 8726-1990 undervarious kinds of general lighting
discharge lamps. |

The color point 3 is the color point (after converting to

the color point under the standard illuminant D65 using the



spectral reflectance of reflection plates of .illumnation instrunents,

whi ch are necessary to reproduce the color of skin which Japanese wonen
préfer. Firstly, a description will be given of the experiments and results
t hereof by which the region of the chromaticity of the skin color, which
Japanese wonen prefer, by illumnation lights has been obtained. In or der
to clarify the region of the chromaticity of the col or of skin, which
Japanese wonen prefer, by illumnation |igHts, various colors of skin
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color rendering index by JIS Z 8726-1990 under a "daylight”
fluorescent lamp (Ré74; 6500K), the color point 4 is that
under a “cool white” fluorescent lamp (Ra6l, 4200K), the color
point 5 is that under a “white” fluorescent lamp (Ra60, 3500K),
the color point 6 is that under a tri-bandtype "daylight”
fluorescent lamp (Ra88, 6700K), the color point 7 is that
under a daylight fluorescent lamp with high color rendering
property (Ra98, 6500K), the color point 8is that under a
“neutral” fluorescent lamp with high color rendering property
(Ra99, 5000K), the color point 9 is that under a tri-band
“neutral” fluorescent lamp (Ra88, 5000K), thecolor point 10 is
that under a “cool white” fluorescent lamp with improved color
rendering property (Ra91, 4500K), the color point 1l is that
under a tri-band type “warm white” fluorescent lamp (Ra88,
3000K), and the color point 12 is that under a “warm white”
fluorescent lamp with high color rendering property (Ra95,
3000K) . |

The reproduction of skin color in the region of the
chromaticity in the ellipse 2 in Fig.l is more preferable than
the reproduction of skin color under the lighting of discharge
lamps for general lighting at present, and is in the region of
differentiation from discharge lamps for general lighting at

present.



create a |light of any .color by controlling the |ight outputs of three kinds
of fluorescent |anps (deep red, green and blue) with a conputer. Persons in
charge of specifying the color were nade tospecify the color in seven
categories from"very preferable” to "very non-preferable”. Forty skin

colors by illumnation |lights are created per nodel. The background |i ght
and | um nance adaption/ chromatic adaption jllumnation |lights of the
model s are set to 6100K, and the | uni nance &t the respective illum nation

lights is fixed to | [nR. The dels,,were three Japanese wongn aged 24,
26%and 33, nor mal |y ARaERE ERRAERGARY. Shytheo PHRSR 45, FRAE s FEUTIEIR char ge
of specifying the face.colorg of  thenodel s were twenty;one nen ed from
20 to 32, V\hosetQ:r#’(?ngf'élE% \HojPBn( icé"iﬂﬁrﬂp.er@h‘é‘f? xg%y%ﬂ}?&rﬁ?ee é’)‘?ggﬂ ment al -
data, a psychol ogi cal ) )

appearance of skin color changes with color temperatures of

lamps. Therefore, the chromatic adaptation equation was used
to convert to the color appearance of skin color under the eye
sensitivity at the standard illuminant D65.

By this conversion, it is possible to compare the
color reproduction under illumination lamps of different light
colors (different color temperatures).

The standard illuminant D65 which is regulated as the
standard illuminant for colorimetry by the International
Commission on Illumination (hereinafter merely called "CIE")
was used. |

A CIE chromatic adaption equation recommended by the
CIE (method of predicting corresponding colors under different
chromatic and illumination adaptions, Pub. CIE 109-1994) was
used for correcting for the chromatic adaption under the
standard illuminant D65. Furthermore, the skin test color No.
15 (Japanese women’ s skin color) for calculating the color
rendering index according to JIS Z 8726-1990 is a skin test
color which is defined on the basis of actually measured
values of Japanese women’s skin color and has a spectral
radiance factor shown in Fig.2 and is widely used in the
Japanese lamp industry as the standard skin test color in

order to specify the quality of reproduction of skin colors by



scale of each category ("very preferable" to "very non- préferable") of the

seven step eval uation was cal cul at ed based -6- on the evaluation data
(the results of the seven step eval uation) of twenty-one evaluators for the
skin colors of the respective nodels under the illumnation |ights of forty

colors. Usi'‘ng the obtained psychol ogical scale, the psychol ogi cal
eval uation values for the respective skin colors (120 colors) of the three
nodels in the illumnation |ights of fortyQuﬂcns are obtained Next, an

equation derive it regressign _anal ysis he. correlatron
bet ween the col %rali}égmléxgptﬁ%f@ggﬁ ’f}‘-na‘é%’rftﬁp ?P‘?ﬁt%e\ﬁlf?%rt fg to the
col or point unde{.the%ft% ar Il lum nant D65 using the CIE chromatic
adapt ati on equation) o f§6 Skin colors and

As has been made clear from Fig.1l, no discharge lamp for
general illumination has been developed yet, which can
reproduce the skin color, which_Iapanese_women prefer, by
illumination lights.

From these experiments, it is made clear for the first
time that the skin colors, which Japanese women prefer, by
illumination lights are in the elliptical region, of which the
major. axis is 0.0068 and the minor.  axis is 0.0037 and the
inclination from the u' axis is 40° , centering around (’,v’)

= (0. 2425, 0.4895) on the chromaticity diagram of CIE 1976
u' v after convertingto the color point under the standard
illuminant D65 using theCIE chromatic adaptation equation.

Therefore, it is possible for the invention to provide
discharge lamps and illumination instruments which can
preferably reproduce the skin colors of Japanese women by
rendering the skin test color No.15 (Japanese women' s skin
color), for calculating the coior rendering index according to

JIS Z 8726-1990, in the elliptical region.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 is a chromaticity diagram of the skin color testing
color No.15 of Japanese women, which is a basic concept of the

invention,



t he psychol.ogi cal eval uation values for the respective color points'is -
hei ght ened, was obtained. Fig.1l shows the region (ellipse 2) of the _
chromaticity of skin colors for which high psychol ogi cal eval uati on val ues
are obtained fromthe multiple regression equation, the color point 1 which

i s the highest

psychol ogi cal eval uation value (nost preferable skin color),

and the color points (after converting to e col or point under the

standard il lum

nant D65 using the CIE chromafic adaptati on equation) of the

skin test color Ngigpa( ngm%ﬁ YR Ag SthK sBe €Ot Yal nc%aifswﬁt bRdthe
col or rendering index by J Z 8726-1990 undervarious kinds of genera

i ghting di schagge, lQTg?. ¢ o LOTorPRbNS Bt JaddishhdenP 2oL (af ter

converting to t

poi nt Un e standar um nant 5 using the
calculating the color rendering index according to JIS Z 8726-

1990,

Fig.3 is a chromaticity diagram of the skin test colorNo. 15
of Japanese women under the light of a discharge lamp
according to a preferred embodiment of the invention,

Fig.4 is a relative spectrél distribution diagram of a
discharge lamp for general illumination according to a
preferred embodiment of the invention,

Fig.5 is a relative spectral distribution diagram of a
discharge lamp for general illumination according to a
preferred embodiment of the invention,

Fig.6 is a relative spectral distribution diagram of a
discharge lamp for general illumination according to a
preferred embodiment of the invention,

Fig.7 is a relative spectral distribution diagram of a
discharge lamp for general illumination according to a
preferred embodiment of the invention,

