GENERAL- PURPOSE DI SCHARGE LAMP AND GENERAL- PURPCSE Aiosel = S

LI GHTI NG APPARATUS BACKGROUND OF THE {FIVENTI ON

1. Field of the Invention: The present invention relates to
a general - 5 pur pose di scharge | anp and a general - purpose |ighting
apparatus for preferably designing a color environnment of I ndoor

| i ghting. 2. Description of the Rel ated Art: 10 At
present, a "nmethod for specifying fidel"y of col or reproduction” is
enpl oyed for uantltlvel assess- o) perties of a
|'i ght source. %ﬂ'ﬁ' 1¥ tﬁ&gr ,538__% @F ?\E/Igﬁybgglé@%n?yl ng the
degree of fidelity of Lre’,0| um nant reproduced by a 15

test lanp as conpared with a standard illumnant, and is defined in

"Met hod for specifying col OhA&mUNiﬂdﬂWTNVENTIdN es of |ight
sources"”, ClE (Comm ssion | ntermatTomatede

1. Field of the Invention:
The present invention relates to a general-
S purpose discharge lamp and a géneral—purpose lighting
apparatus for preferably designing a color environment of

indoor lighting.

2, Description of the Related Art:

10 At present, a "method for specifying fidelity of
color reproduction" is employved for gquantitively assess-
ing color rendering properties of a light source. This
method is used for gquantitively specifying the degree of
fidelity of the color of an illuminant reproduced by a

15 test lamp as compared with a standard illuminant, and is
defined in "Method for specifying color rendering proper-
ties of light sources", CIE (Commission Internationale de
1'Eclairage: International Commission on Illumination)
Pub., 13.2 (1974). The color rendering properties are

20 represented by the value of a general color rendering
index Ra. Moreover, at present, discharge lamps have
been developed so as to improve the general color render-

ing index Ra and a light efficacy.

25 Besides the assessment of fidelity of color
reproduction, a "method of specifying preference of color
reproduction" has been studied. According to this
method, when the color reproduced by a test lamp is
Ishifted from that of a standard illuminant, it is

30 quantitively specified that the color shift occurs in a
favorable direction or an unfavorable direction. Al-
though the assessment of preference of color reproduction

is one of the most important colorxr réndering.propeﬁtie§;"
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The preference of color reproduction is specified
mainly for human skin color and colors of foods, perish-
able flowers and plants. Among them, a food display lamp
for foods such as meat and fish and a plant lighting lamp
for flowers and plants have already been developed.
However, these lamps are so-called special-purpose lamps
and the color of light reproduced by them is pinkish.
Therefore, such a special-purpose lamp cannot be widely

used as a general-purpose lamp.

In development of general-purpose lamps used for
houses, offices and shops, it is essential to develop the
lamps so as to have a distinguishable feature and to be
capable of appropriately reproducing the colors of
important objects in a lighting environment such as human
skin, flowers, plants and walls. The inventors of the
present invention particularly aimed to improve the
preference of color reproduction of human skin, specified
a preferable skin color region by means of experiments,
and manufactured a discharge lamp for illuminating human
skin with light having a preferable color (copending U.S.
Patent Application S.N. 08/467,291).

On the other hand, regarding the color reproduc-
tion of objects other than human colors, for example,
flowers and plants, the inventors of the present inven-
tion clarified that a lighting color environment can be
assessed by using an index for feeling of contrast devel-

oped from the concept of feeling of contrast as an
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in further studies. 5 The preference of color reproduction is
specified mai nly for human skin color and colors of foods, perish-
able flowers and plants. Anmong them a food display |anp for foods
such as neat and fish and a plant lighting | anp for flowers and
pl ants have al ready been devel oped. 10 However, these |anps are
so-cal | ed speci al - purpose | anps and the color of |ight reproduced by
themis pinkish. Therefore, such a special -purpose |anp cannot be
wi del y used as a general - purpose | anp. 15 I n devel opnent
of general - purpose | anps used for houses, offices and shops, it is
essential to develog the | _Iangs so as to have a distinguishable
feature and t§Sgessment criteria,paged op the é?ey's"r]eib%é’&aﬁ% PheSEYPEr s of
}rportant Fbjefb&:fkdﬁ%ﬂdﬂﬂVﬁguémelaﬂﬂﬁﬁféﬂﬁhF%%ﬂﬂﬂ@NbQOContihbwu
owers, plants.and walls. T L nventors o e , resent .i nvention
particul arly SPHEE FSSFHﬁFBVQnghéppilcatﬁpQPe%gnggsBFmP%PoF%rQ&rodggvion of
human skin, specidums] (1994 %; paeiderdidwe Methodolfor regeehfpingeand oaf
experineats, an nufactured a.disc ge.lanmp for_illum nati human
25" Ok i ERPRGARCH AP HECE ChPE! cPhol BEBf oo ORRn AiaRp e Son eh
Pat ent Appl i c&eeding. Nof 0otz . by Hashimoto et Galthe bt hé&dllwand,
regardi ng the r oduc.- | o, of .Qbj t her than human
colors, for e%%%gé, &§%Et° H%Pdwgros‘}';ndd prﬁodntlgl,’ lﬁctéeg%f)(r)fvent ors of the present
I nven- tion clarified that a lighting color environnment can be

assessed by using an yRgeYekOr sifebl fHeOs 0N RESt dEMEdria such as an
10 index for feeling of contrast has not been established,

-a discharge lamp and a lighting apparatus for making

color objects such as flowers and plants look suffi-

ciently beautiful and vivid in a general lighting envi-

ronment have not been manufactured.

15
SUMMARY OF THE INVENTION
A general-purpose discharge lamp of the present
invention has a reciprocal correlated color temperature
20 Mr and an index for feeling of contrast M, wherein the

index for feeling of contrast M and the reciprocal
correlated color temperature Mr satisfy the relation-
ships:

v

M > 7.5 x 100°Mr + 101.5,
25 M< 7.5 x 100Mr + 129.5, and
100(MK™?) < Mr < 385(MK™).

In one embodiment of the present invention, a

color point of an illuminant color of the discharge lamp

30 is present in such a range that a distance of the color
point from a Planckian locus on a 1960 uv chromaticity
diagram is greater than ~0.003 and smaller than +0.010.



oped fromthe concept of feeling of contrast as an

- 3- assessnent criteria based on the result of years of study

(for exanple, Visual Carity and Feeling of Contrast, Col or Research
and Application, by Hashinoto et al., 19, 3, June, (1994); and "New
Met hod for Specifying Color 5 Rendering Properties of Light Sources
based on the Feeling of Contrast" by Hashinoto et al., J. Illum
Engng. Inst. Jpn. Vol.79, No. 11, 1993). However, since the
assessnent criteria such as an 10 i ndex for feeling of contrast has not
been establi shed, a discharge lanmp and a lighting apparatus for

maki ng col or ob&ects such as_flagowers and plants | ook suffi- .

ciently beautiful and Qi?Pathﬁrae@@ﬁ@F&PnFi@mﬂéﬁfeﬁﬁﬁsent inveRkHeRt have

not been manufacbuved.pdint of an illuminant coBbObMVBARY-€ie TéEsthYEHEI ON
lamp is present in such a range that a distance of the
color point from a Planckian locus on a 1960 uv chromat-
5 icity diagram is greater than 0 and smaller than +0.010.

In still another embodiment of the present
invention, the discharge lamp is a fluorescent lamp and
includes a combination of a green phosphor and a red

i0 phosphor, or a combination of a blue phosphor, the green
phosphor and the red phosphor, the blue phosphor having
a peak wavelength in a wavelength band of 400 nm to
460 nm, the green phosphor having a peak wavelength in
a wavelength band of 500 nm to 550 nm, and the red

15 phosphor having a peak wavelength in a wavelength band of
600 nm to 670 nm.

In still another embodiment of the present

invention, the blue phosphor is an Eu®**-activated blue

20 phosphor having a peak wavelength in a wavelength band of

400 nm to 460 nm, the green phosphor is a Tb*'-activated

or Tb* and Ce*-coactivated green phosphor having a peék

wavelength in a wavelength band of 500 nm to 550 nm, and

‘the red phosphor is an Eu**-activated red phosphor or a

25 Mn?* Mn*'-activated red phbéphor having a peak wavelength
in a wavelength band of 600 nm to 670 nm.

In :still another embodiment of the present

invention, the discharge lamp is a fluorescent lamp and

30 includes a combination of a blue-green phosphor, a green
phosphor and a red phosphor, or a combination of a blue
.phosphor, the blue-green phosphor, a green phosphor, and

the red phosphor, the blue phosphor having a peak wave-



A general - purpose di scharge | anp of the present I nvention has a

reci procal correlated col or tenperature 20 M and an index for feeling
of contrast M wherein the i ndex for feeling of contrast M and the
reci procal correlated color tenperature M satisfy the relation-

shi ps: M[err] 7.5 x 10[err]M + 101.5, 25 Ml[err]
7.5 x 10[err]M + 129.5, and 100(MK[err]) M [err]
385(MK[err]). I n one @nbodi ment of the present invention, a
color point of an illum nant col or of the discharge |anp 30 IS present
in such a range that a distance of the color poi nt from a Pl ancki an

| ocus on a 1960 uv.c ronat|C|t diagrami.s reater t - 0. 003 and
smal | er than 16N8FH 1 h wavelength band of 400 ) som,

I n anot her enbadergieenl phidephicas aidviny et p&dk wavelefigEhl @h powdkvesf an
' 1 um nant COE%%g%E'ﬁJEéd'EC@W&Jnm to 495 nm, the green phosphor
having a peak wavelength in a wavelength band of 500 nm
5 to 550 nm, and the red phosphor having a peak wavelength
in a wavelength band of 600 nm to 670 nm.

