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DESCRIPTION

NITRIDE PHOSPHOR AND PRODUCTION PROCESS THEREOF,
AND LIGHT EMITTING D,EVICE-

TECHNICAL FIELD

The present invention relates to an illumination such as a light
exlnittingv device, a fluorescent 1amp 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 deviceb‘

BACKGROUND OF THE INVENTION |

Alight emitting device using a semiconductor light emitting e_lerr_ient
has advantages that it is a small size, has good éleétrical 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 element. Further, it has |
characteristics that it is excellent in initial driving property and tough in |
\}ibration and the rebetition‘ of on-off hghting;

Further, for the light kemitting’ device using a semiconductor light
emitting element, there is developed a light émitting device which has Aa
light emitting color which is different from the light of thAe 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-convefted Light 0 be emitted.
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Specifically, the light emitting device which emits light in a white color can
be used in Wi‘de 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 emitting
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 byl the theory of color mixture of light. Namely, after blue light
which waé 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 ﬂﬁoreseence. 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 hght 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 colox, also for general ilumination..

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;O 1/40403, there is-disclosed an MxSinz:Eu 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 = (2/3)x + (4/3)y) which increased a red .

component in comparisdn with a conventional ﬁhosphor.

H'owever, the nitride phosphor disclosed in the pamphlet of
International Open Patent No.0 1/40463 obtains a slightly reddish white
color light, for examiole, by combination with a biue hght emitting diode, but
the improvement of brightness is further required. |

Furthér, a convenﬁional phosphér emitting red light has inadequate
efficiency caused ‘by near ultra violet to blue light excitation and inadequate
durability, therefore it is notvpractically 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.
Further, it is the second purpose of the present invention to provide
a light 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 gerieral formula LxMyN(@m)x+@mn:R
or LxMyOzN (amx+wav-een R (wherein L is at least one or more selected
from the Group f_{I 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, Pr, Nd,
Sm, Eu, Gd, Th, Dy, Ho, Ex an('i'Lu.), and abs.orbs at least the portion of -
light having £hé first luminescence spectrum in which a peak wave lengt_h 1s
500nm or less and emits li.ght having the second luminescen'ce spectrum
which has at least one br 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 comparison

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

-considered because the above-mentioned Group I Ele,menttworks 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 is-characterized in further containing at least one or more of
elements selected from the Group V Element consisting of V,. Nb and Ta, the
Group VI Element consisting of Cr, Mo and W, the Group VII Element -
consisting of Re and the Group_VIII Element lconsistin_gof Fe, Co, Ix, Ni, Pd,
Pt and Ru, in the above-mentioned base nitride phosphor. |

When the second nitride phosphor rela.‘ced to the present invention to
which the Group V Element, the Group VI Element, the Groui) VII.Ell’ement
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 VI_II'Element are killer
elements inhibiting the luminescence of the present nitride phosphor .
the.:refo‘re they are p'refei'ably removed to the outside of .E.l system. To the
contrary, since Cr, Ni and the like have an effect of shortening afterglow,
about 0.1ppm to severai tens ppm may be contained.

Further, in the first nitricie phosphor too, it is preferable that
elements which are different from the elements contained in the
above-mentioned base nitride phovsphor 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 brightness can be kept
while adjusting luminescence properties. The luminescence propertiesin
the specification are color tone, brightness, afterglow, light output property
for excitation intensity, lluminescen‘cé 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 0, 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‘ou;; I Element cénsisting'
of Li, Na, K, Rb and Cs, the Group V Element consisting of V, Nb and Ta,
the Group 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@@x+wan R or LxMyOzN (2s)x+4a) vz '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
violet to blue region isirradiated. The luminescence intensity can be
changed by containing the second different element in said nitride phosphor,“
without chénging_ 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 ba.se‘
nitride phosphor is prepared. The nitride phosphor having desired
brightness can be provided thereby, irrespective of whether those different .
elements and the second different element remain in the phosphor after
prep ération, 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 réw materials of
the nitride phosphor of the present invention, for example, strontium
nitride, calcium nitride, siﬁcon nitride, europium oxide or europium nitride.
Further, the purifiéation step of the raw materials can be abbreviated when
the contents of \}ariou:s elements which are contained in the raw materials
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 T4, Zr, 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 of: 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 Brightn-ess.

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 contained in the raw materials when the ‘ |
above-mentioned base nitride phosphoif is prepared, they are preferably
contained in the raw materials at a range of 1000ppm or less. When th'ey
are within the rangé, the nitride phosphor haﬁng désired brightness can be
provided. | | |

The‘vﬁring 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 pf luininescence_brightneés can
be carried out. |

The first production process of the nitride phosphor of the present
invention is chaiact-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 raie

earth element in which Eu is essential among Y, La, Ce, Pr, Nd, Sm, Eu, Gd,
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Th, Dy, Ho, Er 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, X, Rb, Cs, Cu, Ag and Au, fhe Group III Element consisting of B,
Al, Ga and In, the Group IV Element consisting of T4, 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 andiS, the Group VII Element consisti’n'g 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 (. has at least one or more selected from the
Group II Element consisting of Mg, Ca, St, Ba and Zn), the nitride of M and
the oxide of M (M has at least one or moreselecte(i from the C.-‘r'roup IAY |
Element in which Si is essential among C, Si and Ge); and the fourth step of
firing the mixture obtaix.le‘d from the third step m reductive atmosphere.
The nitride phosphor having high brightness can be provided thereby.
Further, the nifride phosphor haﬁng desired luminescence properties can
be provided by the elen.aents.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 Ti, Zr, Hf, Sn and Pb, the Group
V Element consisting ofV, Nb, Ta, P, Sb and Bi, the Group VI Element

consisting of Cr, Mo, W anci 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 lumineéc'ence .
properties. The Group I Element is used as a firing 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 éin‘gle 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 prop ertiés can be carried out by using the cruciblé‘ and the
furnace material which contaihed the Group I Element. Itis preferable to
ﬁée the cfucible and the furnace material which contains elements such as
B, Au, Ga and In, in a(idition to ‘the Group I Element. The brightness is
improved by using those dontainihg these.

For tBe hitride phosphor related to the present inventioﬁ, the
element different frozﬁ the cdmppsi’cion of the nitride p‘héspvhor, or a
compound containing the different element 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 dontained in the composition of the Iiitridé 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, Th, 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
is essential among C, 5i and Ge), and at least Cne or more of elemeﬁts
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 an‘d‘In, the Group IV
Elemenﬁ-consisting of Ti, 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,‘ Mb, W and
S, the Group VII Element consisting of Re and the Groﬁp VIII Element
consisting of Fe, Co, Ir, Ni, Pd, Pt and Rw; 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 ‘lu‘minescence spectrum which has a peak wave 1ength 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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present iﬁvention, the second nitride phosphor or the third nitride phosphor
which was produced by the first production process related to the preseﬁt |
invention. |

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

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

having the first luminescence spectrum which has a peak wave length at a

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 a peak 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 frovin yellow to red. Specifically,
iﬁ means those having a luminescence color at the regions of (light) 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 lproduced. Accordingly, the light emitting device having
extremely little color uhevenness 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 tolthe 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 lumines»cence spectrum and emits light having the
third 1ﬁmineécenc’e speétrum Which has at least éne 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 colox can be provided by

using the phosphor Whiéh emits light Wlth 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 leastv any one or more of a
yttﬁum-aluminuni oxide phosphor activated by at least cerium, a |
yttrium-gadolinium-éluminum oxide phosphor activated by at least cerium,
and a y‘ttrium'gallium-éluminum oxide phosphor activated by at least
cerium. The light emitting device having de'sirea 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 With
various white colors (bluish white, reddish white and the like) by ni_ixing 2
or more of the portion of light from the above-mentioned light emitting
éliement, 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
emittiﬁg 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'menti_oned third luminescence spectrum is excited to emit yellow light,
therefore the blue light passed between the nitride phosphor and fhe
phosphor, and the yellow red light of the nitride phosphor and the yellow |
light of the phosphor are recognized as‘ a white color for human eyes, by the
principle with respect to the color mixture of light. |

In the present inV‘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 '1'11 which they are previously contained in other
raw materials may be well. Oxygen is occésionally contained in the

composition of the above-mentioned nitride phosphor. It is considered tha’c

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 Fu diffusion,
particle growth and the imprbvemeﬁt 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 adjust 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 rep eatedly
carried out, ~ The white light emitting device usiné a semiconductor light
emitting element and a phosphor in combination is used as an outdoor
display and an 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 llike in the base nitride phosphor of the bhosphor.

The ébove’mezitioned nitride phosphor has preferably a mean
particle diameter of 2.5 to 15 pm. In particular, 8 to 8 um is preferable.
When the particle diameéter is large, there are advantages that the
luminescence brlghtness is improved and light take-out eff1c1ency is
improved, etc.

As described above, the flrst 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 sp ectrum from yellow to red regions which is used in
combination with a blue light emi’éting element and the like. Accordingiy,
the present invention hias a technical meaning that the nitride phosphor,
the production process of the nitride phosphor, and the light emitting device
using thereof are pfovided.

As describéd 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 p_rdVided. The light emitting device which ha's good luminescence
efficiency and emits slightly reddiéh wafm cdlor*base white light can be |
provided using the nitride phosphor.

Further, the present invention could specify elements which lower
the brightness of the phosphor and elements Which improve the brightnesé
of the phosphqr. It can optimize the crucible and the material of the firing
furnace thvereby and can providé the phosphor having high brightness.

Furthér, the nitride phosphor whose particle diameter was

“controlled at a fixed fange 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
Vat least one or more of the Group II Element selected from a group
consisting of Be, Mg, Ca, St, Ba and'Zn, at least one or more of the Group IV
Elements seléctsa from a group consisting of C, Si, Ge, Sn, Ti, Zr and Hf,
and N Which 1s activated by at least one or more of the rare earth elements

selected from a group consisting of Y, La, Ce, Pr, N4, Sm, Eu, Gd; Th; Dy, Ho,

Er and Lu; and said nitride phosphor is characterized in containing Ippm or

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

properties 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 tﬁe diffusion of an activator occurs by addition of a boron
elemént and the growth of a particle is accelerated. Further, it is
considered that the boron element invadesin the crystal lattices of the
nitride phosphor, corrects the distortion of said crystal lattices and directly
participates in the luminescence mechanism, therefore the improvement of
the luminescence properties such as luminescence brightness, quantum
efficiency aﬁd:the’ 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 Elements 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 to the 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((2/3)X+(413)Y) ‘R or LyMyOzN(@exwsv2o2°'R (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 least'one or more of the vrare earth elements
selected from a group consisting of Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho,
BrandLu. X, YandZare0.5<X<3,15<Y<8,and 0<Z<3); and séid
nitride phosphor is characterized in containing lppm or more and
10000ppm or less of B. The improvement' of the luminescence properties
such asvlumin'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 luminesc;ence
spectrum at a region different frém the above-mentioned first luminescence
spectrum, and characterized in that there is contained B which was added
so that the addition amount c-én 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 Withluses such as illumination and display; 1t 18
required to change the luminescence properties at the same color tone.

Further, the first luminescénce spectrum is obtained by excitation by
an external device. It is preferable that the crystal configuration of the
above-mentioned fifth and sixth nitride phosphors is a nitride phosphor
being monoclinic or orthorhombic. The above-mentioned nitride phosphors
caﬁ 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 Eu is essential are preferable. The phosphor 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 0.1ppm or more and 500ppm 6'1? less of one or
more of the Group I Elements 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 the_ 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 phosphox‘.,

It is preferable that the above-r;lenvtioned fifth and sixth..n'itride

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

‘more 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 IV
Elements consisting of T4, Zr, Hf, Sn and Pb, the Group V Elements
consisting of P, Sb and:Bi, 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 lppm 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 simiiai effect in addition to Ni
and Cr. The afterglow can be controlled by controlling the'amolu_nt of Mg,
Al, Ni and Cr added. | |

It is preferable that the above-mentioned fifth and sixth nitride
phosphors have a méah particle diameter of 2 um or more and 15 pm or less.
In particular, the mean particle diameter is preferably 3 um or more and 12
pum or less. The mean particle diameter is further preferably 5 pm or more
and 10 pm or less. ’I‘he tht emitting device having extremely little color
unevenness can be providéd 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 um
or more, it is hardly coated and treated when it is used for a light emitting
device. On the other hand, the sﬁaﬂer the mean particle diam‘eter of tho
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 reg‘ion from neaf ultra violet to visible light and |
a phosphor which absorbs at least the portion of light from said excitation
light source and discharges light haviog_ a 1onger wave length region than
light from the excitation light source; and the abovo-mentioned phoépﬁor 1s
characterized in having a‘o 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 tht of a short wave length region from near ultra violet
to visible lig_hﬁ. The portion of light discharged irfadiates the phosphor.
The phosphor absorbs the portion of light discharged and carries out the
wavelength conversion. The light 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‘éempliﬁcation, said light is
irradiated to the nitride phosphor related to the 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 phosphor‘ emitting yellow light. The light
emitting device having desired 1umine$cence colof 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 present invention. Further, the white color can be also fiﬁely
adjustéd to (yellowish) Whi'te,. (greenish) white, (bluish) white and th‘el like.

The"]ight 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

Jeast one or more 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 the semiconductor light emitting

element can be provided by using the semiconductor light emitting element.
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The characteristics of the semiconduc’tof 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 pfop 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 hght source which transmits
between the particles of above-mentioned phosphor with the portion of light
discharged from the above-mentioned phosphor which is subject to
Wa%zelength conversion by the light from the above-meﬁtioned excitation
light source, to be discharged. Alight emitting device having high
lumineécenc_e efficiency which efniﬁs white color light can be provided 'by the
second lighf 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 y-é]low red Light of the
nitride phosphor and 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 emiftin_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, it is a light emittiﬁg-
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 coordinate 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 properﬁes such as luminescence brightness, guantum
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 excellent in thé average
color rendering index (Ra) and the specific color rendering 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 ;ﬁresent invention; and by
providing a light emitting device which combines a semiconductox 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 present invention
has a 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 present
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

amore 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 inven-tion, the phosphor which
emits blue light, the phoéphor which emits green light and the phosphor
which emits yellow light.

Fulrther,. the nitride phosphor in which afterglow and paxrticle
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 and 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 phosphor related 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, 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. Nisnitrogen. Eu
is 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
temperafure characteristic can be provided. In the seventh phosphor, a
co-activator plays a.r'ole as a melting agent by combination of Eu being an
activator and the rare earth element being a co-activator, and ekhibits 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 a role as a melting agent,
sensitizatibli action is exhibited and the luminescence efficiencies are
improved. ‘The fluorescence sensitization means that a sensitizer being an
energy donor is activated together for enhancing luminescence intensity,
utilizing 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
1s 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 II valency consisfcing 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, T, Zr and Hf. O is oxygen. Nis

nitrogen. Euiseuropium. WR is the rare earth élement.). In the eighth
phosphor, an oxide can beused as a raw material. Further, when the
phosphor is produced, itis considered that oxygen is contained in a
composition, but in the eighth nitride phosphor related to the present
invenﬁion, a phosphor having high luminescence efficiencies can be provided
even Wilen 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 luminescence spectrum nearby 460nm is
irradiated to the phosphor, the wave length conversion of said first
luminescence spebtrum is carried out, and the phosphor comes to have the
second luminescence spectrum at a long wave 1ength 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 cb-aptivator.
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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thomaticity 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 piesent— 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 emittixig element lamp and the like
which has a luminescence spectrum af a short wave length side of 360 to
495nm. In the present ninth phosphory, it is preferable thatit 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 spectrum
of light which the excited phosphor in which the phosphor is excited by t_he
portion of light having the first luminescence spectrum emits. It is
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-NEu, WR-base,
or Sr-Ca-Si-0-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.el raw
material. 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
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, TE, 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, N4, Gd, Th, Dy, Ho, Er and Lu among the rare earth element

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

no luminescence center, therefore this is caused by the flux effect. Further,
Pr, Dy, Th, Ho, Er and the like among the rare earth element have the
luminescencev center, and it is conside-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 bexce‘ed a fixed amount, the cbncentration
guenching occurs and the luminescence efficiency are lowered, therefore it
is preferable to add the co-activator WR within the ab ove-mentioned range.