Fig.8 is a relative spectral distribution diagram of a

- discharge lamp for general illumination according to a

preferred embodiment of the invention,
Fig.9 is a relative spectral distribution diagram of a
discharge lamp for general illumination according to a

preferred embodiment of the invention,



-7- CIE chromatic adaptation equation) of the skin testing color No. 15
(Japanese wonen's skin. color) for calculatlng t he col of renderi'ng i ndex by
JI'S Z 8726-1990 under a dayllght fluorescent |anmp (Ra74, 6500K), 't he
color point 4 is that under a cool white' fluorescent |anp (Ra6l, 4200K),
the color point 5 is that under a 'white' fluorescent |anp (Ra60, 3500K),
the color point 6 is that under a tri-bandtqype 'daylight' fluorescent |anp
(Ra88, 6700K), the color point 7 is that under a daylight fluorescent |anp

wth high color repdgrifigssRALtvd %ﬁ%%trég%knﬁdﬁo OhfYeraRi g B that

under a "neutral orescen color ren erl g property

(oo, S000K), iSchaLAS o a5 N lteh e 0K,
s e ) bor e o Y AT s i 70, o 1 (e
fluorescent |anp (5?2?11 is a relative spectral distribution diagram of a
discharge lamp for general illumination according to a
preferred embodiment of the invention,

Fig.12 is a relative spectral distribution diagram of a
discharge lamp for general illumination according to a
preferred embodiment of the invention,

Fig.13 is a relative spectral distribution diagram of a
discharge lamp for general illumination according to a
preferred embodiment of the invention,

Fig.14 is a relative spectral distribution diagram of a
discharge lamp for general illumination according to a
preferred embodiment of the invention,

Fig.15 is a relative spectral distribution diagram of a
discharge lamp for general illumination according to a
preferred embodiment of the invention,

Fig.16 is an illunination instrument for general
illumination according to a preferred embodiment of the
invention, and Fig. 17 is a diagram in explanation of a

distance SP.

PREFERRED EMBODIMENTS OF THE INVENTION



3000K), and the color point 12 is that under a "warm white' fluorescent

| anp with high color rendering property (Ra95, 3000K). The reproduction of
skin color in the region of the -chromaticity in the ellipse 2 in Fig. 1is
nore preferable than the reproduction of skin color under the lighting of
di scharge l'anps for general lighting at present, and is in the regi on of
differentiation fromdischarge | anps for 98 ral lighting at present.

-8- As the sensitivity of the human eye chagges according to the 1ight

color ( color tenpengyl etfe %folb?rﬁbsintkhﬁ %ﬁboé ﬁPEBféﬁ%@tPﬁg Sc‘ﬁ'lﬂrol@& or

changes with color tenperatures of |anps. ere ore, e chromati
adaptation equajkefa@asdSishen’ s skin color) for calculating the color

rendering index according to JIS Z 8726-1990 under the light
of a discharge lamp produced as a discharge lamp for general
lighting, which is a preferred embodiment of the invention,
are shown at the color points 13 to 19 in Fig.3. In the
drawing, the color point 13 is a color point (after converting
to the color point under the standard illuminant D65 using the
CIE chromatic adaptation equation) of the skin test color No.
15 (Japanese women’s skin color) for calculating the color
rendering index according to JIS Z 8726-1990 in a case of a
fluorescent lamp, the color temperature of which is 6800K, the
color point 14 is that in a case of a fluorescent lamp, the
color temperature of which is 6700K, the color point 15 is
that in a case of a fluorescent lamp, the color temperature of
which is 6700K, the color point 16 is that in a case of a
fluorescent lamp, the color temperature of which is 3600K, the
color point 17 is that in a case of a fluorescent lamp, the
color temperature.of which is 5100K, the color point 18 is
that in a case of a fluorescent lamp, the color temperature of
which is 5300K, and the point 19 is that in a case of a
fluorescent lamﬁ, the color temperature of which is 6700K.

The respective color points of the skin test color for
specifying the color rendering property after convertingto the

color point under the standard illuminant D65 using theCIE



to convert to the col or appearance of skin .color under the eye sensitivity
at the standard il l-um nant D65. By this conversion, it is possible to
conpare the col or reproduction under illumnation | anps of different '|ight
colors (different color tenperatures). The standard illum nant D65 which is
regul ated as the standard illumnant for colorinetry by the International
Commi ssion on Illumnnation (hereinafter nerely called "CIE") was used. A
ClE chromatic adaption equation reconmended- by the ClE (nethod of

pred 100 corssshabil ebeLah WA Lo SR BATEL! SRS up nat o
a1 o0 under e SR o AERASR B oEHRECHIPES i TEnBla 0
Gef i med o ¢ he RERCORRaLdet Byl theRe aspeEibonts as hown with the color o -
points 13 to 19 in Fig.3 on the CIE 1976 u’v’ chromaticity
diagram.

Furthermore, the relative spectral distribution of
fluorescent lamps for rendering the colors at the respective
color points is shown in Fig.4 to Fig. 10.

Fig.4 shows the relative spectral distribution of a
fluorescent lamp of color point 13, Fig.5 shows that of a
fluorescent lamp of color point 14, Fig.6 shows that of a
fluorescent lamp of color point 15, Fig.7 shows that of a
fluorescent lamp of color point 16, Fig.8 shows that of a
fluorescent lamp of color point 17, Fig.9 shows that of a
fluorescent lamp of color point 18, and Fig.10 shows that of
a fluorescent lamp of color point 19.

The relative spectral distribution of the respective
fluorescent lamps is composed of a combinatioﬁ of phosphors
having the peak wavelength at 400nm to 430nm, 435nm to 460nm,
500nm to 550nm, 600nm to 635nm, and 640nm to 670nm.

The phosphor having the peak wavelength at 400nm to 430nm
is SraP207:Eu’*, the phosphors having the peak wavelength at
435nm to 460nm are Srio(P0«)sClz:Eu®*, (Sr, Ca)10(P0«)eClz:Eu’
*, (Sr,Ca) 10(P04) sClz-nB20s:Eu’*, and BaMg:Alie027:Eu®*, the

phosphors having the peak wavelength at 500nm to 550nm are LaP



val ues of Japanese wonen"s skin color and has a spectral radiance factor
shown in Fig.2 and is widely used in the Japanese lanp industry as the
standard skin test color in order to specify the quality of reproduction of
skin col ors by -9- calculating the color rendering properties on the
basis of this skin test color. As has been nade clear fromFig. 1, no

di scharge lanp for general illumnation had4seen devel oped yet, which can
reproduce the skin color, which Japanese wonen prefer, by illum nation

ights. From thggecgse gmnt 2204 o%sf@% @b@gfcéw'.rﬁ*‘e Celigh1 LoTs bt

t he skin colors, apanese wonen prefeéer fat ights are in
the elliptical eegigpy Gﬂﬂgﬁ!b QCE*KfTb3+, the phosphors having the peak

wavelength at 600nm to 635nm are Y20s:Eu®*, GdMgBsOi0:Ce’,
Tb®*,Mn*®*, and GdMgBs010:Ce®*, Mn®**, and the phosphors having
the peak wavelength at 640nm to 700nm are MgsAs20:::Mn**,

3. 5Mg0-0. 5MgF2+GeO2:Mn**, etc.

Several preferred embodiments in which the above
representative combinations of phosphors are shown in the
invention.

