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DESCRIPTION

NITRIDE PHOSPHOR AND PRODUCTION PROCESS THEREOF,
AND LIGHT EMITTING DEVICE

TECHNICAL FIELD

The present invention relates to an illumination such as a light
emitting. device, a fluorescent lamp and the like, and relates to a display, a
back light for liquid crystal and the like which is used fér a semiconductor
light emitting element, and specifically relates to a nitride phosphor which

is used for the light emitting device'.

BACKGROUND OF THE INVENTION

Alight emitting device using a semiconductor light emitting element
has advantages that it is a small s.ize, has good electrical efficiency and cén
emit a bright color, and there is no fear of burning out an electric bulb
because the light source is a semiconductor élement. Further, it has |
characteristics that it is excellent in initial driving prop erty and tough in |
ﬁbrat_ion and the rei)etition' of on-off ]ighting;

Further, for"the light ‘emitting.devibe using a semiconductor light
emitting element, there is developed a light emitting device which has a
light emitting color which is different from the light of th‘e light emitfing

element by carrying out a wavelength conversion of the portion of the

“semiconductor light emitting element by a phosphor, and by mixing said

wavelength-converted light and no Wavelength-conveited light t0 be emitted.
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Specifically, the light emitting device which emits light in a white color can
be used in Wide fields such as a general illumination, a display and a back
light for liquid crystal, by the constitution.

In the white color light emitting device, a blue light emifting
element using an InGaN-base material is used as a light emitting element,
a YAG-base phosphor which is represented by the éomposition formula of (Y,
Gd)s(Al; Ga)s012 is used as a phosphor, and a white light emitting color is
obtained by the theory of color mixture of light. Namely, after blue light
which was discharged from a light emitting element is emitted in the
phosphor layer, it is discharged outside after repetition of absorption and
scattering in the layer. On the other hand, the blue light absorbed in the
phosphor works as an excitation source and emits yellow ﬂﬁorescence. The

yellow light and the blue light are mixed and the mixture is recognized as a

white color by human eyes.

However, the above-mentioned white color light emitting device has
defects that there is little red component in luminescence, color temperature
is high, and only illumination light having low color rendering prop,érty
which is deficient in red is obtained. | |

'Namely, a conventional ]ight emitting device which emits white light
can hardly obtain élong Wavélength side luminance at a visible light region,
therefore it has been é light emitting device which exhibits a slightly bluish
white color. - On the contrary, there has been strongly required a light
emitting device Which exhibits a slightly reddish warm color-base white
color, in the illumination for a window display, illumination for a medical

spot and the like. Further, there has been strongly required a light
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emitting device which exhibits a white color which is soft for human eyes
and near to an electric bulb color, also for general illumination..

However, since a conventional’phosphor emitting reddish light has
low efficiency caused by near ultra violet to blue light excitation and low
chemical and thermal stabilities, durability is not adequate, thérefore it is
not practically used. Further, human eyes feel that the wave length region
of a reddish component is dark. Accordingly, it is required that a red color
region has higher brightness so that eyes feel the same level brightness as a
green region and a blue region.

Under these circumstances, in the pamphlet of International Open
Patent No;() 1/40403, there is disclosed an MxSinziEu nitride phosphor

(wherein M is at least one of alkali earth metals at least selected from a

~ group of Ca, Sr, Ba and Zn. z =(2/8)x + (4/3)y) which increased a red

component in comp arison with a conventional phosphor.

HoWever, the nitride phosphor disclosed in the pamphlet of
International Open Patent N-o.01/40463 obtéins a slightly reddish white
color light, for examﬁle, by combination with a biue hght emi’cting diode, but
the improvement of brightness is further required. |

Furthér, a conven’.cional phosphér emi'tting red light has inadequate
efficiency caused by near ultra violet to blue light excitation and inadequate
durability, therefore it is not practically used.

| Accordingly, it is the first purpose of the present invention to solve
the above-mentioned problems and to provide a phosphor containing a
comparatively much red comp 6nent and having high light emitting

efficiency, high brightness and further high durability; and a production
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process thereof.:
Turther, it is the second purpose of the present invention to provide
alight emitting device which can emit reddish warm color-base white color

light and can emit light having the color rendering property.

DISCLOSURE OF THE INVENTION |
In order to solve the above-mentioned problems, the nitride

phosphor related to the present invention is a nitride phosphor (base nitride
phosphor) which is represented by the general formula LxMyNamx+@wanR
or LxMyOzN(@ax+wav@an R (wherein L is at least one or more selected
from the Group II Elements consisting of Mg, Ca, Sr, Ba and Zn, M is at
least one or more selected from the Group IV Elements in which Siis
essential among C, Si and Ge, and Ris at leést one or more selected from
the.rare earth elements in which Eu isiessential_ ambng Y, La, Ce, Px, Nd, .
Sm, Eu, Gd, Th, Dy, Ho, Ex anc‘lA‘Lu.), and absvorbs at least the portion of -
light having %hé first luminescence spectrum in which a peak wave leng’gh is
500nm or less and emits li'ght having the second luminescence spectrum
which has at least one ér more of peaks at a range of 520 to 780nm; and
further contains the elements (hereinafter, referred to as different elements)
below.

Namely, the first nitride phosphor related to the present invention is -
characterized in further containing at least one or more of different
elements selected from the Group I Element consisting of Li, Na, K, Rb and

Cs.

The first nitride phosphor containing the Group I Element consisting
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of Li, Na, K, Rb and Cs has a higher luminescence efficiency in compaﬁson

- with a nitride phosphor not containing the Group I Element. Thisis

.considered because the above-mentioned Group I Element_works as a flux

during synthesis and thén the Group I Element which worked as the flux
exists between phosphor particles, or the luminescence itself of the |
phosphor is hardly inhibited because the Gfoup I Element is scattered
during its production steps. Further, the particle diameter of the nitride
phosphor can bé, controlled by containing the Group I Element in the nitride
phosphor. ‘ | _

Further, the second nitride phosphor related to the present
invention ischaracterized in further containing at least one or more of
elements selected from the Group V Element consisting of V,le and Ta, the
Group VI Element consisting of Cxr, Mo and W, the Group VII Element
consisting of Re and the GrouprIII Element éonsisting»of Fe, Co, Ir, Ni, Pd,
Pt and Ru, in the above-mentioned base nitﬁdé phosphor. ‘

When the second nitride phosphor relate(i to the present invention to
which the Group V Element, the Group VI Element, the Group VII ’Ellément
and the Group VIII Element were added is compared with a nitride
phosphor to Which those elements are not added, the second nitride
phosphor has an effect capable of shortening afterglow. Further, thebse
elements can adjust brightness. Heréat, it is preferable that the Group V
Element, the Group VI Element, the Group VII Element and the Group VIII

Element which are different from the elements contained in the

above-mentioned nitride phosphor composition are 100ppm or less based on

the weight of the elements contained in the above-mentioned nitride
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phosphor composition. This is because the Group V Element, the Group VI
Element, the Group VII Element and the Group VIII'Element are killer
elements inhibiting the luminescence V'of the present nitride phosphor.
thérefo_re they are p’refe-i:ably removed to the 6utside of é system. To the
contrary, since Cr, Ni and the like have an effect of shortening afterglow,
about 0.lppm to severai tens ppm may be contained.

Further, in the first nitride phosphor too, it is preferable that
elements which are different from the elements contained in the
above-mentioned base nitride pho.sphor are 1000ppm or less based on the
weight of the elements contained in the above-mentioned base nitride
phosphor. When they are within this range, high biight‘ness can be kept
while adjusting luminescence properties. The luminescence properties in
the specification are color tone, brightness, afterglow, light output property
for excitation intensity, 1i1minescencé efficiency and the like.

Further, elements (the second different elements) which are
different from the above-mentioned L, the above-mentioned M, the
abo&e-mentioned O, the above-mentioned N and the above-mentioned R may
be contained in the above-mentioned base nitride phosphor, other than at
least one or more of elements selected from the Gr_ouﬁ I Element cémsisting‘
of Li, Na, K, Rb and Cs, the Group V Elemex_lt consisting of V, Nb and Ta,
the Grouﬁ VI Element consisting of Cr, Mo and W, the Group VII Element
consisting of Re and the Group VIII Element consisting of Fe, Co, Ir, Ni, Pd,
Pt and Ru, or together with those elements. |

The nitride phosphor which is represented by the general formula

LxMyN@mx+@av R or LxMyOzN(@mz+@»)y-(2s7) R is a nitride phosphor
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which emits light having the second luminescence spectrum which has a
peak wave length at a yellow to red region apd the like when light having
the first luminescence spectrum which has a peak wave length at an ultra
Violetvto blue region is irradiated. The luminescence intensity can be
changed by containing the second different element in said nitride phosphor,l
without chen‘ging the color tone. The nitride phosphor having desired
brightness can be provided thereby. Further, the adjusfment of the
brightness can be easily carried out.

The above-mentioned different element and the second different
element may be contained in raw materials when the above-mentioned bése
nitride phosphor is prepared. The vnitride phosphor having desired
brightness can be provided thereby, irrespective of whether those different .
elements and the second different element remain in the phosphor after
p:ceperation, or ﬁot; Fuither_, the adjustment of the brightness can be
easily carried out. Furthermore, the adjustment of the brightness can be-
carried out by controlling the kinds and contents of the above-meﬁtioned
different elements or the second different elements in the rew materials of
the nitride phosphor of the present invention, for example, strontium
nitride, calcium nitride, siﬁcon nitride, europium oxide Oi‘ europium nitride.
Further, the purlflcatlon step of the raw materials can be abbreviated when
the contents of various elements which are contained in the raw matenals
are within the range capable of realizing the objective luminescence
properties, and the simpliﬁcation' of the production step can be desigﬁed.
Further, economic products can be supplied.

For example, as the second different element, there may be
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contained at least one or more of elements selected from the Group I

Element consisting of Cu, Ag and Au, the Group III Element consisting of B,

'Al, Ga and In, the Group IV Element consisting of Ti, Zx, Hf, Sn and Pb, the

Group V Element consisting of P, Sb and Bi, and the Group VI Element ,
consisting of S. The adjustment of the brightness ofl the base nitride
phosp‘hor can be carried out by these elements. Further, Al, B; Ga, In-and |
the like can keep high brightness while adjusting the brightness.

Further, the content of the above-mentioned second different
element is preferably 1000ppm or less.. The adjustment of the
luminescence properties can be easily carried out.

' Furthér, when the above-mentioned different element or the second
different element is c’oﬁtainéd in the raw materials when the |

above-mentioned base nitride p'hosphoi‘ is prepared, they are preferably

"contained in the raw materials at a range of 1000ppm or less. When th.ey

are within the range, the nitride phosphor having desired brigh’cn’éss can be
provided. | |

The ‘ﬁring step at preparing the above-mentioned base nitride
phosphor is preferably carried out under reductive atmosphere. Because
the scattering of unnecessary .elements contained is accelerated by firing in
reductive atmosphére and the impr‘ovement Qf 1uminescence.brightneés can
be carried out. |

The first production process of the nitride phosphor of the present
invention is cha.ract-erized in including the first step which mixes in a wet
process the oxide of R (R has at least one or more selected from the rafe

earth element in which Eu is essential among Y, La, Ce, Pr, Nd, Sm, Eu, Gd,
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Th, Dy, Ho, Exr and Lu.) with a compound in which there are contained at
least one or more of elements selected from the Group I Element consisting
of Li, Na, K, Rb, Cs, Cu, Ag and Au, fhe Group III Element consisting of B,
Al, Ga and In, the Group IV Element consisting of Ti, Zr, Hf, Sﬁ and Pb, the
Group V Element consisting of V, Nb, Ta, P, Sb and Bi, the Group VI
Element consisting of Cr, Mo, W andlS, the Group VII Element consisting of
Re and the Group VIII Element consisting of Fe, Co, ir, Ni, Pd, Pt and Ru;
the second step of firing the mixture obtained by the first step; the third
step in Which the mixture obtained by the second step is mixed with at least
any one of the nitride of L (I has at least one or more selected from tlﬁe
Group II Element consisting of Mg, Ca, Sr, Ba and Zn), the nitride of M and
the oxide of M (M has at least one or more'selecte& from the Group v |
Element in which Si is essential among C, Si and Ge); and the fourth step of
firing the mixture obtaihe‘d from the third step m reductive atmosphere. :
The nitride phosphor having high brightness can be provided thereby.
Further, the nitride phosphor haﬁng desired luminescence properties can
be provided by the elements‘added.

It is preferable that at least either of the above-mentioned second

-step and the above-mentioned fourth step carries out firing using a

crucible and / or a furnace material in which there are contained at least

one or more of elements selected from the Group I Element consisting of Li,

" Na, K, Rb, Cs, Cu, Ag and Au, the Group III Element consisting of B, Al, Ga

and In, the Group IV Element consisting of T4, Zr, Hf, Sn and Pb, the Group
V Element consisting of V, Nb, Ta, P, Sb and Bi, the Group VI Element

consisting of Cr, Mo, W an(i S, the Group VII Element consisting of Re and
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the Group VIII Element consisting of Fe, Co, Ir, Ni, Pd, Pt and Ru.
Because'it is carried out so that the adjustment of the luminescence
properties-is furfher easily carried out by using a crucible and a furnace
material which have elements capable of cafrying out the luminesvc‘ence :
properties. The Group I Element is used as a firivng aid at production of
the crucibie and furnace material. Further, the Group I Element is an
element which remains easily in a raw material. A crucible and a furnace
material using the single body or the compound of these Group I Elements
may be used, and firing treatment may be carried out by being mixed with a
raw material of the base nitride phosphor. The adjustment of the
luminescence propertiés can be carried out by using the cruciblé‘ and the
furnace material which cpntaiﬁed the Group I Element. Itis preferable to

use the crucible 'and the furnace material which contains elements such as

B, Ay, Ga and In, in addition to the Group I Element. The brightnéss s

improved by using those containing these.

For tile nitride phosphor related to the present inventioﬁ, the
element different frofn the cdmpps-ition of the nitride p'héslz;hor, or a
compound -containing the different elemenfc is added in the production step.
Howe;\fér, said different element is scattered at firing step, therefore there is
also a case that bniy the element having smaller amount than the initial
addition amount is cdntained in the composition of the nitride'phosphor
which is the final product. Accordingly, a smaller amount than the
compounding amounts at the initial addition of said different element is
only éontained in the composition of the ﬁitridé phosphor which is the final

product. Further, when the particle diameter of the nitride phosphor is

10
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desired to be coﬁtro'lled, it can be controlled by adding said different
element. |

The third nitride phosphor related to the present invention is a
nitride phosphor WhICh has at least R (R has at least one or more selected
from the rare earth element in which Eu is essential among Y, La,“Ce, Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er and Lu.), L. (. has at least one or more
selected from the Group II Elgment consisting of Mg, Ca, Sr, Ba and Zn), M
(M has at least one or more selected from the Group IV Element in which Si
1s essential among C, Si and Ge), and at least dne or more of elemehts
selecte_ad from the Group I Element consisting of Li, Na, K, Rb, Cs, Cu, Ag -
and Au, the Group III Element‘ consisting of B, Al, Ga anvdIn, the Group IV
Elemenf-consisting of Ti, Zx, Hf, Sn and Pb, the Group V Element consisting
of V, Nb, Ta, P, Sb and Bi, the Group VI Element consisting of Cr,- 1\/_[6, W and
S, the Group VII Element consisting of Re and the Gro.up VIII Element
consisting of Fe, Co, Ir, Ni, Pd, Pt and Ru; and said nitride phosphor is
characterized in being produced by the above-mentioned first production
process.

The first light emitting device related to the present invention isa.
light emitting device which has a light emitting element which emits light
having the first Iu‘minescence spectrum which has a peak Wavé length of
500nm or less and a phosphor which absorbs at least the portion of light
having the above-mentioned first luminescence spectrum and emits light
having the second luminescence spectrum which has at least one or more of
peaks at a range of 520 to 780nm, and the above-mentioned phosphor is

characterized in being any one of the first nitride phosphor related to the

11
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which was produced by the first production process related to the p‘reseﬁt ‘
invention. |

| In the first light emitting. device, the above-mentioned nitride

phosphor is excited by light which is emitted by alight emitting element

‘having the first luminescence spectrum which has a peak wave length ata

short wave length side region which is 500nm or less from near ultra violet
to visible light. The nitride phosphor excited emits light having the second
luminescence spectrum which haé apeak wave length at a yellow to red
region of 520nm to 780nm. The light emitting device which can emit light
of a bulb lamp color can be provided thereby. The electric bulb color is a
range in which a point of 2700 to 2800K on the locus of black body radiation
is made as a center in a white color according to the JIS Specification (JIS
78110), and means a tinge having é tinge fro.fn yellow to red. Specifically,
it means those having a luminescence color at the regions of (hgﬂt) yellow
red, (orange) pink, pink, (light) pink and (yellowish) white in the
chromaticity coordinate of Flg 8. o

Further, according to the first production process related to the
present invention, the phosphor whose particle diameter was controlled at a
fixed range can be .produced. Accordingly, the light emitting device having
extremely little color ixhevenness can be realized By using the phosphor
whose particle diameter was controlled at a fixed range in the

above-mentioned first light emitting device. Further, the light emitting

" device having high brightness can be provided thereby. Furthermore, it

has been conventionally difficult to change the luminescence properties

12
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without changing the color tone of a light emitting device, but the first light
emitting device related to‘.the present invention can change the-
luminescence properties without changing the color tone of the light
emitting device because the nitride phosphor can be changed to desired .
luminescence properties by the effect of elements added.

It is preferable that the first light emitting device has further one or
more of phosphors which absorb the light of the above-mentioned first o
luminescence spectrum and at least the portion of the light of the
above-mentioned second 1uminescence spectrum and emits light having the
third lﬁmineécence speétrum Which has at least 6ne or more of peak wave
lengths from a blue region to a green region, a yellow region, and a red

region. Thus, the light emitting device having desired luminescence color

such as not only a white color but also a pastel color can be provided by

using the phosphor Whiéh emits light with various tinges in combination:
with the nitride phosphor related to the present invention. Further, the
white color can be also finely adjusted to (yellowish) white, (greenish) white,
(bluish) white and the like. |

The phosphor emitting the light of the abpve‘mentioned third
luminescence spectrum is preferably at least any one or more of a
yttfium-aluminﬁnﬁ oxide phosphor activated by at least cerium, a |
yttrium*gadolinium-éluminum oxide phosphor activated by at léas_t cerium,
and a yttrium-gallium-éluminum oxide phosphor activated by at least
cerium. The light emitting device having de‘sire(i luminescence color can
be provided thereby. For example, when the nitride phosphor rélated to

the present invention, a yttrium-aluminum oxide phosphpi activated by

13
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cerium and the like are used, a white color having various tinges in

-excitation by visible light can be created by the combination of these

phosphors.

The ébove'mentiohed first light emitting device can emit light Wi‘gh
various white colors (bluish white, reddish white and the like) by ﬁixing 2
or more of the portion of light from the above-mentioned light emitting
e;l‘ement, the portion of light from the phosphor having the above-mentioned
second luminescence spectrum, and the portion of light from the phosphor
having the above-mentioned third luminescence spectrum. Said light
emitting device can provide a désired white color light emitting device by
adjusting the compounding amounts of various phosphors. For example,
the nitride phosphor is excited by the light emitting element having blue
light to emit yellow red light, and the phosphor -emittirig light of the
above-mentipned third luminescence spectrum is excited to emit yellow light,
therefore the blue light passed between thé nitride phosphor and fhe
phosphor, and the yellow red light of the nitride phosphor and the yellow |
light of the phosphor are recognized asl-a white color for human eyes, by the
principle with respect to the color mixture of light. |

In the present in{r'eﬁfion, the element different from the
above-mentioned L, M, N, O and R, or the sec’ond different element is
usually added by oxides or hydrides, but the present invention is not limited
to this, and metals, nitrides, imides, amides or other inorganic salts may be
well.  Further, a condition lin which they are previously p.ontained in other
raw materials may be well. Oxygen is occésionally contained in the

composition of the above-mentioned nitride phosphor. Itis considered that

14
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oxygen is introduced from various oxides being raw materials or oxygen is
mixed during firing. The: oxygen accelerates the effects of Eu diffusion,
particle growth and the imprbvemexﬁt of crystallinity. Namely, the similar
effect can be obtained by replacing one compound which is usea for raw
materials; to metals, nitrides and oxides, but there is also a case that the
effect of using oxides is rather big. The nitride phosphor has crystal
configurations such as monoclinic and orthorhombic.

Further, the first and the second nitride phosphors related to the
present invention can arbitrarily adjﬁst the afterglow property. The
afterglow property is im.portént in a display device such as displays such as
PDP, CRT and LCD on which displays are continuously and repeatedly
carried out. The white light emitting device usingv a semiconductor light
emitting element and a phosphor in combination is used as an outdoor
display and ah LCD back light. Short afterglow is required for the use.
Accordingly, the afterglow can be suppressed By containing B, Mg, Cr, Ni, Al
and the 'like in the base nitride phosphor of the f)hOSphor.

The ébove-meﬁtioned nitride phosphor has preferably a mean
particle diameter of 2.5 to 15 pm. In particular, 3 to 8 um is preferable.
When the particle diameter is large, there are advantages that the
luminescence brightness is improved and light take-out efficiency is
improved, etc.

As described above, the ﬁrst and the second nitride phosphors
related to.the present invention can easily adjust the lummescence
properties such as color tone, brightness and afterglow. Further, the

nitride phosphor can be provided by economic and simple production steps

15
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while controlling the luminescence properties. The first .light emitting
device related to the present invention can provide a light emitting device
which has good luminescence efficiency and emits slightly reddish warm
color white light. Furthermore, it caﬁ provide the nitride phbsphor having- -
a luminescence spectrum ffom yellow to red regions which is used in
combination with a blue light emitting element and the like. Accordingiy,
the present invention has a technical meaning that the nitride phosphor,
the production process of the nitride phosphor, and the light emitting device
using thereof are pfovided.

As d-escribéd above, according to the present invention, the nitride -
phosphor having a luminescence spectrum from yellow to red regions which
can be used in combination with a blue light emitting element and the like
can be prQVided. The light emitting device which ha's good luminescence
efficiency and emits slightly reddish Waim cdlof-base white light can be |
providéd using the nitride phosphor.

Further, the present invention could specify elements which lower
the brightness of the phosphor and elements Which improve the brightness
of the phosphor. It can optimize the crucible and the material of the firing
furnace th‘ereby and can provide the phosphor having high brightness.

Furthér, the nitride phosphor whose particle diameter was

“controlled at a fixed rénge can be provided. Furthermore, the present

“invention has an extremely important meaning that it can provide the

nitride phosphor by which the improvement of the luminescence properties
and durability was designed.

In order to solve the above-mentioned problems, the fourth nitride

16
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phosphor related to the present invention is a nitride phosphor containing
at least one or more of the Group II Element selected from a group
consisting of Be, Mg, Ca, Sr, Ba and Zn, at least one or more of the Group IV

Elements selected from a group consisting of C, Si, Ge, Sn, Ti, Zr and Hf,

and N which is activated by at least one or more of the rare earth elements

selected from a group consisting of Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb; Dy, Ho,

Er and Lw; and said nitride phosphor is characterized in containing 1ppm or

‘more and 10000ppm or less of B. The improvement of the luminescence

proper’ti‘es such as luminescence brightness, quantum efficiency and the like
can be designed thereby. The reason why the effect is obtained is that it is
considered that the diffusion of an activator occurs by addition of a boron
elerﬁent and the growth of a particle is accelerated. Further, it is
considered that the boron element invades in the crystal lattices of the
nitride phosphor, corrects the distortion of said crystal 1attices and directly
participates in the luminescence mechanism, therefore the improvement of
the luminescence properties such as luminescence brightness, quantum
efficiency aﬁd:thé like is designed. -

The typical one of the above-mentioned fourth nitride phosphor is «
nitride phdsphor consisting of Si, N"and at least any one of elements of Cs
and Sr which is activated by Eu. In the typical example of the nitride
phosphor, the portion of Eu can be substituted with at least one or more of -
the rare earth elements selected from a groﬁp consisting of Y, La, Ce, Pr, Nd,
Sm, Eu, Gd, Th, Dy, Ho, Er and Lu. The portion of at least any one of
elements of Ca and Sr can be substituted with at least one or more of the

Group II E_lements selected from a group consisting of Be, Mg, Ba and Zn.

17
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The portion of Si can be substituted with at least one or more of the Group
IV Elements selected from a group consisting of C, Ge, Sn, Ti, Zr and Hf.

O may be contained in the composition of the fourth nitride
phosphor related tovt'he present invention. It can be easily produced
because a raw material containing oxygen can be used thereby.

The fifth nitride phosphor related to the present invention is a
nitride phosphor which is represented by the general formula |
LXMYN((zls)X+(4/3jY)1R or LxMyOzN((2/3)X+(4/3)Y-(2/3)z)3R (wherein L is at least one
or more of the Group II Elements selected from a group consisting of Be, Mg,
Ca, Sr, Baand Zn. Risat leastvone or more of the ‘rare earth elements
selected from a group consisting of Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho,
ErandLu. X, YandZare0.5<X<3,15<Y<8,and 0<Z<3); and s‘.aid
nitride phosphor is characterized in containing lppm or more and
10000ppm or less of B. The improvement of the luminescence properties
such as.lumin'escence brightness, quantum efficiency and fhe like can be
designed thereby.

The sixth nitride phosphor related to the presenf invention is a
nitride phosphor which absorbs the portion of light hax}ing the first
luminescence spectrum and emits light héving the .second lumineséence
spectrum at a re’gidn different frém the above-mentioned first luminescence
spectrum, and characterized in that there is containe& B which was added
so that the addition amount cén be freely controlled for the raw material of
the above-mentioned nitride phosphor. The adjustment of the |
luminescence properties such as luminescence brightness, quantum

efficiency, afterglow and the like can be carried out. When boron is not

18
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added, the luminescence properties such as l’uminescencé brightness,
quantum efficiency and the like are constant, but the luminescence
brightness is designed to be improved and afterglow can be shortened, by
adding boron. Since the luminescence properties differ in requested
properties in accordance Withvuses such as illumination and display; 1t 18
required to change the luminescence properties at the same color tone.

Further, the first lJuminescence spectrum is obtained by excitation by
an external device. Itis preferable that the crystal configuration of the
ab ove-mentioned fifth and sixth nitride phosphors is a nitride phosphor
being monoclinic or orthorhombic. The above-mentioned nitride phosphors
cah make the luminescence properties good by having a monoclinic or.
orthorhombic crystal configuration. “

As the above-mentioned rare earth element, oné or more of elements
in which Ewis essential are preferable. The f)hosphor emitting orange to
red light can be provided by using Eu as an activator. The nitride
phosphor having different color tones and different afterglow propertieé can
be provided by substituting the portion of Eu with other rare earth element.

It is preferable that the above-mentioned fifth and sixth nitride
phosphors contain further O.lp;bm or more and 500ppm br less of one or
more of the Group I Elemehts selected from a group consisting éf Li, Na, K,
Rb and Cs. The improvement of the luminescence properties such as
luminescence brightness, quantum efficiency and thg like can be carried out
thereby. This is considered because the above-mentioned Group I Element
works as a flux during synthesis and then the Group I Element which

worked as the flux exists between phosphor particles, or the luminescence
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- itself of the phosphor is hardly inhibited because the Group I Element is

scattered dufing its production steps. Further, the particle diaméter of the
nitride phosphor can be controlled by containing thé Group I Element in the
nitride phospilor'._ |

It is preferable that the above'n‘le_nvtioned fifth and sixthtnitridve

phosphors contain further 0.1ppm or more and 500ppm or less of one or

‘moze of elements selected from the Group I Elements consisting of Cu, Ag

and Au, the Group III Elements consisting of Al, Ga and In, the Group v
Elements consisting of Ti, Zr, Hf, Sn and Pb, the Group V Elements
consisting of P, Sb andtBi, and the Group VI Element consisting of S. The

adjustment of the luminescence brightness of the nitride phosphors can be

- carried out thereby.

It is preferable that the above-mentioned fifth and sixth nitride
phosphors contain further lpi:)m or mofe and 500ppm or less of either of
elements of Ni and Cr. The afterglow of the nitride phosphoré can be
carried out thereby. Mg and Al have also a simiiafeffect in addition t-p Ni
and Cr. The afterglow can be controlled by controlling the.amo'uvnt of Mg,
Al, Ni and Cr added. |

It is preferable that the above-mentioned fifth and sixth nitride
phosphors have a méén particle diameter of 2 pm or more and 15 pm or less.
In.particulér, the mean particle diameter is preferably 3 pm or more and 12
pm or less. The mean particle diameter is further preferably 5 pm or more
and 10 pm or less. The tht emitting device having extremely little color
unevenness can be provided by controlling the particle diameter within a

fixed range. The light emitting device having high brightness can be
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provided thereby. The larger the mean particle diamefer of the nitride
phosphor is,‘ the higher the luminescence brightness is, but when it is 15 pm
or more, it is hardly coated and treated when it is used for a light emitting
device. On the other hand, the sfnaller the mean particle diamveter of the
nitride phosphor is, the more homogeneously the phosphor emits light when

it is coated on the fluorescent face of the light emitting device, but there are

- problems that the luminescence brightness is low and it is hardly treated

during coating and production._ Accordingly, the mean particle diameter
having the above-mentioned range is preferable.

The second light emitting device related to the present invention is a

light emitting device having an excitation light source which discharges

light of a short wave length regidn from near ultra violet to visible light and |
a phosphor Whiph absorbs at least the portion of light from said excitation
light source and discharges light havi;ig a idnger wave length region than
light from the excitation light source; and the abovg-mentioned phoéphor 18
characterized in having af least the sixth nitride phosphor related to the
present invention. The light emitting device having good luminescence
efficiencies such as luminescence brightness and quantum efficiency can be
provided thereby. In the second light emitting device, the excitation light
source discharges light of a short wave length region from near ultra violet
to visible lighf. The portion of light discharged irfadiates the phésphor.
The phosphor absorbs the portion of light diSCharged and carries out fhe
wavelength conversion. Thelight after the wavelength conversion is light
having a longer wave length region than light from said excitation light

source. The light emitting device which bestows a luminescence color
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having a tinge different from the luminescence color from the excitation
light source can be provided. As a specific e‘kempliﬁcation, said light is
irradiated to the nitride phosphor related to thg present invention using the
excitation light source which emits blue light nearby 460nm. Said nitride
phosphor has a luminescence color from a yellow to red color nearby 580nm
to 650nm. However, the light emitting device having a desired |
luminescence color can be provided by variously changing the nitridé
phosphor.

It is preferable that the above-mentioned phosphor has further at
least one or more of any one of a phosphor emitting blue light, a phosphor -
emitting green light and a pho‘sphor. emitting yellow light. The light
emitting device having desired luminescence col,oi: such as ﬁot only a White
color but also a pastel color can be provided by using the phosphor which |
emits light with various tinges in cbmbinafion with the nitride phosphor
related to the preseﬁt invention. Further, the white color can be also ﬁﬁely
adj-ustéd to (yellowish) Whi'te,‘ (greenish) white, (bluish) white and thve'h'ke.

The "hght emitting device having desired luminescence color such as not

‘only a white color but also a pastel color can be provided by using the

_excitation light source which emits blue light, the nitride phosphor-, and at

least one or moré of phosphors among any one of a phosphor emitting blue
light, a phosphor emitting green light and a phosphor emitting yellow light.
The above-mentiohed excitation light source is preferably a
semiconductor light emitting element. The light emitting device which
makes the most of the characteristics of thev'semiconduc‘cor light emitting

element can be provided by using the semiconductor light emitting element.
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The characteristics of the semiconductor light emitting element are that it

is a small size, has good electric efficiency and emits brilliant color light; it
is excellent in the initial driving pi'op erty and tough in vibration and the
répetition of ON-Off switching; and the semiconductor light emitting
element used for a light emitting element lamp has no fear of a burnt-out
light bulb because of a semiconducfor eleinent, etc.

| The above-mentioned second light emitting device becomes a light
emitting device which emits light as a white color, by mixing the portion of
light from the above-mentioned excitation light source which transmits
between the particles of above-mentioned phosphor with the poxtion of light
discharged from the above-mentioned phosphor which is subject to
Walvelength conversion by the light from the above-meﬁtioned excitation
light source, to be discharged. - A light emitting device having high
lumineécenc,e efﬁciency which er'nit‘s white color light can be provided ‘by the
second h’ghf emitting device. For example, the nitride phosphor is excited
by the light emitting element having blue light to emit yellow red light, and

the phosphor emits excited yellow light, therefore the blue light passed

‘between the nitride phosphor and the phosphor, the yellow red light of the
nitride phosphor axi_d the yellow light of the phosphor are recognized as a

white color for human eyes, by the principle concerning the color mixture of

light. Wherein said light emiﬁtin_g device is a light emitting device
excellent in the average color rendering index (Ra). Said average color
rendering index (Ra) is 80 or more. In particular, itis a light emittirig-
device excellent in the specific color rendering index (R9) which is an index

indicating a red component. Said specific color rendering index (R9) is 70
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or more.

The relation of color names and chromaticity coordinaté in the
specification is wholly based on the JIS specification (JIS Z8 11’0).‘

As described above, the fifth and the sixth nitride phosphors related

to the present invention are phosphors which are extremely excellent in the

luminescence properties such as luminescence brightness, quantum

efficiency and the like. The second light emitting device related to the
present invention can provide a light emitting device which has good
luminescence efficiency and emits slightly reddish warm color white light.
Said light emitting device is a light emitting device excellenﬁ in thé average
color rendering index (Ra) and the specific color rendei‘ing index (R9).

Further, the light emitting device which emits light of a white color or a

‘pastel color or the like can be provided by providing a light emitting device

which combines a semiconductor light emitting element which emits blue
light with the nitride phosphor related to the present invention; and by
providing a light emitting device which combines a semiconducto_r light
emitting element which emits light at near ultra violet, the nitride phosphor
related to the present invention, the phosphor which emits green light and
the phosphor which emits yellow light. Accordingly, the pr‘esent invention
hasa technical meaning of providing the nitride phosphor and the light
emitting device using thereof.

From the description mentioned above, according to the fifth and
sixth nitride phosphors related to the present invention, there can be
provided the nitride phosphor in which when the semiconductor light

emitting element emitting blue light is used as the excitation light source,
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the light which was emitted by said semiconductor light emitting element is
irradiated, and light having a different wavelength (Which has a
luminescence spectrum at a yellow to red region) is generated (carry out the
wavelength converéion) by absorbing the light.

Further, the second light emifting device related to the pre_sent
invention is a light emitting device which emits light of a white color sysfem,

and said white color system is the average color rendering index Ra of 80 or

more and the specific color rendering index R9 of 70 or more which indicates

red in particular. The light emitting device emitting white light which is
excellent in color rendering property can be provided thereby.

Further, the light emitting device which designed a multicolor such
as a pastel color can be provided by mixing one or more of the fifth and sixth
nitride phosphors related to the present invention, the phosphor which
emits blue light, the phosphor which emits green light and the phosphor
which emits yellow light.

Fﬁrther,. the nitride phosphor in which afterglow and particle
diameter were controlled at a fixed range can Be provided.

Furthermore, the presenf: invention has an 'extremely important
technical meaning that the nitride phosphor in which the luminescence
properties anﬂ durability were improved can be provided.

In order to solve the above-mentioned problems, the seventh to tenth
nitride phosphors related to the present invention are any one of nitride
phosphors which absorb at least the portion of light having the first
luminescence spectrum and emité light having the second luminescence

spectrum which is different from the above-mentioned first luminescence
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spectrum. They are the phosphor comprising the system below.

The seventh nitride phosphorrelated to the present invention is
characterized in bei’ng an L-M-N:Eu, WR-base phosphor (wherein L contains
at-least one or more selected from a groﬁp of‘II valency consisting of Be, Mg,
Ca, Sr, Ba and Zn. M contains at least one or more selected from a group
of IV valency consisting of C, Si, Ge, Sn, ’I‘i,‘Zr and Hf. N is nitrogen. Eu
1s europium. WR is the rare earth element.). According to the seventh
nitride phosphor related to the present invention, the improvement of the
luminescence efﬁéiencies such as high brightness and high quantum
efficiency can be carried out. Further, the phosphor having extremely good
temp_era"cure characteristic can be provided. In the seventh phosphor, a
co-activator plays a‘role as a melting agent by combination of Eu being an
activator and the rare earth element being a co-activator, and exhibits a
flux effect. It is considered that the improvement of the luminescence
efficiencies is carried out by the flux effect in the seventh phosphor, and it is
considered.that_ since the co-activator plays é role as a melting agent,
sensi_tizatibn action is exhibited and the luminescence efficiencies are
improved. AThe fluorescence sensitization means that a sensitizer being an
energy donor is activated together for enhancing luminescence intensity,
uti]izirig the transmission action of energy.

The seventh nitride phosphor related to the present invention
convefts the wave length of light of the first luminescence spectrum which
is discharged from, for example, a light emitting element, a lamp and the
like, and emits light having the second luminescence _speétrum whichis

situated at a region different from the first luminescence spectrum.
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Further, the eighth nitride phosphor related to the present invention
is characterized in being an L-M-O-N:Eu, WR (wherein L contains at least
one or more selected from a group of IT valency consisting of Be, Mg, Ca, Sr,

Baand Zn. M contains at least one or more selected from a group of IV

- valency consisting of C, Si, Ge, Sn, Ti, Zr and Hf. O is oxygen. Nis

nitrogen. FEuis europium. WR is the rare earth element.). In the eighth
phosphor, an oxide can beused as a raw material. Further, when the
phosphor is produced, it is considered that oxygen is contained in a

composition, but in the eighth nitride phosphor related to the present

" invenﬁon,- a phosphor having high luminescence efficiencies can be provided

even when oxygen is contained in the composition during the firing step.

The ninth nitride phosphor related to the present invention is -

* characterized in being a Ca-Si-N:Eu, WR-base, or Sr-Si-N:Eu, WR-base, or

Sr-Ca-Si-N:Eu, WR-base silicon nitride (wherein WR is the rare earth

" element.). The phosphor having the second luminescence spectrum at a

long wave length region can be provided thereby. The principle is that
when light having the first 1uminescenc.e spectrum nearby 460nm is
irradiated to the phosphor, t‘he wave length conversion of said first
luminescence speétrum is carried out, and the phosphor comes to have the
second luminescéhce spectrum at a long wave length side of 580 to 700nm.
Further, in like manner as the above-mentioned description, the phosphor
having high luminescence efficiencies can be provided by the flux effect and
the sensitization effect in accordance with the introduction of a c.o-a‘ctivator.
Further, the phosphor having different color tone can be provided by

co-activation. The color tone is determined by the x value and y value in a
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chromaticity chart. For example, in Table 8, the phosphor co-activated is
shifted to a red side in comparison with a phosphor which is not.
co-activated, When a red component is desired to be strengthened, the
ninth phosphor related to the px.'esentz invention is extremely effective.
Further, short afterglow and long afterglow can be made by carrying out |
co-activation. For example, when the light emitting device using the
phosphor is used for a display, the shorter the afterglow is, the better it is,
therefore it can be used as the phosphor for short afterglow.

As the light having the first luminescence spectrum, there is light
from a light emitting element, a light emitting element lamp and the like
which has a luminescence spectrum ai a short wave length side of 360 to
495nm. In the present ninth phosphor, it is preferable that it is used in
combination with a blue light emitting element mainly having a
luminescence spectrum at a short wave length side of 440 to 480nm.

On the othér hand, the second luminescence spectrum is a Spe‘ctrum
of light which the excited phosphor in which the phosphor is excited by' t_he
portion of light having the first luminescence spectrum emits. Itis
situated at a region different from the first luminescence spectrum. Itis
preferable that the second luminescence spectrum has at least one peak
wave length nearby 560 to 700nm.

‘The phosphor related to the present invention has a peak wave
length nearby 600 to 680nm.

The tenth nitride phosphor related to the present invention is
characterized in being a Ca-Si-O-N:Eu, WR-base, or Sr-Si-O-N:Eu, WR-base,
or Sr-Ca-Si-O-N:Eu, WR-base silicon nitride (wherein WR is the rare earth
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element.). The tenth phosphor can be prepared using an o‘}xid»e' raw
material. Further, in like manner as the above;mentioneddescription, the
phosphor having high luminescence efficiencies can be provided by the flux
effect and the sensitization effect in accordance with the introduction of a
co-activator.

In the seventh to tenth nitride phosphors related to the present |
invention, it is preferable that at least one Or more among Y, La, Ce, Pr, Nd,
Gd, TB, Dy, Ho, Er and Lu are contained as the above-mentioned WR. The
phosphor having high luminescence efficiencies can be providéd by using Y,

La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er and Lu among the rare earth element

being a co-activator. Itis considered thaty, La, Gd, Lu and the like have

no luminescence center, therefore this is caused by the flux effect. Further,
Pr, Dy, Th, Ho, Exr and the like among the rare earth element have the
luminescence. center, and it is .consi_de»red thaf this is caused by the
sensitization effect and the sensitization effect.

In the seventh to tenth phosphors related to the present invention,
the amount of the above-mentioned WR édded is preferably 10.0% by weight
or less. When the amount of Eu being a co-activator and the concentration
of WR being a co-activator 'exceved a fixed amount, the cbncentration
quenching occurs and the luminescence efficiency are lowered, therefore it
is preferable to add thje co-activator WR within the above-mentioned range.

In the eighth and tenth phosphoxrs related to the present invention,
the content of the above-mentioned O is preferably 3.0% by weight or less
based on the total composition amount. Oxygen is contained in the

composition of the fifth and seventh phosphors related to the present
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invention. Thisis contained when an oxide is mainly used as a raw
material. Itis considered‘ that the oxide raw material véforks as a melting
agent. | When these oxide raw materials are used, they are generally cheap
in comparison with a metal raw rﬁaterial,' therefore the cost of a raw
material can be reduced. However, oxygen in the composition of the
phosphor related to the present invention lowers occasionally the
luminescence efficiencies. Accordingly, it is preferable that oxygen is
removed to the outside of a system as much as possible. Then, comparing
and considering the above~mention‘ed merit and demerit, the oxygen
concentration in the composition of the above-mentioned phosphors was
determined within the above-mentioned range. However, even ifit is out of
the above-mentioned range, adequate luminescence efficiencies are
exhibited, therefore it is not limited within the range.

Further, Mn is prefexébly added in the seventh to tenth phosphors
related to the present invention. When the Sr-Ca-Si-N:Eu, WR-base
phosphor in which Mn or a Mn compound was added at prqduction process
is used, the luminescence efficiencies such as luminescence brightness,
quantum efficiency and energy e’fﬁcier_xcy was improved than the
S1-Ca-Si-N:Eu, WR-base phosphor- in which Mn was not added. Thisis
considered because the Mn or a Mn compound accelerates the diffusion of
Eu2+ being an activator and enlarges the particle diameter, and crysta]linity
was improved. Further, this is considered because Mn works as ‘a
sensitizer m the phosphor in which Eu?* is an activator and the increase of
the luminescence intensity of the Eu?* activator was cairied out.

When Mn or a Mn compound was added at the production steps of
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the above-mentioned seventh to tenth phosphors, Mn is scattered at the
firing step, and there is also a case that the less amount.of Mn than the
initial compounding amount added is contained in the composition of the
phosphor being the final product. Accordingly, only the less amount of Mn
than the initial compounding amount added is contained in the composition
of the phosphor being the final producf.

Oxides or hydroxy oxide products such as MnOg, Mnz03, MnsOq and
MnOOH as the Mn added in theabove-mentioned seventh to tenth
phosphors are usually added, but it is not limited to these, a Mn metal, a
Mn nitride, an imide, an amide or other inorganic salts thereof. Further, a
condition in which it is previously contained in other raw material may be
well. Further, with respect to the above-mentioned seventh to tenth
phosphors, O is contained in the composition. It is considered that O is
inﬁroduced from various Mn compounds being a raw material, or accelerates

the effects of Eu diffusion, particle growth and the improvement of

crystallinity. Namely, with respect to the effect of the Mn addition, similar

effect is obtained even if a Mn compound is changed to a metal, nitride and

oxide, and the effect of a case of using an oxide is rather great. As a result,
é,phosphor in which a trace amount of ’O is contained in the composition of
the phosphor is produced. Even if a compound not containing oxygen in
the Mn compound is used, O is introduced by other raw material such as
Euz0s, atmosphere and the like, and the above mentioned problems are
solved thereby even if a compound containing oxygen is not used.

The addition am‘ount of Mn in the seventh to tenth phosphors is
preferably' 0.001 to 0.8mol based on L (Sr-Ca, Sr, Ca and .the like). In
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| particular, the addition amount of Mn in the above-mentioned phosphor is

preferably 0.0025 to 0.03mol based on L (Sr-Ca, Sr, Ca and the like). The
luminescence efficiencies such as luminescence brightness, quantum
efficiency and energy efficiency can be improved by adding Mn in the
phosphor during production step or in a raw material.

In the above.-mentiohed seventh to tenth phosphors, the residual
amount of Mn is‘ preferably 5000ppm or less. The luminescence efficiencies
can be improved by adding Mn in the above-mentioned phosphor. However,
since Mn is scattered during firing and the like, the amount of Mn added in
a raw material is different from the amount of Mn in the composition after
production.

In the above-mentioned seventh to tenth phosphoré, it is preferable
that there are contained at least one or more selected from a group
consisting of Mg.,lSr, Ba, Zn, Ca, Ga, In, B, Al, Cu, Li, Na, K, Re, Ni, Cr, Mo,
O and Fe. The luminescence efficiencies such as lurﬁinescence brightness
and quantum efficiéncy can be improved.by adding elements such as Mn
and B in the above-mentioned phosphors. The reason is considered to be
that the particle diameter of powder becomes homogeneous an& big by
containing the component cdnstituting elements such as Mg and B in the
base nitride phosphor such as Eu a_ﬁd WR, and crystallinity is remarkably
improved. The wave length of the portion of light having the first
luminescence spectrum can be converted at high efﬁéiency by improving the
crystallinity, and the phosphor having good luminescence efficienciesis
obtained. Further, the afterglowiproperty of the phosphor can arbitrarily

be adjusted by adding the above-mentioned element. The afterglow
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property is important in a display device such as a display and PDP on
which displays are éontinuousl‘y and repeatedly carried out. To the
contrary, the afterglow can be suppressed by slightly containing B, Mg, Cr,
Ni, Al and the like in the base nitride‘phosphor of the phosphor. The
phosphor related to the present invention can be used for a display device
such as a display. Further, even if an oxide such as HsBOs is added for
adding B and the like, the luminescence properties are not lowered, and it is
considered that O plays also an important role in the diffusion process as
described above. Thus, the particle diameter of the phosphor, crystallinity
and energy transmission passage are changed by containing the component
constituting elements such as Mg and B in,thé above-mentioned silicone
nitride, absorption, reflection and scéfcter‘ing are changed, and the
luminescence properties of a light emitting device such as luminescence and
take-out of light, afterglow and the like are changed. In other word, the
phosphof having the optimum luminescence propefties at constituting a
light emitting deviée can be produced by adjusting these.

Further, Sx, Ca, B andhthe like are mixed with the base nitride
phosphor éf L-M-N:Eu, WR to be a mix crystal. The peak wave 1.ength can
be shiffed to a short wave length side or along wave length side by being
the mix crystél.

The above-mentioned seventh to tenth phosphors are preférably a
mean particle diameter of 3 um or more. The phosphors of Sr-Ca~Si;NiEu,
WR'base, Sr-Si-N'Eu, WR-base, and Ca:Si-N:Eu, WR-base are a mean
particle diameter of about 1 to 2 pm, but the above'mentioned silicon nitride

to which Mn was added can be a mean particle diameter of 3.pum or more.
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Acéordin-g to the difference of the particle diameter, there are advantages
that the larger the particle diameter is, the more the luminescence
brightness of the phosphor is improved, aﬁd the light take-out efficiency in a
light emitting device is raisea, etc. |

The third light emitting device related to the present invention 1s a
light emitting device which has at least a light emitting element which
emits light having the first luminescence spectrum and a phosphor which
absorbs at least the portion of light of the above-mentioned first
luminescence spectrum and emits light having the second luminescence
spectrum which is different from the above-mentioned first luminescence
spectrum; and the above-mentioned phosphor is characterized in using any
one of the seventh to tenth phosphors related to the present invention.

The light emitting device which emits light being a different color from the

color which the light emitting device has can be provided thereby. For

example, the light emitting device which emits light of a white color by
combining blue and yellow, red and blue green, green and I;ed purple and
the like which are in the relation of a complementary color. However, it is
not limited to the white color, but the light emitting device having a desired
luminescence color can be provided. Specifically, there can be constituted
the light emitting device which emits a warm color-base white color which is
slightly reddish by mixing blue light which is emitted from a blue light
emitting element and yellow red light which was emitted by the wave
length conversion by the phoéph‘or, by using the_ blue light emitting element
which has the first luminescence sp ectrum nearby 440 to 480nm and using

the Sr-Ca-Si-N:Eu, WR-base phosphor which carries out the wave length
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conversion of the portion of light of said first luminescence spectrum and
emits light of the second luminescence spectrum at 600 to 660nm.

The phosphor used for the third light emitting device related to the
present invention is not limited to one kind, and a combination of 2 oi more
of phosphors having different peak wave lengths can be used. For example,
the Sr-Ca-Si-N:Eu, WR-base phosphor has a luminescence spectrum nearby
650nm, and on the contrary, the Sr-Si-N:Eu, WR-base phosphor has a
luminescence spectrum nearby 620nm. The phosphor having peak wave
length at a desired position within a wave length range of 620 to 650nm can
be produced. The light emitting device using 4the phosphor which combined
2 kind of phosphors ~can make a luminescence color different from a lLight
emitting device using only one phosphor. The light emitting device having
a desired Iuminescenée color can be provided thereby,'

The phosphor which is used in combination with the
above-mentioned seventh to tenth phosphors is preferably one or 2 or more
of any one of a yttrium-aluminum oxide phosphor activated by cerium, a
yttrium-gadolinium-aluminum oxide phosphor activated by cerium, and a
yttrium-ga]lium-aluminum_ oxide phosphor acti{rated.by cerium. As one
example of the yttrium-aiuminum oxide phosphor activated by cerium, there
is Y3Als012:Ce. ~As one example of the yttrium-gadolinium-aluminum oxide
phosphor activated by cerium, there is (Yo5Gdo2)sAls012:Ce.  As one
example-of the yttrium-gallium-aluminum oxide phosphor activated by
cerium, th.ere is Y3(AlosGao.2)5012:Ce. ‘The light emitting device which
emits a desired white light can be provided by combining the seventh to

tenth phosphors related to the present invention and the yttrium-aluminum

35



10

15

20

25

oxide phosphor activated by cerium and the like with the above-mentioned
blue light emitting element. The light emitting device which is constituted
by the combination of the blue light emitting element and the
yttrium-aluminum oxide phosphor-activatéd by cerium exhibits a slightly
pale white color, and since the warm color tinge was insufficient, the warm
color tinge was compensated by containing the phosphor related to the
present invention. Further, the light emitting device having a white color
with various tinges can be provided by appropriately changing the
compoundmg amount of the phosphors.

As descrlbed above, the third light emitting dev1ce related to the
present invention has a technical meaning that the light emitting device
having good luminescence efficiency which emits light of a warm color-base

reddish white color can be provided. Further, it has a technical meaning

that the phosphor having a luminescence spectrum at a yellow to red region

which is used in combination with a blue light emitting element and the like
can be provided. |

As described above, according to the third light emitting device of
the present invention, it has extremely important technical meanings that
the light emitting de&ice having good luminescence efficiency which emits
light of a warm color-base reddish white color can be provided; further, the
phosphor having a luminescence spectfum at yellow to red regionswhi‘ch is
used in combination with a blue light emitting element and the»like‘" can be
provided; and further, the phospho_r in Which the improvement of efficiency
and durability was designed can be provided. |

In order to solve the above-mentioned problems, the eleventh to
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thirteenth phosphors related to the present invention is a phosphor which
absorbs at least the portion of light having the first luminescence spectrum
and emits light having the second luminescence spectrum which is different
from the above-mentioned first luminescence spectrum, and consists of .
silicon nitride below.

The eleventh phosphor related to the present invention is
characterized in being a Sr-Ca-Si-N:R-base silicon nitride phosphor
comprises Mn wherein R is ,dne or more rare earth elements in which Eu is
essential. The phosphor having the second luminescence spectrum at a
long wave length side can be provided thereby. Namely, when light having
the first lJuminescence spectrum nearby 460nm is irradiated to the eleventh

phosphor, the wave length conversion of said first luminescence spectrum is

carried out, and light having the second luminescence spectrum at a long

wave length side of 580 to 700nm is emitted.

The Sr-Ca-Si-N:R-base silicon nitride phosphor in which Mn or a Mn
compound was added at production process improves the luminescence
efficiencies such as luminescence bﬁghtness, qﬁantum efficiency and energy
efficiency than the Sr-Ca-Si-N:R-base silicon nitride phosphor in which Mn
was not added. This is considered because the Mn or a Mn cémpound
accelerates the diffusion of Bu2+ being an activator and enlarges the particle
diameter, and crystallinity was improved. Furthér, this is considered
because Mn works as a sensitizer in the phosphor'in which Eu?* is an
activator and the increase of the luminescence intensity of the Eu2*
activator was carried out. The fluorescence sensitiiation means that a

sensitizer which is an energy donor is activated together for enhancing
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luminescence intensity utilizing energy transmission action.

Hereat, the first luminescence spe-ctruni is, for example, light from a
light emitting element, a light emitting élementlamp and the like which
has a.luminescence spectrum at a short'wave length side of 360 to 495nm.
It is preferable that the light emitting element at this wave length is a blue
light emitting element having a luminescence spectrum nearby 440 to
480nm. On the other hand, the second luminescence spectrum is a

luminescence spectrum at a wave length region different from the first

~ luminescence spectrum, and a luminescence spectrum of light which the

excited phosphor in which the phosphor is excited by at least the portion of
light having the first Juminescence spectrum emits (wavelength cpnversion).
It is preferable that the second luminescence spectrum has one peak wave
length nearby 560 to 700nm, as at least bne portion. The eleventh
phosphor related to the f)resent invention has a peak wave length nearby
600 to 680nm.

Mn or a Mn compound is added at the production process of the
above-mentioned and later-mentioned silicon nitride phosphoxrs, Mn is
scattered at the firing step, and there is also a case that the less trace
amount of Mn than the initial comp‘oundixig amount added is contained in
the composition of the silicon nitride phosphor being the final product.
Accordingly, there remains the less amount of Mn than the initial
compounding amount added in fhe composition of the silicon nitride
phosphor being the final product.

The twelfth phosphor related to the present invention is '

characterized in being a Sr-Si-N:R-base silicon nitride phosphor comprises
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Mn wherein R is one or more rare earth elements in which Eu is essential.
In case of the silicon nitride of this system, luminescence efficiency is more
irﬁproved by adding'Mn at a production step than a case of not adding Mn.
The effect which Mn exerts to the Sr-Si-N:Eu-base silicon nitride is similar
as the above deScription, and this is considered because th.e Mn accelerates
the diffusion of Eu?* being an activator and enlarges the particle diameter,
and crystalliﬁity was improved. Further, this is considered because Mn
works as a sensitizer in the phosphor in which Eu?* is an activator and the
increase of the luminescence intensity of the Eu?* activator was carried out.
The Sr-Si-N:R-base silicon nitride phosphor related to the present invention
has a composition and luminescence spectrum different from the
above-mentioned Sr~Ca-Si-NIR‘baée- silicon nitride phosphor; and has a-péak
wave length nearby 610 to 630nm.

- The thirteenfh phosphor related to the present invention is
characterized in being a Ca-Si-NIR-base silicon nitride phosphor comprises
Mn .Wherein R is one or more rare earth elements in which Eu is essential.
The effect of adding Mn is simﬂar as the above descriptibn. However, the
Ca-Si-N:R-base silicon ‘nitridé to which Mn was added has a peak wave
length nearby 600 to 620nmn.

Mn which is added to the silicon nitride constituting the
above-mentioned eleventh to thirteenth phosphors is usually added by
oxides or hydroxy oxide products such as MnOgz, Mnz03, MnsO4 and MnOOH,
but it is not Alimited to these, and may be a Mn metal, a Mn nitride, an imide,
an amide or other inorganic salts thereof. Further, a condition in which it}

is previously contained in other raw material may be well. Further, O is
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contained in the composition of the above-mentioned silicon nitride. Itis
considered that O is introduced from various Mn compounds being a raw
material, or accelerates the effects of Eu diffusion, particle growth and the
improvement of crystal}iﬁity. N arriely, with respect to the effect of the Mn
addition, a similar effect is obtained even if a Mn compound is changed to a
metal, nitride and oxide. The effect of a case of using an oxide is rather
great. Asa resuit, the phosphor in which a trace amount of O is contained
iﬁ the composition of silicon nitride is produced. Accordingly, the base
nitride phosphor are Sr-Ca-Si-O-N:R, Sr-Si-O-NR and Ca-Si-O-N:R. Thus,
even if a compound not containing oxygen in the Mn compound is used, O is
introduced by other raw material such as EuzOs, atmosphere and the like,
and Eu diffusipn, particle growth and the improvement of crystallinity are
accelerated by Mn even if a compound containing oxygen is not used.

- The content of the above-mentioned O is preferably 3% by weight or
less based on the amount of total composition. The luminescence efficiency
can be improved thereby. |

In the above-mentioned silicon nitride, it is preferable that there are
contained at least one or more selected from a group consisting of Mg, Sr, Ca,
Ba, Zn, B, Al, Cu, Mn, Cr and Ni. The luminescence efficiencies such as
luminescence brightness and quantum efficiency can be improved by
containing at least the component constituting elements such as Mn and B
in the above-mentioned silicon nitride. The reason is considered to be that
the particle diameter of powder becomes homogeneous and big by containing
the component constituting elements such as Mg and B in the

above-mentioned base nitride phosphor, and crystallinity is remarkably
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improved. The wave length of the first luminescence spectrum can be
converted at high efficiency by improving the érystallinity, and ’ghe phosphor
having good luminescence efficiencies which has the second luminescence
spectrum is obtained. Further, the afterglow property of the phosphor can
be arbitrarily adjusted. The afterglow property is important in a displasf
device such as a display and PDP on which displays are éontinuously and
repeatedly carried out. Accordingly, the afterglow can be suppressed by
slightly containing B, Mg, Cr, Ni, Al and the like in the base nitride
phosphor of the phosphor. Thus, the phosphor related to the present
invention can be used for a display device such as a display. Further, even
if oxides such as MnOz, MnzOs, MnsOs and HsBO3 are added for adding B

and the like, the luminescence properties are not lowered, and it is

- considered that O plays also an importanf role in the diffusion process as

described above. Thus, the particle .diameter of the phosphor, crystallinity
and energy transmission passage are changed by containing the component
constituting elements such as Mg and B in the above-mentioned silicone
nitride, absorption, reflection and scattering are changed, and the
luminescence properties in a light emitting device such as luminescence and
take-out of light, afterglow and the like are changed. In other word, the
phosphor utilized for a light emitting device is optimized by utilizing this.
With respect to the Sr-Ca-Si-N:R-base silicon nitride, the molar ratio
of Sr to Cais preferably Sr: Ca=1t09:9t0 1. In pai:ticular, for the
Sr-Ca-Si-N:Eu-base silicon nitride, the molar ratio of Sr to Ca is preferablyv
Sr:Ca=1:1. Thesecond lufninescence spectrum can be shifted to a long

wave length side by changing the molar ratio of Sr to Ca. In the
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later-mentioned Table 501, with respect to the phosphors having a
composition of Sy : Ca=9"1 and Sr:Ca=1:9,the peak wave length is
624nm and 609nm, and to the contrary; when the molar ratio of Sr to Cais
sradually changed to Sr: Ca=7:3,Sr:Ca=6":4, and Sr : Ca=3:7,8r: |
Ca=4:6, the peak wave length is 639nm, 643nm, and‘GSGnm, 642nm and
thus, the peak wave length can be shifted to a long wave length side. .Thus,
the phosphor having the peak wave length at a longer wave length side can
be produced. Further, when the molar ratio of Sr to Ca is changed, there
can be produced the .p.hosphér having the peak wave length at the longest
wave length side in which the peai{ wave length is 644nm. The
luminescence brightness can be improved by changing the molar ratio of Sr
to Ca. In Table 1, the luminescence property at Sr:Ca=9:11isreferred to
as 100%. When the molar amount of Ca is increased against Sr, the
luminescence biightngss is170.3% atSr:Ca=1:9 and the luminescence
brightness is improved by 70.3%. Further, the quantum efficiency is
improved by changing the molar ratio of Sr to Ca. In Table 501, the
quantﬁmvefficiency was 100% at Sy : Ca =9 : 1, but the quantum éfﬁcie.ncy
is improved to be 167.7% at Sr: Ca =5 :5. Thus, the luminescence
efficiency can be improved by changing the molar rétio of Sr to Ca.

The compounding amount of R in the above-mentioned phospho‘r is
preferably 0.003 to 0.5mol based on Sr-Ca, Sr and Ca. In particulér, the
compounding amount of R in the above-mentioned phosphor is preferably
0.005 to 0.1mol based on Sr-Ca, Sr and Ca. The peak wave léngth can be
shifted to a long wave length side by changing the compounding amount of

R. TFurther, thé luminescence efficiencies such as luminescence brightness
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and quantum efficiency can be improved. In the later-mentioned Tables 16
to 18, thelge are shown test results in which the compounding amount of Eu
in the Sr-Ca-Si-N'Eu-base silicon nitride was changed. For example, in
Table 16, when Eu is 0.005mol based on Sr-Ca at Sr: Ca =7 : 8, the peak
wave length is 624nm, the luminescence brightness is 100% and. th_e
quantum efficiency is 100%, but when Eu is 0.03mol, the peak wave length
is 637nm, the luminescence brightness is 139.5% and the quantum
efficiency is 199.2%, and the lufninescence characteristics become extremely
good.