In the eighth and tenth phosphors 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 ;‘elated to the present
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invention. Thisis contained when an oxide is mainly used.as a raw
material. Itis considered,v that the oxide raw material v‘;forks as a melting
agent. | When these oxide raw materials are used, they are generally cheap
in comparison with a metal raw niaterial,’ 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 sﬁf-ste-m as much as possible. Then, comparing
and considering the above-mentio-n'ed merit and demerit, the oxygen
concentration in the composition of the above-mentioned phosphors was
determined within the above-mentioned range. However, even if it is out of
the above-mentioned range, adequate luminescence efficiencies are
exhibited, therefore it is not limited within the range.

Further, Mn is pr’efer_ébly 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 production process

is used, the luminescence efficiencies such as luminescence brightness,
quantum efficiency and energy e’fﬁciency was improved than the
Sr-Ca-Si-N:Eu, WR-base phosphor- in which Mn was not added. This is
considered because the Mn or a Mn compound accelerates the diffusion of
Eu?* being an activator and enlarges the particle diameter, and crystallinify
was improved. Further, this is considered because Mn works as ‘a
sensitizer m the phosphor in which Eu2+ is an activator and vthe increase of
the luminescence intensity of the Eu?* activator was cafried 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 compoundin.g 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 product'.

Oxides or hydroxy oxide products such as MnOg, Mn20s, MnsO4 and
MnOOH as the Mn added in the‘above-mentio‘ned 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
infroduced 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
Eu20s, atmosphere and the like, and the above mentioned problems are
solved thereby even if a compound containing oxygen is not used.

The addition amount of Mn in the seventh to tenth phosphors is
preferably' 0.001 to 0.3mol 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.-mentioﬁed 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, Sz, Ba, Zn, Ca, Ga, In, B, AL, Cu, Li, Na, K, Re, Ni, Cr, Mo,
O and Fe. The luminescence efficiencies such as luminescence brightness
and quantum efficiency can be improved vby 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 and big by
containing the component coﬁstituting elements such as Mg and B in the
base nitride phosphor such as Eu aild WR, and crystallinity is remarkably
improved. The wave length of the portion of light having the first
luminescence spectrum can be converted at high efﬁciency by improving the
crystallinity, and the phosphor having good luminescence efficiencies is
obtained. Further, the afterglovaroperty of the phosphor can arbitrarily

be adjusted by adding the above-mentioned element. The afterglow
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property is important in a di’splay device such as a display and PDP on
which displays are 'continu'ousl'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 the above-mentioned silicone
nitride, absorption, reflection and scéttering 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
phosphor having the optimum luminescence propeities at constituting a
light emitting deviée can be produced by adjusting these.

Further, Sr, Ca, B and 5the like are mixed with the base nitride
phosphor éf L-M-N:Eu, WR to be a mix crystal. The peak wave length can
be shifted to a short wave length side or a long wave length side by being
the mix crystél.

The above-mentioned seventh to tenth phosphors are preférably a
mean particle diameter of 3 pm or more. The phosphors of Sr-Ca-Si-N:Euy,
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.um or more.

33



10

15

20

25

Acéording 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 raised, etc.

The third light emitting device related to the present invention is 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 fed 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 spectrlim nearby 440 to 480nm and using

the Sr-Ca-Si-N:Eu, WR-base phosphor which carries out the wave length

34




10

15

20

25

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 or 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 .the phosphor which combined
2 kind of phosphors éan make a luminescence color different from a light
emitting device using only one phosphor. The light emitting device having
a desired luminescence color can be provided thereby,l

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]h'um-aluminum. oxide phosphor actix}ated.by cerium. As one
example of the yttrium—aiuminum oxide phosphor activated by cerium, there
1s Y3Al50;2:Ce. ~ As one example of the yttrium-gadolinium-aluminum oxide
phosphor activated by cerium, there is (YosGdo2)sAlsO12:Ce.  As one
example of the ytt;ium-gal}ium-aluminum oxide phosphor activated by
cerium, there is Y3(AlosGao.2)s012: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
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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 tﬁe 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 _third light emitting device‘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 dévice having good luminescence efficiency which emits
light of a warm color-base reddish white color can he provided; further, tﬁe
phosphor having a luminescence specti'um at yellow to red reg‘ionswhich 18
used in combination with a blue light emitting element and the like can be
provided; and further, the phosphovrk 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 luminescence 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 Eu2+ 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?t*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 s_pe-ctruni is, for example, light from a
li.ght emitting element, a light emitting élementvlamp and the like which
has ailumine-scence 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 luminescence spectrum emits (wavelength cpnversion).
It is preferable that the second luminescence spectrum has one peak wave
length nearby 560 to 700nm, as at least éne portion. The eleventh
phosphor related to the f)resent invention has a peak wave length nearby
600 to 680nm.

Mn ora Mn compound is added at the production process of the
above-mentioned aﬁd later-mentioned silicon nitride phosphors, Mn is
scattered at the firing step, and there is also a case that the less trace
amount of Mn than the initial compoundiﬁg 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 ﬁhe 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
ixﬁproved 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 deécription, and this is considered because the Mn accelerates
the diffusion of Eu®* being an activator and enlarges the particle diameter,
and crysta]liﬁity was improved. Further, this is considered because Mn
works as a sensitizer in the phosphor in which Eu2* 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-NZR-baée» silicon nitride phosphor; and has a»p‘eak
wave length nearby 610 to 630nm.

- The thirteeni:h phosphor related to the present invention is
characterized in being a Ca'Si-NiR-b ase 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 similar as the above descriptibn. However, the
Ca-Si-N:R-base silicon bnitride to which Mn was added has a peak wave
length nearby 600 to 620nm.

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 MnOjz, Mn303s, MnsOs and MnOOH,
but it is notllimited 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 crysta]]iﬁity. Namély, with respect to the effect of the M_n
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 EusOs, atmosphere and the like,
and Eu diffusion, 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 ‘qhe phosphor
having good luminescence efficiencies which has the second luminescence
spectrum is obtained. Furt‘her,‘ the afterglow property of the phosphor can
be arbitrarily adjusted. The afterglow property is important in a displa&
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 MnOg, Mn203, MnsOs and HsBO3 are added for adch'ng 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 Ca is preferably Sr:Ca=1t09:9to 1. In pafticular, for the
Sr-Ca-Si-N:Eu-base silicon nitride, the molar ratio of Sr to Ca is preferably.
Sr: C.a =1:1. The second luininescence spectruin 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=9:1and Sr:Ca=1:9, the peak wave length is
624nm and 609nm, and to the contrary; when the molar ratio of Sr to Ca is
gradually changed toSr:Ca=7:3,5r:Ca=6:4,andSr:Ca=3:7,8r: |
Ca=4":6, the peak wave length is . 639nm, 643nm, and'636nin, 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 : 11is referred to

as 100%. When the molar amount of Ca is increased against Sz, the

~ luminescence brightness is170.3% at Sr: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
quantﬁm-efficiency was 100% at Sr : Ca =9 : 1, but the quantum evfﬁcie‘ncy
is improved to be 167.7% at Sr : Ca =5 :5. Thus, the luminescence
efficiency can be improved by changing the molar raﬁo 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 particular, 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 1éngth can be
shifted to a long wave length side by changing the compounding amount of

R. Further, the luminescence efficiencies such as luminescence brightness
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and quantum efficiency can be improved. In the later-mentioned Tables 16
to 18, thex;e 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=17:8, the peak
wave length is 624nm, the Jluminescence brightness is 100% and. thve
quantum efficiency is 100%, but when Eu is 0.03mol, the peak wave length
is 637nm, the luminescence brightnessis 139.5% and the quantum
efficiency is 199.2%, and the luminescence 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 addiﬁion |
amount of Mn in the Ca-Si-NIEﬁ-base silicon nitride was changed. For
example, in Tables 19 to 23, when the luminescence brightﬁess is 100% and
the quantum éfﬁéiency is 100% based on the silicon nitride phosphor to
which no Mn was addéd, 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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Itis preferable that the above-mentioned phosphor consists of any
one of combinations of the eleventh phosphor and the twe]fth phosphor, the
twelfth phosphor and the thirteenthj)hosphor, and the eleventh phosphor
and the thirteenth phosphor. For example, the phosphor consieting of the
combinations of the eleventh phosphor and the twelfth phosphor meane the
phosphor mixing the Sr-Ca-Si-N:Eu-base silicon nitride phosphor With the
Sr-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 desired 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'NlEu-base silicon nitride phosphor, the
Sr-Si-N IEu'baee silicon nitride phosphor anci the Ca-Si-N:Eu-base silicon
nitride phosphor. The phosphof 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 thirteenﬁh phesphors related to the present
invention are preferably a phosphor characterized in having a particle
diameter of 3 pm or more. The Sr-Ca-Si-N:Eu-base, Sr-Si-N:Eu-base and
Ca-Si-N:Eu-base eilicon nifride phosphors to which no Mn is édded have a

particle diameter of about 1 to 2 um, but the above-mentioned silicon
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nitrides to which Mn is added have a particle diameter of 3 pm or more.
There are advantages that when the particle diameter is large, the
lummescence brightness is improved by the difference of the particle
chameter and the light take-out efficiency is 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 having the first luminescence spectrum and a iohosphorwhiéh
absorbs at least the portion of light of the above-mentioned first
luminescence spectrum and emits light having the second 1uminescen}ce
sp'e»ctrum 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 relateia to the
present.inventi.o'n. . 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 the
yttrium-gallium-aluminum oxide phosphor activated by cerium. As.one
example of the yttrium-aluminum oxide phosphor activated by cerium, there
is Y3Al5012:Ce. As one example of the yttrium-gadolinium-aluminum oxide
phosphor activated by cerium, there is (YosGdo2)sAlsOr2:Ce.  As one
example of the yttrium-gallium-aluminum oxide phosphor activated by
cerium, ﬁhere is Ya(Alo.éGao.z)somee. 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
coinbination of the blue vlight 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 devicehaving a white color with various tinges
can be provided by appropriately changing the 'corﬁpounding 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, ithasa te.chnical meaning that the
phcsphor having a luminescence spectrum at yellow to red regions which is
ﬁsed in combination with a blue light emitting element and the like can b_e
provided.

In order to solve the aBove-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 spectrurﬁ; and characterized in that the above-mentioned
nitride phosphor is xepresented by the general formula LxMyN«amx+@mn R
(wherein L is at least one or more selegted from a group consisting of ‘II
valency of Be, Mg, Ca, Sr, Ba, Zn, C'd and Hg, M is at leastvone 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
group cons'isting of Mg, St, 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

47




10

15

20

25

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 aftefglow can be suppressed by slightly containing ‘B, Mg,
Cr, Ni, Al and the‘iik’e .in 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, aft‘efglow and the like are greatly
influenced.

It is preferable that the above-mentioned fourteenth nitride
phosphor is represented by the general formula LxMyN(@e)x+@mv)'R
(wherein L is at least one or more selected from al group consisting of IT
valency of Mg, Ca, Sr and Ba, M is Si, and R is aﬁ activator.), and contains
at least one or more selected fr_om 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 wave length
nearby 400 to 460nm as a light source which emits light of the first

luminescence spectrum, the light emitting de.\}ice-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
Fu. Thus, there is prepared a phosphér which absorbs light having the
first lum'inescence‘,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 ﬁrst
luminescence spectrum which was excited at 460nm is irradiated to the
f_ourteenﬁh nitride phosphor. Thus, the light emitting device emitting light
of a white coldr can be provided by using a blue LED and the fourteenth
nitride phosphor related to the present invention, in combination.

The activator represented by the above-mentioned R is'pref'erably
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 using 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 LoMsNs:R.
The nitride phosphor h‘aving'good 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.os, the base nitride
phosphor is preferably represented by Li o7 Zo.osMsNs.

The above-mentioned X and Y are preferably X =1 and Y =17.
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
LxMyNemx+4s7)-R within the above-mentioned range. Further, The
nitride 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 téemperature characteristic can be

provided. Further, since the Eu compound of a raw material is expensive,
the more economic phosphor éan be produced by .reducing the compounding
ratio of the Eu compound. |

The size of the above*mentioned fourteenth nitride phosphor is
prefefably a mean particle diameter of 0.1 to 10 pm. In case of light
emitting devices such as LED and an LED lamp, the optimum film
thickness of the phosp'hor is proportional to about the mean particle
diameter, and the smaller the particle diameter is, the less the coating
amount is. On the other hand, the phosphor having a larger particle
diameter has usually large 1uminesc¢n.ce 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 phc;sphor easily treated which can
reduce the coating amount can be provided.

In the éb_ove-mentioned_ fourteenth nitride phosphor, the second
luminescence spectrum has preferably at least one or more peaks 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’bése white color

can be provided by using an wltraviolet or blue LED having a peak at 400 to

- 460nm and the nitride phosphor having the second luminescence 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/a)i+(4/3)Y>1R (wherein L is at
least one or more selected from a group cohsisting of II valency of Be, Mg,
Ca, Sr, Ba, Zn, Cd and Hg, M is at least one or more selected fr‘om a group
consisting of IV valenvc‘y of C, Si, Ge, Sn, T4, Zr and .Hf, and R is 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, Cr,
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 ]iké, 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

Jluminescence 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 boron 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 nitrogen, it cannot be used
in hydrogen and nitrogen atmosphere. ‘

The fifth light emitting device related to the present invention 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 light 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 contréry, in the light emitting
dévice using a blue LED and a mixture of the fourteenth nitride phosphor
and the YAG phosphor, there are chromaticity cbordjnate 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 phosphor 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 carried out by changing 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 rﬁixing light which the phosphor
Whiph 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 excivta‘tion wave
length EX=400nm can be used for the first luminescence spectrum in
addition to be able to us;.e a blue LED having the luminescence wave length
of an excitation wave length EX=460nm. Since the uitraﬁolet 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

_ luminescence peak nearby 360 to 550nm.
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The above-mentioned phosf)hor is a powder or a granule, and
preferébly contéined in a light transmitting mvateri»al. The fine adjustment
of the luminescence color canlbe easily carried ou‘lt, and the lu-ininescerice
efficiencies can be enhanced thereby.

The above-mentioned semiconductor light emitting element is
pieferably the ITI 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 ldevice is preferably the average
color.rendering index Ra of 75 to 95 and a color temperature of 2000K to
8000K. The light emitting device which emits light of a warm color-base
White color. can be provided thereby. In particular, the color temperatuie 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 e:écellent Jluminescence 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 shoxrt
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 device 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,
illumination 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 hke. A

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 phosphbr 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.