Fig.4 and Fig.9 show an example composed of three
phosphors.Fig. 4 shows a fluorescent lamp composed of a
combination of three phosphors, ero(P045601z:Eu’+. LaP0.:Ce®*,
Tb®* and 3.5Mg0-0.5MgF2+Ge02:Mn**, at the flux ratio of about
9:76:15 respectively, and Fig.9 shows a fluorescent lamp
composed of combination of three phosphors, Srio(P04)sClz:Eu?*,
LaP04:Ce®**, Tb®* and 3.5Mg0-0. 5MgF2-Ge0z:Mn**, at the flux
ratio of about 7:76:17 respectively. Namely, it is possible
to produce fluorescent lamps, the color temperatures of which
are different from each other, with the same combination of
the phosphors by changing the flux ratio.

Fig.5, Fig.6, Fig.7 and Fig.8 show an example composed of
four phosphors, Fig.5 shows a fluorescent lamp composed of a
combination of four phosphors, Srio(P0.)sClz:Eu®*, LaP04:Ce®”,
Tb®*, Y20s:Eu®*, and 3.5Mg0-0. 5MgFa-GeOz:Mn*" at the flux

ratio of about 9:75:7:9 respectively, and Fig.7 shows a



mejor. axis is 0.0068 and the ninor axis is 0.0037 and the inclination from
the u' ‘axis is 40 , centering around (u',v') (0.2425, 0.4895) on the
chromaticity diagramof CIE 1976 u'v' after convertingto the col or point

under the standard illum nant D65 using theClE chronatic adaptation
equation. Therefore, it is possible for the invention to provide discharge
| anps and illum nation instrunments which can preferably reproduce the skin

colors of Japanese wonen by rendering the sig-n test color No. 15 (Japanese
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of Srio(P04)eClz:Eu®*, LaP0.:Ce®*,Tb®*, Y20s:Bu®", and
3. 5Mg0-0. 5MgFz-Ge02:Mn*" at the flux ratio of about 4:66:24:6
respectively.

Namely, even for a fluorescent lamp composed of a
combination of four phosphors, it is possible to produce
fluorescent lamps, the color temperatures of which are
different from each other, with the same combination by
changing the flux ratio, as in the fluorescent lamps
composed of three phosphors. Fig.6 and Fig.8 show an example
in which a combination of phosphors different from those in
Fig.5 or Fig.7 is used, Fig.6 shows a fluorescent lamp
composed of a combination of four phosphors, Sra2P207:Eu’*,
BaMgzAl1s0a7:Eu®*, LaP0«:Ce®*, Tb®*, and 3.5Mg0-0. 5MgFa+GeOs:
Mn**, at the flux ratio of about 1:7:78:14 respectively, and
Fig.8 shows a fluorescent lamp composed of a combination of
four phosphors, SriP207:Eu®*, Srio(P0.)eClz:Eu®*, LaPO.:Ce®*,
Tb®*, and 3.5Mg0-0. 5MgF2-GeO2:Mn**, at the flux ratio of about
1:4:77:18 respectively.

Namely, it is possible to produce lamps in various
combinations, using various phosphors, in a combination of
four phosphors.

Furthermore, Fig.10 shows an example composed of five

phosphors, Sr2P207:Eu®*, Srio(P04)sCla:Eu®*, LaP04:Ce®*,Tb**,



-1 0- Fig.2 is a view showi ng the spectral. radi ance factor of the skin
color testing color No.15 of Japanese wonen for cal cul ating the col or
rendering index according to JIS Z 8726- 1990, Fig.3 is a chromaticity :
di agram of the skin test colorNo.15 of Japanese wonen under the light of a
di scharge |l anp according to a preferred enbodi nent of the invention, Fig.4
I's a relative spectral distribution diagrqgkqf a di scharge lanp for general
illum nation according to a preferred enbodi'nent of the invention, Fig.5 is

a relative specyy@y.mi*s radigi sHgOlioaglgy G0 M YChat Othd ¥T0x fRFtigeperal
i1lum nation according to a preferred enbodi nent of the invention, Fig.6 is

arelative spec&g&ﬁ; @L7;9115ygggpl4ﬂf%gbégqué19.discharge | anp for general
illum nation according to a

Fig.4 to Fig. 10 show various preferred embodiments in
cases where the number of combination of phosphors is
variously changed. It is needless to say that various
combinatioﬁs are still available.

Furthermore, Fig.5, Fig.6 and Fig.10 show the relative
spectral distribution of fluorescent lamps, the color
temperature of which is 6700K, and the respective color points
of the skin test color No.15 after converting tothe color
point under the standard illuminant D65 using the CIE
chromatic adaptation equation are as shown by the color points
14, 15, and 19 in Fig.3 with the CIE 1976 u'v' chromaticity
diagram. They are reproduced in the region of skin color,
which Japanese women prefer, by the illumination light
obtained by these experiments. Namely, it is considered that
there are several combinations of phosphors which are able to
reproduce the skin color which Japanese women prefer at the
same color temperature. In a case where, as regards phosphors
(peak wavelength of 380nm to 780nm) other than those above,
the color point (after converting to the color point under
the standard illuminant D65 using the CIE chromatic adaptation
equation ) of the skin test color (Japanese women’ s skin
color) for calculating the color rendering index according to

JIS Z 8726-1990 is reproduced in the region of color points,



preferred enbodi nent of the invention, Fig.7 is a relative spectral

di stribution diagram of a discharge l-anp for- general illum nation according
to'a preferred enbodi ment- of the invention, Fig.8 is a relative spectral

di stribution diagram of a discharge |anp for general illum nation according
to a preferred enbodi rent of the invention, Fig.9 is a relative spectral

di stribution diagramof a discharge lanp for general illumnation according
to a preferred enbodi nent of the inventiom17- Fig.10 is a relative

spectral distri m#@?ﬁ@éﬁ%ﬁ%fﬂ%’é ﬁ,trg'ggﬁP%;ggghé afmnﬁ?ﬁa%ﬁ')geﬁéhﬂ [ | um nation

according to a pre I nventi on, Is a relative

spectral distriBytl o b9 kxferinents, it is possible to obtain

effects similar to those of the fluorescent lamp shown in this
embodiment.

Next, a description will be given of another preferred
embodiment of the invention, in which blue—green phosphors are
used. Phosphors of 470nm to 495nm are Sr4Ali«0zs:Eu’’, BaAlsO:
s:Eu”*, 2S10-0.84P20s-0.16B20s:Eu®*, (Ba, Ca, Mg)10(P04)eCl2:E
u’*, etc.

In the preferred embodiment, the color points of the skin
test color No.15 (Japanese women’s skin color) for calculating

the color rendering index according to JIS Z 8726 under the
light of a discharge lamp produced as a 6700K discharge lamp
for general illumination, in which Sr«Ali40szs:Eu®’ of the
abovementionea phosphors is used, are shown at the color point
s 20 and 21 in Fig.3.