The addition amount of Mn in the above-mentioned phosphor is
preferably 0.001 to 0.83mol based on Sr-Ca, Sr and Ca. In particular, the
addition amount of Mn in the above-mentioned phosphor is.prefer,ably |
0.0025 to 0.03mol based on Sr-Ca, Sr and Ca. The luminescence
efﬁciencies such as luminescence brightness, energy efficiency and quantum
efficiency can be improved by adding Mn in the silicon nitride phosphor
during production steps orin a raw material. In the Tables 405 to 409
mentioned later, there are shown the test results in which the addiﬁon |
amount of Mn in the Ca-Si-NiEﬁ-base silicon nitride was changed. For
example, in Tables 19 to 23, when the luminescence brightriess is 100% and
the quantum éfﬁCiency 1s 100% based on the silicoﬁ nitride phosphor to
which no Mn was added, the luminescence brightness is 115.3% and the
quantum efficiency is 117.4% for the silicon nitride phosphor to Which
0.015mol of Mn based on Ca was added. Thus, the luminescence
efficiencies such as luminescence brightness and quantum efficiency can be

improved.
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It is preferable that the abdve-mentidnéd phosphor consists of any
one of combinations of the eleventh phosphor and thé twelfth phosphor, the
twelfth phosphor and the thirteenthi)hosphor, and the eleventh phosphor
and the thirteenth phosphor. For example; the phosphor consiéting of the
combinations of the eleventh phosphor and the twelfth phosphor meané the
phosphor mixing the Sr-Ca-Si-N:Eu-base silicon nitride phosphor With the
Sx-Si-N:Eu-base silicon nitride phosphor. For example, the
Sr-Ca-Si-N:Eu-base silicon nitride phosphor has the luminescence spectrum
nearby 650nm, and on the contrary, the Sr-Si-N:Eu-base silicon nitride
phosphor has the luminescence spectrum nearby 620nm. The phosphor
having the peak wave length at a desired position at a wave length range of
620 to 650nm can be produced by mixing the desiréd amount of the mixed
phosphor. In addition to the above-mentioned combinations, there can be
also produced the phosphor mixing the Sr-Ca-Si-N:Eu-base silicon nitride
phosphor with the Ca-Si-N:Eu-base silicon nitride phosphor, and the
phosphor mixing the Sr-Ca-Si-NIEu-base silicon nitride phosphor,; the
Sr~Si-NIEu-baée silicon nitride phosphor and the Ca-Si-N:Eu-base silicon
nitride phosphor. The ‘phosphoz.c having the peak wave length at a desired
position at a wave length range of 600 to 680nm can be produced by these
combinations.

The eleventh to thirteenth phésphors related to the present
invention are preferably a phosphor characterized in having a particle
diameter of 3 um or more. The Sr-Ca-Si-N:Eu-base, Sr-Si-N:Eu-base and
Ca-Si-N:Eu-base .silicon nifride phosphors to which no Mn is édded have a

particle diameter of about 1 to 2 pm, but the above-mentioned silicon
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nitrides to which Mn is-added have a particle diameter of 3 um or more.
There are advantages that when the particle diameter is large, the
luminescence brightness is improved by the difference of the particle
.diameter, and the light take-out efficiency ié improved, etc. |

With respect to the eleventh to thirteenth phosphors related to the
present invention, the. residual amount of Mn is preferably 5000ppm or less.
Because the above-mentioned effects are obtained by adding Mn in the
eleventh to thirteenth phosphors related to the present invention.
However, since Mn is scatteréd at firing, the amount of Mn added in a raw
material is different from the amount of Mn in the composition after
production. |

The fourth light emitting device related to the present invention is a
light emitting device which has at least a light emitting element which
emits light Baving the first luminescence spectrum and a éhosphorw‘hic’h
absorbs at least the portion of light of the above-mentioned first
luminescencé spectrum and emits light having the second luminescen‘ce
sp.evctrum which is different from the above~mentionéd first luminescence
spectrum (wavelength is converted); and the above-mentioned phosphor is
characterized in using the eleventh to thirteenth phosphors relateﬁ to the
present-inventi.on. .For example, there can be provided the light emitting
device which emits light of a warm color:base white color which is slightly
reddish by mixing blue light which is emitted from a blue light emitting
element and yellow red light which was emitted by the wave length
conversion by the phosphor, by using the blue light emitting element which

has the first luminescence spectrum nearby 440 to 480nm and using the
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phosphor reléted to the present invention which carries out the wave length
conversion of said first luminescence spectrum and emits light of the second
luminescence spectrum at 600 to 660nm.

Itis preferablé that the above-mentioned phosphors contain the
yttrium-aluminum oxide phésphor activated by cerium, the
yttrium-gadolinium-aluminum oxide phosphor activated by cerium, and thé
yttrium-gallium-aluminum.oxide phosphor activated by cerium. As.one
example of the yttrium-aluminum oxide phosphor activated by cerium, there
ivS Y3Al50:2:Ce.  As one example of the yttrium-gadolinium-aluminum oxide
phosphor activated by cerium, there is (Yo;sGdé.z)aAlsOmiCe. As one
example of the yttrium-gallium-aluminum oxide phosphor activated by
cerium, fhere is Ya(Alo.éGao.z)sOmlCe. The light emitting device which
emits a desired white light can be provided by combining the phosphors
related to the present invention and the yttrium-alumiﬁum oxide phosphor
activated by cerium and the like with the above-mentioned blue light
emitting element. The light.emitting device which is constituted by the
cofnbination of the blue 'light emitting element and the yttrium-aluminum
oxide phosphor activated by cerium exhibits a slightly pale white color, and
since the warm color tinge was insufficient, the warm color tinge can be
compensated by containing the phosphor related to the present invention.
Further, the light emitting device'having a white color with various tinges
can be provided by appropriately changing the compounding amount of the
phosphors. | |

As described above, the fourth light emitting device of the present

invention has a technical meaning that the light emitting device having
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good luminescence efficiency which emits light of a warm color-base reddish
white color can be provided. Further, it has a technical meaning that the
phosphor having a luminescence spectrum at yellow to re& regions which is
ﬁsed in combination with a blue light emitting element and the like can be
prpvided.

In order to solve the ab.ove-mentioned problems, the fourteenth
nitride phosphor related to the present invention is a nitride phosphor
which contains at least nitrogen, and absorbs at least the portion of light
having the first luminescence spectrum and emits light having the second
luminescence spectrum which is différent from the above-mentioned first
luminescence spectruni; and characterized in that the above-mentioned
nitride phosphor is z;epresented by the general formula LxMyN@mx+a2n'R
(wherein L is'at least one or more selepted from a group consisting of II
valency of Be, Mg, Ca, Sr, Ba, Zn, Cd and Hg, M is at least‘one or more
selected from a group consisting of IV valency of C, Si, Ge, Sn, Ti, Zr and Hf,
and R is an activator.), and contains at least one.or more selected from a
gYoup cons'isting of Mg, Sr, Ba, Zn, Ca, Ga, In, B, Al, Cu, Mn, Li, Na, K, Ré,
Ni, Cr, Mo, O and Fe. The luminescence efficiencies such as luminescence
brightness, energy efficiency and quantum efficiency can be improved by
containing the component constituting elements such as Mn and B in the
above-mentioned fourteenth nitride phosphor. The reason is considered to
be that the particle diameter of powder becomes homogeneous and big by
containing the component constituting elements such as Mg_ and B, and
crystallinity is remarkably improved. The wave length of the first

luminescence spectrum can be converted at high efficiency by improving the
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crystallinity, and the phosphor having good luminescence efficiencies can be
obtained. Furthei, the afterglow property of the phosphor can be
arbitrarily adjusted by the present fourteenth nitride phosphor. The
afterglow property is important in a display device such as a display and
PDP on which displays are continuously and repeatedly carried out.
Accordingly, the afte‘i.glow can be suppressed by slightly containing‘B, Mg,
Crx, Ni, Al and the'iik‘e Iin the above-mentioned fourteenth nitride phosphor.
Thus, the nitride phosphor related to the present invention can be used for
a display device such as a display. Thus, the particle diameter of the
phosphor, crystallinity and energy transmission passage are changed by
adding a elements which are different from the element contained in the
base nitride phosphor; absorption, reﬂectioﬁ and scattering are changed;
and the luminescence properties in a light emitting device such as
luminescencé and take-out of light, aftefglow and the like are greatly
influenced.

It is preferable that the above-mentioned fourteenth nitride
phosphor is represented by the general formula LxMyN2m)x+@ws)v) R
(wherein L is at least one or more selected from a' group consisting of II
valency of Mg, Ca, Sr and Ba, M is Si, and R is aﬁ activator.), and contains
at least one or more selected from a group consisting of Mg, Sr, Ba, Zn, B, Al,
Cu, Mn, Cr, O and Ni. Because the nitride phosphor hardly decomposed
and having high reliability and good crystallinity can be provided by

limiting L as Mg, Ca, Sr and Ba and limiting M as Si. In accordance with

~ this, the light emitting device having good life property (long life) can be

provided. When the light emitting device is constituted by utilizing the
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fourteenth nitride phosphor and a blue LED having a peak Wa§e length
nearby 400 to 460nm as a light source which emits light of the first
luminescence spectrum, the light emitting dexﬁce-having the peak wave
length nearby 560 to 680nm which emits white light can be produced.

The activator represented by the above-mentioned R is preferably
Eu. Thus, thereis prepared a phosphér which absorbs light having the
first lummescence.spectrum nearby 250 to 480nm and has the second
luminescence spectrum which is different from the first luminescence
spectrum, in particular, has a peak at a yellow to red region, by said
absorption. |

Specifically, there can be provided a phosphor which shows the
maximum wave length nearby 580 to 620nm when light having the fiist
luminescence spectruni which was excited at 460nm is irradiated to the
fourteenﬁh nitride phosphor. Thus, the light emitting device emitting light
of a white color can be provided by using a blue LED and the fourteénth
nitride phosphor related to the present invention, in combination.

The activator represented by the above-mentioned. R isl preferably
those containing at least one or more among» Mn, B, Ce, Mg, Cu, Al and Eu.
Thus, there can be provided the light emitting device having good
luminescence properties which exhibits the méximlim wave length at a
region which is different from a case of usihg only Eu as an activator.

The above-mentioned X and Y are preferably X =2 and Y = 5.
Namely, the base nitride phosphor is preferably represented by LoaMsNs'R.
The nitride phosphor having goqd crystallinity can be provided thereby.

However, since the portion of L is substituted with Z, the total molar
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number of L and Z become X = 2. Namely, in case of Zo.o3, the base nitride
phosphor is preferably represented by Li.g7 Zo.osMsNs.

The above-mentioned X and Y are preferably X =1 and Y = 7.
Namely, the base nitride phosphor is preferably represented by LM7Nio'R.
The nitride phosphor having good crystallinity can be provided thereby.

The above-mentioned L and the above-mentioned R has preferably a

molar ratio of L:R=1:0.001to 1. The nitride phosphor having high

luminescence brightness can be obtained by setting the compounding

proportion of R in the base nitride phosphor represented by
LxMyN@s)x+43)7) R within the above-mentioned range. Further, The
nitri&e phosphor having good temperature characteristic can be provided.
The relation of molar ratio is preferably L: R = 1:0.003 tvo 0.05. When the
molar ratio is within the range, the nitride phosphor having high
luminescence brightness and good temperature characteriétic can be
provided. Further, since the Eu compound of a raw material is eﬂxpenbsive,
the more economic phosphor éan be produced by reducing the compounding
ratio of the Eu compound. |

The size of the above-men'tio‘ned fourteenth nitride phosphor is
prefelf;ably a mean particle diameter of 0.1 to 10 um. In case of light
emitting devices such as LED and an LED lamp, the optimum film
thickness of the phosﬁhor is proportional to about the mean particle
diameter, and the smaller the particle diamet_er is, the less the coating
amount is. On the other hand, the phosphor having a larger particle
diameter has usually large luminescence efficiency. According to the

present invention, there can be provided the nitride phosphor having high
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luminescence brightness, energy efficiency and quantum efficiency and good
luminescence properties, and the nitride phésphor easily treated which can
reduce the coating amount can be provided.

In the a‘bove-menvtioned, fourteenth nitride phosphor, the second
luminescence spectrum has preferably at least one or more pleaks at a
yellow to red region. The light emitting device which emits light of a warm
color-base white color can be provided by using a blue LED and the nitride
phosphor having the second luminescence spectrum at a yellow to red region,
in combination.

The above-mentioned second luminescence spectrum has preferably
at least one or more peaks within a wave length range of 520nm to 780nm.
The light emitting device which emits light of a warm color-base white color
can be provided by using an ultravidlef or blue LED having a peak at 400 to
460nm and the nitride phdsphor having the second lurhine'écence spectrum
at a wave length range of 570nm to 730nm.

The second production process of the nitride phosphor related to the
present invention is the production process of a nitride phosphor Whiéh is
represented by the general formula LXMyN((z/s)@(‘;/a)Y) ‘R (wherein Lis at
least one or more selected from a group cohsisting of IT valency of Be, Mg,
Ca, St, Ba, Zn, Cd and Hg, M is at least one or more selected fr‘om a group
consisting of IV valen‘Cy of C, Si, Ge, Sn, Ti, Zr and Hf, and Ris an
activator.), and contains at least one or more selected from a group
consisting of Mg, Sr, Ba, Zn, Ca, Ga, In, B, Al, Cu, Mn, Li, Na, K, Re, Ni, Cx,
Mo, O and Fe; and characterized in having a step of firing the raw material

of the above-mentioned nitride phosphor in ammonia atmosphere. In the
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firing step, nitrogen containing several % of hydrogen is usually used as a
reducing gas, but since hydrogen is eroded into a crucible and the liké, the
material of the crucible eroded comes to be contained in the composition of
the phosphor.: The material of the crucible contained in the composition of
the phosphor becomes impurities and it causes the lowering of the
luminescence efficiencies such as luminescence brightness, energy efficiency
and quantum efficiency. Accordingly, since the firing is carried out in the
ammonia atmosphere, the erosion of the crucible is' prevented, and the
phosphor having high luminescence efficiencies which does not contain the
impurities can be produced. Further, since reactivity is improved in the
ammonia atmosphere, the phosphor having extremely high yield can be
produced.

The above-mentioned firing is preferably carried out using a crucible
made of bpron nitride. A molybdenum crucible has a fear of inhibiting
luminescence and iﬁhibiting the reaction system. On the other hand, when
the crucible made of boron nitride is used, it does not inhibit the
luminescence and inhibit the reaction system, thérefore the phosphor
having extremely high purity can be produced. Further, the crucible made
of boron nitride is decomposed in hydrogen and nitro‘g_en, it cannot be used
in hydrogen and nitrogen atmosphere. A

The fifth light emitting device related to the presentinvention is a.
light emitting device which has a semiconductor light emitting element
emitting the first luminescence spectrum and a phosphor which absorbs at
least the portion of light having the above-mentioned first luminescence

spectrum and emits lisht having the second luminescence spectrum which is
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different from the above-mentioned first luminescence spectrum; and
characterized in containing the fourteenth nitride phosphor related to the
present invention in the above-mentioned phosphor. The light emitting

device which emits light of a warm color-base white color can be constituted

~ thereby.

It is preferable that the above-mentioned phosphér contains the
yttrium-aluminum oxide phosphor substance activated by cerium. A
desired luminescence color can be adjusted by containing the YAG
ﬂuorescent substance. In the light emitting device using a blue LED and
the YAG phosphor, there are chromaticity coordinate x = 0.348, y = 0.367,
and color temperature = 4938K, and the luminescence of a pale white color
is observed by visual observation. On the contré;ry, in the light emitting
dvevice using a blue LED and a mixture of the fourteenth nitride phosphor
and the YAG phosphor, there are chromaticity cbordinate x = 0.454,y =
0.416; and color temperature = 2828K, and the luminescence of a warm

color-base white color is observed by visual observation. The warm

color-base white color light emitting device which is soft to eyes can be

provided by the light emitting device using a blue LED and a mixture of the
fourteenth nitride bhosphor and the YAG phosphor. In particular, the
electric bulb color light emitting device can be provided. Further, the light
emitting device which can emit blue, green, red and other various colors can
be provided by using a semiconductor light emitting element and the
phosphor extremely excellent in luminescence property in combination,
without limiting to the YAG phosphor. |

The weight ratio of the above-mentioned yttrium-aluminum oxide
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phosphor substance activated by cerium and the above-mentioned nitride
phosphor which are contained in the above-mentioned phosphor is
preferably mixed at a ratioof 1 to 15 1. The fine adjustment of color
temperature can be carriéd out by chénging the compounding amount of the
YAG phosphor and the above-mentioned nitride phosphor. In particular,
the ]ighf emitting device which having good luminescence efficiencies which
emits light of a warm color-base white color can be provided.

The above-mentioned first luminescence spectrum has a
luminescence peak at 360 to 550nm, and it is preferable that white
color-base luminescence is carried out by Iﬁixing light which the phosphor
which was excited by at least the portion light of the above-mentioned first
luminescence spectrum emits, with the portion of light of the
above-mentioned first luminescence spectrum, to be discharged. An
ultraviolet LED having the luminescence wave length of an excitation wave
length EX=400nm can be used for the first luminescence spectrum in
addition to be able to ué.e a blue LED having the luminescence wave length
of an excita-ﬁon wave length EX=460nm. Since the ultraﬁolet LED is not
visible light, a person (eyes) cannot feel the fine change of luminescence in
accordance with the current change, therefore there is no color change.
Since the nitride'phosphor related to the present invention absorbs light of
luminescence wave length nearby 360 to 480nm, an ultraviolet LED having
EX=400nm can be used. Accordingly, the light emitting device Which emits
light of a white color can be provided by combining it with the phosphor

which emits light of the first luminescence spectrum which has a

A luminescence peak nearby 360 to 550nm.
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The above-mentioned phosbhor is a powder or a granule, and
preferébly contéined in a light transmitting mvateri-al. The fine adjustment
of the luminescence color can'be easily carried ou.f, and the 1urhinescerice
efficiencies can be enhanced théreby.

The above-mentioned semiconductor light emitting element is
pi?eferably the III Group nitride-base compound semiconductor light
emitting element. The luminescence brightness is enhaﬁced thereby and
the light emitting device having high reliability can be provided. When all
or the portion of the semiconductor light emitting element is covered with
the nitride phosphor related to the present invention, various problems such
as deterioration, repulsion and pealing which are generated between the

interface of the nitride phoSphbr and the semiconductor light emitting

- element can be suppressed by using the same material.

‘The above-mentioned light emitting devic.e is preferably the average
0010r.rendering index Ra of 75 to 95 and a color temperature of 2000K to
8000K. The light emitting device Wthh emits light of a warm color-base
Whlte color can be provided thereby. In particular, the color temperature is
preferably 3000K to 5000K, and the light emitting device which emits light
of an electric bulb color can be provided. Further, the light emitting device

which emits light of a reddish white color can be provided by enhancing the

~ specific color rendering index R9.

According to the above description, the present invention has
technical meanings that the light emitting device which emits light of a
reddish white color can be produced, and the nitride phosphor having a

luminescence spectrum at a yellow to red region which is used in
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combination with a blue LED and the like can be produced.

Accordingly, the present invention can provide the phosphor having
high luminescence brightness, and specifically, can provide the phosphor
having ekcellent luminescence properties Whiéh emits light of a reddish
warm color-base white color by using a semiconductor light emitting
element which emits light of a luminescence spectrum at an ultraviolet to
blue region and converting light from said semiconductor light emitting
element by so-called color tone. Further, the phosphor having short
afterglow can be provided. Furthermore, the light emitting device which
emits light of a white color -cah be provided by combining the blue
semiconductor light emitting element and the above-mentioned phosphor.

The fourteenth phosphor related to the present invention can be
used for a fluorescent display tube, a display, a PDP, a CRT, an FL, an FED
and a projecting tube, in particular, a light emitting devicé‘using a blue
light emitting diode or an ultraviolet light emitting diode as a light source, a
fluorescent lamp used for illumination for a display at a shop-window,
illamination for medical spot and the like. Additionally, it can be‘applied
to the back light of a cellular telephone, a light emitting diode (LED) and
the liice. |

Thus, the present invention solves problems which have been not
solved conventionally, and has an extremely superior technical meaning.

In order to solve the above-mentioned problems, the third production
process of the nitride phosph_br related to the present invention is the
production process of a nitride phosphor 'which contains at least nitrogen,

and absorbs at least the portion of light having the first luminescence
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spectrum and emits light having the second luminescence spectrum which is
different from the above-mentioned first luminescence spectrum, and
characterized in having a step of carrying out firing in ammonia
atmosphere.

’I‘he production process of a conventional phosphor (for example,
described in International Open Patent No0.01/40403) is that raw matemals
such as an adequately purified mother body and an activator were mixed,
then, the mixture is charged in a molybdenum crucible and it is conducted
through a step of being baked iﬁ a furnace.

In the method described in the International Open APatent
No0.01/40403, the step of firing is carried out under a mix gas atmosphere of
hydrogen (3.75%) and nitrogen (400 I/h). To the contrary, it is carried out
in ammonia atmosphere, in the production process related_ to the present
invention, and thus, a phosphor having an extremely high yield which
shows lumiﬁéscence property of high brightness can be produced.

The comparison result of Example which is related with the third
productioh process related to the present inven‘tion, with Comparative |
Example (Comparative Example 10) is shown in Table 82 (which is
specifically described in the Mode of Operation of The Invention). In Table
82,v Comparative Example 10 and Example which is related with the ‘third
production process related to the present invention are carried out unde’r
the same condition excluding the step of firing. Comparative Example 10
is baked in hydrogen and nitrogen atmosphere, and Exarﬁple of the present
invention is baked in ammonia atmosphere. As a result, the brightness of

Example of the present invention is higher by 18% than that of
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Comparative Example 10. It shows an extremely superior result that there
was the improvement of brightness by 18%, and it has a technical meaning.
Further, energy'efﬁbiency is improved by 17.6%. Furthermore, quantum
efficiency is improved by 20.7%. From this result, it is certified that the
stable product of the phosphor having an extremely high yield which shows
luminescence property of high brightness can be supplied by passing the
production process ;‘elated to the present invention, and the production
process of the nitride phosphor having an extremely superior production
efficiency can be provided. Further, according to the production process
related to the present invention, the nitride phosphor having an extremely
superior temperature characteristic can be pxjoduced.

In vthe step of firing related to theApresent invention, the firing is
preferabljr carried out at a temﬁerature -condition of a range of 1200 to
160096.' Arange of 1200 to 1400°C is more preferable. In the step bof
firing related to the present invention, the firing passes preferably one step
firing that it is preferably carried out at a temperature condition of a range
of 1200 to 1400°C for several hours, but it can also pass two steps of ﬁrihg |
that the first firing is carried out at a temperature of 700 to 1000°C for -
several hours and further, the second firing is carried out at a temperature
of 1200 to 1400°C for several hours.

In the above-mentioned nitride phosphor, the second luminescence
spectrum has preferably at least one or more peaks at a yellow to red region.
When the phosphor has the luminescence spectrum, the light emitting
device which emits light of a white color can be constituted by being used in

combination with a blue light emitting diode. The second luminescence
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spectrum has more preferably one or more peaks at a yellow to red region of
a wave length range of 580 to 630nm.

The above-mentioned firing is preferably carried out using a crucible
made of a boron nitride material. A molybdenum crucible is usedin the
cited literature. The molybdenum crucible has fears of inhibiting
luminescence and inhibiting a reaction system. On the other hand, when
the crucible made of a boron nitride material in the present invention is
used, it does not inhibit luminescence and inhibit a reaction system,
therefore the nitride phosphor having extremely high purity can be
produced. Further, sinée the boron nitride crucible is decomposed in
hydrogen and nitrogen, hydrogen and nitrogen atmosphere cannot be used
by the éynthesis method of the cited literature.

The above-mentioned nitride phosphor has preferably the Basic ‘
constitution represented 'by LxMyN (@ing+@s)v R (Wherein Lis at least one or
more selected from a groﬁp consisting of II valency of Be, Mg, Ca, S, Ba, Zn,
Cd and Hg, M is at least one or more selected from a group consisting of IV
valency of C, Si, Ge, Sn, Ti, Zr and Hf, and R is an activator.).' The nitride
phosphor having high luminescence brightness, high energy efficiency and
high quantum efficiency can be provided. In the nitride phosphor, |
impurities contained in a raw ma-teﬁal exist in addition to the base nitride
phosphor represented‘by:LxMYN(<z/3>x+(4/3)Y>iR. For example, they are Co,
Mo, Ni, Cu, Fe and the like. Since these impurities cause the lowering qf
luminescence brightness and the inhibition of the activity of an activator, it
is preferable to remove them to oﬁt of the system as much as possible.

The above-mentioned nitride phosphor has preferably the basic
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constitution represented by LiMvyNax+wsv) 'R (wherein L is at leastv one or
more selected from a group consisting of IT valency of Mg, Ca,; Sr and Ba, M
is Si, and R is an activator.). The light emitting device can be produ-cod by
using the phosphor having a peak wave length noarby 560 to 680nm which
emits light of a white oolor, by using a blue light emitting diode having a
peak at 400 to 460nm which emits light of the first luminescence spectrum
and irradiating the light on the nitride phosphor related to the present
invention.

The present production process has preferably a step of mixing a
nitride of L, a nitride of M and a compound of R. The nitride phosphor
having an extremely little yield and on extremely superior production

efficiency can be provided thereby. Said step of mixing is preferably

- carried out before firing, but mixing may be carried out during firing and

after firing and the firing may be carried out again. The compounding
proportion (mole ratio) of a nitride of L, a nitride of M and a compound of R
which are raw materials and synthetic intermediates is preferably nitride of
L t nitride of M : compound ofR =1.80t02.20:4t06:0.01t00.10. The
more homogeneous phosphor can be obtained thereby.

The activator represented by the above-mentioned R is pr‘eferébly
Eu. Because in the base constitution represented by LxMyNemz+wa)vR,
light neaﬁcby 250 to 480nm'(hght of the first luminescence spectrum) is
absorbed by using Eu as the activator. The phosphor can emit light of the
second 1urhinescenc,e spectrum which is different from light of the first
luminescence spectrum by the absorption. In particular, the light emitting

device which emits light of a white color can be constituted by using the
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nitride phosphor of the present invention in combination with a blue light

. emitting diode.

The above-mentioned L and the above-mentioned R-h_as preferably
the relation of the molar ratio of L : R =1 :0.001 to 1. The nitride
phosphor having high luminescenée brightness can be obtained by setting
the compounding proportion of R in the base nitride phosphor represented
by LxMyN (2s)x+@sv'R within the above-mentioned range. Further, the
nitride phosphor having good temperature characteristic can be provided.
The relation of the molar ratio is more preferably L : R =1 : 0.003 to 0.05.
The nitride phosphor having high luminescence brightness and good
temperature characteristic can be provided. Further, since the raw
material of an Eu compound is ekpensive, the more economic phosphor can
be produced by reducing the compounding proportion of the Eu compound.

According to the nitride phosphor prepared by the préduction
process related to the present invention, the nitride phosphor exhibiting
luminescence properties such as high luminescence brightness, high energy
efficiency and high quantuin efficieﬁcy can be provided. Further, the
nitride phosphor having ektremely good temperature characteristic can be
provided. | |

The sixth light emitting device related to the present invention is a
light emitting device which has at least a semiconductor light emitting
element which emits light of the first luminescence spectrum, and a nitride

phosphor which contains at least nitrogen, and absorbs at least the portion

of light of the above-mentioned first luminescence spectrum and emits light

of the second luminescence spectrum which is different from the -
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above-mentioned first luminescence spectrum; and characterized in that the
above-mentioned nitride phosphor is the nitride phosphor which was
prepared by the third production process related to the present invention.
Thus, the light emitting de,vioé which ‘can emit blue, green, red and other
various colors can be provided by using a semiconductor light emitting
element and the phosphor extremely excellent in luminéscence properties in
combination. In particular, the 1ighf emitting device capable of emitting
light of a slightly reddish white coAlor which is greatly required in the
market can be provided:

The alkali earth metal-base silicon nitride phosphor which is one
example of the nitride phosphor of the present invention absorbs light of a
short wave length of 250 to 450nm at a visible light region and carries out
reflection at a long wave length of 580 to 650nm

For example, the light emzttmg device emlttmg hght of a shghﬂy
reddish white color can be produced by combining a blue light emitting
diode and the alkali earth metal silicon nitride phosphor of the present
invention and making a constitution in which the portion of light which the
blue light emitting diode emits is irradiated to the alkali earth metal silicon.
nitride phosphor of the present invention. A mixture of the blue light
emitting diode, a known Y3Als012 phosphor and the alkali earth metal
silicon nitride phosphor of the present invention can be used in combination,
and the light emitting device emitting light of a white color can be also
produced by the color mixture of visible light at a blue region and visible
light at a yellow to orange region. |

According to the above-mentioned description, the present invention
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has technical meanings that the nitride phosphor having excellent
luminescence properties such as high luminescence brightness, high energy |
efficiency and high quantum efficiency and a production process thereof are
provided; further, the stable light emitting device which emits light |
constantly is provided; and the production process of the nitride phosphor
having good production efficiency can be provided.

- According to the present invention, the nitride phosﬁhor having high
luminescence brightness can be provided, and specifically, there can be
provided the light emitting deviée emitting light of a white coloxr which uses
a light emitting diode having a luminescence spectrum at an ultraviolet to -
blue region and converts light from said light emitting aiode. Further, the
product of the phosphor having high yield and exhibiting the luminescence
property of high brightness is designed to be stably provided and the
production process having good production efficiency can be provided.
Further, the light emitting device emitting light of a white color can be
provided by combining a blue light emitting diode and said phosphor. Thus,-
the present invention solves probleﬁs which have been not solx}ed
conventionally and has extremely superior technical meanings.

In order to solve the above-mentioned problems, the present invention

. relates to a light emitting device havihg a Iight emitting element, the first

phosphor which absorbs at least the portion of light from the light emitting
element and emits light having a different wave length, and the second
phosphor which absorbs at least the portion of light from the light emitting
element and emits light having a different wave length, wherein the pea,k'

wave length of luminescence spectrum which the light emitting element has is
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situated at a longer wave length side than the peak wave length of excitation
spectrum which the first phosphor has and the peak wave length of excitation
spectrum which the second phosphor has. The light emitting device
suppressing thé géne-ration of chromaticity deviation can be provided thereby.
In particular, since color deviation is generated along the locus of blackbody
radiatioh in the present light emitting device, the color deviation is felt little in
human vision in comparison with a case in which the color deviation is
generated to a direction of perpendicular of locus of blackbbdy radiation.
Further, the swing width of colox tone deviation is extremely narrow by the
interaction of the first phosphor and the second phosphor. |

In accordance with the increase of electric current density, the peak
wave length of luminescence spectrum which the light emitting element has ié
shifted toward shorter Waveléngth in the light emitting device. When the
charged electrié current of the light emitting element is increased, the incfease
of electric current density is generatéd, and the peak wave length of
luminescence spectrum which the light emitting element has is shifted toward
shorter wavelength. The present invention provides a light emitting device
preventing the color deviation utilizing the action.

It is preferable that the first phosphor and the second phosphor have a
nearly equal chémge of luminescence intensity in accoidance with the change
of ambient temperatui"es of the first phosphor and the second phosphor. The
temperature characteristics of the first phosphor and the second phosphér in
which the excitation efficiency fluctuates by the change of ambient
temperatures in accordance with the increase of charged electric power of the

phosphors become nearly equal by making such a constitution, therefore there
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can be provided a light emitting device capable of suppressing the color
deviation even if the ambient temperatures are changed. In particular, there
can be provided a light emitting device which suppressed the gen_eration of fh‘e
color deviation by the interaction between the color deviation in accordance .
with the increase of electric current dénsity of the light emitting element and
the color deviation in accordance with the change of ambient temperatures of
the phosphors |

. The change of ambient temperatures of the first phosphor and the
second phosphor is mainly caused by the change of the electric current to the
light emitting element. The temperature changes of the first phosphor and
the second phosphor in which the excitation efficiency fluctuates by the
influence of heat from the light emitting element become nearly equal b'y
making such a éonstitution, therefore there can be formed a _light emitting
device capable of suppreséing the color deviation even if the ambient |
temperatures of the phosphors are changed.

It is preferable that the peak wave length of luminescence spectrum is

350 nm to 530 nm in the light emitting element. In particular, 400 nm to 530 - v

nm having a color tone of a light from the light emitting element is preferable.

The color tone change of a semiconductor light emitting element and the color

tone change of ph'osphors are controlled by making such a constitution,
therefore it is possible to control the color deviation of the whole light emitting
device. |

The first phosphor has a higher excitation efficiency at the short
wavelength side of the wave Ieﬁg*th change than the long Wa\}elength side

within a range of the wave length change of the light emitting element which
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is generated at changing the electric current density of the light emitting
element. Alternatively, the present invention relates to the light emitting
device in which the luminescence of the phosphor by the excitation light at the
short Wavelengthl side of the light emitting elerﬁent has a higher lurriinescence
intensity than the 1uminescence of the phosphor by the excitation lighf, at the
long wavelength side of the light emitting element. When the electric currént
density of the light emitting element is increased, the luminescence intensity
of the first phosphor is increased thereby. Further, as described later, the
luminescence intensity of the second phosphor is increased. Accordingly, a
light emitting device in which the color deviation was extremely suppressed_‘ )
can be provided. |

It is preferable that the first phosphor has .the peak wave length of

.excitation spectrum which the first phosphor has at the short Waifelength side

of the wave lengfh changé within a range of the wave length change of the
light emitting element which is generated at changing the electric curreﬁt
density of the light emitting element. Because the peak wave length of
luminescence spectrum of the light emitting element is situated at the position
of the peak wave length having the largest excitation absorption of the first
phosphor, the first phosphor can be most efficiently emitted, the bearﬁ of the.
whole lighf emitting device can be controlled to be maximum.

| The the first phosphor contains preferably a
yttrium-aluminum-garnet-base phosphbr which contains Y and Al, and
contains at least one of elements selected from Lu, Sc, La, Gd, Tb, Eu and Sm
ahd at least one of elements selected from Ga and In and is activated by at

least one of elements selected from the rare earth elements. There can be
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made a light emitting device capable of suppressing the generation of the color
deviation even if the ambient temperatures are changed, and suppressing the
relative 1owering of.be-am [lm] of the Whpl’e light emitting device accompanying
the emission of heat, by rﬁaking such a constitution. It is preferable thatthe
peak wave length of excitation spectrum of the yttrium-aluminum-garnet-base
phosphor is from 420 nm to 470 nm. There can be formed a light emitting
device capable of reducing the color deviation by the charged electric current in
comparison with a conventional technology and improving color rendering
property, by making such a constitution. ‘

It 1s preferable that fhe difference. between the peak wave length of |
excitation spectrum Whiéh the first phosphor has and the peak wave length of
excitation spectrum which the light emitting element has is 40 nm or less.
There can beé formed a light emitting device capable of reduging the color

deviation by the charged electric current in comparison with a conventional

. technology and improving the color rendering property, by making such a

constitution.

The the second. phosphor has a higher excitation efficiency at the short
wavelength side of the wave length change than the long wavelength side
within é range of the wave length change of the light emitting element which
is generated at changing the electric current density of the light emitting |
element. Alternatively, the present invention relates to the light emitting
device in which the luminescence of the phosphor by the excitation light at the: |
short wavelength side of the light emitting element has a higher luminescence
intensity than the Juminescence of the phosphor by. the excitation light at the

long wavelength side of the light emitting element. When the electric current
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density of the light emitting element is incréased, the luminescence intensity

of the second phosphor is increased thereby. Further, as previously described,

the luminescence intensity of the first phosphor is also increased. Accordingly,

a tht emitting device in which the color deviation was extremely suppressed
can be provided. |

The the second phoéphor contains preferably a nitride-base phosphor
which contains N, and contains at least one of elements selected from Be, Mg,
Ca, Sr, Ba and Zn and at least one elements selected from C, Si, Ge, Sn, Ti, Zr
and Hf, and is activated by at least one of elements selected from the rare
earth elements. There can be made a light emitting device capable of
suppressing the generation of the color deviation even if the ambient
temperatures are changed, and capable of suppressing the relative lowering of
beam [lm] of the whole light emitting device accompanying the emission of
heat, .by making such é constitution. Further, it is preferable that the second
bhosphor is a phosphor which emits light by being excited by light having a
wave length of 350 to 600 nm. There cén be formed a light emitting device
capable of reducing the color deviation by the charged electric current in |
comparison with a conventional technology and improving color rendering
property, by making such a constitution.

Tt is preferable that the light emitting device is the light source of a
back light for a liquid crystal display or a light source for illumination. There
can be formed a liquid crystal display or a light source for illumination of
hardly generating the color deviation even by the change of ambient
temperatures in comparison with a conventional technology, by making such a

constitution.

68



10

15

20

25

In order to achieve the above-mentioned third purpose, the light
emitting device related to the present invention is a light emitting device
equipped with light sources and a plural number of phosphors which absorb at
least the portion of light from the light sources and emit light having a
differént wave length, wherein the phosphors contain the first phosphor on at
least one of the light sources and at least one of the second phosphors in which
at least a portion of light emitted is absorbed in the first phosphor, and the
first phoéphor is situated at the light source side than the second phosphors.

There can be made a light emitting device improving the color |
rendering property in comi) arison with a conventional technology, by making ‘
such a constitution. |

Further, the invention accoi‘ding to Claim 101 which is related to the
present invention is a light emitting device according to Claim 106, Whereih
the second phosphors are situated on at least one of the light sources, and/or at
least one of light sources different from the at least one of light sources.

There can be made a light emitting device improving the color
rendering property in comp arisdn with a conventional technology and being
able to emit light in high brightness, by using a plural number of LED chips
and directly excitihg phosphors which cover respectively LED chips.

Further, the invention accérding to Claim 102 which is related to the
present invention is a h‘ght emitting device according to Claims 100 to 101,
wherein the light emitting device has the first concave portion mounting the
first phosphor and at least one of the light sources and the second concave
portion mounting the second phosphor and at least one of the light sources.

Alight emitting device further improving the color rendering property
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can be made by making such a constitution.

Further, the invention according to Claim 103 which is related to the
present invention is a light emitting device according to Claims 100 to 102,
wherein the first ﬁhosphor contains a nitride-base phosphor which contains N,
and contains at least one of elements selected from Be, Mg, Ca, Sr, Ba and Zn
and at least one elements selected fr0¥n C, Si, Ge, Sn, Ti, Zr and Hf and is
activated by at least one of elements selected from the rare earth elements.

Alight emitting device further improving the color rendering property
can be made by making such a constitution.

Further, the invention according to Claim 104 which is related to the -
present invention is a light emitting device according to Claims 100 to 103,
wherein the second phosphor contains a yttrium-aluminum-garnet-base |
phosph-dr which contains Y and Al, and contains at least one of elements
selected from Lu, Sc, La, Gd, Thb, Eu and Sm and at least one of elements
selected from Ga and In and is activated by at least one of elements selected
from the rare earth elements.

Alight emitting device further improvihg the color rendering property -
can be made by making such a constitution.

Further, the invention according to Claim 105 which is related to the
present invention is a light emitting device accordiﬁg to Claims 100 to 104,
wherein the second phosphor has a nearly equal decreasing rate of
luminescence output against the raise of temperature as the first phosphor.

There can be made a light emitting device of improving the color
rendering property in comparison with a conventional technology and

suppressing the lowering of beam [lm] and the generation of the color
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deviation even if the ambient temperatures are changed, by making such a
constitution.

Further, the invention according to Claim 106 which is related to the
present invention is a ]ight emitting device according to Claims 100 to 105,-
wherein the light sources are semiconductor lLight emitting elements. A

There can be made a light emitting devicé of improving the colér
rendering property in comparison with a conventional technology, having a low
power consumption and being a small size, by making such a constitution.

Further, the invention according to Claim 107 which is related to the
present invention is a light emitting device according to Claims 100 to 106,
wherein the light sources are light sources which combined the semiconductor
light emitting elements with the ph,osphors WhiQh a_béorb at least the portion of
Light from the semiconductor light emitting elements and emit light having a
djfferenf wave length. |

Theré can be made a light emitting device of improving the color
rendering property in comparison with a conventional technology, having alow
power consumption and being a small size, by making such a constitution.

Further, the invention according to Claim 108 which is related to the
presentbinvention is a light emitting device according to Claims 100 to 107,
wherein the light sources ha\}e the peak wave length of luminescence spectrum
of 350 nm to 530 nm. =

Alight emitting device further improving the color rendering pvrop erty
can be made by making such a constitution.

Further, the invention according to Claim 109 which.is related to the

present invention is a light emitting device according to Claims 100 to 108,
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wherein the light emitting device is the light source of a back Light for a liquid
crystal display or a light source for illumination.

There can be formed a liquid crystal display or a light source for
llumination of improving the color rendering property and hardly generating
the color deviation even by the change of ambient temperatures in comparison
with a conventional technology, by making such a constitution.

Further, the invention according to Claim 110 which is related to the
present invention is a light emitting device according to Claims 100 to 109,
wherein light sources which emit light exciting the first phosphors and the
luminescence outputs of light sources which emit light exciting the second
phosphors can be respectively controlled independently.

Alight emitting device capable of freely adjusting the color

temperature of color mix light can be made by making such a constitution.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1is a section view showing the type I light emitting device
related to the present invention.

Fig. 2 is a plane view (a) and a section view (b) showing the type II
light emitting device related to the present invention.

Fig. 3 is a section view showing the type III cap type light emitting
device related to the present invention.

Fig. 41s a chart showing the flow of the production steps of the
nitride phosphor of the mode 1 of operation related to the present invention.

Fig. 5is a chart showing the luminescence spectrum when the

nitride phosphor of Example 60 related to the present invention was excited
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- at Ex = 460nm;

Fig. 6 is a chart showing the excita-tion speétrum of the phosphor 'of
Example 60. | .

Fig. 7 is'la chaft..showing the reﬂectibn spectljum-bf thé phosphor of .
Example 60. B | |

| Fig. 8 is a chart showing the chromaticity coordinate of Exampie 81

related to ﬁhe p.resent invention.

Fig. 9 is a chart shoWing the iumiﬁescence spectrum when ‘the
nitride phosphof of Example 86 related to the present invention Vs}as excited
by light of a wave length at Ex = 460nm. ‘ |

Flg 10is a chartvshowing”the excitation spectrum of the nitride

| phosphor of Examplé 86.

Fig. 11 is a chart shovving the reflection spectrum of the nitride

- phosphor of Example 86.

Fig. 12.is a SEM photograph of the nitride phosphor éf Example 86.

Fig.-IS is a chart showing the flow of the production-steps of the
nitride ﬁhosphnr of the mode 3 of :olperati_on related to the piesent invention.

.Fig. 14is a graph comparing the luminescence brightness of the -
phdsphors of Examples 110 to 124 which variously changed. the co*ac,“civator
WR in the base n'i'tride.phos'phor Ca-Si-NiEu, WR.

Fig. 15 is a chart showing the measurement result which measured
the luminescence brightness of the phosphors of Examples 125 to 133 which -
variously changed the addition concentration of the co-activatof La in the
base nitride phosphor Ca-Si-N:Eu, La. -

Fig. 16 is a'chart showing the luminescence spectra of the phosphors
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of Examples 127 to 129 which variously changed the addition concentration
of the co-activator.La in the base nitride phosphqr C‘a-Si-N!Eu», La.

Fig. 17 is a chart showing the reflection spectra of the phosphors of
Examples 127 té 129 which Variously:changed the.’ addition co.nc‘entration of
the co-activator La in the base nitride phosphor CafSi-NiEu, La. |

Fig. 18lis a chart showing the excitation ép ectrum of the phosphors
of Examples 127 to 129 which variously changed the addition concentration
of the co-a}ctivator La in the base nitride phosphor Ca-Si-N:Eu, La.

Fig. 19Ais a SEM(scannihg electron microscope) photograph of the
phosphor of Example 128 and Fig. 19B is that of Example 129.

Fig. 20is a éhart showing the chromaticity coordinate of the light
emitting device of Ef{ample 167 related to the present invention.

Fig. 211s a chart showing the production process of the phosphor of

" the mode 4 of operation related to the present invention.

~ Fig. 22 is a chart showing the luminescence spectrum when the
phoSpﬁor of Example 173 related to the present invention was excited at Ex
= 4-6.0nm._ ‘ |
Fig. 23 is a chart showing the excitation spectrum of the phosphor of
Example 173. | ' |
Fig. 24 is'a chart showing the reflection spectrum of the phoSphdr Of
Example 173. | |
| Hig. 25 ié a chart showing the luminescence spectra when the
phosp_hors of Examples 170 to 176 were excited at Ex = 460nm.
Fig. 26 is a chért showing the 1umiﬁescence spectra when the

phosphors of Examples 177, 178, 180, 181, 182, 184, 190, 191 and 193 were =~
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excited at Ex = 46011m.~

TFig. 27Ais a SEM(scanning electron microscope) photograph of the

phosphor of Example 205 and Fig. 27B is that of Example 206.

Fig. 28 is a chart showmg the luminescence spectrum of the hght
emitting device of Example 221 related to the present invention.

Fig. 29 is a chart showing the colorrrendering evaluation of the light
emitting device of Example 221. A

Fig. 30 is a chart showing the 1uminescenee spectrum of the light
emitting device of Example 222 related to the present mventlon '

Fig. 31is a chart showing the color rendermg evaluatlon of the light
emittmg device of Example 2227 |
| Fig 32 is a chart showing the chromaticity coordinate of the light
emitting devme of Example 222. :

F1g 33 is a chart showmg the flow of the productlon steps of the
nitride phosphor of themode 5 of operation related to the present invention.

Fig. 34 is a chart showing the luminescence spectra when the nitride
phosphors of Exemples 225 and 226 were excited at Ex = ‘4603:'1111. |

Flg 35 is a chart showing the excitation spectra of the nitride
phosphors of Examples 225 and 226. |

Fig. 36'is a chart showing the reflection spectra of the nitride
phosphors of Exafnplee 225 and 226. |

Fig. 87is a SEM(scanning electron microscope) photograph of the
mtrlde phosphor of Example 226. |

Fig. 38 is a chart showmg the 1um1nescence spectra when the nitride

phosphors of Example 224 and Comparative Example 7 were excited at Ex =
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460nm. .

Fig. 39 1s a chart showing the luminescence épectrum when the
nitride phosphor of Example 231.Was excited at Ex = 460nm.

F1g 40 is a chart showing the measurement result which measured
the afterglow property of Example 233. |

Fig. 41lis a chart showmg the luminescence spectrum of the hght
emittmg dev1ce of Example 245 related to the present invention.

Fig. 42is a chart showing the chromatlclty coordinate of the hght
emlttlng dev1ce of Example 245,

Fig.’ 43 is a chart showing the flow of the production steps ofthe
nitride phosp‘hor.of the mode 6‘of operation related to the present invention.

Fig. 44 is a chart showing the luminescence spectra when Example

247 and Cbmp arative Example 10 were excited at Ex = 460nm.

Fig. 45 is a chart showing the luminescence spectra when Examples

248, 249 were excited at Ex = 460nm
| Fig. 46 is a chart showing the excifatio‘n spéctra of Examples 248,.

249 . o |

Fig. 47 is a chart showing the reflection spéétra of Examples 248.,
249. | | |

Fig. 48 is a chart showing the luminescence spectra Whén Examples
251 and 252 were excited at Ex = 400nm.

Fig. 49 is a chart showing the luminescence spectra when Examples
251 and 252 were excited at Ex = 460nm.

Fig. 50 is a chart showing the reflection coefficients of -Ex’amples 251

and 252.
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Fig. 51 is a chart showing the excitation spectra of Examples 251
and 252.

Fig. 52 is a chart showing the luminescence spectrum when Example

254 was excited at Ex = 460nm.

Fig. 53 is a chart showing the luminescence spectrum of the light
emitting device of Example 256 related to the present invention.

Fig. 54 is a chart showing the chromaticity coordinate of the light
émitting device of Example 256.. _

Fig. 55 is a typical section viéw of the light emitting diode relét_ed to
one Example of the present invention. |

Fig.. 56 is a chart showing the relatiph bétween the electric current and
the relative‘ luminescence specfrum property of ari LED chip in one Example of
the present invention. | |

Fig.57is a ,éhar’t showing the excitation absorption specfrum of the
YAG-base pﬁosphor in one Example of ‘th-e present invéﬁtion. |

Fig. 581is a chart showing the lumineECence spectruﬁrn of the YAG-base
phosphor in one Example of the presenf in\}ention.

Fig. 59is a cilart 'éhowing the excitation absorption spectrum of the
nitride-base phosphor in one Example of the present invention.

Fig. 60 is a.chart showing the luminescence spectrum of the
nitride-base phosphor in one Example of the present invention.

Fig.6lisa charf showing the rela'cion between the ambient
temp erature and the chromaticity property (measurement by a pulse drive) in
one Example of the present invention.

Fig. 62 is a chart showing the relation between the electric current and
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Fig.A 63 is a chart showing the relation between the electric current and
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the chromaticity property (measuremenf by a DC drive) in one Example of the
présenfinvention.

Fig. 64 is a chart showing the relation between the ambient

temperature and the relative light output property of the phosphor 1 in one

Example of the present invention.

Fig. 65 is a chart showing the relation between the ambient
temperature and the relative light output property of the phosphor 2 in one-
Example of the presentinvention. |

Fig. 66 is a chart showing the relation between the ambient
temperature and the relative light out'p-ut property of the phosphor 3 in one
Example of the present invention. | | |

Fig 67 is a chart showingA the ielation betWeen the ambient
temperature and the relative light output prop erty of the phosphor 4 in one
Example of the present invention.

Fig. 68 is a chart showmg the relation between the amblent
temperature and the relatlve light output property of the phosphor 5 in one
Example of the present mventlon

Fig. 69 is a chart showing the excitation absorption spectrum of the
YAG-base phosphor in one Example of 'fhe present invention.

Fig. 701s a chaft showing thelumiﬁescence spectrum of the YAG-base
phosphor in one E}_{emple of the present invention.

Fig.7lis a chart showing the excitation absorption spectrum of the
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nitride-base phosphor in one Example of the present invention.

Fig. 72 is a chart showing the lumiriescence spectrum of the
nitride-base phosphor in one Example of the present invention.

Fig." ’7~8 is.a chart showing the relatien between the electric current and
the chromaticity property ‘(measurement by aDC drive) in one Example Qf the
bres_ent- invention.

Fig. 74 1is a typical section view of the light emitting diode related to

. the present invention.

Fig. 751 isa typlcal sectlon view of the light emlttmg diode related to
the present mventlon »

Fig 76 is a typical section view of the light emitting diode related to
the present invention.

Fig. 771is a typlcal section view of the light en:uttlng diode related to
the pfesent invention.

Fig. 78 1is a frontal view (78A) and a typical section view (’7 8B) of the '

-~ light emitting diode related to the presen’c invention.

Fig. 79 is achart showing the luminescence spectrum prop ei‘tyk of the
light emitting device in the present invention. |

Fig. 801s e chart showing the lumiﬁescenee spectrum property of the
light emitting device by a conventional technique which is shown for
comparison with the presen‘tinventi'on;

~ Fig. 81is a chart showing the luminescence spectrum property of the ’ |

LED chip in the present inventioﬁ.

Fig. 82is a chart showing the excitation absorption spectrum of the

YAG-base phosphor in the present invention. -
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Fig. 83 is a chart showing the luminescence spectrum of the YAG-base
phosphor in the present invention.

Fig. 84 is a chart showing the -excitation absorption spectrum of the
nitride4base phosphor in the present invention.

Fig; 85 is a chart showing the luminescence spectrum of the
nitride-base phosphor in the present inv'eution.

Fig. 86 is a chart showing the relation between the electric current and
the chromaticity property (measureme.nt by a DC drive) in the present
invention. | |

Fig. 87 1s a chart showmg the relation between the ambient
temperature and the relative hght output property of the hght emitting dlode '
which used the phosphor 26 1, 1in the present 1nvent10n.

Flg 88 is a chart showing the relation between the ambient .
temperature and the relative hght output property of the light em1tt1ng dlode
which used the phosphor 261-2 in the present invention.

_ Fig. 89is a chart _showrng the relation between the ambient
temperature and the relative ]ight output property of the light emitting.diode
which used the phosphor 266-1 in the present invention. |

Fig. 90 is a chart showing the relation between the ambientl
temperature and 'the relative light output property of the light emitting diode
which used the phosphor 266-2 in the present invention.

Fig. 91is a chart showing the relation between the ambient
temperature and the relative hght output property of the hght emlttmg diode
which used the phosphor 266-3 in the present invention.

Fig. 92 is a chart showing the luminescence spectra when the
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YAG-base phosphors (the phosphors 7-1 to 7-4) in the mode 7 of operation were
excited at EX = 460nm. | |

Fig. 93 is a chart showmg the reflection spectra of the phosphors 7-1 to
7-4. |

Fig. 94is a eh-art showing the excitation spectra of the phosphors 7 -1 to.
T4, | |

Fig. 95 is a chart showing the excitation spectrum of the phosphor 7-5.

Fig. 96 is a chart showing the excitation spectrum of the phosphor 7-6.

Fig. 971s a chart showing the luminescehce spectra when the

phosphors 7-5 and 7-6 were excited at EX = 460nm.

BEST MODE FOR CARRYING OUT THE INVENTION
The phosphor'and the production process thereof related to the

present invention are illustrated below using the modes of operation and

, ,Examples However, the present invention is not limited to the modes of

op eratlon and Examples

The light emitting device related to the present invention is a light
emitting device which has at least a light emitting element having the first
luminescence spectrum and a ph’osphovr Which absorbs at least the portion of
light of the above-mentioned first 1uminescehce speetrum and emits light
having the second luminescence specprum; and the specific phosphor related
to the present invention is used as its phosphor |

The specific examples (whole constltutlon) of the light emlttmg

device are illustrated referring drawings.

V(Ty‘pe l.h'ght emitting device I)
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. Type 1light emitting device I is constituted by a light emitting
element 10 containing a sapphire substrate 1, a semiconductor layer 2
which was laminated on its upper face, and positive and negative electrodes
3 (the pbsitive and negative electrodes 3 are forﬁed on the same face side of
the semiconductor layer 2) which were formed on the semiconductor layer 2;

lead frames 13a and 13b which were electroconductively connected

respectively with the positive and negative electrodes 3 of the light emitting

element and electroconductive wires 14;

a coafing member 12 containing phosphor 11 which were provided in
a cup which was integrally formed in the lead frame 13a so as to cover the
outer peripheral bf the light emitting element 10; and |

a mold member 15 covering the whole. | | }

Further, in the light emittingbelemen‘t‘l(), a light emitting layer (not
illustrated) on the semiconductor layer 2 on sapphire substrate 1, and the
luminescence sp ectium of light outpuf from the light emitting layer has a
peakn wave length at an ultraviolef to blue region (500hm or less).

| Type 1 light emitting dévice Iis produced, for example, as deécribed

below. |

Further, the light emitting elbement 10 is set on a die bonder and
die-bonded (adhered) with the lead frame 13a where a cup was providéd
while turning the electrodes upward (face up). After the die bonding, the
lead frame 13a with Which the light emitting element was die-bonded is
transferred to é wire bonder, the negati\}e electrode 3 is wire-bonded by a
gold wire with the lead frame 13a where a cup was provided, and the

positive electrode 3 is wire-bonded with the another lead frame‘ 13b.
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Then, they are transferred to a mold device, and the phosphors 11
and the coating member 12 are charged in the cup of the lead frame 13 by a
dispenser. The phosphors 11 and the coating member 12 are prelim'marily
mixed homogeneously at a desired proportion. |

After charging the phosphors 11, the lead frame 13 was immersed in
a mold frame in which the mold member 15 Was preliminarily charged, then
the mold frame is taken off to cure a resin and the bullet type light emitting
device I as shown in Fig.1 is prepared. |
(Type 2 light emitting device IT)

Type 2 light emitting device IT which is different from Type 1light
emitting device I is illustrated referring Fig.”7.

The type 2 light emitting device II ié a surface mounting type lighﬁ
emitting device. Hereat, various light emitting elements can be used as
the light emittirig element 101, and for exa‘mble, an ultraviolet ﬁitride
semiconductor light emitting elemenf and a blue nitride semiconductor light
emitting element can be _éls'o used. Hereat, the ultraviolet light emitting | .
element 10i is illustrated as an exarhple. |

The light emitting element 101 (LED chip 101) is a nitride
semiconductor light emitting element which has an InGaN semiconductor
having a peak wave length of abouf 370nm as a light emitting layer. As
the element structure of LED, there are laminated in order on a sapphire
substrate, aﬁ n-type GaN layer being an undoped nitride semiconductor, a
GaN layer in which n-type electrode of Si dope is formed and which becomes
an n-type contact layer, an n-type GaN layer being an undoped nitride

semiconductor, a GaN layer in which n-type electrode of Si dope is formed
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and which becomes an n-type contact layer, an n-type GaN layer being an
undoped nitride semiconductor, an n-type AlGaN layer being a nitride
semiconductor, a single quantum well structure light emitting layer having

an InGaN layer, a Mg doped AlGaN layer as ep-type clad layer, and a Mg

doped GaN layer being a p-type contact layer. Further, a GaN layer is’

formed on the sapphire substrate at a low temperatur'e ae a buffer layer.
Further, the p-type semiconductor is annealed at 400°C or more after film
for-miné.‘ Fdrthermor’e, the surfaces of respective p-n-contact 1eyers were
exposed by etching on the same face side of the nitride semiconductor oﬁ the
sapphire substrate, an n-electrode is formed in a belt shape on the n-type
contact lay-er. exposed, and a transparent p-electrode comprising a metal
thin film is formed on .the whole faces of p-type contact leyer. Further, a
pedestal electrode is fornded in parallel with the n-electrode on the
transparent p- electrode usmg a spattemng method. |

In Type 2 light emlttmg dev1ce IT, a package is constituted by a base

105 made of covar Wthh has a concave at a central part for storing the light

emlttmg element 101, and a lid 106 made of covar The lead electrode 102
made of covar are respectively and hermetically inserted in the both sides of
the concave of the base 105, and a glass window portien 107 1s provided at

the central part of the lid 106 made of covar. Further, a Ni/Ag layer is

. formed on the surfaces of the base 105 and the lead electrode 102.

Type 2 light emitting device II is produced using the package which
is constituted as described above.
Firstly, the above-mentioned LED chip 101 is die-bonded by Ag-Sn

alloy in the concave of the base 105 which was constituted as described
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above. '

Then, the respective electric wires of the LED chip 101 which was
die-bonded and the respective lead electrode 102 which were exposed on the
bottom fece of concave of the base 105 were respectively connected by an Ag
wire 104 electrically. -
| Then, after moisture in the concave of the base 105 was adequately |
removed, it is covered with a lid 106 made of covar which has a glass
window portion 107 at the central part, and sealed by‘ carrying eut seam
welding. | Hereat, a color conversion portion 109 (a coating pbrtion |
containing the phosphor 108) is preliminarily provided at the‘back face of

the glass window portion 107. The phosphors 108 such as CazSisNg'Eu,

' (Yo,sGdo'.z)sAlsO 122Ce in which B was added, are preliminarily contained in a |

slurry consisting of 90% by weight of nitrocellulose and 10% by weight of

y-alumina, the slurry containing the phosphors is coated on the back face of -

‘the transparent window.portion 107 of the lid 1086, it is cured by heating at

220°C for 30 minutes, and then, the color conversion portion 109 is formed.
The light emitting device II which was constituted thus is‘ a light emitting
diode which can emit light of a white color having high luminescence
brightness. Further, according to the type 2 light emitting device II, the
light emitting device which can‘ext.remel.y and easily_adjlist chromaticity_
and is excellent in large scale productivity and reliability can be provided.
Further, the type 2 light emitting device IT which was constituted as
described above can make all of the constituting member by inorganic
substances, and can constitute a light emitting device having remarkably

high reliability, even if the luminescence emitted from the LED chip 101 is
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at an ultraviolet or visible short wave length region.
(Type 3 light emitting device III) |
Fig. 3 1s a section view showmg the type 3 light emlttmg dewce 111
related to the present invention, and a cap type light emitting device.
~In Fig. 3, the same codes are named for the same members ds tﬁe

members of the type 1 light emitting device I, and illustration is

‘abbreviated. -

The light emitting device III is constituted by covering a cap 16
comprising a transparent resin in which the phosphors are. dispersed (net _
illustrated), on the surface of t‘he molci member 15 of the light emitting -
device I. The phoephors are homogeneousiy dispersed in the transp-arent
resin of the cap 16 The transparent resin containing the phosphors is
molded in a form which is fit in the form of the mold member 15 of the hght
emitting device I. Further, in place of the fitting, there may be also |

possible a production process that after the transparent resin containing the

'phosphors is charged in a fixed mold frame, the light emitting device I is

pushed in said mold frame to be molded As the specific material of the
transparent resin of the cap 16, there are used transparent resins excellent
in temp erature characteristic and weather resistance such as an epoxy resin,
a urea resin,. a silicone resin, silica .sol, glass; an inorganic binder and the
like. In addition to the above-mentioned materials, thermosetting resins
such as a melamine resin and a phenol resin can be used. - Fﬁrther, there
can be used also thermoplastic resins such as a bolyethylene, a
polypropylene, a polyvinyl chloride and a polyetyrene, thermoplastic |

rubbers such as a styrene-butadiene block copolymer and a segmented
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polyurethane.. Further, a dispersant, barium tita‘nate, titanium oxide,
aluminum .oxide and the like may be contained together with the phosphors.
Further, a light stabilizer, a coloring agent rhay be oontaihed. The specific
phosphors relafed to the present invention described later are used for the .
pho.sphors used for the-cap 16. The phosphors related to the present
inventioh may be also used in the cup of the mount lead 13a. However,
since the phosphors are used in the cap 16, only the coating member 12 may
be adequate in the cup of the mount lead 13a. |

‘Thus, in the light emitting device III which was constituted as .
described‘above, the wave length of the portion of light discharged from the
light»emitting element 10 _is’oonverted'by the phosphors when it passes |
rhrough the cap 16. The wave length converted light and the blue light
Whoselwa_Ve length was not converted by the phosphor are mixed, and as a
resuit, white color-base light is externallyv discharged fro.m the surface of the
cap 16. . ' | _ |

The phosphor of the mode of operation related to the present
invention is illustrated below.
Mode 1 of Operation
Phosphor of Mode of Operation of 11802003

The phosphor related to the present invention is a nitride phosphor

which is represented by the general formula LxMyN(@s xR or

LxMyOzN(eax+@av@a2 R, and characterized in that an element

(hereinafter merely referred to as the “different element”) which is different
from the above- mentloned L, the above-mentioned M, the above- mentloned

O, the above- mentioned N and the above mentioned R are contalned in the
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nitride phosphor.
Wherein Lis at least one or more selec_fed from the Group II
Element consisting of Mg, Ca, Sr, Ba and Zn,

M is at least one or more selected from the Grdup IV Element in

- which Siis essential among C, Si and Ge, and

R is at least one or more selected from the rare earth element in-

which Eu isessential among Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er

-énd Lu.