In still another embodiment of the present
invention, the blue phosphor is an Eu?*'-activated blue
10 phosphor having a peak wavelength in a wavelength band of
400 nm to 460 nm, the blue-green phosphor is an Eu®*-
activated blue-green phosphor having a peak wavelength in
a wavelength band of 470 nm to 495 nm, the green phosphor
is a Tb*-activated or Tb* and Ce*-coactivated green
15 phosphor having a peak wavelength in a wavelength band of
500 nm to 550 nm, and the red phosphor is an Eu®*'-activat-
ed red phosphor or a Mn?** or Mn'*-activated red phosphor
having a peak wavelength in a wavelength band of 600 nm
to 670 nm.
20
According to another aspect of the invention, a
general-purpose lighting apparatus of the present inven-
tion for emitting a lighting illuminant has an index for
feeling of contrast M and a reciprocal correlated color
25 temperature Mr, wherein the index for feeling of contrast
M and the reciprocal correlated color temperature Mr
satisfy the relationships:
M= 7.5 x 1072Mr + 101.5;
M < 7.5 x 10°Mr + 129.5; and
30 100(MK™) < Mr =< 385(MK™).

In one embodiment of the present invention, the
lighting apparatus includes a lamp, and at least one of



| anp is present in such a range that a distance of the col or point
froma Planckian | ocus on a 1960 uv chromat- 5 icity diagramis greater
than 0 and smaller than +0.010. - In still another enbodi nment
of the present i nvention, the discharge lanp is a fluorescent |anp
and I ncl udes a conbi nati on of a green phosphor and a red 10

phosphor, or a conbination of a blue phosphor, the green phosphor and
t he red phosphor, the bl ue phosphor_having a peak wavel ength in a
wavel engt h band of 400 nmto 460 nm the green phosphor having a peak
wavel ength in a wavel ength band of 500 nmto 550 nm and the red 15
phosphor havi ng a_ peak wavel ength in a wavel ength band. of 600 nmto
670 nm a reflGCtanrP%ﬁY?Ia%ﬂo?hEFaBﬁﬂbﬁgﬁBﬂtp&Fche pr esent

i nvention, the blue phosphor is an Eu[err]-activated blue 20 phosphor

havi ng a peak wavel ength in a wave| ength band aqf. 400 nmto_460 nm
the green phosphor i ﬁﬂﬁ%ﬁ?f-ﬁeFPagwsag 3 %Qﬁ'pﬁﬁﬁﬁqﬁ Hpgention,
Ce[ err] - coact thvat Eiglgt ey piwsphdushanchgdespaapluralityaedl éagpls.in a
wavel engt h band of 500 nmto 550 nm and the red phosphor is an

Eu[err] “-activated red phosphor or a 25 WMn[err] Mierr] -activated red
phosphor havi ng a pedkhwsyel thgt hinventiion a descetidregt h Hemrelirof B&@Kesm t o

670 nm , LN ' t g%p ' t _of €
i nventi on, th%o%sl}s%%%r écg 9 a%%b%étgggl tr}%% cen:'?d:{;ggﬂp aan%élg;%rgi eﬁﬁ%ﬁgﬂﬁgs a
combi nati on odischixge glesp phdsph@enery-auirpose lighspbrorapparatued
phosphor, or ﬁofoghkaihﬁﬁg o4 %H@f&%able 1PEREPAYT cd1fts LG BE6RRBnt
phosphor, a green phosphof, an

10 particularly suitable for main lighting of a house, a

shop, an office and the like.

This and other advantages of the present inven-
tion will become apparent to those skilled in the art
15 upon reading and understanding the following detailed

description with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Figure 1 is a graph showing the relationship
between an index for feeling of contrast M, a correlated
color temperature T, and a reciprocal correlated color
temperature Mr for illustrating the basic concept of the
present invention.

25
Figure 2 shows an index for feeling of contrast M
for illustrating the basic concept of the present inven-
tion.
30 Figure 3 is a graph showing the relationship

between an index for feeling of contrast M, a correlated
color temperature T, and a reciprocal correlated color

temperature Mr of a conventional discharge lamp.



the red phosphor, the blue phosphor having a peak wave-

-5- | ength in a wavel ength band of 400 nmto 460 nm the

bl ue- green phosphor having a peak wavel ength in a wave- | engt h band
of 470 nmto 495 nm t he green phosphor havi ng a peak wavel ength in
a wavel ength band of 500 nm 5 to 550 nm and the red phosphor having a
peak wavel ength I n a wavel ength band of 600 nmto 670 nm

In still another enbodi ment of the pregsent i nvention, the bl ue
phosphor is an Eu[err]-activated blue 10 phosphor having a peak

wavel ength in a wavel ength band of 400 nmto 460 nm the blue-green
phosphor is an Eu[err% activated bl ue- %%ﬁpfgﬁhOSphor having a Beak
wavel ength in gvee eyt S 0@ OBFPR7F 495 SHRCHIRE PR¥R
phosphor dliss_rabﬂib&ehréf actd Msdietrgy THup arddzdielg fto thachrusend green
15 phosphor,_having a peak wavel ength in a wavel ength band of 500
nmto 550 nnllﬁﬁﬁnFﬁgnred phosphor is an Eu[err]-activat- ed red
phosphor or a Mh [err] or Mierr]-activated red phosphor

5 Figure 5 is a graph showing a spectral power
distribution of another discharge lamp according to the

present invention.

Figure 6 is a graph showing a spectral power
10 distribution of still another discharge lamp according to

the present invention.

Figure 7 is a graph showing a spectral power
distribution of still another discharge lamp according to

15 the present invention.

Figure 8 is a graph showing a spectral power
distribution of still another discharge lamp according to

the present invention.

20
Figure 9 is a graph showing a spectral power
distribution of still another discharge lamp according to
the present invention.
25 Figure 10 is é diagram showing a configuration of

a general-purpose lighting apparatus according to the

present invention.
Figure 11 is a graph showing a distance of color
30 point of a test light source from that of a reference

illuminant on the 1960 uv chromaticity diagram.

Figure 12 is a diagram showing a configuration of



havi ng a peak wavel ength in a wavel ength band of 600 nm to 670 nm 20

According to anot her aspect of the invention, a gener al - pur pose

| i ghting apparatus of the present inven- tion for emtting a lighting
i1 lum nant has an index for feeling of contrast Mand a reciprocal
correlated color 25 tenperature M, wherein the index for feeling of
contrast M and the reciprocal correlated color tenperature M

satisfy the rel ati onshi ps: _ _ M[err] 7.5 x 10[err]M + 101.5;
M[err] 7.5 x 10[err]M + 129.5; and %0 | OO(MK[err]) 5 M [err]
385(MK[err]1). I n one enbodi nent of the present invention,
t he | i ghti ng apparatus includes_a |anp, and at | east one_of

- 6- LPRHPRE YRQSPRATRUERESE tAgRSANS: i3RPIIakes according to

the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

5
Hereinafter, +the present invention will be
described by way of illustrative examples.
First, an index for feeling of contrast M which
10 is independently developed by the inventors of the

present invention will be described.

As shown in Figure 2, the degree of feeling of

contrast of a color object illuminated by a lighting

15 lamp is represented by a gamut area in the three

- dimensional space, consisting of brightness (B) and

colorfulness (Mr-g, My-b) (for example, Nayatani et al.,

Color Research and Application, 20, 3, (1995)) of each

component color (R, Y, G, B) of the four-color combina-

20 tion of a non-linear color appearance model by Nayatani

et al. As the gamut area becomes greater, the degree of
feeling of contrast.

Table 1 shows spectral radiance factors of four
25 test colors of the index for feeling of contrast M.
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bet ween an index for feeling of contrast M a correl ated col or

tenperature T, and a reciprocal correlated color tenperature M of a
conventi onal discharge | anp. -7-
Figure 4 is a graph showi ng a spectral power distribution of a

di scharge | anp according to the present I nventi on. 5

Figure 5 is a graph showi ng a spectral power di stribution of another
di scharge | anp according to the gresent |nvent|on

Figure 6 is a graph showing a spectra} power di stribution of stil
anot her di scharge | anp according to the present I nventi on.

Figure 7 is a graph shomﬁng a spectral power
ince” a red component color greatly contributes

to the feeling of contrast, the red component color is
used as a reference. Therefore, the gamut area of four
color components is determined by the sum of a triangular
5 area consisting of a red component color, a blue compo-
nent color and a green component color and a triangular
area consisting of a red component color, an yellow

component color and a green component color.

10 Based on the gamut area of four color components,
the index for feeling of contrast M can be expressed by
the following Equation 1.

[Equation 1]
15 M = [G(S, 1000(1x))/G(Dg, 1000(1x))]1*® x 100
where G(S, 1000(1x)) is a gamut area of four
color components under a test light source S and an
illuminance 1000(1x), and G(D,, 1000(1lx)) is a gamut area
of four color components under a standard illuminant Dg
20 and a standard illuminance 1000(1x).

More specifically, when the gamut area of four
color components under an illuminant emitted from an
arbitrary lighting lamp S is equal to that under an

25 illuminant emitted from the standard illuminant Dy, that
is, when the same feeling of contrast as that of the
illuminant emitted from the standard illuminant D, is
obtained, the index for feeling of contrast M of the
lighting lamp S is normalized as 100.

30

Next, in order to specify such a range of the
index for feeling of contrast M that a preferable light-

ning color environment suitable for a general-purpose



di stribution of still another discharge |anp according to 15 t he present

I nventi on. Figure 8 is a graph showi ng a spectral power
distribution of still another discharge |anp according to t he present
i nvention. 20 Figure 9 is a graph showi ng a spectral power
distribution of still another discharge |anp according to t he present
I nventi on. 25 Figure 10 is a diagram show ng a configuration of
a general - purpose |ighting apparatus,gccording to the pr esent

i nventi on. Figure 11 1s a graph showi ng a di stance of color
30 point of a test light source fromthat of a reference

Figure 12

illumnant on_the 1960 uv chronat|C|t dlafrgﬁ% ng in a house, a SH5b
i 1 ’

i s a di agram&h3PMETa TIPR i 4ERdt FOR

and an office is obtained, wvarious fluorescent lamps
having different indices for feeling of contrast are
manufactured by way of experiment. With the sample
5 fluorescent lamps, an experiment for assessment is

carried out.