The spectral distribution of fluorescent lamps rendered
to the respective color points is shown in Fig. 1l and Fig. 12.
Fig. 1l shows the relative spectral distribution of a
fluorescent lamp, the color point of which is 20, and Fig. 12
shows the relative spectral distribution of a fluorescent lamp,
the color point of which is 21. Furthermore, Fig.1l shows
a fluorescent lamp composed of a combination of four phosphors,
Sr1o(P04) sCl2:Eu**, SreAlis0as:Eu’*, LaP0s:Ce®*, Tb*, and
3. 5Mg0-0. 5MgF3-GeOz:Mn*", at the flux ration of about 8:11:64:



di scharge lanp for genmeral illunination according to a preferred embodi nent
of the invention, Fig.12 is a rel ative spectral distribution diagramof a

di scharge lanp for general illumnation according to a preferred enbodi nment
of the invention, Fig.13 is a relative spectral distribution diagramof a
di scharge lI'anp for general illumnation according to a preferred enbodi nent
of the invention, Fig.1l4 is-a relative spectral distribution diagramof a
di scharge |l anp for general illum nation aCé@Fding to a preferred enbodi nent
of the inventio ' s ARy raleqdi | ut i ' of. a
di scharge | anp %rIFég ﬁé?%*alyﬁl %l?nd 2%?1 %%@gér%if%gb?%&a&%r %?@r ;éggﬁé odi ment

of the inventioge Fidulfditofnot iRl DIERRCLSLT LRGN (00 erer &b o1

i1lum nation according to a preferred e nvent f on, and Fig.
17 1s a diagramqn Pk angipRRce*, #h*, Y20s:Eu®*, and 3.5Mg0-0. 5MgF2-GeOs

:Mn**, at the flux ratio of about 7:13:61:6:13.

Thus, even though a blue—green phosphor is used, the
color is able to be reproduced in the region of skin color,
which Japanese women prefer, by the illuminationm light
obtained by .these experiments, as shown at the color point 20
in Fig.3 on the CIE 1976 u'v’ chromaticity diagram. Still
furthermore, in the preferred embodiment, although Sr«Al:i.0:s:
Eu®* is used as a blue-green phosphor, it is possible to
obtain similar effects even by using other blue—green .
phosphors or using combinations of other phosphors.

Furthermore, by causing the color point of the light
color of a fluorescent lamp to be positioned in the region of
color points, where the distance from the color point of
Planckian locus on the CIE 1960 uv chromaticity diagram is
greater than -0.005 and smaller than +0.010, it is possible to
make white walls be seen as white, and this will be suitable
to a fluorescent lamp for general illumination as a color of
natural illumination light.

Furthermore, it is possible to increase the lamp efficacy
by causing the color point of light color of fluorescent lamps
to be positioned in the region of color points where the

distance from the color point of Planckian locus on the CIE



di stance SP. PREFERRED EMBODI MENTS.OF THE | NVENTI ON -12 Next, the color
points of the skin color testing color No. 15(Japanese wonen's skin. color)
for calculating the color rendering index according to JIS Z 8726-1990
under the light of a discharge |anp produced as a discharge lanp for
general lighting, which is a preferred enbodi nent of the invention, are
shown at the color points 13 to 19 in Fig.3qln the drawi ng, the col or
point 13 is a color point (after converting to the color point under the

standard il um 1ge¥ u6ehrtratici Hie dThEral i8R édte2deRAR QA OsitiAli @hdn Of the
skin test color No. 15 (Japanese wonen's skin color) for calculating the

col or rendering+ @< according to JI'S Z 8726-1990 in a case of a

Here, as shown in Fig.17, the distance d between the
color point of the test light source and that of the reference
illuminant on the CIE 1960 uv chromaticity diagram is defined
.by a distance SP between the color point S and the
intersection P on the CIE uv 1960 chromaticity diagram,
wherein the color point of light color of the light source is
S(u,v) and thé intersection between the perpendicular line for
connecting this color point S with the Planckian locus, where
the Planckian locus is P(uo,vo). However, it is assumed that
the distance of color point of the test light source from that
of the reference illuminant on the CIE 1960 uv chromaticity
diagram is positive (d>0) in a case where the color point S
is located above the left side (the greenish side of light
color) from the Planckian locus, and it is negative (d<0) in
a case where the color point S is located below the right side
(the reddish side of light color).

Still furthermore, fluorescent lamps according to the
preferred embodiment have been considered from the viewpoint
of color reproduction of foodstuffs, grass, plants, flowers,
etc other than skin color. As a result, it has been confirmed
that these fluorescent lamps ensure clearer and brighter
reproduction than the current tri-band type fluorescent lamps.

Therefore, they are more suitable as lamps for general



fluorescent lanp, the color tenperature of which is 6800K, the color point
14 is that in a case of a .fluorescent |anp, the color tenperature of which
i s°6700K, the color point 15is that in a case of a fluorescent |anp, the
color tenperature of which is 6700K, the color point 16 is that in a case
of a fluoréscent |anp, the color tenperature of which is 3600K, the color
point 17 is that in a case of a fluorescent hanp, the color tenperature of
which is 5100K, the color point 18 is that'? “a case of a fluorescent |anp,

t he col or tenper.3t . which is 5300K, and the point 19 is that in a case
of a fIuorescenﬂiﬂﬁﬁibéﬁﬁégbcolor tenperature of which is 6700K. The

respect ive col of o 8l Kok ed S3)0f it Dimid S5k ASREHRAE L

1T um nant D65 ‘¥He”8ré%5¥%25 embodiment of the invention. However, as regards
high intensity discharge lamps, in a case where the relative
spectral distribution of a high intensity discharge lamp is
adjusted so that the color point (after converting to the
color point under the standard illuminant D65 using the CIE
chromatic adaptation equation ) of the skin test color No. 15
(Japanese women’s skin color) for calculating the color
rendering index according to JIS Z 8726-1990 is reproduced in
the region of color points, which Japanese women prefer, by
the illumination lights obtained in the experiments, it is
possible to obtain effects similar to the effects of
fluorescent lamps shown in the preferred embodiment.

Eyes are chromatically adapted to the color temperature

of the main illumination illuminant in a case where a
preferable skin color is reproduced by illumination
instruments for skin color to illuminate the skin color in a
lighting surrounding whére there are many lamps. Therefore, in
this case, if the color point (after converting to the color
point under the standard illuminant D65 using the CIE
chromatic adaptation equation ) of the skin test color No.15
(skin color of Japanese women) for calculating the coloi
rendering index according to JIS Z8726-1990 is reproduced in

the region of color points, which Japanese women prefer, by



-13- chromatic adaptation equation are reproduced in the region of skin

col ors, which Japanese wonen. prefer, by the illumnation |ights obtained by
t hese experinments as shown with the color points 13 to 19 in Fig.3 on the
ClE 1976 u'v' chronaticity diagram Furthernore, the rel ative spectral
distribution of fluorescent |anps for rendering the colors at the
respective color points is shown in Fig.4 _Fig.10. Fig.4 shows the

rel ative spectral distribution of a fluoreécent |anmp of color point 13,

o L i ke
ol urL o, SRR s W GO e e
amps o t e pre Tetred emggdlmen% PO

The color points (not corrected for the chromatic
adaption under the standard illuminant D65 of the skin test
color No.15 (Japanese women's skin color) for calculating the
color rendering index according to JIS Z 8726-1990 under the
light of discharge lamp for spot lighting for skin color when
the base lighting is by a D65 light are plotted at the color
points 22 to 24 in Fig.3 -as another preferred embodiment of
the invention.