The production process of a conventional phosphor (for example,
described in International Open Patent No.01/40408) is that raw matenals
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 ‘Patent
No0.01/40403, the step of firing is carried out under a mix gas atmosphere of
hydrogen (3.75%) and nitrogen (400 /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 lumiriéscence property of high brightness can be produced.

The cbmparison result of Example which is related with the third
productidn process related to the present invention, with Comparative |
Example (Comparative Example 10) is shown in Table 32 (which is
specifically described in the Mode of Operation of The Invention). In Table
32,Comp arative Example 10 and Example which is related with the .third
production process related to the present invention are carried out under
the same condition excluding the step of firing. Comparative Example 10
is baked in hydrogen and nitrogen atmosphere, and Exaniple 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 efﬁéiency 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 J;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 produced.

In the step of firing related to the. present invention, the firing is
preferably carried out at a temﬁerature ﬁondition of a range of 1200 to
1600°C. A range of 1200 to 1400°C is more preferable. In the stepbof
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 ﬁriﬁg |
that the first firing is carried out at a temperature of 700 to 1000°C for -
several hours and further, the seconci 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 used in the .
cited literature. The molybdenum crucible has fears of inhibiting
luminescence and inhibiting a reaction system. On the other hand, Wheh
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
prodﬁced. Further, sinée the boron nitride crucible is decomposed in
hydrogen and nitrogen, hydrogen and nitrogen atmosphere cannot be used
by the ;synthesis method of the cited literature.

The above-mentioned nitride phosphor has preferably the Basic '
constitution rep'resented.by LxMyN(@inz+@sv R (Wherein Lis at least one or
more sélec’ced from a groﬁp consisting of I 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.); 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-teiial exist in addition to the base nitride
phosphor represented‘by:LXMyN((zla)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
18 preferabie 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 LxMyNasx+@wav)'R (wherein Lis at least. ooe or
more selected from a group consisting of II valency of Mg, Ca; Sr and Ba, M
is Si, and R is an activator.). The light emitting device can be produced by
using the phosphor having a peak wave length noarby 560 to 680nm which
emits light of a white color, 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 : nitride of M : compound ofR =1.80t02.20:4to6:0.01t00.10. The
more homogeneous phosphor can be obtained thereby.

The activator represented by the above-mentioned R is preferably
Eu. Because in the base constitution represented by LxMyNes)x+usv R,
light neaﬁrby 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 luminescence spectrum which is different from Iight 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(@mx+@wsv) '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 préducti_on
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 device which 'can emit blue, green, red and other
various colors can be provided by us‘ing a semiconductor light emitting
element and the phosphor extremely excellent in luminéscence properties in
combination. In particular, the lighﬁ emitting device capable of emitting
light of a slightly reddish white collor 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 emlttmg device emlttmg hght of a shghtly
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 YsAls012 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 phosbhor having high
luminescence brightness can be provided, and specifically, there can be
provided the light emitting deviée emitting light of a white color 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 havixig 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 pro‘bléms which have been not solved
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 }ight 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 peak'

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 the géneration of chromaticity deviation can be provided thereby.
In particulgr, since color deviation is generated along the locus of blackbody
radiatioﬁ 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 color t-on'e 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 sp ectrum 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 increase
of electric current density is genera’céd, 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 chénge of luminescence intensity in accordance 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 generation of fhe
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 constitution, therefore there can be formed a }ight 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 -~ ‘

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 leﬁgth change than the long Wa\}eleng“ch 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 Wavelengthv side of the light emitting elerﬁent hasa higher lum'inescence
intensity than the luminescence of the phosphor by the excitation light 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
Iuminescence intensity of the second phosphor is increased. Accordingly, a
light emitting device in which the color deviation was extremely suppressed‘v )
can be provided.

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

'excitation spectrum which the first phosphor has at the short WaVelength side

of the wave lengfh changé within a range of the wave length change of t,he.
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 beam of the
whole h'ghi: 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, Th, 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 lowering ofAbeam lm] of the Whlol’e light emitting device accompanying
the emission of heat, by rﬁaking such a constitution. Itis preferable that the
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 is preferable that fhe difference between the peak wave length of
excitation spectrum Whi;::h 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 reduc_ing 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 hght 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, Ty, 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
phosphorisa phosphof 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.

It is preferable that the light emitting device is the light source ofa
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 ﬂluminatioﬁ of
hardly generating the color deviation even by the change of ambient
temperatures in comparison with a conventional technology, by making such a

constitution.
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Tn order to achieve the above-mentioned third purpose, the light
emitting device rglated 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
diﬂ'erént wave length, wherein the phosphors contain the first phosphor on at
least one of the light sources ahd at least one of the second phosphoxrs 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 maldng '
such a constitution. |

Further, the invention accoiding to Claim 101 which is related to the
present invention is a light emitting device according to Claim 106, Whereiil
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 ligh'c 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 ]ight 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 iahosphor 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 frofn C, Si, Ge, Sn, Ty, Zr and Hf and is
activated by at least one of elements selected from the rare earth elements.

Alight emitting device further improving the colpr 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 |
phosphor which contains Y and Al, and contains at least 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 of elements selected
from the rare earth elements.

Alight emitting device further improviﬁg 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 agajns’p 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 [Im] 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 hght emitting device according to Claims 100 to 105,-
wherein the light sources are semiconductor light emitting elements. '

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 Whigh abéorb at least the portion of
light from the semiconductor light emitting elements and emit light having a
djfferenf wave length. |

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

Further, the invention according to Claim 108 which is related to the
presentvinvention is a light emitting device according to Claims 100 to 107,
wherein the light sources havé the peak wave length of luminescence spectrum
of 350 nm to 530 nm.

Alight emitting device further improving the color rendering proper-ty
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
illumination 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. 1 1s 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. 4is 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. 5 is 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 ie a chart showing the excitation speetrum of the phosphor of
Example 60. |

Fig. Tis a chart showmg the reﬂectlon spectrum- of the phosphor of .
Example 60.

Fig. 8 is a chart showmg the chromaticity coordinate of Example 81
related to the present invention.

Fig. 9 is a chart showmg the lummescence spectrum When the
nitride phosphor of Example 86 related to the present invention was excited
by light of a wave length at Ex = 460nm.

Flg 10 is a chart showmg the excitation spectrum of the mtnde

| phosphor of Example 86

| Flg 11 is a chart shomng the reflection spec’crum of the nltnde
phosphor of Example 86.

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

Fig. 13 is a chart showing the flow of the production- steps of the
nitride phosphnr of the mode 3 of :eperati_on related to the p‘resent invention.

AFig. 14is a graph eomparing the luminescence brightness of the -
phesphors of Examples 110 to 124 which variously changedthe co-acfivator
WR in the base n‘i’tridephos'phor Ca-Si-NIEu, WR.

Fig. 15 is a chart showing the measurement result which measured
the luminescence brightness of the phosphors of Ekamples 125 to ’13.3 which -
variously changed the addition concentration of the co-activatof Lain the
base nitride phosphor Ca-Si-N:Eu, La. o

Fig. 161is 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 phosphor C‘a-Si~NZEu, La.

Fig. 17 is a chart showing the reflection spectra of the phosphors of
Examples 127 to 129 which variously, changed the addition concentratlon of
the co-activator La in the base nitride phosphor Cal Si-N:Eu, La.-

Fig. 1'8'is a chart showing the excitation epectrum of the phosphors
of Examples- 127 to 129 which variously changed the addition concentration
of the co-activator La in the base nitride phospher Ca-Si-N:Eu, La.

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

Fig. 201is a ehart showing the chromaticity coordinate of the light
emitting device of E#ample 167 related to the present invention-

Fig. 21is a chart showing the productlon process of the phosphor of

~ the mode 4 of operatmn 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 E.x'
= 460nm. |

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 pho'spher Of
Example 173. | |

| ‘Fig. 25 ie a chart showing the luminescence spectra when the
phosp_hors of Examples 170 to 176 were excited at Ex = 460nm.

Fig. 26is a chert showing the luminescence spectra when the

phosphors ofExamples 177, 178, 180, 181, 182, 184, 190, 191 and 193 were °
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excited at Ex = 460nm;

. Flg 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 showing the luminescence spectrum of the light
emitting device of Example 22.1 related to the present invention.

Fig. 29 is a chart showing the color.rendering evaluation of the. light
emitting device of Example 221. '

Fig. 30 is a chart showing the luminescenée spectrum of the light
emitting device of Example 222 related to the present invention.

Fig. 31is a chart showing the color _rendering evaiuation of the light
emitting device of Example 2227 |
| Flg 32 is a chart showing the chromaticity coordinate of the light
emitting device.of Example 222. | :

Fig..l 33 1s a chart showing the flow of the production steps of the
nitride phosphor of themode 5 of opération related to the preseﬁt invention.

Fig. 34 is a chart showing the luminescence spectra when the nitride
phosphors of Exémples 2925 and 226 were excited at Ex = ‘4601:A1m. |

F1g 35 is a chart showing the excitation spectra of the nitride
phosphors of Examples 225 and 226. |

Fig. 361is a cilart showing the reflection spectra of the nitride
phosphors of Exafnples 225 and 226. |

Fig. 37 is a SEM(scanning electron microscope) photograph of the
nitride phosphor of Example 226.

Fig. 38 is a chart showing the luminescence spectra Wheh thé nitride

phosphors of Example 224 and Comparative Example 7 were excited at Ex =
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460nm. -
| Fig. 39 is a chart showing the luminescence épectrum when the
nitride phosphor of Example 231l was excited at Ex = 460nm.

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

Fig. 4lis a chart showmg the luminescence spectrum of the hght
emittmg dev1.ce of Example 245 related to the present invention.

Fig. 42is a chart showing the chromatlclty coordlnate of the hght
emlttmg dev1ce of Example 245.

Fig; 43 is a chart showing the flow of the production steps of the .
nitride phospAhor.of the mode 6401" operation related to the present invention.

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

247 and Cbmparative 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, R | | |

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

Fig. 48 is a chart showing the Juminescence spectra when Examples
9251 and 252 were excited at Ex = 400nm.

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

Fig. 50 is a chart showing the reflection coefficients of Examples 251
and 252.
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Fig. 51is 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. 58 is a chart-showing the lﬁminescence 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
é‘mitting device of Example 256.. |

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

Figi 56 is a chart showing the relatioﬁ bétween the electﬁc current and
the relative luminescence sp ecfru_m property of ah LED chip in one Example of
the present invention. | |

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

Fig. 58is a chart showing the luniines‘cen_ce si)ectruin of the YAG-base
phosphor in one Example of the presenf im?entio_n.

- Fig. 591s a chart '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 phﬁspho’r in one Example of the present invention.

Fig. 6lis a Charf showing the relation between the ambient

temperéture 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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the chromaticity property (measurement by a pulse drive) in one Example of
the present invention.

Flg 63 is a chart showing the relation between the electric current and
the chromaticity property (measufemen't by a DC drive) in one Ex.ample of the
pre'sent'invention.

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 present invention. | |

Fig. 66 1s a chart showing the relation between the ambient
temperature and the relative light output property of the phosphor 3 in one
Example of the present invention. | |

Fig. 67 is a chart showing‘ the felation beﬁveen the ambient
temp erature and the relative light output prop erty of the phosphor 4 in one
Example of the present invention.

Fig. 68 is a chart showing the relation between the é;mbient
temperature and the relat1ve 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 the present invention.

Fig. 70is a charf showing the‘lumir.lescence spectrum of the YAG-base
phosphor in one EXémple 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 lumihescence 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 a DCV drive) in one Example Qf the
present- invention.

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

. the present invention.

Fig. 751 is a typlcal sectlon view of the light emlttmg diode related to
the present mventmn

Fig. 761is a typical section view of the light emitting diode related to
the present invention.

Fig. 77is a typlcal section view of the light emlttmg diode related to
the npllfesent invention.

Fig. 78 is a frontal view (7 8A) and a typical section view (7 SB) of the |

- light emitting diode related to the present invention.

Fig. 79 is a chart showing the luminescence spectrum property of the
light emitting device in the present invention. |

Fig. 80 is a chart showing the 1umiriescenee spectrum property of the
light enditting device by a conventional technique which is shown for
comparison with the present-inventi'on;

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

LED chip in the present invention. |

Fig. 82 is 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 -excitatien absorption spectrum of the
nitride-b ase phosphor in the present invention.

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

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

Fig. 871is achart showiﬁg the relation between the ambient
temperature and the relative light output property of the light emitting diode
which used the bhosphor 26 1 1 iﬁ the present invention.

Fig 88 1s a chart showing the relation bvetween the ambient .
temperature and the relative hght output property of the hght emitting dlode
which used the phosphor 261- 2 in the present invention.

~ Fig. 89 is a chart showmg the relation between the ambient
temperature and the relative light 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 ambient.
temperature and ‘fhe relative light output property of the light emitting diode
which used the phosphor 266-2 in the present invention.

Fig. 91 is a chart showing the relation between the ambient
temp erature and the relative hght output property of the hght emitting 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 showing the reflection spectra of the phosphors 7-1 to
7-4, - |
Fig. 94 1is a chart showing the excitation spectra of the phosphors ’7 -1 to-
74, | |
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 luminesceﬁce Sp ectra 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

operatibn and Examples. .

The light emitting device related to the preéent invention is a light’
emitting device which has at least a light emitting element 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; and the specific phosphor related

to the present invention is used as its phosphor.
The specific examples (whole constitution) of the light emitting

device are illustrated referring drawings.

.(Ty_pe 1 light emitting device I)
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- Type 1 light emitting device I is constituted by alight emitting
element 10 containing a sapphire substrate 1, a semiconductor layer 2
which was laminated on its upper face, and p051t1ve and negative electrodes
3 (the posmve and negative electrodes 3 are formed on the same face suie of
the semlconductor 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 Wthh was integrally formed in the lead frame 13a so as to cover the
outer peripheral of the light emitting element 10; and

a mold member 15 covering the whole. | | |

Further, in the light emittingA element 10, a light emitting layer (not
illustrated) on the semiconductor 1ayer 2 on sapphire substrate 1, and the
luminescence sp ectrum of light output from the light emitting layer has a
peak wave length at an ultravmlet to blue region (500nm or less).

| Type 1 light emitting device I is produced, for example, as described
below.

Further, the light emitting elbement 10 is set on a die bonder and
die-bonded (adhered) with the lead frame 18a where a cup was provided
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 e wire bonder, the negati{re electrode 8 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 preliminarily
mixed homogeneously at a desired proporti-on.

After charging the phosphors 11, the lead frame 13 was immersed in -
a mold frame in which the inold 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 II)

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

The type 2 light emitting device IL is a surface mounting type Iighf
emitting device. Hereat, various light emitting elements can be used as
thé ]_ight emittiﬁg element 101, and for examiﬂe, an ultraviolet ﬁitride
semiconductor light emitting eiemenf and a blue nitride semiconductor light
emitting element can be vayls‘o used. “Hereat, the ultraviolet light emitting | ,
element 101 is illustrated as an example. |

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 about 370nm as a light emitting layer. As
the element structure of LED, there are laminated in order on a sapphire
substrate, an n-type GalN layer being an undoped nitride semiconductor, a
_GraN 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 GalN layer in which n-type electrode of Si dope is formed

83




.10

15

20

25

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 emitfing layer having
an InGaN layer, a Mg doped AlGaN layer as épttype 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 temp erature aé a buffer layer.
Further, the p-type semiconductor is annealed at 400°C or more after film
formin‘g. Fﬁrthermor'e, the surfaces of respective p-n-contact léyers were
exposed by etching on the same face side of the nitride sémiconductor oﬁ the
sapphire substrate, an n-electrode is formed in a belt shape ’on_the n-type
contact 1ay~e£ exposed, and a transparent p-electrode comprising a metal
thin film is formed on (the whole faces of p-type contact léyer. Further, a

pedestal electrode is formed in parallel with the n-electrode on the

‘transparent p-electrode using a épattering method.