The sample lamps used for the experiment are
manufactured by using a mixture of three colors of
10 phosphors, i.e., a green phosphor, a blue phosphor and a
red phosphor. For example, LaP0,:Ce’",Tb* (represented
as LAP in Table 2) is used as the green phosphor,
Sr,,(P0O,)C1,:Eu** (represented as SCA in Table 2) and Sr,
P,0,:Eu** (represented as BA42N) are used as the blue phos-
15 phors, and Y,0,:Eu* (represented as YOX in Table 2) and
3.5Mg0-0.5MgF,«Ge0,:Mn** (represented as MFG in Table 2)

are used as the red phosphors.

The experiment is carried out in an observation

20 booth which has the size of 170 (cm) x 150 (cm) x
180 (cm) and is provided with each of the sample lamps at

a ceiling thereof. A wall, a floor and a desk have

N8.5, N5 and N7, respectively. Test objects are placed

on the desk. The test objects are: various flowers and

25 plants of various colors such as crimson roses, red, pink
and white carnations, yvellow small'chrysanthemums, viola-

ceous to purplish red star thistles, and purple- or pink-
trimmed white eustomas; a glass; a plaster figure; a hand
mirror; a small tatami mat; a newspaper; a magazine; a

30 tomato; a lemon; an orange; a green pepper; and 15 color
charts. The experiment is carried out in the observation

booth for each sample lamp having the same correlated

temperature. The sample lamps are assessed based on the



- 8- anot her general - purpose |ighting apparatus according to t he

present invention. DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS
5 Hereinafter, the present invention will be descri bed
by way of illustrative exanples. First, an index for feeling
of contrast M which 10 i s independently developed by the inventors

of the present invention will be described. As shown
in Figure 2, the degree of feeling of;5 _ contrast of a col or object
illumnated by a lighting 15 lanp is represented by a ganut area

in the three dinensional space consisting of brightness (B) and

col or ful ness %%rhg, N%fbé % exagp atani et al. Col or
Research and ASPEEERFPEnST 6er§a.e gg?fhﬁ QLIPPT the sampichdRSHAS (R,
Y, G B) of tpeeﬁemabdeloascanbg&&er%ﬂ indboh afightidiy:| ERCAFonRledf .
appear ance no ea becones

ni et al.. As the gaput a
greater, the egree of 2 R t?%eFFWB&8f¥5ﬁﬂﬁ%ﬂﬁgé]£%} the assessmenly o 1
shows spectralexpadigrod bact dhe ofesuditrts thereof.



25

-9-

test colors of the index for feeling of contrast M

- 13 -
TABLE 2
Correlated |Index for
No.|LAP {BA42N SCA | SAE | YOX| MFG |color Auy . |teeling off Assessment
temperature contrast

1126.5 32.1 8.1133.1| 8017 |-0.0018] 123 )
21276 32.9 11.6127.9| 7983 |-0.0006| 116 O
3128.6 33.7 15.022.7| 8060 |-0.0008| 111 O
4119.2 46.8 340 | 7858 [-0.0010| 94 X
5128212131 5.0 45.21 6685 0.0001| 146 X
6 128.2{ 16.0 |10.0 45.2] 6436 0.0036{ 140 A
7128.2110.0 {16.0 4.5(40.7] 6648 0.0007{ 137 o)
8 {28.2] 26.6 45.2{ 6652 0.0039{ 127 o)
9 {26.1 29.7{15.3{11.4117.5] 6812 0.0017[ 120 O
10134.8 31.4 13.5{20.3| 6808 0.0016{ 117 O
11134.8 31.4 16.9(16.9| 6646 0.0017{ 113 O
121948] _ _|314| _120.3]13.00 6624 | 00023 106 | X
1312711138 | 3.5 55.6) 4937 0.0036} 157 X
14127.1117.3 95.61 5045 0.0033{ 152 X
15127.1} 3.5 {13.8 11.1]44.5] 4978 |-0.0003} 145 A
16127.1 17.3 22.2133.41 5041 0.0015; 133 O
171234 16.6{ 8.6125.7{25.7{ 5030 0.0015{ 120 @)
18127.1 17.3 20.3113.5] 5085 0.0057{ 115 A
19120.8 1.6 38.8138.8] 2998 |-0.0007] 141 O
20120.8 1.6 46.5131.0] 2984 |-0.0003] 133 O
21120.8 1.6 54.3123.3} 2956 |-0.0011] 128 O
22120.8 1.6 62.0{15.5] 2974 |-0.0002} 122 X
23121.0 0.8 23.5{54.7| 2783 0.0017| 160 X
24121.7 1.2 30.8{46.4| 2780 0.0014| 150 O
25]22.5 1.5 38.0138.0| 2780 0.0004| 142 O
26123.7 1.5 449129.9| 2832 0.0012| 135 O
271245 1.5 51.8122.3] 2800 0.0019] 128 A
28125.3 1.5 58.6114.61 2773 0.0014] 123 X
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Since a red conponent color greatly contributes to the feeling of
contrast, the red conmponent color is used as a reference. Therefore,

t he ganut area of four col or conponents is determ ned by the sumof a
triangular 5 area consisting of a red conponent color, a blue conpo-

nent color and a green conponent color_ and a triangular ar ea
consisting of a red conmponent col or,~ahk%yel | ow conponent color and a

green conponent col or.

In Table 2, the sample number of each sample
lamp, the kinds of phosphors used and a ?atio by weight
thereof, a correlated color temperature, a distance of a
color point of a test light source from a Planckian locus

5 on the 1960 chromaticity diagram (+ indicates the dis-
tance of a color point of a test light source which is
present on the upper left side of the Planckian locus,
while - indicates the distance of a color point of a test
light source which is present on the lower right side of

10 the Planckian locus), an index for feeling of contrast M,
and the results of the assessment are shown in columns in
this order from the left to the right.

As 1s apparent from Table 2, it is confirmed that

15 the range of the index for feeling of contrast M of the
discharge lamp providing a preferable general indoor
lighting environment differs depending on the difference

of the correlated color temperature. Thus, in Figure 1,

the relationship between a correlated color tempera-

20 ture (T), a reciprocal correlated color temperature
(Mr = 10%/T) and an index for feeling of contrast M is

shown. In Figure 1, O, A and X indicate the results of

the assessment of the discharge lamp; O indicates that

the discharge lamp is suitable as an indoor lighting

25 environment, A indicates that the discharge lamp is at
the very limit of being suitable as an indoor lighting
environment, and X indicates that the discharge lamp is
unsuitable as an indoor 1lighting environment. In Fig-

ure 1, the points indicated by numbers 1 to 28 correspond

30 to the sample lamps indicated by the same numbers in
Table 2. From Figure 1, it is understood that the range

of the index for feeling of contrast M of the discharge

lamp capable of providing a suitable lighting environment



10 Based on the ganmut area of four col or conponents, t he

I ndex for feeling of contrast M can be expressed by the foll ow ng
Equation 1. (Equation 1] 15 M= [JS, 1000(Ix))/ 3 D65,
1000(Ix))][err] X 100 where S, 1000(Ix)) is a ganmut area of
f our col or conponents under a test light source S and an

I 1lum nance | 000(Ix), and  Dlerr], 1000(Ix)) is a gamut area of four
col or conponents under a standard iltuk® mant Dlerr] 20 and a standard

i 1'lum nance 1 000(I x). More specifically, when the gamut
area of four col or conponents under an illumnant emtted from an
arbitrary |ightengehatplS1ightdumy ils0 ridpaledditRid @y Zhe hdtdhed nanda.
emtted fromthe standard illum nant Dlerr], that i's, when the sane
feeling of contrast as that of the illumnant emtted fromthe

standard illum nant Db6Nekt, a calbuaagedn tiwe ped®orid et i genefral-

contrast Mol eoose dipdiiedd 1aBs Shicho ' Edsed o?nﬁewdﬁgwof
contrast ™ t hausedpr €heraeblyeobtghhing the m]ngtmhshlprhatmmra ceuirteabl e
for a general - RUHRAS Bolor temperature T, a reciprocal correlated color
temperature Mr and an index for feeling of contrast M.
The results are shown in Figure 3. As in Figure 1, a
hatched area in Figure 3 represents the range of an index
10 for feeling of contrast M of a discharge lamp providing
a preferable lighting environment as general 1lighting
obtained by the aforementioned experiment for assessing

the sample discharge lamps.

15 In Figure 3, points 29 to 44 indicate wvarious
kinds of lamps as follows: point 29 for a "daylight"
fluorescent lamp (6500 K, Ra 74); point 30 for a tri-band
type "daylight" fluorescent lamp (6700 K, Ra 88);
point 31 for a "daylight" fluorescent lamp with an

20 improved color rendering property (6500 K, Ra 94);
point 32 for a "day light "fluorescent lamp D,; with a
high color rendering property (6500 K, Ra 98); point 33
for a "neutral" fluorescent lamp (5200 K, Ra 70):
point 34 for a tri-band type "neutral" fluorescent lamp

25 (5000 K, Ra 88); point 35 for a "neutral" fluorescent
lamp with a high color rendering property (5000 K, Ra
99); point 36 for a "neutral" fluorescent lamp with an
improved color rendering property (5000 K, Ra 92);
point 37 for a "cool white" fluorescent lamp (4200 K, Ra

30 61); point 38 for a "cool white" fluorescent lamp with an
improved color rendering property (4500 K, Ra 91);
point 39 for a "white" fluorescent lamp (3500 K, Ra 60);

point 40 for a tri-band type "warm white" fluorescent



di scharge | anp used for main lighting in a house, a shop and an office
I s obtained, various fluorescent |anps havi ng different indices for
feeling of contrast are manuf act ured by way of experinent. Wth the
sanple 5 fluorescent |lanps; an experinment for assessnent s
carried out. The sanpl e | anps used for the experinment are
manuf actured by using a m xture of three colors of 10 phosphors, i.e., a
green phosphor, a blue phosphor and a 16 - red phosphor. For exanple,

[err] (represented as LAP in Table 2) is used as the green phosphor,
[err] (represented as SCA in Table 2) and Sr2 [err] (represented as

BA42N) are usedaap (BOODI K¢ RA088 ) i5poinphtl sformrad fllerardesdardprlesgnifed as

YOX in Table 2) and re] (J.epsesent S Ggl.n Tabl ‘s vl €
used as the re uﬁﬁ&é“ﬁ’ho&%qég {(’ Ha POSY] p?f’%g%ex%ée:r F%egntais‘sacﬁ%r iwg toeut in

an observati on f2@oresgestth Wghwidh a hbighzeadforl70efdefing psopeaty X
180 (cm and 1 3 bRV klefab b)), @36k 0" 8 NS ARl s YRS dlire soainh S8y N9

t her eof . A wall, "a fl oor esk
5 having high color rendering properties (2500 K, Ra 85);

and point 44 for a metal halide lamp (4230 K, Ra 88).