The color point 22 in Fig.3 is a color point of the skin
test color No.15 (Japanese women’s skin color) for calculating
the color rendering index according to JIS Z 8726-1990 under a
fluorescent lamp, the color temperature of which is 6900K, the
color point 23 therein is a color point of the skin test
color No.15 (Japanese women's skin color) for calculating the
color rendering index according to JIS Z 8726-1990 under a
fluorescent lamp, the color temperature of which is 7500K, and
the color point 24 therein is a color peint of the skin test
color No.15 (Japanese women' s skin color) for calculating the
color rendering index according to JIS Z 8726-1990 under a
fluorescent lamp, the color temperature of which is 7300K. The
respective color points of the skin test color No.15 for

calculating the color rendering index are reproduced in the



The rel ative spectral distribution of the respective fluorescent lanps is .
conposed of a conbi nati on of phosphors having the peak wavel ength at--400nm -
to-430nm 435nmto 460nm 500nmto 550nm 600nmto 635nm and 640nmto
670nm The phosphor having the peak wavel ength at 400nmto 430nmis [err]
t he phosphdrs having the peak wavel ength at 435nmto 460nmare [err] (Sr,

[err] +, [err] [err] and [err] the phosphors having the peak wavel ength at
500nm to 550nm are LaP -14- [err] [erPP- [err] [err] and [err]

o DRSO SrBpHOS S8 g hotSY S O ey o e 1)
illumination light obtained by the experiments as shown with
the color points 22 to 24 in Fig.3 on the CIE 1976 u' v’
chromaticity diagram.

The spectral distribution of fluorescent lamps rendered
to the respective color points is shown in Fig.13 to Fig.15.
Fig. 13 shows the relative spectral distribution of a
fluorescent lamp whose color point is 22, Fig.14 shows that of
a fluorescent lamp ﬁhose color point 23, and Fig.15 shows
that of a fluorescent lamp whose color point 24.

Fig.13, Fig.14 and Fig.15 show a combination of three
phosphors, SraPs0r:Eu’*, LaPO«:Ce®*,Tb®* and 3.5Mg0-0. 5MgF2-Ge
02:Mn**, wherein Fig.13 shows a fluorescent lamp composed of
the combination at the flux ratio of about 4:82:14,
respectively, Fig.14 shows a fluorescent lamp composed of the
same combination at the flui ratio of about 5:83:12,
respectively, and Fig.15 shows a fluorescent lamp composed of
the same combination at the flux ratio of about 5:82:13,
respectively.

Furthermore, as regards the illumination instruments, if
they are illumination instruments having a reflection plate
and transmission plate to irradiate the relative spectral
distribution shown in Fig.4 to Fig.12, they are able to.bring
the same effects as those of illumination lamps.

Fig. 16 shows still another preferred embodiment of the



the peak mavelength at 640nmto 700nm are [err] [err] [err] etc. Several
preferred -enbodi nents .in which the above representative conbinations of
phosphors are shown in the invention. Fig.4 and Fig.9 show an exanpl e
conposed of three phosphors.Fig.4 shows a fluorescent |anp conposed of a
conbi nati on of three phosphors, [err] [err] and [err] . at the flux ratio of
about 9:76:15 respectively, and Fig.9 showp® fluorescent | anp conposed of
conbi nati on of three phosphors [err] [err] and [err] [err] at the flux

o eoben: ! amaBrEohion, SRR 4815 o\ BHEL off oh TIIRRRS D) BRABNRE
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the transmitting light 28 has the relative spectral
distribution shown in, for example, Fig.4 to Fig.lZ; according
to the light of the lamp 26, and 28 is a transmitting light.
Namely, as the transmitting light 28 will have the relative
spectral distribution to reproduce a preferable skin color as
shown in Fig.4 to Fig.12 when the light output irradiated
from the lamp 26 is outputted as a transmitting light 28 by
the transmission plate 27, the skin test color No. 15, which is
illuminated by the transmitting light, for calculating the
color rendering index according to JIS Z 8726-1990 is able to
be reproduced in the region of preferable skin colors.

It is needless to say that similar effects can be
obtained even though the radiation of the relative spectral
distribution shown in Fig.4 to Fig.12 shown in the preferred
embodiment is conducted by an instrument consisting of a
plurality of lamps without being limited to ome lamp.

As has Been made clear from the above preferred
embodiments, according to the invention, it is possible to
reproduce preferable skin colors, which Japanese women prefer,
by the illumination lights, as for the skin colors of Japanese
women of the Orientals, which are important especially for
general illumination.

Furthermore, it is needless to say that, because of the



four phosphors, Fig.5 shows a fluorescent |anp conposed of a combination of
four phosphors, [err] Th3+, [err] and [err] at the flux ratio. of about .
9:75:7:9 respectively, and Fig.7 shows ‘a -15- fluorescent |anp of the
sane conbination as that in Fig.5, that is, the fluorescent lanp is '
conposed of the conbination of [err] [err] and [err] at the flux ratio of
about 4:66:24:6 respectively. Namely, even f§pr a fluorescent |anp conposed
of a conbi nation of four phosphors, it is possible to produce fluorescent
| anps, the col OOriéHﬁ&g%?t theskeh e¥loghofr Ripdhbée womenf aminthacskiol kelorwi th
t he sanme conbi nation by

of the oriental women who have the same skin color as that of

Japanese women are able to be reproduced as a preferable skin
color by using discharge lamps and illumination instruments

for general illumination according to the invention.



changlng the flux ratio, as in the fluorescent Ianps conposed of three
phosphors. Fig.6 and Fig.8 show an exanpl e in which a conbinati on of
phosphors different fromthose in Fig.5 or Fig.7 is used, Fig.6 shows a
fluorescent |anp conposed of a conbination of four phosphors, Sr2P207: Eu2+,

[err] and 3.5MyO [err] [err] at the flux ratio of aboiu

respectively, and Fig.8 shows a fluorescent, ] anp conpos Illlmunnnﬂl,lnum,on
of four phosphors, [err] [err] [err] and%ﬁrr] at thé ffux‘ratid of
about 1:4:77:18 mely, it is possible to produce lanps in
vari ous conbi nat ﬁpﬁ§32¥ﬁ@ﬁbgyaous phosphors, in a conbination of four

poSpiOr s, FUT {er Yog kg Thad BB gdlle 21 TP QRO o0 Ll PPOSPIOTS

when a color point of a skin testcolor No.15 for
calculating a color rendering index of JIS Z 8726-1990 under
a light of a discharge lamp is converted to a color point
under a standard illuminant CIE D65 using a CIE chromatic
adaptation equation, |

a color point is an elliptical region, of which the
major axis is 0.0068 and the minor.  axis is 0.0037 and the
inclination from the u' axis is 40° , centering around (u’,v’)
= (0.2425, 0.4895) on the CIE 1976 u'v’ chromaticity diagram
after correcting_for the chromatic adaptation under the standa

rd illuminant D65.

2. A discharge lamp for general illumination according to
claim 1, wherein -

the color point of the light color of the discharge
lamp is in the region where the distance of the color point

from Planckian locus on the CIE 1960 uv chromaticity diagram

is greater than -0.005 and smaller than +0.010.

3. A discharge lamp for general illumination according to
claim 1, wherein
the color point of the light color of the discharge

lamp is in the region where the distance of the color point



-16-~Eerr] and'[érr] at the flux ratio of about 0.7:9:75.3:1:14

respectively. Fig.4 to Fig.10 show various preferred enbodi nents in cases

heed| ess to.say that various conbinations are stitl availabl ol WIIARELINININ
Fig.5, Fig.6 and Fig.10 show the relative spectral distributiof of “ " s

fluorescent |anps, the color tenperature of ghich Is 6700K, and the
respective color points of the skin test co? f No.15 after converting tothe

col or poi nt undq&oﬁhepﬁrﬁwgﬁglm%h%uéﬂ Ragtc Elggﬁiﬁwstih?ﬁm&gﬁg;%%ﬁn

adaptati on equation are as y the color "poi nt

Fig-3 wih the CiE §o0hat thafy 96! dubhidr Uil Alo1biey are reproduced in
4. A discharge lamp for general illumination according to
claim 1, wherein
the above discharge lamp being a fluorescent lamp is
composed of a combination of three or more of phosphors, a
peak wavelength of which is 400nm to 430nm, 435nm to 460nm,
500nm to 550nm, 600nm to 630nm, or 640nm to 635nm.