In the génerél formula, X, Y and Z is an arbitrary figure larger than
0. In particular, X and Y is preferably X=2 and Y=5 or X=1 and Y=7.
Spveciﬁca]ly, it is pi‘eferable that the nitride phosphors represented by
(SrrCa1m)sSisNs'Eu, Sr28isNs'Eu, CasSisNsEu, SrrCarSinN1Eu,
SrSisN1o-Eu, CaSrSi7Nie:Eu and the like are used as the base nitride
phosphor_. Further, the different elements which are different from the
above-mentioned L, the above-mentiéned M, the above-mentioned O, the
above-mentioned N and the ,above~mex;tionéd R are contained in the base
nitride phosphor. Said different elements 'are at least one or more of
elements selected from the Group I Element consisting of Li, Na, K, Rb, Cs,
Cu, Ag and Au, ’che‘ Group III Element consisting of B, Al, Ga and In, the
Group IV Element consisting of Ty, Zr,le, Sn and Pb, the Group V Element

“corvxsist‘mg of P, Sb and Bi, the Group VI Element consisting of S, the Group

V Element consisting of V, Nb and Ta, the Group VI Element éonsisting of
Cr; Mo and W, the Group VII Element consisting of Re and the Group VIII
Element consisting of Fe, Co, Ir, Ni, Pd, Pt and Ru. " One or 2 or more of

these different elements are contained in the nitride phosphor. The
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content of these different elements in the nitfide phosphor is not specifically
limited, but is preferablyl 1000ppm or less based on thé phosphor which is
represented by the general formula LxMyN s x+@s)y) R or
LXMYOiN(<z/3)X+<4/3)Y~(2/3>z>5R. | Becauée good 1u_mines’cehce properties can be
obtained by setting the content as 1000ppm or less.  The content of these
different elementé is mofe p‘referaEly set at a range ‘of-O.l to 500ppm in
order to obtain further good luminescence efﬁciency.

The addition amount of the different elements in the production

process may be occasionally set at 500ppm or more in order to set the -

- addition amount of different elements at a range of 0.1 to 500ppm in the.

phosphor after prbduction, considering the scattered amount of the different

elements in firing step. For example, there is a case that even if the

amount of the different elements which are added in the raw material is set -

at 100001’);)111 or more, the objéctive properties cannot be 'aéhieved becaﬁse '
the different elements are scattered (iuring the firing step in the production
steps. However, even in such a case, it is preferable to adju'st the amount
so that the amount of the different elgaments become 1000ppm or less in the
final product, and the luminescence propertieé such as luminesceﬁce _
brightness' can be adjusted thereby. |

As described above, L consists of at least one or more among Mg, éa,
Sr, Baand Zn. Namely, in the present invention, L may be one element
and 2 or more elements may be contained as L.

For example, the mixture of Sr and Ca can change the compounding-
ratio according to requirement. In this case, the peak wave length of

luminescence spectrum is shifted to a longer wave length side by mixing Sr
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and Ca, than by using Sr or Ca alone. When the molar ratio of Sr and Ca
is about 5 : 5, the peak wave length.is shifted to the longest wave length
side, and when the molar ratio of Sr and Cais 7 : 3 or 3 : 7, the peak wave
length is respectively‘shiftec.l to allonger wave length side than by u-sing Sr
or Ca alone.

M has at least one or more selected from the Group IV Element in
which Siis essential among C, Si and Ge. Namely, in the preéent mode 1
of operation, only Si may be used as M, and either of a combination of C and
Si, a combination of Ge and Si, a combination of C, Si and Ge may be used.

Thus, in the present mode 1 of operation, the nitride phosphor
havir_lg good crystallinity is obtained by setting Si as essential in the
compositioh of the nitride phosphor., :

| As a more specific éxample, for example, those using 95% by weight
of Si and 5% ’by weight of Ge are mentioned. |

R has‘-at least oné or more selécted from the rare earth element in |
Which Euis éssential among Y, La, Ce, Pi‘, Nd, Sm, Eu, Gd, Th, Dy, Ho, Ex
and Lu. .Narhely,_in the present mode 1 of operation, R may consistvi‘xvxgxof
Eu alone, and contains Eu and may further contain one or 2 or more among
the above-mentioned elements (the element other than Eu). Thus, in the
mode 1 of operation, the nitride phosphor having good luminescence
properties can be provided by épecifying the element which is used as R.

In Examples related to the mode 1 of operation described later,
europium being .the rare earth elemeﬁt is used as a luminescent center.
Europium has mainly 2-valent and 3-valent energy leyels. In the phosphor

of the present mode 1 of operation, Eud* is used for the alkali earth metal
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silicon nitride phosphor of mother-body as the activator. For ekample, itis:
preferable to use europium alone or europium nitride. Further, in the
present mode 1 of operation, the color tone can be changed and the

adjustmeht of luminescence efficiency can be carried out by activating Eu

‘together with other activator such as Ce and Nd.

In the present moae 1 of operation, the effect of adding the different
elements which are different frqfn the above-mentioned L, the
above-mentioned M, the above-mentioned O, the above-mentioned N and :
the above-mentioned R exits in points that as described above, the diffusion
of Eusd+ is accelerated and luminescence properties such as color tone,
luminescence brightness and afterglow can be improved. Furthei, since
the particle diameter of phosphor particles can be enlarged, brightness can

be improved. Further, Cr, Ni and the like have a function of shortening

afterglow. The above-mentioned different element may be contained in raw -

materials which are used for producing the phosphor, and may be contained

in a condition of a single body or a compound in the production steps and
baked together with the raw materials{ However, the above-mentioned

different element is not occasionally contained in the nitride phosphor after

firing. Even if it is contained, it may occasionally remain at a trace

amount in comparison with the ihitially added amount (in raw materials or
an amount added during the production steps). This is considered to be
caused by the diffusion of the different element in the firing step.

The phoéi)hqr related to the present mode 1 of operation absorbs the

portion of light at an ultraviolet to blue region which was emitted by the:

light emitting element 10, and emits light at a yellow to red region. When o
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" the phosphor related to the present mode 1 of operation is applied to, for

example, the type 1 light emitting device I, the light emitting device which
emits light of a warm color-base white color can be constituted by the color
mixing of biue light emittéd from the light emitting element 10 (ligh.t'in
which the wave length is not conyerted by the phosphor) and the red coior of
the phosphor. | |

Further, in the light emitting device related to the present invention,
in addition to the nitride phosphor related to fhe present mode 1 of E

operation, the light emitting device may have one or more of the phosphor

‘which absorbs light of the first luminescence spectrum which was emitted

by a]ight emitting element, and the portion of light having the second
lurriinescence Spectrum which is output from the ni‘tride phosphor related to
the present mode 1 of opéfation, and emits 'light different from the wave
length of 1ighf absorbed, namely light having _th‘e third luminescence

spectrum which has at least one or more peak wave lengths (from a blue

_region to a green regioh, a yellow region and a red region). Thus, the

luminescence color can be made as a multi color. When such constitution is

made, the phosphor having the third luminescence spectrum contains

preferably at least-one or more of the yttrium-aluminum oxide phosphor

activatedbby at least cerium, the yttrium-gadolinium-aluminum oxide
phosphor activated by at least cerium, and the yttrium-gallium-aluminum
oxide phosphor acﬁvated by at least cerium. Because a desired
chrométibity can be easily adjusted by con,taiﬁing the above-mentioned the
yttrium-aluminum oxide phosphor. Specifically, thefe can be used

LnsMs0i12:R (Lin is at least one or more selected from Y, Gd and La. M
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contains at least either of Al and Ga. R is Lanthanide series),
(Y1xGda(Al1yGay)O12R (R is at.least one or more selected from Ce, Th, Pr,
Sm, Eu, Dy and Ho. 0<R <0.5). These phosphor's are excited by light at

a short wave length side of a near ultraviolet to visible light, 270 to 500nm,

and has a peak wave length of a luminescence spectrum at 500-to 600nm.

Howevér, in the present invention, .the p_hésphor having the third
luminescence ~spectrum is not limited to the above-mentioned phosphors,
and various phésphors can be used.

The yttrium-aluminum oxide phosphor activated by cerium and the
like absorbs the portion of blue light which was emitted from-the light
emitting element 10, and emits light at a yéllpw region.. Hereat, light
becomes a-pal-e white color by the color mixing_ of the blue light from the
light emitting element 10 and the ye]iow light of the yttr_ium-aluminum
oxide phosphor. Accordirigly, the light emitting device which emits light of

a warm color-base or electric bulb color-base white color can be constituted

" by using the yttrium-aluminum oxide phosphor and the above-mentioned

nitride phosphor together with a coaﬁﬁg member having transparency, and-
by the combination with the blue light from the light emitting element 10.
Further, the light emitfing device having‘various spectrum diSfributions can
be provided by appropriately changing the combination of the phosphors
and the contents of the respective phosphors. Further, the warm colo,i'basé
white color and redwish white color light emitting device means that the
average colqr rendering iﬁdex,Ra is 75 to 95 and the color temperature is
2000 to 8000K. In the present invention, it is possible to prodﬁce a warm

color-base white color light emitting device, an electric bulb color-base white
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color light emitting device, a white color light emitting device, a neutral
white color light emitting device, dayh'ghf color light emitting device
according to the JISZ9112 Speciﬁcation. In the light emitting device
related to the present invention, the preferable device in particular is a
lightAemittihg‘ device in which the average color rendering index Ra ana
color temperature are situated at the locus of black body radiation in a
chromaticity chart. However, it is needless to say that the compounding
amount of vthe'yttrium-aluminum oxide phosphor and the above-mentioned
nitride phosphor together is appropriately changed in order‘fo provide a-
light emitting device having a desired célor temperature an-ci the average:
color rendering index. The warm color-base white color light emittiﬁg :
device can further improve the specific color rendering index RQ.. With
respect to a white coior light emitting device which is the combination of a
conventional blue Iight emitting element and the&ttrium-aluminum oxide
phosphor activated by cerium, the spéciﬁc color rendering index R9 is about

near 0, and a red component was insufficient. Accordingly, it has been a

’ solving problem to enhance the specific color rendering index R9, but the

specific color rendering index R9 can be enhanced to 60 to 70 by containing
the phosphor related to the presént invention in the yttrium-aluminum
oxide phosphor. ‘Hereat, the sp ecific color rendering index R9 is
determined by using the respective cblor deviation of 7 color chips as a basis
which is different from average rendering property, and not the average of 7
kmds As T color chips, there are selected those Which represent red
having comparatively high chroma, yellow, green, biue, buman skin (White

people), the green of a leaf of a wood, human skin (Japanese). They are
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respectively called in order as R9, R10, R11, R12, R13, R14 and R15.
Among these, R9 is a ecolor chip which indicates red.

Further, the phosphor which is used in combination with the nltrlde
phosphor of the present invention is not hmlted to the yttrium- alummum
oxide phosphor and the like. Thephosphor having at least one or more of .
peaklwave lengths froin a blue regidn to a green region, a yellow region, and
a red region which can attain the similar purpose as the yttrium-aluminum
oxide phosphor and has‘the third luminescence spectrum can be also used in
combination with the above-mentioned hitride phosphor. The white color
light emitting device according to the principle of color mixing of light can

be provided thereby. As specific phosphor used in 'com_bination with the

nitride phosphor, there are phosphois emitting green-base light such as

SrAl;Os: Eu Y2S105 Ce,Th, MgAl11016:Ce, Tb, Sr7Ali12025°Eu (at least one or
more among Mg, Ca, Sr and Ba)GasS4+Eu; phosphors emlttmg blue base
light such as Srs(PO4)sCl:Eu, (BaCa)s(PO4)3CliEu,. (SrCaBa)s(PO4sCL:Ey, (at
least one or mor.e among Mg, Ca, Sr and Ba)e:BsOsCL:Eu,Mn, (at least one
or more among Mg, Ca, Sr and Ba)(PO4)eClziEu,Mn; phosph‘ors 'e,mittin'g
red-base light such as Y202S:Eu, La;0:S:Eu, Y20s'Eu, Gaz0;S'Eu. Thus, a
desixea Juminescence spectrum can obtained by changing the composition.
However, luminescent phosphors such as green, blue, red and the like are
not limited to the above-mentioned phosphors, and various phosphors can
be used. | |
(Production process of phosphor of Mode 1 of Operation)

Then, the productiofi proces:s of the pho'sphor of mode 2 of operation

related to the present invention is illustrated using Fig. 4, referring the case
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of producing CasSisNs:Eu whichvcontairis B, as an example.

Further, the present invention is not limited to the present

pi‘oduction process. Fufthermore, 1i, Na, K, B and O are contained in the

phosphor.
(1) Process Pl '

Firstly, Ca of a raw material is pulverized in the present produqﬁion ;
process (P1 of Fig. 4).

Ca itself is preferably used as the Ca of a raw material, but an imide
compound, a amide compound and the like can be used. Further, the Ca of
a raw material may contain Li, Na, K, B, Al and the like. The raw mate-rial
is preferably those purified. Since a purification step is not required |
thereby, the pr'o-duction'process of bthe phosphor can be simplified and an.

economic nitride phosphor can be provided. As the criterion of the ;

pulverization of Ca, it ispreferable that the mean particle diémeter is

about 0.1 pm or more and 15 pm or less from the viewpoint of the reactivity
with other raw material; the control of the particle diameter at firing or
after fii:ihg, but the present production is not limited to this ran_gé; The
purity of Ca is preferably 2N or more, but‘is not limited to this range.
(2) Process P2 |

The pulvérized Ca of a raw material is nitrided in nitrogen
atmosphere (P2).

The reaction is shown in Formlula 1.
[Forzﬁula 1] | |

3Ca + Nz — CasNz

The Ca of a raw material is nitrided at a temperature of 600 to
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900°C for about 5 hours in nitrogen atmosphere to obtaiil the nitride of Ca,
(CasNg). The nitride of Ca is preferably those having high burity. | |
(3) Process P3 | |

"The nitride of Ca, (Ca3N2) is pulverlzed
(4) Process P4

The Si of a raw material is pulverized in the pro‘eess P4,

Si itself is preferably used as the Si of a raw material, but an imide
compound, a amide compound and the like can be used. For example, they
are SisNs, Si(NHs)z, Mg:Si and the like. The purity of the Si of a raw
m‘ateriglpreferably 3N or m-oi“e, but the different elements such as Li, Na, K,
B, Al and Cu may be contained. it is preferable that the mean particle
diameter is about 0.1 um or more and 15 pm or less from the yiewpomts of

the reac_tivity with other raw material, the control of the particle diameter

at firing or after firing,

(5) Process YP5 |

The pulveriied Si-of a'raW material is nitrided in nitrogeﬁ
atmosphere. | |

The reaction is shown in Formula 2.

[Formula 2]
. BS'i‘+ 2Nz — SisN»

The pulverized Si is also nitrided at a temperature of 800 to 1200°C
for about 5 hours in nltrogen atmosphere to obtain silicon nitride. The |
sﬂlcon mtrlde is preferably those havmg high purity.

(6) Process P6

Silicon nitride is pulverized in the process 6.
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(7) Process P7

"~ In the process P7, a Eu compouﬁd, EuzOs 18 mixed‘ with a B |
compound, HzBOs3 in wet condition (P7). Europium oxide is used as the Eu
compound, but metal europium, eurdpiﬁm nitride and the like can be also
ﬁsed. Additionally, an imide compound, an amide compound and the like
can be used as the Eu compound. Europiufn oxide is preferably those
having high purity. Hereat, the differen{; elements such as a B compound
are mixed in a wet process but a ‘dry mixing can b_el carried out.

| Hereat, in order to evaluate the influence When specific elements ai‘e‘

mixed in a crucible, elements constituting crucible material, or raw
materials, the respective elements (the different elements) are added as a
condition in which they are éasily diffused in a nitride. Nameiy,,it is
deduced that thé salts of the respective elements have a similar djffusibn |
property or more as a crucible, a usual form cruciblle maﬁe‘rial, a meﬁal itself
or an oxide. . | | | | |

- In the present produ'ction ‘pro’cess, since‘ an example in which B was
added is illustrated, the B compound H3BOs is used, but in .fhe present
inVention, there are Li, K, Na and the like as the different elements other
than B, and as these éompounds, foi example, there can Be used HaMoOy,

LiOHeH:0, Na;COs, K2COs, RbCl, CsCl, Mg(NOs)2, CaClze6H:0,

SrClze6H20, BaClze2H:0, TiOSO4eH20, 7ZrO(NOg)2, HfCls, VCls, NbeOs,
TaCls, Cr(NO3)309H0, HoWO4, ReCls, FeClae3H20, RuClse2H:0,

CO(NOS)B'GHQO, NiCleeH20, IrCls, PACls, HaPtClge6H -0,
Cu(CH3C00)2eH20, AgNO3s, HAuClye4H20, Zn(NOs)z¢6H0, HsBOs3, -
Al(NOs)309H20, GaCls, InCls, GeO2, Sn(CH3C00), Pb(NO3s)z, (NH)HPO,,
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Sb20s, BilNOs)3e5H20, (NHY2SO4 and the like. Further, these compounds

are ’ﬂlustra_“ued by examples in which they were added in separated form
from the nitride of Ca, the nitride of Si, the Eu compound and the llnike, but
the differe.nt element may be contained in the composition of raw materials
such as the nitride of Ca, the nitride of Si, the Eu compcﬁind and the like.
(8) Process P8 | | o

‘Avm'ixture of 2 Eu compound Euz0s and a' B compound HsBOs is
baked in oxygén'atmospherve in the process 8.
(9l). Process P9

A mixture of Eu and B is pulverized in the process P9.

The mean particle diva'meteﬂr.of the mixture of Eu and B after the

pulverization is pref'e'r'ably about 0.1 pm to 15 pm.

- (10) Process P10

_ A mixture of the nitride of .Ca, the nitride of Si, Eu and B is mixed in‘
the process P10. | | | |
(li) Process P11 |
A mixture of the nitride of Ca, the nitride of Si, Eu and B is béked in
ammonia atmbsphere in the process P11. The phosphor repreéented by.
CazSisNg'Eu to which B was added is obtained. The reaction formula of
nitride phosphor by firing of the process Pll is shown in Formula 3.
[Formula 3] |
(1.985/3)CasNz + (5/3)SisNy + (0.015/2)Euz0 — Ca1.9ssEuo.o15315N7.99000'.0225
The phosphor of thé mode 1.of operation is produced as described
above. | |

The firing can be carried out at a firing temperature of 1200 to
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2000°C,'But a firing temperature of 1400 to 1800°C is preferable. Itis
preferable that a te_inperatuie is graduaﬂy raised in the firing, and one step
firing by which the firing is carried out at 1200 to 1500°C for several hours

is used, but there can be also used two step firing (multi step) by which the

- firing at the first step is carried out at 800 to 1000°C is carried out and the

firing aﬁ the second step is carried out at 1200 to. 1500°C is carried out. It
:"Ls‘preferabl'e to.carry out the firing of the raw material of the phosﬁhor |
usihg a crucible made of boron nitride(BN) material and a boat. A crucible
méde of alumina (Al;03) material can be also used in addition to the

crucible made of boron nitride material. These B, Al and the like can

 improve the brightness, and the phosphor having high luminescence

efficiency can be provided.

Further, redugtion atmosphere is atmosphere containing at least one
or more of nifrogen, hydrogen; argon, carbon dioxide, carbon monoxide and
ammonia. However, the firing can b.e also carried out in reduction |
atmosphere other than the atmosphere.

The compoéition of the objective phosphdr can be changed by

changing the respective raw material and compounding proportion in the

above-mentioned production process.

The-objective phosphor can be obtained by using the above
production process. " |
(Lightvemitting element) .

In the present invention, the light emitting.element is preferably a
semiconductor light emitting eiement haying a luminescence spe‘ctrum. '

which can excite the phosphor efficiently (namely, a semiconductor light
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e_mit-ting element having a light emi’gting.layer which emits the light of a
luminescence spectrum which can excite the phosphor efficientiy). As the
material of semiconductor light emitting element,' there can be mentioned
various semiconductor such as BN, SiC, ZnSe and GaN, InGaN, IIiAngN,
AlGaN, BA1GaN and BInAlGaN. Further, a luminescence penter can be

also.made by containing Si, Zn and the like in these elements as impurity

elements. Asthe material of the phosphor which can efficiently emit light

‘at a short wave length region among an ultraviolet region to a visible light

region which can efficiently excite the phosphox, nitride semiconductors (for
example, a nitride semiconductor containing Al and Ga, InxAlyGa;-xyN, 0 <
X<1,0<Y<1, X+Y <1 ds anitride _semico‘nductof containing In and Ga)
are preferébly mentioned.

Further, as the strucfure' of the semiconductor, there are prefefably
mentioned semiconductors of a'homo structure, a hetéro struéture. or a
double hetero structure having a MIS juﬁction, a PIN jﬁnctibn,. a pn
junction and the like. Aluminescence wave length cén be variously
selected Ey the material of semiconductor layers and mix cryétal ratio.
Further, output power can be also further improved by making a single

quantum well structure and a multi quantum well structure in which a

- semiconductor activating layer was formed to be a thin film which generates

quantum effect.

When the nitride semiconductor is used, materials such as sapphire,
spinel, SiC, Si; Zn0O, GaAs and GaN are preferably uséd for a substrate.
The s_épphire substrate is preferably used for forming the nitride

semiconductor having good crystallinity by mass production,‘ The nitride -
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semiconductor can be formed -on the 'sapphi’re substrate using an HVPE
method, a MOCVD method and't‘h.e Hké. In this case, an amorphous buffer
layer in which is GaN, AIN, GaAIN and the like were grown at a low
temperature is formed on the sapphire substraté, and the nitride
se_miconductor having a pn junction'ié formed'théreon.

The preparation example of the light emitting elemeut capable of
efficiently emitting light at an ultraviolet region which has a p-n junction
using the nitride semiconductor is as below.

| Firstly, SiOs is formed in a stripe form about perﬁ endicular toan
orifla face of a sapphire substrate on the buffer layer. The ELOG
(Epitaxial _Laterai Over Grows GaN) growth of GaN is carried out on it
u’si’ng an HVPE method. Successively, the first contact layer'comprising
n-GaN, the flrst clad layer compmsmg n- AlGaN actlve layers having multi
quantum well structure which 1am1nated a plural number of layers of the
well 1ayers of InAlGaN and the barrler layers of A1GaN, the second clad
layer compmsmg p-AlGaN, and the second contact layer comprising p-GaN
are lammated in order by the MO CVD method

Further, it may be carried out as below without using the ELOG
growth.

- For example, Si undoped n-GaN 1ayer,. n-contact layer comprising
Si-doped n-GaN, undoped n-GalN layer, light emitting layer having multi
quantum Well structure(multi quantum well structure of GaN barrier
layel/InGaN well layer), p clad layer comprising Mg doped p-GaNN, and
p-contact 1ayer comprising Mg-doped p- GaN are laminated in order on a

sapphire substrate through GalN buffer layer. Further, electrodes are
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formed as below.

P-Ohmic electrode is formed all over the éurféce on p-contact layer,
and a p-pad electrode 3 is formed 01;1 the portion of p-ohmic electrode.

Further, the undoped GaN layer is removed f:t_;om vthe p-confact layér
by etching, the portion of n-contact 1aye-r isjexposed, and an n~elebtiodé is
formed‘ on the exposed portion.

Further, the light emitting llaye-r having multi quantum well |
stru'ctufe was used in the present mode of operation, but the present

invention is not limited to this. For example, it may be single quantum

well structure utilizing InGaN, and GaN to which n-impurities and

p-impuriﬁes such as Si, Zn and the like were déped may be utilized. v.
" Further, the light emitting layer of the light emifting-elemént_ 10 ca;n |
chan‘ge a main luminescence peak at a range of 420nm to 490nm by o
changing the content of In. Further, the Wav_é length is.not hmlted to the
above-m,entiongd range, those having luminescence Wavé lengfhat 360 to“ |
550nm can be used. |
| Thus, a semiconductor ']ight. emitting eleﬁent having double hetero .
structure is constifuted on a substraté. In the present invéntion, there
may be used a semiconductor laser element in which active layer is made as
a ridge sfripe shape and sandwiched by guide 1ayer, and the edge surface of
a resonator is provided. | |
A nitride semicondu‘ctor exhibits n-type électroconductivity ina
condition in which it is not dbped. However, it is preferable to set the
carrier concenfratiori of the respective layers within a fixed rang‘e- for

improving the luminescence efficiency. Itis preferable to appropriately
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introduce Si, Ge, Se, Te, C and the like as n-type depant for forming a
desired n-type nitride semiconductor in which the carrier concentration is

controlled. On the other hand, when p-type nitride semiconductor is

formed, it is preferable to dope Zn, Mg, Be, Ca, Srl Ba and the 1ike The-

nltrlde semlconductor is hardly made be p type by only dopmg the p-type

dopant therefore it is preferable to make it be low re31stance by carrymg

out heating by a furnace, a treatment by plasma irradiation and the like
after introduction of the p-type dopant. When a structure in which a
sapphire substrate is not removed is made, p- and n- contact layers are
exposed at the same face side by partially eﬁeh’ing from p-type side to the -
surface of the first contact layer, a;nd‘the respective electrodes are formed_bon
the respective contact layers. Alight emitting element comprising the
nitride semiconductor is prepared by cutting in a chip shape. o

In the light emlttmg device, the llght emitting element is selected in-
the relation of an excitation Wave length with the luminescence wave length
of a pl.los‘phor used, in order to realize a luminescence color .r'equired, but
then, it is appropriately selected coﬁsidering ‘ehe deterioration of a |
transparent resin by light and the like. In the presentinvention, those
having a luminescence spectfum at-an ultraviolet reéon and its main
luminescence wave length is 360nrf1 or more and 420nm or less, and those
having 450nm or more and 470nm o}f less can bela'.lso used. |

Hereat‘, it is pxeferable_to adjust the relation of the sheet resistance

Rn of n-contact layer formed at an impurity concentration of 1017 to 1020/cm?

with the sheet resistance Rp of transparent p-electrode, to be Rp 2 Rn in the

‘semiconductor light emitting element. Specifically, since the n-contact
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layer is formed to haye, for examialé, a film thickness of 3 to liolum and
more preferably 4 to 6 pm, the sheet resistance Rn is estimated to be 10 to
15Q/0. Acéordingly, hereat, the Rp is prevferabl.y‘formed in a thin film to
have a,resistance value of the ébove-mentionéd sheet resistance (10 to
15Q/D) or more. Further, the transp arent p-electrode may be formed iﬁ'a
thin film having a film thickness of 150 um‘or less. Further, ITO and ZnO

other than a metal can be used for the p-eléctrode. Hereat, an n-electrode

mode equipped with a plural number of openings for light take-out suchasa

mesh electrode may be niade in place of the. transparent p-electrode.
Further, when the transparent p’electrbde is formed by one kind |

selécted f'rom. a group of gold and platinum and a multilayered film or alloy

corﬁprising at least one ‘kind of other elements, stability and reproducibility

are improved by adjusting the sheet resistance of the transparent

- p-electrode by the content of gold or platinum element contained. Since

zold or a metal element has a high absorption coefficient at the wave length

of the semiconductor light emitting element used for the present invention,

the lesser the amount of golci or platinum element contained in thé

transp are‘nt p-electrode is, thé better the transparency is. A conventional
semiconductor light emitting element had the relation of the sheet
resistance of Rp < Rn, but in the presén.t invention, since it is Rp > Rn, the
transparent p-electrode is formed in a thinner film in comparison Mth a

conventional one. The thin film forming can be easily attained by reducing

- the amount of gold or platinum element.

As deScriBed above, the semiconductor light emitting element used

for the present invention has preferably the relation of Rp = Rn for the sheet
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resistance RnQ/0 of n-contact layer and the 4sheet“ resist'anc‘e RnQ/0 of the
transparent p-electrode. However, since it is difficult to measure Rn after
preparing the semiconductor light emitting ele'm.ent,' it is substantially
impossible to know th'e relation of Rp and Rn, but it is possible to know
what relation eiisté between Rp and Rn from‘the é_ondition of light intensity
distribution at light emission. - o

Further, when the transparent p-electrode and n-contact layer have
the relation of Rp > Rn, it is preferable to provide p-side pedéstal electrode
having an extended conduction portion iﬁ contact with the above-mentioned
'tfansp arent p-electrode, therefore the external quantum efficiency can be
further improved. The shape and direction of the extended conducﬁion '
portion is not iimited, and when _the extended conduction portion is a _linear
shape, an area vobs'tructinglight is preferably reduced, but the shape maj be
a mesh"shape. The sﬁape rr‘laybeA a cuse, a lattice, a braﬁch and a hook |
other-than lineaxr shapet\ He'réat, siﬁc,e the shédiﬁg effect is increased in
proportion tb the total area of the p-side pedes;tal. electrode, it is preferable
to design the line Wldth and length of the exte'ndved.condu.ction portion so.
that the shading effect does not exceeds the luminescence increasing effect.
(Coating meﬁber) |

The coating member 12 (transparent niéterial) is provided in the cup
of the 1éad fra-rne 13, and used by being mixed with the phosphor 11 Which
converts the luminescence of the light emitting element 10. As the specific
material of the coating member 12, there are us.edA transparent resins
excellent in temperature characteristic and weather resistance such as an

epoxy resin, a urea resin, a silicone resin, silica sol, glass, an inorganic
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binder and the like. Further, a dispersant, barium titanafe, titanium oxide,
aluminum oxide and. the like méy' be contained together with the phosphoré.
Further, a light stabilizer, a coloring agent may be contained.
(Lead frame)

The lead frame 13 is constituted by the mount lead 13a and the
inner lead 13b.

‘The mount lead 13a arranges the light emitting element 10. " The

upper part of the mount lead 13a is a cup shape, and the light emitting

“element 10 is die-bonded in the cup. Further, the external surface of the

light emitting -element 10 is covered in the cup with the coating member 12
containing the phosphor 11. A plurél number of the 1ight emitting
eiements 10 are arranged in the cup, and the mount lead 13a cén be utilized
as a common electrode of the plural number of the hght emlttmg elements
10. In this case, an adequate electroconduct1v1ty and the connectmg

property of the electroconductive wire 14 are required. The die bondmg

" (adhesion) of the light emitting element 10 with the cup of the mount lead

13a can be carried out by a thermoplastié resin and the like. As the
thermoplastic resin, an epbxy resin, an acryl resin, an imide resin and the
like are mentioned.. An Ag paste with a cérbon paste, a metal bump and
the like can be used for die bonding the light emitting element with the
mount leéd 13a by a flip chip bonding and the like (face down structure) and
carrying out electri‘c connection. Further, an inorganic binder cén be also
used. | |

Further, the inner lead 13b is electrically connected by the electrode

3 of the light emitting elementé 10 which was arranged on the mount lead
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13a and the electroconductive wire 14. The inner lead 13b is arranged at a
position which is separated from the mount lead 13a for preventing the =

electrical connection with the mount lead 13a. When a plural number of

the light emitting elements 10 are arranged on the I.n.ount lead 13a, a-

constitution in which the respective wires are not mutually connected is
required. The inner lead 13b uses preferably the similar material as that
of the mount lead 13a, and iron, copper, copper With iroxi, gold, platinum,
silver and the like can be used.
(Electroconductive \&ire)

The electroconductive wire 14 eleétrically connects the electrode 3 of
the Iight emitting elements 10 énd the lead frame 13. The
electroconductive wir'e 14 is preferébly those having good ohmic'prop er"ty,

mechanical connecting property and heat conductivity with the electrode 3.

. The 's'peciﬁc material of the electroconductive wire 14 is preferably metals

such as g'old., copper, platiﬁum, aluminum and the like, and alloys thereof,
etc. | |
(Mold member)

The mold member 15 is provided for protec,tirig the light emitting
elements 1O,Ithe phosbhdr 11, the coating member 12, the lead framé 13, the
electroconductive wire 14 and the like frdm the external. The mold
member 15 has purposes of expanding the angle of visibility, reducing the
directionality of the light emitting elements 10, ana focusing and”scattering
luminescence in addition té the purpoée' of protection from the external. In

order to attain the purposes, the mold member 15 is formed in a desired

. shape. Namely, the mol_d member 15 may be a convex lens shape, a |
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~concave lens shape, additionally, a structure in which a plural number of
" layers were laminated. As the specific material of the mold member 15,

. materials excellent in transmission property, weather resistance and

temperature characteristic such as an epoxy resin, a urea resin, a sﬂicone
resin, silica sol, glass, and the like can be used. A dlspersant a coloring

agent an ultraviolet absorbent and a phosphor be contained in the mold

 member 15. As the dispersant, barium tltanate, titanium oxide, aluminum

oxide and the like are preferable. The material is preferably used for |
reducing the repulsion of the mold member 15 with the material and for

considering a refractive index.

Mode 2 of Operatlon

In smnlar manner as the mode 1 of operation, the light emitting
devme of the mode 2 of operation is the type I light emitting device Whlch
ha.s at least a llght emitting element Whlch emits light of the first
Juminescence spe-ct,r.um,. and. a nitride phdsphdr which éonverts the wave
length of at least the portion of lig‘ht of the above-mentioned first
Iuminescence spectrum and has the second luminescence spectrum.

The ﬁght emitting device of the present mode 2 of operation uses, for
example, only the nitride phosphor described later, as the phosphor 11.

The phosphor 11 absorbs the portion of light at an ultraviolet to blue region
which was emitted from the light emitting elements 10, and emits light at a
yellow to red regmn The. hght emitting device of the present mode 2 of
operation emits hght of a warm color-base white color and pastel colors such

as pink by color mixing of the blue light emitted from the light emitting
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elements 10 with the red light of the phosphor, using the phosphor 11 for
the type I light emitting device. The light emitting device of the mode 2 of
operation is a light emitting dévice capable of emitting light of an electric

bulb colo;f by color mixing of the biue light emitted from the light emitting

_ eléménts with the red light of the phosphor, and the yellow-green light of -

yittrium-aluminate garnet phosphor according to the‘JIS' Specification.
Hereat, the electric bulb color is a range in W;hich a point of 2500 to
3500K on the locus of black body radiation is made as a center in a white
color according to the JIS Speciﬁéatio’n (JIS Z8110), and means a tinge- |
having a tinge from yellow to red. Sp.eciﬁcélly, it means thosg having a .

luminescence color at the regions of (light) yellow red, (orange) pink, pink,

(light) pi‘nkv and (ye]idwish) white in the chromaticity coordinate of Fig. 8.

Further, the light emitting device Of the mode 2 of operation is not

limited to the type I, and for »ex_amp,le,, may Be the type II. |
| The phosphor related to the pieseﬁt mode 2 of operation is

i]luétfated below. |

The phbsphor'of the present mode 2 of operation is a nitride
phosphor containing at least one-or more of the Group II Elements selected
from a group consisting of Be, Mg, Ca, Sr, Ba and Zn, at least one or more of
the Group IV Elements selected from a group-consistiﬁg of C, Si, Ge, Sn, Ty,
Zx énd Hf, and N which is activated by at least one or more of the rare earfh
elements selected from a group consisting of Y, La, Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Ex and Lu; and further, lppm or mo.re. and 10000ppm or less of
B is contained.- Fu-rther, O‘ﬁlay be contained in the composition of said

nitride phosphor. Among various nitride phosphors by the
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above-méntioned combinations, there is more prveferable. the nitride
phosphor consisting of at least any one of one element of Ca and Sr, Si and
N which is aqtivated by Eu, and the rﬁtride ph"osphor in which 1ppm or
more and IOOOOppm or less of B is contained. The portion of Eu can be

substituted by at least one 6r more of the rare earth elements selected from

T a group consisting of Y, La, Ce, Pr, 'Nd, Sm, Eu, Gd, Th, Dy, Ho, Er and Lu.

The portion of at least any one of one element of Ca and Sr can be

- substituted by at least one or more of the Group II Elements selected from a

group consisting of Be, Mg, Ba and Zn. The portion of Si can be

_substituted by at least one or more of the Gioup IV Elements selected from

a group consisting of C, Ge, Sn, Ti, Zr and Hf. 7 ‘
Namely, the nitride phosphor related to the present mode 2 of |

operation is a nitride phosphor which is represented by the general formula

 LxMyN@sx+asnR or LiMyOzN@x+av-@m2 'R (wherein L is at least one

or moré of the Group II Elements selécted frbm a group consistiiig of Be, Mg,
Ca, Sr, Ba and Zn. M is at least one or more of the Group IV Elements |
selected from a group consisting of C, Si, Ge, Sn, Ti, Zr and Hf. A Risat
least one or more of the rare earth elements selected from a group

consisting of Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er and Lu. X,Y

and Z are 0.5 < X'< 3, 15<Y <8,0<Zx 3), and lppm or more and

10000ppm or less of B is contained. As the specific example contained in
the general formula, there are mentioned (SrTCa1-T)QSi5N3!Eu, CasSisNs:Eu,
SrrCay-rSisNioEu, SrSirgNloiEﬁ, CaSirNio'Eu, SrzSisNs'Eu, Ba:SisNs'Eu,
MgsSisNs'Ev, ZnsSisNsiEu, SrSisN1oEw, BaSirNwoEw, MeSirNo B,
ZnSisNio'Eu, Sr'zGestiEu, BazGesNg:Eu, Mg2GesNg Eu, ZnaGesNg:Eu,
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SrGerNio:'Euy, 'BaGe7NloiEu, MgGeNio:Eu, ZnGerNio'Eu, Sr1.8Cap.2SisNsgEu, .
BamCao.zSist:Eu, Mgl.sCao.zSistiEul, Zni.sCao_zSistiEu,
S105Ca02Si7N 0B, BasCaosSirN1o:Eu, MgosCaaSirN0:Eu,
Zno.sCao..zSivafEu, SrosCao.2GerNio B, BaosCao.2GerNio'Eu,
MgosCao.2GerNio'Eu, ZnosCas.sGerNio'Eu, SrosCao2SisGeNio Eu,
BaosCao 2SisGeNioEu, MgosCaosSisGeN1oBu, ZnosCasaSisGeNioEu,
Sr2SisNe:Pr, BazSisNs:Pr and Sr2SisNs'Th, BaGerNio:Ce (0 < T < 1),

B-can be easﬂy added by adding a boron compound to the respective
raw materials and mixing them by avwet'process or a dry process. Further,

boron (B) can be preliminarily contained in raw materials such as CasNa -

, and SisNys. For example, when a wet mixing is carried out and HsBOs is

- added, Al'ppm or more and 1000ppm or less is preferable. In particular,

100ppm or more and 1000ppm or lessis preferable. When a dry mixingis -

carried out and boron is added, 1ppm or more and 10000ppm or less is

‘ preferable. In particular, 100ppm or more and 10000ppm or less is

preferable. Said boron works as flux. As boron added to raw inaterials,

Boron,‘a boride, boron nitride, boron oxide, a borate and the like can be used.

Specifically, BN, HsBOs, B20s, B20s, BCls, SiBs, CaBg and the like are
mentioned. These boron compoun&s are added to raw mateiials by
weighing a fixed amount. The addition amount of boron to raw materials
doee not always coincide with the content of boron after ﬁﬁng. Since the
portion of boron is scattered at the firing step in production steps, the
content of boron after firing becpmes less than.vthe amount at adding to raw
materials.

L is at least one or more of the Group II Elements selected from a
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group consisting of Be, Mg, Ca, Sy, Ba and Zn. .Accolrdingly, Mg, Ca, Sr and
the Like can be used alone,Abu_'; the combinations of Ca and Sz, Ca and Mg,
Ca and Sr and the like are possible. In iaarticular, the phosphor having
good .Iumin'escence. brighthess, quan".cum efﬁciency and the like can be |

provided by using at least either of Ca and Sr in the composition of the

nitride phosphor. .The phosphor has at least .one element of either of Ca

and Sr, and the portion of Ca and Sr may be substituted with Be, Mg, Ba
and Zn. When é mixture of 2 or more of elements is used, the compounding
ratio can be changed according to requirement. Hereat, the peak wave
length is shifted to a longér wave length side by mixing Sr and Ca, than by
using Sr or Caalone. When the molar ratio of Sr'and Cais7:3o0r3:17,
the peak wave leﬁgth is respectively shifted to a longer wave length side k
th(an by using Sr or Ca alone. Fur'the‘r, when the rﬁolar ratio of Sr and Ca
18 ébout 5:5, the peak wave length 1s shifted to the longest‘ WaVe length
side. o

M is at least one or,more of the Group IV Elements selec.:tebd from a
group consisting of C, Si, Ge, Sn, Ti, Zr and Hf. :Accordingly; C, Si, 'Ge aﬁd N

the like can be used alone, but the combinations of C and Si, Ge and Si, Ti

“and Si, Zr and Si., Ge, Ti and Si, and the er are possible. In particular,

the economic nitride phosphor having good crysfalli’nity cén be provided.
The portion of Si may be sﬁbsti‘tuted with C; Ge, Sn, Ti, Zr and Hf. When a
mixture in which Si is essential is used, the compounding ratio can be
changed according to requirement. Forrexample, Siis used‘by 95% by
weight and Ge 1s used by 5% by weight. |

R is at leasf one or more of the rare earth elements selected from a
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group consisting bfY,,La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Exr and Lu.
Eu, Pr, Ce and the like can be used alone, lb'ut the combinatioﬁs of Ce and
Eu, Pr and Eu, La and'E{l, and the like are poséible. In particular, the
nitride phosphoi having good 1umiﬁescence properties which has a péal;
wave length at a yellow to red region can be provided by using Eu as an
activator. The portion of Eu may be substifuted with Y, La, Ce, Pr, Nd, Sm,

Gd, Th, Dy, Ho, Er and Lu. Other element works as a co-activator by

| substitutin.g the portion of Eu with other element. The color tone can be. .

changed by making as the co-activator, and the adjuétxﬁent of luminescence
properties can be.carried out. When a mixture in which Eu is eésential 18
used, the compounding ratio can be. changed according to requirement.
Example related to the mode 2 of oper‘ation uses europium Eu being the

rare earth element as a luminescent center. Europium has mainly 2-valent

and 3-valent energy levels. The phosphor of the present invenﬁo_n uses

Eud* for the alkali earth metal silicon nitride phosphor of mother-body as

the activator. For example, it is preferable to use europium alone or

~ europium nitride.

20

25

The effect of adding boron accelerates the .diﬁusion of Eudt and can
improve the luminescence properties such‘as luminescence brightness,
energy efficiency and luminescence efﬁciency.

The above'm'entioned. nitride phosphor can further contain lppm or
more and 500ppm or less of at least one or more of the Grogp I Elements
selected from a groupl consisting of Li, Na, K, Rb, and Cs The Group I
Elements are scattered during firingAat the production steps, therefore the

addition amount after firing is a less amount than the initial addition to
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raw materials. Accordingly, the amount added to raw materials is
préferably adjustéd at ,IOOOppIﬁ or less. Because the luminescence
efficiency such as luminéscence brightness can ibe adjusted thereby. The
luminescence brightne'ss and lurhiriescenée efficienéy‘ can be improved by |
adding the Group I Elgmevnts, as described above. |

The above-mentioned nitride phosphor can further contain l1ppm or

more and 500ppm or less of at least one or more of elements selected from

- the Group I Element consisting of Cu, Ag and Au, the Group III Element

consisting of Ai, Ga and In, the Group IV Element consiéﬁng of Ty, Zx, Hf,
Sn and Pb, the Group V Elerhent cOnvsi'sting of P, Sb and Bi, the Group VI
Element consisting of S. These elgments are scattered during firing at the
production steps in like manner as the Group I Elements, thei‘efoiqe the
addition amount after firihg is a less amount than the initial addition to
raw materials. Accordingly, the amouﬁt added to raw materiéls is
preferably adjusted to 1000ppm or less. The 1uminesc'enC‘e efficiency can be
adjusted by adding these elements.

The above-mentioned nitride phosphof can further contain 1ppm or

- more and 500ppm or less of either of Ni and Cr. Because it is carried out

for adjusting afterglow. Accordingly, the amount added to raw materials is
preferably adjusted to 1000ppm or less.
The elements further added to the above-mentioned nitride phosphor

are usually added by oxides, or hydroxy oxides, but are not limited to these.

Ametal, a nitride, an imide, an amide or other inorganic salts, and they

may be used in a condition in which they are preliminarily contained in

other raw materials.
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Oxygen is occasionally contained in the composition of the
above-mentioned nitride phosphor. It is considered that oxygen is
introduced from various oxides being raw materials or oxygen is mixed

during firing. The oxygen is considered to accelerate-the effects of Eu

- diffusion, particle growth and the improvement of crystallinity. . Namely,

the similar effect can be obtained by replacing one cémpound which is used
for raw materials, to metals, nitrides and oxides, but there is also a case
that the effect of using oxides is rather big. The crystal c-onﬁguratién of
the nitride phosphor is monoclinic or orthorhombic, but occasionally
amorphous, hexagonal system and the like. | |

The above-mentioned phosphor of the mode 2 of operation can be
prep.ared by the éimilar method as the mode 1 of operati‘on‘. |

Fu‘rthér, the-steps of P7 to P9 are abbreviated, and the nitride of Ca, -

the nitride of Si, the Eu compound EuzOs and the B compound.‘HgBO‘g can be

also mixed in a dry process.

Further, in the light emitting device of the mode 2 of operation,

"phosphors of at least one or more i_)f a phosphor emiﬁting blue light, a

phosphor emitting green light and a phosphor emitting red 1ight' can bé
mixed to be used in addition to the nitride phosphor related to the
abovermentioned mode 2 of operation.-' |

There are various phosphors for a phosﬁhor emitting blue light, a
phosphor emitting greeﬁ light and a phosphor emitting red light, but in
particular, there are preferably used at 1ea$t one or ﬁore of the
y-ttrium-aiuminum oxide phosphor activated by at least cerium, the

yttrium-gadolinium-aluminum oxide phosphor activated by at least cerium,
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and the yttrium-gallium-aluminum oxide phosphor activated by at least
cerium. The light emitting device having a desired lummescenoe color can
be provided thereby. When the phosphor related to the present mode 2 of
op era'tionv, the yttri_um-aluminuin oxide phosphor activated by cerium and
the like, there is little self absoxpﬁon in these ph‘osphors, therefore |
luminescence can be efficiently taken out. 'Specifically, there can be used -
LnsMs019:R (Ln is at leas-t one or more selected from Y, Gd and La. M

contains at least either of Al and Ca. R is Lanthanide series),

- (Y14Gds(AlyyGay)s012:R (R is at least one or more selected from-Ce, Th, Px,

Sm, Eu, Dy and Ho. 0 <R <0.5). Said phosphors are excited by lightat a
short wave length side of a near ultraviolet to visible ]ight, 270 to 500nm,
and has a peak wave length at 500 to 6'00'nm However the phosphor

having the third lummescence Sp ectrum such as a blue color is not limited

“to.the above mentioned phosphors and various phosphors can be used

As the excitationlight source of the phosphor related to the present
mode 2 of operation, there are a laser, a diode, ultraviolet radiation
generated in the positive column-of arc discharge, ultraviolet,radiation
generated.in the posi“cive'col'umn of glow discharge, and the like. However,
as the exoitation light source, itis Ioreferéble to use a semiconductor light
eroitting element and a 1aser-ioliode dischar‘gin‘g light at near ultraviolet
region, a semiconductor light emitting element and a laser diode emitting
blue light, and a semiconductor light emitting element and a lasevj: diode
emittiog blue green light. - | |

‘Further, light at a short wave length region of near ultraviolet to

visible light means a wave length from about 270nm to 500nm.
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Mode 3 of Operation A

The light emittingdevice 'of th'e mode 3 of operation related to the
present 1nvent10n is the type 1 (bu]let type) hght emitting device, and is
constituted in smnlar manner as the mode 1 of operation.

The phosphor of the llght emitting device related to the present
1nvent10n is specifically illustrated.

The phosphor related to the mode 3 of operation of the present
invention is represented by L-M-NIEQ,’WR or L-M-O-N:Eu,WR (Wherein' Lis
at least one or more selected from a group consisting of II valency of Be, Mg,
Ca, Str, Baand Zn. M is at least one or more selected from a group

consisting of IV valency of C, Si, Ge, Sn, Ti, Zr and. Hf. N is nitrogen. Eu

is europium. WR is the rare earth element). -

In the illustration below, among the phosphor related to the mode 38

of operation of the present invention, there are mainly illustrated the

" Ca-Si-N:Eu, WR-basé, or'ASr-Si-NIEu, WZR-base, or Sr-Ca-Si-NiEu, WRv-base,

or Ca-5i-O-N:Eu, WR-base, or Sr-Si-O- NEu, WR base, or Sr Ca Si-O-N:Eu,
WR-base silicon nitride, but it is not limited to this.

For example, as the modes, there are contained various
combinations of the phosphors such as Ca-Ge-N IEu,WR-bése,
S‘r-Ge-N‘ZEu,WR-base, Sr-Ca-Ge-N:Eu,WR-base, Ca-Ge-O-N:Eu,WR-base,
Sr-vGe-O-NFEu,WR-base, Sr-Ca-Ge-O-N:Eu,WR-base, Ba-Si-N:Eu, WR-base,
Sr-Ba-Si-NiEu,WR'bvase, Ba-Si-O-N:Eu,WR-base, S_r'Ba*Si-O-NZEu,WR'base',
Ca?Si-c-.N:_Eu,WR-bgse, Sr-Si-C-N:Eu,WR-base, Sr-Ca-Si-C-N:Eu,WR-base,
Ca-Si-C-O-N:Ew, WR-base, Sr-8i-C-0-N:Eu, WR-base, |
Sr-Ca-8i-C-0-N:Eu, WR-base, Mg-Si-N:Eu,WR-base,
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' Mg-Ca-Sr-8i-NEu, WR-base, Sr-Mg-Si-N:Eu, WR-base,

Mg-Si-0-N:Eu, WR-base, Mg-Ca-Sr-Si-0-N:Eu, WR-base,
Sr-Mg-Si-O-N:Eu,WR-base, Ca-an-Si-C“NiEu,WR-base,
Sr'Zn-S_i‘C-NiEu,WR-base, Sr-Ca-Zn-Si-ijNviEu,WR-base,
Ca-Zn-Si-C-O-N:Eu,WR-base, Sr-Zn-Si-C-0-N‘Eu,WR-base,
Sr-Ca-Zn-Si-C*O-NIEu,WR-base, Mg-Zn-Si-N:Eu,WR-base,
Mg-Ca-Zn-Sr-Si-N-Eu,WR-base, Sr-Zn-Mg-Si-N:Eu,WR-base,
Mg-Zn-Si~O~NIEﬁ,WR-base, Mg-Ca-Zn*Sr-Si'O-NiEu,WR-base,
Sr-Mg-Zn-Si-O-N:Eu, WR-base, ca-z_n-Si-sn~c-'N:Eﬁ,WR-base,,
Sr+Zn-Si-Sn-C-N:Eu,WR-base, Sr-Ca-Zn-Si-Sn-C-N:Eu,WR-base,
Céf_Zn'Si-Sn'C-O*NiEu,WR-bas’e,fSr'Zn'Si'Sn-Q-O“NIEﬁ,WR-basé,
Sr-Ca-Zn-Si-Sn-C-0-N:Eu,WR-base, Mg-Zn-Si-Sn-N:Eu,WR-base,
Mg-Ca-Zn-Sr-Si-Sn-NIEu,WR-base, Sr-Zn-Mg-Si-Sn-N:Eu,WR-base,
Mg-Zn-Si'Sn-_O-NZEﬁ,WR-base, Mg-Ca-Zx_l-Sr*Si-Sn-O-NIEu,WR-base,
Sr-Mg-Z_ri-Sr-Si-Sn-O-NIEu,WR-b‘ase,.and the like. -

As the WR being the rare earth element, it is prefer.ati)l-e that at
least one or moré amoﬁg Y, La, Ce, Pr, Nd, Gd; Th, Dy, Ho, Er and Lu.‘is.
contained,‘But Sc, Sm, Tm and Yb may be confainéd. These rare e_arth‘
elements are mixed in raw materials in a condition of a sirigle body, an oxide,
an imide, an amide and the like. The rare earth element has mainly a
stable electron disposition, but Yb, Sm and the like have a 2-valency
electron disposition and Ce, Pr,-l Tb and the like héve a 4'valency electron
disposition. Whe_n thé'rare earth element of an oxide is used, the
participation of oxygen inﬂueﬁces the luminescence piop‘erties of the

phosphor. Namely, there is a case of enh_anbed diffusion effect of the
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activator. Thereis a case of shortening afterglow and the like. However,
when Mn is used, particle diameter is enlarged by the flux effect of Mn and
0, and the luminescence brightness can be improved.

The example below is the Sr-Ca-Si-N:Eu, WR-base, Ca-Si-NIEu,

'WR-base, Sr-Si-N:Eu, WR-base, Sr-Ca-Si-0-N:Eu WR-base, Ca-Si-O-N:Eu,

WR-base,,. Sr-Sil*O-NIEu, WR-base silicon nitrides to which Mn was adde’d.
The base nitride phosphor of the phosphor are represented by the general

formula LxSiyNemx+ws v Eu, WR or LxSivOzN(emxws)vean Bu, WR (Lis

~ either of Sz, Ca, Sr and Ca). Itis prefeiable that Xand Yis X =2 and Y =5,

or X=1andY = 7in the general formula, but an arbi’crary'one can be also
used. Specifically, it is preferable to use the phosphorin which the base
nitride phosphor are i‘epresentéd. by (SrxCai-x)2SisNs iEu;WR,
Sl‘éSist:EU;,WR, CasSisNg:Eu,WR, erCal-xsivNioiEu,WR, SrSi7N103Eu,WR
and CaSi7N1o:Eu,WR to Which Mn was added, .but at least one or more
selected from a group consisting of M‘g, Sr, Ca, Ba, Zn, B, Al, Cu, Cr and Ni
may be contained in the composition of the phosphor. However, the presenf
in_verition is not limited to thle’mode of operatioﬁ and Examples. |
. Lis either of Sr, Ca, Sr and Ca. The compounding ratio oflS'r and

Ca can be chaﬁged according to requirement.

An economic phosphor ha{zin_g good crystallinity éan be provided by
using Siin the composition of the phosphor. |

Europium b‘eihg the rare‘earth‘ element isused as a luminesceﬁt
center. FEuropium has mainly 2-valent and 3-valent energy ‘levels. In the
phosphor of the present inventibn, Eust is used for the alkali earth metal

silicon nitride phosphor of mother-body as the activator. Eud*is easily
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- oxidized and it is commercially available in the composition of 3-valent

BEu20s. However, since O participates greatly in case of the commeicially
available Eu20s3, a gb-od phosphor is hardly obtained. Accofdingly, it is
preferable to use those in Which Ois eliminated from Euz0s to the out _of
system. For example, it is~pAreferab1e to use eur.opiunil alone or europium
nitride. Héwevef, when Mn is added, then it is not limited to this. |

~ Sr2SisNs:Eu, Pr, BazSistIE-ﬁ,Pr, MgoSisNgEu,Pr, thSist;Eu,Pr,
SiSi7N101Eu,Pr, BaSisN1o:Eu,Ce; MgSi7N10:Eu,Ce, ZnSisNio:Eu,Ce,
Sr2GesNsEu, Ce, BazGesNg:Eu,Pr, Mg2GesNs Eu,Pr, ZnaGesNs Eu, Pr,
SrGesN10:Eu,Ce, BaGe7N1~oiEu,Px_‘, MgGe7N1oiEu,Pr, ZnGerNio:Eu,Ce,

S‘m.sCao.zSistiEu,Pr, BajsCap.2SisNs:Eu, Ce, Mg1.8Cao2SisNg:Eu,Pr,

Zn1sCa0.2SisNs:Eu,Ce, SrosCao.2SirN10:Eu,La, BaosCaosSiTNio'Eu,La,
Mgo.sCao.2Si7N10-Eu,Nd, Zno.sCao.2S17N1o'Eu,Nd, Sro.sCac.2GerNio:Eu,Th,
BaosCao2GerNioEu,Th, MgosCao.2GerNioEu,Pr, Z‘no.BCao.zGe7N1oiEu,Pr,

SrosCap.2Sis GeNlo ‘Eu,Pr, B ao,sCao.ZSis GeNio'Eu,Pr, Mgo.sCao.28isGeNo'Eu,Y,

ZnosCao.2SisGeNioEu, Y SrsSisNg:Pr, BazSisNs:Pr, SrzSISNs Th, BaGeva Ce

‘and the like are produced but the phosphor is not limited to this.

Mn being an additive accelerates the diffusion of Eus* and improves

. the luminescence properties such as luminescence brightness, energy

efficiency ahd quantum foiciency. Mn is baked together with raw
materials during the prodﬁction step by being contained in the raw
mate'rials dr by containing Mn alone or a Mn compound. However, 'Mn is'
not contained in the base nitride phosphor after firing, and only a small
amount of Mn remains in comp‘arison with the initial céntent even if Mn is

contained. This considered to be because Mn was scattered in the firing
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step.

The phosphor contains at least one dr more sel_ec.:ted’ from a group
consisting of Mg, St, Ca, Ba, Zn, Ca, Ga, Tn, B, Al Cu, Li, Na, K, Re, Ni, Cr,
Mo; 0 aﬁd Fein the base nitiide phosphor or together with the base nitride
phosphor. | These elemerifs have actions of enlarging the particle diameter
and enhancing the luminescence brightness, eté. 'Furt.her, B, Al, Mg, Cr
and Ni have an action cépablé of suppressing afterglow. The phosphor to
which additives such as B, Mg and Cr are not added can qs.ually shorten the
time r‘équired for reducing afcerglo-w to 1710, to from about 1/2 to about 1/4
than a phosphor to which the additive is added. | |

The phosphor 11 rela‘ged to the present mode 3 of operation absorbs

the portion of blue light which was emitted from the light emitting element

10 and emits light ata yellowlto red region‘.' " The phosphor 11 ié used to the
light emitfi’ng device having the'above.-mentioned constitution; and ’phere is
provided the light emitting device Which emits 1ight of a warm célo-'r-b ase
white color by color mixing of blue light which was emitted from the light
emitting .el'enie‘n.t 10, with the red light of the phosphor. | |

In particular, it'is preferable to cpx_itain the yttrium-aluminum oxide

| phosphor activated by cerium, in the phosphor 11 in addition to the

phosphor rélated'to the present invention. Because the phosphor can be
adjusted to a desired chromaticity by containing the above-mentioned
yttrium-aluminum oxide phosphor activated by cerium. The
yttrium-aluminum oxide phosphor activated by cerium absorbs the portion
of blue light which was emitted from the light emitting element 10 and -

emits light at a yellow region. Light of a pale white color is emitted by
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color mixing of blue light which was emitted from the light emitting element

10, with the yellow light of the yttrium-aluminum oxide phesphor.

Accordingly, there can be provided the light emitting device which emits

lig:htvof a warm color-base white color by combining the yttriurn-alumirrum
oxide phosphor and the above-mentioned phosphor, with the phosphor 11
which was mixed Wiﬂl a .coatihg member having transparency and blue light
which is emitted from a blue light eniittihg 'elemerlt 10. The light emitting
device which emits light of a warm color-base white color is the aver_ag'e
color rendering index Ra of 75 to 95 -and a color temperature of 2000K to
8000K The preferable device in particular is a light emitting device in -
Whlch the average color renderlng index Ra and color temperature are

51tuated at the locus of black body radiation in a chromaticity chart.