As is apparent from Figure 3, no conventional
general-purpose lamp is present in the range of the index
10 for feeling of contrast M of the discharge lamps provid-
ing a preferable lighting environment as general indoor
lighting. The discharge lamps having a correlated color
temperature in the range of 2600 K to 10000 K are practi-
. cally applicable as general-purpose discharge lamps.
15
From Figure 1, it is confirmed that a preferable
index for feeling of contrast M of a general-purpose
discharge lamp is present in such a range that a corre-
lated color temperature T and a reciprocal correlated
20 color temperature Mr (10%/T) satisfy:
M2 7.5 x 100°%Mr + 101.5;
M < 7.5 x 100%Mr + 129.5; and
100(MK™) < Mr < 385(MK™) (2600 K < T < 10000 K).

25 As described above, by setting the index for
feeling of contrast M of a discharge lamp to be in the
hatched area of Figure 1, it is possible to provide a
general-purpose discharge lamp and a general-purpose
lighting apparatus capable of preferably reproducing the

30 color of a lighting environment.

Hereinafter, with reference to Figures 4 to 9,

examples of a general-purpose discharge lamp according to



N8.5, N5 and N7, respectively. Test objects are placed on the desk.

The test objects are: various flowers and 25 pl ants of various colors
such as crinmson roses, red, pink and white carnations, yellow small
chrysant henuns, viol a- ceous to purplish red star thistles, and
pur pl e- or pink- trimmred white eustomas; a glass; a plaster figure; a
hand mrror; a small tatam mat; a newspaper; a magazi ne; a 30
tomato; a |l enmon; an orange; a green-pépper; and 15 col or charts. The
experinment is carried out in the observation booth for each sanple

| anmp having the sanme correlated tenperature. The sanple | anps are
assessed basedtha pkesent invention will be described.- 12 - assessnent

criteria of whether or not the sanple lanps is preferable as a general
i ndoor |ighting, environment. Table 2 shows the sanple {anps used for the
assessnment experinent Biagutés résuid s % hareof graphs showing relative

spectral distributions of fluorescent lamps manufactured
5 as general-purpose discharge lamps. Each of the fluores-
cent lamps can be manufactured by using the combination
of phosphors having peak wavelengths in wavelength bands
of 400 nm to 460 nm, 500 nm to 550 nm, and 600 nm to
670 nm, respectively. For example, a phosphor having a
10 peak wavelength in a wavelength band of 400 nm to 460 nm
includes: Sr,P,0,: Eu?®*; Sr,,(PO,)¢Cl,:Eu?*;
(Sr,Ca),o(PO,)CL,:Eu®*"; (Sr,Ca),,(P0O,)C1l,°nB,0;:Eu®*; and
BaMg,Al,,0,,:Eu*. A phosphor having a peak wavelength in
a wavelength band of 500 nm to 550 nm includes:
15 LaPO,:Ce?®", Tbh3"; La,0,+0.28i0,-0.9P,0:Ce?®", Tb?*;
CeMgAl,,0,,:Th*; and GAMgB;0,,:Ce*',Tb?®'. A phosphor having
a peak wavelength in a wavelength band of 600 nm to 670
nm includes: ¥,0,:Eu?'; GAMgB;0,,:Ce?*, Tb*', Mn**;
GdAMgB;0,,:Ce?®", Mn3"; MgsAs,0,,:Mn*'; "and
20 3.5Mg0+0.5MgF,+Ge0,:Mn*", Hereinafter, some examples of a
fluorescent lamp manufactured by using the combination of

the aforementioned typical phosphors will be described.

First, an example of a sample lamp of 6700 X

25 manufactured by using three phosphors will be described.
This sample lamp is fabricated by using Sr,P,0,:Eu®,
LaPO,:Ce*,Tb* and 3.5Mg0.0.5MgF,-Ge0,:Mn** at a ratio by
weight of about 27:28:45, and corresponds to the sample

lamp 8 in Table 2. Figure 4 shows a relative spectral
30 distribution of this fluorescent lamp.

As can be seen from Table 2, by using Sr,P,0,:Eu®
as a blue phosphor, a discharge lamp having a particular-



- 13 - TABLE 2 Correl at ed I n
for No. LAP BA42 SCA SAE YOX MFG col or [errJuv feeling of
Assessment t enperature cont r ast
1 26.5 32.1 8.1 33.1 8017 -0.0018 123 0 2 27.6
32.9 11.6 27.9 7983 -0.0006 116 0 3 28.6 33.7
15.0 22.7 8060 -0.0008 111 0 4 19.2 - - -46.8 34.0
7858 -0. 0010 94 X 528 2A®1-3 5.0 45.2 6685

0. 0001 146 X 6 28.2 16.0 10.0 45.2 6436 0. 0036
140 A 7 28.2 10.0 16.0 4.5 40.7 6648 0. 0007 137
26 . 8 2823 %nghl gh thex fogg%éélﬂﬂﬁibf cBnQQ%%t k%b be maanac-
31.4 13.5 ‘2’8@3 6%683%3 1% 25%?78 R li) effei‘ilﬁﬁ gn °°n§’£°&‘

16.9 16.9 664

_ 6624 0. 00
0. 0036 157
152 5 X
A 16 27.1
23.4 16. 6
17. 3 20.3

38.8 38.8 299
2984  -0.0003
-0.0011 128

2122 10X

15

20

25

30

@ing Q:l'@lﬂedﬂéé’s of skith cold?. 34Mbreover3l.ds in 20i8
. 55.6 _4937
sxemble, by, wripays % 5Muo-b gk, aeg, gt 28s° o) ke,

phosphdz.,1in3pdridc8lar, dlctiméon ré@E8and @ @9630{-11‘415-

tign, afe’ page o ik ‘negifd u1 P VivIg®  mhyg, Dengs 1

flupresgent lamplsgs ¢obor propertiesg) m@echg8superior] te

dex

9

13.5

%hos§30%0%7¥:8n17%t2'1.on%0—tr1 baﬁﬁi 2\%{& fluorésc@ent 1 5 31.0

23.3 29

0 22 20.8 1.6 .62.0 15. 5 _ 2974 - 0. 0002

Next, examples of sample lamps of 5000 K and 3000
K manufactured by using four phosphors will be described.
Figures 5 and 6 show relative spectral distributions of
these sample lamps, respectively. Both of the sample
lamps are manufactured by using: Sr,,(P0,),Cl,:Eu®;
LaPO,:Ce’*", Tb*'; Y,0,:Eu’®'; and 3.5Mg0-0.5MgF,-Ge0,:Mn**. The
sample lamp of 5000 K is manufactured by using the above
four phosphors at a ratio by weight of about 17:27:22:33,
and corresponds to the sample lamp 16 in Table 2. The
sample lamp of 3000 K is manufactured by using the above
four phosphors at a ratio by weight of about
1.6:21:47:31, and corresponds to the sample lamp 20 in
Table 2. In this way, even when the same combination of
phosphors is used, fluorescent lamps having different
correlated color temperatures can be manufactured by

changing the ratio by weight of combined phosphors.

The sample lamps having the relative spectral
distributions shown in Figures 5 and 6 manufactured by
using the combination of four phosphors can make green
such as the green of leaves look beautiful in particular.
By adjusting the ratio by weight of the combined phos-
phors, it is possible to reproduce preferable human skin

color. The sample lamp having the relative spectral



23 21.0 0.8 23.5 54.7 2783 0.0017 160 X 24 21.7

1.2 30.8 46.4 2780 0. 0014 150 0 25 22.5 1.5

38.0 38.0 2780 0. 0004 142 0 26 23.7 1.5 44.9 29.9
2832 0.0012 135 0 27 24.5 1.5 51.8 22.3 2800
0.0019 128 A 28 25.3 _ 1.5 58.6 14.6 2773 0.0014
123 X - 14 - In
Tabl e 2, the sanple nunber of each sa e | anp, the kinds of
phosphors used and a rati o by wei ght thereof, a correlated col or
tenperature, a distance of a color point of a test light source from
a Pl anckian | oabzgtélbut%nt ReohB64 nC B gm cs tearfli A G hiRe | @Hiﬁabgiokhe
di s- tance of a color_point of a test |ight sourc whi ch

‘present on t hePHBHErapPeet STE% SATRAR 1@“’%9?1"&1%9 &?t?sre atlvev\ﬁPPEtral

i ndi cates the dh%ﬁ:i\‘&ﬁﬁt@.ﬁ)nas@u@v@xr J@Dlmfghﬁfe 35 tlﬁé the colbghpreperteewhi ch

i s present on the Ioge h %f PI ancki an | ocus), an index
for feeling of SGYAVPAERTM "endsds affd fRet Pg MResessment ar e
shown in solums in thIS order fromthe Ieft to the right.