5. A dischargé lamp for general illumination according to
claim 2, wherein

the above discharge lamp being a fluorescent lamp is
composed of a combination of three or more of phosphors, a
peak wavelength of which is 400nm to 430nm, 435nm to 460nm,
500nm to 550nm, 600nm to 630nm, or 640nm to 635nm.

6. A diécharée lamp for general illumination according to
claim 3, wherein
the above discharge lamp being a fluorescent lamp is
composed of a combination of three or more of phosphors, a
peak wavelength of which is 400nm to 430nm, 435nm to 460nm,

500nm to 550nm, 600nm to 630nm, or 640nm to 635nm.

7. A discharge lamp for general illumination according to



whi ch Japanese wonen prefer, by the illumnation Iight obtained by these

experd nents. Nanely, it is considered that- there are several nbi nati ons

of phosphors which are able to reproduce the skin col or whlchggaﬁﬁﬁéézr-——-~ﬁ‘
wonen prefer at the sane color tenperature. In a case where,

phosphors (peak wavel ength of 380nmto 780nm other than thos m’lH ”
col or point (after converting to the color point under the st andar®d t

i1lum nant D65 using the CIE chromatic adapat-i on equation ) of the skln

test color (Jap%ngﬁﬁ yoqpno§ @kgmfggygr) for calculating the color

rendering i ndex according to 6- 1990 is reproduced in the reglon of
T BN R by hes A BVRBECEE Ao Mg A"
a peak wavelength of which is 400nm to 430nm, an Eu*® |
| activated blue phosphor, the peak wavelength of which is 435mm
i to 460nm, a Tb™® activated or Tb*® and Ce™® coactivated green
phosphor, the peak wavelength of which is 500nm to 550nm, an
Eu*® activated red phosphor or Mn*® activated red phosphor,
the peak wavelength of which is 600nm to 635hm, or an Mn**
activated deep red phosphor, the peak wavelength of which is
640nm to 670nm.

8. A discharge lamp for general illumination according to
claim 1, wherein

the above discharge lamp being a fluorescent lamp is
composed of a combination of four or more of phosphors, a
peak wavelength of which is 400nm to 430nm, 435nm to 460nm,
470nm to 495nm, 500nm to 550nm, 600nm to 635nm, or 640nm to
670nm. |

9. A discharge lamp for general illumination according to
claim 2, wherein

the above discharge lamp being a fluorescent lamp is
composed of a combination of four or more of phosphors, a
peak wavelength of which is 400nm to 430nm, 435nm to 460nm,
470nm to 495nm, 500nm to 550nm, 600nm to 635nm, or 640nm to



effects simlar to those of the fluorescent |anp shown in this enbodi nent.
Next',: a description will be given of another preferred enbodi nrent of the

i nvention, in which blue-green phosphors are usedL'PhosphOLs_Qi_éZQQE}Lgrhe___
495nm are [err] , [err] 2SrO [err] [err] (Ba, Ca, [err] 2+ etc

preferred enbodi nent, the color points of the skin test col m’m ﬂ

(Japanese wonen's Skl n color) for calculating the color ren U” Ir"ﬂm”””"l
according to JIS Z 8726 under the |ight of -28di scharge | anp. prodhcéd

6700K di scharge ggpg, for general illumination, in which [err] of the
abovenent i oned phosphors is used, are shown at the color point s 20 and 21

in Fig.3. The spectral dlstrlbutlon of fluorescent |anps rendered to the
respective color points is shown in Fig.11 and Fig.12.

10. A discharge lamp for general illumination according to
claim 3, wherein

the above dischargé lamp being a fluorescent lamp is
composed of a combination of four or more of phosphors, a |
peak wavelength of which is 400nm to 430nm, 435nm to 460nm,
470nm to 495nm, 500nm to 550nm, 600nm to 635nm, or 640nm to
670nm.

11. A discharge lamp for general illumination according to
claim 8, 9, or 10 , wherein

the phosphor is an Eu*® activated deep blue phosphor,
a peak wavelength of which is 400nm to 430nm, an EU*?
activated blue phosphor, the peak wavelength of which is 435nm
to 460nm, an Eu'? activated blue green phosphor, the peak
wavelength of which is 475nm to 495om, a Tb*® activated or
Tb*?® and Ce*s coactivated green phosphor, the peak wavelength
of which is 500nm to 550nm, an Eu™® activated red phosphor or
Mn*? activated red phosphor, the peak wavelength of which is
600nm to 635nm, or an Mn+4 activated deep red phosphor, the

peak wavelength of which is 640nm to 670nm.

12. An illumination instrument for general illumination ,

wherein ,



Fi'g. 11 shows the rel ative spectral dlstrlbutlon of a quoresce

col or

poi nt of which is 20, and Fig.12 shows the rel ative spec

distribution of a fluorescent |anp, the color point of which
Furthernore, Fig.11 shows a fluorescent |anp conposed of a conblnatlon of

mmﬁm i |T||| I

four phosphors, [err] , [err] , and [err] at the flux ration of about
8:11: 64: 17 respectively, and Fig. 12 shows a fluorescent |anp conposed
of a conbi nation of five phosphors, [err] [err] [err] and [err] [err] at

the flux ratio of abougheti 43¢6lorSpdnt BFUS, siEveRest Qedbr aNRI15efor een
phosphor is used, the color is able to be reproduced in the region of skin

whi ch JapARgIStINY AN cBLEYF Yend®dinghenddd WeLARLing tbi FIT Z 8726-19

90 under an illumination light irradiated from an illumination

col or,

instrument is converted to a color point under a standard

illuminant light CIE D65 using a CIE chromatic adaptation

equation,

the color point is in an elliptical region of which

a major axis is 0.0068, a . minor axis is 0.0037 and an

inclination from the u' axis is 40° , centering around (u’,v’')

= (0.2425, 0.4895) on the CIE 1976 u'v' chromaticity diagram.

13. An illumination instrument for general illumination

according to claim 12, wherein

an illumination light irradiated from an illumination

instrument is composed of a reflection plate or a transmission

plate, or a reflection plate and transmission plate.

14. An illumination instrument for general illumination

according to claim 12, wherein

an illumination light irradiated from an illumina;ion

instrument is composed of a plurality of lamps.



obt ai ned- by these experiments, as shown at the color point 20 in Fig.3 on
the CIE 1976 u'v' chromaticity diagram Still furthernore, in the preferred
enbodi ment, although [err] [err] is used as a bl ue-green phosphor, it is
possible to_obtain simlar effects even by using other blue-green phosphors
or using conbi nations of other phosphors. Furthernore, by causing the color
point of the light color of a fluorescent |anp to be positioned in the
regi on of color points, where the dist RA t he col or point of

Pl ancki an | ocus on the CIE 1960 uv chromaticity diagramis greater than

-0.005 and srmal | episdiange Oafig Gindi 11Tufi RS sh Bnstt ‘r’;gé { n
as white, and this will be suitable to a fl uo?es@'gﬂﬁ?kﬁw r*e‘?aY"glghg?gﬁﬁgﬁ
il'lumnation as a color of natural illumnation |ight. Furthernore, it is
possible to increase the | anp efficacy by causing the color point of |ight

color of fluorescent |lanps to be positioned in the region of color points
where the

A discharge lamp and an illumination instrument for general
illumination which is able to reproduce a preferable skin
color of Japanese women by an illumination light, in relation
to the skin test color of Japanese women, which is important
for general illumination, and is characterized in that, when
the color point of the skin test color No.15 for calculating
the color rendering index according to JIS Z 8726-1990 under
the light of the discharge lamp is converted to the color
point under the standard illuminant CIE D65 using the CIE
chromatic adaptation equation, the color point is in the
elliptical region of which the major axis is 0.0068, the
minor . axis is 0;0037 and the inclination from the u' axis is
40° , centering around (u',v')= (0.2425, 0.4895) on the CIE

1976 v’ v’ chromaticity diagram.