~However, the compoundmg amount of the yttrium-aluminum ox1de

phosphor and the phosphor is approprlately changed in order to prov1de a
light emitting device having a desired color temperature and the average
color rerrdering index. The warm color-base white color ]ight emittin-g
device improves further the specific color rendering inder R9. With reepect
to a white color light emitting device which is the combination of a |
conventional blue lighr emittirrg element and the yttrium-aluminum oxide
phosphor activated by cerium, the specific.color rendering index R91s about
near 0, and a red component was in‘sufﬁcient. Accordingly, it has been a
solving problern to enhance the specific color rendering index R9, but the
specific 'c-oler rendering index R9 can be enhanced to 60 to 70 by containing

the phosphor related to the present invention in the yttrium-aluminum

oxide luminescent substance.
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(Production process of phosphor)
Then, the production process of the phosphor, Sr-Ca-Si-O'-NIEu,La of

the mode 38 of operation related to the present invention is illustrated using

Fig. 13, but is not limited to the present production process. Mnis

contained in the above-mentioned phosphor.

Sr and Ca of a raw material are pulverizéd (P1). Sr and Ca of é:faw
mater-ial are preferably used as a single body, but compounds such as an
imide compound, an amide compound and the like can be used. Further,
fhe Sr and Ca of é raw material may be those containing B, Al, Cu, Mg,
MnO, Mn20s, Al20s and the like. It is preferable that the me.anlparticle.
diameter of Sr and Ca obtained by pulverization is ébout 0.1 pm to 15 pm,
but is not limited to this ;rang.e. The purity of}Sr and Cais i)referably 2N
or more, but is not limited to fhis range. After atleast 2 or moré,among a .
metal Ca, a meﬁai Sr and a metal Eu are made‘as~ an alloy‘ cbndition, itis
nitrided and pulverized, and then cah be used as a raw material.

. The Si of a raw material is pulverized (P2).A A Si of a raw material is
preferably used as a single body, but a nitride compound, an imide B
compound, an amide compound and the like can be used. For example,
they are SisNg, Si(NHz)z, MgsSi and the like. The purity of the Si of araw
material is preferably 3N or more, but compounds such as Alzos, Mlg, a
metal boride (CosB, NisB, CrB), manganese oxide, HzBOs, B20s, Cuz0 and
CuO may be contained. It is preferable that the mean particle diameter of
the Si compound is-about 0.1 pm to 15 pm. |

Then, the Sr and Ca of a faw material is nitrided in nitrogen

atmosphere (P3).
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The reaction is shown in Formula 4.
[F ormula 4] |
3Sr + Nz — Sr3N2
3Ca + Nz — CasNg . |
. Sr and Ca are nitrided at a temperature of 600 to 900°C for about 5
houxrs i_n nitrogen atinospheré. Sr and Ca may be nitrided by mixing, and
the»rés‘pectix»/e one may be éep arately nitrided. The nitrides of _Sr and Ca
can be obtained thereby. = The nitrides of Sr and Ca are preferably those
having high purity, but those which are commercially available can be used.
The Siofa raw material is nitrided in nitrogen atmosphere (P4). -
The reaction formula is shoWn in Formula 5. |
[Formula 5] |
35i+ 2Nz — SisNy
’ ‘Sil.icone Si is also nitrided af a temperature of 800 to 1200°C for
about 5 hours in nitrogeﬁ atmospheré to obtain silicon nitride. The silicon
nitride is preferably those having high purity, but those vs;}xiéh.are
commercially available can be also used.
The nitrides of Sr, Ca, or Sr-Ca are pulverized (P5).
Similarly, the nitride of 81 is pulverized (P6).

'~ Further, a Eu compouﬁd Eu203 1s pulverized‘(P7).‘ Europium oxide
is used as the Eu compound, but metal europium, eﬁropium nitride and the
like can be also used. Euiopium oxidé is preferably those having high
purity, but those coﬁim.e_rcially av‘ailable can be also used. |

At least one or more selected from a group consisting of Mg, Sr, Ca,

Ba, Zn, B, Al, Cu, Mn, Cr, O and Ni may be contained in the
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above-mentio:;led raw materials. Further, the compounding émqqnf of the
abox}e-mentioned elements can be adjusted and mixed in the mixing process
(P8) béloW. These compounds can be édded alone in raw materials, but
added in the form of compounds. The compo{mdsare'HaBOa, Cu20s, MgCls,
MgOeCa0, AlzOsg, a metal boride (CrB, MgsBz, AlB;, MnB), B20s, Cuz0, CuO
and the like. | | .

A.lanthanum .compound LazQs is pulverized (P8).

S’inbe the lanthanum oxide is immediately converted to a carbonate
when it isleft alone in air, the pulverization is carried out in nitrogen
atmosphere. The lanthanum oxide is preferably those having high purify,
but those commefcially available can be also used. It is preferable that the

mean particle diameter of the nitride of alkali earth metals, silicon Vn-itride,

| europium oxide and lanthanum oxide after the :pulverization is preferably

- about 0.1 pm to 15 pm.

After the above-mentioned pul{ferization, thé nitride.s of S, Ca, or
S1-Ca, silicone nitride, a Eu comp ound Eug0s and a lanthanum compouhd-
LazOs are mixed and MnzOs is added fhereto (PQ). _

Finally, the mixture of the nitrides of Sr, Ca, or Sr-Ca, silicone
nitride ,ami a Bu compound Euz0s, and a lahth-aﬁum compound LasOs are
baked in ammonia atmosphére (P10). The phosphor represented by the |
Sr-Ca-Si-0-N:Eu,La to which Mn was added can be obtained by firing (P11).

The reaction formula of the base nitride phosphor by the firing is |
shown in Formula 6. |
[Formula 6]
0.9775/3)SxsN3 + (0.9775/3)CasNz + (5/3)SisNa+ (0.015/2)Euz0 +
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(0.08/2)La203 — Sro.9775Cao.s775Eu0-‘0l15Lao.osoSi‘5N7.97oOo.oe75.

waevei ‘the composition of the obj-ecti\}e phosphors can be changed
by changing the compounding ratio of the resp ective raw materlals

The firing can be carrled out at a ﬁrmg temperature of 1200 to
1700°C but a firing temperature of 1400 to 1700°C is preferable. Itis

preferable that a temperature is gr-adually raised in the firing, and one step ‘

firing by which the firing is carried out at 1200 to 1500°C for several h'ours

is used, but there can be also used two step firing (multi step) by whlch the
flrmg at the first step is carried out at 800 to 1000°C is carned out and the
firing at the second step is carried out at 1200 to 1500°C is carried out. It
is preferable to éarry out the firing of the raw material of the phosphor 11
using a crucible made of boron nifiide (BN) material and a boat. A crucible
made of alumina (Alz0s) mateﬁal can be also used in additioﬁ to the
crucible made of boron'nitridé material; The objective phosphor can be -
obtained by using the above-mentioned i)roduction process.

Mode 4 of Opéfation | _

The light emitting device of the mode 4 of operation related to the
present ihvention is the type Ilight emitting device, and.-contains the
phosphor described later.

The con‘stitufion member of he light emitting device related to the
preseﬁt invention is specifically illustrated.

(Phosphor of Mode 4 of Operation) |
The phosphor related to the mode 4 of the present invention is the N
Sr-Ca-Si-NIR, Ca-Si-N'R, Sr-Si-N'R, Sr-Ca-5i-O-N'R, Ca-Si;O-NZR,

' Sr-Si-O-NZR-base silicon nitrides. The base nitride phosphor of the
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phosphor is répresénted by the general formula LxSifN((z/s)X+(4/3)Y)IR or
L‘xSiYozN((z/a)x+(4/3)y-(z}3)z> ‘R (L is either of S, Ca, Sr and Ca. 0.5 é X = 3, |
1.5 =Y = 8. It is preferable that X and Yis X =2, Y=5or X=1,Y =7
in the general formula»,v but arbitrary one can be also used. Specifically, it
is pxjeferéble to use the phoépim’r in which the base nitride phosphor are
represented by (SrkCa1~x)28i5NsiR, SrzSisNs'R, CazSisNs'R, SIV‘XCal-X.S.i7N103R,
SrS’ivaiR, and CaSi7N1o'R, to which Mn was added, but at least one or .
mbre selected from a group consisting of Mg, Sr, Ca, Bav, Zn, B, Al, Cu, Mn,
Cr and Ni maﬁr be contained in the composition of the phosphor. However,
the present invention is not limited to the mode of operation and Examples.
: Lis either of Sr, Ca, Sr and Ca. The compounding ratio of Sr and

Ca can be’.changed according to réquirement. |

An economic phosphor hévin'g good crysta]lini'ty can be brovided by
using Si in the composition of the phosphor. | o |

Europium being the rare earth element is used as a Juminescent
center. Europium has mainly 2 valent and 8 valent energy levels. The

phosphor of the present invention uses Eus* for the alkali earth metal

silicidn nitride phosphor of mother-body as the activator.” In-the phosphor of

the present invention, R is used for the alkali earth metal silicon nitride .

. phosphor of mo‘th'er-'body as the activator. For example, it is preferable to

use europium alone ‘oreuropium nitride. However, when Mn is added,
then it is not limited to this.

Mn being an additive accelerates the diffusion of Eu®* and improves
thé luminescence pvrbperties such as luminescence brightness, energy

efficiency and quantum efficiency. Mn is baked together with raw
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materials during the production step by'being:con'tained in the raw
materials or by containing Mn alone or a Mn compound. However, Mn is

not contained in the base nitride phosphor after firing, and ohly a small

“amount of Mn remains in comparison with the initial content even if Mn is

contained. This considerejd' to be because Mn was scattered in the firing
éteb. A

The p’hoéphor contains at least one orAmoré selected from a group
consisting of Mg, Sr, Ca, Bd, Zn, Ca, Ga, In, B, Al, Cu, Li, Na, K, Re, Ni,' Cr,
Mo, O and Fe in the base nitride phosphqr or together with the base nitride
phosphor. These elements havé 'aétio"ns of enlarging the particle diameter

and enhancing the luminescence brightness, etc. TFurther, B, Al, Mg, Cr

and Ni have an action capable of suppressing afterglow. The phosphor to

which additives s.u'ch as B, Mg and Cr are not added can usually shbrten the
time required for reducing a;fterglo@ to 1[10; to from abpﬁt 1/2 to ébout 1/4 |
than a phosphor to which an additive is not added. -

| The phqsphor 11 related to the present invention absorbs the portion
of blue light which was emitted from the light emitting element 10 and ‘
endits light at a yellovx.r'to red region. The phosphoi‘ 11 is used to the light

emitting device having the above-mentioned constitution, and there is-

* provided the light emitting device which emits light of a warm color-base

white color by color mixing of blue light which was emitted from the light
emittihg element 10, with the red light of the phosphor. |

In particular, it is preferable to contain the yttrium-aluminun‘i oxide

'phosphoi activated by cerium, in the phosphor 11 in addition to the

" phosphor related to the present invention. Because the phosphor can be
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adjusted to a desired chromaticity by containing the above-mentioned

yttriﬁm-'aluminum oxide lumi'nescent 'substah.c':e activated by cerium. The
yttrium;alumiﬁum oxide fluorescent substance activated by cerium absorbs
the ﬁortion of blue light which was e.mitted ferm the light emitting element

10 and emits light at a yellow region. Light of a pale white color is emitted

by color mixing of blue light which was emitted from the light emitting

element 10, with the yellow light of the yttrium-aluminum oxide
luminescent substancé.' “Accordingly, there can be provided the light
emitting device Whi‘ch emits ight of a Warm color-base white coior by
_combihiﬁg the yttrium-aluminum oxide fluorescent substance and the-
abbve-mentioned phosphor, with the phosphor 11 which was mixed with a
coating member having transparency aﬁd blue light Wh‘ich is emitted from a-
blue light emitting element 10. The light emitf;ing device which emits light
of a warm color.-base White'color is the average color renderﬁng indéx Ra of
75 to 95 and a col.or‘temperature of 2000K to 8000K. The preferable device
in particular is a light emitting device in which the average color rénder‘ing
index Ra and color témp erature are situated at the locus of black bddy
radiation in a chromaticity chart. However, the compounding amount of
the yttrium-aluminum oxide fluorescent substance é.nd fhe p‘hoéphor is
appropriately changed in order to Vprovide a light emitting device having a
desired color temperature and the average color rendering index. The
warm color-base white color light emitting device improves further the
specific color rendéring index R9. With respect to a white ’color light.
emitting device which is the combination of a conventional blue light |

emitting element and the yttrium-aluminum oxide fluorescent substance
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activated by cerium, the specific color rendering index R9 is about near 0,

and a red component was insufficient. Accordingly, it has been a solviﬁg

problem to enhance the specific color rendering index R9, but the specific

color rendering index R9 can be enhanced to 60 to 70 by containing the

_phosphor related to the present invention in the yttrium-aluminum oxide

ﬂuorescentlsubstancé.
(Production process of phosphor) , '
Then, the production process of the phosphor ((SrxCa;-x)2SisNg:R)

related to the present invention is illustrated using Fig. 21, but is not
limited to the present production pl.;ocess. Mn gnd O are contajned in the
above-mentioned phosphor.

| 'Sr and Ca of a raw material are bulverized (P1). Srand Caofaraw: | '
material are preferably used as ‘a‘ single body, but c'(.)mpoundsv such asan
imide compound, an amide ‘compound and the like can be used. Further, -
the Sr and Ca of a raw material may be those containing B, Al, Cu, Mg,
Al203 and the like. »It is preferéble‘that the mean pérticle diameter of Sr

and Ca obtained by the pulverization is about 0.1 pm to 15 um, but is not

- limited to this range. The purity of Sr and Ca is preferably 2N or more,

but is not limited to this range. After at least one or moie among a metal
Ca, a metal Srand a metal Eu are made asbari é]loy condition, it is nitfided
and pulverized, and then can be used as a raw material.

The Si of a raw material is pulverized (P2). Si of a raw material is
préferably used as a single body, but a nitride c.j,Qmpound, an imide |
compound, an amide compound and the like c'an. be used. For example,

they are SisNyg, Si(NHz)z, Mg2Si and the like. The purity. of the Si of a raw
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material is preferably 3N or more, but compounds such as Alz03, Mg, a
metal boride (CosB, NisB, CrB); manganese oxide, HgBQg, B203s, Cuz0 and
CuO may be contairied. It is preferable that the mean pérticl_e diameter of
the Si compound is about 0.1 pm to 15 pm. |

Then, the Sr and Ca of araw material is nitrided in nitrogen.
atmosphere (P3). |

The reaction is shown in Formula 7.

[Formula 7]

3Sr + Ng — SrsNy
3Ca+ Nz — CasNz v
Sr énd"Ca are nitrided at a temperature of 600 to 900°C for about 5
hours in nitrogen at;riosphere. .' Sr and Ca .Ihay bé nitrided by mixing, and

the respective one may be separately nitrided. The nitrides of Sr and Ca

" can be obtained thereby. The nitrides of Sr and lCa ape‘preferably those

having high purity, but those which are commercially available can be also
used.

The Si of a raw material is nitrided in nitrogen atmosphere (P4).

- The reaction formula is shown in Formula 8.

[Formula 8]

8Si + N — SiaNa
Silicone Si is also nitrided at a temperature of 800 to 1200°C for
about 5 hours in nltrogen atmosphere to obtaln silicon nitride. The sﬂicon
nltnde used in the present invention is preferably those having high purlty,
but those which are commerc1ally available can be also used.

The nitrides of Sy, Ca, or Sr-Ca are pulverized (P5).
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Slmllarly, the mtrlde of Siis pulverlzed (P6).

Further a FEu compound Euy0s is pulverized (P7) Europium oxide
is used as the Eu compound, but metal euxoplum, europium hitride and the
like can be also used. Additijonally, an imide compound and an amide '
compoun'd' can be us‘édl as the Z of a raw material. Europium oxide is

preferably those having high purity, but those commercially évail,able can be

‘alsoused. The mean particle diameter of the nitride of an alkali earth

metal, silicone nitride and europium oxide after pﬁlverization is about 0.1
um to 15 pm.
At least one or more selected from a group consmtxng of Mg, Sr, Ca,

Ba, Zn, B Al, Cu Mn, Cr, O and Ni may be contained in ’che

‘above-mentioned raw matenals. Further, the compounding amount of the

above-mentioned elements such as Mg, Zn and B can be adjusted and mixed
in-the mixing process (P8) below. These compounds can be added alone in
raw materials,_bix‘t usually added in the form of compounds. The

compounds are HsBOs, Cuan, MgClz, MgOeCaO, AlsOs, a metal boride (CrB,

' MgsBs, AlB2, MnB), B;0s, Cuz0, CuO and the like.

After the above-mentioned pulverization, the nitrides of Sr, Ca, or

 Sr-Ca, silicone nitride and a Eu compound Eu20s are mixed and Mn is

added thereto (P8).
mally, the mixture of the nitrides of Sz, Ca, or Sr- Ca, sﬂlcone
nitride and a Eu compound Euz03 are baked in ammonia atmosphere (PQ-).' o

The phosphor represented by the (SrxCai-x)2SisNsg:Eu to which Mn was

: addéd can be obtained by firing (P10). The reaction formula of the base

nitride phosphor by the firing is shown in Formula 9.
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[Formula 9]
(X/8)SrsNg + ((1.97-X)/8)CasNg + (5/3)SisNy + (0.08/2)Euz0s
- erCa1.97‘XE1;0;03815N7.9800.045

However, the composition of the objective phosphors can be changed

by changing the compounding ratio of the respective raw materials.

The firing can be carried _out at a ﬁrin-g temperaturne of 1200 to
1700°C, but a 'ﬁring temperature of 1400 to 1700°C is prefer’ablet It is
preferablev that a tve'mperature is gradually raised in the firing, and one step
firing by-w_hiéh the firing is carried out at 1200 to 1500°C for several hours

is used, but there can bé also used two step firing (multi step firing) by ..

- which the firing at the first step is carried out at 800 to 1000°C is carried

out and the firing at the second step,is'cavrried out at 1200 to 1500°C is

carried out. It is preferable to carry out the firing of the raw material of

- the phosphor 11 uéing a crucible made of boron‘ nitride (BN). material and a

boat. A crucible made of alumina (Al;O3) material can be alsd used in
addition to the crucible made of boron nitride material.

The objective phosphor can be obtained by using the

“above-mentioned production process.

Mode 5 of Operation
The light emitting device of the mode 5 of operation is the tYpe I
light emitting device, and contains the phosphOr described later.

(Phosphor of Mode 5 of Operation)

The nitride phosphor related to the present mode 5 of operation is a nitride

~ phosphor which contains the base nitride phdsphor represented by,

LxMyN(@axsasv R and contains at least one or more selected from a group
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cons1st1ng of Mg, Sy, Ba, Zn, B, Al, Cu Mn, Cr O and Fe and the like.

L includes at least one or. more selected from a group consisting of 11
valency of Be Mg, Ca Sr, Ba, Zn, Cd and Hg. In partzcular‘ since a nitride
phosphor Whlch 1s hardly decomposed and has high reliability can be
prov1ded Mg, Ca, Sr and Ba are preferably used. Those in Whlch only one
of these base nitride phosphor was used can be also used, and those in
which the portion of said one kind was substltuted with other base mtnde.
phosphor may be used.

M includes at least one or more selected from a group consisting of

IV valency of C, Si, Ge, Sn, Ti, Zr and Hf. In particular, an economic

phosphor having good crystallinity can be provided by setting Si as M.

‘R is an activator, and includes at least one or more selected from a

group consmtmg of Eu, Cr, Mn, Pb, Ce, Th, Px, Sm Tm, Ho, Er, Yb and Nd.

- The-present invention is ﬂlustrated usmg Eu, Mn Ce and the like among

these which carries out emission of light at a yellow to red region, but is not

limited to thlS. Risused for Eu, and europium Eu is made as a

luminescence center. Europlum has mamly 2- valent and 3-valent energy
levels. In the nitride phosphor of the present 1nvent10n Eud+i1s used for
the alkali earth metal silicon nitride phosphor of mother body as the
activator. Eud*is easily oxidized and it is commerc1ally available in the
compositioh of 3-valent Euz0s. However, since O participates greatly in
case of the commercially available Euz0s, a good phosphor is hardly
obtained. Accordingly, it is preferable to use those in which O is eliminated
from Eu20sto the out of system. For example,‘it is preferable to use

europium alone or europium nitride.
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The nitride phosphori contains at leest one er‘more selected from a
group consisting of Mg, Sr' B'a Zn Ca, Ga, In, B, Al Cu,v Mn, Li, Na, K, Re,
Ni, Cr, Mo, O and Fe 1 in addition to the base nitride phosphor. These |
elements have actions of enlarging the partlcle diameter and enhancmg the
lummescence brlghtness etc. Further, B, Al, Mg, Cr and Ni have an action
capable of suppressing afterglow. The phosphor to Whlch additives such as
B, Mg and Cr are not added can usually shorten the time required for .
re‘ducing afterglow to 1/10, vto from 'ab'out‘ 1/2 to about 1/4 than a phosphor to
which the additives are added. On the other hand, since Fe aﬁd Mo heve a.
fear of lewering luminescence efficiency, it is preferable ;co remove t‘hem‘ out
of the system. ) ‘

The nitride phosphor 11 absorbs the portion of blue light which \&es
emitted from the light emitting element 10 and emits hght at a yellow to
red region. The nitride phosphor 111is used to the hght emlttmg devme
havmg the above mentioned constltutlon and there is provzded the hght
emitting dev1ce which emits light of a warm color base Whlte color by color
mixing of blue light which was emitted from the light emlttmg element 10,
with the red light of the n.it‘ride phosphor. |

‘In particular, it is preferable to contain ithe yttriumv-alluminum oxide
phosphor activated by cerium, in the phosphor‘ 11 in addition to the niticide

phosphor related to the present invention. Because the phosphor can be

‘adjusted to a desired'chromaticity by containing the above-mentioned

yttrlum alumlnum oxide luminescent substance actlvated by cerium. The
yttrium- alummum oxide fluorescent substance activated by cerium absorbs

the portion of blue light which was emitted from the light emitting element
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10 and emits light at a yellow region. 'Hereat, light of a pale white color is |
emitfed by color mixing of blue light which was emitted from the light

em’ittirig‘ele_ment 10, with the yellow light of the yttrium-aluminu’m oxide

fluorescent substance. Accordingly, there ean_ be provided the light -

emitting deviee Which emits light of a warm color-base white color by
combining the yttrium-aluminum oxide ﬂuerescent sﬁbstan‘c.e and tirle
abov'e'méntioned nitri.de.phosphor, with the phosphor 11 which was mixed |
with a coaﬁng member ’ha\.zing transmittance and blue light which is
efnitted fxom'a blue light emitting element 10. The light emitting device
which emits light of va warm coior-base white color is the average color
renderihg index Ra of 75 to 95 and a color temperature of 2000K to 8000K.
The preferable device in partlcular is a white hght emlttmg dev1ce in whlch ,
the average color rendermg index Ra and color temperature are situated at
the locus of black body radiation in avchromatlcq;ty chart. However, the

compounding amount of the yttrium-aluminum oxide fluorescent substance |

and the nitride phosphor is appropriately changed in order to provide a

light emitting device having a desired color temperature and the average

color rendering index.

(Production process of nitride phosphor)

Th_en, the.pr‘oduction process of the nitride ph-o.sphor. related to the

present invention is illustrated using Flg 33.

L. and Mg of a raw material are pulverized (P1). L includes at least -
one or more selected from a'group consisting of II valency of Be, Mg, Ca Sr
Ba, Zn, Cd and Hg. In partlcular the L of araw matemal is preferably an

alkali earth metal consisting of IT valency of Be, Mg, Ca, Sr and Ba, and the
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single body of an alkali earth metal is preferable. Those containing 2 or
more may be used. An imide compound, an amide compoundjand the like

can be uséd as the L of a raw material. Further, the L. of a raw material

may be those containing B, Al, Cu, Mg, Mn, Al2O;s and the liké. Itis | )

preferable that the mean particle diameter of the alkali earth metal
obtained by the pulverization is about 0.1 pm to 15 pm, but is not limited to

this range. The purity of L is preferably 2N or more; but is not limited to

‘this range. After at least one or more among a metal L, a metal M and a

metal activator are made as an alloy condition, it is nitrided and pulverized,
and then can be used as a raw material. |

The Si, Al and the like of a raw material are pulverized (P2). M of
the base nitride phosphor, LxMyNemx+ws)v): R iﬁcludes at least 'one or more
selected from a group. consisting of IV valency of C, Si, Ge and Sn. As M of
a raw maitefiai, an amide compound, an imide compound and tlﬁelike can be
used. Since Siis cheap-and easily treated among M, the production
process is illustrated using Si, but not limited to this. S, S.i3N4, Si(N Hz)é,
MgsSi and the like can be used. In addition to Alet—;;.Mg, a metal boride
(CosB, NisB, MozB),l manganese oxide, HaBOs, B203, Cu20 and CuO may be
conta;lﬁed. It is preferable that the mean particle diameter of the Si
compound is aboﬁt 0.1 uin to 15 um.. The purity of Si is preferably 3N or
more.

Then, the L and Mg of a raw material are nitrided in nitrogen
atmosphere (P3). The reaction is shown in Formula 10. Because Mgis an
order from several 10ppm to 1000ppm, it doesn't include in reaction

formula.
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[Formula 10]
- 3L+ Nz —» LaNz .

,‘ Th'e'L of I valency is nitrided at a temperature of 600 to 900°C for
about 5 hours in nitrogen atmospheré. The nitride of L can be obtained
thereby.v Thé nitride of L is preferably those having high purity, but fhose |
which are commefcially available can be also used. | |

The Si, Al and the like of a raw material are nitrided in nitrogen
atmosphere (P4). The reacfion formula is shown in Formula 11.
Additionally, because Al is also an order from several 10ppm to 1000ppm, it
doesn't include in reaction formula.

[Formula 11]
3Si+9N; - SisN
- Silicone Siis also nitrided at a temperature of 800 to 1200°C for
about 5 hours in nitrogen atmosphere to obtain a silicon nitride. The -_
silicon nitride used in the; present invention is preferably those having highv
purity,.but those which are cbmmercially available c‘an ’be also used.

The nitrides of I, Mg and the like are pulverized P5).

Similarly, the nitride of Si, Al and the like is pulverized (P6).
Further, a Eu compound EugOs is pulverized (P7). . The R of the base
nitri‘de phosphOr,'LxMyN(v<z_/3)x+(4/3)Y)iR 1s an activator, and inciudes at least
one or more selected from a group consisting of Eu, Cr, Mn, Pb, Sb, Ce,:Tb,
Pr, Sm, Tm, Ho and Ex. The production methpd related to ’qhe present
invention is illustrated using Eu among R which exhibits a luminésceh,ce
wave length at a red reg‘ibn. Europium oxide'is used as the Eu compound,

but metal europium, europium nitride and the like can be also used.
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Additionally, an imide compound and an amide compound can be used as

‘the R of a raw material. Europium oxide is preferably those having high

purity, but those commercially available can be also used. The mean

- particle diameter of the nitride of an alkali earth metal, silicone nitride and-

europium oxide after pulverizétidh ié about 0.1 um to 15 um

At least-oﬁe or more selected from a group consisting of Mg, Sr, Ba,
Zn, Ca, Ga, In, B, Al, Cu, Mn, Li, Na, K, Re, Ni, Cr, Mo, O and Fe niéy be
contained in the above-mentioned raw materials. Further, the
compounding amount of the above-mentioned compounds such as B, Al and
Mn can be édjust-ed and‘m‘ixed in the mixing process (P8) below. These -
compounds can be added alone in raw materials, but usuélly added 111 the
forin of compounds. The compounds are H3BOs, Cuz0s, MgCly, MgO-CaO;
Al20s3, a metal boride (CrB, MgsB2, AlBs, MnB), B2Os, ‘CuzO, CuO ahd the

| like. Further, Mn, Al and the like are contained in raw materials before

firing, and there are alse compounds in which the portion of th‘e raw
material was substituted.

After the .ébove-mentioned pulyerizatioﬁ, the nitrides of Si, Al and
the like, a Eu compound EuzOs and the like are mixed. (P8).

Finally, the mixture of the nitrides of L, Mg and the like, the nitrides
of Si, Al and the like, and a Eu compound EuzOs and the like is baked in
ammonia atmosphere (P9). The phosphor represented by
LxSiyN@mx+@4m)y) ' Eu which contains Mg, Al and the llike can be obtained by
firing (P10). The reaction formula of the base nitride phosphor by the | |
firing is shown in Formula 12. As well as the above-mentioned, because '

the additives such as Mvg, Ai, H3BO;s and the like are an order from se{feral
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10ppm to 1000ppm, it doesn't include in reaction formula.
[Formula 12]° | | |
(1.97/3)LsNy + (5/3)SisNy + (0.03/2)Euz03 — Li.o7 Euo.0sSisN7.0500.045
'Howe{fer, the compounding ratio of the respecti\}e mixtures A
cén bel appropriately changed by ‘ch'anging the composition of ﬂie objective
phosphor. ’I‘he base nitride phoéphor, LxSin((z/s)x+(4)3)Y) ‘R are preferably
L2SisNsEu and Lsi7NioEu, but are not }jmited to the compounding amount.
The firing can be carried out at a firing temperature of 1200 to
1700°C, but a firing' temperature of 1200 to 1400°C is preferable. Itis
preferable that a ﬁemp’eraﬁure is »grad‘ually raised in the firing, and one step
firing by which the firing is carried out at 1200 to 1500°C for several hours
is used, but there can be also used two step firing (multi step firing) by
which the firing at the first step is carried out at 800 to 1000°C is carried

out and the firing at the second step is carried out at 1200 t0.1500°C is

carried out. Ttis preferable to carry out the firing of the raw material of

the phosphor 11 usinga cruciBle made of boron nitride (BN) material and a
boat. A crucible made of alumina (AlzOs) maferial can be also used iﬁ
addition to the crucible made of boron nitride material,

- The objective phosphor can be obtained by using the
above-mentioned production process.
Mode 6 of Operation

The phosphor of the mode 6 of operation is the nitride phosphor for a

light emitting device, and is constituted as below.

Firstly, the production process of the nitride phosphor of the present

mode 6 of operation is illustrated using Fig. 43.
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The L of a raw material is p‘ulvefized in the process P1.

‘The L of a raw materiel includes at least one or more selected frem a
group consisting of II valency of Be, Mg, Ca, Sr, Ba, Zn, Cd and Hg. Inl
particular the L of a raw material is preferably an alkali earth metal
con81st1ng of IT valency of Be, Mg, Ca, Sr and Ba, and the single body of an
alkali earth metal is further preferable. Those containing 2 or more may
be used. An imide compound, an amide com,plound and the like can be used
as the L of a raw material. Itis pre_ferable that the mean particle diameter
of the alkali earfh metal obtained by the pulverizetion is about 0.1 pm to 15
pm, but is not limited to this range. The purity of L is preferably 2N or -
more, but is not limited to this range. After at least one or‘more among a
metal L, a metal M and a metal activator are made as an alloy condition in
order to malce a better mixing condition, it i is nitrided and pulvenzed and
then can be used as a raw materlal

The Si of a raw material is pulverized in the process P2, M in the
base nitride phosphor, LxMyN (emx+/3v) R includes at least one or more
selected from a group consisting of IV valency of C, Si, Ge and Sn As the

M of a raw material, an imide compound, an amide compound and the like

-can be used. Since Siis cheap and easily treated among M, the production _

process is illustrated using Si, but not limited to this. Si, SisNs, SiNH2)s,
and the like can be used. Itispreferable that the mean particle diarﬁeter
of the Si compound is about 0.1 pm to 15 pm. The purity of Si is preferably
3N or more. |

Then the L of a raw materlal 1s nitrided in nltrogen atmosphere in

the process of P3
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The reaction formula is shown in Formula 13,

' V[Foi:x'nu'la 13]

3L+ N2 —» LsN:

The L of IT valency is nitrided at a temperature of 600 to 900°C for
about 5 hours in nitrogen atmosphere. Thé nitride of L can be obtainéd
thereby. The ni.tridé of L is preferably those having high purity, but those
(manﬁfactured byHigh' Purity Chemical Co.) which are commercially
available can be also used.

In the process P4, the Si of a raw material is nitrided in nitrogen
atmosphere. The reaction formula is shown in Formula 14.

[Fofrn_ula 14]
35i+ 2Nz — SisNg

Silicone, Si is also nitrided.at a température of 800 to 1200°C for
about 5 hours in nitrogen atmospher.e to obtain a silicon nitride. ’I‘hé
silicon nitride used in the present invention is preferably those having high
purity, but those (manufactured by Ube ChemAicAal Co.) which are
commercli-ally available can be also used. |

In the process P5, the nitride of L, LsNzis pulverized.

In the process P8, the silicone niti‘ide, SisNg is also pulverized.

In the process P7, a Eu compoun&, Eu20s3 is also pulverized.

R of the base nitride phos-phoi:, LxMyNemx+umn:R is an activator,
and ixiciudes at least one or more selected froin.a g'roup consisting of Eu, Cr,
Mn, Pb,. Sb, Ce, Tb, Pr, Sm, Tm, Ho and Er. The production method related
to the present invention is ﬂlustrated lis'ing.Eu among R which exhibits a

luminescence wave léngth at a red region, but is not limited to this.
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Furopium oxide is used as the Eu compound, but europium nitride and the

‘like can be also used. Additionally, an imide compound and an amide

compound can be used as the R of a raw material. Europium oxide is

‘preferably those having high purity, but those (manufactured by Shin-etsu

Chemical Co:, Ltd.) commeréiaﬂy available can be also used. .The»mean

particle diameter of the nitride of an alkali earth metal, silicone nitride and

- europium oxide after pulverization is preferably about 0.1 pm to 15 pm.

In the process P8, L3Nz, SisNg and EugOs are mixed.

Since these mixtures are easily oxidized, mixing is carried out in a
glove box in argbn atmosphere or nitrogen atmosphere.

Finally, the mixtur.e of LsNy, Sié,Nz and Euz0s is baked in ammonia
atmosphere in the process P9. | |

The objective pho‘sphor represenﬁed by LxSivNzEu can ‘I‘ae‘ obtained
By firing (P 10). The reaction formula by the firing is shown in Formula 15.
[Formula 15] | |

(1.97/3)LsNz + (5/3)SisN4 + (0.08/2)EuzOs — Li.97 E10.03515N7.9800.045

However, the comp ounding fatio of the respective mixtures
can be appropiiately’changed by changing the composition of the objective
phosphor. in the [Formula 15], oxygen is contained in the nitride phosphor
related to the préseht invention, but it is adequate that the base nitride
phosphor, LxMyN(esx+43v):R are contained in the nitride phosphor because
the purposes of the present invention can be attained.

The firing can use .a tube furnace, a furnace, a high freciuency_
furnace and a metal furnace and the like.” The firing can be carried out at

a firing temperature of 1200 to 1600°C, but a firing temperature of 1200 to
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1400°C is preferable. It is-preferable to.use a crucible made of boron
nitride (BN) material and a boat. A cruéible niade of alumina (Al203)
material can be also used in addition to the crucible made of boron ﬁitride
material. Luminescence is not ol.)'sfx;ucted in .amxﬁonia atmbsphere even if
the crucible made of alumina material was used

The phosphor of the mode 6 of operatlon can be produced by the
above'men‘tioned production process, and the objective phosphor can be .
obtained. |

The nitride of L, the nitride of M and fhe compound of R which are

‘the inte:;mediates in the production process of the nitride phosphor of the

present mode 6 of operation, LxSiyNz:Eu are illustrated below. The nitride

of an alkali earth metal as the nitride of L, sjlicoh nitride as the nitride vof M
and europium oxide. as the nitride of R are illustrated as an examplé, but
they are not limited to this. | . | |

The R of the nitride phosphorvof the present mode 6 of operation
uses europiﬁm Eu as a luminescence center. | Europium has mainly
2-valent and 3'valenf energy Jevels. In the nitride phosphor of the p.resent
invention, Eus*is used for the alkali éarth metal silicon nitride phosphor of -
mother-body as the agtiVator. Eus* is easily oxidized and if is commercially
available in the composition of 3-valent EuzQs. -However, since O
participates greatly in case of the commercially available Eu20s, a good
phosphor is -hardly thained. Accordingly, it is preferable to use those in
which O is eliminated from Fuz03 to the out of system. For example, it is
preferable to use europium alone or europmm nitride.

The II valency L of araw materlal is also easily oxidized. For
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example, 0.66% of O and 0.01% of N are contained. A commercially
availéble Ca Metal, CasNy (manufactured by High Purity Chemical Co.) was
purchased in Qrder to nitrogenation in the production process of the Ca
metal, and When O and N were ﬁieaéured, it was 1.46% of O and 16.98% of
N, but When it was hermetipa]ly sealed again after opening the seal, it was
changed to 6.80% of O and 13.20% of N. Fu'rther, in case of another
commercially available Ca Metal, CasNg, it was 26.25% of O and 6.54% of N.
Since the O becomes an impﬁrity and provokes luminesc‘encle déterior‘ation,
it is prefexfable to remove O to the external of a system as much as possible.
Accordingly, the Ca was nitrided at a temperature of 800°C for 8 hours in:
nitrogen atmosphere. As a result, calcium nitride in which AO was reduced
tb 0.67% was obtained. N in the calcium nitride was 15.92 at this time.
[Comparative Example] |

In order to make the chafacteristic of th.e preslent mode 6 of
operation clear, known alkali earth metal-base silicone nitride, CazSisNs'Eu

was produced and measured. The test result is shown in Table 31.
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Comparative Example 5 is a known phosphor, CaQSistiEu.

The compounding ratio (molar-ratio) of calcium nitride, CasNa,
silicone nitride, SisNs, and europiurn oxide, EuzOs, is adjusted to be Ca : Si:
Eu=2: 5:0.2. The three compounds as raw materials were charged ina

cru01b1e and firing was carried out in a small size furnace at 1400°C for 5

hours under hydrogen/nrtrogen atmosphere. The temperature was

gradually rarsed by heatrng from room temperature to 1400 C and after

carrymg out firing for 5 hours, cooling was further gradually carrled out

~until room temperature for 5 hours. As aresult, a phosphor powder having

a orange body color and orange luminescence was obtained, and. when. v1sual
observation was carried out, Tuminescence brightness was extremely low. .

| With respect to Comparative EXarnples 6l to 9, firing_ was carried out
changing the fi'ring conditions of a furnace; firing’temperature, atmosphere
anét form. The firing is carried out under -hydrogen/nitrogen 'atlnosphere.
The nitride phosphorS'Which were obtained in the conditions of
Comparative Examples 6 to 8 had extremely low.luminesoen-ce }orightness
by visual observation.' In case of Comparative Example 9, ﬁring was

carried out in hydrogen atmosphere but luminescence was not carrled out

by visual observatlon. Even though these tests were repeatedly carrled out,

similar test results were obtained.

The phosphor represented by stinz3Eu (M contains at least one
or more of alkali earth metals conSisting of a group of Ca, Sr, Ba and Zn,‘
and Z is Z = 2/3X + 4/3Y) absorbs a short tvave length 0f250lnn1 to 450nm at

a visible light region and intensely reflect light at a wave_length of 450nm -

to 500nm. Accordingly, since the phosphor absorbs a short wave length of
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from indigo, Blue color to blue green colof of visible light, it strongly reflects
at wave léngth sides such as a green color, a yellow color, a‘red color énd the
like. For example, it has property of obtaim’hg a slightly readish white |
color by combin,étion with a blue'l.ig'ht emivttinvg diode, 'utﬂizing the L
chalfta‘cteristic. o |

However, although the above-mentioned phosphor has a usefuli
1umine-scencé property, it can be grasped that the luminescence brightness
is low depending on the production condition or composition.
Mode 7 of Operation

The mode 7 of Qperation of the present invention is .ﬂlﬁstréted as
follows referfing‘ to drawings. However, the mode 7 of or)eration shown below
exemplifies the light emitting device for embédy_ing tile techniéal philosophy of

the present invention, and the present invention does not limit the Light -

“emitting device to below.- Further, the sizes and positional relation of

members shown the respective drawiﬁgs are occasionally exaggerated for |
clarifying the illustration. . | | |

The phosphors uséd in the present ‘in\?ention ar'ev.phosp..h'ors contajhiﬁg.
the first phosphor and the second phosphor. The change of lﬁminescence
intensity of the secAond phosphor_ in accordance with the change of ambient.
fémperature is nearly equal to that of the first phosphor. Further, the
phosphors are phosphors containixig the second phosphor which has a neaﬂy 4
equal change of luminescence intensity as the first phosphor under a condifion
in wiqich the ambiént femperatures of the phoéphors are changed in o
accordance with the change of the charged electric current to the light emifﬁﬁg

element. In particular, the phosphors used in the present mode 7 of operation
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are the first phosphor which emits light having the peak wave length of

luminescence spectrum in a range of a yellow to green region and the second
phosphor which emits light llaving the peak wave length of luminescence
spectrum in a red region. The first phosphor 1s a YAG- base phosphor which .. |

| contalns Y and Al, and contains at least one of elements selected from Lu, Sc

La,Gd, ’l‘b, Eu and Sm and at least one of elements sel-_ected from Ga and In

and is activated by cerium. The second phosphor is a nitride~base phosphor

which contains N, and contains at least one of elements selected from Be, Mg,
Ca; Sr, Ba and Zn and at least one elements selected from C, Si, Ge, Sn, Ti, Zr .
and Hf, and is activated by Eu and/or the rare earth element.

The light emitting diode 200 of Fig. 55 is a lead type light ermttlng
diode equipped with the mount lead 205 and the inner lead 206. The LED
chip 202 is‘provided on the cnp portion of the mount lead 205,the coatlng '

portion 201 containing the above-mention'ed phosphors was filled up in the cup

portion so as to cover the LED chip 202, and then it is resin-molded by the

molding member 204 to be constituted. Hereat, the n-side electrode and

p-side electrode of the LED chip. 202 are reépectively'connected with the nlount
lead 205 and the inner lead 206 using the wire 203.

In the light emitting diode which was constituted as above, the portion

of light (hereinaftet, called as the “LED light”) Wldich'was emitted by the light

emitting element (LED chip) 202 excites the phosphor contained in the coating

portlon 201 to generate ﬂuorescence havmg a different wave length from the

- LED hght and the ﬂuorescence Wlnch the phosphor generates and the LED

light which does not contribute the excitation of the phosphor are colorfrmxed

and are output.
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- In general, since the excitation efficiency of the phosphor is lowered in |
accordance with the raise of the ambient temperature, the output of light

ermtted from the phosphor is also lowered In the present mode 7 of operamon,'

the lowering proportlon of the relative lum.mescence output when the amblent

temperature was changed by 1°Cis deﬁned as the decreasmg rate of the
luminescence outﬁut. The decreasing rates of the luminescence output of the |
first phosphor and the second phosphor are 4.0' x 103 [a. . /°C] (.)r.' less’
together, preferably. 3.‘0 x 108 [a. u. /°CJ or less, and'more preferably 2‘.0‘>< 108

[a. u. /°C] or less, and it is constituted that the lowering of beam [Im] of the

whole light emitting device accompanying heat emission can befurfcher-

suppressed. - Further, it is constituted that the decreasing rates of the
luminescence output of the first 'phesphor and the secqnd phosphor against the

raise of temperature are nearly equal. Namely, the difference of the

decreasing rates of the luminescence output of the first phoephojc and the

second phosphor is set at 2.0 x 108 [a. w. /°C] or less and more preferably 2.0
104 [a.l u. /°C] or less, therefoi*e the decreasing rates of the lumineecerice
output are nearly equalt | The tempeiature characterietics of the phosphore in .
which the eXeitation efficiency is lowered by heat emission become nearly
equal, therefore a light emitting device which can suppress the coler deviatidn
e&en if the ambient temperature is changed can be formed. | A

The respective constitutions of the mode 7 of operation of the presenf

invention are specifically described below.

- ‘.[Phosphor]

As the phosphor used in the present mode 7 of operation, there can be

used a phosphor combining a yttrium-aluminum-garnet-base phosphor with a:

151



10

15

20

25

phosphor cép able of emitting red light, in pafticular a nitride-base phosphor . |
These YAG-base phosphor and nitride-base phosphor may be mixed té be .
contained in thg coating portion 201, or separa.tely‘cbntained in the c;)'ating
portion 20i Whiéh is constitutea by a plural number of layers.‘ The respécti'v;:ew |
phosphors are sp ecjﬁcélly illustrated below. | |
(Yttrium-aluminum-garnet-base phosphor) |

The yttrium- aluminumrgarnet-b ase phosphor (YAG-base phosphor)
used in the present mode‘ 7 of operation is a phosphor which contains Y and Al,
and éontains.at least one of elements selected from Lu, Sc, La, Gd, Th, Eu and

Sm and at least one of elements selected from Ga'and In and is activated by at

‘least one of elements selected from the rare earth elements, and a phdsphor'

Which emits light by being excited by visible light or ulfr_aviolet rays which
were emitted f_rorri the LED chip 202. In particular, in the presenf mode 7 of
operation, two br more of &ttrium-aluminum Oﬁd,e-Base phosphors which 'afe
aétivétéa by Ce or Pr and have different compositions can be also applied.

For exémplé, there are mentioned YAlOaiCe, YsAl:012 Y:Ce (YAG : Ce),
Y4AlegICe, further a miﬁture thereof ana the like. Further, atleast one
s_elecﬁed from Ba, Sr, Mg, Ca and Zn may be contained, and further, Wheﬁ Siis .
contained, the reaction of crystal growth can be also suppressed and the :
particles of th'e'phosphor can be also uniformed. Hereat, the YAG-base
phosphor activated by Ce shall be widely coﬁsidered, and it is used for a wide
meaning including a phosphor héving fluorescence action in which a portion or
all of yftrium is substituted with alt least one of elements selected from a grou p
consisting of Lu, Se, La, Gd and Sm, or a portion or all of aluminum is

substituted with any or both of Ba, Tl, Ga and In. More spec'iﬁca]ly, itisa
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photoluininescence phosphor indicated by the general formula
(YzGdyz)sAlsOJz?Ce (provided that 0 <z < 1), and aphotdl_uminescence

phosphorindicated by the general formula (Rei1-aSma)sRe’s012:Ce (provided

| that 0 < ‘a <1,0<b<1, Reis at least one selected from Y, Gd, La and S, ahd

Re’ is at least one selected from Al, Ga and In).

A desired white Iuminescence color display can be carried out by color
mixing blue light which was emitted from a light emitting element using a
nitﬁde*b ase phosphor -base semiconductor, with green or red light which is
emitted from a ph'osphorlwhose body color is yellow for absorbing blue light, or
yellow light being more greenish light and more reddish light. Itis preferéble
that the light emitting device contains the powdep and bulk of the phosphor in
various resins such as an epoxy resin, an acrylic resin or a silicone reéin, and
inorganic substances such as silicon oxide and aluminum'oxide in order to
provoke the color mixing. The product» ‘containing the phosphor cén‘ be
variously used for a dot shape product and a laminar shape product which
were thinly formed so that light from the LED chip passes through the pro.duct,»
and the like in accordance with uses. Arbitréry color tones such as a hghﬁ o
bulb color including a white color-can be providéd by variously adjustiﬁg the
ratio of the phosphor and resi_ns, coating and the filling amount, aﬁd selecting
the luminesceﬁce wave length of a light emifting element.

Further, a light emitting device capable of efficiently emitting light can

be made by respectively arranging 2 or more of phosphors against the incident

light from the light emitting element in order. Namely, the reflection light

can be effectively utilized by laminating a color converting member in which

the phosphor having an absorbing wave length at a long wavelength side and
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capable of emitting light ata long'wa.velength side was contained, and a color
converting member which has an absorbing wave length at a long wavelength
side and can emit light at a longer wave length side, on the light emitting
element having a reflection iﬁember. |

When the YAG-base phosphor is used, a light emitting device having
an adequate light resistance in high efficiency can be inade even though.it is -
arranged contacting with the LED chip having (Ee) = 0.1 W cm'2 or more and
1000 W-cm™ or less as emission brightness, or adjacently.

Since the YAG-base phosphor capable of emitting blue light which is
the yttrium-alunlinum oxide-base phosphor used for the present mode 7 of
operation which was activated by Ce is a garnet conﬁguratioﬁ, it is strong for

heat, light and moisture, and the peak wave length of the excitation absorption

spectrum can be set from 420 nm to 470 nm. Further, the luminescence peak

wave length Ap is around 510 nm and has a broad luminescence spectrum
which is spread around 700 nm. On the other hand, since the YAG-base

phosphor capable of emitting red light which is the yttrium-aluminum

oxide-base phosphor which was activated by Ce is also the garnet configuration,

it is strohg for heat, light and moisture, and the peak wave length of the
excitation absorption Spectrum can be set ﬂ*bm 420 nm to 470 nm. Further,
the luminescence peak wave length Ap is around 600 nm and has a broad
luminescence spectrum which is spread arouna 750 nm.

Among the compositions of the YAG-base phosphors having the garnet
configuration, the luminesceriée spectrum sﬁifts toward shorter wavelength by
substituting tﬁe portion of Al with Ga, and the luminesceﬁlce ép ectrum shifts

toward longer wavelength by substitﬁting the portion of Y of the composition
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with Gd and/or La. The YAG-base phosphor can be also obtained ‘by, for

example, baking a raw material in which a more excessive amount of

substituting element than a stoichiometric ratio was adjusted to be added.
When the substitution of Y is less than 20%, a green component is large and a. ,
red component is little. Further, when it is more than ..80%, the i‘ed' o
component is increased but thé brightness is rigofously lowered. Further,
with respect to the excitation absorption spectrum similarly, among the
composition of the YAG-base phosphor having the garnet (;onﬁguratioﬁ, the
excitation absorption spectrum :s-hifts toward shorter wavelength by
substituting the pér’cion of Al with Ga, anci the excitation absorption spectrum
Shifts toward longer wavelength by substituting the portion of Y with Gd .
and/or La. Itis preferable that the peak wave length of the excitation |
absorption spectrum of the YAG-base phosphof»is situated at a shorter wave
length side than the péak wave length of the luminescence spectrum of the
light emitting element. When such a conétitution is made, the peak wave
length of the excitation absorption spectrum cdincides nearly with the p.e"al.{
wave length of the luminescence spectrum of the light émitting <e1ement,
therefore a light emitting device suppressing the generation of the color
deviation can be forﬁed without lowering the excitation efficiency of the
phosph-or. |

With respect to the phosphor, oxides or compounds which are easily
converted to be oxides at a high temperature are used as raw materials of Y,

Gd, Ce, La, Al, Sm and Ga, and they are adequately mixed at a stoichiometric

ratio to obtain a raw material. Alﬁernatively, a solubilized solution which was

obtained by dissolving the rare earth elements of Y, Gd, Ce, La and Sm in an
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acid at a stbichiometric ratio was co-precipitated with oxalic acid and then the
co-precipitated product was baked to obtain a co-precipitated oxide. Then, the
CO'pregipitate-d oxide, aiumirium oxide and gallium oxide are mixed to obtain a
mix raw material.'A An appropriate amount of a fluoride sﬁch as ammonium
fluoride, or NH4Cl as a flux is mixed with this, and the mixture is packedlin a
cructble and baked at a temperétﬁre range of 1350 to 1450°C m air for 2 to 5
houfs‘ to obtain a baked product. The baked product is pulverized in water by
a ball mill, washed, sep ar.ated, dried and finally sieved to obtain the phosphor.
Further, in the production method of the phosphor of the alternative mode 7 of

operation, it is preferable that a mixture comprising a flux and a mix raw

“material which mixed the raw materials of the phosphor is baked by 2 steps

which éonsist of the first baking step of carrﬁng out in air or weak reduced
atmospﬁere and the second baking step of carrying out in reduced atmosphere.
Wherein the Weék reduced atmosphere means Weék reduced atmosphere
which was set to contain at least an oxygen amount necessary for the reaction
process .of forming a desiréd phosphor from the mix raw material.. The black
conversion of the phosphor can be pre.vented and the lowering of the
absorption efficiency of light can be prevented by carrying out the first baking
sfep until the configuration formation of the desired phosphor is completed in -

the weak reduced atmosphere. Further, the reduced atmosphere in the.

-second baking stép means stronger reduced atmosphere than the weak

reduced atmosphere. Thus, when the phosphor is baked at 2 s.teps, the
phosphor having the high absorption efficiency of excitation wave length is
obtained. Accordihgly, when the light emitting device is formed by the

phosphor which was formed thus, the amount of the phosphor necessary for
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obtaining a desired color. tone can be reduced, a light erﬁi’cﬁng device having a
high light-take out efficiency cén be formed.

" The yttrium-aluminum o_xide-basé phosphors which were activated by
2 or more cerium having djfferent .compbs-itions may be uéed in mixture, or
iriay be respectively arranged independently. ‘When the phosphors arve.
revsp ectively arranged independently, it is preferable to arrange a phosphor

easily absorbing and emitting light from the light emitting element at a

~ shorter Wavélength side and a phosphor easily absorbing and emitting light at

a longer wave length side than the former, in order. The absorption and
emission of light can be carried out in high efficiency thereby.

In the present mode 7 of operation, when the YAG-base phosphor is
used as the first phoéphor; for examplle, the phosphor having the compo{sitiovns

below 'canbe used.

The phoéphor 7-1 * (Y0.90Gdo.10)2.85Ce0.15A15012

The phosphor 7-2 * (Yo.395Gdo.c05)2.85Ce0.15A15012

Th-e phosphor 7-3 : Ya.065Ce0.035(Alo sGao 25012
The phosphor 7-4 : (YO.SO‘GdO.20)é.965CeO.035A15612A
The phosphor 7-5 * Y2.ee5Ce0.035(AlosGaos)s012
The phosphor 7-6 IYz,ssCeo.wAlsOlz |

| Further, the YAG-b asé phosphor in the present invention is not
limited to these. The phosphors 7-1 to 7-6 are more speciﬁcé}ly iﬂustrated.
referring to Fig. 92 to Fig. 97. Fig. 92 is a chart showing the luminescence
spectra when the YAG-base phosphors of the phosphors 7-1 and 7-4 were
excited at EX= 460nm. Fig. 93 is a chart showing the reﬂection spectra of

the YAG-base phosphors of the phosphors 7-1 to 7-4. Fig. 94 is a chart’
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showing the excitation spectra of the YAG-base ‘phosphors of the phosphors

7-1to 7-4. Fig. 97 is a chart showing the luminescence spectra when the

YAG-base phosphors of the phbsphors 7-5 and 7-6 were excited at BEX =

460nm. F1g 95 is a chart showing the excitation spectrum of the YAG-base

phosphor»qf the phosphor ’75 Fig. 96 is a chart showing the excitation
spectrum of the YAG-base ﬁhoéphor of the phospho‘r 7-6. |

Since the YAG-base phosphors of the phoéphors 7-1 to 7-6 have
'different peé'k WaveA lengths, the YAG-base phosphor having a desired colox o
tone is selected. Then, the light emitting element is selected from the
excitation spectrum and reflection spectrum. For example, the peak wave -

length at the long wavelength side of the excitation spectrum is about 456nm

| for the YAG-base phoéphor of 1. Considering a case that the light emitting

element is shifted toward shorter wavelength in accordance with the increase

of charged electric current, the light emitting element having a luminescence

peak wave length at a longer wave length side by about 5 to 10 nm than the
456 nm is selected. Further, the light emitting element is selected
considering the excitation spectrum of the second phosphbr. .

On the other hand, when the YAG-base phosphor is selected as the |
second phosphor after selectlng a phosphor which emits light at a certain wave
length, the points below must be consuiered For example When the charged
electric current is low from the relation of the second phosphor with the light
emitting element, the light emitting element having a luminescence peak wave
length of 457 nm is used at é rating drive of 20 mA. When thé YAG—Base‘
phosphor of the phosphor 7-6 is selected, the péak wave length of the

excitation spectrum of the YAG-base phosphor of the phosphor 7-6 is 457 nm.
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Accordingly, When the charged electric current is comparatively low to the light
emitting element, the YAG-base phosphor of the phosphor 7-6 emits light moét
efﬁciently. Héwever, the peak wave length of the excitation spectrum of the
light émitting element ié shifted téward shorter wavelength bsf about 10 nm in
accordance with the increase of the charged electric current to the light
emitting elément. When the luminescence peaktwave length i_s shifted toward

shorter wavelength by about 10 nm, the excitation efficiency of the YAG-base

~ phosphor of the phosphor 7-6 is loweréd, therefore the relative luminescence

intensity of the YAG-base phosphor is lowered. Namely, the proportion of the
Juminescence intensity of emission after conversion to the excitation light is’

relatively lowered. Accordingly, the light emitting device using the YAG-base

- phosphor of the phosphor 7-6 generates the color tone deviation in accordance

with the increase of the charged electric current to the light emitting element.

* On the contrary, when the YAG-base phosphor of the phosphor'7'5.is selected,

the peak-wave length of the excitation spectrum is 440 nm. The luminescence

intensity of the YAG-base phosphor of the phosphor 7-5 is improved in

accordance with the increase of the charged electric current to the light

emitting element. On tﬁe other hand, the luminescence output of the
YAG-base phosphor is 1owered in accordance with the emis'sioﬁ of heét.
Accordinglly,‘ the light emitting device using the YAG-base phosphbr of the
phosphor 7-5 can provide a light emitting device having the little color tone

deviation and stable luminescence because the color tone deviation caused by

heat is compensated with the color tone deviation caused by spectrum shift in

accordance with the increase of the charged electric current to the light

emitting element, even if the charged electric current to the light emitting
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element is increased. Accordingly, when the YAG*basve phosphor having the
same peak wave length at increasing the charged electric current of the light

emitting element or the peak wave length of the excitation spectrum at a short

| wavelehg’ch side is used for the first phosphor, the change of the color tone and

luminescence intensity is extremely little. In addition to the above-mentioned
phosphors, various YAG-base phosphors can be used.
(Nitride-base phpsphor)

In the present mode 7 of operation, the nitride-base phosphor absorbs

the portion of blue light which was emitted from the LED chip 202 and emits -

light at a yellow to red region. The nitride-base phosphor is used together

with the YAG-base phosphor to the light emitting device having the

above-mentioned constitution, and there is provided the light emitting device
which emits light of a warm color-base white color by color mixing of blue ]ight“
Whi’éh was emitted from the LED chip 202, with the yeﬂo{v to red light by the
nitride-base phosphor . It is preferable to contain the yttrium-aluminum
oxide ﬂuorescenée substance activéted by cerium, in the phosphor x;vhich is
added in addition to the nitride-base phosphor . Because the ﬁhosphor can bé.
adjusted to a desired chromaticity by containing the yttrium-aluminum oxide
luminescent substance. The yttrium-aluminum oxide fluorescent substance
activated by cerium absorbs the portion of blue light which was emitted from

the LED chip 202 and emits light at a yellow region. Hereat, light of a pale

- white color is emitted by color mixing of blue light which was emitted from the

LED chip 202,‘\Vith the yellow light of the yttrium-aluminum oxide fluorescent

substance. Accordingly, there can be provided the light emitting device which-

emits light of a white color mix light by mixing the yttrium-aluminum oxide
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fluorescent substance with the phosphor which emits red light in the coating
member 201 having transmittance and combining the mixture with blue light
which was emitted from the LED chip 202. In partmula:r the light emlttmg
dewce emitting Whlte light which is situated on the locus of black body
radiation in a chromaticity chart. However, in' order to p‘xovide a light
emitting device having a desired color temperature, the phosphor amount of

the ytti?ium-aluminum oxide fluorescent substance and the amount of the

~ phosphor which emits red light can be also suitably changed. The light

emitting device emitting white color mix light is desighed to improve the
specific rendering index RQ.

Conventlonally, a light emitting device emitting white light Whlch used
a semlconductor element adjusts the balance of blue light from a hght emlttmg
element and green to red light from a phosphor matching with the visual
sensifivity of human, and obtains the balance from the color mixing of light.
The color tone of a light emitting device emitﬁng white light which used a
semiconductor light emitting element is usﬁally obtained by adjusting the
balance of luminescence et the réting drive region in which the output A
property.of the light emitting device is stable. HoWever, in case of a liquid

crystal back light and a light-adjustable ilumination h'ghﬁ source, these light

.emitting devices are used by changing the applied electric power and electric

current density. - When the electric current density is changed for adjusting
the power of the light emitting devicein a conventional‘technolog‘y, the balance
of luminescence has been broken and the color tone devietion has been
generated to lower the quality of the light source. The mode of operation of

the present invention is specifically illustrated below.
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Firstly, Fig. 55 ;'Ls referred.

Thé pe'ak wave length of the luminescence spectrum which the light
emitting element has is shifted toward shorter Wavel_ength by increasing the
appllied electric current to the light emitting element; When the abplied_
electric current is in'creased,.the Qlectric current density 1s enlarged and
energy levei is raised. There are factors such as a band gap is-enlarged
thereby, and the like. The fluctuation width between the peak wave length of
the luminescence spectrum when the e}ectric current density to the light
emitting element is small and the peak wave length of the luminescence
spectrum when the applied electric current is increased is about 10 nm when
the applied electric current is increased by 20 mA to 100 mA in the present
mode of op eration; " |

THustration is cvalxrriedo'ut using Fig. 56 and Fig. 57.

For‘example, the YAG'-base'phosphor is used as the first phosphor.

The peak wave length of the excitation spectrum for the YAG-base phosphor of

the phosphor 3 is about 448 nm. When the luminescence intensity of the peak

wave length of 448 nm of the exéi’caﬁon spectrum is set as 100, the
luminescence interisity at 460 nm is 95. Accordingly, the excitation of the_
YAG-base phosphor at 448 nm has higher luminescence intensity than the
excitation ‘of thé YAG-base phosphor at 460 nm. The relation of the light‘ "
emitting element with the first phosphor is outlined because of this reason.