Next, an example of a sample lamp of 6700 K
manufactured by using five phosphors will be described.
Figure 7 is a graph showing a relative spectral distribu-
tion of a fluorescent lamp manufactured by using the

10 combination of: Sr,P,0,:Eu®'; Sr,,(PO,),Cl,: Eu®;
LaPO,:Ce*,Tb*; Y,0,:Eu®; and 3.5MgO-0.5MgF,-Ge0,:Mn*" at a
ratio by weight of about 10:16:28:4.5:41. The fluores-
cent of this example corresponds to the sample lamp 7 in
Table 2.

15

Next, an example of a sample lamp manufactured by
using the combination including a blue-green phosphor is
shown below. '

20 Figures 8 and 9 are graphs showing relative
spectral distributions of fluorescent lamps manufactured
by using: Sr,,(PO,),Cl,:Eu*; Sr,l,0,,:Eu®*; LaPO,:Ce*,6 Tbh*;
Y,0,:Eu®; and 3.5Mg0-0.5MgF,-Ge0,:Mn*'. The fluorescent
lamp having the relative spectral distribution shown in

25 Figure 8 is a fluorescent lamp of 6700 K manufactured by
using the five phosphors at a ratio by weight of about
30:15:26:11:18, and corresponds to the sample lamp 9 in
Table 2. The fluorescent lamp having the relative
spedtral distribution shown in Figure 9 is a fluorescent

30 lamp of 5000 K manufactured by using the five phosphors
at a ratio by weight of about 17:9:23:26:26, and corre-
sponds to the sample lamp 17 in Table 2.



As is apparent from Table 2, it is confirnmed that 15 the range of the
I ndex for feeling of contrast Mof the
pr ef erabl e general indoor
the difference

1, the rel ationship between a correlated col or tenpera- 20 ture
(T), a reciprocal <correlated color_ tenperature (M = 106/T) and
an index for feeling of contrast Mis 20 = shown. In Figure 1, 0, [err]

and X indicate the results of
i ndi cat es t hat

25

the very limt
and X indicate

di scharge lanp providing a

environment, [efrheke nElludtescémat lahpsdivshasgeal gon : Em’*atas a

as an

l'i ghting envir eeprotucingn fed)- yellowurgréenthnqxhlus indacab&d%hal—

nunbers 1 to 2

nunbers in
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Although the examples of the discharge lamps
obtained by changing the combination of typical phosphors
and the ratio by weight thereof are described above, the
present invention is not limited to the examples de-
scribed above. Sufficient effect of the invention can be
obtained by setting the index for feeling of contrast M
of the discharge lamp to be in the hatched area in Figure
1. Moreover, besides the examples described above, it is
apparent that various combinations of phosphors can be
employed.

As described above, in addition to the effect of
obtaining a discharge lamp capable of preferably repro-
ducing color of a lighting environment, wvarious effects
can be obtained by varying the combination of phosphors.
More specifically, lamps having various features can be
manufactured by using different combinations of phosphors
in accordance with the design of a color environment to
be obtained while keeping an index for feeling of con-
trast M and a reciprocal correlated color temperature Mr
in the range satisfying:

M= 7.5 x 1072Mr + 101.5,

M < 7.5 x 107°Mr + 129.5, and

100(MK™) < Mr < 385(MK™) (2600 K < T < 10000 K).

Besides the sample lamps having spectral distri-

butions described above, lamps having particularly

lighting environnment differs dependi ng on
of the correlated color tenperature. Thus, in Figure

t he assessnent of the discharge | anp;
the discharge lanp is suitable as an indoor lighting

nvi ronnent,

fb bl d | i i .
plp2 s (bh3RaRel, an e’ bnosBibe s, ersdit IR

Ianp capable

0



as general lighting is represented by the hatched area.

Next, a calculation is perforned for general - pur pose di scharge | anps
which are currently and widely 5 used, thereby obtaining the

relati onship between a corre- | ated col or tenperature T, a reciproca
correl ated col or tenperature M and an index for feeling of contrast
M The results are shown in Figure 3. As in Figure 1, a

hat ched area in Figure 3 represents -t range of an index 10 for feeling
of contrast M of a discharge |anp providing a preferable |ighting
environment as general |ighting obt ai ned by the aforenmentioned

experiment forremagkabbg featurklse ssmwny etlte ssampge lampes usekd in the
In Figure 3, paoints.29 to 44_inpdicate rpQu nds of | anps as
fol | ows: p0|nteﬁgeféweg%"agyFﬁgﬂF"a wifl bﬁugfg 5éﬁ¥§1anp (6500 K, Ra 74);

point 30 for a tri-band type "dayllght" fluorescent lamp (6700 K, Ra
88) ; point 31 fo I| en a t
i mproved col or rende??%g P oﬁ%r %6 00%% 5 h gﬁ)x\41 @a%ﬂ Pa§§ fo

a "day |light "bbuveés&edtdQqulxqmpéranmea T excaﬂQﬂngxﬁocorgﬁdemedg

ropert 6500 ' for UL 4 e n a
F5280 Ky (Ra 703:510§at8§%er99hg% (?§ 71:10? rIf-béAn%d pe %utal;ﬂglwfﬁ%%r gg%eﬁ

‘lanp 25 ( 50403 K5Mgg - 88PMaB i Gﬂozsym“oraSa a' gegk phospharyoleseéfective

lanp with a high eRlKng erster wekprvqw& yarcéoegaksmli‘%l. Howver POithle 36
for a "neutral” fluorescent lanp_w nproved col or rendering

property (50001RAORE @pace is 156Pﬁ1;1n3?efiort°d l‘é‘é’él sperdet | TR e¥BeM
lamp (4200 K anoae. AB8l); resunt, 38tf seeis" 880K fwithiee ] alpl BEAS @€ Nbweap

with an L &atégﬂégigfﬁ¥§méega€&gge%L%n(ﬁggoag%ugg co%related
color temperature thereof. Therefore, in order to repro-
duce the color vividly while maintaining a high degree of
whiteness and clearness superior to those of a conven-
15 tional lamp, it is effective to use a lamp having a
correlated color temperature T greater than 7100 K and
equal to or smaller than 10000 K as the sample lamps 1,
2, and 3 in Table 2.

20 The sample lamps 23, 24, 25 and 26 in Table 2
have a correlated color temperature T in a warm white
region (2600 K £ T < 3150 K). A conventional "warm

white" fluorescent lamp, for example, a tri-band type
"warm white" fluorescent lamp has a poor ability of

25 reproducing a red color in particular, and has color
properties inferior to those of an incandescent lamp.
However, the sample lamps 23, 24, 25 and 26 in Table 2
have the color properties at least equivalent to those of
the incandescent lamp, and have the color of an

30 illuminant similar to that emitted from the incandescent
lamp.

Furthermore, by setting a color point of an



point 39 for a "white" fluorescent |anmp (3500 K, Ra 60); poi nt 40 for
a tri-band type "warm white" fluorescent

- 16 - |l anp (3000 K, Ra 88); point 41 for a fluorescent |anp for
museuns (3000 K, Ra 95); point 42 for a "warm white" fluorescent |anp
wi th a high color rendering property (2700 K, Ra 95); point 43 for a

hi gh- pressure sodium | anp 5 havi ng hi gh col or rendering properties {2500

K, Ra 85);

and point 44 for a-n&Zal- halide | anp (4230 K, Ra 88).

As is apparent from Figure 3, no conventional general - purpose lanmp is

present in the range of the index 10

di scharge | arrpslpﬁﬂyhant emittedd £rdif eéerfalabeés@ﬂﬂ rtgarmvtborm&rntn as

general indoor htln he dIS ha s havin corr ted
col or teﬁﬁgFaPur ﬁ%ﬁaa‘hg‘é 1@ % Par®e prtz‘@t
cally applicabaesaangenﬂuab-nurnm&ecwkﬁﬁnpqﬁhﬁemwnm d5Planckian locusFrom

Figure 1,

It

IS co t hat r ef i ndex for_ feeling, of
contrast M of 99 ge ﬂggg BogeahgomaglclLy dlagra 1s “gred %er ghan

5

10

15
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-0. 003 and smaller than +0.010, a white wall can be made
to look white. Such a fluorescent lamp is suitable és a
lamp having a natural lighting color for general light-
ing. Moreover, by setting the color point of the
illuminant emitted from the fluorescent lamp to be in a
region on the 1960 u,v chromaticity diagram so that the
distance Au,v is greater than O and smaller than +0.010,

lamp efficacy can be enhanced.

As shown in Figure 11, a distance Au,v of a color
point of a test light source from the Planckian locus on
the 1960 u,v chromaticity diagram is defined as a dis-
tance SP between a color point 8 and an intersecting
point P on the CIE 1960 uv chromaticity diagram, where
S{(u,v) is a color point of an illuminant from a light
source, and P{u,, v,) is an intersecting point of a
perpendicular line drawn from the color point S to a
Planckian locus and the Planckian locus. A distance of
a color point of a test 1light source from that of a
reference illuminant on the 1960 u,v chromaticity diagram
in the case where the color point S is present on the
upper- left side (somewhat green illuminant side) of the
Planckian locus is defined as positive (Au,v > 0), and in
the case where the color point S is present on the lower
right side (somewhat red illuminant side) of the
Planckian locus, the distance is defined as negative
(Au,v < 0).