In Type 2 light emitting device II, a package is constituted by a base

1105 made of covar which has a concave at a central part for storing the light

emitting 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 portidn 107 is 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 I is produced using the package which
1s 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 wezre 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 eu‘t seam
welding. | Here‘at, 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 CasSisNg:Eu,

‘ (Yo.sGdo;z)sAlsO 12:Ce 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 106, 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 adjust chromaticity
and is excellent in large scale productivity and reliability can be provided.
Further, the type 2 light emitting device II 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 is a section view showing the type 3 light emitting device‘III
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 the

members of the type 1light 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 (nbt ,

illustrated), on the surface of the mold member 15 of the light emitting " .

device I. The phoéphors are homogeneously dispersed in the transparent
resin of the cap 16v. The t_ransﬁ_areﬁt resin containing the phosphqrs is
molded in a form which is fit in the for‘m'.of the mold member 15 of the light
emitting device 1. Furthér, in place of the fitting, there may be also |
possible a production ﬁrpcess that afﬁer the transparent resin cdntaining the
phosphors is charged in a fixed mold frame, the light emitting device I is
pushed in said mold frame t_é be molded. As the specific material of the
transparent resin of the cap 16, thére aie used transparent reéins excellent
in temperature 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 bolyethyléne, a
pol&propyle‘ne, a polyvinyl chloride and a polyétyrene, 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 éxide and the like may be contained together with the phosphors.
Further, a light stabilizer, a coloring agent niay be bontaiﬁed. The specific
phosphors relafed to the present invention described later are used for the .
phdsphors used for thecap 16. The phosphors related to the present
inventioﬁ 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 ITI which was constituted as .
describ.edabove, the wave length of the poftio_n of light discharged from the
light‘emitting element 10: is'converted by the phosphors when it passes
th.rough the cap 16. The wave length converted light and the blue light
Whose.ane length was not converted by the phosphor are mixed, and as a
resuit, white color-base light is. externally‘ discharged from thé 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(emx+wsv:R or

LxMyOzN(2)x+49)v(@2)'R, and characterized in that an element

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

O, the above-mentioned N and the above'mentioned R are contained in the
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nitride phosphor.
Wherein L is at least one or more sel.ecfed 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 Elementin

- 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 is essential among Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er
-énd L.

In the generél formula, X, Y and Z is an arbitrary figure larger than
0. Inparticular, X and Y is preferably X=2 and Y=5 or X=1 and Y=7.
Sp'eciﬁcaﬂy, it is pfeferable that the nitride phosphors represented by
(SrTCax-'ﬁ)z'SistiEu, SrsSisNs:Eu, CazSisNs:Eu, SrTC'al-TSi7N151Eu,
SrSisN1o:Eu, CaSrSi7Nio'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-mentione& M, the above-mentioned O, the
above-mentioned N and the ,above-mentionéd R are contained in the base
nitride phosphor. Said different elements vare at least one or more of
elemeﬁts selected from the Group I Element consisting of Li, Na, K, Rb, Cs,
Cu, Ag and Au, thei Group III Element consisting of B, Al, Ga and In, the

Group IV Element consisting of Ty, Zr, Hf, Sn and Pb, the Group V Element

_consisting 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 bonsisting of
Cr, Mo and W, the Group VII Element consisting of Re and the Group VIII
Element consisting of Fe, Co, I, 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 preferably_ 1000ppm or less based on thé phosphor which is
represented by the general formula LxMyN(@sz+@way):R or
LxMinN(<z/3)x+(4/3>Y-(zxa)z)SR. | Becauée good lumines(:ehce properties can be
obtained by setting the content as 1000ppm or less.  The cohtent of these
different elementé is moie p‘referamy set at a range 'of‘ 0.1 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 prdduction, 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 10000?pm or more, the'objéctive properties cannot be achieved because

the different elements are scattered during the firing step in the production

steps. However, even in such a case, it is preferable to adjust the amount

so that the amount of the different elements become 1000ppm or less in the
final product, and the luminescence properties such as 1uminescef1ce ,
brightness‘ can be adjusted thereby. |

As described above, L consists of at least one or more among Mg, éa,
Sr, Ba and 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 comp_ounding.
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 .shifte(i to a.longer 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 Si is essential among C, Si and Ge. Namely, in tﬁe presént 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
having good crystallinity is obtained by setting Si as essential in the
compositioh of the nitride phosphor., ,

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

R has‘ at least one or more selécted from the rare earth elementin
which Eu is essential among ¥, La, Ce, Px, Nd, Sm, Eu, Gd, Th, Dy, Ho, Bx
and Lu. vNar'nely,‘i'n the present mode 1 of operation, R may consist;i.r.lgmof
Eu alone, and contains Eu and may further contain one or 2 or more among
the above-mentioned elements (the element other than Ew). 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 isused as a luminescent center.
Europium has mainly 2-valent-and 3-valent energy leyels. In fhe phosphor

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

adjustmeﬁt 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 addiné the different
elements which are different frqin 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 Eud* is accelerated and luminescence properties such as color tone,
luminescence brightness and afterglow can be improved. Furthef, 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 éleﬁeht may be contained in raw -
materials which are used for producihg the phosphor, and may be cphtain'ed
in a condition of a single body or a compound in the production steps and
baked together with the raw materialsQ However, the above*mén’tioned

different element is not occasionally contained in the nitride phosphor after

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

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

The phoébhor 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 lD, and emits light at a yellow to red region. When
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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 1ight of a warm color-base white color can be constituted by the color
mixing of biue light emitted 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 phospﬁor related to fhe present mode 1 of

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 alight emitting element, and the portion of light having the second
1urriinescence spectrum which is output from the nitride phosphor related to
the present mode 1 of op efation, and emits 'light different ffom the wave
length of light 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 regiori, 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

activated by 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
chrométicity can be easily adjusted by containing the above-mentioned the
yttrium-aluminum oxide phosphor. Sp ecifically, theie can be used

LnsMs012:R (Ln 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),
(Y1xGdws(Al1yGay)O12'R (R is at least one or more selected from Ce, Th, Pr,
Sm, Eu, Dy and Ho, 0 <R <0.5). These phosphors 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 500to 600nm.

Howevér, in the present invention, .the ph(l)sp_hor 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 portio‘ﬁ of blue light which was emitted from the light
emitting element 10, and emits light at a yellow region.' Hereat, light
becomes a‘pale white color by the color mixing of the blue light from the
light emitting element 10 and the yeilow light of the yttr_ium-aluminum
o#ide‘ phosphor. Acc'ordiﬁgly, 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-aluminun oxide phosphor and the above-mentioned

nitride phosphor together with a coating member having transparency, and
by the combination with the blue light from the light emitting element 10.
Further, the light emitfing device havingvvarious spectrum disfribution_s can
be provided by appropriately changing the combination of the phosphors
and the contents of the respective phosphors. Further, the warm colof-basé
white color and redwish white color light emitting device means that the
average color rendering iﬁdex_Ra is 75 to 95 and the color temperature is
2000 to 8000K. In the present invention, it is possible to produce 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, daylight color light emitting device
according to the JISZ9112 Speciﬁcation. In the light emitting device
related to the present invention, the preferable device in particularis a
light_emittih_g' 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 ‘the'yttrium-aluminum oxide phosphor and the above-mentioned
nitride phosphor together is appropriately changed in order.to provide a-
light emitting device having a desired célor temperature an-ci the average:
color rendering index. The warm color-base white color light emittirigv
device can further improve the specific color rendering index R9b. With
respect to a white coior Light emitting device which is the combination of a
conventional blue light emitting element and the yttrium-aluminum oxide
phosphor activated by cerium, the spéciﬁc color rendering index R9 is about

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

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 phospixor. ‘Hereat, the speciﬁc 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 a&erage of 7
kinds. As 7 color chips, there are selected those which represent red
having comparatively high chroma, yellow, green, blue, human skin (V\}hite

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 color chip which indicates red.

Further, the phosphor which is used in combination with the nitride
phosphor of the present invention is not limited to the yttrium-aluminuﬁx
oxide phosphor and the like. Thephosphor having at least one or m'oré of
peaklwave lengths froin a blue regioﬁ 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 phosphoi‘sv emitting green-base light such as
SrAl04:Eu, YzSiQsiCe,Tb, MgAl;1019:Ce, Th, Sr7Al12025:Eu (at least one or
more am'vongv Mg, Ca, Sr andBa)’GazS‘;IEu; phosphors .emiftiﬁg blue-base
light such as Szs(POsCLEu, (BaCa)s(PO:CLEY, (SrCaBa)s(POsCLEy, (at
least one or more among Mg, Ca, Sr and Ba)2Bs09Cl:Eu,Mn, (at 1east oxie :
or more among Mg, Ca, St and Ba)(P0ysCly:Eu,Mn; phospﬁbrs emitting
red-base light such as Y202S:Eu, Laz058:Ey, Y205 Eu, Gaz0:8Eu. Thus, a
desiréd lumiﬁescence 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 production process of the phosphor of mode 2 of operatioﬁ

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

Further, the present invention is not limited to the present

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

phosphor.
(1) Process P1

Firstly, Ca of a raw material is pulverized in the present. producﬁon A‘
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 material
is preferably those purified. Since a purification step is not required
thereby, the pr'o'duction.process of the phosphor can be simplified and an.

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

pulverization of Ca, itis preferable that the mean particle diametér 1s

about 0.1 um or more and 15 pm or less from the viewpoint of the reactivity
with othér raw material, the control of the particle diameter af firing or
after fiicihg, but the present production is not limited to this rangé. The
purity of Ca is preferably 2N or more, but'is not limited to this range.
(2) Process P2

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

The reaction is shown in Form‘ula 1.
[Forxﬁula 1] | |

3Ca + N2 — CasNy

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 obtaiﬁ the nitride of Ca,
(CasN2). The nitride of Ca is preferably those having high Iﬂurity. |
(3) Process P3 | |

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

The Si of a raw material is pulverized in thé proéess 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. Fér éxamplev, they
are SisNy, Si(NHsz)2, MgsSi and the like. The purity of the Si of a raw
m’aterigl preferably 3N or more, 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 pm or more and 15 pm or less from the viewpoints of
the reactivity with other raw material, the control of the particle diameter
at firing or after firing, | | o
(5) Process P5

The pulverlzed Si of a raw material is nitrided in mtrogen
atmosphere.

The reaction is shown in Formula 2.

[Formula 2]
351 + 2Nz — SisNp

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 |
sﬂmon nltrlde is preferably those havmg high purity.

(6) Process P6

Silicon nitride is pulverized in the process 6.
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 In the process P7, a Eu compound, Euan is mixed with a B |
compound, HaBO3 in wet condition (P7). Europium oxide is used as the Eu
compound, but metal europium, eurépiﬁm 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 different elements such as a B compound
are mixed in a wet process but a 'dry mixing can bel carried out.

Hereat, in order to evaluate the influence when specific elements aie‘
mixed in a crucible, elements constitutmg 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. Namely,,it 18
deduced that thé salts of the respective elements have a similar diffusibn
property or more as a crucible, a usual form crucible maferial, a meﬁal_ itself
or an oxide. . | | |

- In the present produ.ction Aprocess, since‘ an example in which B was
added is illustrated, the B compound HsBOs is used, but in .f;he present
inVention, there are Li, K, Na and the like as the different elements other
than B, and as these compounds, foi example, there can Be used HaMoOy,

LiOHeH:0, NazCOs, K2COs, RbCl, CsCl, Mg(NOs)z, CaClee6H:0,

SrClze6H-0, BaClee2H0, TiOS04eH20, ZrONOs)s, HfCly, VCls, NboOs,
TaCls, Cr(NOs)309H:0, HoWOy, ReCls, FeClze3H-0, RuClze2H-0,

Co(NOg)se6H20, NiClzeH3z0, IrCls, PAClz, HzPtClse6H-0,
Cu(CH3;CO0)20H:0, AgNOs, HAuClse4H-0, Zn(NOs)266H20, H3BOs, -
AI(NO32)309H:0, GaCls, InCls, GeO2, Sn(CH3C00), Pb(NOs)s, (NH4)HPO,,
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Sbha0s, Bi(NOs)g'f)HzO, (NH4)2804 and the like. Further, these compounds

are .ﬂlustrajed by examples in which they were added in separated form
from the nitride of Ca, the nitride of Si, the Eu compound anc'l, the iike, but
the different element may be contained in the composition of raw materials
such as the nitride of Ca, the nitride of Si, the Eu compéund and the like.
(8) Process P8 | | g

A mixture of a Eu compound Eus0z and a B compound HsBOs is
baked in oxygénatmospher_e in the process 8.
(9‘)‘ Process P9

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

The mean particle di.ameter‘of the mixture of Eu and B after the
pulverization is preférably 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 inb
the process P10. | | | |
(11) 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.
CazSisNs'Eu to which B was addea 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 + (5/8)SiaNy + (0.015/2)Eu20 — Cai.s5E10.015515N7.990040.0225

The pilosphor 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 temperatuie is gradu_aliy raise(i 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 ‘carrie_d out af 800 to 1000°C is carried out and the
firing aﬁ the second step is carried out at 1200 to. iESOO"'C is carried out. It
is_preferabl‘e to.carry out the firing of the raw material of the phosbhor |
usiﬁg a crucible made of boron nitride(BN) material and a boat. A crucible
made of alumina (A1;0s) 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, redu-g:tion atmosphere is atmosphere containing at least one
or more of nifrogzen, hydrogen; argon, carbon dioxide, carbon monoxide and
ammonia. However, the firing can bbe also carried out in reduction
atmosphere other than the atmosphere.

The comp osition of the objective phosphor 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.’ ' |
(Light emitting element) .

In the present inve-ntion, the light emitting‘element 1s preferably a
semiconductor light emit-‘cing eiement having a luminescence sp ectru_m‘ ’

which can excite the phosphor efficiently (namely, a semiconductor light
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emitting element having a light emittinglayer which emits the light of a

Jluminescence spectrum which can excite the phosphor efficiently). As the

materigl of semiconductor light emitting element, there can be mentioned
various semiconductor such as BN, SiC, ZnSe and GaN, InGaN, IriAlGaN,
AlGaN; BAlGaN and BInAlGaN. Further, a luminescence center can be
é.lso .maae by containing Si, Zn and the like in these elements as impurity

elements. As the 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 phosphor, nitride semiconductors (for
example, a nitride semiconductor containing Al and Ga, InxAlyGai-x-yN, 0 <
X<1,0<Y<1,X+Y <1 as a nitride ’semico‘nducto_l.? confaining In and Ga)
are preferébl_y mentioned.