Fig. 1 to accompany abstract when published



di stance fromthe color point of Planckian |ocus on the CTE = -1 9- 1960
uv.chromaticity diagramis greater than O and small than +0. 010. Here, as
shown in Fig.17, the distance d between the color point. of the test |ight
source and that of the reference illumnant on the CIE 1960 uv chromaticity
diagramis’defined by a distance SP between the color point S and the
intersection P on the CIE uv 1960 chromat FéFty di agram wherein col or
poi nt” of light color of the light source is S(u,v) and the intergegtion
bet ween the perpendicular line for connecting this color point ith the
Pl ancki an | ocus, where the Planckian | ocus is P(uo,vo). However, <t iS
assuned that the distance of col or pm1ﬂc;ﬁ the test |ight sourcg_Lron1that
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of the reference illunminant on the CILE 1960 uv chromaticity diagramis
positive (d>0) in a case where the color point Sis located above the left
side (the greenish side of light color) fromthe Planckian |locus, and it is
negative (d<0) in a case where the color point Sis |ocated below the right

side (the reddi shgsi dz of light color). Stild2-furthernore, fluorescent
| anps according t '

vi ewpoi nt of col or (@Jp ERNGBIA Bm bR, éb VE NGTTt & (P | s FaioR
ot her than skin col or. S~ asEF/ ot~ e ' :
fluorescent |anps ensufe cl r and g éhter Neprpduct i t han t?% %rent
tri-band type fluorescpent I%% Treggi e, thgy afe no 9Suita{bl . 2 anps
for general - 20- . .
) 395 | 0153 595 | 0.338
400 0.158 600 0.440
405 0.162 605 0.470
410 0.164 610 0.494
415 0167 615 0.511
420 0.170 620 0.524
425 0.175 625 0.535
430 0.182 630 0.544
435 0192 635 0.552
440 0.203 640 0.559
445 0.212 645 0.565
450 0.221 650 0.571
455 0.229 €55 C.375
460 0.236 6€0 0.281
465 0.243 665 0.586
470 0.249 670 0.590
475 0.254 675 0.594
480 0.259 680 0.599.
485 0.264 685 0.603
490 | 0269 690 0.606
495 0.276 695 0.610
500 0.284 700 0.612
505 0.291 705 0.614
510 0.296 710 0.616
515 0298 715 0.616
520 0.296 720 0.616
525 0.289 725 0.616
530 0.282 730 0.615
535 0276 735 0.613
540 0274 740 0.612
945 0.276 745 0.610
550 | 0.281 750 0.609
555 0.286 755 0.608
560 0.291 760 0.607
565 0.289 765 0.607
570 0.286 770 0.609
575 0.280 775 0.610
780 0.611




i I lum nation. Several exanples of fluorescent |anps are described as the
preferred enbodi nent of the invention. However, as regards high intensity
di scharge lanps, in a case where the relative spectral distribution of a
high intensity discharge lanp is adjusted so that the color point (after
convertingto the col or point under the standard illum nant D65 using the
CIE chromatic adaptation equation ) of the-3kin test color No.15 (Japanese
wonen's skin color) for calculating the color rendering index accordigto
JIS Z 8726-1990 is reproduced in the regiron of color points, which Japemese
worren prefer, by the illumination |ights obtained in the experinments@®t is
possible to obtain effects simlar to the effects of  fluorescent |anps
shown in the preferred enbodi nent. Eyes are chromatically adapted toqime

color tenperature of th&main illumnation@llunminant in a cas®where a
preferabl e skin color igsreproduced by illys nation O <
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instruments for skin color to illumnate the skin color in a lighting
surroundi ng where there are nmany | anps. Therefore, in this case, if the
colsor point (after converting to the color point under the standard

illum nant D65 using the CIE chromati c adaptation equation ) of the skin
test color*No.15 (skin color of Japanese wonen) for cal cul ating the col or
rendering index according to JI'S Z8726-19%@Q- s reproduced in the regi on of
col or points, which Japanese wonen prefer, .by -21- the illum nati 85AHi ght
obtained by the experinents, it is also possible to obtain effects skti*l ar
to those of the fluorescent |anps of the preferred enbodi nent: The c@Ror
points (not corrected for the chromati c adapti on under the standard °
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color No.: 15 (Japanese wonen' s skln color) for cal cul ating the col or
rendering i.ndex according to JIS Z 8726-1990 under the light of discharge

| anp for spot lighting for skin color when the base lighting is by a D65
light are plotted at the color points 22 to 24 in Fig.3 as another
preferred énbodi ment of the invention. The tolor point 22 in Fig.3 is a
color point of the skin test color No. 15 -(58}apanese wonen's skin col gr) for
cal culating the color rendering index according to JIS Z 8726-1990 under a
fluorescent lanp, the color tenperature of which is 6900K, the col or *Péi nt
23 therein is a color point of the skin-test color No. 15 (Japanese‘mBnen S
skin color) for calculating the color rendering index according to Jis z
8726- 1990 under a fluorescent |anp, the color tenperature of which i €37
7500K, and the color point 24 therein is a color point of the skin test
color No. 15 (Japanese wonen' s skin color) for calculating the color
rendering index according to JIS Z 8726-1990 under a
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fluorescent |anp, the color tenperature of which is 7300K. The respective.
color points of the skin test color No.15 for calculating the col or
rendering index are reproduced in the . -22- region of skin colors, which
Japanese wonen prefer, by the illumnation |ight obtained by the
experinments as shown with the color points 22 to 24 in Fig.3 on the CIE
1976 u'v' chromaticity diagram The spectrd- distribution of fluores

| anps rendered to the respective color points is shown in Fig.13 to Fid. 15. -
Fi g.13 shows the relative spectral distribution of a fluorescent |anp whose
color point is 22, Fig.14 shows that of a fluorescent |anp whose col

point 23, and Fig.15 shows that of a fluorescent | anp whose col or pokg%'24.
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Fi.g. 13, Fig.14 and Fig.15 show a conbinati on of three phosphors, [err]
and 3. 5MgO [err] [err] , wherein Fig.13 shows a fluorescent |anp conposed
of ‘the conbination at the flux ratio of about 4:82:14, respectively, Fig.14
shows a fluorescent |anp conposed of the sane conbination at the flux ratio
of about 5!83:12, respectively, and Fig.15 shows a fluorescent |anp
conposed of the sane conbination at the fFdéx ratio of about 5:82:13,

respectively. Furthernore, as regards the i'llum nation instrunments, if.lthey
are illumnation instrunents having a reflection plate and transnissbgp
plate to irradiate the relative spectral distribution shown in Fig.4+40
Fig.12, they are able to bring -the sanme effects as those of iIIuninaLLsp
| anps. Fig.16 shows still another preferred enbodi nent of the
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-23-.inventionwherein 25 is a casing of an illumination instrument, 26 is a
| anp, 27 is a transm ssion plate produced so that the transmtting |ight 28
has the relative spectral distribution shown in, for exanple, Fig.4 to
Fig.12, according to the light of the lanp 26, and 28 is a transmtting
light. Namely, as the transmitting light 28 will have the relative spectra
distribution to reproduce a preferable ski-8-col or as shown in Fig.4 go!
Fig.12 when the light output irradiated fromthe lanp 26 is outputted a
transmtting light 28 by the transm ssion plate 27, the skin test color