In the aforementioned example, some examples of

for feeling of contrast Mof the



di scharge lanp is present in such a range that a corre- | at ed col or

tenperature T and a reciprocal correlated 20 color tenperature M
(106/T) satisfy: M[err] 7.5 x 10[err]M + 101.5;

M[err] 7.5 x 10[err]M + 129.5; and | OO(MK[err]) [err] M
[err] 385(MK[err]1l) (2600 K [err] T [err] 10000 K). 25 As
descri bed above, by setting the index for feeling of contrast Mof a
di scharge lanp to be in the hat cd@d-area of Figure 1, it is possible
to provide a general - purpose di scharge |anp and a general - pur pose

| i ghting apparatus capable of preferably reproducing the 30 color of a

lighting enviremEHluorescent lamp acddf@imaflterth¥ pheseher eatenitdon
Floures 410 Sure aesSXASBECS 9t 1IUFLS' BULREIE Lo RRLHEL AP o
i nvention w il ibtededdyt iRibcharge lamp providing an appropriate color
environment as in the case of fluorescent lamps. More
5 specifically, by setting an index for feeling of contrast
M and a reciprocal cbrrelated color temperature Mr to be
in the range satisfying:
M2 7.5 x 1002Mr + 101.5,
M < 7.5 x 100Mr + 129.5, and
10 100(MK™?) < Mr < 385(MK™*) (2600 K < T < 10000 K),
it is possible to obtain the same effect as that of the

fluorescent lamp described in the aforementioned example.

The same effect as that of the fluorescent lamps

15 described above can be obtained for a lighting apparatus
as long as the lighting apparatus has at least either a
reflecting plate or a transmitting plate for passing a
lighting illuminant therethrough in the relative spectral
distributions, for example, as shown in Figures 4 to 9.

20 Figure 10 shows a configuration of a general-purpose

lighting apparatus of an example of the present inven-
tion.

The lighting apparatus shown in Figure 10 in-

25 cludes a lighting apparatus body 45, a lamp 46 and a
transmitting plate 47. The transmitting plate 47 is
manufactured so that a relative spectral distribution of

light 48 transmitted through the transmitting plate 47 is
identical to, for éxémple, any one of ‘the relative

30 spectral distributions shown in Figures 4 to 9 in accor-
dance with the light emitted from the lamp 46. Since the

light 48 emitted from the lamp 46 and then transmitted
through the transmitting plate 47 has any one of relative



Figures 4 to 9 are graphs show ng relative spectral distributions of
fluorescent | anps manufactured 5 as general - purpose di scharge | anps. Each

of the fluores- cent |anmps can be manufactured by using the

combi nati on of phosphors havi ng peak wavel engths in wavel ength bands
of 400 nmto 460 nm 500 nmto 550 nm and 600 nmto 670 nm
respectively. For exanple, a phosphor having a 10 peak wavel ength in a
wavel engt h band of 400 nmto 460 nm- 24 +ncl udes: [err] (Sr, [err]
[err] [err] and [err] . A phosphor having a peak wavel ength in

a wavel ength band of 500 nmto 550 nmincludes: 15 [err] [err] A

phosphor havi ngpectrad Be@trABGRiRME b N ﬁbﬂ\/@ébeér?ﬂ:g%h bagdres 40@onw,to
€.

670 nm | ncl udes:, err [err], _an rr

Herei nafter, s&h& &éﬁﬁ‘é’é‘#l% J’et‘*’e‘F’Pu@’w"‘esﬁ‘c‘é‘?ﬁxI &R5 Jaﬂ;d uWPEd SR usi ng
t he conbi nati ograkt M, at Bergztaateantbebed tbypetaltuiieodphods avrelcipeo-
descri bed. Fiirst, an _exanple qf a samle ) of 6700 K 25
manuf act ur ed b?a&sf’ﬁ§rfaf]r?§§%pﬁ’(9§‘&forse%qqa%égediﬁzrﬁ%%lcﬁ%?es’ Thi s sanple
lanp is fabricated by Msing.pemr LOf®Mmr [+ 101.5,err] a ratio by wei ght

of about 27:28:45, and,cQrresponds,- t.h | e |l anp 8 in Table 2.
Figure 4 shows a rel at }vlvé rs7p3e%c'?(r g‘I% %ﬁ: T g"l%?é‘ﬁ’bu I|1%n of this fluorescent

| anp. As 260 (ME Heeh Mr cm3BR(IMK ™) (360G iKgs [rs [LO000 K).
Therefore, with such a lighting apparatus, a better color
environment can be provided for an indoor space. Suffi-~

10 cient effect of the present invention can be obtained as
long as the lighting apparatus of the present invention
is designed so that the index for feeling of contrast M
of the transmitted light 48 satisfies the aforementioned
relation. Therefore, a conventional general-purpose

15 lamp, which is designed to improve a general color
rendering index Ra, can also be used as the lamp 46.

Furthermore, a sufficient result of the present

invention can be obtained as long as the lighting appara-

20 tus of the present invention is designed so that the

index for feeling of contrast M of the transmitted light

beams 48 satisfies the aforementioned relation. Thus,

the same effect can be obtained even when a plurality of

lamps are used as the lamp 46. The configuration of a

25 lighting apparatus using a plurality of lamps is shown in
Figure 12.

A lighting apparatus shown in Figure 12 includes

the lighting apparatus body 45, a plurality of lamps 49,

30 50 and 51 accommodated in the lighting apparatus body 45,
and the transmitting plate 47. The lamps 49, 50 and 51

may have respectively different relative spectral distri-

butions. In the case where a plurality of lamps 49, 50



as a blue phosphor, a discharge |anp having a particul ar-

- 18 -

l'y high index for feeling of contrast can be nmanufac-

tured. In addition, [err] is effective in control- ling the redness of
Moreover, as in this exanple, by using [err] as ared 5
phosphor, in particular, a crinmson rose and a red carna- tion are
to |l ook beautiful and vivid. Thus, this fluorescent |anp has col or
properties much superior to t hes@5of- a conventional tri-band type
fl uorescent | anp. 10 Next, exanples of sanple |anps of 5000 K

skin col or.

and 3000

K manuf actured by using four phosphors will be described.

made

Figures 5 and gnhghey hekaukkd,speghitabeding! EnitttdddSErdm the 1SS 49l e
| anps, respectively. Both of .the sanpl e Iggggodﬁge manuf actured by

using: [err]

5a aqﬁyqﬁ afggmixed ???aﬁﬁr

by using the apodee 47 asf ehe Rhesphettedl 1agh ivediys 8 ghtTieé ebeHs-

17:27:22: 33,

5

10

15

20

25

30

mittiggd pi%ltléesf'y n:cng td%stig%a%:aergjl fnl %g‘go]fgahge-r%vbn{t% 2'l:he
light emitted from the lamps 49, 50 and 51 so that the
transmitted light 48 has any one of relative spectral
distributions shown in Figures 4 to 9, for example.
Therefore, also in this example, the relationship between
an index for feeling of contrast M, a correlated color
temperature T and a reciprocal correlated color tempera-
ture Mr satisfies:

M= 7.5 x 107°Mr + 101.5,

M < 7.5 x 100%Mr + 129.5, and

100(MK™) < Mr < 385(MK™) (2600 K < T < 10000 K).
As a result, a better color environment is provided for
an indoor space.

In the example shown in Figures 10 and 12, the
lighting apparatus using only the transmitting plate
designed in accordance with the lamp is shown. However,
even when a reflecting plate fabricated in accordance
with the lamp so as to have, for example, any one of
relative spectral distributions shown in Figures 4 to 9,
the same effect as that of the aforementioned example can

be obtained. Moreover, even when both the transmitting

.plate and the reflecting plate are employed, the same

effect can be obtained if the transmitting plate and the
reflecting plate are fabricated so that 1light emitted
from the lighting apparatus as a 1ightiﬁg'illuminant has
any one of relative spectral distributions shown in

Figures 4 to 9.

As described above, according to the present

K FsonEhtFELEr ed

The



sanple lanmp of 3000 K is manufactured by using the above 20 f our
phosphors at a ratio by weight of about 1.6:21:47:31, and
corresponds to the sanple lanp 20 in Table 2. In this way, even when
t he sanme conbi nati on of phosphors is used, fluorescent |anps having
di fferent correlated col or tenperatures can be manufactured by 25
changing the ratio by wei ght of conbi ned phosphors. The
sanpl e I anps having the rel ative specfbal- di stributions shown in
Figures 5 and 6 manufactured by usi ng the conbination of four
phosphors can nake green 30 such as the green of |eaves | ook beautiful in

particular. jinvelyiad] L@@é&ﬂei@f—é@f%@s@ﬁﬂ@é%g@flétﬁﬁ £9dh NRAghdHROS-

hors, it is possible to reproduce preferable h n skin color. The
Dol e | amp: AT TRETPRSR of SN VLNG ket vis Capable Sf feproducin the
- 19 - SbBdFs beifi ofl Swerd bAdFildrecs plAcabsantlersksd @l oto

preferable. The s le.la havi ng the rel ative spectral jstribution
shown in Figurguﬁgﬂgg PWBgBXFoF t?%%lronmeng 6f ‘indoor f&ghélng

.5 can be realized.

Various other modifications will be apparent to
and can be readily made by those skilled in the art
without departing from the scope and spirit of this

10 invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the
description as set forth herein, but rather that the
claims be broadly construed.



equi valent to those of an incandescent |anp. 5 Next, an exanple

of a sanple lanp of 6700 K manuf act ured by using five phosphors wll
be descri bed. Figure 7 is a graph showing a relative spectral

di stribu- tion of a fluorescent |anp manufactured by using the 10
conbi nati on of : [err] [err] rati o by wei ght of about

10: 16:28:4.5:41. The fl uores- cent of this exanple corresponds to the
sanple lanmp 7 in Table 2. 15 - 27 - Next, an exanple of a sanple
| anp manuf act ured by usi ng the conbination including a blue-green
phosphor is shown bel ow. 20 Figures 8 and 9 are graphs
showi ng rel ati yRat is epasimed idi:stributions of fluorescent |anps

manuf actured ———by Uusing—{erri [err]. The fl uorescent | anp

having the relative spectral distribution shown in 25 .Figure 8 is a

fluorescent |anp Qfg@ﬂaidi4pmﬁﬁay§tﬂxgbﬂarge 1ampinsvihg &i yecpbeolaars at
a ratio by meight o 6:11: 18 nd cQrres gnds to.t.he

Sarmpi e a6 ERTTeLat8d belor t2RRERaEs Pl aRRC) S IAAST G Oh S SPHLS: ve
spectral distriofucontralsewn,in Figure 9 is a fluorescent 30 Ianp of 5000

K manuf actured by usin i hor I Aa
about 17:9:23:26: 26, a%85%§%re¥%ep gégboﬁés t%??iﬁn§énplegpgﬁﬁm%7 abl e
2. the reciprocal correlated color temperature Mr satlsfy
relationships:
M= 7.5 x 100%Mr + 101.5,

LI e Iy

100(MK™t) < Mr < 385(MK™).