Further, as the s‘trucfure‘ of the semiconductor, there; are prefefably
méntion_ed semiconductors of a‘horﬁo structure, a hetero struéture- or a
double hetero structure havin'g,r a MIS juﬁction, a PIN jﬁnctibn, a pn
junction and the like. A luminescence wave length can be variouslsf
selected By the material of semiconductor layers and mix crystal 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; Zn0, GaAs and GaN are preferably used for a substrate.
The sapphire 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 ‘sapp}:u"re substrate using an HVPE
method, a MOCVD method andAth'e hke. 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'the'reon. |

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

| Firstly, SiOg is formed in a stripe form about perpendicular 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’sing an HVPE method. Successively, the first contact 1ayer'comprising
n-GaN, the flrst clad layer comprlsmg n- AlGaN actlve layers having multi
quantum well structure which lammated a plural number of layers of the
well layers of InA1GaN and the barrler layers of AlGaN, the second clad ‘
layer comprlsmg p-AlGaN, and the second contact layer comprising p-GalN
are lammated in order by the MOCVD method

F}lrther, 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-GaN layer, hght emitting layer having multi
quantum well structure(multi quahtumwell structure of GaN barrier
layer/InGanwe]l layer), p-clad layer comprising Meg-dop ed p-GaN, and
p-contact 1ayér comprisiﬁg Mg-doped p-GaN are laminated in order on a

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

P-Ohmic electrode is formed all over the surface on p-contact layer
and a p-pad electrode 3 is formed on the portion of p-ohmic electrode.

Further, the undoped GaN layer is remo_ved from the p-contact layér |
by etching, the portion of n-contact laye'r iséxposed, and an n-eleétfods is
formed‘ on the exposed portion.

Further, the light emitting layer having multi quantum well |

structure 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-impurities such as Si, Zn and the like were dbped may be utilized. ,v

 Further, the light emitting layer of thé light emifting elem"ent‘ 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 Wave length is not hmlted to the
above- mentloned range, those havmg luminescence wave length at 360 to
550nm can be used.
o Thus, a semiconductor hght emlttmg element having double hetero .
structure is constltuted on a substrate In the present invention, there
may be used a semiconductor laser element in which active layer is made as
a ridge sfripe shape and sandwiched by guide layer, and the edge surface of
a resonator is provided. ' |

A nitride semicondu’ctor exhibits n-type electroconductivity in a ,

condition in which it is not dbped. However, it is preferable to set the
carrier concenﬁratiori of the respective layers within a fixed range for

improving the luminescence efficiency. It is preferable to appropriately
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introduce Si, Ge, Se, Te, C and the like as n-type ddpant 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, Sf Ba and the like. ’I‘her

nitride semlconductor is hardly made be p type by only dopmg the p-type
dopant therefore it is preferable to make it be low re51stance by carrying
out hea‘tmg by a furnace, a treatment by plasma irradiation and the like
after introduction of the p-type dopant.  When a structure in which é
sapphire substrate is not removed is made, p- and n- contact layers are
exposed at the same face side by partially eﬁch’ing from p-type side to the.
surface of the first contact layer, andythe. respective electrodes are formed_'on
the respective contact layers. Alight emitting element comprising the
nitride semiconductor is prepéred by cutting in a chip shape. o

In the light emitting device, the li'gh‘lt emitting element is sel'ecfed in-
the relation of an excitation wave Iength with the luminescence wave length
of a phosphor used, in order to realize a lummescence color reqmred but
then, it is appropriately selected consuiermg the deterloratlon of a
transparent resin by light and the like. In the present invention, those
having a luminescence spectrum at-an ultraviolet regﬁ'on and its main
luminestence wave length is SGOnIﬁ or more and 420nm or less, and thbse
having 450nm or more and 470nm olit less can be also used. |

Hereat, it is preferable 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 > Rn in the

‘semiconductor light emitting element. Specifically, since the n-contact
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layer is formed to haye, for examblé, a film thickness of 3 to I'O‘pm and
more preferably 4 to 6 pm, the sheet resistance Rn is estixﬁated to be 10 to
15Q/0. Acéordingly, hereat, the Rp is preferably.formed in a thin film to
have aﬂres.istance value of the above-mentioned shee,t resistance (10 to
IBQ/D) or more. -Further, the transparént p-electrode may be formed ir.iAa
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. Heieat, an n-electrode
mode equipped with a plural number of openings for light take-out such asa
mesh electrode may be made in place of the‘ transparent p-electrode.
Further, when the transparent p-electréde is formed by one kind
selécted from a group of gold and platinum and a multilayered film or alloy
coniprising 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

gold 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 gold or platinum element contained in the

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 presént invention, since it is Rp = Rn, the
transparent p-electrode is formed in a thinner film in comparison with 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 'sheet" resistancle RnQ/0 of the
transparent p-electrode. However, since it ié difficult to measure Rn after
preparing the semiconductor light emitting ele‘m.ent; it is substantially
impossible to knovW fch‘e relation of Rp and Rn, but it is possible to know
what relation e)ﬁists' between Rp and Rn from the condition 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 in contact with the ab ove-mentioned
'tfansparent p-electrode, therefore the external quantum efficiency can be
further improved. The shape and direction of the extended conducj;ion |
portion ismnot iimited, and when the extended conduction portion is a_linear
shape, an area vobs‘tructing_]ight is preferably reduced, but the shape may be
a mesh'vshape. The shape Iﬁay ‘be‘ a cuiv,e, a lattice, a brahch and a hook |
otherthan linear shape.. He‘réét, siﬁce the shading effect is increased in
propoxrtion to the total area of the p-side pedes,tal‘ electrode, it is preferable
to design the line Wldth and length of the extended conduction portion so
that the shading effect does not exceeds the luminescence increasing effect.
(Coating mefnber) |

The coating member 12 (transparent material) is provided in the cup

of the 1éad fréme, 13", and used by being mixed with the phosphor 11 Which
converts the luminescence of the light emitting éle.ment 10, As the specific
material of the coating mexhber 12, there are used. transpafent 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 m:.ay be contained together with the phosphoré.
Further, a light stabilizer, a coloring agent may be contained.

(Lead frame) 4

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_-b‘on(.ied in the cup. Further, the external surfacé of the
light emitting -element 10 is covered in the cup with the coatin‘g member 12
containing the phosphor 11. A plural number of the 1igh~t emitting
e‘lements 10 are ar_rai_xged in the cup, and the mount lead 13a cén be utilized
as a common.-electr‘ode.of the plural number of the light emitting‘ elements
10. Iﬁ this case, an adequate electroconductivity and the connecting

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

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

13a can be carried out by a ther-mopl‘astié 'resin_ and the like. As the
thermoplastic resin, an epoxy 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 Ieéd 13a by a flip chip bonding and the like (face down structure) and
carrying out electr.{c connection. Further, an inorganic binder can 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 i inner lead 13D is arranged at a
posmon which is sep arated from the mount lead 13a for preventmg the '

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

the tht emitting elements 10 are arranged on the m.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 iron, gold, platinum,
silver and the like can be used.
(Electroconductive Wire)

The electroconductive wire 14 elebtrically connects the electrode 3 of
the ]ight emitting elements 10 and the lead frame 13. The
electroconductive wirle 14 is preferably those having good ohmic'proper'ty,

mechanical connecting property and heat conductivity with the electrode 3.

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

such as g‘oldv, copper, platirium, aluminum and the like, and alloys thereof,
ete. | |
(Mold member)

The mold member 15 is provided for protectmg the light emlttmg
elements 10, the phosphor 11, the coating member 12, the lead frame 13, the
electroconductive wire 14 and the like from the external. The mold
member 15 has purposes of expanding the angle of visibility, reducing the
directionality of the light emitting elements 10, and focusing and scattering
luminescence in addition tb the purposé of protectidn from the 'éxt_ernal. In

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

. shape. Namely, the mold me_'mber 15 may be a convex lens shape, a
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_concave lens shap e, 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 Operation v

In 51m11ar manner as the mode 1 of operation, the light emitting
dev1ce of the mode 2 of operation is the type I light emitting device Whlch |
ha}s at least a hght emitting element Whlch emits ll_ght of the first
luminescence spectrum, and a nitride phdsphdr which éonverts the wave
length of at least the portion of Iig}it of the above-mentioned first
luminescence spectrum and has the second luminescence spectrum.

The iigh-t 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 region. Thelight emitting device of the present mode 2 of
operation emits light of a warm color-base white color and pasiel 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
op eration is a light emitting device capable of emitting light of an electric

bulb color by color mixing of the blue light emitted from the hght emlttmg

» elements 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 vrhich 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 Speciﬁcati_OIr (JIS 78 110), and means a tinge |
having a tinge from yellow to red. Specificelly, it means those having a .

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

(light) pink and (yeﬂcwish) white in the chromaticity coordinate of Fig. 8.

Further the light emlttmg device of the mode 2 of operatlon is not
hmlted to the type I, and for example ‘may be the type II.

The phosphor related to the present mode 2 of operatlon is
111ustrated below.

The phesphor'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 INY Elements selected from a group consmtmg of C, Si, Ge, Sn, Ti,
Zy 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, Px, Nd, Sm, Eu, Gd,
Th, Dy, Ho, Er and Lu; and further, Ippm ox mo»re and 10000ppm or less of
B is contained.. F urther, Obzrxay be contained in the composition of said

nitride phosphor. Among various nitride phosphors by the
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abover-m'entioned combinations_, there is more prAeferable. the nitride
phosphor consisting of at least any one of one element of Ca and Sz, Si and
N which is agtivated by Eu, and the vﬁitride phv'osphor in which 1ppm or
more and 10000ppm or less of B is contained. -The portion of Eu can be

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

S a grouﬁ 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 IT 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 Group IV Elements selected from

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

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

- LxMyN@mxswsn'R or LxMyOzN@x+ws vz 'R (wherein L is at least one

or more of the Group II Elements selécted ‘fr'om a group consisting 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. R is 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, Exr and Lu. X,Y

and Z are 0.5 <X < 3, 15<Y<8,0<7%<3), and 1ppm or more and

10000ppm or less of B is contained. As the specific example contained in
the general formula, there are mentioned (SI'TCal-T)QSist.:Eu, CasSisNs:Eu,
SrrCai-rSitNio‘Eu, SrSinloiEﬁ, CaSisNip'Eu, SraSisNg:Eu, Ba:SisNs'Eu,
Mg:SisNs'Eu, ZnsSisNaFu, SrSirNio'Bu, BaSisN10'Eu, MgSirNio B,
ZnSi7NioEu, anzGestIEu, BasGesNs Eu, MgoGesNg:Eu, Zn2GesNg:Eu,
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SrGerNio'Eu, 'BaGelleoiEu, MgGerNio'Eu, ZnGerNio'Eu, Sr1.sCa0.2SisNs:Eu,
Ba1.3Cao,zSi5NgiEu, Mg1,aoao,2Si5N3:Eu., Zni‘sCao,zsist:Eu,
Sr05Ca028i7N 0B, BaosCas sSirN 1o Eu, Mgo.sCassSirNio By,
Zno,BCaozSileéfEu, Sro.sCéo.zGe7N101Eu, Bao.sCao.zGevaiEu,-
Mgo.sCao2GerNio'Eu, Zno.sCao2GerNio'Eu, SrosCan2SisGeNio Eu,
Bao.sCao.2SisGeNio'Eu, MgosCao.2sSisGeNio'Eu, Zno.sCao.zSieGeNﬁiEu, '
Sr2SisNs:Pr, BaéSistiPr and Sr2SisNs:Th, BaGerNio:Ce (0 < T < 1.

B can be easﬂy added by adding a boron compound to thé respective
raw materials and mixing them by abwetbprocess or a dry process. Further,

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

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

-~ added, vlyppm or more and 1000ppm or less is preferable. In particular,

100ppm or more and lOOODPm or lessis preferable. When a dry mixing is

carried out and boron is added, lppm or more and 10000ppm or less ‘is‘ v

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

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

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

Specifically, BN, H:3B03, B2Os, BzOs, BCls, SiBs, CaBs and the like are
mentioned. These boron compounds are added to raw materials by

weighing a fixed amount. The addition amount of boron to raw materials

does not always coincide with the content of boron after firing. Since the

portion of boron is scattered at the firing step in production steps, the
content of boron after firing becomes less than the amount at adding to raw
materials.

Lis at least one oxr more of the Group II Elements selected from a
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group consisting of Be, Mg, Ca, Sr, Ba and Zn. vAcco.rdingly, Mg, Ca, Sr and
the like can be used alone, but the combinations of Ca and Sr, Ca and Mg,
Ca and Sr and the like are possible. In particular, the phosphor having
good lumin_escence brighthess, 'quanvt'um efﬁciency" and the like can be A

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 S, and theportion 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 longef wave length side by mixing Sr and Ca, than by
using Sr or Caalone. When the molax ratio of Si"and Cais7:30r3:7,
the peak wave length is respectively shifted to a longer wave length side E
than by using Sr or Ca alone. Furt_hér, when the rholar ratio of Sr and Ca
is ébout 5 15, the peak wave length ié shifted to the longest \#ave length
side. o

M is at least one or. more of the Group IV Elements selec.:te.d from a
group consisting of C, Si, Ge, Sn, Ti, Zr and Hf. .vAccordinglyv, C, Si, :Gre aﬁd

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

“and Si, Zr and Si_, Ge, T1 and Si, and the er are possible. In particular,

the economic nitride phosphor having good crysﬁallinity cén be provided.
The portion of Si may be substituted with C; Ge, Sn, Ty, Zr and Hf. When a
mixture in which Si is essential is used, the compounding ratio can be
changed according to requirement. Foxf example, Siis used_by 95% by
weight and Ge 1s used by 5% by weight. |

R is at 1east one or more of the rare earth elements selected from a
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group consisting of Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Exr and Lu.
Eu, Pr, Ce and the like can be used alone, .b'ut the combinatioﬁs of Ce and -
Eu, Pr and Eu, La and'El‘l, and the like are poséible. In particular, the
nitride phOSphoi having good lumiﬁescence 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, Tb, Dy, Ho, Ex 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 adjuétrﬁent of himinescence
properties can be.carried out. When a mixture in which Eu is eésential is
used, the compounding ratio can be changed according to requirement.
Examf)le related to the mode 2 of opgr'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 invention uses

Eu?* 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 .diffusion of Eud* and can
improve the luminescence properties suchbas luminescence brightness,
energy efficiency and luminescence efﬁciency.

The above-m'entionedk 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 group. 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
préf'erably adjustéd at ,1000ppin or less. Because the luminescence
efﬁ_cienéy such as lumiﬁgs.cence brightness can 'be adjusted thereby. The
luminescence brightnéss and 1urﬁiriescenbe efficienéy' can be improved by |
adding the Group I Elgments, as described above. |

The above-mentioned nitride phosphor can further contain 1ppm 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 consié’ping of Ty, Zlf, Hf,'

Sn and Pb, the Group V Element cOnsisting of P, Sb and Bi, the Group VL
Element consisting of S. These elements are scatterevd during firing at the |
production steps in like manner as the Group I Elements, thefefoi;e the
addition amount after flrlng is a less amount than the initial addition to

raw materials. Accordingly, the amouﬁt added to raw materiéls is
preferably adj’ﬁsted to 1000ppm or leés. The luminesc‘enc‘e efficiency can be
adjusted by adding these elements.

The above-mentioned nitride phosphor can further contain lppm 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 to6 the above-mentioned nitride phosphor

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

A metal, 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. Itis 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 configuration 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"a‘s the mode 1 of operation;

Further, thezsteps of P7 to P9 are abbreviated, and the nitride of Ca,

the nitride of Si, the Eu compound EugOs and the B compound.HgBos can be

also mixed in.a dxy process.