Just after electric current is applied to the light emitting element, a light

emitting element in which the luminescence peak wave length of the light

emitting element is 460 nm is selected. The light emitting element emits blue

licht. The YAG-base phosphor which was excited by the blue light of the light
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: emif,ting element emits green light of about 530 nm. Then, the applied

electric current of the light emitting element is increased and the electric

current of 100 mA is charged. ‘T'he luminescence output of the semiconductor

element is increased thereby, and the temperature of the light emitting

. element and the periphery isincreased in accordance with this. Further,

the luminescence peak wave .lengﬂth of the light emitting element is shifted
from 460 nm to a short wave length of 450 nm. At this time, the YAG-base
phosphor has the higher luminescence intensity at 450 nm than 460 nm of the
peak wave length of the excitation spe‘ctrum. Accordingly, the excitation of
the YAG-base pho_sphor exhibits relatively the higher luminescence inteﬁsity
at 450 nm of the excitation light than at 460 nm. Further, blue light has a

lower visual feeling efficiency at 450 nm than at 460 nm. Accordingly, since

- the brightness of the blue light of the light emitting element and the green

light of the YAG-base phosphor becomes higher, the relative intensity of ‘the

green light to the blue light is strengthened. Accordingly, the color tone of the

light emitting device is slightly shifted toward the green light side on a
straight ]iné linking the blue light with the green light. On the other hand,
since the brightness of the phosphor is lowered by the increase of the ambient
temperature, the relative intensity of the green light to the blue light is
weakened. Ac'coi'dingly, the color tone of the light emitting device is slightly
shifted toward the blue light side on a straight line linking the blue light with
the green light. The color tone deviation is suppressed by these balances.

Illustrationi is carried out using Fig. 58 and Fig. 59.

For example, the nitride-base phosphor i_s used as the second

phosphor. The peak wave length of the excitation spectrum with respectto
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the ﬁitricie-bése phosphor .of the 'phdsiphor 5is about 450 nm between 350 nm
and 500 nm. When the luminéscence intensity of thé peak Vwéve length of 450 -
nm of the .excitation spectruin is set as 100, the luminescence intensity at 460
nm‘ is 95. Accordingly, the excifaﬁon of the YAG-base phosp.hor at 450 nm has
higher lumineséence intensity than the excifation of the nitride-base phosphor
at 460 nm. The relation of the light emitting element with the second |
phosphor is outlined because of this reason. When the applied electric

current density to the- light‘emitting element is low, a light emitting elemver'lt in
which the luminescence pe'ak wave length of the light emitting elexﬁent 1s 460
nm 1s selected. The same light emitting element as the one which was used
for exciting the first phosphor is used. The light emitting element e_mits 4
blue light. The nitride-base 'phosphox which was excited by the blue tht of A
the light emitting element emits red light of .abou‘t 637 nm. Then, ‘the applied
electric current Qf the h’ght emitting elemenf is increased and the electric
current of 100 mA is charged. The luminescence output of the semiconductor

element is increased thereby, and the temperature of the light emitting

| element and the periphery is increased in accordance with this. Further, the

luminescence peak wave length of the light emitting element is shifted from

460 nm to a short Wéve length of 450 nm. At this time, the nitride-base
phosphor hasthe higher luniinescence intensity at 450 nm than 460 nm of

the peak wave length of the excitation spectrum. Accordingly, the excitation
of the nitride-base phosphor exhibits relatively the higher luminescence
intensity at 450 nm of the excitation light than at 460 nm. Further, blue hght :
has a lower visual feeling efficiency at 450 nm than at 460 nm.» Accordingly, |

since the brightﬁess of the blue light of the light emitting element and the red

164



10

15

20

25

light of the nitride-base phosphor becémes higher, thetrelative intensity of
the red light to the blué Iight is stren_gthened. Ac_cordingly,. the color tone of
the light emitting device is slightly shifted toward the red light side on a | .
stitaight hﬁé linking thé blue light with the red light. On the other hand, |
since the brightness of the phosphor is lowered by the increase of the ambient
temperature, the relative intensity of fhe green light to the blue light is
weakened. "Accordingly, the color tone of the light emitting device is. slighﬂy
shifted toward the blue light. side on a stréight line linking the blue light Wifh
the red light. The color tone deviétion is suppressed by these balances.

The relation between the first phosphor with the second phosphor is

outlined. The nitride-base phosphor absorbs not only the light from the

light emitfing element but also the light around the peak wave length (about
530 nm) of the luminescence spectrum of the YAG-base phosphor, and is
excited. | | |

Further, the mutual relation of the light emitting elefnent with the
first phosphor and the second phosphor is specifically illustrated. Heat
emis.sion is generated by charging electric current to the light emitting
element. The quantity of heat emission is also increased by increasing the
applied electric current to the light emitting element. The vgreater part of the
heat which -Waé generated at the light emitting element is accumulated in the
coating member or the phosphor. Thus, the ambient temperature is raised
and the loweriﬁg of the luminescence output of the phosphor itselfis generated.

On the contrary, the peak wave length of the luminescence spectrum of the

. light emitting element is shifted toward shorter wavelength-side by increasing

the applied electric current to the light emitting element as the description,
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and the luminescence intensity of the fivst phosphor is increased.  The first

phosphor can keep the color tone and luminescence output by these

“interactions without most changing. Further, the second phosphor can also

keep the color tone and luminescence output by these interactions without
most changing. E

The color tone of the ]igh't emitting device is determined by the
respective interactions of the iight emitt_ing. element with the first phosphor
and the second phosphor. Namely, the peak wave length of the luminesce-nc_e
spectrum of the lighf emitting element is shifted t‘dWard shorter wavelength in'
accoxdance with the increase of the applied electric curreﬁt. The
luminescence intensities of the first phosphor and the second phosphor which

are excited by the light emitting element is iric-ieas_édih accordance with this.

On the other hand, the light emitting element is heated in accordance with the

increase of the applied electric current to the light emitting element. The

heat is accumulated in the first phosphor and the second phosphor, the coating
member énd the like by the heat emission. The luminescencé output of these
phosphoré is lowered by the accurﬁulatién of heat. A‘ccordingiy, the color tone
deviation of the light emitting device can be suppressed even if the applied
electric current to theAlight emitting element is increased. The color tone
deviation can be hardly felt visually by selection of the ﬁrst phosphor and the
second phosphqr even if the color tone deviation is génerated in the light
emitting device. Considering the interactions of the light emitting element
with the first phosphor and the second phosphor, the color tone of the light

emitting device transfers to a direction in which the color tone x is increased

‘and a direction in which the color tone y is also increased. The direction to
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which the color tone is deviated is fluctuated along the locus of black radiation.

 The color deviation along the locus of black radiation' is low sensitivity for
human vision in eomparison mth the color deviation to a direction

- perpendicular to the locus of black radlatlon Further the swing w1dth of the

color deviation is narrow by the interaction (se_lf absorption and the like) of the
first phosphor and the second phosphoi. Accbrdingly, the présent invention
can provide a lighf emitting device preventing the color tone deviation. The
present invention has a great effect in particular for a ]ight emitting device
being easily subject to the influence of heat, for example, a semiconductor light
emitting device Whlch is DC drive and a power system which requires a large

applied power, a light emitting device in which heat discharge is difficult and

heat is easily accumulated, and under drive environment.

Further, a phosphor in Which the excitation spectrum is hardly
changed can be used within a range in which the light emitting element
tranéfers to a short Waveiength side in accordance with the increase of the
applied electric power. For example, when the nitride-base phosphoi of the
phosphor 5 of Exampie 1s used, the excitation specfrum is hardly changed
between 420 nm to 450 nm, but the effect 1s exhibited by using YAG having the“-
characteristic 'of the preseﬁt invention in combination. Further, the light
emitting device of the present invention can be pfovided evenif a ph_osbhor ‘
having a characteristic of temperature characteristics of the above-mentioned

phosphor and a characteristic of the excitation spectrum and the light emitting

‘element is used other than the above-mentioned phosphori

‘Further, the positions of the excitation spectrum and the peak wave

length of the light emitting element can be adjusted considering the thermal .
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- resistance and discharge property of heat of the light emitting device, the

. junctibn temperature of the light emitting element and the like.

Mode 8 of operation

The mode 8 of operation of the present inveﬁtion ié iilustrated ref_errihg :
to the drawing below. Howevex, the mode 8‘ of operation shown below -
exemplifies a light emitting device light emitting device for embodying the
technical philosophy of the present invention, and the present invention does
not limit the light emitting device to below. TFurther, the size of the members
and the positional relation shown in the respective drawings are occasionally
exaggerated.

The phosphor used in the present invention contains the first phosphor

situated on at least one light emitting elements and at least one of more of the

second phosphors in which the portion of light emitted is absorbed in the first
phosphor, and is characterized in that the ﬁrét'phosphor is situated at least
one light e-nﬁtting elements side than the second phosphors. In partiéﬁlar,
the phosphor layers used in the present mode 8 of operation are the first
plllosphor.laye'r 303 which emifs hght having the peak wave length of
luminescence spectrum at a red region and the second phosphor layer 306
which emits light having the peak wave length of 1um1'ne§cenc'e spectrum a'tAa
yellow to greeﬁ' region. The first phosphor layer 303 can contain a
nitride-base phosphor which contains N, and cdntains at least one of
elements selected from Be, Mg, Ca, Sx, Ba and Zn and at least one elements
selected from C, Si, Ge, Sn, Ti, Zr and Hf, and ié activated by at least one
element selevcted from the rare earﬂl elements. Further, the second phosphor

1ayei 306 can contain a YAG-base phosphor which containsY and Al, and
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‘contains at leaét one of elements selected from Lu, Sc, La, Gd, Th, Bu and Sm

and at least one of elements selected from Ga and In and is activated by at
least-one element selecfed from the rare earth .el'ements.

The light emittiﬁg aevice related to the preseht invention has the.ﬁrst.
cofxcave portion mounting the first phosphor and at least one of light emitting
elements-and the second concave portion mounting the éecond phosphor and at
least .one of light emitting elements. Fig. 74is a typical section view of the
surface mounting type light emitting diode in the present mode 8 of operation. -

The first concave portion 301 and the second concave portion are provided at a

face side of observing luminescence in the package 308. Hereat, the first

concave portion 301 is provided in the second concave portion 305.

The second phosphor is situated on at least one of light emittihg

~elements, and/or on at least one of light emitting elements which are different

- from the at least one of light emitting elements. Namely, as shown in Fig. 74,

the LED chip 302 capable of emitting light at a blue region is mounted in the
first concave bbrti_bn 301, and the first phosphor layer 303 is formed so as to
cover ﬁhe LED chip 302. Further, similarly, the LED chip 304 capable of
emitting light at a blue region is mounted in the second concave portion 305,
and the second phosphor layer 306 is formed so as to cover the LED chip 304
and the first phosphor layer 303. When the moiding member having a
diffusing agent is used, the first phosphor layer 303 and the second phosphor
layer 306 are covered, the electroconductive wire 310, LED chip and phosphor
layers are protécted, and light which is emittéd from the phosphor layers can’(.

be also diffused and color-mixed to a direction of the face of observing

"Juminescence.  Hereat, the n-side electrode and p-side electrode of the LED,
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chip 302 and the LED chip 304 are respectively connected with the nfside

electrode and p-side electrbde of the lead electrode 3‘09 ‘which was integrally

molded in the package 808 usmg the electroconductive wire 310.

In the light emitting dlodes which were constituted as above, the |
portion of LED light excites the phpsphor contained in the first phosphor layer
303, and generates light at a red régibr; having a wave iength which is
different from the LED light. Further, the portions of LED light .by the LED |
chip 304 and the LED chip 302 excites thé phosphor contained in the. second ,
phosphor layer 306, and generates light at a yellow to gréen region héving a
wave length which is different from the LED light. The fluorescences which
are generated from the first phosphor layer 303 and the second phosphor layer
306 land LED light which is output without contributing the excitation of thle'

phosphors are color-mixed to be output from the chrectlon of the face of

‘observing luminescence of the light emitting device. Thus, a plural number of

LRD chips are used and a plural number of phosphors are directly excited
respectively, therefore the present invention can make the light emitting
device capable of highly brilliantly emitting the.light of luminescence spectrum

which the respectively phosphors have naturally, in comparison with.a

conventional light emitting device which excites several kinds of phosphors by

one LED chip 4t once. |

When the first phosphor layer and the second phosphor layer, or the
thii‘d phosphor layer are separately laminated in order, the phosphors emittihg
light having different wave length.s are respectively cqntained in the respective
phosphor layers, thérefore the light emittiﬁg device which improved the color

rendering property can be made. Namely, since the peak wave length of the
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luminescence spectrum at a red region which is emitted from the red

color-base phosphor contained in the first pﬁdsphor layer exists at a range of
600 nm to' 700 nm and the peak wave length of fhe excitation absorption
spectrum of the YAG-base pbhosphor containéd iﬁ the second phosphor layer‘
exists at a.range of 420 nm to 470 nm, the light emitted from the red color-base
phosphor is hardly absorbed in the YAG-base phosphor and efﬁciently
color-mixed with light having other wave length.

Further, the first concave portion 301 is formed in the inner portion

from the second concave portion 305. Since the light having a wave length of

500 nm to 700 nm which was emitted from the second phosphor layer 306 and
is oriented to the direction of the face of observing luminescence is not
absorbed by the ‘re'd color-base phosphor having the excitation absorption
spectrum at a wave lengﬁh range of 350 nm to 600 nmn, the light emitting
device which improved't‘h.e color rendering property can be made.

Further, since the phosphor layets are formed so és to be divided into 2
layers, the light emitted frém the ﬁrét phosphor layer 303 and the LED light
are not absorbed and diffused by the phosphor particles during passing the
second phosphor layer 306, therefore the lighf at-a blue region, the light at a
yellow to green region and the light at a red region are efficiently color-mixed.
Accoraingly, the color rendering propefty of the tht emitted from ‘th'e light |
emitting device can be improved. Further, a diffusing agent or a filler may be
preferably contéined in the second phosphor layer 306, or the molding member
x%fhiéhlcontained a diffusing agent or a filler may be formed on_thel second
phosphor layer 306. The color mixing can be more efficiently carried out By

making such a constitution.
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Since the excitation efficiency of phosphors is usually lowered in
abcordancé with the raise of ambient temperature, the output of the light
emitted from the phosphors is alsé lowered. In fhe present modé 8 of
opératiori, the lowering proportion of thé .relati{fe luminescence outpu"c Wh_eh
the ambient temperature was changed by 1°C in a condition in which the
pho-sbhor is coated on tﬁe ]ight efnitting element emitting light at a blue region
in which the peak wave length Ap is about 460 nm is defined as the decreasing
rate of the luminescence output. The decreasing rates of the luminescence
output of the red color-base phosphor and the YAG-base phosphor against the:
raise of temperature are 4.0 x 103 [a. u. /°C] or less and more preferably 2.0 x

108 [a. u. /°C] or less, and it can be constituted that the lowering of beam [lm]

of the whole light emitting device accompanying heat emission can be further

suppressed. Further, it canvbe constituted tﬁat the decreasing rates of the
luminescence output of the red color-base phosphor and the YAG-base
phosphor égainst the raise of temperature are nearly equal. Namely, the
difference of the decreasing rates of the luminescence output of the red

color-base phosphor and the YAG-base phosphoi is set as 2.0 x 108 [a. u. /°C]

~ or less and more preferably 2.0 x 104 [a. u. /°C] or less, therefore the

decreasing rates of the luminescence output can be nearly the same. The
temperature characteristics of the phosphors in Whiéh the excitation efficiency
is lowered By heat emission become nearly equal, therefore a light emitting
device which can suppress the color deviﬁtion even if the ambient temperature
is changed can be formed.

The respective constitutions of the ﬁlode 8 bf operation of the present

invention are specifically described below.
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[Phosphor]

As the pihosphor used in the pfesent invention itis pOssibie to ose
various phosphors which respectlvely emlt lights having dlfferent Wave length
regions which are excited by light at an ultravmlet to visible light regmn in
combination. At that time, the phosphors in Whi_ch the portion of the light
emltted from the first phosphor is not absorbed in the second phosphor are
respectlvely selected In the present mode 8 of operation, the phosphor Whlch
generates light of a fixed color by exmtatlon by ultravmlet rays can be also
used as a p'hosphor, and as the specific example, for 'example, there are
mentioned
(1) Ca1(PO4FCI:Sb,Mn, |
(2) Ms(PO»3sCl:Eu (provided that M is one selected from Sr, Ca, Ba and M),
(3) BaMnglleOz7iEu, |
(4) BaMgzAli6027°Eu,Mn,

(5) 3.5MgO - 0.5MgFs- GeO2:Mn,
(6) Y2028 Eu,

(7) MgsAszO11:Mn,

(8) Sr4Al140s5°Eu,

(9) (20, CDS:Cu,

(10) SrAl204Ex,

(1D C&lO-(POQSClBI':Mn,'Eu;
(12) ZnzGeO4Mn,

(13) GdzO2SiEu, and

(14) La202SEu.

In particular, as the phosphor used in the present mode 8 of operation;
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a phosphor usiﬁg the yttrium-ahiminum-garﬁet (pomegranate stoné type)-base
phosphor and the red color-base phosphof capable of »emitﬁng_ red light, in
particular, the m'ﬁride-base phosphbr in ‘combination c‘én be used. These
YAG-base phosphor and nitride-hase phosphof are respectively contained in
the phosphor layers which are constituted by a plural number of layers. The
respective phosphors are specifically illustrated below. In the present
invention, tile particle diameter of the phosphor is a value obtained by a
volume based particle size distribution curve, and the volume based particle
size distribution curve is obtained by measuring the particle size distribution
of a phosphor by a laser diffraction-scattering method. Specifically, the
pho-sphdr is diffused in a sodium hexametaphosphate aqueous solution
having a concentration of 0.05% .under environments of a temperature of 25°C
and a humidity of 70%, and the value is obtained by measﬁring the partiéles at
a particle diameter range of 0.03 pm to 700 um by a laser diffraction type |
particle size distribution measurement apparatus (SALD-2000A). |
(yttrium-aluminum-garnet-base phosphor)

| The yttrium-aluminum-garnet-base phosphor (YAG-base phosphor)

used in the present mode 8 of operation is a phosphor which contains Y and Al,

and contains at least one of elements selected from Lu, Sc, La, Gd, Th, Eu and
Sm and at least one of elements selected from Ga and In and is activated by at

least one elements selected from the rare earth elements, and a phosphor

which emits light excited by visible light and ultraviolet rays which were
emitted from the LED chip 304. In particular, the present mode 8 of
operation, 2 or moxre of the yttrium-aluminum oxide-base phosphors having

different compositions which were activated by Ce or Pr are utilized. A
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desired white lﬁminescence color display can be carried out by color mixing the
blue light which was emitted from a light emitting element using a |
nitride-base ﬁhosphor "base semiconductor, with the green or red light Whiéh is
emitted from é phoSphér whose body color is yellow for absorbing the blue Iight,
or the yellow light being niore greenish light énd more reddish light. Itis
preferable that the jighf emitting device contains the poWder and bulk of the
phosphor in various résins such as an epoxy resin, an acrylic resin or a silicone
resin, and inorganic transparent sﬁbstan,ces such as silicon oxide, aluminum
oxide and silica sol in order to provoke the color mixing. The product
containing the phosphor can be variously used for a doti shape product and a
laminar shape produgt which were thinly formed so that the light from the
LED chip i)asses through the product, and thelike in accordénce with uses.
Arbitrary color tones such as a light bulb color including a white color can be
p’rdvided by various‘lyv adjusting the ratio of the phosphor and resins, coétir‘lg'
and the filling amount, andzsel'ectin-g the lumiﬁescence wave length of a light
emitting element. | | |

Further, a light emitting device capable of efficiently emitting light can
be made by respectively arranging 2 or more of phosphors against the incident
light from the light emitting element in order. Namely, the réﬂection light
can be effectively utilized by laminating a color converting member in which
the phosphor having ‘an. absorbing wave length at a long wavelength side and
capable of emitting light at a long wavelength side was contained, and a color
converting member which has an absor’bing wave length at a long wavelength
side and can emit light at a longer wave length side, on the light emittihg

2

element having a reflection member.
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When the YAG-base phosphoris used, é light emitting device having |
an adequate light resistance in high efficiency can be ‘n‘nade even though-itis
arranged contacting with the LED chip having (Ee) = 0.1 W-cm'2 or more and
1006 W - cxin'z‘ or less as emission brightness; or adjacently.

Since the YAG-base phosphor capable of emitting blue light which is
the yttrium-aluminum oxide-base phosphor used for the present mode 8 of
operation which was activated by Ce is a garnet configuration, it is strong for
heat, light and moisture, and éaﬁ ‘make the peak wave length of the excitation
absorption spectrum be 420 nm to 470 nm. Furthe‘r, _fhe luminescence peak
wave length Ap is around 510 nm aﬁd has a broad luminescence spectrum
which is spread around 700 nm. On the other hand, since the YAG-base
phosphor capable of emitting rea light which is the yttrium-aluminum
oxide-base phosphor which was activated by Ce is also the garnet configuration,
it is strong for hegt, ligflt and moisture, and can make the peak wave length of
the excitation absorption spectrum be 420 nm to 470 nm. Further; the
luminescence peak wave length Ap is around 600 nm and has a broad
luminescencev sbecfrum which is spread around 750 nm.

Among the composition of the YAG-base phosphor having the garnet
cbnﬁgﬁration, the lJuminescence spectrum is shifted toward a shorter
wavelength by substituting the portion of Al with Ga, and the luminescence
specfrum is shifted toward a longer wavelength by substituting the porﬂion of
Y of the composition with Gd and/or La. When the substitution of Y is less
than 20%, a green cémponeﬁt is.vlléutge and a red cdmponent is little. Fuxther,
when it is more than -80%, the red component is increased but the brightness is

rigorously lowered. Further, with respect to the excitation absorptibn
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spectrunﬁ similarly, among the composition of the YAG-base phosphor having
the 'garnet_conﬁguiation, the excitation absorption spectrum is shifted toward
shorter wavelength by substitutihg the portion of Al with Ga, and the
excitation absorption spectrum is shifted toward longer wavelength side bjf
substituting the portion of Y with Gd and/or La. Ttis preferable that the péak
wave length of the excitation absorption spectrum of the .YAG‘-b ase phospho'i: is
situated at a shorter wave length side'thén the peak wave length of the |
luminescence spectrum of the light emitting element. When the constitution
is made thus, the peak wave length of the excitation absorption spectrum'
coincides nearly with the peak wave length of the luminescence spectrum of
the light emitting element, therefore a light emitting device suppressing the
generation of the color deviation can be formed without lowering the excitation
efficiency of tilé phosphor.

With respéct“ to the phosphor, oxides or compounds which aie easily
converted to be oxides at a high temperature are used as raw materiéls‘of Y,
Gd, Ce, La, Al, Sm and Ga, and they are adequately mixed at a stoichiometric
ratio to obtain a raw material. Alternatively, a solubilized solutidn which was
obtained by dissolving the rare earth elements of Y, Gd, Ce, La and Sxﬁ in an
acid at a stoichiometric ratio was co-precipitated with oxalic acid and then the

co-precipitated product was baked to obtain a co-precipitated oxide. Then, the

co-precipitated oxide', aluminum oxide and gallium oxide are mixed to obtain a

mix raw material. An appropriate amount of a fluoride such as ammonium
fluoride as a flux is mixed with this, and the mixture is packed in a crucible
and baked at a temperature range of 1350 to 1450°C in air for 2 to 5 hours to

obtain a baked product. The baked product is pulverized in water by a ball
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mill, washed, separated, dried and ﬁﬁa]ly sieved to obtain the phosphor.
Furiher, in the production method of the phosphor of the, alternative mode of
operation, it is preferable that a mixture comprising a ﬂuk and a mix raw
materiai which mixed the raw materials of the phosphof is baked by 2 steps
which consist of the first baking step of carrying out in air or weak reduced
atmosphere and the second baking step of carrying out in reduced atmosphere.
Wherein the weak reducgd atmosphere means weak reduced atmosphere
which was set to contain at least an oxygen amount necessary for the reaction
process of forming a desired phosphor from the mix raw material. The black
conversion of the phosphor can be prevente.d and the lowering of the
absorption efficiency of light can be prevented by carrying out the first baking
step until the configuration formation of fhe desired phosphor is completed in
the weak reduced atmosphere. Further, the reduced atmospheré in the
second baking step means stronger reduced atmosp}iere than the weak
reduced atmosphere: Thﬁs, Whén the phosphor is baked at 2 steps, the
phosphor having the high absorptibn efficiency of excitation wave length is- '

obtained. Accordingly, When the light emitﬁng device is formed by the

‘phosphor which was formed thus; the amount of the phosphor necessary for

bbtaining' a desired color tone can be reduced, a light emitting device having a
high h'ght-t.:ake‘out efficiency can be formed. |

| The yttrium-‘aluminum oxide-base phosphors which were activafed by
2 or more cerium having different compositions may be used in mixture, or
may be respectively arranged inde:pendently. When the phosphors are
respectively arranged independentlsr, it is preferable to arrange a phosph_dr

easily absorbing and emitting light from the light emitting element at a
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shorter wave léhgth side and a phosphor easily absorbing and emitting light at
‘a longer wave length_side than the former, in order. The absorption and
emission of light can be carried out in high efﬁciency thereby.

(Nitride-base phosphor)

The first phosphor used in the present invention is a nitﬁde*base
phosphor *which contains N, and contains at least one of elements selected
from Be, Mg, Ca, Sr, Ba and Zn and at least one elements selected from C, Si, .
Ge, Sn, Ti, Zr and Hf, and is activated by at least one of elements selected from
the rare earth elements. Further, the nitride-base phosphor used in the
present mode 8 of operation means a phosphor which is excited by absorbing
the visible light and ultraviolet rays from an LED chip and emits light. |

In particular, the phosphor related to the présent invention is the
Sr-Ca-Si-N:Eu-base, Ca-Si-N:Eu-base, Sr-Si-N:Eu-base, Sr-Ca-Si-O-N:Eu-base,
Ca-Si-O-N IEu—bése, Sr-Si-O-NiEu-b ase silicon nitrides to which Mn'. was added.
The basic constituting elements of the phosphor are r'epre'sented‘by the general
formula LxSiyN@sx+usv) Eu or LXS'in‘)zN (ex+aav@enBu (Lis either of Sr,

Ca, Srand Ca). Itis breferable that X andYareX=2andY=5, or X=1and

.Y =17 in the general formula, but an arbitrary one can be also used..

Specifically, it is preferable to use the phosphor in which the basic cons.tituting’
elements are represented byv(erCal-x)zSistiEu, SraSisNg:Eu, CasSisNg Eu,
SrxCayxSimNio'Ey, SrSiTNoEu and CaSisNio'Eu to which Mn was added, but
at least one or more selected from a group consisting of Mg, Sr, Ca, Ba, Zn, B,
Al, Cu, Cr and Nimay be contained in the composition of the phosphor.
However, the present invéntion 1is not limited to the inode 8 of operation and -

Examples. L is either of St, Ca, Sr and Ca. The compounding ratio of Sr and
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Ca can be changed according to requiiement.

An economic phOSphor having good crystallinity can be provided Ey
usin.g~ Si in th‘e composition of the phosphqr. |
Europium being the rare earth element isA used as a luminescent center.
Europiurf; has mainly bivalent and téervalent energy levels. In the phosphor
of the present invention, Eud* is used for thev alkali earth met.al silicon
nitride-base phosphor of mother-body as the augmenting agent. Eu%*is
éasily oxidized and it is commexcially avaiiable in the composition of tervalent
Eu20s. However, since O participates greaﬂy in case of the commercially |
available Euz0s, a good phosphor is hardly o’btained. Accordingly, it is |
preferable to use those in which O is eliminated from Eu20sto the out of

system. For example, it is preferable to use europium alone or europium

- nitride. - However, when Mn is added, then it is not limited to this.

Mn being an additive accelerates the diffusion of Eu?* and improves
the luminescence efficiency such as luminescence brightness, energy efficiency
and quantﬁm efficiency. Mu is baked together With raw materials during fhe
production step by being contained in the raw materials or by containing Mn
alone or a Mn compound. However, Mn is. not contained in the basic
constituting elements after baking, and only a small amount of Mn remaiﬁs in
combarison with the initial content even if Mn is contained. This is
considered to be because Mn was scattered in the baking step.

The phosphor contains at least one or more selected from a group
consisting of Mg, Sr, Ca, Ba, B, Al, Cu, Mn, Cr, O and Ni, in the basic |
cénstituting elements or toge.ther with the basic constituting elements. These -

elements have actions of enlarging the particle diameter and enhancing the
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luminescence brightness, etc. Further, B, Al, Mg, Cr and Ni have an action
capable of suppressing afterglow. ’
The nitride-base phosphor absorbs the portion of the light emitted by

the LED chip 302 and émi’cs} light at a yellow to red region. The light emitting

- device emitting warm color-base color mix light can be made by color-mixing

the blue light emitted from the LED chip.s 302 and 304, the light by the
YAG-base phosphor and the yellow to red light from the nitride-base phosphor ,
using the nitride-base phosphor together with the YAG-base phosphér for the
light emitting device having the above-mentioned constitution. The.
yttrium-aluminum oxide-base fluorescent substance activated by cerium
absorbs the portion of the blue light emitted from the LED chip 304 and emits
ﬁght at ‘a ye]lowiregion. Hereat, the blue li'ght emitted froin the LED chip 304 .
and the ye]iow ]ight of the yttrium~aluminufn oxide-base fluorescent substance -
eniit blue white light by color mixing. Accordingly,’ the light emitting device
emitting white-base color mix light can be made bf fespectively containing the
phosphor emitting red light and the yttrium-aluminum oxide fluorescent |
substance in the first phosphor layer and the éecond phosphor layer and
combining the blue ligﬁts emitted from‘ the LED chip 302 or the LED chip 304.
The preferable light emitting device in particular is a light emitting device in
which chromaticity is situated at the locus of black body radiation in a
chromaticity chart. However, the compounding amount of the
yttrium-aluminum oxide fluorescent substance and the compounding amount - |
of the phosphor émitt’ing red light can be appfopriately changed in ordér to
provide a light emitting device having a desired color temperature. The light

emitting device which emits white color-base color mix light designs to improve
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the specific avérage i*endering index R9. With respect to a white color light
emitting device which 1s the combination of a conventional blue light emitting
element and the yttrium-aluminum oxide phosphor activated by cerium, the -
speciﬁc average rendering ind_ex R }is about near O around é color
temperature Tcp = 4600K, and a red component was insufficient. Accordingly,
it has been a solvmg problem to enhance the specxﬁc color rendering index R9,
but the present invention, the specific color rendering index R9 can be.
enhanced by using the phosphor emitting red light and the yttrium-aluminum
omde ﬂuorescent substance in combmatlon

Then, the production process of the phosphor ((SrxCai-x)2SisNg:Eu)

related to the present invention is illustrated; but is not limited to the present

production process. - Mn .and O are contained in the above‘mentioned
phosphor. - |

Sr and Ca of a raw material are p’ulveriz‘ea. ' Srand Ca of a raw
mateﬁal are preferably used as a single-b‘ody, buf compounds such as an imide
compound, an amide compound and the like can be used. | Further, the Sr and
Ca of a raw material may be those containing B, Al, Cu, Mg; AlsO3 and the hke
The pulverization of the Sr and Ca of a raw material is carried out. Itis |
preferable that the mean particle diameter of Sr and Ca obtained by the
pulverization is about 0.1 um to 15 pm, but is not limited to this range. The
purity of Si and Ca is preferably 2N or more, but is not limited to this range.
After at least one or more among a metal Ca, a metal Sr and a metal Eu are
made as an alloy condition, it is nitrided and pulverized, and then can be used
as'a raw material,

The Siof a raw material is pulverized: The Si of a raw materialis |
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preferably used as a single body, but a nitride comp»ound', an imide compound,
an-amide compound and the like can be also' used. For example, they are .
SiaNy, S‘i(NHz)z, MgsSi and the like. The purity of the Si of a raw material i.s
preferably SN or more, but comp-oﬁhds such as AlO3, Mg, é metal boride ,(CosB,
NigB, CrB), manganese oxide, HsBOs, B20s, Cu20 and CuO may be contained.
The pulverization of Siis carried out in like manner as the Sr and Ca of a raw
material. It is‘prefer‘able that the mean particle diameter of the Si compound
is about 0.1 pm to 15 pm.’

Then, the Sr and Ca of a raw material is nitrided in nitrogen

atmosphere. The reaction formula is shown in Formulae 16 and 17.

'8 Sr + N3 — SrsNy (Eormula 16)
3Ca+Nz— CasNg (Formula 17)

Sr and Ca are nitrided at a temperature of 600 to 900°C for about 5
hours in nitrogen atmosphere. | Sr and Ca may be nitrided by mixing, and the
respective one may be separately nitrided. The nitrides of Sr énd Ca can be
obtained thereby. The nitrides of Sr and Ca are preferably those having high
purity, but those which are commexrcially available can be also used.

The Si of a raw material is nitrided in nitrogen atmosphere.v The
reaction formula is shown in Formula 18. |
[Formula 18]

3Si+ 2 Nz~ SisNy

~Silicone Siis also nitrided at a temperature of 800 to 1200°C for about

- 5 hours in nitrogen atmosphere. The silicon nitride is obtained thereby. The
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silicon nitride used in the present invention is préfe_rably those having high
purity, but thosé which are commercially available can be also used.

The nitrides of Srt, Ca, or Sr-Ca are pulverized. The pulverization of
thenitrides of Sr, Ca, or Sr-Ca is carried out.

Similarly, the nitride of Si is I;plverized. Further, similarly, a Eu
compound EuzOs is pulverized. Europium. oxide is used és the Eu compound,
but a metal europium, europiufn nitride and the like can be also used.

Additionally, an imide compound and an amide compound can be used as the 7

" of a raw material. Europium oxide is preferably those having high purity, but

those commercially available can be also ,used. The mean particle diameters

'4 of the nitrides of an alkali earth metal, silicone nitride and europlum oxide

. after pulver1zat10n are about 0.1 pm to 15 pum.

_At least one or more selected from a group consisting of Mg, Sr, Ca, Ba,
Zn, B, Al, Cu, Mn, Cr, O and Ni may be contained in the above-mentioned raw

materials. Further, the compounding amount of the above-mentioned

‘elements such as Mg, 7n and B can be adjusted and mixed in the mixing

process below. These compounds can be .added alone 1n raw materials, but
usuallj added in the form of compounds. This kind of compounds are HsBOs,
Cuz0s, MgClz, MgO - Ca0, AlsOs, a metal bonde (CrB, MgsB;, AlB;, MnB),
B20s, CuzO CuO and the like.

After the abovermentioned puiveriiation, the nitrides of Sr, Ca, or
Sr-Ca, sﬂicone nitride and a Eu compound EuzO3s are mixed and Mn is added
thereto. _ _ |

Finally, the mixture of the nitrides of Sr, Ca, or Sr-Ca, silicone nitride

and a Eu compound EuzOs are baked in ammonia atmosphere. The phosphor
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represented by the (erCai-x)zSisNgiEu to which Mn was added can .b_e
obtained by baking. The reaction formula of the Basic constituting elementé
by the baking is shown below. |
[Formula 9] - _

(X/3)SraNz + ((1.97-X)/3)CasN3 + (5/8)SiaNs + (0.08/2)Eus0s —

' ercal.g7-XEu0.0BSi5N7.98001045

Provided that the composition of the objective phosphors can be
changed by changing the compounding ratio of the respective raw rﬁat-erials.

The baking can be carried out at a baking temperature of 1200 to
1700°C, but a baking temperature of 1400 to 1700° C is preferable. Itis
preferable that a temperature is gradually raised in the baking, and one step . |
baking by which the baking s cérried out at 1260 to 1500°C for seyeral hours
is used, but there can Be also used two step bakiﬁg (multistage baking) by |
which the baking at the first sfep is carried out at 800 to 1000°C is carried out
and the baking at thé second step is céiried out at 1200 to 1500° C is carried

out. Itis preferable to carry out the baking of the raw material of the

-phosphor using a cfucible made of boron nitride (BN) material and a boat. A

crucible made of alumina (Al20s) material can be also used in addition to the
crucible made of boron nitride material.

The objective phosphor can be obtained by using the above-mentioned
production process. -‘

In Example of the present inver;tion, the nitride-base phosf)hor is
used as the phosphor emifting reddish lighﬁ, in particular, b_ut in the firesen»t '
in\}ention, the phoéphor layer 303 containing the bhosphor emitting reddish

light other than the nitride-base phosphor can be also used. The phosphor
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emitting reddish light is a phosphor emitting light by being excited by light

‘having a wave length of 400 to 600 ﬁm, and for example, there are mentioned -

YzOzSIEu, Las02S:Eu, CaSiEu, S:S?Eu? ZnS:Mn, ZnCdS:Ag,Al, ZnCdS:Cu,Al
and the h’ké. The colox rendéring pfoberty éf a light emittiné device can_be
imprdved by combi_ning the phosphor layer cdntainjng the YAG-base the
phosphor and the phosphor layer containing emitting red light. |

[LED chips 302 and 304]

As the excitation light source of ‘thev phésphor in the present invention,
varioué light sources which can excite the first phosphor and the second
phosphor caﬁ be utilized. For example, there are mentioned a semiconductor.
light emitting element, a semiconductor laser element and the like which are
typically represented by LED chips. in particular, in the present mode 8 lof
operation, the light emitting element being the light source which exciteé the
first phosphor and the Seéond phosphor is the LED chips 302 and 304. |
Alternatively, as the another mode of operation of the present invention, a
light sbuice formed by combi;jing the light emitting element which can emit
'ultr‘aviolet light Wiﬁh the phosphor which absorbs the ultraviolet light and
emits light h'aving a different wave length may be used as the light source
which excites the first phosphor and the second phosphor. For example, the
LED chip emitting ultraviolet light and the phosphor Which absorbs the
ultraviolet light and emits light at a blue region are c_orﬁbingd to make the
excitation light source, and there may be formed the Light emitting device in
which the first phosphor in which the excitation light éoui‘ce excites and emits

light at a red region and the second phosphor in which the excitation light

“source excites and emits hght at a green to yellow region are arranged in order
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from the excita‘pion light source side. By being consﬁtuted thus, there can be
formed the light emitting device which improved the color rendering property
utilizing the LED chip emitting ultréviolet light because the light emitted from
the second phosﬁhor is notl ébsorbed by the ﬁrst;phosphor.

As the present mode 8 of operatioﬁ, When the first phosphor, the second
phosphér and the light emitting element are combined and the Light emitﬁngA
device which color-mixes the wave length-converted light by exciting those
phosphors to emit is made, the LED chips v'vhich'emit light having a wave
length which can excite the phosphors are used. The LED chips are prepared |
by forming GaAs InP, GaAlAs, InGaAlP, InP, AIN, GaN, InGaN, A1GaN,

InGaAlN and the like on a substrate, as the luminescence layer by an MOCVD |

. method and the like. As the structure of the semiconductor, there are

mentioned homo structures-having an MIS junctibn, a PIN junction, a PN .
j.uiiction and the like; a hetero structure, a dbuble hetero structure and the like.'
The luminescence wave length can be variously selected depending on the

material of the semiconductor and the degree of mix crystal thereof. Fﬁrther,
the semiconductor active layer can be made as a mono quantum well structure
and a multi quanﬁum well structure by which the layer was formed so that a.
quantum effect is generated. The s-efniconductor is préferébly a nitride-base

phosphor semiconductor which can efficiently excite a semiconductor and can

_efficiently emit light having a comparatively short wave length (the general

formula® IniGa;AlkN, provided that 0 <i, 0<j, 0<k,i+j+k =1).
When the gallium nitride compound semiconductor is used, materials
such as sapphire, spinel, SiC, Si, ZnO and GaN are preferably used for a

semiconductor substrate. It is more preferably to use a sapphire substrate in 2
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order to form the GaN having good crystallinity. When a semiconductor film
is formed on the sapphire substrate, it is preferable that buffer layers such as
GaN and AIN are formed and the gallium nitride semiconductor having a PN
junction is formed on the Bufﬁer layer.” Further, as the suEstrafe, there Cén be
also utilized a GaN single crystal itself which was selectiv'ely grown on the

sapphire substrate using SiOs as a mask. In this case, the light emitting

~ element and the sapphire substrate can be also separated by removing SiOz by

etching after formation of the respective semiconductor iayers. The gallium
nitride compound semiconductor exhibits an n-type electric con.ductibﬂity in a
condition in which an impurity is not doped. When a desired n-type gallium
nitride semiconductor which improvesiuminescence efficiency and the like is
formed, it is preferable to suitably introduce Si, Ge, Se, Te, C and the like as an

n-type dopant. On the other hand, when a P-type gallium nitride

~ semiconductor is formed, Zh, Mg, Be, Ca, Sr, Ba and the like which are a

P-type dopant are doped.

Singe the gallium nitride compound semiconductor is hardly cohverted
to a P-typ'e by only doping a P-type dopant, it is preferable that the
semiconductor is converted to a P-type by annealing by heating by a furnace,
low spéed»electron‘beam radiation, plasma radiation and the like after
introdﬁction of the P-type dopant. As the specific layer constitution of the
light emitting element, there are preferably mentioned those in which an
n-type contact layer beiﬁg the gallium nitride semiconductor, an n-type clad

layer being the aluminum-gallium nitride semiconductor, an active layer being

| indium-gallium nitride semiconductor in which Zn and Si were doped, a P-type

clad layer being the aluminum-gallium nitride semiconductor, and a P-type
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contact layer being the .ga.‘JJium nitride semiconductor were laminated on the
sapphire substr.ate' and a silicon carbide having a buffer layer which formed
the gallium nitride, aluminum nitride and the like at low teméera’cure. lIn
ordér to form the LED chip 302, fhe respéctive electrodes having désired forms
are formed after forming the exposed face of the P-type semic‘ondﬁctbr and the
n-type semicondﬁctor by etching and the like on a semiconductor substrate,
using a spéttering'methodl, a vacuum evaporati_ori method and the like, in case
of the LED chip 302 having the sapphire 'substrate. In case of the SiC
substrate, a pair of electrodes can be also formed utﬂizingvthe electric
conductibility of the substrate.

Then, t;he.semiconductor wafer and the like which were formed are

directly and fully cut by a dicing saw in which a blade having an edge made of

diamond is rotated, or the semiconductor wafer is broken by an external force

after cutting (half cut) a gfoove having a broader width than the edge width.
Alternatively, after very fine scribe lines (meridian), for example, are drawn in
a-cross-cut shape on the semiconductor wafer by a scriber in which a diamond
needle at the edge goes back and force linearly, the semiconductor waferis
broken by an external force, and it is cut into a chop shape from the
semiconductor wafer. The LED chip 302 being the nitride compound
semiconductor can be formed thus. |

In the light emitting device of the present invention which excites the
phosphor to emit light, the luminescence peak wave length of the LED chip
can be‘vmade as 350 nm or more and 530 nm or less considering the excitation
absorption wave length of the phosphor.

Further, the light emitting device capable of freely adjusting the color
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temperature of the color mix light can be made by individually making the
respective lurnineécence outputs of the LED chip 302 and the LED chip 304
controllable and by contro]lihg the degree of color mixing of the lights which

were emitted by the wave length conversion by the first phosphor and the

-second phosphor.

[Electfoconductive- wire 3 10]

- | As the eleétroconducti_ve wire 310, there are required those having
good ohmic property with the electrodes of the LED chip, mechanical
connecting property, electric conductiﬁﬂity and thermal conductivity. As the
thermal conductivity, 0.01 cal/(s)(cm2)(° C/cﬁ) or more is preferable and 0.5
cal/(s)cm?(° C/em) or more is more preferable. Further, considering the
Wori{abﬂity and the like, the diameter of the electroconductive Wiré is

preferably @10 pum or more and 45 pm or less. In particular, the

. electroconductive wire tends to be broken down at the interface between the‘

coating member containing the phosphor and the molding member not
containing the phosphor. Itis considered that the wire tends to be broken
down because the substantial‘ quantitjr bof thermal expansion is different
because of the mixing of the phosphors even if the same material is
respectively used. Accordingly, the diameter of the electroconductive wire is
more preferably 25 m or more and 35 ponr less is more preferable from the
viewpoint of a luminescence area and an easy handling.

As the electroconductive wire, there are specifically mentioned
electroconductive wires using metals such. as gold, copper, plétinufn and

aluminum, and an alloy thereof. The electroconductive wire can easily

- connect the electrodes of the reSpective LED chips with the inner lead and the
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mount iead by a wire bonding equipment.
[Package 308] | |

The package 308 in the .present mode 8 of operation has the ﬁ'rst, v
concave portion 301 mounting theu LED chip 302 and’theAﬁrst phosphor layér :

303 and the second concave portion mounting the LED chip 304 and the second

~ phosphor layer 306. Further, the one pair of positive and negative lead

~ electrodes 309 which supply electric power to the LED chip are integrally

mdlded in the portion of the package. As shown in Fig, 74, it is preferable -
that the first concave portion 301 is formed at the more inner part which is the
reverse direction against the face"of observing luminescence than the bottom
face of the second concave portion 305 to which the LED'chip 304 is mounted.

Alternatively, the first concave portionA 301 having a cup shape may be

provided in the second concave portion 305 and on the same bottom face to

which the LED chip 304 is mounted. In the another mode of operation, the

‘LED chip 304 is mounted through a spacer on the same face to which tl'le‘ LED

chip 302 is mounted, and the LED chip 302 may be mounted at a position
nearer tothe bottom face of the conéave portion by the thickness of the spacer
than the LED chip 304. Further, in the alternative mode of operation, after
the first phosp}ior layer 303 is formed against the surface of the face side of
observing lumineécénce of the LED chip 302 by a screen printing or a coating
method using a‘spra'y, it may be mounted on the bottom face of the concave .
portioh. Itis possible to surelly.oover‘ only the desired LED chip 302 with the
forming material of the phoéphor layer containing the red color-base .p‘hovspho?
by setting as menﬁoned above. Further, since the light which was emitted

from the phosphor contained in the second phosphor layer 306 and is oriented
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to the direction o‘f the face of obéerving 1uminé$cence is not absorbed by the r,‘ed.
color-base phosphor, the light emitting device which improved the colo‘rj ' |
rendering pfoperty can be made. |

| - The package 308 can be comi) aratively and simply formed by a transfer _

molding, an insert molding and the like. Asthe thermoplastic material of the

package, there can be used thermoplastic resins such as an aromatic

nylon-base resin, a poly(phthalamide) i‘es;in (PPA), a.sulfoné-base resin, a
poly(amide-imide) resin (PAI), a polyketone resin (PK), a polycarbonate resin,
a poly(phenylene sulfide) (PPS), a ]iqﬁid cfystal polymer (LCP), an ABS resin,
aresin and a PBT resin, eté. " Further, those obtained by containiné a glass
fiber in.these thermoplastic resins may be used as the thermoplastic material_.j
It is possible to form a backage having high Arigidity and high strength by

containing a glass fiber. Hereat, the first concave portion and the second

concave portion can be formed by an integral molding at molding the package

using a molding mold.

- Further, the package can be formed using a metai material. In tl:us
case, the conc,a\%e por’qi;)ns can be easily formea by carrying out a pressuring
processing, and the lead electrodes are formed at the portion of the package

through an insulatingvmemb‘er. - The light emitting device which improved the

heat discharging property can be made by using the metal material as the

package material.

The adhesion of the LED chips in the concave portions of the package
can be carried out by an insulating adhesive such as a thermosetting resin. |
Specifically, an epoxy resin, an acrylic resin and the like are mentioned. - -

Further, an Ag paste, a carbon paste, a metal bump, a eutectic solder and the
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like c‘an:be used in order to design electrical conduction with fhe lead
electrodes from the face down bonding; which is a mountiﬁg method of
connecting the electrode faces of the LED. chip_s against the lead eléctrodes. _
Further, n oArder'to i_fnprove the light utﬂizafi_on’efﬁciency of the light emitﬁﬁg
'diodes, the surface bf the mount lead to which the LED chips are arranged is |
made as a mirror shape, and reﬂéction function may be bestowed to the
surface. The surface roughness is preferably 0.1 S or more and 0.8 S or less.
[Le.ad electrode 309]

The one pair of positive and négative lead electrodes vused in the

present mode 8 of operation supply electric power to the LED chips and are-

formed in the portion of the package 308 through the insulating member in

accordance with requirement. As the alternative mode of operation, the first ,
concave portion and the second concave portion are directly provided against. -
either vof the one pair of positive and negative léad electrodes, and the LED
chip may be mounted through an insulating adhesive. The specific electric

resistance of the lead electrode is preferably 300 pQ-cm or less and more -

- preferably 3 pQ-cm or less. Further, when a plural number of LED chips are

mounted on the lead electrodes, it is required that the thermal conductivity is
good because the quantity of heat emission from the LED chips isAincreased.
Speciﬁcallj, 0.01 cal/(s)(cm?2)(° C/em) or more is preferable and 0.5 |
cal/(s)(cm?(° Clem) or more is more preferable. As‘ the material satisfying the
condition, there are mentioned iron, copper, iron in copper, tin in copper,
ceramics with metallized paﬁternsv and the like.

[Mount lead 402]

‘The mount lead 402 in the present mode 8 of operation has the fixst
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concave portion 301 and the second concave portion 305 which arrange the |

- LED chip 302 and the LED chips 304 as shown in Fig. 76, and it is enoughvto

have a size for mounting the die-bonding equipment and the like. As shown

in Fig. 76, it is preferable that the first concave portion 301 is formed at thé

~more inner part which is the reverse direction against the face of observing

luminescence than the bottom face of the second concave portion 305 to Which
the LED chip 304 is mounted. 'Altern"étiVely, the first concave portion having
a cup shape may be provided in the second concave portion 305 and on the

same bottom face to which the LED chip 304 is mounted. In the another

“mode of operation, the LED chip 304 is mounted through a spacer on the same

face to which the LED chip 302 is mounted, and the LED chip 302 may be"
mounted at a position nearer to the bottom Afa..ce‘-of thé concave portion by the
thickness of thé spacer than the LED chip 304. Further, in the alternative.
mode of operation, after the first pﬁosphor layer 303 is formed against the
surface of the face side of observing luminescence of the LED chip 302 By a
screen printin_g» or a coating method using a spray, it may be mounted on thé
bottom facé of the concave porvtibxi. Tt is possible to surely cover only the
desired LED chip 302 With the forming material of the phosphor layer
containing the red color-base phosphor by setting as mentioned above.
Further, when a plural number of the LED chips are mounted and the mount
lead is utilized as the common electrode of the LED chip, an adequate electric |
conductibility and the connecting property with bonding wires and fhe like are
required. - | “
The adhesion of the LED chips 302 and 304 with the cup of the mount |

lead 402 can be carried out by a thermosetting resin and the like. Specifically, :
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an epoxy resin, an acrylic resin and the like are mentioned. Furfher, they are
adhered with the mount lead by a face down LED chip and the like, and an Ag

paste, a carbon pa'ste,'é inetal bump and the like can be used in order to

electrical connection. Further, in order to improve the light utilization

efficiency of the light emitting diodes, the surface of the mount lead to which

the LED chips are arranged is made as a mirror shape, and reflection function

‘may be bestowed to the surface. The surface ro’ughness is preferably 0.1 S or

more and 0.8 S or 1e;ss.‘ Further, the specific electric resistance of the mount
lead is preferabiy 300 pQ-cm or less and more preferably 3 nQ-cm or less.
Further, when a plural number of LED chips are mounted on the mount lead,
it is reqﬁired that the thermal conductivity is good because the quantity of |
heat emission from the LED chips is increased. Specifically, 0.01
cal/(s)(cm?)(° C/em) or more is preferable and 0.5 cal/(s)(cm?)(° Clem) or more is
mo?‘e preferable. As the material saﬁsfying these Conditions, there are |
mentibned'iron, copper, iron in copper, tin in copper, ceramics with metallized
patterns and the like. When these metals are used, the first conéave poition
and the second concave portion can be formed by processing by a mold‘ for |
molding, a extrusion pressuring processing and the like.
[(Inner lead 401]

The inrer lead 401 is designed to connect the LED c]ﬁip 302 which was
arranged on the mount lead 402 with the electroconductive wire 310. When a
plur'al number of LED chips are prqvided on the mount lead, it is required that

a constitution in which the respective electroconductive wires can be arranged

's0 as to not being mutually contacted is made. Specifically, the contact of the

electroconductive wire which is connected with the inner lead which is furthér
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separated from the mount lead can be prevented by enlarging the area of the

~ edge face to'which' the inner lead is wire-bonded, in accordance with leaving

from the mount lead. The roughness of the connection edge face with the
electroconductive wire is preferably 1.6 S or more and 10 S or less considering

adhesion. In order to form the edge portion of the inner lead in various

- shapes, it may be formed by previously determining the shape of the lead

frame by a frame to punch out, or may be formed by shaving the portion of the
upper part of the inner leads after all of the inner leads are formed. Further,
after the inner lead was formed by punching, the desired area of edge face and
the height of edge faqe can be simulfaneously formed by pressuring from the
direction of the edge face.

It is required that the inner lead has good cpnnecting pr_dperty and
electric conductibility with the bonding wire and the like which are an
electroconductive wire. ThAe speciﬁc velectric resistance is preferably 300
pQ-cm or less and more preferably 3 pQ-cm orless. As the material satisfying
the condition, there are méntioned iron, copper, iron in copper, tin in Copper;
aluminum, iron and copper §vhich éie plated with copper,i gold and silver arid.
the like. |
[Phosphor layer 303, 306]

| The first phosphor layer 303 and .the second phosphor layer 306 in the
present mode 8 of operation cover the LED chipé in the concave portions
provided in the package, and the red color-base phosphor Whiqh -converts the
luminescence of the LED chips, and the YAG"base phosphor are resp ectiveiy
contained in them. As the specific material of the phosphor layers, there are

preferably used transparent resins excellent in weather resistance such as an
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epoxy resiﬁ, a urea resin and. a silicone resin; trahsp arent inorganic materials -
excellent in light resistance such as silica sol and glass. Further, a diffusing
agent m.ay be contained fogetheﬁc with the phosphor. As fhe specific diffusing
agént,vthere are preferabiy used bariun‘_l titanate; titéniﬁm oxide, aluminumv
oxide, silicon oxide, calcium carbonat‘e, silicon dioxide, and the like.
[Molding member 307] |

The molding member 307 can be provided for protecting the LED chips
302 and 304, the electroconductive wire 11'Ovand the phosphor layer in which
the phosphor was contained, from the external environmenf. The molding
membér 307 can be formed generally using a resin. Further, a visual angle
can be increased by containing the phosphof, but the directionality from the
LED chips is reduced by containing a difﬁlsing agent in the resin mold, and
the visual angle can. be further increased. Further, alens effect for focushig
and diffusing luminescence from the LED chips can be bestowed by making |
the molding member 307 be a désired shape. | Accordingly, the molding
member 307 may be é structure in Which a plural number of layers were
laminated. Speéiﬁcally, itis a cénvéx lens shape, a concave lens shape,
further an elliptical shape Viewed from the face of observing lumine_sc-erice, and
a shape \&hich, combined a plural number of the shapes. As the specific -
material of the ‘fnblding member 307, there are preferably used transp areﬁt’
resins excellent in weather resistance such as an epoxy resin, a urea resin and
a silicone resin; transparent inorganic materials excellent in light resisté.nce
such as sﬂiéa sol and glass.  Further, a diff_using agent may be contained
together with fhe phosphor. As the specific diffusing agent, there are

preferably used barium titanate, titanium oxide, aluminum oxide, silicon oxide, |
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- calcium carbonate, silicon aioxide and the like. Further the molding member .

and the phosphor layer may be formed by the same member considering a
refractlve index, and for example may be formed usmg a s1hcone resin. In
the mve‘ntmn of the present apphcatlon, it can cover the coloratlon of the -
phosphor viewe‘d from the face of obeerving luminescence that the molding
member contains a diffusing agent and a coloring agent. Further, the
coloration of the phosphor is that the phosphor of the invention of the present
application absorbs a blue component among lights from strong external light.
and emits light. Accordirlgly, it is observed to be colored yellow. In
particular, the colored portion is o.ccasi‘orrally magnified dependrng on the
shape of the molding member such as a convex shape. | The coloration ie

occasiona]ly not preferable on designing. The diffusing agent contained in the

- molding member colors the moldmg member in a milky white color and the

colorant colors in a desired color therefore the colormg can be 1nv151b1e
Accordingly, the color of the phosphor is not observed from the face side of
observing luminescence. | |
Further, when the main iuminescence wave lerlg“nh of light emitted
from the LED chip is 430 nm or more, it is preferable from the viewpoint of
weather resistance that an ultraviolet absorbing agent being a light stabilizer

is contained in the molding member.

EXAMPLES

The phosphor and light emitting device related to the present

. invention are illustrated below according to Examples, but not imited to

these Examples.'
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Further, temperature characteristic is shown by a’;relative

brightness in which the luminescence brightness at 25°C is 100%, in ‘

' Exaniple_s below.

Ferther, the particle dialmeter is a value obtained by an air
transmission method called as F.S.5.S.No. (Fisher Sub Sieve Sizer's No.‘).v

Further, aftierglow is measured by switching off the lamp of an.
excitation light source after irradiating light of 253.7nm at room
temperature (20°C) for a fixed time. The basis of tixﬁe is th'atvthe time of |
the ins’cahce of switching off the lamp of the excitation light source is
defined as zero. When the brightness during irradiation of the excitation
light source is set as the brightness basis of 100%, a time required for the
brightness being quenched to 1710 is measured. The afterglow property is
determined by making‘the measurement result as a basis.
EXAMPLES 1 to 80 ”

The phosphors of Examples 1to 80 are the i)hosphor related to the
mode 1 of operation. |

Table 1 shows the i)rop-erties of the nitride phosphor of Examples 1
to 80 related to the prese‘nAt invention.

Further Fig. 5isa drawmg‘ showing a lumlnesceﬁce spectrum when
the nitride phosphor of Example 60 was excited at Ex = 460nm. Fig. 6is a
drawing showing the excitation spectrum of the nitride phosphor of
Example 60. - Fig. 7 is a drawing showing the reflection spectrum of the

nitride phosphor of Example 60.
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The nitride phosphor related to the pres.eﬁt invention is a nitride
phosphoer which is represented by the general formula LxMyN((z/g)x+(4/3)§)1R .
or LxMyozN((z;s)x+(4;3)Y-(z/3)z)IR and the a‘bove-menﬁoned nitride phosphor
contains ‘elements (hereinafter, ‘nierely referred to as the “diffeieritl
element's”) which are different from the above-mentioned L, the
above-mentioned M, the above-mentioned O, the above-mentioned N and
the above-mentioned R. Amorig said general formula, Examples 1 t6'80 are
a nitride phosphor which is represented byCal_gss_Euo.o15815N7,9.9oOo.00225:and
contain elements different from the above-mentioned L, the
above -mentioned M, the above- mentloned O, the above-mentioned N and-
the above-mentioned R. Table 1 is the result of t;estmg the properties of
the nitride phosphor of Example 1 to 80. The mixing ratiov of raw materials
in Table 1 represents the raw materials. by molar ratio. In Examples 1 to
80; the concentratlon of Euis 0.0 15. The concentratlon of Euisa molar
ratio against the molar concentration of Ca. Further, the addition amount
of the different elements against the phosphor after synthes1s is the
concentration of 100ppm or 500ppm The adjustment of brightness and the
adjustment of quantum efficiency can be carried out by adding said different
elements. Further, Wh'en elements are diffused from a érucible andla
furnace mater_ial; and in order to confirm the effect by elements contained in
raw materials, the effect by said different elements was confirmed by
adding the different elements to raw materials. Accordingly, when
elements are diffused from a crucible axid é furnace matérial m a practicalA
use, it is considered to be a further mild condition (they become less than va}

case of consciously adding the different elements to raw materials).
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In the present Example, the Ca of a raw material was firstly

- pulverized to 1 to 15 pm, and nitridéd in nitrogen atmosphere. Then, the

nitride of Ca was pulverized to 0.1 to 10 um. 20g of the Ca of a raw
materiél was Weighed énd nitrided. .
‘Similarly, the Si of a raw material was pulverized to 1to 15 pm, and
nitrided in nitrogen atmosphere. Then, the nitride of Si was pulverized th
0.1to 10 pm. 20g of the Si of a raw material was weighed and nitrided.