2. A general-purpose discharge lamp according to claim 1,
wherein a color point of an illuminant color of the
discharge lamp is present in such a range that a distance
of the color peoint from a Planckian locus on a 1960 uv
chromaticity diagram is greater than -0.003 and smaller
than +0.010.

3. A general-purpose discharge lamp according to claim 1,
wherein a color point of an illuminant color of the
discharge lamp is present in such a range that a distance
of the color point from a Planckian locus on a 1960 uv
chromaticity diagram is greater than 0 and smaller than
+0.010.

4. A general-purpose discharge lamp according to claim 1,
wherein the discharge lamp is a fluorescent lamp and
includes a combination of a green phosphor and a red
phosphor, or a combination of a blue phosphor, the green
phosphor and the red phosphor, the blue phosphor having
a peak wavelength in a wavelength band of 400 nm to

460 nm, the green phosphor having a peak wavelength in a



- 20 - These fluorescent |anps use [err]as a

bl ue- green phosphor. Thi s phosphor is effective in r epr oduci ng red,
yel l ow, green and blue in a well-bal- anced manner. I n addition,
human-skin color is prefera- 5 bly reproduced. Al t hough
t he ex wﬁlmn“charge | anps obt ai ned by changi ng the

conbi ngmmm\ﬂ““/ Bllphosphor s and the ratio by weight thereof are
descri bed above," t e 10 present i-mnZdtion is not linmted to the exanpl es
de- scri bed above. Sufficient effect of the invention can be

obtained by setting the index for feeling of contrast M of the

di schar ge | anpwéPeDengthnt bandatohesoar aa ivd FBHOIAm, the redbDpRO¥Fhor
besi des t he exanpl es descrkbed ahove, it is 15 ]_%&ﬁggﬁpttihqg g&élous
conbi nati ons ongﬁBQpﬁopga aifagglength dp,Hppayele .oand o nm

descri bed aboveo &moadslition to the effect of obtai ning a di scharge
| anp capabl e of preferably repro- 20 ducing color of a lighting
envi ronnment, various effects can be obtai ned by varying the

conbi nati on of 5phaydmesal-purpose discharge lamp according to claim 4,
wherein the blue phosphor is an Eu®*-activated blue
phosphor having a peak wavelength in a wavelength band of
400 nm to 460 nm, the green phosphor is a Tb*-activated
or Tb* and Ce*-coactivated green phosphor having a peak
wavelength in a wavelength band of 500 nm to 550 nm, and
the red phosphor is an Eu*'-activated red phosphor or a
Mn?* or Mn**-activated red phosphor having a peak wave-~
length in a wavelength band of 600 nm to 670 nm.

6. A general-purpose discharge lamp according to claim 1,
wherein the discharge lamp is a fluorescent lamp and
includes a combination of a blue-green phosphor, a green
phosphor and a red phosphor, or a combination of a blue
phosphor, the blue-green phosphor, the green phosphor,
and the red phosphor, the blue phosphor having a peak
wavelength in a wavelength band of 400 nm to 460 nm, the
blue~green phosphor having a peak wavelength in a wave-
length band of 470 nm to 495 nm, the green phosphor
having a peak wavelength in a wavelength band of 500 nm
to 550 nm, the red phosphor having a peak wavelength in
a wavelength band of 600 nm to 670 nm.

7. A general-purpose discharge lamp according to claim 6,
wherein the blue phosphor is an Eu®-activated blue
phosphor having a peak wavelength in a wavelength band of
400 nm to 460 nm, the blue-green phosphor is an Eu®'-
activated blue-green phosphor having a peak wavelength in
a wavelength band of 470 nm to 495 nm, the green phosphor



More specifically, |anps having various features can be manuf act ur ed
by using different conbinati ons of phosphors I n accordance with the
design of a color environment to 25 be obtai ned whil e keeping an index

IZ%L?SMRMM(@“H“M e range satistying oS AN Terr] 7.5 x
. B, s x

10[ err] M[err] 7.5 x 10[err]2M + 129.5, and 30
| 00(MK[err]) [err] M [err] 385(MK[errd9® (2600 K [err] T [err] 10000 K).
Besi des the sanpl e | anps having spectral distri- buti ons descri bed
above, | anps having particularly - 21 -

remar kabl e fealidres awPnaddicrawp! orl apds WYl tattwactivateadr gpash of
Table 2 will be, des le |la d in

i bed. . Th 1,..2
Tabl e 2 have SPhosgg‘lt”IFeﬁﬁY%’agc%l%?alf %vﬁqifgiag&ggg@%&g’éth_ 88?’ ePat ed
col or tenperat 600 ofn ZHNGIO s, delser rbddphbephort hiss use Eu’*-activated

red phosphor or a Mn* or Mn%** -activated red phosphor
having a peak wavelength in a -wavelength band of 600 nm
to 670 nm.

8. A general-purpose lighting apparatus for emitting a
lighting illuminant having an index for feeling of
contrast M and a reciprocal correlated color temperature
Mr,

wherein the index for feeling of contrast M and
the reciprocal correlated color temperature Mr satisfy
relationships:

M2 7.5 x 107°Mr + 101.5;

M < 7.5 x 102Mr + 129.5; and

100(MK™) < Mr < 385(MK™).

9. A lighting apparatus according to claim 8, wherein the
lighting apparatus includes a lamp, and at least one of
a reflecting plate and a transmitting plate.

10. A lighting apparatus according to claim 8, wherein
the lighting apparatus includes a plurality of lamps.



of [err] as a red phosphor is effective in making red | ook vivid and
beautiful. However, the i ndoor space is illumnated to | ook sonmewhat
red as a 10 whole. As a result, it seenms as if the lanp had a | ower
correl ated col or tenperature than an actual correl ated col or
tenperature thereof. Therefore, in order to repro- duce the color
vividly while maintaining a high degree _of whi t eness and cl ear ness
superior to those of a conven- 15 Figﬁar lanp, it is effective to use a
| anp havi ng a correlated col or tenperature T greater than 7100 K and
equal to or snEGENERAaPURFOGE KISCHARSES LMPe ANDTMGENERAL-PUREDSEANd 3 in
Tabl e 2. 20 The s&HGHTINGTRPPARATES 25 and 26 in Table 2

have a correlated color tenperature T in a warmwhite region (2600 K
[err] T [err] 3150 K). A ABNRRGTOOF) THE\DIECLOSURK\h te" f| uor escent

| anp, for exanple, a tri-band type warm white" fluorescent |anp has a
poor ability of 25 reproducing a red color in particular, and has col or
properties inferior to? ARRETALPITRRSHIIEMRrIanpamp of thenmresente

sanpl e | anps 23 nthtitin aikks 286 r8cipbbea? correlB@¥d KA O QUmgURalAd €S
at | east quiv%hgntwéo t hos ncandescent | anp, and have the

of he i )
color of &n 30 3 uﬂ?néﬂ§e§iﬁPFéﬁqg}Hﬂ%HOQHﬁ??EHa?FvatW?qq%%md€§%ent
| anp. index Eort heebing byf seicntigsi COl 0anfQOI e Ofrediprocal

correlated color temperature Mr satisfy the relation-

ships:
M 7.5 x 102Mr + 101.5,
10 M < 7.5 x 10%Mr + 129.5, and
100(MK™) < Mr < 385(MK™).

v



- 22 - illumnant emtted froma fluorescent lanp to be in a
region on a 1960 u,v chromaticity diagramso that a di stance Au, v of
the color point froma Planckian | ocus on the 1960 u,v chromaticity
diagramis greater than 5 -0.003 and snaller than +0.010, a white wall
can be nmade to I ook white. Such a fluorescent lanp is suitable as a
| anp having a natural lighting color for general |ight- i ng.
Moreover, by setting the color point of the illumnant emtted from
the fluorescent lanp to be in a 10 1/&gion on the 1960 u,v chromaticity
di agram so that the di stance Au,v is greater than 0 and smaller than
+0. 010, I ffjcacy can be enhanced. As shown in
Figure 11, a dhgfzéﬁﬁ Au, v of a color 15 point of a test |ight source
fromthe Planckian | ocus on the 1960 u,v chromaticity diagramis
defined as a dis- tance SP Hedrrelated mﬂorortempermtlﬁsea(n? an
i ntersecting pOintéf)ﬁﬁ the CIE 1960 uv chronmaticity diagram where
S(u,v) is a color point 0 illumnant froma |light 20 source, and
[err] is an intersef}00Q p&MM0of 5GO0 per pendi cH0Q0 2868 dr 4 ]f r om
the color point Sto a T Plrancki anm Tocus and the Pramnckian ocus. A
di stance of a col ¢r point of a test light source fromthat of a

160
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200 300 400
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color temperature (Mr)



reference illum nant on the 1960 u,v chromaticity diagram 25 in the case
where the color point Sis present on the upper left side (sonewhat
green illum nant side) of the Pl ancki an | ocus is defined as positive
(Au,v > 0), and in the case where the color point Sis present on the
| ower right side (somewhat red illum nant side) of the 30

Pl ancki an |l ocus, the distance is defined as negative [err]).