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

‘phosphors of at least one or more of a phosphor emifting blue light, a

phosphor emitting green light an‘d a phosphor emitting red lightl 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 phosphor emitting blue light, a
phosphor emitting greeﬁ light and a phosphor emitting red light, but in
particular, there are preferably used at Ieaét one or ﬁore of the
yttrium-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 1um'mescenoe color can
be prov:ided thereby. When the phosphor related to the present mode 2 of
operation, the yttrlum alummum oxide phosphor activated by cerium and
the like, there is little self absorptlon in these phosphors therefore
luminescence can be efficiently taken out. Specifically, there can be used -
LnsMsO012R (L is at least one or more selected from Y, Gd and La. M

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

- (Y1xGds(Al1yGay)s012:R (R is at least one or more selected from‘Ce, Th, Pr,

Sm, Eu, Dy and Ho. 0 <R <0.5). Said phosphors are excited by'light at a
short wave length side of a near ultrawolet to visible hght 270 to 500nm
and has a peak wave length at 500 to 600nm. However the phosphor

having the third lumlnescence spectrum’ such as a blue color is not limited

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

As the excitation. hght 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’.civecohlmn of glow discharge, and the like. However,
as the excitation light source, it is pvrefereble to use a semiconductor light
eroitting element and a laser-voliode dischargiﬁg 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 laser diode
emitting 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 '

The light emitting'device 'of th'e mode 3 of operation related to the
present mventlon is the type I (bullet type) hght emitting device, and is
constituted in sunllar manner as the mode-1 of operation.

The phosphor of the hght emitting device related to the present
mventmn is specifically illustrated.

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

consisting of IV valency of C, Si, Ge, Sn, Ty, 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 3

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

- Ca-Si-N:Eu, WR-base, or.Sr-Si*NiEu, WR-base, or Sr-Ca*Si*NIEu, WR‘-base,

or Ca-Si-O-N:Eu, WR-base, or Sr-Si-O- NEu, WR base, orSr Ca Si-O-N:Eu,
WR-base silicon nitride, but itis not limited to this.

For example, as the modes, there are contained variouvs
combinations of the phosphors such as Ca-Ge*NiEu,WR-bese,
S’r-Ge‘N’IEu,WR-base, Sr-Ca-Ge-N:Eu,WR-base, Ca-Ge-O-N:Eu,WR-base,
Sr-Ge-O-N:Eu,WR-base, Sr-Ca-Ge-O-N:Eu,WR-base, Ba-Si-N:Eu,WR-base,
Sr*Ba-Si-N'Eu WR-base Ba-Si-O-N:Eu,WR-base, Sr-Ba-Si-O-N:Eu, WR-base,
Ca- Sl C-NEu,WR- base, Sr-Si- C N:Eu,WR-base, Sr-Ca-Si-C-N:Eu,WR-base,
Ca-5i-C-O-N:Eu,WR-base, Sr-Si-C-O- NEuWR base,
Sr-Ca-Si-C-O-N:Eu,WR-base, Mg-Si-NiEu,WR-base,
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‘Mg-Ca-Sr-8i-N‘Eu, WR-base, Sr-Mg-Si-N:Eu, WR-base,

Meg-Si-0-N:Eu, WR-base, Mg-Ca-Sz-Si-0-N:Ex, WR-base,
Sr-Mg-Si-O-N:Eu,WR-base, Ca-Zn-Si-C-N:Eu,WR-base,
Sr-Zn-S_i~C'-NZEu,WR-base, Sr'Ca-Zn~Si-‘CjNAIEu,WR-base,
Ca-Zn-S5i-C-O-NEu,WR-base, Sr-Zn*Si*Q-O-NiEu,WR-base, '
Sr-Ca-Zn-Si-C'O-NiEu,WR-b‘ase, Mg-Zn-Si-N:Eu,WR-base,
Mg-Ca-Zn*SAr'SrN.iEu,WR-base, Sr-Zn-Mg-Si-N:Eu,WR-base,
Mg-Zn-Si-0-N:Eu, WR-base, Mg-Ca-Zn-Sr-Si-O-N:Eu, WR-base,
Sr-Mg-Zn-Si-O-N:Eu,WR-base, Ca~Zn-Si~Sn~C4N3Eﬁ,WR-base,_
SrZn-Si-Sn-C-N:Eu,WR-base, Sr-Ca-Zn-Si-Sn-C-N:Eu,WR-base,
CéjZn-Si-Sn~C-O-N1Eu,WR'bas.e, Sr-Zn-Si'Sn“Q'O'NiEli,WR-basé,
Sr-Ca-Zn-Si-Sn-C-O-N:Eu,WR-base, Mg-Zn-Si'Sn'NiEu,WR-base, ,
Mg-Ca-Zn-Sr-Si-Sn-N:Eu,WR-base, Sr-Zn‘Mg-Si-Sn'NIEu;WR-base,
Mg-7n-Si-Sn-0-NEu,WR-base, Mg-Ca-Zn-St-Si-Sn-0-N'Eu, WR-base,
St-Mg-Zn-Sr-Si-Sn-0-N:Eu, WR-base, and the like.

As the WR being the rare earth element, it is prefelfaﬁle 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 con;cainéd. These rare earth‘,
elements are mixed in raw materials in a condition of a single 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;’ Tb and the like héve a 4-v-a1en_cy electron
disposition. When thé'rare earth element of an oxide is used, the
participation of oxygen inﬂueﬁces the luminescence pioperties of the

phosphor. Namely, there is a case of enhanced 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:Ev, WR-base, Ca-Si-N:Eu,

"WR-base, Sr-Si-NEu, WR-base, S_r-Cé'Si-O-NIEu WR-base, Ca-Si-O-N:Eu,

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

formula LxSiyN@mx+wav Eu, WR or LxSivOzN@ax+@wev@onEu, WR (L is

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

or X=1and Y = 7in the general formula, but an arbitrary»one can be also
used. Specifically, it is preferable to use the phosphor-in which the base
nitride phosphor are represented by (erCal-)OzSistiEu;WR,
Sr28isNs T, WR, CasSisNsEu, WR, SrxCas xsirN1oEu, WR, SrSisNioFu, WR
and CaSisN1oEu,WR to Which Mn was added, But at least one or more
selected fiom a group consistinlg of MAg, Sr, Ca, Ba, Zn, B, Al, Cu, Cr and Ni
may be contained in the composition of the phosphor. However, the presenf
invezition_ is not. limited to thve_mode of operatioﬁ and E};amples. |
. Lis either of St, Ca, Sr and Ca. The compounding ratio of.Si and

Ca can be changed according to requirement.

An economic phosphor ha{’in,g good crystallinity can be provided by
using Si in the composition of the phosphor. |

Europium beihg the rare‘earth‘ element is used as a luminesceﬁt
center. Europium has mainly 2'valent and 3-valent energy vlevels. In the
phosphor of the present invenﬁbn, Eus+ is used for the alkali earth metal

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

Eus0s. However, since O participates greatly in case of the commefciaﬂy
available Eu20s, a good phosphor is hardly obtained. Accordmgly, it is
preferable to use those in Wthh Ois ehmmated from EuzOs to the out of
system. For example, it 1s.p‘referab1e to use europium alone or europium
nitride. Héwevef, when Mn is added, then it is not liniited to this.

~ SrzSisNg'Eu,Pr, BazSis;NgiEﬁ,Pr, Mg2SisNs'Eu,Pr, ZnsSisNg:Eu,Pr,
SrSisN1oFu,Pr, BaSirN1oEu, Ce, MeSirN1o:Eu,Ce, ZnSizNioEu,Ce,
SraGesNs:Eu, Ce, BasGesNg:Eu,Pr, MgsGesNs'Eu,Pr, Zn2GesNg:Eu,Pr,
SrGersNio'Eu,Ce, BaGelevoiEu,Pr, M§G37N101Eu,Pr, ZnGerNio:Eu,Ce,
Sr16Ca0.2SisNs'Bu,Pr, BaysCao 2SisNe:Eu, Ce, Mg1.6Ca0.28isNsBu, Pr,
711.8C2028isNs B, Ce, St0.5Ca02SirN1Eu,La, BaosCassSirNioEu,La,
Meo.sCao2Si7N10Bu,Nd, Zno.sCao2SirN 1o Bu,Nd, Sro.sCaosGerNio Eu, Th,
BaosCao2GerNioEu, Th, Meo.sCaozGerNioEu,Pr, ZnosCaosGerNioEu,Pr,
Sro.sCao.zSisGeNm?Eu,Pr, BaosCao.sSisGeNio'Eu,Pr, MgosCao2SisGeNnEu,Y,
Zmo.sCao.2SisGeN1oEu,Y, SrsSisNs:Pr, BasSisNs:Pr, SrszNz; Th, BaGe7N10 Ce

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

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

- the luminescence properties such as luminescence brightness, energy

efficiency ahd quantum efficiency. 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 ié
not contained in the base nitride phosphor after firing, and only a small
amount of Mn remains in comp.arison with the initial cbntent 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 6r moxre _seleéted- from a group
cénsiéting of Mg, Sr, Ca, ‘Ba, .Zn, Ca, Ga, In, B, Al, Cu, Li, Na, K, Re, Ni, Cr,
Mo; 0 aﬁd Fe in the base nitfi_de phosphor or together with the base nitride
phosphor. | These elemenfs have actions of enlarging the particle diameter
and enhancing the luminescence brightness, eté. Furt.her, B, Al, Mg, Cr
and Ni have an action cépable of suppressing afterglow. The phosphor to
which additives such as B, Mg and Cr are not added can usually shorten the
time r‘équired for reducing afterglo-w to 1710, to from about 1/2 to about 1/4
than a phosphor to which the additive is added. | |

~ The phosphor 11 related to the present mode 3 of operation absorbé
thee portion of blﬂe light which was emitted from ‘the light emitting element
10 and emits light at a yellow to red reg‘ion'.' The phosphor li ié used to the
light emi’cﬁi’ng device having thelabovémentioned constitution,i and t_here 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
emitting 'elerr.levn.t 10, with the red light of the phosphor. |

In particular, it'is preferable to cp: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 cérium. 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 phdsphor.

Accordingly, there can be provided the light emitting device which emits

lightlof a warm color-base white color by combining the yttrium-aluminum
oxide phosp.hor and the above-mentioned phosphor, with the phosphor 11
which was mixed Wiﬁh a 'coatihg member having transparency and blue light
which is emitted from a blue light emittiﬁg ‘eleme:qt 10. The light emitting
device which emits light of a warm color-base white color is the avefage
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 -
which the average colér r_endering index Ra and color tempera.t-ure, are

situated at the locus of black body radiation in a chromaticity chart.

 However, the compounding amount of the yttrium-aluminum oxide

phosphor and the phosphor is appropriately changed in order to provide a -
light emitting device having a desire(i color temperature and the a§eragé |
color rendering index. The warm color-base white color Iight emitting
device improves further the specific color réndering_ indéx R9. With reﬂspec’c |
to a white color light emitting device which is the combination of a |
conventional blue hghf emittiﬁg element and the yttrium-aluminum oxide
phosphor activated by ceﬁum, the specific-color rendering index R9 1s 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 c-olér 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 8 of operation related to the present invention is illustrated using

Fig. 13, but is not limited to the present production process. Mn'is

contained in the above-mentioned phosphor.

Sr and Ca of a raw material are pulverizéd (P1). Srand Ca of é:‘iaw
mat_er'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,
fh‘e Sr and Ca of é raw material may be those containiﬁg B, Al, Cu, Mg,
MnO, MnsOs, Al,Os and the like. It is preferable that the mean particle.
diameter of Sr and Ca obtained by pulverization is ébout 0.1 pm to 15 pm,
but is not limited to this,range. The purity of_Sr and Ca is breferably 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,aé an alloy céndition, it is
nitrided and pulverized, and then can be used as a raw material.

The Si of a raw material is pulverized (PZ).F - Siof a raw material is
preferably used as a single body, but a nitride compound, an imide -
compound, an amide compound and the like can be used. For example,
they are SisNy, SiNHy)z, Mg2Si and the like. The purity of the Siof araw
material is preferably 3N or more, but compounds such as Aleg, Mlg, a
metal boride (CosB, NisB, CrB), manganese oxide, HzBOs, BzOs, CuzO 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.
[Formﬁla 4] |
3S5r + Nz — SraNz
3Ca + Nz — CasNa |

. Sr and Ca are nitrided at a temperature of 600 to 900°C for about 5
hours in nitrogen atfnosph,eré. Sr and Ca may be nitrided by mixing, and
the_rés.pecti\»fe one may be éeparately 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] |
3Si+ 2Nz — SisNy ‘

‘ lSi]icone Siis also nitrided at a temperature of 800 to. 1200°C for
about 5 hdurs in nitrogeﬁ atniosphe‘re to obtain silicon nitride. The silicon
nitride is preferably these h'aving high purity, but those Wv'hich' are
commercially available can be also used.

‘The nitrides of Sr, Ca, or Sr-Ca are pulverized P5).

Similarly, the nitride of Si is pulverized (P6).

Further, a Eu compouhd Eus03 1s pulverized.(P’/).‘ Europium oxide
is used as the Eu compound, but metal europium, eﬁropium nitride and the
like can be also used. Euiopium oxide is preferably those having high
purity, but those co.rrim‘e}rcia]ly available can be also used. |

At least one or more selected from a group consisting of Mg, S, Ca,

Ba,' Zn, B, Al, Cu, Mn, Cr, O and Ni may be contained in the
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above'mentio:ied raw materials. Further, the compounding émqunﬁ- of the
abo§e~nientioned elements can be adjusted and mixed in the mixing process
(P8) below. These compounds can be édded alone in raw materials, but
added in the form of compounds. The compoﬁnds_are'HsBOg, Cuz03s, MgCly,
MgOoQaO, Al203, a metal boride (CI.'B, MegsBa, Ale, MnB),__Ban, Cuz0, CuO
and the like. | | :

Alanthanum lcompound Las0s is pulverized (P8).

S‘inbe the lanthanum oxide is immediately converted to a carbonate
when it isleft alone in aix, the pulverization is carried out in nitrogen
atmosphere. The lanthanum oxide is preferably those having high purity,
but those ’commer»cially available can be also used. It is preferable that the

mean particle diameter of the nitride of alkali earth metals, silicon bn'itride,

europium oxide and lanthanum oxide after the pulverization is preferably

about 0.1 pm to 15 pm.

After the above-mentioned puh'ferization, thé nitride.s of Sr, Ca, or
Sr-Ca, silicone nitride, a Eu compound Euz03 and a lanthanum .compound
Laz03 are mixed and Mn;Os is added fhereto (PQ). _

Finally, the mixture of the nitrides of Sr, Ca, or Sr-Ca, silicone
nitride ,and a Eu compound Euz0s, and a lahthanum compound LasOs are
baked in ammonia atmosphere (P10). The phosphor represented by the |
Sr-Ca-Si-O-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)S1sN3 + (0.9775/3)CasNa + (5/3)SiaNs + (0.015/2)Eus0 +

126




10

15

20

25

(0.03/2)La2O3 - Sro.9'775Ca0.9775Euo..oA15Lao.osoSi'5N7.97oQo.oe75

Hewever ‘the composition of the objectiv.e phosphors can be changed
by changing the compounding ratio of the respectlve raw materlals

The firing can be carrled out at a ﬁrmg temperature of 1200 to
1700°C but a ﬁrmg temperature of 1400 to 1700°C is preferable. Itis
preferable that a temperature is gradua]ly 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
flrmg at the first step is carried out at 800 to 1000°C is carrled out and the
firing at the second step is carried out at 1200 to 1500°C is carried out. It
is preferable to earry out the firing of the raw material of the phosphor 11
using a crucible made of boron nitiide (BN) material and a boat. A crucible
made of alumina (Al;03) material can be also used in additiou to the
crucible made of boron'nitride materi_al.‘ The objective phosphor can.be
obtained by using the above-mentioned ‘production process.
Mode 4 of Opetation | . .