No. 15, which is illumnated by the transmtting light, for calculatiﬂﬁlthe
color rendering index according to JIS Z 8726-1990 is able to be reproduced
in the region of preferable skin colors. It is needless to say that $®# | ar
effects can be obtained even though the radiation of the relative spectral
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di stribution shown in Fig.4 to Fig.12 shown in the preferred enbodi nent is
conducted by an instrunent consisting of -a plurality of |anmps wi thout being
limted to one | anp. As has been made clear fromthe above preferred

enbodi ments, according to the invention, it is possible to reproduce
preferabl e’ skin colors, which Japanese worgn prefer, by the illum nafigqn
lights, as for the skin colors of Japanese. wonen of the Oientals, h
are inportant especially for general illunination. Furtherrmore, it i§ ~
needl ess to say that, because of the -24- Oientals, the skin col% of
Japanese wonen and the skin color of the oriental wonen who have the sane

skin color as that of Japanese -wonen are able to be reproduced as a <O
preferabl e skin
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color by using discharge lanps and illumination instrunents for general
illum nation according to the invention. WHAT IS CLAIMED IS: 1. A

di scharge lanp for general illunination , wherein when a color point of a
skin testcolor No.15 for calculating a color rendering index of JIS Z
8726-1990 under a light of a discharge lanp is converted to a col or point
under a standard illum nant ClIE D65 usi ng-40€l E chromatic adaptati on™x31
equation, a color point is an elliptical region, of which the najor esei=s is
0.0068 and the mnor. axis is 0.0037 and the inclination fromthe u ogxis
is 40 , centering around (u',v') = (0.2425, 0.4895) on the CIE 1976 o' V'

chromaticity diagramafter correcting for the chromati c adaptati on updar
t he standa '
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rdillum nant D65. 2. A discharge lanp for general illumnation according
to claim1,wherein the color point of the |ight color of the discharge |.anp
is’in the region where the distance of the color point from Planckian | ocus
on the CIE 1960 uv chromaticity diagramis greater than -0.005 and small er

than +0.010. 3. A discharge lanp for general illumnination according to
claim1, wherein the color point of the |i_g|h|t col or of the discharge |anp
is in the region where the distance of the.col or point -26- from

Pl ancki an | ocus on the CIE 1960 uv chromaticity diagramis greater tham O
and small er than +0.010. oqg
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4. A discharge lanp for general illumnation according to claim1, wherein
t he above di scharge | anp being a fluorescent l'anp i's conposed of a

conbi nation of three or nore of phosphors, a peak wavel ength of which is
400nm to 430nm 435nm to 460nm 500nmto 550nm 600nmto 630nm or 640nmto
635nm 5. A discharge lanmp for general illum nation according to claim 2,
wherei n the above discharge |anp being a figorescent | anp is conposed of a
conbi nati on of three or nore of phosphorsT!@ peak wavel engt h of whi chEd s
400nmto 430nm 435nmto 460nm 500nmto 550nm 600nmto 630nm or 8ZBTMto
635nm 6. A discharge lanp for general illumination according to cl 8%n 3,
wherein the above discharge |anp being a fluorescent lanp is conposed of a
conbi nation of three or nore of phosphors, a peak wavel ength of whi of—s

400nmto 430nm 435nmto 460nm o
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500nm to 550nm 600nmto 630nm or 640nm.to 635nm 7. A discharge lanp for
general illum nation according to -27- claim4, 5 or 6 ,wherein the
phosphor is an Eu+2 activated deep bl ue phosphor, a peak wavel ength of
which is 400nmto 430nm an [err] activated blue phosphor, the peak

wavel engt h*of which is 435nmto 460nm a [err] activated or [err] and [err]
coacti vated green phosphor, the peak wavel ength of which is 500nmto _550nm
an [err] activated red phosphor or [err] athivated red phosphor, the ak
wavel ength of which is 600nmto 635nm or an [err] activated deep refi™"
phosphor, the peak wavel ength of which is 640nmto 670nm 8. A discﬁﬁﬂge

| amp for general illum nation according to
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claim1, wherein the above discharge |anp being a fluorescent lanp is
conposed of a conbination of four or nore of phosphors, a peak wavel ength
of -which is 400nmto 430nm 435nmto 460nm 470nmto 495nm 500nmto 550nm
600nm to 635nm or 640nmto 670nm 9. A discharge |anp for general

illum nation according to claim2, wherein the above di scharge | anp being a
fluorescent lanp is conposed of a conbinatign of four or nore of pho ors,
a peak wavel ength of which is 400nmto 430’r:1(ni’|"435nmto 460nm 470nm t
495nm 500nmto 550nm 600nmto 635nm or 640nmto 670nm 10. A "

di scharge lanp for general illumnation according to o]
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e

cl &im 3, mhereln t he above di scharge | anp belng a quorescent lanp is
conposed of a conbi nati on of four or nore of phosphors, ‘a peak wavel ength
of -which is 400nmto 430nm 435nmto 460nm 470nmto 495nm 500nmto 550nm
600nm to 635nm or 640nmto-670nm 11. A discharge |anp for general

iIlum natidn according to claim8, 9, or 10 , wherein the phosphor is an
[err] activated deep blue phosphor, a peakqgavel ength of which is 40

430nm an EW2 activated bl ue phosphor, the peak wavel ength of which is
435nmto 460nm an [err] activated blue green phosphor, the peak mavéréngth
of which is 475nmto 495nm a [err] activated or [err] and [err]

coacti vated green phosphor, the peak wavel ength of which is 500nmto 550nn1
an [err] activated red phosphor or [err] activated red phosphor, the peak

wavel ength of which is 600nmto 635nm or an [err] activated deep redSd
phosphor, the
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pedk wavel ength of which is 640nmto 670nm 12. An illunination instrunment

for. general illum nation wherein -29- when a color point of a 'skin test:
colFor No. 15 for calculating a color rendering index according to JIS Z
8726-19 90 under an illumnnation light irradiated froman illum nation
instrument i s converted to a color point under a standard illuninant |ight

ClE D65 using a CIE chromatic adaptation equation, the color point is in an
elliptical region of which a mjor axis is 0.0068, a minor axis is 0.0037
and an inclination fromthe u axis is 40-16centering around (u',v') =
(0.2425, 0.4895) Fnitg]e TS 1976 u'v' chromaticity di agram
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13.- An illum nation instrunent for general illum.nation according to claim

12, wherein an illumnation light irradiated froman illumnation
instrument is conposed of a reflection plate or a transm ssion plate, or a
reflection plate and transm ssion plate. 14. An illumnation instrunent for
general illum nation according to claim 12, wherein an illum nation |ight
irradiated froman illum.nation instrunment if conposed of a pIuraIity,fg
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