In the aforenentioned exanpl e, sone gfﬁgples of

- 23 - the fluorescent |anp rding to the present invention

are descri bed. It is also possible to realize a high intensity

di scharge | anp providing an appropriate color_, environnent as in the
case of fluorescent Ianpiﬁp ZﬁrEQS specifiB@QhVﬁﬁﬁy setting an index for
feeling of contrast N[- d reci procalgcorrel ated col or tenperature
M to be in the range satisfying: Y (B Y8R 7 103
10[err]M + 101.5, M[err] 7.5 x 1 ]M + 129.5, and

G(5.5G5./8) R(5R4,12)

7N

B(4.5PB3.2,/6) _ Yo
(Colorfulness)

My-b
(Colorfulness)



10 | QO( MK[
10000 K), it is
fluorescent |anp desc
The sane effect as th
be obtained for alig
apparatus has at |eas
pl ate for passing a

spectr al distri
Figure 10 sh (g qgg
appar at us of™ ah exa

The |ighting apparatu

err]) [err] M [er] 385(MK[err]) (2600 K[err] T [err]
possible to obtain the sane effect as that of the
ribed in the aforenenti oned exanpl e.
at of the fluorescent |anps 15 descri bed above can
hti ng appar at us as long as the lighting
t either a reflecting plate or a transmtting
lighting idfum nant therethrough in the relative
butions, for exanple, as shown in Figures 4 to 9. 20
figuration of a general-purpose l'i ghting
8

le of Coerglatedesolorntemperature (T)on. 0g.
a%é&%%%]

s shown in Fi re 10 in- 25 cﬁﬂﬁﬁg
e

g
appar atus body 45, a 1Q@PMe6LRK a 5000 transnitting
transmtting plate 494 1 s "manuf actured so-that a relative ‘spectral
di stribution of L |ight 48 transmtted through the transmtting plate
47 i s identical] to, for exanple, any one of the rel-.ige 30
spectral distributions shown in Figures 4 to 9 in ac dance with
the |ight enittedkstpn1the | anp 46. Since the jitted from
the lanp 46 and then |transmtted pl ate 47
has any one of relatijve
g 140+ ad 3
©
g 130 42
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- 24 - spectral distributions of, for exanple, Figures 4 to 9,

the rel ationship between an index for feeling of con- trast M a
correlated color tenperature T and a recipro- cal correlated col or
tenperature M satisfies: 5 M[err] 7.5 x 10[err]M + 101.5,
M[err] 7.5 x 10[err]M + 129.5, and 100(MK[err]) [err] M
[err] 385(MK[err]) (2600 K [err] T [err] 10000 K). Therefore, with
such a lighting apparatus, a better col or envi ronnment can be provided
for an indoor space. Suffi- 10 cienjsgifect of the present invention can
be obtai ned as |l ong as the lighting apparatus of the present

i nvention is designed so that the index for feeling of contrast M

of the transmitted |light 48 satisfies the aforenentioned rel ation.
Therefore, a conventional general-purpose 15 | anp, . which is designed
to inprove a general color rendering i ndex Ra, can al so be used as
the | anp 46. Furthernore, a sufficient result of the

pr esent i nvention can be obtained as |long as the lighting appara- 20
tus of the present invention is designed so that the i ndex for
feeling of contrast Mof the transmtted |ight beans 48 satisfies the
af orenmenti oned rel ation. Thus, the sane effect can be obtai ned even
when a pIuraUﬁ$P<;ﬁ4¢ | anps are used as the |anp 46. The configuration
of a 25 | TghtTig "apparatus using a plurality of lanps is shown in

Fi gure 12.

(%)
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T

50
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Wavelength (nm)



A lighting apparatus shown in Figure 12 incl udes the lighting

appar atus body 45, a plurality of |anps 49, 30 50 and 51 acconmodated in
the |ighting apparatus body 45, and the transmtting plate 47. The

| anps 49, 50 and 51 may have respectively different relative spectral
distri- butions. In the case where a plurality of |anps 49, 50.

- 25 - and 51 are used, |ight beans emtted fromthe | anps 49,

50. and 51 are m xed and pass through the transmtting pl ate 47 as
the transmtted |ight beans 48. The spaps- mtting plate 47 is
designated in accordance with the 5 light emtted fromthe |lanps 49, .50
and 51 so that the transmtted |light 48 has any one of relative
spectr al distributions shown in Figures 4 to 9, for exanple.
Therefore, also in this exanple, the relationship between an i ndex
for feeling of contrast M a correlated color 10 tenperature T and a
reci procal correl ated col or tenpera- ture M satisfies:

M[err] 7.5 x 10[err]M + 101.5,

FIG.5
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M[err] 7.5 x 10[err2M + 129.5, and | OO(MK[err]) [err] M
[err] 385(MK[err]) (2600 K [err] T [err] 10000 K). 15 As a result, a
better color environnment is provided for an i ndoor space.

In the exanple shown in Figures 10 and 12, the | i ghting apparat us
using only the transmtting plate 20 designed in accordance with the

| anp is shown. However, even when a reflecting plate fabricated in
accordance with the lanp so as to have, for exanple, any one of
relative spectral distributions showg/in Figures 4 to 9, t he sane
effect as that of the aforenenti oned exanple can 25 be obt ai ned.

Mor eover, even when both the transmtting plate and the reflecting
pl ate are enpl oyed, the sane effect can be obtained if the
transmtting plate and the reflecting plate are fabricated so that
light emtted fromthe lighting apparatus as a lighting illum nant
has 30 any one of relative spectral distributions shown in Fi gures
4 to 9. As descri bed above, according to the present

FIG.6
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- 26 - i nvention, a general-purpose discharge |anp and a gener-

al - purpose |ighting apparatus capabl e of reproducing the col ors of

fl owers and plants placed indoors so as to further inprove a color
environment of indoor lighting .5 can be realized. Vari ous
other nodifications will be apparent to and can be readily nade by
those skilled in the art W t hout departing fromthe scope and spirit
of this 10 i nvention. Accordingly /&5 is not intended that the

scope of the clains appended hereto bg M‘fmted to the description as
set forth herein, but rather that the clains be broadly construed.

- 27 - What is clainmed is:

FIG. 7
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1. A general -purpose discharge | anp having a reciprocal correlated col or

tenperature M and an index for feeling of contrast M wherei n the
i ndex for feeling of contrast Mand the reciprocal correl ated col or
tenperature M satisfy relationships: M2 7.5 x 102 + 101. 5,
M[err] 7.5 x 10[err]M + 129.5, and 100(MK[err]) [err] M [err]
385(MWKJerr]). 2. A general -purpose discharge | anp according to claim1,
wherein a color point of an illum nant col or of the discharge lanp is

present in such a range that a distancg,eh the color point froma Planckian
| ocus on a 1960 uv chromaticity dlagran1|s greater than -0.003 and snaller
t han +0. 010. 3. A general - purpose discharge | anp according to claim1,
wherein a color point of an illum nant col or of the discharge lanp is
present in such a range that a distance of the color poi.nt froma Pl ancki an
| ocus on a 1960 uv chromaticity diagramis greater than 0 and small er than
+0. 010. 4. A general - purpose discharge | anp according to claim 1, wherein
the discharge lanp is a fluorescent |anmp and includes a conbi nation of a
green phosphor and a red phosphor, or a conbination of a blue phosphor, the
green phosphor and the red phosphor, the blue phosphor having a peak

wavel ength in a wavel ength band of 400 nmto
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460 nm the green phosphor having a peak wavel ength in a

wavel ength band of 500 nmto 550 nm the red phosphor having a peak

wavel ength in a wavel ength band of 600 nmto 670 nm 5. A general - purpose
di scharge | anp according to claim4, wherein the blue phosphor is an
Eu[err]-activated bl ue phosphor having a peak wavel ength in a wavel ength
band of 400 nmto 460 nm the green phosphor is a Th3+-activated or Tb[err]
and Ce[err]-coactivated green phosphor having a peak wavel ength in a

wavel engt h band of 500 nmto 550 nm @&pg,the red phosphor is an
Eu[err]-activated red phosphor or a Mierr] or Mierr]-activated red
phosphor having a peak wave- length in a wavel ength band of 600 nmto 670
nm 6. A general -purpose discharge |anp according to claim1, mhereln t he
di scharge lanp is a fluorescent |anp and
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i ncl udes a conbi nati on of a bl ue-green phosphor, a green phosphor and a red
phosphor, or a conbi nation of a blue phosphor, the bl ue-green phosphor, the
green phosphor, and the red phosphor, the bl ue phosphor having a peak

wavel ength in a wavel ength band of 400 nmto .460 nm the blue-green
phosphor having a peak wavel ength in a wave- |ength band of 470 nmto 495
nm t he green phosphor having a peak wavelength in a mavelength band of
500 nmto 550 nm the red phosphor ﬂ@ 1?9 a peak wavel ength in a wavel ength
band of 600 nmto 670 nm 7. A general - purpose discharge | anp according
to claim6, wherein the blue phosphor is an Eu[err]-activated bl ue phosphor
havi ng a peak mavelengag,' a el ength band of 400 nmto 460 nm the

bl ue- green phosphor is an%{aMzi acti vdt ed bl ue-green phosphor having a
peak wavel ength in a wavel ength band of {}470 nmto 495 nm the green

phosphor is a Tb[err]-actj|lvated or Th3 and %?3 -coacti vated
green 4
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phosphor having a peak wavel ength in a wavel ength band of 500 nmto 550 nm
the red phosphor is an Eu[err]-activated red phosphor or a Mh[err] or
Mi[err]-activated red phosphor having a peak wavel ength in a-wavel ength
band of 600 nmto 670 nm 8. A general -purpose lighting apparatus for
emtting a lighting illum nant having an index for feeling of contrast M
and a reciprocal correlated color tenperature M, wherei n the index
for feeling of contrast Mand the reciprocal correlated col or tenperature
M satisfy relationships: M [cirlr/]n?. 5 x 10[err]M + 101.5;

M[err] 7.5 x 10[err]M + 129.5; and 100(MK[err]) [err] M [err]
385(MWKJerr]). 9. Alighting apparatus according to claim@8, wherein the

| i ghting apparatus includes a | anp, and at | east one of a reflecting plate
and a transmtting plate. 10. A lighting apparatus according tp claimS8,
wherein the |ighting apparatus includes a plurality of |anps.
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