The light emitting device of the mode 4 of operation related to the
present ihvention is the type I light emitting device, and-contains the
phosphor described later.

The con‘stitution member of he light emitting device related to the
preseht invention is specifically illustrated.
(Phosphor of Mode 4 of Operation) |
The phosphor related to the mode 4 of the present invention is the
Sr-Ca-Si-NR, Ca-Si'N'R, Sr-Si-N'R, Sr-Ca-Si-O-N:R, Ca-Si-O-NR,

Sr'Si-O-N ‘R-base silicon nitrides. The base nitride phosphor of the
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phosphor is répfes‘énted by the general formula LxSiiN((z/g)x+(4/3)Y):R or
LxSiyOzN@ex+@av-@an R (L is either of St, Ca, Sr and Ca. 0.5 _§ X = 3, |
15 =Y s 8). It is preferable that X and Yis X=2,Y=50r X=1,Y =7
in the general formula; but arbitrary one can be also used. Specifically, it
is preferéble to use the phoépho’r in which the base nitride phosphor are
represented by (SriCal.x)zSistiR, SrsSisNs'R, CasSisNs'R, S¥xCa1-xbs_;i7NloiR,
SrSi7N103R, and CaSisN1oR, 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, Mn,
Cr and Ni may 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 having good crystaﬂini'ty can be provided by
using Si in the composition of the phosphor. | - |

Europium being the rare earth element is used as a luminescent
center. Europium has mainly 2 valent and 3 valent energy levels. The

phosphor of the present invention uses Eus* for the alkali earth metal

silicdn nitride phosphor of mother-body és 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 or europium nitride. However, when Mn is added,
then it is not limited to this.

Mn being an additive accelerates the diffusion of Eu3* and improves
thé Tuminescence pvrdperties 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. waever, 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 becat;se Mn was scattered in the firing
étép. ‘

- The p'hoéphor contains at least one or.moré selected from a group
consisting of Mg, Sr, Ca, Ba, Zn, Ca, Ga, In, B, AL Cu, Li, Na, K, Re, Ni, Cr,
Mo, O and Fe in the base nivtri‘de phosphpr or together with the base nitride |
phosphor. These elements havé aétio_‘ns of enlarging the particle diameter

and enhancing the luminescence brightness, etc. Further, 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 afterglox.:v 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
emits light at a yellovx}_to red region. The phosphof 11 is used to the ]ight.

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
emittiﬁg element 10, with the red light of the phosphor. |

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

'phosphof 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 luminescent éubstaﬁée activated by cerium. The
jfttrium;alumirium oxide fluorescent substance activated by cerium absorbs
the bortion of blue light which was e.mitted fr.om the light emitting element
10 and emi_ts light at a yellow region. Light of a pale white color is emitted
by color inix-ing of blue light which was emitted from the light emitﬁng
element 10, with the yellow light of the yttrium-aluminum oxide
luminescent substancé.’ “Accordingly, there can be provided the light
emitting device which emits light of a warm color-base white coior by
combiniﬁg the yttrium-aluminum oxide fluorescent substance and the-
above-mentioned phosphor, with the phosphor 11 which was mixed with a
coating member having transparency and blue light Wh‘ich is-emitted from a -
blue light emitting element. 10. The hght emitfing device which emits light
of a warm color;base f#hite color is the average coloy rendering indéx Ra of
75 to 95 and écollor‘temperature of 2000K to 8000K. .The preferable device
in particular is a light emitting device in which the average color rendering
index Ra and color témperatubre are situated at the locus 6f black bddy
iadiation in a chromaticity chart. However, the compounding amount of
the yttrium-aluminum oxide fluorescent substance énd ihe phoéphor is
appropriately changed in order to 'provi‘de 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 RY. Wifh 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 solvihg

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

fluorescent substance.
(Production process of phosphor)

Then, the production process of the phosphor ((SrxCa;-x)2SisNs'R)

related to the present invention is illustrated using Fig. 21, 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 maferial are pulverized (P1). Srand Ca of araw:
material are preferably used as _a‘ single body, but c'(')mpoundsv such as an
imide compound, an amide compound and the like can be used. Furth'er, -
the Sr and Ca of a raw material may be those containing B, Al, Cu, Mg,
Al203 and the like. ._ﬁ[t is preferable‘that the mean pérticle diameter of Sr
and Ca obtained by the pulverization is a_bbut 0.1 pm to 15 pm, 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 éne or more among a metal
Ca, a metal Srand a metal Eu are made as an édloy condition, it is nitrided
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 bo&y, but a nitride éompound, an imide
compound, an amide compound"and the like c‘atn' be used. For example,

they are SizNy, 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 Al,Os, Mg, a
motal boride (CosB, NisB, OrB), manganese oxide, HBOs, BoOz, Cuz0 and
CuO may be contairied. 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 araw material is nitrided in nitrogen.
atmosphere (P3). |

The reaction is shown in Formula 7.

[Formula 7]

3Sr + Nz — SraN;
3Ca + N2 — CasNy ,

Sr énd"Ca are nitrided at a temperature of 600 to 900°C for about 5
hours in ni-trogen atmosphere. : Sr and Ca may 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 _Ca are preferably those |
having high purity, Eut those which are commercially available can be also
uséd. |

The Si of a raw material is nitrided in nitrogen atmosphere (P4).

- The reaction formula is shown in Formula 8.

[Formula 8]

8Si + Ny — SisNy
Silicone Siis also nitrided at a temperature of 800 to 1200°C for
about 5 hours in nitrogen atmosphere to obtain silicon nitride. The silicon
nitride uéed in the present invention is preferably those having high ’purity,
but those which are cominercially available can be also used.

The nitrides of Sr, Ca, or Sr-Ca are pulverized (P5).
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Snmlarly, the mtrlde of Siis pulverlzed (P6).

Further a Eu compound Euz0s is pulverized (P’?) ‘Europium oxide
is used as the Eu compound, but metal euxoplum, europium hitride and the
like can be also used. Additipnally, an iﬁlide compound and an amide |
compoun'd' can be uséd- as the Z of a raw material. Europium oxide is

preferably those having high purity, but those commexrcially évailable 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
pm to 15 pm.
At least one or more selected from a group consisting of Mg, Sz, 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- mentloned elements such as Mg, Zn and B can be adjusted and mlxed
in the mixing process (P8) below These compounds can be added alone in
raw mrat‘erial_s,_but‘usually added in the form of compounds. The

compounds are HsBOs, CuzOs, MgCls, MgOsCaO, Al:Os, 4 metal boride (CrB,

' MgsBs, AlBs, MnB), B203, Cuz0, CuO and the like.

After the above-mentioned pulveribzation, th-e nitrides of Sr, Ca, or
Sr-Ca, silicone nitride and a Eu compound Eu20s are mixed and Mn 18
added thereto (P8). A o

‘Finally, the mixture of the nitrides of Sz, Ca, or.Sr-_Ca, silicone
nitride and a Eu compound Euz0s are baked in ammonia atmosphefe (P9) .

Thge; phosphor represented by the (SrxCai-x)2SisNg: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]
'(Xxg)srgNz + ((1.97-X)/8)CasNg + (5/3)SisNy + (0.03/2)Euz03
— SrxCare7-xEu0.03515N7.9800.045

However, the composition of the objective phosphors can be changed

by changing the compounding ratio of the resp ective raw materials.

The firing can be caxrried vOuAt ata ﬁrin»g temperaturé of 1200 to
1700°C, butbaAﬁring temperature of 1400 to 1700°C is prefefable._ Itis
preferableb that a t-émperature is gradually raised in the firing, and one step
firing bva_hiéh 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 stép 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 stepisvcarried 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 uvéing a ciucible made of boron' nitride (BN) material and a

boat. A crucible made of alumina (Al;0s) material can be also used in
addition to the crucible made of boron nitride matexial.

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 phosphbr 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 phésphor represented by

LxMyN@mx+way) R and contains at least one or more selected from a group
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consisting of Mg, Sr, Ba, Zn, B, Al, vCuv, Mn, Cr, O and Fe and the like.
Lincludes at least one or. moré selected from a grbup consisting of IT
valency of Be, Mg, Ca, Sr, Ba, Zn, Cd and Hg. In'i)artiéular, since a nitride
phosphbr Whiqﬁ is hérdly decomposed and hasl high reliability can be
providéd-, Mg, Ca, Sr a.n“d Ba are preferably used. Those in which only one
of the:se base nitride phosphor xx‘ras used can be also used, én-d those in
which fhe portion of said one kind was subStifuted with other base‘nitride’
phoépﬁor may be used. |
 Mincludes at least oné 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 vconsisting of Eu, Cr, Mn, Pb, Ce, Tb, Pr, Sm, Tm, Ho, Ex, Yb and Nd.

- The present invention is illustrated using Eu, Mn Ce and the like among’

these which carries out emission of light at a yellow to red region, but is not

iimitéd to this. Ris used for Eu, and europium Eu is made as a

luminescence center. Europium has mainly 2-valent and 3-valent energy
levels. In the nitride pho'sphor of the presént inv‘ention, Eudtis used fof
the alkali earth metal silicon nitride phosphor of fnother-body as thé
activator. Eud+ 1s easily oxidized and it is commelrci‘ally available in the
compositioh of 3-valent EugOs. However, since O participates greatly in
case of the commercially available EuzOs, a good phésphor is hardly
obtained. Accordingly, it is preferable to use thosé in which O is eliminated
from Euz0sto the out of system. For example, ‘it is preferable to use

europium alone or europium nitride.
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The nitride phosphorj contains at Iéés’p one (in:‘more selected from a
group consisting of Mg, Sr, B'a, Zn, Ca, Ga, In, B, Al, Cu; Mn, Li, Na, K, Re,
Ni, Cr, Mo, O and Fe 1n addition to the base nitride phosphor. These |
elements have actions of enlarging tﬁé partic’:l'ev diameter and enhancing fhe
luminescence brightness, etc. Further, B, Al, Mg, Cr and Ni have an actién
cépable of suppressing afterglow. The phésphbr to Which additives such’as
B, Mg and Cr are not added can usually shorten’ the time required fo.r ;
reducing afterglow to 1/10, bto from about 1/2 to about 1/4 than a phosphor to
which the additives are added. On the other hand, since Fe ahd Mo haive a.
fear of 1éwering luminescence efficiency, it is preferable fo remove fhem out
of the system. i |

The nitride phosphor 11 absorbs the portion of blue light which Wés
emitted from the light émitting element 10 and emits light at a yellow to
red re‘gion.‘ The nitride phosphor 11 is used to thehgﬁt emitting devicé
héving the above-mentioned constitution, and there ié provided the light
emitting devicé which emits light of a warm color-base white color by célbr
mixing of blue light which was emitted from the light emittiﬁg éiem-enf 10,
with the red light of the n_itﬁde phosphor. |

In particular, it is preferable to contain :the Srttrium;aluminum oxide
phosi)hor activated by ceriuni, in the phosphor‘ 11 in addition to thé nitride

phosphor related to the present invention. Because the phosphor can be

‘adjusted to a desired chromaticity by containing the above-mentioned

yttrium-aluminum oxide luminescent substance activated by cerium. The
yttrium-aluminum 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 regj'on.‘ ‘Heréa‘t, Light ofa pale white color is |
emitte_d by color mixing of blue light which was emitted from the light

em’ittiﬁg'elevment 10, with the yélloW light of the yttrium-alummum oxide

fluorescent substance. Accordingly, there éa_n, be provided the light =

emitting _deviée which emits light of a warm color-base white color by
combining the yttrium-aluminum.oxide fluorescent substance and the
above-mentioned nitridevphosphor, with the phosphor 11 which was mixed |
with a coating member ‘haﬁng transmittance and blue light which is v
emitted fr_om'a blue light emitting element 10. The light emitting device
which emits light of ‘a warm coior-base white color is the average color
rende‘riﬁg index Ra of 75 to 95 and a (_:olor temperature of 2000K to SOOOK.
The preferable device in partic;ular is a white light emitting device m Which ,
thé average 'collor rendering index Ra and color temﬁ’eiatﬁre are situated at
the locus of blaék body'radiation na chiomaticity chart. However, the

compounding amount of the ytt'r'ium'aluminum oxide fluorescent substance |

and the nitride phosphor is appropriately changed in order to provide a

light emitting device having a desired colox temperature and the average

color rendering index.

(Production process of nitride phosphor)

T‘hen, the‘pr‘oduction process of the nitride phosphor related to the

present invention is illustrated using Flg 33.

I, and Mg of a raw material are pulverized (P1). L includes at least -
one or more selec‘ted'from a group consisting of IT vale_ncy of Be, Mg, Ca, Si? |
Ba, Zn, Cd and Hg. In particular, the L of a raw material is preferably an ”

alkali earth metal consisting of IT valency of Be, Mg, Ca, Sr and Ba, and tbe
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single body of an aikali earth-metal is preferable. Those containing 2 ér
more may be used. An imide compound, an amide comboundi‘and the like
can be USéd as the L of a raw material. Further, the Lof a raw material
may be those containing B, Al, Cu, Mg, Mn, Al203 and the hke Itis | )
preferable that the mean particle diamete_r of the alkali éarthrmetal
dbtained 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 m-ade 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+wav)'R includes at least .one or more
selected from a group consisting of IV valency of C, Si, Ge and Sn. As M of
a raw materiél, an amide compound, an imide compound and tﬁelike can be
used. Since Siis cheap and easily treated among M, the production
process is illustrated using Si, but not limited to this. Si, S.i3N4, Si'(NHz)é,
Mg2Si and the like can be used. In addition to Aly0s, Mg, a metal boride
(CosB, NisB, MOzB); manganese oxide, HsBOs, B20s, Cu20 and CuO may be
contaiﬁed. It is preferable that the mean particle diameter of the Si |
compound is aboﬁt 0.1 uin to 15 pm. 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+ N2 —» LsNp
| The'L of IT 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 ’I‘he nltrlde of Liis preferably those having high purlty, but those |
which are commermally 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 Si is also nitrided at a temperature of 800 to 1200°C for
about 5 hoursin nitrogen atmosphere to obtain a silicon nitride. The“
silicon nltrlde used in the present invention is preferably those havmg high
purity, but those which are commerma]ly available can be also used.

The nitrides of I, Mg and the like are pulverized (P5).

Similarly, the nitride of Si, Al and the lik_e is pulverized (P6).
Further, a Eu compound Euz0s is pulverized (P7). The R of the base
nitride phospho:c,’LxMyN((2/3)X+(4/3)Y)5R is an activator, and includes at least
one or more selected from a group consisting of Eu, Cr, Mn, Pb, Sh, Ce,:Tb,
Pr, Sm, Tm, Ho and Exr. The production methpd related to the present
invention is illustrated using Eu among R which exhibits a luminésceh,ce
wave length at a red regibn. Europium oxidevis 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 ﬁ.ulverizétioii 1s abéut 0.1 um to 15 Hm.