Then, a compound containing the dlfferent elements was mixed with

a Bu compound, Euz0z in a wet process. An example is illustrated by

selecting H3BOs as a compound containing the different elements. Firstly,

20g of the Eu compound, Euz0s and 3.65g of HsBOs were Weighed. When
HsBOs1s made as a solution, EuzOs 1s mlxed with the HsBOs solution, and
the mixture is dried. After drying, firing was carmed out at 700°C to 800°C
for abqut 5 hours in oxygen atmosphere. Europlum 0x1de to Wthh B was -
added was produced thereby. After the firing, a mixture of Eu and B §vas
pulverized to 0.1 to 10 pm. |

The mixture of nitride of Cva, the nitride of Si and the mixture of Eu
and B was mixed iﬁ nitrogen atmosphere. In Examples 1 fo 80, the mixing
ratio (molar ratio) contained in raw materials is Ca : Si:Eu=1985:5"
0.015. 5.73g of CasNsy (molecular weight = 148.26), 13.9g of SisNy
(molecular weight =.140.31), and 0.37g of the mixture of Euand B (BEu is
0.31 among them) were weighed and mixed. The amoﬁnt of B added is
500ppm. | | | |

In casevéf Examples 1 to 80, the mixing, firing, pulverization, and

weighing of Eu with the different elements were carried out so that the
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‘different elements shown in Table 1 are 100ppm and 500ppm in. place of the

' above'mentioned boron (B). The different elements which are added to the

nitride phospho_is of Examples 1 to 80 aré LiOHeH:0 (Wako Reagent;
special grade: 124-0 1212), NasCOs (Wako Reagent, special grade: 197-0_1585),

K2COs (Wako Reagent, special grade: 162-03495), RbCl (Wako Reagent,

special grade: 187-00321), C-'sCl(Wakb Reagent, special grade: 035-0 1'9'52); )
Mg(NOs); (Wako Reagent, special grade: 134-00255), CaClz;SHzo (Wako
Reagent, special grade); SrClye6H20 (Wako Reagent, special gfadel
197-04185), BaCIQ-QHzO (Wako Reagent, speciai grade: 029-00175),
TiOS04eH20 (Kishida Chemical: 020-78905), ZrO(INO3s), (Mitsuwa Chemical),

- - HfCl4 (Mitsuba Chemical: No.51872), VCla (Wako Reagent, special grade:

- 15

20

.25

221-00452), Nb20s (Wéko Reagent, special grade: 144-05332), TaCls (Kishida
Chemical: 020"76_055), Cr(NOa)s;QﬂzO (Wako Reagent, special grade:

1033-03175), HaWO4 (Wako Reagent, special grade: 209-08452), ReCls

(Mitsuba Chemicali No.58374), FéClatSHzO (Wéko Re‘agent,'special grade:
9-87), RuClse2H:0 (Kishida Chemicalli 020-68601), Co(NO)3e6E:0 (Wako
Reagent, special grade: 035-03755), NiClgeH:z0 (Wako Reagent, special
grade: 141-01062), IrCls (Wako Reagént, special grade: 096-01601), PdCl:
(Wako Reageﬁt, sp'eciayl‘grAadei‘ 162-00053), HoPtClse6H20 (Wako Reagent,
special grade: 169-02861), Cu(CHaCOO)ZonO -(Wako Reagent, special
erade: 3-402), AgNOs (Wako Reagent, special grade: 198-00835), |
HAuCle4H20 (Wako Reagent; special grade: 077-00931), Zn(NOg)zOGI—IzO
(Wako Reagent, special grade: 265'61032), HsBOs (Wako Reagent? special
grade: 021-02 195), AI(NO3)3¢9H20 (Wako Reagent, special grade: 018-01945), -
GaCls (manu-factﬁréd by NICHIA CQRPORATION),‘ InCls (manufactu’red by
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NICHIA CORPORATION), GeOz (Wako Reagent, special grade: '071-04552),
Sn(CHaCOO>é (Kishida Chemical: 10tF07563D), Pb(NOa)z (Wako Reagent, N |
special grade: 124-006 12), (NHg)zHPO4 (Wako Reagent, special grade:
016-03325), Sh20s3 (Wakb Reagent, special gra.dé: 016-11652), Bi(Noa);95H26 |
(Wako Reagent, special grade: 024-09042), (NH4)2SO4.(Wako Reagent,

special grade: 019-03435). . These compounds were weighed and added 50

 that the concentrations of the different elements in these compounds are

100ppm or 500ppm against CasSisNg:Eu.
The above-mentioned compounds having the different elements were

mixed and baked. As the firing conditions, these compounds were charged

~ in a crucible' made of boron nitride in ammonia étmosphere, the
| temperature was gradually raised from room temperature over about 5 |

‘hours, firing was carried out at about 1350°C for 5 hours, and they were

gradually cooled to room temperature over about 5 hours. The different

element was scattered by the firing, therefore the different element is also

not occasionally contained in the final product. Even though the different

element is contained, the less amount thereof than the initial addition
amount remain by 0. lppm to about several hundreds ppm.

The luminescence brightness and quantum efficiency of the nitride
phosphor of EXafnples 1 to 80 is represented by the relative value on the

basis that it is 100% when 500ppm of Cr was added (the quantum efficiency

of Example 30).

It is the purpbse of the firing not only to react in solid state but also
to obtain particles having the disired particle sizes and good crystalinity. -

Flux is a material added to accelerate the growth of crystal. ~ Flux can
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accelerate not only to grow. the crystal but also to introduce a co-activator ‘

: 4into_the lattice of th‘e base material. For 'example, since the Group I

Elements have a relatively low melting point and can be introduced graio
boun‘d‘ary auring thebﬁ‘ring.”, the crystal growth.isvaocelera.ted by melting the
element of the phosphor. The ‘phovsphor of which particle éize ie grown to
absorbe the exciting energy easily can be obtamed |

The nitride phosphors in. Examples 1to 10 containing the Group I
Element consisting of Li, Na, K and Cs have high brightness and high
quantum eﬁficiency.' It 1s considered that this is caused by the flux effect.

In Examples 1 to 10, the brightness can be adjusted by adjusting the

addltlon amount of the Group I Element.

Examples 11to 16, 57 and 58 are the Group II Element

corresponding to the above-mentioned L and contain 100ppm or 500ppm of

Mg, Sr,Baand Zn. The brightness can be adju’sted by adjusting the

amount of L in the nitride phosphors.
The nltrlde phosphors contammg the Group IV Element con51stmg

of Ti, Zr and Hf of Examples 17 to 22, the Group I Element cons1st1ng of Ag

and Au of Examples 51 to 56, the Group III Element consisting of B, Al, Ga

and In of Examples 59 to 66, the Group IV Element consisting of Sn and Pb
of E.xamplesl 69 to_ 72, the Group V Element consisting of P,‘ Sh and Bi of
Examples 73 to 78, and the Group VI Element consisting of S of Examples
79 and 80 can be brightness. |

| ~ The br1ghtness can be adjusted by adjustmg the amount of the
nitride phosphors conteumng the Group V Element consisting of V, Nb and

Ta of Examples 23 to 28, the Group VI Element consisting of Cr, Mo and W
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of Examples 29 to 34, the Group VII Element coﬁsisti‘ng.of Re of Exanﬁples’
35 and 36, and the Group VIII Element consisting of Fe, Co, Ir, Ni, Pd, Pt

and Ru of Examples 37 to 50.

In the present Exaxﬁples, it is considéred that a crucible is eroded at
firing step, '.and elements constituting the crucible from the crucible
contaminate in the nitride phosphor‘ Hereat, sincevth»e nitride phosphors
relatéd to Examples use the éru,cible of a boron nitride material and firing is
carried out in ammonia atmosphere, it is considered that a crucible is
erbded and B contaminateé in the nitride phosphor. " In this case, the
nitride phosphor can improve the Juminescence brightn'ess and Quantu'm“
efficiency by containing B as shown in Examples 59 and 60.

Accordingly, the crucible of a boron nitride material can be positively
used for aiming the effect of improving the luminescence brighthess and
quantum efficiency. |

. On the othér hand, when the crucibie of a molybdenum nitride
material is used, it is considered that molybdenum contaminates iri the
nitride phosphor, but in this case, molybdenum lowers the brightness and
quant.um efficiency as shown in Example 32. Accordingly, it is preferable
that the Aboron nitride ci‘u_cible is used than the molybdenum crucible.
Thus, the influence éf thé element contained in a crucible, a furnace
material and the like to the nitride phosphor can be estimated to a ceftain
degree from Examples 1 to 80. | | |

Even if the different element is con‘vcained by the coh'céntration of
seQeral hﬁndreds ppm, a light emitting device which emits light of a

brilliant orange to red color by the excitation light source of 450nm to 470
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can be provided without generating the sharp lowering of luminescence
brightness and luminescence éfficiency, from Examples 1 to 80.
Further, in Table 1, thetempera‘ture characteristic shows the quality

of luminescence of the nitride phosphor at a high temperatureand it shows

‘that the nitride phosphor having little attenuation at a high temperature

can emits stable luminescence even if the nitride phosphor was provided
near at t}ie sAu.rface'_ of a light emiﬁting device. Examples 1 to 80 isA 97 to
100% at 35°C, 95 to 100% at 100°C, and 58 to 80% at 200°C. Accordingly,
it can be grasped that the temperature characteristic of thé nitride
phosphoré of Examples 1to 801is extfcemely good.

According to the above-mentiqned Examples 1 to '8(), in particular,
When several tens to several hundreds ppm of B was added, the brightness
is 234.6% and the luminesceﬁce efficiency is 244.6% (when 100ppm of B is
added), and the Bi‘ightxiess is 237.9% and the luniinéscence efﬁciency is
248.1% (when 500ppm of B is added), as the Basis when 500ppm of Cr was
added. This shows that the improvemént pf the lﬁminescence efﬁciericyis

remarkable. Further, the similar effect can be obtained‘at using Ba, Sr,

' Ca-Sr and the llike in place of Ca, although it is not described in Examples.

The rﬁtrid-e phosphbrs of Examples 1 to 80 have a peak wave length
near at 609nm when they are excited by an excitation light source of 460nm.

‘The afterglow of Example 3 was 14msec, the afterglow of Example 9
was 18msec, the afterglow of Example 11 was 22msec, the afterglow of |
Example 15 was 18msec, the afterglow 'of Example 17 was l4msec, the
afterglow of Example 27 was 18msec, the afterglow of Example 29 was

10msec, the afterglow of Example 39 was 16msec, the afterglow of Example
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4'8 was 12msec the afterglow of Example‘ 59 was 20msec, the afterglow of
Example 61 was 22msec and the like.Thus, Na, Ti, Mg, Al, B, Cr, Ni and
the hke have the effect of shortemng the afterglow

When the component composition of the nitride phosphors of

Examples 1 to 80 was analyzed, Li, Na, K, Rb,Cs, Mg, W, Cu, Ag, Au, Zn, Ga,

In, G-e, Sn, Pb, P, Sh, .Bi and the like in which the addition amount were
500ppm remained by only the amount of 100ppm or less. Only the less
amount of thé other diffe_rent elements than the initial addition amount
remained. For example, B which was added by 500ppm remained by only.
400ppm. Thisis considered to be that the different elements were
scattered. |
Example 81

The light emitting device of Example 81 is a white light emitting
device which was cons’tituted using the phosphor of Example 15 and to
\%fhich a reddish component was adaed‘ Further, the light emitting device
of Example 81 is the type 1 light emitting device shown i'n Fig. 1. Further,
Fig. 8is a drawing showing thé chromaticity coordinate of the light emitting
device of Example 81. |

In the light emitting elerﬁent 10 of E%ample 81, n*GaN:Si,
n-AlGaN:Si, n-GaN, GalnN QWs, p-GaN:Mg, p-AlGlaNng, and p-GaN:Mg
are laminated in order on the sapphire substrate 1 as the semiconductor
layer 2. Further, the portion of n*GalN:Si is etch‘ed and exposed to form an
n-type electrode. Copper with Fe is used for the lead frame 13. The light
émit_ting element 10 is die-bonded ét about the central part of the cup

bottom of the mount lead 13a. Gold is used for the electroconductive wire
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14, and Ni plating is carried out on the bump 4 for elecfrically connectiﬁg
the eleétrode S'With the electroconductive wire 14. In the phosphor 11 the
phosphor of Example 15 and the YAG- base phosphor are used by mlxture
As the coating member 12, a. mlxture which mixed an epoxy resin and a
dispersant, barium titanate, titanium oxlde an‘d the above-mentioned
phosphor 11 at a fixed proportion is used. -The epoxy resin is used as the
mold meniber 15. The bullet type ]ight emitting device of Example 8lisa
column in which the mold member 15 is a radius of 2 to-4mm, height is |
about 7 to 10mm, and the upper portion is hemispherical.

When current is run in the hght emitting device 1 of Example 81,
the blue light emitfing element 10 having' the first luminescence spectrum
with a peak wave length .of about 460nm which can éxcite the phosphor 11:

emits light, and the phosphor 11 which cover‘s the semiconductor layer 2

_éérifies out the wave conversion of the portion of light having the first

luminescence spectrum. Specifically, the phosphor of Example 15 emits

~ light having the second luminescence spectrum which is different from light

having the first luminescence spectrum. Fufther, the YAG-b ase phosphor
contained in the phosphor 11 ié excitedlby light having the first
luminescence spectrum and emits light having the third luminescence
spectrum. The white light emitting device of Examplé 81 emits reddish
light which was obtained by coloxr mixirig of mutually mixing the firét,
second and thn:d lumlnescence spectra.

As the phosphor 11 of the light emitting device of Example 81 there

~is used a phosphor which mixed the phosphor of Example 15 and the

yttrium-gadolinium-aluminum oxide phosphor (Y-Ga-Al-O:Ce) activated by
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cerium. Example 15 is- the nitfide phosi)hor of CasSisNs:'Euin which Ba
was.added. On the other hand, as a cornparison, there was prepared the
type 1light emitting device which did nof contain the phosphor of Example
15 and ﬁsed only the yttr_ium-gad_olinium-alﬁminum oﬁ&é phosphor
activated by cerium ,as'the‘phosphor 11. The white light emitting device of
Example 81 and the comparative white light emitting device use the
phosphor of (Yo.sGdo.2)3Als012:Ce as the yttrium-gadolinium-aluminum oxide
phosphor. The comparative white light emitting device emits light by
combination of a blue light emitting element and the phosphor of
Y-Ga-Al-O:Ce. - It is preferable to use the yttrium-gallium-aluminum oxide |
phosphor activated by cerium, Yg(Alo.sGao_z.)sOm:Ce, in place of the
yttriuﬁl-gadolinium‘aluminum oxide phosphor activated by cerium.

In the light emiﬁting,device of Example 81, the weight ratio of the
phosphor 11 was the cdaﬁng member : the phosphor of Y-Gd-Al-O:Ce : the
phosphor of Example 15 = ‘10 :3.8:0.6. On the other hand, the
comparative phosphor is mixed at the weight ratio of the coating member
the phosphor of Y-Gd-Al-O:Ce = 10 : 3.6.

" The light emitting de’vicé of ‘Exam_ple 81 is compared with the light -
emitting device of Comparative Exarﬁple using a blue light emitting
element én_d the phosphor of Y-Gd-Al-O:Ce.  Table2 shows the
measxﬁrement result of the light emitting device of Example 8‘1 and the light
emitting device of Comparative Example.. In the Table 2, the phosphor of
Y-Gd-Al-O:Ce is described in abbreviation as YAG.
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[Table_ 2]

Electric | Voltage Radiation Brightness Peak |Half-value| Visual
current VF analysis measurement ! wave width wave
r V) Radiometric | Photometric | length | FWHM length
(mA) (mW) (Im) Peak (nm) Dominant
‘ (nm) (am)
Blue LED 20 4.05 14.78 0.955 464.02 18.35 468.05
Comparative
Example ;
Blue LED + 20 38.75 9.59 3.042 463.47 150.73 568.85
YAG
Example81
Blue LED + . .
YAG + nitride 20 3.80 5.84 1.850 596.00 196.86 ‘582.75
phosphor
Color Color Color Average color | Emission
tene tone temperature rendering efficiency -
x Tep (K) property (m/W)
Ra
Blue LED 0.134 0.057 -~ - 11.8
Comparative’
Example | 0.348 0.367 4939 T8 40.8
Blue LED+YAG
Example81
Blue \ :
LED+YAG+ 0.454 0.416 2828 . 76 24.9
nitride phosphor

The coior rendering property of the light emitting device of Example

81 is improved in comparison with the light emitting device of Comparative

Example. The light emitting device of Comparative Example was

insufficient in the specific color rendering index R9, but R9 is improved in-

the light emitting device 1 of Example 81. The specific color rendering

index R9 is a value measuring deviation from a red standard color having

comparatively high chroma. Further, it is improved to a value nearer to

about 100% than other specific color rendering indexes R8, R10 and the like.

Lamp efficiency shows a high value.

The phosphor 11 mixed with the coating member 12 is used by
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miking the phosphor of Y-Gd-Al-O:Ce with' the nitride phosphor, but since
the two phosphors have different density, fhos.e» having high density and
smaller particle diameter are generally precipitéted fast. Accoi*dingly, the
pAhosphor of Y-Gd-Al-O:Ce is precipitated in. advance, and the nitiide
phos‘phér is precipitated next. Aécordingly, even if the same coating
member 12 and the phosphor 11 are used, color unevenness in the color.tone
of the light emitting device is generated. Therefore, it is preferable that
the particle diameter of the nitride phosphor is contr-o]led at a fixed size and
the phosphor of Y-Gd-Al-O:Ce and the nitride phosphor are precipitated
about at the same time. - It can-be improved not to generate the color
unevenness. |
Example 82

The light emitting device of Example 82 related to thé present
invention is the type 2 ‘(sui"falce' moﬁnting type) light emitting device shown
in Fig. 7. The_light emitting device of Examiple 82 uses a light emitting
element capable of emitting blue light (a light erﬁi_tting eiement having
InGaN se‘miconductof lay‘er which has a peak wave length of 460nm at a
blue region as a-luminescence layer) as the light eﬁmitting element 101.
However, the present invention is not limited to the light emitting eleﬁent
capable of emittiﬁg blue light, and for -example, a light emitting element
capable of emitting ﬁitraviolet light at 380 to 400nm can be also used.

More specifically, a p-type semiconductor layer an'd an n-type

semiconductor layer are formed in the light emitting element 101 (not

" illustrated), and the electroconductive wires 104 which are respectively

linked with the lead electrode 102 through ohmic electrodes are connected
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with said p type semiconductor layer and the n-type semiconductor layer.
Further, the insulating sealing material 103 is formed so as to cover the
éuter peripheral of the lead electrode and prevents short circuit. At the
upper part of the_ light emitting element 101, the transf)arent window
portion 107 which is extended from the lid 106 situated at the upper part of
the package 105 is provided. At the inner face of said transparentrwind(:)vv
portion 107, a mixture of the phosphor 108 related to the present invention
and the coating member 109 is coated on about all over the surface.

Hereat, the phosphor of Example 60, the phospher of (Cao.0, Euo.os; A
Mno.0210(PO4)sBrz and the phosphor of Ys(Alo.s,Gao.2)s012:Ce are used in the

light emitting device of Example 82. The package 105 is a square having a

side of 8mm to 12mm whose corner portion was remvoved. '

Among the blue light emitted from the light emitting element 101,
indirect light r'eﬂectedAby a reflecting piaté and light directly discharged
from the light emitting element 101 are irradiated on the phosphor 108,. and
white light emission becomes possible.

When a white LED lamp is prep ared using the light emittihg device
which was forméd as described aBove, the yield can be 99%. Thus,
according to the light emitting diode. of the present Example 81, there can
be provided a light emitting device which has good mass production anld
high reliability and further little color tone unevenness. |
Example 83

The light emitting device of Example 83 is the type 3 (cap type) light
emitting device shown in Fig. 8. |

In the light emitting device of Example 83, the phosphor used for the
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cap 16 uses the phésphor of Example 15. The phosphor of Example 15 is

~ also used in the cup of the mount lead 13a. However, since the phosphor

used for the cap 16, the inside of the cup of the mouht 1eéd 13a may be only
the coating member 12. _

In the light emitting device thus constituted, the wave length |
conversion of the portion of light emitted from the light emitting element 10
is carried out by the phosphor of Example 15 when the light passes through
the cap 16. The wave length-converted light and blue light which was not
wave length-converted by the phosphor are mixed, and as a result, white
light is diséharged‘from.th‘e :surface of the cap 16.

Examples 84 to 109 related to the mode 2 of operation related to the
present invention is illustrated below.

Examples 84 to 87 , '
~ Table 3 shows the properties of the nitride phosphors of Examples 84
to 87

Furthef, Fig.9is a drawing‘ showing a l'uminéscence spectrum when
the nitride phosphor of Example 86 was excited at Ex = 460nm. | Fig. 10 1is
a drawing showing the excitation spectrum of the nitride phosphor of
Example 86. Fig. 1llisa dréwin-g showing the reflection spectrum of the
nitride phosphor of Example 86. Fig. 121s a SEM photo photographed the
nitride phosphor of Example 86.. Fig.12A 1s a photo photographed at a
magnification of 1000. Fig. 12A1s a photo photogfaphed at a magnification
of 5000.
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[Table 8]

Example Addition Color tone | Color tone | Emission Quantum
amount of B X y brightness | efficiency

(ppm) ‘ (%) (%)

84 10 0.596 0.398 100 100

85 200 v 0.598 0.397 107 108

86 500 0.598 0.396 112 113

87 1000 0.598 | 0.396 | 110 112

Examples 84 to 87 are nitride phosphors which are répresented

by(Cao.e7E10.03)291sNs and contain a fixed amount of B. The luminescence

Brightness and quantum efficiency are shown by a relative value based on
the basis of the nitride phosphor Example 84. |
In Examples 84 to 87, the concentration of Eu is 0.03. The
concentration of Eu is a fnolar ratio against the molar éoncentration‘of Ca.
The Ca of a raw material was firstly pulverized to 1 to 15 pm, and
nitrided in nitrogen atmosphere. Then, the nitride of Ca was pulverized to
0.1 to 10 pm. 20g of the C-alof a raw material Wés weighed and nitrided.
Similarly, the Si of a raw méteriél was pulverized to 1 to 15 pum, and

nitrided in nitrogen atmosphere. Then, the nitride of Si was pulverized to

0.1to 10 pm. 20g of the Si of a raw material was weighed and nitrided.

‘Then, a Eu compound, HsBOs was mixed with a Eu compound,
EuzOs in a wet process. 20g of the Eu compound, Eu20z and a fixed
amount of HaBOs were weighed. Aftef HsBO3 was made as a solution,
Euz0s was mixed with the solution, and the mixture is dried. After drying,
firing was carrigd out at 700°C to 800°C for about 5 hours in oxygen
atxﬁosphere. Europium oxide to which B .‘Was- added was produced 'thereby.

After the firing, a mixture of Eu and B was pulverized to 0.1 to 10 um.'
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The mixture Qf nitiide of Ca, the nitride of Si and the mixture of Eu
and B was mixed in nitrogen afmosphere. In Examples 84 to 87, the
mixing ratio (molar ratio) contained in raw materials of calcium nitride,
CasNz; sﬂicohe nitride, SizNg, europium 6xide, Eus03is Ca:Si:Eu= 1.94:
5:0.06. CaaNz‘(mole‘cullar weight = 148.26), SisNs (molecular weight =
140.31),and the mixture of Eu and B were weighed so as to be the mixing
ratio, and mixed. The amount -vofB added is-10ppm, 200ppm, SOdppm and
1000ppm against the molecular weight of the final compésition. |

The abovermentioned compounds were mixed and'baked. As the
firing conditions, the above-mentioned compounds were charged in a
crucible in ammonia atmosphere, the temperature was gradually raised
from r,oorh tempera‘ture,_ﬁriﬁg was carried out at abvout 1600°C for about 5

hours, and they were gradually cooled to room 'temperature. ‘In general, B

" ‘added remains in the composition even if firing is carried out, but the

portion of B is scattered by the firing, therefore the less amount remains
occasionally in the final projduct'..

The .1umi1llescence b_rightness and quantum efficiency of the nitride
phosphors of Examples 84 to 87 are represented by the relative value based
on the basis that Example 84 is 100%.

From Table 3, when 10000ppm or less of B was added, and in

’p'articular, lppm or more and 1000ppm or less of B was added, the

Jluminescence brightness and quantum efficiency exhibited high values.
The mean particle diameter of the nitride phosphors of Examples 84
to 87 was 6.3 to 7.8 pm. Further, oxygen was contained by 0.5 to 1.2% by

weight in the phosphors of Examples 84 to 87.

218



10

15

20

The nitride phosphors related to Examples 84 to 87 are baked in
ammonia atmosphere using the crucible of a boron nitride material. |

The temperature characteristic of the nitride phosphors of Examples
84 to 87 is extremely good. The temperature characteristic of the nitri_de
phosphors of Example 86 was 97% at 100°C, and 70% at 200°C.

" The nitride phosphor related to Examples 84 to 87 have a peak wave.
length near at 609nm when excitation was carried out by the exéifcation
light source of 460nm.

(Examples 88 to 92)

Tablé 4 shows the properties of the nitride phosphors of Examples

88 to 92.

[Table 4] .

Example | Addition | Color tone | Color tone | Emission. | Quantum

amount of X y brightness | efficiency
B (%) (%)
(ppm) | . |

88 10 ~ 0.596 0.396 100 100
89 | 200 0.598 0.396 100 100
90 . 500 0.598 0.396 100 . 100
91 1000 . 0.598 0.396 105 104
92 10000 0.598 0.396 102 101

Exampl.es 88 t0 92 are nitride phosphors which are reprevsenfed
by(Cao.gszuo.os)‘zS‘ist and contain a fixed amount of B. The lumine.scenc‘e
brightness and quaﬁtum efficiency are shown by a relative value based on
the. basis of the nitride phosphor Example 88.

In Examples 88 to 92, the concentration of Euis 0.03. VT‘he
conCentrétion of Eu is a molar ratio against the molar concentration of Ca.

The production process of Examples 88 to 92 is different from that of
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Examples 84 to 87.

Firstly, the Ca of a raw material was pulverized to 1 to 15 um, and

~ nitrided in nitrogen atmbsphere. Then, the nitride of Ca was pulverized to

0.1to 10 pm. 20g 'éf the Ca of a raw material was weighed and nitrided.
Similarly, the Si of a raw material was pulverized to 1 to 15 pm, and
nitrided in nitrogen atnﬁosphere. Then, the nitride of Si was pﬁlverized to
0;1 to 10 pm. 20g of the Si of a raw materiai was weighed and nitrided.
~ The nitride of.Ca, the nitride of Si, a Eu compound, Euz03 and B

compound, HsBOs were mixed in a dry process. 20g of the Eu corﬁpouhd,

 Euz0s and a fixed amount of HsBOs  were weighed to be used. In

Examples 88 to 92, they are adjusted so that the mixing ratio (molar ratio)

. of the raw materials of nitride of Ca, CasNy, the nitride of Si, SizNy, -and

eur-opium oxide, Bu203is Ca:Si:Eu=1.94:5": 0.06. | The amount of B
added is 10ppm, 200ppin, SOOpﬁm, 1Q00ppm and 10000ppm against the
molecular weight of the final composition.

The above-mentioned compounds were mixed and'baked. As the
firing conditions, the abéve-mentioned compounds were charged in a
crucible in ammonia atmosphere, the temperature was gradually raised
from room.tempera‘cure, firing was carried out at about 1600°C for ébout 5
hours, and they v‘vvere gradually cooled to room terﬁpe’rature.

The luminescence brightness and quantum efﬁciency of the nitride
phosphor of Examples 88 to 92 are represented by the relative value based
on the basis that Example 88 is 100%. | |

From Table 4, when IOOOOppIh or less of B was added, the

luminescence brighthess and quantum efficiency exhibited high'values.
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The mean particle diameter of the nitride phosphors of Examples 88

to 92 was 6.0 to 7.2 pm. Further, the concentration of oxygen was 0.7 to .

1.0% by weight.

(Examples 93 to 98)

Table 5 shows the properties of the nitride phosphors of Examples

193 to 98.
[Table 5]

Example | Addition | Color tone | Color tone | Emission | Quantum
amount of |- X -y brightness | efficiency

B. - (%) (%)

(ppm)

93 10 0.618 0.375 100 100

94 100 0.619 0.374 104 107

95 200 0.620 0.373 105 109

96 500 0.618 0.376 106 105

97 1000 0.620 0.373 97 - 102

98 5000 0.625 0.368 95 110

Examples 93 to 98 are nitride phosphors which are represented

by (Sro.e7E10.03)25i5Ns and contain a fixed amount of B. The luminescence

brightness and quantum efficiency are shown by a relative value based on

the basis of the nitride phosphor Example 93.

In Examples 93 to 98, the concentration of Eu is 0.03. The

concentration of Eu is a molar ratio against the molar concentration of Sr.

Examples 93 to 98 was produced by about the same production:

process'as that of Examples 84 to 87. Examples 93 to 98 used Sr in place

of Ca used in Examples 84 to 87. Baking was carried out at about 1600°C

inkExamples. 84 to 87, but firing was carried out at about 1350°C in

Examples 93 to 98.
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From Table 5, when 10000ppm or less of B was added,‘ and in
paxticulaif! 10ppm or more and 5000ppm or less ofB was added; the
luminescence brightness and gquantum ‘efficiency exhibited high values.

Thé mean particl‘e diameter of the niﬂride phosp’hors of Exéihples 93
t0.98 was 2.1 to 4.7 . Further_, thé concentration of oxygén was 0.3 fo
1.1% Ey weight. |
(Examples .‘99 to 103) |

Table 6 shows the properties of the nitride phosphors of Examples
99 to 103, |

[Table 6]
Example | Addition | Color tone | Color tone | Emission | Quantum
| amount of X y | brightness | efficiency
B (%) - (%)
< (ppm) | ' -
99 10 0.629 - 0.364 - 100 100
100 100 0.628 | 0.365 . 101 101
101 500 ' 0.629 0.364 102 103
102 |- 1000 0.628 0.365 98 : 98
103 5000 | 0.629 0.364 92 97

Exémples‘ 99 to 103 are nitride phosphbrswhich are representedv
by(Sro.s7Eu0.08)2SisNs and contain a fixed amount of B.  The luminescence
brightness and quantum eﬁficiency are shown by a relatiye value based on
the bas'is of the nvitride‘phosphor Example 99. | |

In Exampleé_ 99 to 103, the conce‘ntratiori of Euis 0.03. The
concentration of Eu is a molar ratio against the molar concentraﬁon of Sr.

Examples 99 to 163 was produced.by about the 'sanie prOdﬁction
process as that of Examples 84 to 87. Examples 99 to 103 used Srm place

of Ca used in Examples 84 to 87.
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From Table 6, when 1000ppm or less of B was added, and in’

particular, 10ppm or more and 500ppm or less of B was added, the

~ luminescence brightness and quantum efficiency exhibited high values.

The mean particle diameter of the nitride phosphors .of Examples 99

to 103 was 3.2 to 3.9 um.

(Examples 104 to 109)

Table 7 shows the vprope.rties of the nitride phosphors of Examples

104 to 109.
[Table 7]
Example | Addition | Color tone | Color tone | Emission | Quantum
amount of X y brightness | efficiency
B (%) (%)
(ppm) . -
104 10 0.636 0.357 100 100
105 100 0.635 - 0.357 100 100
106 200 0.636 0.356 102 103
107 500 0.636 0.356 101 102
108 1000 0.636 0.356 98 99
109 5000 . 0.636 0.356 88 105

Exai’nples 1104 to 109 are nitride phosphors which are represented

by (Cao.285S10.685E10.03)2815Ns and contain a fixed amount of B. The.

luminescence brightness and quantum efficiency are shown by a relative

value based on the basis of the nitride phosphor Example 104.

In Examples: 104 to 109, the concentration of Eu is:0.03. The

mixture of Ca and Sr.

concentration of Eu is a molar ratio against the molar concentration ofa =

Examples 104 to 109 was produced by about the same production

process as that of Examples 84 to 87. Examples 104 to 109 used a
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mixture of Ca and Sr in place of Ca used in Examples 84 to 87, and the

: molar ratlo of Ca: Sr is 3 7.

From Table 7, When 5000ppm or less ofB was added, and in
particular, 10ppm or more and 1000ppm or-less of B was added, the
luminescence bright\nes}s and quantum efﬁciehcy exhibited high vadue;sl.

The moan pa.rticle diameter of the nitride p.ho_sphors of Examples

104.‘1:0 109 was 1.6 to 2.0 pm.

<E'xamp1-e‘s_ 110 to 169 related to Mode 3 of Operation>

- Examples 110 to 124

‘Ex__amples 110 to 124 produced phoéphors Which Vdriously changed
the co-activator WR in the base nitride'phosphor Ca*Si-N:Eu,WR. Table 8

. shows the chemlcal properties and physical propertles of the phosphors of

.Examples 110 to 124 Whlch variously changed the co-activator WR in the

base. nitride phosphor, Ca-SrN Eu, WR. Fig. 14 shows the lummescence

brlghtness of the phosphors of Examples 110 to 124 Whlch varlously

| changed the co- actlvator ‘WR in the base nitride phosphor Ca-Si-N'Eu, WR.
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The phosphors of Examples 110 to 124 are represented by the
general formula, (Cao,9775,Euo.oo75,Zo.015>ZSi5Ns. In the phoéphors of
Examples 110 to 124, oxygen is contained byll.O t01.6%. In Examples 110
to 124, the conceﬁtration of Eu is 0.0075. The concentration of Eu is a
moldr ratio against the molar concentration of Ca. Further, the rare earth
elements of Sc, Y, La, Ce, Pr, Nd, Sm, Gd, Th, Dy, Ho, Er, Tm, Yb and Lu
were used for the co-activator WR. ‘The concentration of the co-activator
WR added i5:0.015. The concentration of WR added is a molar ratio for the

molar concentration of Ca. Comparative Example 1is a phosphor in which

no co-activator WR is added and only Eu was added, and is shown as

comparison.

Further, Table 8 and Fig. 14 are not the data which compared the
optim;im value 6f the phosphors of Exémples 110 to 124 in Whic_:h WR was
cé-activatéd, and is one exarﬁple. 4 For example; as shown in Tablé 9 and
Fig. 15 to Fig. 19, when ﬁhe’compodnding émoﬁnts of the co-activator La
and'the a»ctivator-Eu, and the like were changed, the phosphor of Example
which is different from the compounding amount of the co-activator La of |
Table 8 showed the highest value of the luminescence brightness. The
phosphor having higher luminescence biightness than that of thle phosphors
of Examples 11 0 to 124 can be produced by cha'nging‘th‘e compounding
amounﬁ of the rare earth element, firing condition and the like.

Firstly, calciurri nitridé, silicone nitride, eu.ropium oxide and the
oxide of‘ the rare earth element are mixed. The oxides of the rare earth
element are represented by Z20s in general, but cerium, praseodymium, and

terbium are exceptional, and they are respectively cerium oxide, CeOs,
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praseodymium oxide, PrsO11, and terbiurh, TbsO7. In Examples 110 to 124,
thg corﬁp ounding ratio (molar ratio) ‘of calcium nitride, CasNyg, silicone
nitride, SisNg, europium oxide, Euz0s, and the oxides of the rare earth
element which are réw materials is adjusted to be Ca : Si: Eu : rare earth
element = 1.955 : 5 :0.015 :'0.030. At least one or more of Mn, Mg, Sz, Ca,
Ba, Zn, B, Al, Cu, Cr, Ni and the like may be contained by several ppm to
several hundreds ppm in said raw materials. '

The above-mentioned compounds are mixed, and firing is carﬁed out.
As firing vcondit.ions, th’ey aré‘ charged in a boron nitride crucible in.
ammonia atmosphere, the temperature was gradually raised from room
temperature over about 5 hoi;rs, and firing is carried out for 5 hours at
about 1350°'C, cooling was further gradually _Carried out until room
teniperature over 5 hours. The b‘a’se' nitride phosphor after the firing is
(Ca‘().é775,E1.10,0075',WR0‘0I'ES)ZSiSNS.'

Example 111 uses Y as the co-activator WR. It becomes low
afterglow in comparison with Comparative Example 1 which does not
contain the co-activator WR. It can be applied to products such as a
display in Which short afterglow is reciuired, by making the phosphor be
short afterglow. |

Example 112 uses Lé as the co-activator WR. F.The l_umihescéﬁce
brightness of Example 112 increases by 11.4% in comparison with
Comparative Example 1. A more clear phosphor can be provided. by the
increase of luminescence brightness in comparison with Comparative
Example 1. Further, Example 112 becomes short afterglow in comp arisoﬁ

with Comparative Example 1.
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Example 113 uses Ce as the co-activator WR. Example 113 can

improve the luminescence brightness in like manner as Example 112.

Example 114 uses Pr as the co-activatoi‘ WR. The luminescence
brighfness of Example 114 iﬁcreases by 5.4% in comparison with
Comparative Example 1. A more clear phosphor can be provided by vtlie
increase of luminescence brightness in compérison with Comp ar:ative
Example 1. Further, the Y value of color tone is not changed in cémparison
W'ith_‘Comp arative E%ample 1 and the x value of color tone is changed. A
red component is increased in comparison vﬁth Comparative Example 1 by
the change of the Y value of color tone, and a more reddish phosphor can be -
brovi’ded. Further, the quantum efficiency is good.

Example 115 uses Nd as t}ie co-activator WR. The luminesbence
peak wave 1¢ngth of Example 115 is shifted to 62 1nm, and it can increase
reddish. Example 115 Eecomes long aftergldwv in comparison with
Comparative Example 1, i |

Example 117 uses Gd as the co-activafor WR. Example 117 can
improve the luminescence Brightneés m like inannér'as Example 112. |

Example 118 uses Th as the co-activator WR. Example 118 can

improve the luminescence brightness in like manner as Example 112. The"

gquantum efficiency of Example 118 is 00d.
Examplé 119 uses Dy as the co-activator WR. Example 119 can
improve the luminescence brightness in like manner as'Example 112,
Example 120 uses Ho as the co-activator WR. Example 120 can-
improve the luminescence brightness in like manner as Example 112.

Example 120 becomes short afterglow in comparison with Comparative.
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l Exarﬁple 1.

Example 121 useé Er as the co-activator WR. Example 121 can
improve the luminescence bfightness in like manner as Example 112.
Example 121 becoines short afterglow in cdmp arison with Comparative
Example 1). |

Example 124 uses Lu as the co-activator WR. Exémple 124 can
improve the luminescence brightness in like manner as Example 112.
Example 124 becomes short afterglow in comparison with Comparative
Example 1.

Any of the ’cemperarure characreristics of the phosphors of Examples

110 to 124 is extremely good. With respect to the temperarure

- characreristics, when said phosphors were provided on the surface of light

‘emitting elements, the composition of the phosphors is not c_hahged, and the

high luminescence pr'operties- are exhibited, therefore it is,shown that the
highér the temperature is, the more stable the phosphor is.

The phosphor related to Example uses the crucible of a boron nitride
material, and firing is carried out in ammpnia atmospher.e. Since a
furnace and a crucible are not eroded under the firing condition, impurities
ére not contamipated in a baked product. The crucible of a boron nitride
material can be used, but it is ﬁot preferable that the crucible of a
molybdenum nitride material is used. When the crucible of a molybdenum
nitride material is used, it is considered that the crucible is eroded,
molybdenum contaminates in the nitride phosphor, and molybdenum
provokes the lowering of the luminescence properties. )

Thué, the improvement of the luminescence properties can provide a
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luminescence material which emits light of a more brilliant Whife color.
Further, since the improvement of the luminescence properties enhances
the luﬁxinescence efficiency, the reduction of electric‘power can be attained.
Examples 125 to 133 |

Examples 125 to 133 produced phosphors which variously chanéed'
the addition concentration of the co-activator La in the base nitride
phosphor, Ca-Si-N:Eu,L.a. Table 9 shows the chemical properties and
physical properties of the phosphors o.f Examples 125 to 133 which
variously changed the addition concentration of the co-activator La in the
base nitride -ﬁhosphor, Ca-Si-N'Eu,La. Fig. 15 is a drawing Whi‘Ch shows
the measurement result which was obtained by measuring the luminescence
brightness of the phésphors of Examples 125 to 133 which variously |

changed the addition concentration of the co-activator La in the base nitride

" phosphor, Ca-Si-N:Eu,La. Fig. 16 is a drawing'\&hich shoWs the

Juminescence spectra of the phosphofs of Examples 125 to 133 which
variously changed the addition co;lcentration of the co-activator La in the
base nitride ﬁhosph_or, Ca-Si-NiEu,La. 'Fig. 17 shows the réﬂection s'peétra
of the phosphors of Examples 125 to 133 which variously changed the
addition.concentration of the co-activator La in the base nitride phosphor,
Ca-Si-N:Eu,La: TFig. 18 shows the excitation spectra of the phosphors-of

Examples 125 to 133 which variously changed the addition concentration of

the co-activator La in the base nitride phosphor, Ca-Si-N:Eu,La. Fig. 19A

is a photo photographed the particle diameter of the phosphor of Example
128, and Fig. 19B is a photo photographed that of Example 129.
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The phosphor is represented by the general formula,
(Ca-0.0075-0E0.0075L.a%)2SisNs~ in which Mn was added. In the phosphors

of Examplés 125 to 133, oxygen is contained by 1.0 to 1.6%. In Examples

125 to 133, the concentration of Eu is 0.0075. In Exampl’és, 125 to 133,

there were prepared the phosphors in which the concentration of La was

| changed to 0.005, 0.01, 0.015, 0.02, 0.03, 0.04, 0.06, 0.1 and 0.2. Examples

125 to 133 use Laz0s as a raw material. Comparative Example 1is a
phosphor in which no co-activator La is added and only Eu was added, and
is shown as comparison.

‘Since Examples 125 to 133 Carry out the similar production steps as

Examples 110 to 124, the steps which pass the similar constitution are

abbreviated. ‘In said raw materials, at least orie or mo.re of Mg, Sx, Ca, Ba,
Zn, B, Al, Cﬁ, Mn, Cr and Nimay be contained by several ppm to several
huﬁdreds ppm. - | _

In Examples 125\tio 133, the x value of color toﬁe and the y value of

color tone are nearly the same. On the contrary, the luminescence

" brightness is improved in accordance with the gradual increase of the

addition concentration of La. - This is considered to be caused by the ﬂux‘
effect. Althougil the luminescence brightness was peak when the additiOh
concentration of La‘is 0.02, it'is lowered afterward. This is considered to
be caused by concentration quenching.

Further, the afterglows of Examples 125 to 133 become shortin
comparison with Comparative Example 1.

Further, any of the temperature .characteristics of Examples 125 to

133 is extremely good.
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The mean particle diameter of Example 128 is 3.7 um., and the mean

particle diameter of Example 20 is 3.6 pum. To the C‘Onti'ary, the mean

particle diameter of Comparative Example 1is 2.8 pm. The luminescence

brightness could be improved when the mean particle diameter is 3.0 pm or

more, from this fact.

<Examples 134 to 144>

Examples 134 to 144 produced phosphors which varioﬁsly changed

the addition concentration of the co-activator Pr in the base nitride

phosphor, Ca-Si-N!Eu,Pr. . Table 10 shows the chemical properties and

physical properties of the phosphors of Examples 134 to 144 which :

variously changed the addition concentration of the co-activator Pr in the

base nitride phosphor, Ca-Si-N:Eu,Pr.

[Table 10] .
‘Concent | Addition | Color | Color | Emission |Quantum | Peak | Mean
-ration of | concent | tone | tone |brightness|efficiency| wave | particle
Eu |rationof] x | ¥y (%) (%) length | diameter
Pr @m) | (um)
Comparative | 0.0075 0 0.581 | 0.410 | 100.0 100 609 | 2.8
" Example 1 ,
Example 134 | 0.0075 | 0.0025 | 0.582 | 0.410 108.3 102.8 609 | 2.7
Example 135 | 0.0075 | 0.005 | 0.582 | 0.410 105.7 105.7 610 2.9
| Example 136 | 0.0075 | 0.0075 | 0.582 | 0.409 101.8 102.2 610 3.4
Example 137 | 0.0075 0.01 0.582 | 0.409 98.8 99.3 610 3.3
Example 138 | 0.0075 | 0.0126 | 0.582 | 0.409 96.7 97.2 610 | 3.4
Example 139 | 0.0075 | 0.015 | 0.582 | 0.409 | 965 | 972 | 610 | 3.1
Example 140 | 0.0075 | 0.0175 | 0.582 | 0.410 96.1 97.2 | 810 3.8
Example 141 | 0.0075 | 0.02 | 0.582 | 0.409 | 93.4 94.3 | 610 | 8.1
Example 142 ©0.0075 0.08 | 0.681 | 0.410 04.6 - 954 610 3.6
Example 143 | 0.0075 0.06 0.581 | 0.410 | 84.4 86.1 610 3.5
Example 144 | 0.0075 0.1 | 0.581 | .0.411 70.3 71.9 613 3.8
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The ﬁhosphor is represented by the geheral formula,
(Ca<1'~o.oo7gs-:QEuo.omsPr'x)zSist ~in which Mn was added. In the phosphors
of Examples 134 to 144, oxygen is contained By 1.0t0 1.6%. In Example_s‘
134 to 144, the concer_l'tratiOn of Euis 0.0075. In Examples 134 toA 144,
there were prepared the phosphors in which the concentration of Pr was
chang_ed to 0.0025, 0.005, 0.0075, 0.01, 0.0125, 0.015, 0.01’75,'0.02,‘ 0.08,‘
0.06 and 0.1. Examples 134 to 144 use PrsO11 as a raw material.
Comparative Example 1is a phosphor in which no co;a’ctivator Pris added
and only Eu was added, and is shown as comparison.

Since Examples 134 to 144 carry out the similar pr_oduction steps as
Examples 110 to 124, the steps Which paSs the similar constitution are
abbreviated. In éaid raw m“aterial's, at least one or more of Mg, Sr, Ca, Ba, .
Zn, B, Al, Cu, Mn; Cr and Ni may Be contained by several ppm tb several
huﬁdreds ppm. | |

In Examples 134to 144, the x value of color tone and the y value of
color fone arevnea'rly the same. The peak wave lengths are alsc_i about the
same. To the contrary, the IUminescencé brightness is improved in
accordance with the gradual increase of the addition concentration of Pr.
This is considex_'ed. to be caused by the sensitization effect. Alfhough thé
luminescénce brightness was peak when the addition concentration of Pr is
0.005, it is lowered afterward. This is considered to be caused by
concentr_ation‘quenching; The luminescence brightness of Example 139
Was improved.

Any of the temperature chéracteristics of Exampleé 134 to 144 is

extremely good. For example, the temperature characteristic of Example
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.135 15 99.2% at 100°C, and 68. 1% at 200 C The temperature ’

characteristic of Example 139 is 98 6% at’ 100 °C, and 74 8% at 200°C.

In Examples 136 to 144, the phosphors havmg amean partlcle

‘diameter of 3.0 pm or more are prepared, and showed high luminescence

brightness.
<Examples 145 to 148>

- Examples 145 to 148 produced phosphors Whlch variously changed

-~ the addltlon concentratlon of the co- actlvator Eu in the base nitride

phosphor, Ca-Si-N:Eu,Pr. Table 11 shows the chemical properties and
physical properties of the phosphors of Examples 145 to 148 which variously

changed the Eu concentratlon in the base nitride phosphor, Ca-Si-NEu, Pr
[Table 11]

Concent | Addition Color -1 Color { Emission | Quantum Peak

-ration | concent | tone tone | brightness | efficiency wave

of Eu | -ration X oy (%) (%) length

. . of Pr - ’ (nm)
Comparative | 0.0075 0 0.581 | 0.410 100.0 100 609

Example 1 _ .

Example 145 | 0.0075 0.005 0.582 | 0.410 105.7 - 105.7 610
Example 146 | 0.015 0.005 0.584 | 0.407 112.3 118.9 609
Example 147 | - 0.03 0.005 0.588 | 0.403 117.3 123.9 610
Example 148 0.06 0.008 0.590 | 0.401 '109.2 119.6 612

The phosphor is represented by the general formula,
(Ca(l-Y-o.oos)EuYPro.oos)zSist ‘in which Mn was added. In the phosph‘ors of
Examples 145 to 14‘8, oxygen is contained by 1.0 to 1.6%. in Examples 145
to 148, the concentration of Pris 0.005. In Examples 145 to 148, there
were prepared the phosphors in Which' the concentration of Eu was changed
to 0.0075, 0.00.15,‘ 0.03 and 0.06. Examples 145 to 148 use PrgOq; as a raw

material.
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Since Examples 145 to 148 carry out the similar production 'steps as

Examples 1 to 15, the steps which pass the similar constitution are

abbreviated In said raw materials at least one or more of Mg, S, Ca4, Ba,

Zn B Al, Cu, Mn, Cr and Ni may be contamed by several ppm to several :

' hundreds ppm.

In Examples 145 to 148, the x value of color tone and the y value of
color tone differ dependlng on the concentratlon of BEu. In accordance with
the increase of concentration of Eu, red element is increasing, then the
phosphor that has a more reddish color can be provided. Additionally, in
accordanee with the increase of concentration of Eu,the luminescence
brightness is improved. I.n particular, the 'luminescence brightness is

extremely high for any of Examples 146 and 147. Any of the temperature

- characteristics of Examples 145 to 148 is extremely good.

Examples 149 to 155

Examples 149 to 155 produced phosphors which variously changed

the mixing ratio of Sr and Ca in the base nitride phosphor, Ca-Si-N:Eu,La.

Table 12 shows the chemical properties and physical properties of the

phosphors of Examples 149 to 155 which variously changed the addition

concentration of the co-activator in the base nitride phosphor,

Ca-Si-N:Eu,la..
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[Table 12]

St/Ca | Concent | Addition | Color Color ‘Emission’ Quéntum 'P'e‘ak
' “|ration of | concent | tone | tone | brightness |efficiency| wave
Eu |-ration of| x y (%) (%) length
La ‘ , (nm)
Comparative| 0/10 | 0.0075 0 10.581]0410| 1000 100 609
Example 1 ! : : : :
Example | 0/10 | 0.0075 | 0.02 | 0.583 | 0.409 113.5 114.3 609
149 : '
Example | 8/7 | 0.0075 | . 0.02 | 0.595|0.8395| 63.7 76.3 624 -
1580 i~ L _
Example | 4/6 | 0.0075 0.02 | 0.608 | 0.382 64.0 85.9 627
151 ' :
Example: 5/5 | 0.0075 0.02. | 0.618| 0.372 67.0 100.2 634
152 , '
"Example 6/4 | 0.0075 0.02 | 0.615 | 0.374 66.1 94.7 633
163 :
Example 7/3 | 0.0075 0.02 | 0.612{0.378 70.9 93.4 626
154 '
Example 10/0 | 0.0075 0.02 | 0.604 | 0.387 89.2 95.4 618

155

The phpsphor is. repieSénted by the general formula,
(SI‘TCa(l-T'0.0075-0.006)EH0.0Q75Lao.0'05)28i5N8', In the phosphors of Examples 149
to 155, oxygen 1s coﬁtainéd by 1.0 to 2.0%. 1In Examples 149 to 155, the |
concentration of Eu is 0.0075 and the addition concentration of La is 0.02.
Exampleél 149 to 155 use LagO11 as a raw material. Comparative Example
lisa p.ho‘sphor in which ratiois Sr: Ca=0:10, no qo-activator La is added
and only Eu was ‘added, and is shown as compéﬁson.

Since Examples 149 to 155 carry out the similar production steps as

‘Examples 110 to 124, the steps which pass the similar constitution are

abbreviated. In said raw materials, at least one or more of Mg, Sx, Ca, B‘a,
Zn, B, Al, Cu, Mn, Cr and Ni may be contained by several ppm to several
hundreds ppm. | | |

Since the phdéphors of Examples 149 to 155 are the phosphor of mix
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‘crystal type of Sr and Ca the phosphor of mix crystal type of Sr and Ca

changes the color tone and peak Wave length. The peak wave length shlfts

to a 1ong wave length side in accordance with the increase of Sr. The peak

 wave length shifts to the longest wave length side at Sr: Ca =5 : 5. A

reddish warm col-or-bas_e phosphor having a peak wave length at a longer

wave length side than Ca-Si-N:Eu,WR can be produced thereby. In
Examples 149 to 155, the x value of color tone and the y value of color tone
are changed by the mixing ratzo of Sr and Ca. The phosphor havmg a

desued color tone can be produced thereby For example, the light emlttmg-

~ device m1x1ng the phosphor of Ca-Si-N:Eu,La and the phosphor of

Sr-Ca-Si-O-N:Eu,La can provide a light emit‘cing device having a desired |
peak wave length at. a range of 609nm to 634nm. Any of the temperature:
charactenstlcs of Examples 149 to 155 is extremely good.
Examples 156 to 160 | o | |

Examples 156 to 160 prcduced phosphors which variously changed

the addition concentration of the co-aictivator Tb in the base nitride

phosphor, Ca-Si-N:Eu,Th. 'Table 13 shows the chemical properties and

physical properties of the phosphors of Examples 156 to 160 Whlch
variously changed the addition concentratlon of the co- actlvator Th in the

base nitride phosphor, Ca-Si-N:Eu,Th.
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 [Table 18]

Concent Addition Color Coior ‘Emission | Quantum Peak
-ration | concentration | tone | tone.| brightness | efficiency | wave .|
of Bu of Th X y (%) (%) . length
1 : ' . (om)
Comparative | 0.0075 .0 0.681 | 0.410 100.0 100.0 609 .
Example 1 : ] R R
Example | 0.0075 0.015. 0.582 | 0.409 99.1 . 100.4 610
166 - ' '
Example | 0.0075 008 |0579]0412| 820 .| 817 | 609
157 : : :
- Example | 0.0075 - 0.06  |0.579|0.412 77.8 .78.0 610
158 . : : ' '
Example = | 0.0075 0.1, 0.578 | 0.412 66.1 66.4 609
159 - -
Example | 0.0075 0.2 1 0.576 | 0.414 43.2 | . 438.7 609
160 ' ' : : :

The phosphor is represented by the general formula,

| (Cai-0.0075-FEu0.0075Tbx)2Si5Ns to which Mn was added. In ﬂie phosphor.s o

of Examples 156 to 160, oxygen is contaihed by 1.0t0 2.0%. In Examples

156 t0.160, the cﬂonceritration of Euis 0.0075. Ih EXamples 156 to 160, - "

there were prepared the phosphors in which the concentration of Th was

changed to 0.015, 0. 03 0.06, 0.1 and 0.2, Examples 156 to 160 use Tb407
as a raw material. Comp aratlve Example 1is a phosphor in Wthh no
co-aeti%ratof Th 1s added and only Eu was added, and is shown as
c-ompaiison.-' o

‘Since Examples 156 to 160 carry out the similar. productlon steps as
Examples 110 to 124, the steps which pass the similar constltutlon are
abbreviated. In said raw materlals, at least one or more of Mg, Sr, Ca, Ba,
Zn, B, Al, Cu, Mn, Cr and Ni may be contained_b‘y‘sevei*al ppm to several

hundreds ppm. Any of the temperarure characreristics of Exainples 156 to

160 is good. For examﬁle, the temperatgre'characte_ristie of Examples 156
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: Examples 159 is 97 2% at 100°C and 69 4% at 200°C and it is extremely
-,g’ood . | |

Examples 161 to 165

| Examples 161 to 165 produced phosphors Wthl’l varlously changed '
the addition concentratzon of the co- actlvator Nd in the base mtmde A |
phosphor, Ca-Si-N:Eu,Nd. Table 14 shows the chemical properties and
phjsical pioperties of th.e phoSphors of Examples 161 to 165 which
vanously changed the addition concentratlon of the co-activator Nd in the

base nltrlde phosphor Ca-Si-N:Eu, Nd

[Table 141 |
C_oncent' | Addition | Color | Color Emission Quantum Peak’
ration of | concent | tone tone |brightness| efficiency wave
Eu -rationof | x |. ¥ (%) (%) length
- , Nd ' ' (nm)
Comparative| ~ 0.0075 0 0.581 | 0.410 100.0 100 609 -
Example 1 1 1 i .
‘Example - | 0.0076 | . 0.015 0.582 | 0.406 87.4 91.2 621
: 161 N L b
Example | 0.0075 - 0.03 0.580 | 0.412 68.8 | - TL17 621
162 ' . ‘ o '
Example 0.0075 0.06 |0.579 ] 0.412 59.5 63.1 622
163 ' . :
- Example 0.0076 0.1 0.578 | .0.413 48.9 .| ' B34 8238
164 ' ’ A '
Example | 0.0075 0.2 0.672 | 0.416 28.7 30.1 624
165 : ] . ‘

The phosphor is represented by the general formula,

Ca(1-0.0075-Eu0. 0075Ndx)28i5Ns to which Mn Was added. In the phosphors of

Examples 161 to 165 oxygen is contained by 1.0 t0 2.1%. In Examples 161

to 165, the concentration of Eu is 0.0075. In Examples 161 to 165, there '4

were pirep ared the phosphors in which the concentration of Nd was changed
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. to 0‘.‘01:5, 0.03, 0.06, 0.1 and 0.2. Examples 161 to 165 use Ndz‘Os' as a raw

mateﬁal Comparatwe Example lisa phosphor in which no co- actlvator "‘ |
Ndis added and only Eu was added and is shcwn as comparison.

| Smce Examples 161 to 165 carry out the similar productlon steps as
Examples 1to 15, the steps Whlch pass the smular constltutlon are
abbrev1ated In said raw materlals at 1east one or more of Mg, S, Ca, Ba 'A
Zn, B, Al, Cu, Mn, Cr and Nimay be contamed by several ppm to several )
hundreds ppm. | ‘

In Examples 161 to 165, the x value of color tone and the y val‘ue of

color tone are varied in accordance with the increase of the addition

concentration of Nd. The x value of color tone is lowered and the y value of

 _color tone is raised in accordance with the increase of the addition

concentration of Nd. - The color becomes slightly yellow red in comparison

with Example 163 ther‘eby._ On the other hand, the peak wave length is

shifted to a long wave le.ngth side in accordance with the increase of the

addition concentration of Nd. A.'fterglow becomes short by the addition of

Nd. Any of the temperarure characreristics of Examples 161 to 165 1S

extremely good._' For example, the temperature characteristic of Examples
161 1s 99.7% Iat 100°C and 77.6% at 200°C. The-temperaﬁure characteristic
of Examples'164'is 99.6% at 100°C .a‘nd 76.7% at 200°C, and it is extremely, -

good.

'Example 166

The light emlttlng dev1ce of Example 166 related to the present
invention is the type 1light emitting dev1ce Wthh was constituted using the -

phosphor of Example 135 related to the present invention, and a white light .-
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V, 3em1tt1ng devme Whlch can emlt hght of a reddlsh Whlte color.

As the phosphor 11 of the hght emitting dev1ce used for Example 166

‘ there is used a phosphor Wthh -mlxed the phosphor of Example 135 and the

yttrium- gadohmum aluminum ox1de fluorescent substance (Y-Gd- Al-O: Ce)

activated by cemum Example 135 1s the phosphor of Ca Si*O-N:Eu,Pr. ‘A
hght emitting device Whlch is prepared as a comp arison does not contain .
the phosphor of Example 26 and contains only the

yttrium-g-adoliniiiin*aluminum oxide fluorescent substance activated by

-cerium as the phosphor. The light emitting device of Example 166 and the ,

light emitting device of Comparative Example use the phe’sphor

- of(YosGdo2)sAlsOiz2:Ce.  Namely, the light emitting device of Comparative

Example emlts hght by combmatlon of a blue light ermttmg element and the

_phosphor of (Y-Gd-Al-O:Ce).

The weight ratio of the phosphor 11 in the hght emlttmg dev1ce of
Example 166 is the coating member : the phosphor (of Y-Gd-Al-O:Ce) : the

~ phosphor of Example 26 = 10:3.8:0.6. On the other hand, the weight

‘ratio of the phosphor of the light emitting device of Comparative Example is

mixed at the coating member : the phosphor of (Y-Gd-Al-O:Ce) =10 : 86 L
o The light emitting device 1 of the -preéent Example 166 is compared

with the ]ight emitting device 2 ef Comparative Example using only a blue

light emitting element and the phosphor of Y-Gd-Al-O:Ce. The color tone of |

the hght emlttlng device of the present Example 166 is hardly changed in .

- comparison Wl’&h the hghtvem_lttmg device 2 of Comparative Example, but

the color rendering property is improved. The light emitting device 2 of o

Comparative Example was deficient in the specific color rendering index R9,
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butRY is improved in the light emitting device 1 of the'presént Example -

| ‘ 166. The s‘pecific color rendering index RY is a value obtained by

measurmg the color deviation of a red. color having comparatively high
chroma Further 1t is 1mproved to a value of nearly 100% than other
specific color rendermg indexes R8, R10 and the hke The lamp efﬁ01ency
indicates a high value. | '
Exam‘ple‘ 167 .

| The light emitting device of Example 167 related to the prese.n’lc‘ »
inventidn is.an electric bulb color light eniitting device which was |
constituted using the phosphor of Examp.ie 154. The livght emitting device
of Example 167 ié the type 1 light emitting device, and has the constitution

of Fig. 1. Fig. 20isa drawing showing the chromaticity coordinate of the

light emitting device 3 of Example 167.

In the light emitting device of Example 167, the phosphor 11 uses a

" phosphor which mixed the phosphor of Example 154 and the

' yttrium-ga]]ium~alumihum oxide fluorescent -substance (Y'Ga-Ai-Oice) -

activated by cerium. More speciﬁcally,'in the tht emitting device of |
Example 167, the phosphor of the composition of Y3(Alo.sGao.2)s012:Ce is
used as the yttrium-gallium-aluminum oxide fluorescent substance '
activated By cerium. | '

‘When the p'hos,i)hoi' of the compo-si’cion‘of Ya(Alo.sGao,z)stziCé .is
excited by alight of ané 1eng£h Ex = 460nm the peak wave léngfh of the
luminescence spectrum is 530 to 540nm. Slmﬂarly, the peak wave length‘ ;
of the phosphor of Example 158 18 625nm | :

The Welght ratio of the phosphor 11 is mlxed by the weight ratlo of
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the coatmg member the phosphor of (Y Ga-Al-O: Ce) the. phosphor of

, 'Example 158 =10 : 4.0 :'1.08.

'The light emitting device of Exampie 167 using the.p"hosphor which
Wa,s'thﬁs. mixed emits light ef an eleet:ric bulb color.  According to Fig. 20 -
s_howing the chromaticity ,coordinate of the hght emitting device 3 of
Example 167, the x value of color tone arid the y value of color tone are
situated at a warm color-base white luminescence region. The ‘sp’eciﬁ;c
color render'ing index R9 of the light eniitting deyice 3 of Example 167 1s .
also 60%, and the color rendering property is improved. The peak wave -
length is aléo situated nearby 620nm at a redAcolo‘r regien, and an electric

bulb color light emitting device can be obtained. The color temperature

and color rendering property Ra are also good and it has the luminescence ‘

property nearby an electric bulb color Further the light emit‘cing device 3

of Example 167 has the hlgh lumlnescence property of 19 to 22 lm/W
Example 168

The light emlttmg device of Example 168 is the type 2 hght emlttmg. ‘
dev1ce 101 which has an InGaN layer havmg a luminescence peak of 460nm

at a blue r-eglon as a hght emitting layer, and uses the phosphor of Example .

1.

In the light emitting device of Example 168, the phosphoris a
phosphor in which an indirect luminescence spectrum which was reﬂected

from a reﬂectlon plate and a lummescence spectrum which was directly

emltted from the 11ght emlttmg element 101 are 1rrad1ated on the phosphor :

108, and light having a blue lummescence spectrum which was emitted

fromi the light emitting element 101 emits light of a-white"coler. A desired '
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- lnminescence spectrum can be obtained by..doping phosphors-emitting green

- ]ight suchAae SrAlez;?Eu, YzSiOs‘.:Cve,Tb, MgAanlgICe,Tb, Sr7A112025:Eu (at

least one or more among Mg, Ca, St and Ba)GasSsEu; phosphors emitting.

blue light such as Srs(PO4)sCLEw, (srcaBa>5<Po4>a<31:Eu,

(BaCa)s(PO4)3CI Eu, (at least one or more among Mg, Ca, Sr and
Ba>21350901 Eu,Mn, (at least one or more among Mg, Ca, Sr and
Ba)(PO‘;)sClz-Eu,Mn, phosphors emlttlng red light such as Y2053 Eu,
L2208 ‘Eu, Y203Eu, G‘&ZQ2S:EH, and the like, in the phosphor 108 of the
present invention. |

When a Whlte LED lamp is produced using the light emlttmg dev1ce |
Whlch was constltuted as above, the yleld of 99% is obtalned Thus, the
11ght emlttmg device of Example 168 can be produced in good mass

productlvﬂ;y, and rehablllty is hlgh and the unevenness of color tone can be

. lowered

Example 169

The hght emitting device of Example 169 related to the present |
invention is the cap type 3 light eml-ttlng dev1ce, and con_stltuted using the
phosphor of Example 1 52. |

In the light em_itting‘devi‘ce of Exampie 169 thus constituted, the
wave len'gfh of the portion' of light which was emit_ted from the ]igh}t
emitting element 10 is converted by the pho_ﬂspher of Example 152 when it
passes the cap 16. The light in which the wave length was thus converted
is mixed with blue .light Wnicn was Anot eubjected to the wave length

conversion by the phosphor, and as a result, white light is externally

“emitted from the surface of the cap 16.
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_ <Examp1es 170 to. 223 related to Mode 4 of Operat1on>

Examples 1’70 to 176

‘Table 15 shows the chemical propertles and physmal propertles of

" the phosphors of Examples 170 to 176 related to the present mventlon

Further Fzg 22 and Flg 24 showed the lumlnescence propert1es of
the phosphor of Example 173. Flg. 22 is a drawing showing a lu'mmesv.cence
spectrum when the phoSphor of Example 173 was excited by Ex =460nm.

Flg 231s a drawmg showing an exc1tat10n -spectrum of the phosphor of

'Example 173. Fig. 24 is.a drawmg showmg a reﬂectlon spectrum of the i

phosphor of Example 17 8. - Fig. 25 is a drawing shown;g the luminescence

spect‘r.a when the phosphors of Examples 170 to 176 were excited by Ex =

460nm.
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Exa‘mple’s 170 to 176 are results of tes‘ting the chemical properties

and physical properties of the p'hospho.r‘s related to the present invention

which are represented by Sr-Ca-Si-N:Eu to which Mn was added. The

mixing ratio of raw Inaterials in Table 15 is those in which the raw
materials are r'epresented by molar ratio. The .p.hosphors aie represented‘ ‘
by the‘ general formula SrXCaf'1.94'-)OEuo,oeSi5Ng (O < X £ 194 to Which
Mn was added, or those containing the flne amonnt of oxygen are used. In
Examples 170 to 176, the concentration of Eu is O 03. The concentration of
Euisa molar ratio against the molar concentratlon of Sr-Ca.. Further, Siis
5 while the addition amount of Mn is 0. 015 Examples 170 to 176 are
results obtamed by properly changmg the concentratlon of Sr and the
concentration of Ca.

Firstly, strontium nitride, calcium nitride, silicone nitxide and
europlum oxide are IniXed‘ : In Example 170, tlle oompo'unding ratio (molar
ratio) of strontmm nitride, SrsNz, calcmm nitride, CasNg, sﬂlcone mtmde
Si3Ng, and europlum oxide, Euan Whlch are raw materlals is adjusted to be |
Sr:Ca: Sl- Eu=X: 1.94-X : 5 : 0.06.

- Mn was added at a molar ratio of 0.015. At least' one or more of Mg,
Sr, Ca, Ba, Zn, B, Al, Cu, Mn, Cr and Ni may be contained by several ppm to
several hundreds ppm in eaid raw materials‘.v o
The above-mentioned compoun’ds are mixed, and firing is carried vout.
As firlng conditions, they are charged in a boron nitride orucible in
ammonia atmosphere, ﬁhe-temperature was gradually raised from room
temperature over abou't 5 hours, firing is carried out for 5 hou.rs at about

1350°C, and cooling was further gr‘adaally carriéd out until room

948



10

15

- 20

25

température over 5 V.hours. | Mh remains by several ppm to several tens ppm
in erCa(l,g4.x)Euo.qe.;Si5Ns‘(0 <X < 1.94) after the firing. .

In Example 170, the mola.r ratio'of Sr:Cais9:1. The
luminescence brightnesé of the silicon nitride ‘phosph_‘or of Example 170 | is
referred.to. as 1"00%, the 1uniinescéncé efficiency is referred to as 100%, anci

the luminescence efficiencies of Examples 171 to 176 are prescribed based

‘on the basis of the c;bmpoﬁnding proportion at this time. When the -

compounding proportion of Ca against Sr is increased, the luminescence
efficiencies of the silicon nitride phosphor 126.9_%4at the molar ratio of Sr :
Ca =17:3, and the peak wave lerigth is 639nm. The luminescence

efficiency is improved from this, and the peak wave length is shifted to a

- long wave length side. - Further, when the compounding proportion of C‘a‘ )

against Sr is increased and the molar ratio of Sr: Cais 5 : 5, namely, 1:1,

‘the luminescence brightness of the silicon nitride phosphor is 111.2%, the

luminescence efficiency is 167.7%, aﬁd the peak wave length is 644nm.

Frorﬁ this resu_lt, the luminescence efficiencies sﬁch as the lumines_cence |
bri_ghtness aﬁd quantum.effiéiency are more. improved than the case of Sr E '
Ca=9:1. | In particular,v since the peak wave length is shifted to a longer

wave length side, the reddish phosphér- can be produced. Further, the

- temperature characteristic is also extremely good. When the compounding

proportion of Ca against Sr is further increased, the peak wave length is

shifted to a short wave length side. Even such case, the luminescence

brightness and quantum efficiency are not ’lowéred, and the good

‘luminescence properties can be obtained. In particular, since Sris

expensive in comparison with Ca, production cost can be reduced by
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increasing the compounding proportmn of Ca.

| The phosphor havmg a desired peak wave length can be produced by‘
appropriately combining the phosphors of Ex‘amples 1’70 to 176 with
Sr;Si-NZEu to which Mn was added, Ca-Si-N:Eu to Which Mn was a,dde'd
Sr- Ca Si-O-N:Eu to which Mn was added Sr-Si-O-N:Eu to which Mn was
added and Ca-Si-O-N'Eu to which Mn was added Smce these have about
the same composition, the phosphor has good 1ummescence propertles

The phosphor related to Example uses the cruc1b1e of a boron nitride

_ materlal and flrmg is carried out in ammonia atmosphere Since a

furnace and a crucible are not erode_d under the firing condition, impurities -
are not contaminated in a baked product. The crucible of a boron nitride

material can be used, but it is not preferable that the crucible of a

_molybdenum nitride material is used When the crucible of a molybdenum

' nitride mater1a1 is used it is consuiered that the crucible is eroded

molybdenum contam;nate‘s in the nitride phosphor, and molyb d-enum
provokes the lowering of the lumihesc’ence properties. a

Thus, the improvement of the luminescence properties can provi_de
luminescence materials which emit light of more brilliant white. Further,
since the improvement of the luminescence properties enhance the energy
efficiency, electrio power can be also reduced. -

When said phosphor was provided on‘the surface of a light emitting
device, it is represented that the high luminesoenoe properties are exhibited
and the higher the temperarure chatacreristics are,‘ the Ihore stable they
are. | | | |

Examples 177 to 180
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Table 16 shows the chemical properties and physical properties of
the »phésphors of Examples 177 to 180 related to the pfésent invention.
Fig. 26 is a drawing showing luminescence speétra when the phosphors of
Examples 177, 178, 180, 181, 182, 18'4,'_ 190, 191 and 193 were excited by Ex

= 460nm.
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Examples 177 to 180 are results of testing the chemical properties
and physical properties when the concentration of Eu of the phos'phors

related to the present invention which are represented by Sr-Ca-Si-N:Eu to.

‘which Mn was added were changed. The phosphor is represented by the

general formula SrxCaernEurSisNs(0 < X < 2) to which Mn was added or

those containing the fine amount of oxygen are used. The compounding

proportion of Sr and Ca of raw materials is Sr : Ca=X:2"T-X=7:3. As

“the compounding proportion of Eu, those which are T =0.01, 0.03, 0.06 and

0.12 are used. The concentration of Eu at this case is‘0;005’,' 0.015, 0.03
and 0.06. The concentration of Eu is a molar ratio against the molar

concentration of Sx-Ca. Further, Siis 5, Whﬂe_fhe_addition amount of Mn

" is 0.015.

Sihce Examples 177 to 180.carries out the similér broduction stepé
as Exampl.es 170 to 176, the step Whibc}.l passes the similar constitution is |
ab’breviated._ At leést one of more of Mg, Si, Ca, Bé, Zn, B, Al, Cﬁ, Mn, Cr
and Ni may be contained by several ppm to several hﬁndxeds ppm in said
raw materials. |

The Juminescence efficiency is shown based on the basis bf the
phbsphor‘pf Example 177. The most improvement of 'the luminescence
brightness was observed at Example 177 in-which the concentration 6f Eu is
0.03. When the concentration of Eu is little, the luminescence is not H
adequately carried out, and when the concentration of Bu is ‘goo'mucih, the
concentration quenéhing occurs, or it is‘reacted with SrsNs or Ca_aNz, and

creates the composition different from the objective base nitride phosphor,

-therefore the lowering of the-lumin_escence efﬁcielicy \o‘cé:urs. 'Thé
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‘luminescence efﬁciénqy is best for Exampie 180. On the othe’r hand, the

pe’ak"wa&e 1eng?-th'is' shifteci to a long wave length side in accordance with

the increase of the concentration of Eu. The reason Why this phenomenon

oCcufs is not clear, but'it is considered thaf the mix crystal of Sr'and Ca is
furthéf accelerated Ey accelei'ating the djffusioxi of Mn with SisNz and
CasNg, therefore the peak wave length is shifted to a long wave length side.
Any of the temperarure characreristics of Examﬁles 177 to 180 ié extremely
good. |
Examples 181 to 189 . |

Table 17 shows the ché'mical properﬁes and physical prpiperties of

the phosphors of Exam’ples' 181 to 189 related to the present invention.
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Examples 181 to 189 are results of testing the chemical properties

and physical properties when the concentration of Eu of the phosphors

related to the present invention which are Freprese_nted by Sr-Ca-Si-N:Eu to
which Mn was added were changed. The phosphéi‘ is represeﬁted by the
general formula Sx;xCa(z‘T-x)EuT‘Sist(O <X < 2) to which Mn was added or
those containir.lg. the fine amount of oxygen aré used. The compoundiﬁg
proportion of Sr and Ca of raw materialsisSr: Ca=X:2-T-X=5:5. As
the compoundmg proportions of Eu in Examples 181 to 184 those which are
T =0.01, 0. 08 0.06 and 0. 12 are used. The concentratlons of Eu at thls
case is 0.005, 0.015, 0.03 and 0.06. The concentration of Eu is a molar
ratio against the molar conéentratidn of Sr-Ca. Examples 185 to-189 used
corﬁmercially available raw materials Whidh are diﬁfer‘ex‘l‘p froﬁ Exémple's
181 to 184. As the compounding proportions of Eu in Examp.les 185 fo 189,
those which are T = 0.12, 0.2, O'.B, 0.4 and 0.6 are used. The concentrations

of Eu at this case is 0.06, 0.1, 0.15, 0.2 and 0.3. With respect to the

~ addition amount of Mn in Examples 181 to 189, Siis. 5, while the addition o

_amouﬁ_t of Mn is 0.015.

Since Examples 181 to 189 carry out the sixﬁilar production steps és :
Examples 17 0 to 176, the step which passes the similar constitution 1s
abbreviated. At least one or more of Mg, Sr, C‘a, Ba, Zn, B, Al, Cu, M.n, Cr
and'Ni may be contained by several ppm to several hundreds ppm in said
raw materials. | |

The lummescence efﬁmency 18 shown based on the ba51s of the

* phosphor of Example 181, The most 1mprovement of the lummescence

brightness was observed at Example 183 in which the concentrati.on‘ of Eu is
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0.03. When the concentration of Eu is little, the luminescence is not

adequately carried but, and when the concentration of Eu is too much, the

concentration quenching occurs, or it is reacted with SrsNgz or CasNg, and

creates the composition different from the objective base nitride phosphor, )
therefore the lowering of the luminescence efficiency occurs. The

luminescence efficiency is best for Example 184. Examples 185 to 189

' genérate the lowering of the luminescence brightness, but it is considered

~ that since commercially available raw materials are used, impurities are

contained inv'said raw materials therefore the IOWeﬁng of the lumin~eséence
-efﬁciency occurs. In Examples 181 to 185 and in Examples 185 to 189, the
peak &ave length is shifted to a long wave length side in accordance with

the increase of the concentration of Eu. The principle is not cleax, But itis -

considered that the mix\cArystal of Sr and Ca is further accelerated by

. accelerétin'g the diffusion of Mn with SrsN2 and CasNyz, therefore the peak E

wave length is shifted to a iong W‘a{re length side. Any of the temberarure
chaxjaéreristics of E}{amples 181 to 189 is eﬁtremely good. |
Examples 190 to 193 |

Table 18 shows the chemical propertiés and physical properties of

the phosphors of Examples 190 to 193 related_ to the présent invention.
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Ei{ampleé 190 to 193 are results of testing the _(;hemical_ properties

and physical properties when the concentration of Fu of the phosphors

“related to the present invention which are represented by Sr-Ca-Si-N:Eu to

which Mn was added were changed. The phosphor is iepresented by the
general formula Si‘xCa(z-T-)QEuT_Sist(O <X <2)to Which Mn was added or
those containing the fine amount of oxygen are used. The compounding
proportion of Sr and Ca of raw materlals isSr:Ca=X:2-T-X=3:7. The
compounding proportlons of Eu in Examples 190 to 193 use those which are

T =0.01, 0.03, 0.06 and 0,12._ The concentrations of Eu at this case is 0.005,

10.015,0.03 and 0.06. The concentration of Eu is a molar ratio against the

molar concentration of Sr-Ca. With respect to the addition amount of Mn

~ in Examples 190 to 193, Siis 5, while the addition amount of Mn is 0.015.

Since Examples 190 to 193 carry out the similar productio‘n.steps as.
Examples 170 to 176 the step which pa,éses the similar constitution is
abbreviated. At least one or more of Mg, Sz, Ca, Ba, Zn, B, Al, Cu, Mn, Cr
and Ni may be contained by several ppm to several hundreds ppm in sald
raw materials.

The luminescence efﬁciéncy is shown based on the basis .of the
phosphor of Example 190. The most improvement of the luminescence
brightness was observed at Example 192 in Examples 190 to 193 wheri the
concentration of Euis 40.0:3, in like manner as Examples in Tables 15 to 17.
From the viewpoint of the 1uminescence brightness, the optimum phosphor

is thought to be able to be produced when the concentration of Buis 0.03.

. Further in case of Example 192, the lummescence eﬁﬁmency together with

the luminescence brightness is the best. In Examples 190 to 193, the peak

259



~——

wave length is shifted ‘t.o. a long wave length side in accordance with the
increase of the concentration of Eu. Any of the temperarure characreristics
of Examples 190 to 193 is 'extremely good.
Examples 194vto 201 | |

‘Table 19 s_hows the chemical properties Aand ph}ysic'al‘prop erties iof

the phosphors of Examples 194 to 201 reldted to the present invention.
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Examples 194 to 201 ere results of testing the chemical properties
and physical pi:operfies when the additien amount Mn of the phosphors‘
related to the preseht invention which are represented by Ca-Si-N:Eu was
ehanged The mixing ratio of raw materiels in Table 19 was a value in
which the raw materlals are represented by molar ratio. The phospher
which was thus produced is represented by the general formula
Ca@-nEurSisNs to which Mn was added or a form contammg the fine

amount of oxygen. A phosphor in which Mn was not added is shown in

'Exemple 194. The phosphors of Examples 194 to 20 1 use these in which

the addition amounts of’Mni are 0.005, 0.01, 0.015, 0.03, 0.06, 0.1 and 0.2.
The concentrations of Mn in this'case are 0.0025, 0.005, 0.067_5, 0.015, 0.03,
0.05and 0.1, and the concentr‘atiohv of Mn is a molar ratio agaiﬁst the mqler
.concentrati'on of Ca. The eoncentra’_cion of Eu is constant at 0.075. '

Since Examples. 194 to 20‘1 carry oﬁt the siﬁﬂar production steps
abs Examples 170 to 176, the step which passes the similar constitution is
abbreviated. At least one or more of Mg, Sr, Ca, Ba, 7n, B, Al, Cu, Mﬁ, Cr |
and Ni may be containea by sevex.'al ppm to several.hundreds ppm in saia '_
raw materials. | |

| The luminescence efficiency i:s‘shown based on the basis of the
phosphor of Example 194 to which Mn was not added. The most
improvement of the luminescence brightness was observed in Example 197
in which the cohcentration of Mn is 0.0075 and Example 198 in which the |
eonCenfration of 'Mn is 0.01;5.' Tﬁis is considered to be caused by that when
the concehtratibn of Mn is little, the djffu:si’ori of r'aw-'mat.erials is not

adequately carried out and the growth of perticl-es is not adequately carried
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out. On the ‘o,ther hand, When the concentration of Mn is too much, it is

. considered to be caused by that Mn p’revents the»composition' fdrmation of

Ca-Si-N:Eu and crystal growth The quantum e£ﬁc1ency is extremely good
in Examples 195 to 198. Even if the addition amount of Mn 1s changed the
temperarure characrerlstlcs in Examples 194 to 200 are extremely good.

The peak wave length is cvonstant even if the addition amount of Mn is

v'changed.

Examples 202 to 204 |
Table 20 shows the chemical propertles and physmal properties of

the phosphors of Examples 202 to 204 related.to the present invention.
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. Examples 202 to 204 are results of festihg'the chemical properties
and physical properties when the addition amount of Mn of the phosphors
related to the present invention which are represented by Ca-Si-N:Eu was
changed ’I‘he mlxmg ratio of raw materlals in Table 20 is a value in Wh1ch
the r»aw'.materlals are represented by molar ratio. The concentratlon of Eu
is constant at 0.015. The phosphor which was thus produced is | |
represe'nted by the general formula CaenEurSisNs to which Mn was added

or a form containing the fine amount of oxygen. A phosphor in which Mn -

~was not-added is shown in Example 202 ’I‘hose in which the addition

amoimts of Mn ih Exemples 202 to 204 are 100ppm and 500ppm agaihst.v.the :
total amount of raw materials are used

Since Examples 202 to 204 carry out the srmﬂar productlon steps as
Examples 170 to 176, the step Whlch passes the similar constitution is
abbreviated. Flrstly, ca1c1um nitride, silicon mtrlde and europium ox1de
were mixed. At least one or more of Mg, Sr, Ca, Ba, Zn, B, Al, Cu, Mn, _Cr“
and Ni may be contained by se;veral ppm to several hundreds ppm in s‘aid‘ |
rew materials. | | | |

The lumlnescence efﬁcxency is shown based on the basis of the"
phosphor of Example 202 to which Mn was not added Both of the
phosphor in which the addition amount of Mn is 100ppm and the phosphor
in.which_the addition amount of Mn is 500ppm improved the luminescence
brlghtness and the luminescence efﬁmency Further the improvement of
the temperature charactems‘mc 1s des1gned Even 1f the addition amount of
Mn is little, the lummescence properties such as the luminescence

brlghtness lummescence efficiency and temperature characterlstlc canbe
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improved.
Examples 205 to 206

Table 21 shows the chemical properties and physical propertles of
the phosphors of Examples 205 to 206 related to the present 1nvent10n Fig.
27Ais a photo photographing the particle diameter of the phosphors of
Example 205, and Fig. 27B is that of Example 206.
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Examples-205 to 206 are results of testing the chemical properties
and physical propertiesh when the addition amount of Mn of the phosphors
related to the présent invention which éie rgpresented by Ca-Si-N:Eu was
changed. The mixing ratio of raw ma‘ferialé in Table 21 is a value in which
the raw materials are represented,by a molar ratio. V’I‘he phosphor which
was thus produced is represented by the general formula Cag-nEurSisNs to
which Mn was added or a form containing the fine amouﬁt of oxygen. A
phosphor in which Mn was nét added is shown in Example 205. The
phosphor of Exémple 206 uses one in which the addition amount of Mn is
0.04mol. The concentration of Mn in this case is 0.02, and the
concentration of Mn is a molar ratio against the molar concentration of Ca.
The éonéentration of Eu is constant at 0.02.

Since Examples 205 to 206 carry out the similar production steps as

. Examples 170 to 176, the step which passes the‘similar constitution is

abbreviated. At least one or more of Mg, Sr, Ca, Ba, Zn, B, Al, Cu, Mn; Cr
and Ni may bé contained by several ppm to several hundreds ppm in said
raw Iﬁaterials. | |
The luminescence efficiency is shown based on the basis of the
phosphor of Example 205 to which Mn was not added.
Exam-plé 206 in which the additio.n amount of Mn is 0.02 improved the
luminescence brightness and the luminescence efficiency. The reason is
‘considere:d to be the same as mentioned above. |
When the mean particle diameters of Examples 205 and 206 were
measu.red, the mean particle diameter of Example 205 is'2.9 um and the

mean particle diameter of Example 206 is 6.4 pm. The difference of the
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Juminescence brightness is generated by the difference of the mean particle

diameter. |

In Fig. 27, thel;e are shown photoé ‘which photographed the particle
diameters of vthe‘phosj)hor to which Mn was ﬁot added and the phosphor to
which Mn was added. The mean particle diameter of the phosphor of
Example 205 to which Mn was not added is 2.8 um and the mean particle
diameter of the phosphor 6f Example 206 to which Mn was added is 6.4 pm.
The mean particle diameter of the phosphor to which Mn was added is
comparatively big in comparison with the phosphor to which Mn was nof
added. Itis considered that the difference of the mean pérticle diameter
enhances the_lumihescence brightness.
Exampleé 207 td 211

‘Table 22 shows the chemical properties and physical properties of

the phosphors of Examples 207 to 211 related to the present invention.
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Examples 207 to 211 are results of testing the chemical properties

and. physical'prop'erties when the addition amount of Mn of the phosphors

‘related to the present invention which are represented by Sr-Si-N:Eu was

changed. The mixing ratio of raw materials in Table 22 1s a value in which

the raw materials are represented by a molar ratio. The phosphor which
was thus produced is represented by the general formula Sr(z-T)EﬁTSisNa to
which Mn was added or a form containing the fine amount of oxygen. A
phosphor in which Mn was not added is shown in Examplle, 207. The
phosphors of Examples 208 to 211 use those in which the addition amounts
of Min are 0.01, 0.03, 0.1 and 0.2. The concentrations of Mn in this case are
0.005, 0.0l15, 0.05 ahd 0.1, and the concertration of Mn is a molar ratio

against the molar concentration of Sx. The concentration of Eu is constant

at 0.03.

Since Examples 207 to 211 carry out the sizﬁilar production steps as
Examples 170 to 176, the step which passes the similar constitution is
abbreviated. At least one or more of Mg, SJ;, Ca, Ba, Zn, B, Al, Cu, Mn, Cr
and Ni may be confained by several ppm to severalhundredsppm in said
raw materials.

The luminescence efficiency is shown baéed on the basis of the
phosphor of Example 207 to which Mn was not 'add_ed. Examples 208 to
210 improved the luminescence brightness, .and in particular, Example 209
in which the concentration of Mn is 0.015 improved the lumine'scénce
brightness to f:he utmost.. -Further, ;\Vith respect to Examples 208 to 210,
the quantum efficiency is extremely good. 'Furthei, the temperarure

characreristics in Examples 208 to 211 are extremely good, even if the
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addition amount of Mn is changed. The peak wave length is shifted to a

long wave length side in acdordance with the increase of the addition

amount of Mn. The reason is not clear, but it is considered that Mn

accelerates the diffusion of raw materials, in particular, Eu.

Examples 212 té 220 | |
Table 23 shows the chemical properties and physical properties of

the phosphors of Examples 212 to 220 related to the present invention.
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Examples 212 to 220 are results of testing the chemical properties

-and physical properties when the addition amount of Mn of the phosphors

related to the present invention which are represented by Sr-Ca-Si-N:Eu

was changed. The mixing ratio of raw materials in Table 28 is a valuein - .

which the raw materials are represented by a molar ratio. The phosphors

* of Examples 212 to 220 which were thus produced are represented by the

general formula SrxCae-x-nEurSisNs or a form containing the fine amount
of oxygen.

Since Examples 212 to 220 carry out the similarproduction steps as -

Examples 170 to 176, the step which ‘passes‘the similar constitution is

abbrev1ated At least one or more of Mg, Sr Ca Ba Zn, B, Al, Cu, Mn, Cr
and Ni may be contained by several ppm to several hundreds ppm in sa1d
raw materlals , A v

The molar ratios of Sr and Ca in Examples 212 to 220 are Sr - Ca = 5
5. 'Aphosphor-m which Mn was not added is shown in Example 212.

The phosphors of Examples 213 to 216 use those in which the addition

‘amoun’cs of Mn are 0 01, O 03, 0.1 and 0.2. The concentrations of Mn in

this case are 0.005, 0.0 15, 0.05 and 0.1_, and the concentration of Mn is a
molar ratio agarnst the molar concéntration of Sr-CAa. The.concentratron of -
Eu is constant at 0.02. |

The luminescence efﬁc1ency is shown based on the basis of the
phosphor of Example 2 12 to which Mn was not added. Any of Examples
213t0216 1mpr0ved the 1um1nescence brlghtness Further the
luminescence efficiencies are also 1mproved Furthermore the

temperarure characreristics are also extremely good. Thus, the .
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luminescence properties are improved by adﬂing Mn to the phosphor
represented by 'Sr-Ca‘Si-NIEu. | | |

: Examplés 217 and 218 carried 6ut thé production of the phosphdr B
related to the preéent invention using corﬁmercially available raw mat_erials.?
The rﬁolar ratio of Sr and Ca in Examples 217 and 218 isSr: Ca =55,
The phosphor to which Mn was not added is shown in Exampie 217. The
phoéphor of Exémple 218 uses a phosphbr in WAhich‘ the addition amount of.
Mn is 0.04. The concentration of Mn is 0.02, and the concentration of Mn
is a molar ratio against the molar concentration of Sr-Ca. The
concentration of Euis 0.02:

The luminescence efficiency is shown based on the basis of the

" phosphor of Example 217 to which Mn is not added. The luminescence

properties can be improved by addition of Mn even if commercially available
raw materials are used. | -

The production of the phosphér related to the present invention was
carried out using the commercially aVailvable raw materials in Examples 219 :
énd 220. . The molar ratio of Sr and Ca in Ekamples‘ 219 and 220 is Sr: Cla
=7 :3. The phosphor to which Mn is not added is shown in Example 50.
The phosphor of Example 220 uses a phbsphor in which the addition
amount of Mn is 0.02. The ‘concentratién of Mn in this case is 0.01. The
concentration of Mn is a molar ratio against the molar concentration of
Sr‘C_a. The c-oncentration of Buis 0.01. |

The luminescence efﬁclie.ncy. is shown based on the basis of the

ph‘o.sphor of Example 219 to which Mn was not added. Example 220 in

which the additioxi amount of Mn is 0.01 can impr_ové the luminescence
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properties.
Examples 217 to 218

Table 24 shows the results of carrying out the composition analysis
of the phosphors represented by Sr-Ca-Si-N:Eu of Examples 217 and 218

related to the present invention.
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The presence or absence of Mn in the above-montibned phosphors can be
roade clear from the abovermentioned analysis results. - Further, O is
contained by 1 to 2% in the above-mentioned composition.

Example 221

The light emitting device of Example 221 is the type 1 white light

emitting device to which a reddish-component was added, Fig. 28 is a

drawing showing the luminescence spectrum of the light emitting device of
Example 221, and Fig. 29 is a drawing showing the color rendering property.
In the light emitting device of Example 221, the phosphor of
Exomple 218 and the YAG-base phosphor are used in mixtureas the
phosphor 11. As the coating member 12, a miXtux_‘e which mixed an epoxy

resin and a dispersant, barium titanate, titanium oxide and the phosphor 11

at a fixed proportion isused. The epoxy resin is usod as the mold member

15.. The bullet type light emitting device 1 is a column in which the mold
member 15 is a radius of 2 to 4mm, height is about 7 to 10mm, and the
upper portion is hemispherical. |

Whon current is run-in the lighvt emitting device of Example 221, the
blue light emitting element 10 emits light having the first luminescence
spectrum with a peak Wove-length of 460nm, the phosphor 11 contained in
the ooating member 12 which covers the semiconductor layer 2 carries out
the wave conversion of the light, and emits light having the second
luminescence spectrum Which is different from light having the _first
luminescence spectrum. Further, the YAG-base phosphor contained in the - .
phosphor 11 emits light having the third luminescence spectrum by light

having the first luminescence spectrum. Reddish white light is emitted by
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color mixing of mutually mixing the first, Segond and third luminescence |
spectra.

Table 25 shows the lumiﬁ’escence properties of the light emitting
device of Example 221 and the luminescence properties of the light emitting
device which was prepared for comparisqn. In Fig. 28, Fig. 29 and Table 25,
the measurement results of the luminescence properties.of the light |
emitting device of Example 221 and the light emitting device of _

Comparative Example are shown together.
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As described above, the phosphor 11 of the light emlttmg device

‘related to the present Example 221 uses the phosphor of Example 218 and

the yttrlum-gadobnlum-alummum 0X1de fluorescent substance

, (Y-Ga- Al O: Ce) actlvated by cerium. More sp emﬁcally, the phosphor of

(Yo.8Gdo. 2)3A15012 Ce as the yttrium-gadolinium- alummum oxide fluorescent
substance (Y-Ga-Al-Q-Ce). |

When (Yo.sGdo2)sAls012:Ce is excited by light of Ex = 460nm, light
having a peak wave length of 562nm is emitted. Similarly, the peak wave
length of the phosphor of Example 218 is 650nm.‘ |

In the light emitting device of Example 221, the weight ratio of the
phosphor 11 and the coating member is the coating member : the p'hqsbhbr
of (¥-Ga-Al-O:Ce) : the phosphor of Example 218 =10 : 3.8 : 0 6. On the
other hand, the phosphor of Comparative Example in the hght emlttmg
device using the combmatlon of a blue hght emlttlng element and the
phosphor of Y-Ga-Al-O:Ce is mixed at the Welght ratio of the coating
member  the phosphor of (Y-Ga-Al-O:Ce) = 10 : 3.6. |

The light emitting device of Eiample 221 is compared with the tht
emitting device of Comp arative Example. The color tone ofb the light
emitting device of Example 221 is hardly changed in comp arison with the

light emitting device of Comparative Example, ‘but the color rendermg

property is 1mproved As cleared from Fig. 29, the light emlttmg dev1ce of

Comparative Example was insufficient in the specific color rendenng index

R9Y, but R9A is improved in the light emitting device of Example 221.
Further, other specific color rendering indexes R8, R10 and the like are also

improved to a value nearer to 100%. Lamp efficiency shows a high value of
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Example 222 N
The tht emitting device of Example 222 is similarly the type 1 light

emitting device, and an electric bulb color light emitting device. Fig. 30 is

‘a drawing showing the luminescence spectrum of the light emitting device

of Example 222. Fig. 31 is a drawing showing the color reﬁdering property
of the light e-mittixig device of Exampl_e.222. Fig: 32 is a drawing showing
the chromaticity coordinate of the light .emitting device of Example 222.
Tablé 26 shows the luminescence prop‘ervties of the light emitting device of - |

Example 222.
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In the light emitting device 3 of Example 222, the phosphor 11 uses -

a mixture of the phosphor of Example 218 and the

yttrium-gadolinium-aluminum oxide ﬂuorescent substance (Y Ga-Al-O: Ce)

activated by cerium. Further, in the light emitting device 3 of Example

222, the phosphor having the composition O-f,YB(AlOtBGaO.Z)SOIZ:Ce is used as

the yttrium-gado]iniu‘m-aluminum oxide fluorescent substance. ‘
When the present phosphor is excited by hght of Ex = 460nm, light
having a peak wave length of 533nm is emitted. Similarly, the peak wave
length of the-phosphor ofv Example 218 is 650nm. |
- The phosphor 11 and the coating member are mixed at the weight
ratio of the coating member : the phosphor of (Y-Ga-Al;OICe.) : the phosphor
of Example 218 = 10 : 4.0 : 1.08. | .

The hght emitting device of Example 22 usmg the phosphor Wthh

- was thus mrxed emits light of an electric bulb color. Accordlng to Fig. 32

showing the chromaticity coordinate of the light emitting device of Example

222, the color tone x and the color tone y are situated at a warm color-base

~ white color luminescence region. The specific color-renderin-g index R9 of

-the light emitting dev1ce of Example 292 is also 60%, and the color

rendermg property is improved. In the light emitting device of Ex.ample

229, the peak wave length is situated at a red region of 620.7nm, therefore

the electric bulb color white light emitting device is obtained. In th_e light

emlttmg device. of Example 222, the color temp erature is 2832K, the color
rendermg property Ra is 90.4, therefore it has the 1um1nescence property.
nearby an electric bulb color. Further the light emlttmg device of Example

222 has the hlgh luminescence property of 19.2 1m/W.
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Example 223 |
| The light emitting-devioe of Example 223 is the type 3 light emitting

device. | |

The light.‘emitting device of Example 223 uses the light emitting
element 101 which has an InGaN semlconductor layer havmg a |
Juminescence peak of 460nm at a blue region asa light emitting layer -

Further, the phosphor of Example 220 and the phosphor of
Ys(Alo.sGao.z)sololCe are used as the phosphor.

In the light emitting device of Example 223 which was constitﬁted as.

above, the phosphor is a phosphor in which an indirect luminescence

- spectrum which was reﬂected from a reﬂection plate and a luminescence-

spectrum which was directly emltted from the hght emitting element 101.

Aare irradiated on the phosphor 108, and light having a blue lummescence

‘spectrum Whlch was emitted from the light emitting element 101 emlts light

of a white color.

Further a de51red luminescence spectrum can be obtalned by dopmg
phosphors emitting green hght such as SrAle4 Eu, Y2S10s5: Ce Tb -
MgAl;1019:Ce, Th, Sr7Al12025'Eu (at least one or more among Mg, Ca, Sr
énd Ba)GazS4iEu; phosphors emitting blue light such as Srs(PO4)sClEu,
(SrCaBa)'s(POz;)sClIEﬁ, (BaCa)s(PO4):Cl:Eu, (at leas_t. o‘nAe 0T MOTe among |
Mg, Ca, St and Ba)2BsOsCl:Eu,Mn, (at least one or more among Mg, Ca, Sr
and Ba)(PO4)eClz Eu Mn, phosphors emlttmg red light such as Y202S:Eu,
LazOzS Eu, Y20s: Eu Ga202S'Eu and thelike, in the phosphor 108 of the
present mventlon..

* When a white LED iamp is produced using the light emitting device
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which was constituted as ébove, the yield of 99% is obtained. Thus,
according to the present Examplei 222, the light emitting device having good
mass broductivity, high reliabi_lity and further the little unevenness of color
tone can be produced. | |
<Examples 224 to 245 related to Mode 5 of Operation>
Examples 224 to 229 |

Table .27 shows Examples 224 t0.229 and Comparative Examples 2
and 3 of the nitride phosphors related to the present invention. Further,
Fig. 34 to Fig. 36 show the luminescence properties of the nitride phésphors
of Examples 225 and 226. Fig. 34 is a drawing showing luminescence
spectra when the nitride phosphors of Exémples 225 an& 226 were excit(ed
at Ex = 460nm. Flg 35 is a drawing showing the excitation spectrum of
the nitfide phosphors of Examples 225 and 226. Fig. 36 is a drawing
showing the xeﬂection spectrum of the‘nitride phosphor of the nitride
phosphors-of Examp‘les 225 and 226. TFig. 37 is a photo photographed the

particle diameter of the 'nitride_ phosphor of Example 226.
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Examples 224 to 229 are results of testing the chémicalproperties -
and physical properties of the nitride phosphors related to the present
invention which contaiﬁs at least one or more selected from a group '
consisting of B, Al, Cu, Mn, Co, Ni, Mo, O and Fe in LxMyNs)g+m)7)Z. |

5 The nitride phosphors are represented by CaztEusSisNs using Ca for L’,. Si
for M and Eu for Z-of the base nitride phosph.o‘r of LxMyN@m)x+4)7) Z. | The
portion of Ca used in the nitride phosphors of Examples 224 tov‘229 is
substituted with Eu, and the compounding proportion of Eu is represented
by t and the compbunding proportion of Ca is represented by 2-t. There

10 are contained. the compounding propoxtions of Eu Which are represented by
0.03 for Example 224, 0.01 for Example 225 and 0.06 fqr Example 226,
agé'mst 5 of Si.

Calcium nitride, silicon nitride anvd europium oxide which contain
several ppm to several hundreds ppm' of at least one or more selected from a

15  group consisting of Mg, Sr, Ba, Zn, B, Al, Cu, Mn and Fe are mixed. In
Example 224, the compounding proportion (molar rétio) of calciﬁm nifride, :
CasNs, silicon nitride, SisN4, and europium oxide, EugOs which are raw

materialsis set so as to be Ca: Si‘i Eu=1.97:5:0.03.

Calcium nitride, CasN2z ‘ 14.47¢g
20 Silicon .nitride, SiaN4 A 34.75¢g
Europium oxide, EuzOs 0.79¢

The above-mentioned compounds are mixed and firing is carried out.
As firing conditions, they are charged in a boron nitride crucible in

ammonia atmosphere, the temperature was gradually raised from room
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temperature over about 5 hours, firing is carﬁed out for 5 hours at about
1350°C, and cooling was further gradually carried out until room
temperature over 5 hours. , | _

According to Table 27, O is contained by 0.87»% by weight, and Mg, '
Sr, Ba, Zn, B, Al, Cu, Mn and Fe are contained by several pbm in the nitride

phosphor of Example 224 in addition to the base nitride phosphor. Siof %

by weight obtained by extracting the above-mentioned base nitride

phosphbr from 100% is contained. The nitride phosphor has high
luminescence brightnesé be the firing conditions and Mg, Sr, Ba, Zn, B, Al,
Cu and Mn. Since a semiconductor light emitting element generally used
is raised to a temperature of 100 to 150°C, it is preferable that it is stable at

said temperature when the nitride phosphor are formed on the surface of a_

- light emitting element. The temperarure characreristics of the nitride

phosphors of the preseht Examples 224 to 229 are extremely good. From

this viewpoint, Example 225 has extremely good temperature characteristic

- therefore has a superior technical meaning.

Example 226 has the high luminescence brightness in comparison

. with Example 225, and has the high quantum efficiency. Accordingly,

Example 226 exhibits the extremely good temperature characteristic.

The pa’iticle diameter of Example 224 is 1 fo 3 pm, the particle
diameter is big, and- the luminescence brightness is high. It has a good
dispersion and easiness to handle.

Example 227 carried out the firing of raw materials changing firing

conditions. Even if the firing is a two step firing, Example 227 exhibits the
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high brightness, high quantum efficiency and good temperature

characteristic in like manner as Examples 224 and 226.

The phosphors related to Examples use the> crucible of boron nitride
material, and firihg is carriea out 1n ammonia atmo»;sph,ere. Since a
furnace and a crucible are not ero_deAd,.impurities are not con-‘caminatecvi:in a
baked product. Example 228 shows the luminescence efficiency when B is
contained in raw materials. From the vresult of Example 228, the
luminescence efficiency is kept in a high condition even if much B is
contained. |

This is caused by an assumption that a furnace and a BN crucible

‘are eroded and BN is contained in the phosphor, but since the luminescence

efficiency is not lowered, firing can be carried out without considering the -
erosion of the furnace and crucible. Namely, even if the boio_nAnitride

eroded is contained in the phosphor as a result of carrying out the firing

“under the condition, the luminescence efficiency is not lowered, therefore

it is 'extrémely useful.

‘Example 229 shows the luminescence properties. of the phosphor
containing much aluminum. This considered the erosion from an alumina
crucible when the alumina crucible 1s used. From fhe reéul.t of Example
229, the phosphor in which alumihum is contained exhibits also the high
luminescence propefties. Accordingly,even if the alumina crucible is used,
firing can be carried out Wifhout considering the contamination of the
alumina crucible. |

On the contrary, Comparative Example 2 uses a molybdenum
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crucible. When the mqubdenum crucible is ilsed, the crucible is eroded to
be contained in the phosphor. The pho}sph_or of Comparative Example 2
containing molybdenum génerates the lowering of the luminescence
propertiles.' Accordingly, it is ﬁot preferable to use the molybdenum
crucible. Since molybdenum lowers the luminescence properties, it is
preferably removed to the outside of a system.

Comparative Example 2 used those which contained Fe in the
phosphor. Since Fe is occasionally contained in the phosphor by the
contamination from. the molybdenum crucible and a furnace, an effect of
contéining Fe in the phosphor was tested. As a result, since Fe lowers also
the luminescence properties, it is preferably removed to the outside of a
system.

Comparative Test

In order to clear the action effect of the present invention, a.
comparative test was furthér carried out. Comparative Example 4 is a
nitride phosphér containing the base nitride phosphor, and on the other
hand, Examples 224 and 227 are the nitride phosphors containing the base
nitride phosphor and the component -constituting elements. The resultis
shown iﬁ Table 28. Fig. 38 is .a drawing ,showihg 1umin.esce_nce‘ spectra
when the nitride phosphors of Example 224 and Comparative Example 4

were excited at Ex = 460nm.
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The compounding proportion of calcium nitride, CasNg, silicon

nitride, SisNy, and europium oxide, EugOs which are the raw materials of

_Compa'rative' Example 4is set so astobe Ca:Si:Eu=197:5 : 0.03, and

those which were adequately purified as the raw materials were used. - On
the other hand, the compounding proportion of the raw materials of
Example 227 uses the same condition as Comparative Example 4, and the
concentration of several ppm of Mg, St, Ba, Zn, B, Al, Cu, Mn and Fe which
is the same concentration as that of Examﬁle 224 is contained in the raw
materials. Example 227 charges the three compounds of the raw materials
in a BN cﬁ:ucible, the temperature was gradually raised from room
temperéture, firing is carried out for 3 hours at about 800°C, and further
the temperature was gradually raised, firing is carried out for 5 hours at
ébout 1350°C, and cooling was further gradually carried out until room
temperature over 5 hours. Comparative Example 4 charged the three
compounds éf the raw materials which do not contain Mn and the like inla
molyb denum crucible, and firing was carried out in hydrogen/nitrog'en ,.
atmosphere. When the ammonia flow rate of Example 227 is referred to as
1, the ﬂo{:v rate of hydrogen/nitrogen of Comparative Ekample 4 is hydrogen
nitrogen = 0.1 3 On the other hand, Example 224 carried out the raise
of temperature gradually, firing was carried out for 5 hours at about 1350°C,
and cooling was further gradually carried out unfﬂ room temperature over 5
hours. ’ | |
| As cleared from Table 28 and Fig. 38, the luminescence brightness of

Comparative Example 4 is 99.1% and on the other hand, the luminescence |
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brightness of Example 227 was 128.7%, therefore the luminescence

~ brightness was improved by 29.6%. The difference of the luminescence

brightness has an important technical méaning from the viewpoint of the

Juminescence efficiency. The energy efficiency of Comparative Example 4

‘ was 99.1%, and on the contrary, the energy efficiency of Example 227 was

131.1%. It was improved by 32%. Further, the quantum efficiency of "
Comparative Example 4 was 100.5%, and on the contrary, the quantum
efficiency of Example 227 was 136.8%. It was improved by 36.3%. Thus,

the extremely remarkable luminescence properties can be obtained by

changing atmosphere and the material of a crucible. Further, the

extremely remarkable luminescence properties can be obtained by

containing Mg, Mn and the like. The improvement of the luminescence

properties can provide a light emitting material which emits light of a more

‘brilliant white color. Further, the improvement of the luminescence

property can improve also the reduction of electric power because it
enhances energy efficiency. | |

Further, Example 224 carried out firing under the same condition
except the difference of a firing pattern in comparison with Example 227.
The firing pattern of Example 224 carried out the raise of tefnp erature
grédually from room temp-era_ture, firing was cafried out for 5 hours at
about 1350°C, and éooling was further gradually carried out until room
temperature over 5 hours. At this time, the luminescence brightness was
134.83%, and it was improved by 34.3% in comparison with Comparative

Example 4. Further, the energy efficiency was 136.8%, and it was
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improved by 36.8% in comparison with Corrip arative Example 4. Further,
the quantum efﬁciency was 139.3%; and it was improved ’by 39.3% in

comparison with Comparatlve Example 4, Further when the temperature

characterlstlc is observed by the relative brlghtness fluctuation of a

‘measured lot by setting room temperature as 100, Comparative Exam.pyle 4

is 62.8% at atemperature of 200°C, and on. the contrary, Example 224 is
67.1% at the same t‘emperature, which showed a high value. Further,
Comparative Example 4 is 18.2% at a temperature of 300°C, and on the
contrary, Example 224 was 23.5% at the same temperature which showed a
high value. When said nitride phosphor was provided on surface of a light
emitting element,‘ the compositien of the nitride phosphor is not changed, it
represents that the temperature characteristic shows the high 11rminescenee
prop erty, and it shows that the higher the temperature characteristic ie, the
more St‘able itis. From the result of Table 28, it is clear tlhat‘the nitride

phosphor related to the present invention has the better temperature

characteristic than Comparative Example 4, and reliability is high.

Examples 994 and 227 showed the extremely remarkable luminescence
property in comparison .\yith Comparative Example 4. The improvement of
the luminescence property which has Been not solved ean be extremelyb
easily carried out thereby.
Examples 230 to 232

The base nitride phosphor of the phosphor of Example 280 is
Sr1.s7Bu0.0sSisNs.  The compounding proportion of raw materials is -

strontium nitride, SrsNy : silicon nitride, SisNy, : europium oxide, Euz0s = -
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1.97:5 :0.03. The concentration of 250 to 400ppm of Mg, Sr, Ba, Zn, B, Al,

Cu, Mn, Co and Fe are contained in the raw materials.The three compounds

of the raw materials were charged in a BN crucible, firing was carried out

for 3 hburé at-.800 to.'1000°C in a tubular furnace, then firing was carried .
out at 1250 to 1350°C for 5'hour$, and cooling was further gradually cairied
out until room temperémre over 5 hours. Ammonié gas was ‘con'tinuously
flown at a' flow rate of 1 liter/min. As a result, the temperature’
characteﬁstic at 200°C of the nitride phosphor of Example 2310 is 87.7 %,
Which shows the extremely high temperature characteristic. Table 29

shows Examples 230 to 232 of the nitride phosphors related to the present

invention.
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The base nitride phosi)hor of the phosphor of Example 231 is
Sri.4Cao.sSi5N31Eu. The concentiatioh of abput 250 to 350ppm of Mg, Sr, Ba,
Zn, B, Al, Cu, Mn, Co and Fe are cqntained in strontium nitride, calcium
nitride, silicon nitrivde and europium oxidelwhich are the raw materials of
the phosphor. Example 231 carried out firing under the similar condition
as Example 230. Fig. 39 is a drawing shdwing, a luxﬁinescence spectru‘m’
when Example 231 was excited at Ex = 460nm. As cleared from Fig. 39,
when light of a luminescence spectrum of Ex = 460nm was irradiated, the
combination .of Sr and Ca. shifted it to a longer wave length side than a case
of using Sr of IT valency alone. The peak of the luminescence spectrum 1s

657nm. Thus, the phosphor emitting _h'ght of a reddish White‘color can be

" obtained by the combination of a blue light emitting element and the |

phosphor of Example 231. Further, the quantum efficiency of the
phosphor,SrMCad_eSigNs3Eu of Example 231 is 151.9%, which is extremely
good.

Example 232 changed the compounding proportion of Eu. Example
232 shows the good luminesceﬁce property in like manner as other
Examples. Further, the lﬁminescenée wave length becomes 637nm by
changing thé concentration of Eu. The temperature characteristic is 97.9%
at 200°C, Whicﬁ shows a high value, therefore high stability is shown
Ekamples 233 to.243 | |

Examples 233 to 243 carried out the measurement of afterglow
prOpierty. | Table 30 shows the iesulf of measuring the afterglow prbperties

of Examples 233 to 243. Fig. 40 shows the result of measuring the
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afterglow property of Example 233.

[Table 30]
Basiglzﬁz’;itt:tmg Compound Additi(z;}g ;gnount 1/10(ifst§z‘)glow
No additive | Cau.esSisNe:Euo.oe - - 20.5
Bxample | Gy aSiNeBuoes | BN 025 6.5
| Exg’gfle CanesSisNsEuoos BN 0.75 14.5
Exgggple ' CauesSisNe‘Buoos BN 1.50 16.5
Exggnéple CarssSieNsEuoos | BN 3.00 18.0
Exggéple CaresSicNe'Buogs | HsBOs 0.25 10.5
BRADe | CansiSiaNeBuoss | HsBOs 0.75 9.5
Exggéple | CavesSisNeEuos H:BOs 1.50 180
Example | GaysiSisNeBuoos | HsBO: 13.00 16.5
Example | CavoiSisNsiEuoss | MgsNa 0.05 7.0
Exzzple CarsiSisNs:Euoos | MgsNs 0.10 11.0
Ex;zrgple ‘Cay04SisNe:Euoos | MgsNs 0.20 14.5

The measurement of Examples 233 to 243 irradiates ultraviolet of

254nm, and the luminescence intensity just after termination of irradiation

is referred to as 1. The time from just after termination of irradiation until

the luminescence intensity bécomes 1/10 is measured. Table 30 is the time

required for until the luminescence intensity becomes 1/10. Examples 233

to 243 are the same composition except the phosphor of Example 224 and

additives. Namely, the base nitride phosphor of the phosphor is

Cai1.97Eu0.0s51sNs, the compoﬁent constituting elements are Mg, Sr, Ba, Zn, B,
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Ai, Cu, Mﬁ, Co and Fe, and the component constituting elements are
contained by the concentration of 250 ﬁo 400ppm. BN, HsBOs and‘MgaNz_
are contained by the concentration of several % by weight in the raw |
inaterial of Examplé 224. The raw material containing B and Mg was

charged in BN and firing was carried out. Fixed compounding amounts of

‘BN are used for Examples 233 to 236, those of HsBOs are used for Examples

237 to 240 and those of MgsNg are used for Examples 241 to 243. A
phosphor which does not contain additives was used for a standard value as
a comparison object. As aresult, the afterglow of Example 233 was
shortest among Examples 233 to 236. The afterglow of Example 237 was
shortest among Examples 237 to 240. The afterglow of E%ample 241 was
shortest among Examples 241 td 243. Thus, the afterr.glow property_can be
suppressed by adding fixed amounts of B, Mg and the like.

Other Examples .

Examples of various nitride phosphors are shown. The nitride
phosphor related to the present invention is the nitride phosphorvwhich
contains at least one or moré selected from a group consisting of Mg, Sr, Ba,
7n, B, Al, Cu, Mn, Cd, Ni, Mo, O and Fe in the base nitride phosphor of

LxMyN(@mx+4my)Z. L being‘the base nitride phosphor of said nitride

phosphor contains at least one or more selected from a group consisting of IT

valency of Be, Mg, Ca, Sr, Ba, Zn, Cd and Hg; M contains at least one or
more selected from a group consisting of IV valency of C, Si, Ge and Sn; and
Z is an activator. The activator is preferably' Eu, but Cr, Mn, Pb, Sb, Ce,

Th, Sm, Pr,va, Ho, Er and the like can be alsvo used.
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The base nitride phosphor of the nitride phosphor can produce,
SreSisNs:Eu,Pr, BapSisNs Eu,Pr, MgeSisNs'Eu,Pr, ZnsSisNs:Eu,Pr,

© SrSisNyo:Eu,Pr, BaSisNio:Eu,Ce, MgSirN1o:Eu,Ce, ZnSirNig:Eu,Ce,

Sr2:GesNs:Eu, Ce, BasGesNs:Eu,Pr, MgsGesNg:Eu,Pr, ZnGesNg:Eu,Pr,
SrGeleoiEu,Ce, BaGe7N10ZEu,Pr, MgGeleoiEu,?r, ZnGerN1o'Eu,Ce,

" Sr15Ca0.28isNs:Eu,Pr, Bai sCao2SisNsEu, Ce, Mg1.sCao0.2SisNg Eu,Pr,

Zni.8Cap.2SisNg Eu,Ce, SrosCac.eSi7Nio:Eu,La, BaosCaoeSi7Nio:Eu,La,
Mgo.sCao.2Si7N10'Eu,Nd, Zno.sCa0.2S517N10'Eu,Nd, SrosCao2GerN1o'Ew,Th,
Bao.sCho2GerNio Ew, Th, Mgo.sCac sGerNioEu,Pr, ZnosCaosGerNioEu,Pr,
Sro.sCaosSisGeNroBu,Pr, BaosCao.sSisGeNioEu,Pr, MgosCaosSisGeNioEu,Y,
Zn0.5Ca0.2SisGeN10: B, Y, SraSisNs:Pr, BazSisNa:Pr, SraSisNe'Th, BaGeiNwo:Ce
and the like. However, the present invention is not limited fo the nitride
phosphors. |
EXarﬁple 244

The light emitting device of Example 244 is the type 2 light emitting
device. | |

As a light emitting layer, the semiconductor light emitting element

101 which has an InGaN semiconductor layer of 460nm having a

luminescent peak at a blue region is used. A p-type semiconductor layer
and an n-type semiconductor layer are formed in said semiconductor light
emitting element 101 (not illustrated). The electroconductive wire 104

which is linked the lead electrode 102 is formed at said p-type

‘semiconductor layer and an n-type semiconductor layer. The insulating -

sealing material 103 is formed so as to cover the outer peripheral of the lead
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electrode 102, and short-circuit is prevented. The transparent window part
107 which is extended from :the 1id 106 on the upper part of the packag'e 105
is provided on the upper part of the :semiconductor‘light émitting element
101. The homogeﬁéous mixture of the nitride phosphor 108 4and the |
cqating member 109 related to the present invention 1s coated all ox}er the.
inner surface of said transp afenf window part 107. The light emitting
device 1 uses the nitride pHosphor of Example 228. The package 105 is a
square having a side of 8mm to 12mm whose corner portions are removed.
An indirect luminescence spectrum which was reflected from a
reflection plate and a luminescénce spectrum which was directly emitted )
from the semiconductor light emitting element 101 are irradiated on the‘
nitride phosphor 108 of the present invention, andllight having a'blue
luminescence sp ectrum which was emitted from the ]ight emitting element
101 emits light of a white color. A desired luminescence spectrum can bé :
obtained by doping phosphors emitting green light such as SrAl>oO4Eu,
Y2Si105:Ce, Th, MgAl11019:Ce,Th, Si"{Al}gOé&E\l (at least one or more among
Mg, Ca, Sr and Ba)GasS«:Eu; phosphors emitting blue light such as
Sr5(PO4)sCl:Eu, (SrCaBa)s(P0O4)sClEu, (BaCa)s(PO4sCl:Eu, (at least one
or more among Mg, Ca, Sr and Ba)2Bs0sCl:Eu,Mn, (at least one or more
among Mg, C'a, Sr and Ba)(POLsCla:Eu,Mn; phosphors emitting red light

such as Y20:8:Eu, Laz028:Eu, Y203:Eu, GazOzSiEﬁ, in the nitride phosphor

108 of the present invention.

When a white LED lamp is produced using the light emitting device

which was constituted as above, the yield of 99% is obtained. Thus, the
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light emitting device can be produced in good mass productivity by using
the light emitting diode being the present inveﬁtion, and the light emitting
device h_éving high reliability and the little unevenness of color tone can be
provided. | | |
Example 245 »

The hght emitting device of Example 245 is the type 1 light emitting
device. Fig. 411is a drawing showing the luminescence spectrum of the
light emitting device of the present Example 245. Fig. 42 is a drawing
showing the chromaticity coordinafe of the light emitting device of the
present Example 245. |

| In the light emitting device, the semiconductor layer 2 of n- and
p-GaN layers is formed on the sapphire substrate 1, the electrodes 3 are

provided at said semiconductor layer 2 of the n- and p-GaN layers, and said

‘electrodes 38 are electroconductively connected with the lead frame 13 By the :

electroconductive wires 14. The upper part of the semiconductor light
emitting element 10 is covered with the phosphors 11 and the coating
member 12, and the outer peripheral of the lead frames 13, the phosphors
11 and the coating member 12 are covered with the mold member 15.; In |

the semiconductor layer 2, there are laminated in order on a sapphire

_ substrate 1, n.“.‘GaNisi, n-AlGaN:Si, n-GaN, GalnN, QWs, p-GaNIMg,

p-AlGaN:Mg and p-GaN:Mg. The portion of said n*GaN:Si is etched to
form n-type electrode. On said p-GaN:Mg, p-type electrode is formed. The
lead frames 13 uses copj)er with iron. On the upper part of the mount lead

13a, a cup for mounting the semiconductor light emitting element 10 is
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provided, and said semiconductor light emitting element 10 is die-bonded on

the bottom face of the central part of said cup. Gold is used for the

_electroconduétive wires 14, and Niis plated on the bump 4 which

electroconductively connects the electrodes 3 with the electroconductive
wires 14. The nitride phosphor of Example 224 and YAG phosphor are
mixed for the phosphor 11. A mixture obtained by mixing an epoxy resin -
and a dispersént, barium titanate, titanium oxide and the above-mentioned
phosphor 11 at a fixed proportion is used. The mold member 15 uses the
epoxy resin. The light emitting device 2 is a bullet type in which the
radius ,Of the méld member 15 1is 2 to 4mm, height is about 7 to IOmIﬁ, and
the upper part is hemispheri.c‘al. '

When electric currenf is run in the light emitting device 2, the blue

light emitting element 10 emits light having the first luminescence

Vsﬁectrum with a peak wave length of about 460nm, the phosphor 11 which

covers the semiconductor layer 2 carries out the wave conversion of the first

luminescence spectrum, and emits light having the second luminescence

spectrum which is different from light having the first luminescence

‘spectrum. Further, the YAG-base phosphor contained in the phosphor 11

emits light having the third lumineécence spectrum by light having the firéf
luminescence As.pectrum. There can bé broVided the light emitting device
which emits light of a reddish white color by mixing color m.ixing of the ﬁfst,
second and third luminescence spectra.

| In Fig. 42, the meésurement result of the Iight emitting device usingr

the YAG-base phosphor is shown together, as the comparative object of the

306



10

15

20

light emitting device 2 of the present Example 245. |

The nitride phosphor of the light emitting device of the present
Example 245 ﬁsés the phosphor 11 mixing the nitride phosphor of Example |
22‘4, the coatiﬁg member 12 and the YAG (Vttrium-aluminqmgarnet) - o
fluorescent substance activated by cerium. The weight ratio of the ‘
phosphor 11 and the like is the coating member : YAG : the nitride phosphor»
of Exanﬁple 224=25:6:3. On the other hand, the phosphor of the light
emitting device using the combination of a blue light emitfing element and
the phosphor of YAG is mixed at the weight ratio of the coating member :
the phosphor of YAG =25 : 6.

The light emitting device of the present Example 245 is compared
with the. Light emitting device using the blue light emitting ellement.a‘nd the
phosphor of YAG. The peak wave length of the phosphor of YAG is -

463.47nm, and on the contrary, the peak wave length of the nitride

pho‘sphor has the luminescence spectrum at a position different from
596.00nﬁ1. In the chromaticity coordinate, too, the light emitting device
using only the Aphosphor of YAG is a white color which is répresented by the :
color tone x = 0.348 and the color fone y = 0.367 and emits pale light. On
the other hand, the light emitting device 2 using the nitride phosphor and
the phosphor of YAG is a reddish ;\Vhite color which is represented by the.
éolor tone x = 0.454 and the color tone y=0.416. The color temﬁe_rature is

2827.96K, the color rendering property Ra is 76, and it has the

luminescence properties which is near to an electric bulb color. The light -

emitting device 2 related to the present invention has the high
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luminescence efficiency of 24.87 lm/W.

From this, it has an extremely important technical meaning that a
near electric bulb color light emitting device can be produced.
<Examples 246 to 256 related to Mode 6 of Operation>
Examples 246 to 254
Comparative Test

In order to clear the action effect of the present invention, firing was
carried out under the same condition except the djfferencesof atmosphere.
The result is shown in Table 32. Fig. 44 is.a drawing showing the
luminescence spectra when Example 227 and Comparative Example 10

were excited at Ex = 460nm.
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[Table 32-2]

Emission characteristics (460nm) Tempera?:ux:e.
,_ , characteristics
Color| Color |Bright-n| Energy |Quantum| -

| tone |. tone ess |efficiency |efficiency|100°C|200°C{300°C

D y_ (%) % | (%) .

Comparative : '
Example 10.598| 0.401}| 59.9 - 57.1 57.3 83.3 | 62.8 | 18.2

10 .

E";l‘l’éple 0.597| 0.400 | 77.9 74.7 78.0 | 97.7 | 70.6 | 22.6
Bxample 1o.598| 0400 820 | 788 | 791 |93.7|67.1 285

Example 246 and Comparative Example 10 are adjusted so that the

compounding proportion of calcium nitride, CasNy, silicon nitride, SisNy,

and europium oxide, EuzOs which are the raw materialsis Ca:Si: Eu =
1.97:5:0.03. The three compounds of the raw materials are charged in a
BN'crucible, the température was gradually raised from room temperatﬁie,
firing was carried out for 3 hours at about 800°C, the temperature was
gradually further raised, firing was éarried out for 5 hours at about 1350°C,
and codling was further grédually carried out until room temperature over 5
hours. With respect to Comparative Example 10, firihg.was carried out in
hydrogen/nitrogen atmosphere. When the ammonia flow rate of Example
246 is referredlto.’as' 1, the flow rate of hydrogen/nitrogen of Comparative
Example 10 is hydrogen : nitrogen = 0.1 :3. On the other hand, Example
246 carried out firing in ammonia atmosphere.

As cleared from Table 32 andl Fig. 44, the luminescence brightness of

Comparative Example 10 is 100% and on the othér'hand, the luminescence
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brightness of Example 246 was 130.0%, therefore the luminescence

“brightness was improved by 30%. The difference of the lJuminescence

brightness has an exfremely imp’oi‘tant meaning from the viewpoint of the
luminescence efﬁm.ency The energy eﬂlmency of Comparative. Example 10
was 100%, and on the contrary, the energy efficiency of Example 246 was
130.8%. It was improved by‘30.8%. Further, the quantum efficiency of
Comparative Example 10 was 100%, and on the contrary, the quantum
efficiency of Example 246 was 136.1%. It was i.mproved by 36.1%. Thus,
the extremely remarkable luminescence properties can be obtained by
changing atmosphefe. The improvement of the luminescence properties
can provide a light emitting material which emits light of a more brilliant

white color. Further, the improvement of the luminescence property can

improve also the reduction of electric power because it enhances energy

efficiency.

Further, Example 24’7 carried out ﬁring under the same condition
excépt the djfférénce of a firing pattern in comparison with Example 246.
The firing pattern of Example 247 carried out the raise of temperature

gradually from room temperature, firing was carried out for 5 hours at

~ about 1350°C, and cooling was further gradually carried out until room

temperatxire over 5 hours. At this time, the luminescehée brightness was
136.9%, and it was improved by 36.9% in comparison with Cozﬁparative
Example 10. Iurther, the energy efficiency was 138%, and 1t was improved
by 38% in cqmparison with Comparative Example 10. Further, the

quantum efficiency was 138%, and it was improved by 38% in compaﬁson '

311



10

15

20

with Comparative Example 10. Further, when the temperature
characteristic is observed by the relative brightness fluctuation of a
measured lot by setting room temp erature as 100, Comparative Example 10
is 62.8 at a temperature of 200°C, and on the éohtrary, Example 247 is _67.1
at the same temperature,' which showed a high value. Fuﬁther, | |
Comparative Example 10 is 18.2 at a temperature of SOO?C, and on the
contrary, Example 247 was 23.5 at the same température, which showed a |
high value. The temperature characteristic represents that When said
nitride phosphor was provided on surface of a light emitting elemenﬁ, it
shows the high luminescence property wi"chout changing the composition of
the nitride phosphor, and it shows that the high’er the temperature
characfe‘risti‘c is, the more stable it is. From the res‘ult of Fig. 32, it is clear .
that the nitride phosphor related to the present invention has the bettér
temperature charactefistic than Co'mparati_ve Example 10; and it is clear
that re]iability is high. Examplés 246 and 247 showed the extremely
remarkable 1uminescence property in c_ompariéon With Coxﬁp arative
Example 10. The improvement of the luminescence property which has
been not solved can be extremely easily carried out thereby.
Examples 247 to 249

Table 38 sht}ws Examples 9247 to 949 of the nitride phosphors related
to the present invention. Further, Fig. 45 to Fig. 47 show the luminescence
properties of Examples 247 to 249. TFig. 45 is a drawing showing the -
luminescerice spectra when Examples 247 to 249 were excited at Ex =

460nm. Fig. 46 is a drawing showing the excitation spectra of Examples
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247 to 249. TFig. 47 is a drawing showing the reflection spectra of
Examples 247 to 249.

[Table 33-1]

Raw material Result

M‘ixin : " Central
ratio ng " Central | particle

Basic constituting Baking Atmos| particle | diameter

raw s
elements. . pattern  |-phere| diameter (Us
material : (Dm/olog)| exists)
(CalSi/Ew) &

(Dm/ o log)

Example|. e IR One step '
047 Cai.9751sNg:Euo.0s | 1.97/5/0.03 1350°C x 5h NHs [5.83/0.410]{4.69/0.378

Example oy, N One step
248 Cai19sSisNg'Euoc.01 | 1.89/5/0.01 1350°C x 5h NHs |5.61/0.41214.31/0.415|

Example - One step 4 |
949 Ca1.945i5Ns!Euoce | 1.94/6/0.06 1350°C x 5h NHs |5.13/0.8664.67/0.419

[Table 33-2]

Emission characteristics (460nm) Temperature
characteristics

Color | Color |Bright-n| Quantum |Peak wave

tone tone ess efficiency length |100°C.|200°C|300°C

X y (%) (%) _(om)
EXZ‘E}YPR 0.598 | 0.400 | 82.0 79.1 612 93.7 | 67.1 | 23.5
E"gffsple 0.593 | 0.404 | 59.0 55.1 610 99.8 | 81.1 | 37.1
E";Z:éple 0.603 | 0.395 | 844 84.6 614 929 | 56.1 | 12.5

Examples 247 to 249 are results of testing the chemical properties
and physical properties of the nitride phosphors related to the present
invention of LxMyNzax+ws)v)'Z. The nitride phosphor is (Ca;.tEut)2SisNs.

Examples 247 to 249 use Eu as the activator Z and éhange the compounding
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proportion t of said Eu. Example 247 contains 0.015 of Eu, Example 248
containSVO.OOS of Eu, and Example 249 contains 0.03 of Eu. | The firing
condition is similar as Example 247, the temperature was gradually raised
from room temperature, firing was carried out for 5 hours at about 1350°C,
and cooling was further gradually carried out until room tempei"ature over b
hours. | |

It is clear that Example 247 has the higher temperature.
characteristic in.c_omp arisoh with Example 248. Since the temperature of
a light emitting element generally used is raised to a temperature of 100 to

150°C, it is preferable that it is stable at said temperature range when the

nitride phosphor is formed on the surface of the light emitting element.

From the viewpoint, since Example 248 has the extremely good temperature
characteristic, it has superior technical meaning.

Example 249 hés the high luminescehce brightness and high-
gquantum efficiency in comparison with Example 247. Accordingly,
Example. 249 has the extremely good lﬁminescence property.

Examples 250.to 252
T‘able 34 shows Examples 250 to 252 of the nitride phosphors related

to the present invention.
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Example 250 in Table 34 is Ca1sSisNs'Euo2. The compounding

- proportion(mol ratio) of calcium nitride; CasNe, silicon nitride, SisN, and

europium oxide, EupOs which are raw materials is adjusted so as to be Ca °
SitEu=18:5:0.2. N
CasN; (manufactured by High Purity Chemicai Co) 1.243g

SisN4 (manufactured by Ube Chemical Co) 3.2662: i
Euz03 (manufactured by Shin-etsu Chemical Co.) 0.492¢g

The three compounds of the raw materials were charged in a BN
qrucible, and firing was carried out for 5 hours at 1200 té 1350°Cin a.
tubular furnace under ammonia atmosphere. 'I‘emperatuie was raised by
heating from room temperature to 1350°C over 5 hours, firing was c;arrie:d

out for 5 hours, and cooling was further gradually carried out until room

- temperature over 5 hours. Ammonia gas was continuously flown at a flow

rate of 2 liter/min. Asa result, the nitride phosphor powder in which a

body color is orange and a luminescence color is also orange was obtained.

| With respect to the phosphor powder, the whole phosphor powder emits

light of an orange color in visual observatio.n. Thus, since the whole
phosphor powder emits light uniformly, the improvement of production
efﬁcienéy, the provision of a stable nitride 'phosphor‘and the reduction of
production cost caﬁ be carried out. '

Examplé 251 is the phosphor of Cajs6Eu0.04SisNs. The
compounding proportion(mol ratio) of calcium nitride, CasNz, silicon nitride,
SisNy, and europium oxide, EusOs which are raw materialsis adjusted so as
tovbe Ca:Si: Eu.—_— 1.96:5:0.04. ‘ |

‘ CagNz (ﬁlanufactured-by High Purity Chemical Co.) 2.867g
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SisNy (manufactured by Ube Chemical Co.) | 6.923¢
Eu20s (manufactured by Shin-etsu Chemical Co.) 0.208g
The fixing of the three compounds of the raw materials was carried

out by a similar test method as Example 250. As a result, the _nitride A

,'-phosphor powder in which a:body color is orangé and a luminescence color is

also orange was obtained in like manner as Example 250.

Example 252 is the phosphor of CaigssEu0.0158i5Ns. The
compounding proportion(mol ratio) of calcium nitride, CasNy, silicon nitride,
SizNy, and europium oxide, EuzOs which are raw materials is adjusted so as

tobe Ca:Si:Eu=1.98:5:0.02.

CasN2 (manufactured by High Purity Chemical Co.) 2.916g
SizN4 (manufactured by Ube Chemical Co.) 6.969g
Eu20; (manufactured by Shin-etsu Chemical Co.) 0.105¢

The firing of the three compounds of the raw materials was carried
out by a similar test method as Example 250. As a result, the nitride
phosphor powder in which a body color is orange and a luminescence color is
also orange was obtaiﬁed in like manner as Example 250. Further, the
luminescence brightness of the nitride phosphor obtained by the present
Examplé 252 was improved than Comparative Example in visual
observation. Further, the phosphor obtained by Example 252 showed the
luminescence brightness which is.similar as Example 25 1.

(Measurement result of phosphor obtained from Examples 251 and 252)

As a typical example, the measurement of the nitride phosphors of

Examples 251 and 252 was carried out. The test result is shown in Fig. 48

and Fig. 51. Fig. 48 is a drawing showing the luminescence spectra when
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Examples 251 and 252 were excited-vat Ex =460nm. Fig. 50is a drawing
showing the reflection ratio of Ex'a_mples 251 and 252. Fig. 51 is a drawing
showing the excitation spectra of Examples 251 and 252.
| Light having a wave length of-400nm‘ at a vis_ual light region was
irradiated on Examples 251 and 252. In Fig. 48, the nitride ph‘osphofs of
Examples 251 and 252 emit light at 610nm to the utmost. '
Light having a wave length of 460nm at a visible light region was

irradiated on Examples 251 and 252. In Fig. 49, Example 251 emits light

- at 620nm to the utmost, and Example 252 emits light at 610nm to the

utmost. Thus, sinice Example 251 is shifted to a longer wave length than ,
Examplé 252, 1t emits redder lighf. Since 460nm is a wave length h'aving;
the 'highes_t luminescence brightness among known blue light emitting diode,
the reddish white nitride phosphor can be produced by combination 6f the |
blue and yellow-red luniinescencé spectra. With Arespef:t fo the reflection *~
coefficient, the nitride phosphor of Example 252 exhibits higher reflection
pioperty than the nitride phosphor of Example 250. Both of the nitride
phosphors of Examples 251 and 252 absorb light of a short Waveilength’side
at visible light region. . With respect to the excitation spectrum, the nitride
phosphderf Example 251 exhibits a higher excitation spectium than the
nitride phosphor of Example 252.

Light emission at a yellow-red visible light region was confirmed
from Fig. 48 to Fig. 51.
Examples 253 and 254

Example 253 is the phosphor of Sr1.97Euo.ov38i5Ns. The comp ounding"

proportion is calcium nitride, CasNy : silicon nitride, SisNy : europium oxide,

318



o

10

Euo03=1.97:5:0.03. The three compounds of the raw materials were
charged‘in a BN crucible, ﬁring was _carﬁ_ed out "fo.r 3 hoﬁrs at 800 to 1000°C
in a tuEular furnace, and cooling was further gradually carried out until
room température oyer'5‘ ho‘uis. Ammonia gas was contiriuously flown at a
ﬂow rate of 1 liter/min. As a result, the nitride phosphor in which a bbody
color is vpink and emits visually pink light at irradiation of light at~365ﬁm
was obtained. The temperature characteristic af 200°C of the nitride
phosphor of Example 253 is 87.7%, which exhibits the extrem-ely high
temperature characteristic. Table. 35 shows Examples 253 and 254 of the

nitride phosphors related to the present invention.
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Example 254 is the phosphor of Sr1.4Cao.eSi$NsiEu. The firing of
Example 254 was carried out in a similar condition as Example 253. Fig.
52 is a drawing showing the luminescence spectrum when Exampl_e 254
Were-excited at Ex = 4»6'Orim. As cleared from Fig. 52, when light of a
luminescence spectrum at Ex = 460nm was irradiated, the combination Sr
with Ca is shifted to a longer wave length side than a case of using Sr of
II-valency alone. The i)eak of the lﬁmineséence spectrum is 655nm. Thus
fhe phosphor emitting light of a reddish white color can be obtained by the
coinbination of a blue light emitting element and the phosphor of Example
254. Further; the quantum efficiency of the phosphor of Sr1.4Cao.sSisNs:Eu
of Example 254 showed 151.8%, and it is excellent.

Example 255 | ' |

The light emitting device.of Example 255 is the type 2 light emitting
device using a semiconductor light emifting elément which has the InGaN
semiconductor layer having a luminescent peak of 460nm and the nitride
phosphor 8 described later. .

In the light emitting deﬁc‘e of Example 255 constituted as described
above, an indirect luminescenqe spectrum which was reflected from a
reflection plate and a lurﬁinescenC‘e spectrum which was directly emitted
from the semiconductor light emitting element 1 are irradiated on the
nitride phosphor 8, and light haﬁng a blue luminescence spectrum which
was emitted from the semiconductor light emitting element emits light of a
white color. Further, a desired luminescence spectrum can be obtained by
doping phosphors emitting green iight such as SrAl;O4Eu, Y2SiOs:Ce,Th,
MgAl11019:Ce, Th, Sr7Al12025'Eu (at least one or more among Mg, Ca, Sr
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and Ba)GazSsEw; phosphors emitting blue light such as Srs(PO»)sCl:Eq,
(SrCaBa)s(P04sCl:Eu, (BaCa)s(PO4)sCl:Eu, (at least one or more among
Mg, Ca, Sr and Ba)2BsOsCLl:Eu,Mn, (at Ieas’p one or more among Mg, Ca, Sr
and Ba)(PO4)sCls:Eu,Mn; phosphors emitting redl light such as YzOzSIEu,
Las025 Eu, YzOgiEu, Gaz02S'Eu, in the nitride phosphor 8.

The light emitting device which was constituted as above can be |
produced at an yield of 99%. Thus, the light emitting device of the present
Example can produce a light emitting device in good mass productivity, and
can provide the light emitting device having high reliability and the little
unevenness of color tone.

Example 256

Thé.]ightvemitting device of Example 256 is the type 1 light emitting
device 2. | Fig. 53 is a drawing showing the luminescence spectrum of the
light emitting device of the preéent Example 256. Fig. 54 is a drawing
showing the chromaticity coordinate of the light emitting device of the
present Example 256. | |

The light emitting deviée of Example 256 uses a semiconductor ]ight
emitting element whose luminescent peak has a luminescent spectrum of
460nm and the nitride phosphor 8a of Example 247.

In thé light emitting device, when electric current is run in the light
emitting device, the light emitting element (blue LED) emits light having a
luminescenge spectrum with a peak wave length of about 460nm, the nitride
phosphor 8a cérries out the wave c'onversiorll of the hght, and generates
lightvhaving a luminescence sp ecﬁrum which is different from the light

absorbed. As the whole of the light emitting device, it emits light of a
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reddish white color.

In Fig. 54, the measurement result of the ]ight emitting device using
the YAG-base phosphor is shown together, as the comparative object of the
light emitting device of the i)resent Examplé 256. | |

The nitride phosphor 8a of vthe light emitting device of the present

Example 256 uses a mixture which mixes the nitride phosphor of Eﬁcample

247 , a resin and the yttrium-aluminum-garnet fluorescent substance

(hereinafter, referred to as YAG) activated by cerium. The weight ratio of
these is the resin : YAG : the nitride phosbhor of Example 247 =25:6 : 3. |
On the other:hand, the phosphor of the light emitting de\}iée using the
combination of a blue light emitting element and the phosphor of YAG is
mixed at the Wéight ratio of the resin : YAG =25 6. The light emitting
device of the present Example 256 uses fhe semiconductor light emittihg
element 1 (héreinafter; referred to as blue LED) which has an InGaN
semiconductor layer having a luminescent peak of 460nm. The nitride
phosphor 8a carries out the wave length conversion of the emitted light of
the blue LED, and.the ]ight emitting device 2 which emits light of a s)ighﬂy
reddish white color can be obtained.

The light emitting device of the present Example 256 is compared
with the light emitting device using the blue LED and the phosphor of YAG.
The peak wave length of the phosphor of YAG is 463.47, and on the contrary,
the peak wave length of the nitride phosphor 8a has the luminescence
spectrum at a position different from 596.‘0(.)nm. In the chromaticity
coordinate, tOo,'the ]ight emitting device of Comparative Example using

only the phosphor of YAG is a .White color which is represented by the color
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tone x = 0.348 and y = 0.367 and emits pale light. On the other hand, the

light emitting device 2 of Example 256 using the nitride phosphor 8ais a

vredd‘ish _{;vhite color which is represented by the color tone x = 0.454 and the

color tohe y = 0.416. The color temperature of the light emitting device of
Example 256 1s 2827.96K, and it has the luxﬁinescence property which is
near to an electric bulb color. Further, in the color renderiﬁg property, too,
the light emitting device 2 using the nitride phospho: 8a exhibits the
similar color rendering prbperty as the light emitting device using the v'
phosphor of YAG. Further, the light .emitti'ng device 2 related to the
present invention has the high luminescence efficiency of 24.87 Im/W.
Example 255. | |

The light emitting device of Example 255 is the type 2 light emitting
déviceusing a semiconductor light emitting element which has the InGaN
semiconductor layer having a luminescent'beak of 460hm and the nitride-base
phosphor 8 described later.

In the light emitting device of Examplg 255 constituted as described
above, an indirect luminescence ép éctrum which was reflected from a reflection
plate and a luminescence spectrum which was directly emitted from the
s.emiconduétor light einitting element 1 are irradiated on the nitride-base
phosphor 8, and light having a blue luminescence spectrum which was
emitted from the semiconductor light emitting element emits light of a white
color. Further, a desired lumine_scence"spectrum can be obtained by doping
phosphors ‘emit'ting green light such as SrAl;04'Eu, Y2Si05:Ce,Th, |
MgAl;1019:Ce, Th, Sr7Ali1202'Eu (at least one of more among Mg, Ca, Sr and
Ba) ‘GazSsEu; phosphors emitting blue light such as Srs(PO»)sCLEu, (Sr
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CaBa)s(PO4)§C1ZEu; BaCa)s(POsClL:Euy, (at least one or more among Mg; Ca,
Sr and Ba) 2Bs0sCl:Eu,Mn, (at least one or mOré among Mg, Ca, Sr and Ba)
(POYsCl2’Eu,Mn, phosphors emitting red light such as YzOzSiEti, Las02S:Eu,
Y503 Eu, Gaz02S'Eu, in the nitride-base phosphor 8.

The light: emitting device which Was constituted as above can be
produced at a yield of 99%. Thus, the light emitting device of t‘h‘e. present |
Example can produce a light emitting device in good mass productivity, and
can provide the light emitting device having high feliability and the little
unevenness of color tone. |
Example 256

The light emitting device of Example 256 is a light emitting device 2 of |
a type 1, and Fig. 53 is a chart showing a luminescence spectrum of the light
emitting device of Example 256. Fig. 54 is a chart showing chromaticity
coordinate of the Iight emitting device of Example 256. The light emitting.
device of Example 256 uses a ‘semiconductor light emitting element Whosé
luminescent peak has a luminescent spectrum of 460nm and the nitride-base
phosphor 8a of Example 247. |

In the light emitting device, when electric current is run in the light
emitting device, the light emitting element (blue LED) emits light having a
1umiﬁescencé spectrum with a peak wave length of about 460nm, the |
nitride-base phosphor 8a carries out the wave conversion of the light, ahd
genérates light having a luminescence spectrum which is different from the
light absorbed. As the whole of the light emitting device, it emits light of a
reddish white color. -

In Fig.54, the measurement result of the light emitting device using
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the YAG-base phosphor is shown together, as the comparative object of the

light emitting dewce of the present Example 256.

The nitride-base phosphor 8a of the light emitting device of the
present Example 256 uses a mixture which mixes the nitride-base phosphor
of Example 247, a resin aild the. yttrium-aluminum-garnet ﬂuorescent
substance (hereinafter, referred to as YAQ) activated by cerium. The weight
ratio of these is the resin - YAG the nitride- base phosphor of Example 247 =
25 :6 3. On the other hand, the phosphor of the light emitting device using
the combination of a blue light emitting element and the phosphor of YAG is
mixed at the weight ratio of the resin : YAG = 25 : 6. The light emitting
device of the present Example 256 uses the semiconductor light emitting
element 1 (hereinafter, referred to as blue LED) which has an InGaN
semicorlductor layer having a luminescent peak of 460nm. - The nitride-base
phosphor 8a carries out the wave length conversien of the emitted light of the
blue LED, and the light emitting device 2 which emits light of a slightly
reddish white color can be obtained.

The light ernitting device of the present EXample 256 is compared ﬁth
the light emitting device using the blue LED and the phosphor of YAG. The
peak wave length of the phosphor of YAG is 463.47, and on the contrary, the
peak wave length of the nitride-base phosphor 8a has the luminescence
spectrum at 596.00nm which is a different position; In the chromaticity
coordinate, too, the light emitting device of Comparative Example usmg only
the phosphor of YAG is a white color which is represented by the color tone x =
0.348 and y = 0.367 and emits palelight. On the other hand, the light -

emitting device 2 of Example 256 using the nitride-base phosphor 8aisa
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reddish white color which is represented by the color tone x = 0.454 and the
colortone y = 0.416. The color temperature of the light emitting device of
Example 256 1s 2827.96K, and it has the lummescence property which is near
to an electric bulb color. Further, in the color renderlng property, too, the
light emitting device 2 using the‘ nitride-base phosphor 8a exhibits the
similar colo’f rendering property as the light emitting d_evice using the
phosphor of YAG. Further, the ‘]igjht emitting device 2 related to the present
invention has the high luminescence efficiency of 24.871 m/W.

Examples which are related with the mode 7 of operation related to the

_present invention are specifically illustrated below, while mentioning

Comparative Examples.

(Example 257)

As shown in Fig. 55, the ﬁght emitting diode 200 which was formed in
the present Comparative Examples 11 to 18 is a lead tjrpe light emitting diode
equipped with the mount lead 205 and the inner lead 206, the LED chip 202 is
mounted on the cup portion of the mount lead 205, and the coating portion 201
containing phosphors Wthh were combined as the under-mentioned Table 37
was filled so as to cover the LED chip 202 and then resin-molded by the
molding member 204 to be constituted. Hereat, the n-side electrode and
p-side electrode of the LED chip. 202 are connected with the mount lead 205
and the inner lead 206 using” the wire 203.

Fig. 57 shows the excitation absorption spectrum of the YAG-base
phosphor used in the present Example. Further, Fig. 58 shows the
luminescence spectrum of the ‘YAG-base phosphor used in the present Example. -

In the present Exaniple, as the YAG-base phosphors resp ectively having
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different compositions, (YosGdo2)sAls012:Ce (hereinafter, called as the

“phosphor 257-17), YsAls012:Ce (hereinafter, called as the “phosphor 257-27),

and Ya(AlosGao 2)s012:Ce (hereinafter, called as the “phosphor 257-3") were

used. These phosphdrs are phosphors which abéorb blue light from the LED

5  chip to be excited and emit yellow to green light.

Fig. 59 shows the excitation absorptioﬁ spectrum of the nitride-base -

phosphor used in the present Example. Further, Fig. 60 shows the

luminescence spectrum of the nitride-base phosphor used in the present

Example.

In the present Example, as the nitride-base phosphor s respectively

10  having different compositions, (CaogssEuo0.015)2SisNs (hereinafter, called as the

“phosphor 257-4”), and (Sro676Ca0.261Bw0.02)28isNs (hereinafter, called as the

“phosphor 257-5”) were used. These phosphors are phosphors which absorb

blue light from the LED chip to be excited and emit red light. The

composition and the peak wave lengths of the luminescence spectrum of the

15 above-mentioned phosphors are shown below.

Table 36
Composition Luminescence peak | Color tone x | Color tone y
wave length (nm)
Phosphor | - (YosGdo.2)sAlsO12:Ce 562 0.457 0.527
257-1
Phosphor ~ YsAls012:Ce 550 0.422 0.554
257-2 . _ -
Phosphor Ys(AlosGao2)sO12:Ce 533 0.383 0.575
257-3 , :
Phosphor (CaosssEuo.015)2SisNs 610 0.697 0.401
257-4 : ’
Phosphor | (Sroer9Cao.201E1008)251sNs 637 0.638 0.36
257-5

Firstly, after the light emitting diodes were formed using the

328




phosphors 257-1 to 257-5 one by one, the ambient temperature was raised by
applying a pulse current of 20 mA under a condition in which the heat
emission of the LED ‘chip_s themselves is negligible, and the luminescence
outputs of the light emitﬁing diodes for the ambient temperature were |
measured. Then, the relative outputs of the LED luminescence based on 25°C
were determined with respect té the respective phosphors 257-1 to 257-5, and
shown as the ambient temperéture-relative light output property in Fig. 64 to
Fig. 68. Further, the decreasing rates of the relative LED luminescence
outputs when the ambient temperature was changed by 1°C are determined
for the respective phosphors, and shown in Table 37 below as'the decreasing
rates of the luminescence outputs for the temperature rises of the first

phosphor aﬁd the second phosphor.

Table 37
Composition Decreasing rate of the luminescence
e output {a.u./°C]
 Phosphor | - (YosGdo)aAlsO1::Ce 2.2 x 108
257-1
‘Phosphor YaAlsO12:Ce 1.5 x 103
257-2
Phosphor Y3(AlosGao2)s012:Ce 1.8 x 1038
257-3 .
~ Phosphor (Cao.sesBu0.018)2SisNs , 3.4x 103
_2B74 : ‘ )
Phosphor | (Sro.s7sCao.201E10.08)2815Ns 1.9 x 108
257-5 ‘

"The LED chip 202 used for exciting the phosphors in the present
Example is the light emitting element in which the InGaAIN compound
semiconductor was formed as a luminescence layer, and the peak wave length -

of the luminescence spectrum is 460 nm. Further, the chromaticity coordinate
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is shifted toward lower color temperature along the black body radiation locus
by heightening the electric current density between S‘to 300 A/em?. Flg 56 is
a chart showing the electric current property of luminescence spectrum when
eleétric current run in the LED chip 202 is changed. As shown in Fig. 56_», |
with respect to the electric current property of iumjnescence spectrum, the
peak wave 1ength is shifted toward shorter wavelength side in accordance Vﬁth
the increase of applied electric current.

Then, as shown in Fig. 57, the positions of the peak wave leﬁgth of the

excitation absorption spectrum of the above-mentioned three phosphors 257-1

to 257-3 are nearly coincided with the positions to which the peak wave length

of luminescence spectrum of the LED chip is shifted in accqrdance with the
increase of electric current which is applied to the LED chip. Hereat, itis
preferable that the difference between the peak wave length of the excitation
absorption spectrum of the phosphorsl25’7-1 to 257-3 and the peak wave leﬁé‘th
of the luminescence spectrum of the LED chip is 40 nm or less. Since the
excitation efficiency of the phosphors is improved by using the phosphors and
the quantity of light emitted from the LED is decreased without wave length
conversioh, the chromaticity deviation of a light emitting device can be
prevented. /

Hereat, when the phosphor 257-3is used, the luminescence spectrum

of the phosphor 957-3 is shifted toward shorter wave length than the

luminescence spectrum of the phosphor 257-1 as shown in Fig. 58.

Accordingly, although the chromaticity deviation of the light emitting device
can be prevented by shifting the peak wave lengths of the excitation absorption

spectrum of the YAG-base phosphors, the emission of the light emitting device
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is deviated from the black body radiation locus, therefore a red component is

added to the color mix light by adding the phosphor'257-4 or the phosphor

- 2575, and the chromaticity coordinate is adjusted near at the black body

radiation locus.

5 » The compounding ratio of the nitride-base phosphor to the YAG-base

phosphor is shown in Table 38 below.

Table 38
| Example No. Phosphor Resin | YAG-base | Nitride
_ ' _ ' phosphor phosphor
Example 257-1 Phosphor 8 + Phosphor 6 10 2.6 0.4
Comparative Example 11 | Phosphor 1 10 3 0
Comparative Example 12 | Phosphor 2 + Phosphor 4 10 2.2 0.4
Comparative Example 18 | Phosphor 2 + Phosphor 5 10 2.2 0.4
10 The measurement result of the optical properties when the light

emitting diodes were formed in Example 257 and Comparative Examples 11 to

13 is shown in Table 39 below.
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As shown in Table 39, in the color rendering properties in case of

| Example 257 and Comparative E:kample 13, both Ra are 85 or more together,

and the color rendering property can be improved in comparison with other
Comparative Example. Further, Fig. 61 is a chart showing the ch_romaticity
change to the ambient temperature with respect to Example 257 and

Comparative Examples 11 to 13. As shown in Flg 61, the chromaticities of

any of Example 257 and Comparative Examples 11 to 18 are changed to a

thiék arrow direction in the drawing by the rise of temperature.

| Fig; 62 is a chart showing the ch-rom.aticity change to ﬁhe electric current
which is applied to the LED chip with respect to Example 257 and
Comparative Examples 11to 13. In the present Example, the electric current
property of the LED in which a red component was added to the white LED
was conﬁrmed by applying an electric current of 1 to 100 mA (1, 5, 10, 20, 40,
60, 80, 100 mA) under a conditioh in which the héat emission of the LED chip
caﬁ be negligible. As shown m Fig. 62, in case of Comparative Examples 11 to
13, the chromaticities are migfated to a high color temperature region as if it
leaves from the-biack body radiation iocus to._an arrow direction in accordance |

with the increase of the applied electric current. On the other hand, in case of

Example 257, it can be grasped that the chromaticity is migrated to a low

chromaticity side to an arrow direction as if it migrates nearly along the black
body radiation locus.

Fig. 63 1s a chart showing the chromaticity change when DC drive was
carried out with respect to Example 257 and Comparative Example 11. In
case of Comparative Example 11, the chromaticities in the respective electric .
currents are migrated to a high chromaticity side as xf it leaves from the black

body radiation locus to an arrow direction when the electric current is
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increased from 1 mAto 5 mA, 10 mA, 20 mA, 40 mA, 60 mA. On the other -
hian(i, in case of Example 257, the ﬂﬁctixation of ight chromaticity by color
mixing is within a range of 0.326 to 0.333.in the x coordinate and 0.343 to
0.348 in the y coordinate on the chromaticiﬁy chart. Namely, the light
chromaticity by color mzxmg is migrated at a position nearly along ﬂrxe bléck
body radiation locus even 1f the electric current is increaséd, and the
fluctuation of the chromaticity is hardly génerated. " Thus, it is a result of | _
mutually compensating the chromaticity change to a high chromaticity side
along the black body radiation locus which is shown in Fig. 61 as the ambient
te_mi)erature-chromaticity property, with the chromaticity change to a low -
chromaticity side along the black body radiation locus which is shown in Fig.
62 as the ambient temperature-chromaticity property as the applied electric

current-chromaticity property that the chromaticity is hardly changed in case

of Example 257.

The constitution of Example' 2571s a constitutién that the decreasing
rates of the luminescence outputs for the ambient temperature of the
phosphors combined are 2.0 x 108 fa. u./°C] or less together and small in
comparison with the phosphors of other 'Examples, and the difference of the
decreasing rate of the luminescence outputs is 2.0 x 104 [a, u. /°C] and set as a
combinatié)n being small in comp ariéon with other Examples; Nainely, the
decreasing rates of the luminesceﬁce outputs for the temperature rises of the
phosphor 3 and the phosphor 5 are nearly equal. By making such a

constitution thus, the difference of the luminescence outputs of the phosphor 3

- and the phosphor 5 is kept at a nearly equal value without being influenced by

the ambient temperature, even if the luminescence outputs of the phosphor 3

and the phosphor 5 are lowered by the rise of the ambient temperature caused
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by the heat emission of the light emitting element. Namely, by making such a’

constitution of the present invention, there can be made a Light emiﬁting device

~of improving color rendering property irrespective of the change of the ambient

temperature of the light emitﬁng device, in pérticular, the ambient
temperature of the light emitﬁng device caused by the change of electric |
curient and hardly generating the color deviation. Further, when a light
source for a back light which can be used as the constituting member of a
liquid crystal display is formed by ﬁsing the light emitting device related to the
present invention in combination with a light conductive plate which
introduces the light emitted from the light emitting dévice to the face side of
observing luminescence, the light source for a back light improving color
rendering property irrespective of the change of the ambient temp erature and
hardly generating the color deviation can be made.

(Examples 258 and 259)

' In the present Example, a light emitting device which can emit warm
light, light at a so called electric light bulb region (a color temperature of 2500
K to 3800 K) is formed by using the YAG-base phosphor and the nitride'base
phosphor in combination. The compositions, the luminescence peak wave
lengths Ap [nm], and the color tones of the YAG-base phosphoi‘s (phosphors
258-1 and 258-2) and the nitride-base phosphbr s (phbsphors 258-3 and 258-4)

" which are used in the present Example are shown in Table 40 below.
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Table 40

Color.

Composition Luminescence peak | Color
wave length Ap[nm] | tonex | tone'y
Phosphor 258-1 | (Yo.2Gdo.8)2.085Ce0.035A15012 582 ’ 0.495 | 0.495
Phosphor 258-2 | YasesCeo.0s5(Alo.sGao2)sO12 537 0.386 | 0.573
Phosphor 258-3 | (CaoerBuo.0s)2SisNs 610 10.583 [0.399
Phosphor 2584 | (Sro.475Ca0.471sBuoesMno.0)eSisNs | 650 10.643 |0.348

Further, the decreasing rates [a. u. 7°C] of the luminescence outputs of

the respective phosphors which were measured in like manner as Example 257

5 are shown in Table 41 below.

Table 41

Composition

Decreasing rate of
luminescence output [a.u.”C]

Phosphor 258-1 | (Yo2Gdos)2.085Ce0.085A15012 5.07 x 102
Phosphor 258-2 | Ya.s65Ce0.035(Alo.sGao.2)s012 2.00 % 103
Phosphor 258-8 | (CacsrEu0.08)2SisNs 2.98 x 103
Phosphor 2568-4 2.70 x 104

(Sro.475Ca0.475Eu0.08Mn0.02)25i5Ns

In the present Example, a light emitting device is formed by using the -

resin with the phosphor 258-2, the phosphor 258-3 and the phosphor 258-4

10  respectively in combination at the weight ratios which are shown in Table 42

below, in like manner as Example 257, and an electric light bulb color can be

emitted.

Table 42

Example No.

' Phosphor

Resin

YAG-base | Nitride
phosphor | phosphor

Example 258 Phosphor 7 + Phosphor 8 10 3.8 0.912
Example 259 » Phosphor 7 + Phosphor 9 10 5.0 0.900
| Comparative Example 14 Phosphor 6 10 10
15 ~ The measurement result of the optical properties of the light emitting

devices which were formed in Examples 258 apd 259 is shown in Table 43 -

below.
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‘Fig. 78 is a chart showing the chromaticity change when DC drive was
carried out with respect to Example 258 and Example 259. In case of
Comparative Example 14, the chromaticities in the respective electric currents

are migrated to a high chrométicity side, being crossed against the black body

“radiation locus Whén the electric current is increased from 1 mAto 5 mA, 10

mA, 20 mA, 40 mA, 60 mA. On the other hand, in case of Example 258 and
Example 259, the chromaticity is hardly changed. |

The constitution of Example 258 and Example 259 is a constitution
that the decreasing rates of the Juminescence outputs for the ambient
temperature of the phosphors combined are 3.0 x 108 [a. u. /°C] or less -
together and small in comparison with the phosphor 258-1 of Comp arative
Example 14. By making such a constitution of the present invention, there
can be made a light emitting device of improving color rendering property
irrespective of the change of the ambient temperature of the light emitting
device, in particular, the ambient temperature of the phosphor caused by the
change of electric current and hardly generating the (‘;olor deviation.

A.ligh‘t emitting device cap able of emiﬁting electiic light Bulb‘ color Light
is formed as Comparative Example 14 in like manner as the above-mentioned
Examplés 258 and 259, using the YAG-base phosphor 258-1 alone which is
sho.v&n in Table‘ 40. . Hereét, the weight ratio of fhe resin and the phosphor in
the present Comparative Example are shown in Table 42. Further, the
measurement result of the optical properties of the light emitting device which
was formed as Comparative E'Xample 14 is shown in Table 43 below vﬁth the
Examples 258 and 259. Fﬁrther, the chromaficity change is shown in Fig. 73, -

when DC drive was carried out with respect to Comparative Example 14. As . -
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shown in Fig. 73, with respect to the light emitting device in the present

Comparative Example, the chromaticities in the respective electric currents
are migrated to a high chromaticity side, being crossed against the black body

radiation locus when the electric current is increased from 1 mAto 5 mA, 10

“mA, 20 mA, 40 mA, 60 mA. This is considered to be because the luminescence

peak wave length of the LED chip is shifted toward shorter wavelength in '

accordance with the increase of electric current as shown in Fig. 56, is deviated

 from the peak wave length of the excitation absorption spectrum of the

phosphor 258-1 which was shown in Fig. 69, therefore the wave length
conversion efficiency of the phosphor is lqﬁx}ered and the wave length

component of light from the LED chip in which the wave length conversion is

" not carried out by the phosphor is increased. On the other hand, the peak

wave length of the excitation. absorption spectruni of the phosphor 258-2 which
18 us_ed in Example 258 and Example 259 is situated at a short waveleﬁgth

side in compariéon with thé phosphor 258-1, the lﬁminescehce peak wave
length of the LED chip is m’chm a range of being migrated in accordance with
the change of the applied electric current,v therefore the wavé length-conVéiéion
efficiency of the phosphoris not lowered. Further, in case of Ekample 258 and
Exarﬁple 259, there can be made the light emitting device of hardly g'enerating
the color deviation irrespective of the change of the ambient temperature of
the light emitting device caused by the change of electric current, in particular,
the ambient temperature of the phosphor and‘improving color rendering
property, by us_ing the YAG-base phosphor in combination with the nitride-basbe |
phosphor in which thé peak wave length of the excitat.ion absorption |

spectrum within a range that the luminescence peak wave length of the LED
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chip is migrated in accordance with the change of the applied electric current.

(Example 260)

In thé present inventidn, the }l;)hos.‘phors are obtained by substitutingAl.
with Ga, or by substituting Y with Gd, based on the phosphors in which the -
composition formula is.‘repre’sented by Y2.se5Ceo.035A15012 in addition to the
YAG-base phosphors Which were shown in Tables 36 and 40. Namely, with,
respect to the phosphor being substituted With Ga, thé phosphor which was
substituted within a range of 0 <X < 0.8 in the general formula
Yo.065Ceo0.035(Al1«Gas012is arbitrarily formed, and with respect to the
phosphor being substituted with Gd, the phosphor which was substituted.
Within‘ arange of 0 <Y <0.9in the general formula (Y1.yGdy)2.965Ce0.035A15012
is arbitrarﬂy, formed. Further, the phosphor which was substituted within a
range of 0.015<Z < 0.600 in the general formula Y32zCezAlsO12is arbitrarily
formed. | | |

In simﬂai manner as Examples 257 to 259, there can be made the light
emitting &eﬁce of hardly generating thevcolor deviation, improving color
rendering property ahd cap able'of emitting a desired color tone, by
appfopriately cqmbining the phosphor in the present Example 260 with the |
nitride-base phosphor .

| Examples which are related to the mode 8 of operation related to the
present invention are specifically illustrated below. Further, it is needless to
say that the present invention is not only limited to Examples shown below.
(Example 261) | o |
The typical chart of the light emitting diode 300 formed in the presen.t :

Example is shown in Fig. 74. In the present Example 261, the nitride-base
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phosphor containedin the first phosphor lafyer 303 is (Sro.7Ca0.8)2SisNs Eu
(hereinafter, called as the “phosphor 261-1”). Fig. 84 shows the excitation
absorption spectrum of the phosphor. Fig. 85 shows the luminescence

spectrum. | Further, the YAG-base phosphor contained in the second phosphor

| layer 306 is Ya(AlosGao2)s012:Ce (hereinafter, called as the “phosphor 26 1-27).

Fig. 82 shows the excitation absorption spectrum of the phosphor. Fig. 83
shows the 1uminescence_spectrum.

As shown in Fig. 74, the first concave portion 301, the second concave
portion 305 and the package 308 having the one pair of positive ahd negative
lead electrodes 309 are formed by an injection moiding using a thermoplastic
resin as a material. The LLED chips 302 and 304 capable of emitting light at a
blueAregi'on are‘respectively adhered in the first concave portion and the
second cd_ncave portion by an insulating adhesive to be fixed. In the present
Example, thé LED chips which are mount.ed in the féspecti’ve concave portions
were respectively one chip, but a plural num‘ber. of chips may be mounted in
the respective concave portions. Since the phosphors in thé respective.
concave portions can be directly excited by mounting a plural number of the
LED chips thus, a light emitting device WhicH can emit ]ight in high brightness
can be formed. The positive electrode and negative electrode of the LED chips
302 and 304 are respectively wire-bonded with the positive electrode and
negative electrode of the lead electrode using the electroconductive wire 110.

The formation material of the first phosphor layer 303 which contained

~the phosphor 26 1-1 in a silicone resin is prepared, and the prepared material is

érranged and cured so as to cover the LED chip 302 which is mounted in the

first concave portion. Hereat, the compounding ratio of the silicone resin and
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the phosphor 261-1 is (silicone resin) : (phosphor 261-1) = 10 : 3 (weight ratio).

Succéssively, the formation material of the sécond phosphor layer 306
which containe‘d the phosphor 261-2 in a silicone resin is prepéred, and the
prepared material is arranged and cured so as to ¢over the LED chip 304 and
the first phosphor layer 303 which is mounted in the second concave portion.
Hereat, the compounding ratio of the silicone resin and the phosphor 261-21s
(silicone resin) : (phosphor 261-2) =10 : 1 (Weight ratio). The
electroconductive wire 309, the phosphor. layers and the LED chips are sealed
by the molding member 307 in Whiéh a diffusing agent is contained in the
silicone resin. | ‘

‘When electric current is run in a light emitting device which was
formed as above, a color mix light having a luminescence spectrum which is
shown in Fig. 79 is obtained, fherefore the color rendering propefty is |
improved in comparison with é conventional technique and high output
luminescence can be carried out. Hereat, it is preferable that the outpﬁt of
the LED chip 302 is larger than the output of the LED chip 304. The»color
rendering property is further improved tﬁereby and high output luminesceﬁce
can be carried out.

The measurement result of the optical properties of the light emitfing_

diode which was formed in the present Exaniple is shown in Table 44 below.

Table 44
Example No. | Color tone x | Color tone y Color Color .| Specific color
’ temperature rendering rendering
[X] property Ra | property R9
Example 261 0.361 0.344 4380 91.9 914
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 When a light source for a back light which can be used as the o

- comstituting member of a liquid crystal display is formed by using the light

emitting devicé related to the present invention in combination with a light -
COndﬁcﬁive platé which introduces the light emitted from the light emitting
device to the face side of 6bsérving lliminescence, the light source for a back
light improving color rendering property irr‘espective of the change of the
ambient temperature and hardly generatiﬁg the color deviation can be made.
(Example 262) |

The typical chart of the light emitting diode 400 formed in the present |
Example is shown in Fig. 75. In the present Example, at least one of the LED
chip 302 is mounted in the cAoncave' portion 301 which was provided without
making the first conca\}*e.porﬁdn and the second concave portion as the
above-mentioned Example, and the first phosphor layer and the second
'phosphox; layer are laminated on the LED chip 302 in-order by the similar
method as Example 261. Aiight emitfing device which improved the color

rendering property in comparison with a conventional technique can be made

by constituting thus.

(Example 263) ‘
In the present Example, the phosphors which are contained m the first
phosphor layer 303 and the second phosphor layer 306 are -respectively. the
phosphor 261-1 and the phosphor 261-2 in like manner as the above-mentioned
Examples. Provided that the céntents of the phosphor 261-1 and the
phosphor 261-2 are respectively more than the contents in the
above-mentioned Examples. The first phosphor layer and the sét:ond

phosphor layer are formed by the similar method as the above-mentioned
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Examples.

| The typi_cal chart of the light emitting diode 300 formed in the present
Example is shown in Fig. 76. The light emitting diode 300 is a lead type light
emitting diode equipped with tile mount lead 402 and the 'mnér lead 401, and
the first concave portion 301 and the second concave portion 305 are provided .
in the cup portion of the mount lead 402. The LED chip 302 is provided on
the bottom face of the first concave portion and the first phosphor layer 303 is
formed so as to cover the LED chip 302. Further, the LED chip 304 is
provided on the bottom face of the second concave portion and the second
phosphor layer 306 is formed so as to cover the LED chip 804 and the first
phosphor_ layer 303. Further, the phosphor layers, the lead electrodes and the

electroconductive wire are resin-molded by the molding member 307 to be

constituted. Hereat, the n-side electrode and p-side electrode of the LED

chips 302 and 304 are respectively connected with the mount lead 402 and the
inner lead 401 using the wire 110.

‘Reddish color mix light having the lumineécence spectrum which is
shown in Fig. 79 is obtained by running electric current in thé light emitting
device which was forrﬁed, therefore the color rendering property could be
improved in comparison with a conVeﬁtional technique. The measurement
result of the optical properties of the light eniitting diode which was formed in

the present Example is shown in Table 45 below.

Table 45
Example No. | Color tone x | Color tone y Color Color | Specific color
‘ temperature rendering rendering
- . K] property Ra | property RS
Example 263 0.428 0.411 - 8199 95.6 78.2
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(Example 264) |
The typical chart of f,he light emitting diode 400 formed in the present

Example is shown in Fig. 77. | In the present Example, at least one of the LED

“chip 302 is mounted in the concave portion 301 which was formed against the -

mount lead; in like manner as Example 263. The first phosphor layer and the
second phosphor layer are laminated on the LED chip 302 in order by the |

similar method as other Examples. Alight emitting device which improved

the color rendering property in comparison with a conventional technique can

' be made by constituting thus.

(Example 265) |

The typical chart of the light emitting diode 300 formed in the present
Exampie is shown in Fig. 78. In like maﬁnei as other example, there are
provided the first concave portion 301 in which the LED chip 302 Which was
covered with the first phosphor iayer 303 is mounted, and the second concave
portion 305 in which the LED chip. 304 which was covered with the second
phosphor layer 306 is mounted. Provided that the light emitting diode 300
formed in the present Example provides respectively one pair of the p,os.itive‘
and negative one pair of electrodes 309 against the LED chips 302 and 304,
eiectric curreﬁt is respectively applied to the LED chips 302 and 304, and the |
luminescence output is designed to be able to be independently controlled.

The light émitting device which can freely control the color
temperature of color mix light can be inade by cpntro]ling the degree of the
colér mixing of light which is emitted by fhe wave length conversion by 'the.
first phosphor and the second phosphor.
(Example 266)
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The typical chart of the light emittihg diode 300 formed in the present
Example is shown in Fig. 74. In the present Example, the nitride-base
phosphor contained in the first phosphor layer 303 is (S_ro.'zCao,s)zSisNeiEu
(h_ereinafter, called as the “phosphor 261-1”). Further, the YAG-base phosphor'
contained in the second phosphor layer 306. is Ya(AlosGao2)s012:Ce (hei'einafter,
called as the “phosphor 261-2”).

As shown in Fig. 74, the first concave portion 301, the second concave
portion 305 and the package 308 having the one pair of positive and negative
lead electrodes 309 are formed by an injection molding using a thermoplastic

resin as a material. The LED chips 302 and 304 capable of émitting light at a

- blue region are respectively adhered in the first concave portion and the

second concave portion by an insulating adhesive to be fixed. In the present

'Exaniple, the LED chips which are mounted in the respective concave portions'

were respectively one chip, but a plural number of chips may be mounted in |
the respective concave portions. Since the phosphors in the respective

concéve portions can be directly excited by mounting a plural number of the
LED chips thus, a light emitting device which can emit ]ight in high brightness-
can be formed. The positive electrode and negative electrode of the LED chips |

302 and 304 are respectively wire-bonded with the positive electrode and

negative electrode of the lead electrode using the electroconductive wire 310.°

Fig. 82 shows the excitation absorption spectrum of the YAG-base
phosphor‘ which is used in the preéent Example. Fig. 83 shows the
luminescence spectrum of the YAG-bése phosphor which is used m the present
Example. | In the present Example, as the YAG-base phosphors having

different compositions respectively, Y3(Alo sGao2)s012:Ce (hereinafter, called as
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the “phosphér 261-2"), (Yo.sGdo2)sAls012:Ce (hereinafter, called as the
“phosphor 266-17), and YsAls012:Ce (hereinafter, called as the “phosphor
266-2”) were u,sed; ‘These phosphors éare phosphors which absorb the blue .
.h'ght from thé 4LED chip to be excited and emit yellow to green light, and they
'_5 are contained in the second phosphor_layer.l
Fig. 84 shows the excitation absorption spectrum of the nitride-base
phosphor which is u;sed in the present Example. Further, Fig. 85 shows the
luminescence spectrum of the nitride-base phosphor which is used in the
present Example. In the present Example, as the nitride-base phosphor S
10  having different compositions respectively, (Sro.7Ca03)2SisNs'Eu (the phosphor
261-1) and CasSisNs'Eu (hereinafter, called as the “phosphor 266-3”). These
phosphors are phosphors which absorb the blue light from the LED chip to be
" excited and emit red light, and contained in the first phosphor layer. The
.. compositions of the phosphors used in the presenf Example, the peak wave

15  lengths of the luminescence spectrum, and color tones are shown below.

Table 46

Composition Luminescence peak | Color Color

’ : wave length (nm) tonex | toney

Phosphor 261-1 | (Sro.7Cao3)2SisNs'Eu | 637 - 0.638 0.360

Phosphor 261-2 | Ys(AlosGao2)s012:Ce | 533 0.383 0.575

Phosphor 266-1 | (Yo0.8Gdo.2)3Als012:Ce | 562 0.457 0.527

Phosphor 2662 | Y2Als012:Ce 550 | 0422 | 0.554
Phosphor 266-8 | CasSisNg'Eu 610 0.697 0.401 -

Firstly, after the light emitting diodes were formed using the
20  phosphors 261-1 to 266-3 one by one, the ambient temperature was raised by

applying a pulse current of 20 mA under a condition in which the heat
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- emission of the LED chips themselves is negligible, and the luminescence

outputs of the light emitting diodes for the ambient temperature were
measured Then the relative outputs of the LED hmnnescence based on 25°C
were determmed with respect to the respective phosphors 261- 1 to 266-3, and
shown as the ambient temperature-relative light output property in Fig. 87 to
Fig. 91. Further, the decieasing rates of the relative LED luminescence
outputs when the ambient temperature was changed by 1°C are determined
for the respective phosphors, and shown in Table 47 as the‘decreasing rates of

the luminescence output.

Table 47

Phosphor coated on ight | Composition Decreasing rate of the
emitting diode Juminescence output [a.u./°C]
Phosphor 261-1 (Sro.7Cacs)2SisNs’Eu | 1.9 x 103
Phosphor 261-2 ‘ Ys(AlosGaoa)sO012:Ce | 1.8 x 108
Phosphor 266-1 (YosGdo.2)sAlsO12:Ce. | 2.2 x 108

- | Phosphor 266-2 © 1 YsAls012:Ce 1.6 x 108
Phosphor 266-3 CazSisNsEu 3.4 x 103

The phosphors used in the present Example are the phosphor 261+1
and the phosphor 261-2 which have the nearly eciual decreasing rates of
luminescence putputs against temperature fises. Nameiy, the decreasing
rates of the luminescence outputs for the ambient temperature of the
phosphors combined are 2.0 x ‘10'3 [a. u./°C] or less together and small in
comparison with the combination of other phosphors., and the difference of the
decreasing rate of the luminescence outputsis 2.0 x 10 [a.u./°Cl and set as a
combinetion being small in corrip arison with other phosphors.

The LED chip 302 or 304 which is used for exciting the phosphors in
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the present Example is the light emlttmg element in Whiqh the InGaAIN base
compound semiconductor was formed as a luminescence layer, and the peak
wave length of the luminescence spectrum is around 460 nm. Furthei, the
chiomaticity,éobrdiﬁa_te is shifte(.i'vtoward lower color teihperature side along
the black body radiation locus by heightening the electric current density
between 3 to 300 A/em2.  Fig. 81 is a chart showing the electric current
properties of 1uminescence sp ecti‘um when eléctric current run in the LED
chips 302 and 304 is changed. As shown in Fig. 81, with respect to the
electric current properties of luminescence spectrum, the peak wave length is
éhifted toward shorter wavelength m accordance with the increase of applied
electric current. |

Then, as shown in Fig. 82, the positions of the peak wave lengths of the
excitation absorpﬁon spectrum of the above-mentioned three phospl‘lorsv 261-2,
266-i and 266-2 are nearly coinéided'with fhe positions to which the peak
wave lengths of luminescence spectrum of fhe LED chips are shifted in
accordance with the increase of electric current which is applied to fhe LED
chips. Hereat, it is preferable that the diffefence between the peak wave
length of the excitation absorption spectrum of the phosphors 261-2, 266-1 and
266-2, and the peak wave length of the 1ur¥1inescence si)ectrum of the LED
chips.is 40 nm or less. Since the excitation efficiency of the p'hosphors is
improved by using the phosphors and the quantity of light emitted from the
LED is decreased without wave 1ength conversion, the chromaticity deviation
of a light emitting device cah be prevented. |

Hereaf, when the phosphor 261-2 is ulsed, the lurhinéscence spectrum

of the phosphor 261-2 is shifted toward shorter wave length than the
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luminescence spectrum of other phosphor as-shown in Fig. 82. Accordingly,
although the chromaticity deviatio_n of thé- light emitting device can be
prevented by shifting the peak wave lengths of the excitation absorp’cion_.
sp ectrum of the YAG-b ase phosphors, the emission of the light .emittirigv.deviée
is deviated from the black body radiation locus, therefore a red component is
added to the color mix light by adding the phosphor 261-1 or the phosphor | ‘
266-3, and the chromaticity co.ordinate is adjusted near at the black body
radiation locus. - |

As shown in Table 44, the color fendering property in case of the
present Example is Ra = 91.9, and the color rendering property can be
improved in comparison with a conventional technique.

Fig. 86 is a chart showing the chromaticity change when DC drive was
carried out with respect to the light emitting device which was formed in thé‘
present Example. When the electric 'current density is increased from 15
[A/cm?] to 180 A[A/cmz]', the fluctuation of light chromaticity by color mixing is
within a range of 0.339 to 0.351 in the x coorain‘ate and 0.321 té 0.322in they
coordinate on the chromaticity chart. Namely,'the light chromaticity by color
mixing is migrated at a position nearly along the black body radiation locus
even if the electric current is incfeased, and the ﬂuctuaﬁon of the chromaticity
1s hardly generated. |

The constitution of the presént Example is a constitution that the
decreasing rates of the luminescence outputs _for the ambient temperature of
the phosphors com’bined are 2.0 x 103 [a. u. /°C] orless tokg.eth'er and sniall in
comparison with the phosphors of othér Examples, and the difference of the

decreasing rate of the luminescence outputs is 2.0 x 10+ [a.u./°Cland set as a |
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combination being small in comparison with other Examples. Namely, the

decre.asing rates of the Juminescence outputs for the temperature rises of the

phosphor 261-1 and the phosphor 261-2 are nearly equal. By making such a
constitution thus, the difference of the luminescence outputs of the phosphqr- |
261-1 and the phosphor 261-2 is kept at a nearly equal value without being
influenced by the ambient temperature, even if the 1unﬁnescence outputs of
the phosphor 261-1 and the phosphor 261-2 are lowered by the rise of the -
ambient temperature caused by the heat emission of the light emitting
element and the like. Namely, by making such a constitution of the present
Example, there can be made a light emitting device of improving the color
rendering property irrespective of the change of the ambient temperature of
the light emitting device and hardly generating the chromatici-ty.deviation.
Further, whena light source for a back light which can be used as the
constituting member of a liquid crystal display is formed by using the light
emitting device related to the present invention in combination with a light
conductive plate which introduces the light emitted from the light emitting
device to the face side of observing lﬁminescence, the Iigh£ source for a bad; ,
light improving color rendering property irrespective of the change of the

ambient temperature and hardly generating the color deviation can be made.

INDUSTRIAL APPLICABILITY

| According to the present invention, thevphosphor which can be used
in combination with av'blue light emitting element and the like and has a
luminescence sp ectrum at a yellow to bred region and high luminescence

efficiency and durability can be provided.
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Further, a reddish warm color-base white light emitting device
having good lurﬁinescence efficiency cén be provided by utilizing these
phosphors.

" Namely, it hés an e}{tremely imp‘(l).rt.ant technicai meaning that a

5 near electric bulb color 'light emitting device can be produced.
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CLAIMS

1. A light emitting device comprising a light emitting element, a first phosphor
which absorbs at least a portion of a light from said light emitting element and emits a
light having a different wave length, and a second phosphor which absorbs at least a
portion of the light from said light emitting element and emits light having a different
wave length,

wherein a peak wave length of the second phosphor is situated at a longer
wave length side than the peak wave length of the first phosphor,

wherein a peak wave length of luminescence spectrum of the light emitting
element is situated at a longer wave length side than an excitation spectrum of the first
phosphor and a peak wave length of excitation spectrum of the second phosphor,

wherein the peak wave length of luminescence spectrum of the light emitting
element is shifted toward shorter wavelength side in accordance with the increase of
electric current density,

wherein said first phosphor has a higher excitation efficiency at the short
wavelength side of said wave length change than the long wavelength side within a
range of the wave length change of the light emitting element which is generated at
changing the electric current density of the light emitting element,

wherein said second phosphor has a higher excitation efficiency at the short
wavelength side of said wave length change than the long wavelength side within a
range of the wave length change of the light emitting element which is generated at
changing the electric current density of the light emitting element,

wherein a color of the light emitted from the light emitting device is changed
so as to follow the locus of black body radiation when electric current density

increases.
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2. The light emitting device according to claim 1,
wherein the change of ambient temperatures of the first phosphor and the
second phosphor is caused by the change of the input electric current to said light

emitting element.

3. The light emitting device as in claim 1 or 2,
wherein the peak wave length of luminescence spectrum of said light emitting

element is in a range of 350 nm to 530 nm.

4. The light emitting device as in one of claims 1 to 3,

wherein said first phosphor has a higher excitation efficiency at the short
wavelength side of said wave length change than the long wavelength side within a
range of the wave length change of the light emitting element which is generated at

changing the electric current density of the light emitting element.

5. The light emitting device as in one of claims 1 to 4,

wherein said first phosphor contains a yttrium-aluminum-garnet-base
phosphor which contains Y and Al, and contains at least one of elements selected from
the group consisting of Lu, Sc, La, Gd, Tb, Eu and Sm and at least one of elements
selected from the group consisting of Ga and In and is activated by at least one of

elements selected from the rare earth elements.

6. The light emitting device as in one of claims 1 to 5,
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wherein the difference between the peak wave length of excitation spectrum
which said first phosphor has and the peak wave length of excitation spectrum which

said light emitting element has is 40 nm or less.

7. The light emitting device as in one of claims 1 to 4,

wherein said second phosphor contains a nitride-base phosphor which
contains N, and contains at least one of elements selected from the group consisting of
Be, Mg, Ca, Sr, Ba and Zn and at least one elements selected from the group consisting
of C, Si, Ge, Sn, Ti, Zr and Hf, and is activated by at least one of elements selected

from the rare earth elements.

8. The light emitting device as in one of claims 1 to 7,

wherein the light emitting device is the light source of a back light for a liquid

crystal display or a light source for illumination.
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