At leas_toﬁe 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 may 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 édjusted and'mixed in the mixing process (P8) below. These -
compounds can be added alone in raw materials, but usuélly added m the
fofm of compounds. The compounds are HsBOs, Cu203, MgCla, MgO-CaO,.
Al;Os, a metal boride (CxB, MgsBa, AlBs, MnB), B2Os, Cuz0, CuO and the

| like. Further, Mn, Al and the like are contained in raw materials before

firing, and there are also compounds in which the portion of the raw
material was substituted.

After the v‘above-mentioned pulverizatioﬁ, the nitrides of Si, Al and
the like, a Eu compound Euz0s 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 Euz0s and the like is baked in

ammonia atmosphere (P9). The phosphor represented by

LxSiyN(@sx+esy) - Eu which contains Mg, Al and the like 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 M‘g, Al H3BO3s and the like are an order from se&eral
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10ppm to 1000ppm, it doesp't include in reaction formula.
[Formula 12] | | , .
(1.97/3)LsNy + (5/3)SisN4 + (0.08/2)Euz0s — Li.s7 Euo.0sSisN7.9506.045
'HoweQer, the compounding ratio of the respecti\}e mixtures |
cen be' appropriately changed by ‘ch'anging the composition of the objective
phosphor. The base nitride phoephor, LxSin(<z/3)x+<4}3>Y>iR are preferably
L2SisNg:Eu and LsivaiEu, but are not l;imited 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 temp‘erature is gradually raised in the firing, and one step
firing by which the firing is carried out at 1200 te_lSOO"C for several hours
is used, but there can be also used two step firing (multi step firing) by
which the ﬁrmg at the first step 1s carried out at 800 to 1000°C is carried

out-and the flrlng at the second step is carried out at 1200 to 1500°C is

carried out. Itis 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 (Al;03) 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 pulvefized in t}ie,process P1.

‘The L of a raw materiél includes at least one or more selected frém a
group consisting of IT valency of Be, Mg, Ca, Sr, Ba, Zn, Cd and Hg. In_
particular the L of a raw material is preferably an alkali earth metal
con51st1ng of II 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 compAound and the like can be used
as the L of a raw material. Itis preferable that the mean particle diameter
of the alkali earfh 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 orvmcre among a
metal L, a metal M and a metal activator are made as an alloy condition in
order to make a better mixing condition, it is nitrided and pulverized, and
then caﬁ be used as a raw material. .

The Si of a raw material is pulverized in the process P2. M in the
base nitride phosphor, LMyN(@mx+@sv 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 product-ion

process is illustrated using Si, but not limited to this. Si, SisNy, SiNH2)s,
and the like can be used. It is preferable that the mean particle dianieter
of the Si compound is about 0.1 pm to 15 pm. The purity of Si is preferably
3N or more.

'I‘hen the L of araw materlal is nitrided in mtrogen atmosphere in

the process of PS
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The reaction formula is shown in Formula 13,

' ‘[Fo'itr'n'u'la 13]

3L+ N2 —» LsNy )

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.tricie of L. is preferably those having high purity, but those
(manﬁfactured by-Highv 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 form'gla is shown in Formula 14.

[Fofrn_ula 14]
851+ 2Nz — SisNg

Silicone, Siis also nitfided_at a température of 800 to 1200°C for
about 5 hours in nitrogen atmospher.e to obtain a silicon nitride. The
silicon nitride used in the present invention is preferably those having high
purity, but those (manufactured by Ube Chem.ic.al Co.) which are
comm-erci-ally available can be also used. |

| In the process P5, the nitride of L, LsN2is pulverized.

In the process P6, the silicone nitiide, SigN2 is also pulverized.

In the process P7, a Eu comp ound, Eus0s is also pulverized.

R of the base nitride phos-phoif, LaMyN@mx+@wsvn:R 1s an activator,
and inciudes at least one or more selected from a group consisting of Eu, Cr,
Mn, Pb,' Sh, Ce, Th, Pr, Sm, T, Ho and Er. The production method related

to the present invention is illustrated lising Eu among R which exhibits a

~ luminescence wave length at a red region, but is not limited to this.-
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Europium 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 oxidé is
preferably those having high purity, but those (manufactured by Shin-etsu
Chemical Co:, Ltd.) commezrcially 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, LsNy, SisN4 and EusOs 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 LisNa, SiéNz and EusOs is baked in ammonia
atmosphere in the process P9. | |

The objective pho‘sphor represe'nfed by LxSiyNzEu can Be’ obtained
By firing (P 10). The reaction formula by the firing is shown in Formula 15.
[Formula 15] | | |

(1.97/3)LsNy + (5/3)SisNy + (0.03/2)Euz203z — Li1.g7 E0.03515N7.9s00.045

However, the compounding ratio of the respective mixtures
can be appropﬁately changed by changing the composition of the objective
phosphor. in the [Formula 15], oxygen is contained in the nitride phosphor
related to the présént invention, but it is adequate that the base nitride
phosphor, LxMyNomx+ws ) 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 frequency
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 preferabletouse a crucible made of boron
nitride (BN) material and a boat. A cruéible ﬁlade of alumina (Al;03)
material can be also used in addition to the crucible made of boron ﬁitride
material. Luminescence is not ob‘s‘tr.ucted in ,amrrionia atmosphere even if
the crucible ma.de_ of alumina material was used. |

The phosphbr of the mode 6 of opéraﬁon can be produced by the
above-mentio-ned production p‘rocess, and the objective phosphor can be .
obtained. |

The nitride of L, the nitride of M and fhe compound of R which are

‘the intermediates 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 hitride of L, sﬂicon nitride as the nitn;ide .of 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 phosphor of the present mode 6 of operatlon
uses europium Eu as a luminescence center. Europium has mamly
2-valent and 3-valeni; energy levels. In the nitride phosphor of the present
invention, Eus* is used for the alkali éarth metal silicon nitride phosphor of
mother-body as the aptiVator. Eud* is easily oxidized and it is commercially
available in the composition of 3-valent Eu20s. -However, since O
participates greatly in case of the commercially available EusOs, a good
phosphor is 'hardly _obtained. Accordingly, it is preferable to use those in
which O is eliminated from EusOs to the out of system. For example, it is
preferable to use europium alone or europlum nitride.

The II valency L of araw materlal is also easily oxidized. For -

145




10

15

example, 0.66% of O and 0.01% of N are contained. A commercially
avajléble Ca Metal, CasN3 (manufactured by High Purity Chemical Co.) was
purchased in Qrder to nitrogenation in the production process of the Ca
meétal, and When O and N were meaéured, it was 1.46% of O and 16.98% of
N, but when it was hermetically 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, CasNag, it was 26.25% on and 6.54% of N.
Sincev' the O becomes an imp'urity and provokes luminesc.ence d‘eterior‘ation,
it is preferable to remove O to the external of a system as much as possible.
Accordingly, the Ca was nitrided 4t a temperature of 800°C for 8 hours in
nitrogen atmosphere. As a result, calcium nitride in which O was reduced
fo 0.67% was obtained. N in the calcium nitride was 15.92 at this time.
[Comparative Example] |

In order to make the chaiacteristic of thé preéent mode 6 of
operation clear, known alkali earth metal-base silicone nitride, Ca2SisNs:Eu

was produced and measured. The test result is shown in Table 31.
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_ [Table 31]

- Raw material Result
. Mixing
Basic ratio of raw| Atmos Visual emission
constituting ial Baking pattern o h ” Form { Body color (365. ) Remarks
lements mate_rla phere nm,
e (Ca/S/EwW
Comparative . ; o . Orange .
Example 5 CasSisNs:Eu 2/5/0.2 | One step 1400°C ><15‘h Hz/N2 | Crucible (partially) Orange (partially)
Comparative | o ccnomy | 1.8/5/0.2 | One step 1400°C x 5h| Ha/Ns | Boat | White | No light emission | nereased amount,
Example 6 : : ) : ‘Ox1dlzed
Comparative | s ‘ , ' o ‘ , Yellow . Only surface emits |
Example 7 Ca2SisNs'Eu | 1.8/5/0.2 | One step 1400°C x 5h Hz/Nz Cru,c1b1-e (partially) Yellow (parmally) light
Comparative - ‘ ot o KR . . Orange — Increased amount,
Example 8 CasSisNsKu 4/5/0.2 | One step 1400°C x 5h| H2/Nz | Crucible (partially) Orange (partially) Oxidized
Comparative | . ci NeFu | 1.8/5/0.2 |One step 1400°C x 5h|  Hy " White | No light emission |

Example 9

Crucible
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by visual observation. Even though these tests were repeatedly carried out

Comparative Example 5 is a known phosphor, CaQSisNgiEu.

The compoundingr ratio (molar ratio) of calcium nitride, CasNy, |
silicone nitride, SisN2, and euro‘piuni oxide, EuzOs, is adjusted to be Ca : Si:
Eu= 2.: 5:0.2. The three compounds as raw materials were ch.arged-in a

crucible, and firing was carried out in a small size furnace at 1400°C for 5

hours under hydrogen/nitrogen atmosphere The temperature was

gradually rarsed by heatmg from room temperature to 1400 C, and after

carrying out f1r1ng for 5 hours, cooling was further gradually carried out

- until room temperature for 5 hours. As aresult, a phosphor powder having

a orang.e body color and orange luminescence was obtained, and -When:vis'ual
observation was carried out, luminescence brightness was extr.emely low. .

| With respect to Comparative EXamples 6. to 9, ﬁring was carried out
changing the firing conditions of a furnace firing‘temp erature, atmosphere
and form The firing is carried out under hydrogen/mtrogen atmosphere
The nltrlde phosphors which were obtained in the conditions of
Comparative Examples 6 to 8 had extremely low luminescence brightn'ess
by visual observation. In case of Comp arative Example 9, firing was
carried out in hydrogen atmosphere but luminescence was not carried out
similar test results were obtained. |

The phosphor represented by MxSinziEu (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 Wave length o:t' 250nm 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, hlue color to blue green color of visible light, it strongly reflects
at wave length sidés such as a green color, a yellow color, a red color end the
like. For example, it has property of obtaunmg a sllghtly reddlsh Whlte |
color by combmatmn with a blue llght em1tt1ng diode, ut:hzmg the L
characterls’mc

However, although the above-mentioned phosphor has a useful
luminescence 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 op eration of the present invention is 'ﬂlustreted as
follows referﬁng' to drawings. However, the mode 7 of operation shown below
exemplifies the light emitting device for embodying the technioal phjlosophy 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 drawiugs are occasionally exaggerated for |
clarifying the illustration. | | |

The phosphors used in the present mventlon are. phosphors con‘camnlg
the first phosphor and the second phosphor. The Change of luminescence
intensity of the seclond phosphor in accordance with the change of ambient.
‘eemperature is 'nearly equal to that of l,he first phosphor. Further, the
phosphors are phosphors containirig the second phosphor which has a neally '
equal change of luminescenoe intensity as the first phosphor under a condition
in which the ambient temperatures of the phosphors are changed in
accordance with the change of the charged electric current to the light em:\ttmg

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 having the beak wave length of luminescence

spectrum in a red region. The first phosiaho_r isa YAG-E ase phoéphor which .. |

- contains Y and Al, and contains at least one of elements selected from Lu, Sc,

La, Ga, Tbv, Eu and Sm and at least.one of elements seiec‘ced from Ga and Iri

and is activated by cerium. The second phosphor is a hitride-b ase phosphor

which contains N, and contains at least one of elements selected from Be, Mg,
Ca; Sr, bBa and Zn and at least one elements selected from C, Si, Ge, Sn, T4, Zr .
and Hf, and is-activated b»nyu and/or the rare earth element.

The light emitting diode 200 of Fig.55 is a lead type light emitting |
diode equipped with the mount lead 205 and the inner lead 206. The LED
chip 202 isvproviaed on the cﬁp portion of the mount lead 20‘5,.’che cdating ‘
portion 2:01'contajning the above-mentioned phosphors Wéis filled up in the cup
portion so as to éover 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 chipb 202 are reép_ectively-connécted with the Amountu
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 (hereinafter, called as the “LED light”) which was emitted by the light

emitting element (LED chip) 202 excites the phosphor contained in the coating

portion 201 to generate fluorescence having a different wave length from the

~ LED light, and the ﬂudresee’nce which th‘e phosphor generates and the LED

light which does hot contribute the excitation of the phosphor are color-mixed

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

eﬁlitted‘from the phosphor is also lowered. In the present mode 7 of ope.ration,'

the lowering proporti'on of the relative luminescence output when the ambient

temperature was changed by 1°C is defined as the ‘decreasing rate of the
luminescence outpﬁt. The decreasing rates of the luminescence output of the |
first phosphor and the second phosphor are 4.0 x 108 [a. u. /°C] or less' |
together, preferably 3.0 x 10 [a. u. /°C] or less, and more preferably 2'.O'x 108

[a. u./°C] or less, and it is constituted that the lvowering of beam [1m] of the

whole light emitting device accompanying heat emission can be further

suppressed. - Further, it is constituted that the decreasing rates of the
luminescence output of the first 'phdsphor and the second phosphor against the |

raise of temperature are nearly equal. Namely, the diﬁ?erence of the

_decréasing rates of the luminescence output of the first phosphor and the

second phosphor is set at 2.0 x 108 [a. u./°C] or less and more preferably 2.0
104 .{a.. u. /°C] or less, therefore the decreasing rates of the ,luminescehce
output are nearly équal.( The tempeiature characteriétics of the phosphoré in
which the eicgitation efficiency is lowered by heat emission become nearly
equal, therefore a light emitting device which can suppress the colér aeviation
e{fen if the ambient temperature is changed can be formed. | ,

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 ytfcrium-alummum-garnet-base phosphor with a-
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phosphor cép able of emitting red light, in pafticular a nitride-base phosphor'. |
These YAG-base phosphor and nitride-base phosphor may be mixed fo be .
contained in ’che coating portion 201 or separafely contained in the c;)'ating
portion 201 Wh1ch is const1tuted by a plural number of layers. The resp éctilvléu |
phosphors are sp ec1ﬁca11y illustrated below. |
(Yttrium-aluminum-garnet-base phosph—or)

The yttriumfaluminumrgaxjnet-b ase phosphor (YAG-b ase phosphor)
used in the present mode‘ 7 of opera’pion is a phosphor which contains Y and Al,
and Contam$.at ieaét-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 ulfraviolet rays which
were emitted from the LED chip 202. In ﬁarticular, in the presenf mode 7 of
operation, two br more of yttrium-aluminum Oﬁde-Base phosphors which afe
aétivétéd by Ce or Pr and have different compositions can be also applied.

For exémplé, there are mentioned YAIOgiCe, Y5Als01; Y:Ce (YAG : Ce),
Y4Al09:Ce, further a mi?cture thereof ana the like. Further, at least one
selecfed 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 i
particles of the phosphor can be also uniformed. Hereat, the YAG-base
phosphor activated by Ce shall be widely con51dered and it is used for a wide
meamng including a phosphor havmg fluorescence action in which a portion or
all of yttrlum is substituted with at 1east one of elements selected from a group
consisting of Lu, Se, La, Gd and Sm, or a portlon or all of aluminum is

substituted with any or both of Ba, Tl, Ga and In. More specifically, 1t isa
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photoluminescence phosphor indicated by the general formula
(Y,Gd1-n)2Als012:Ce (provided that 0 <z < 1), and a'photoluminescence

phosphor .indicated by the general formula (Rei-.Sma)sRe’s012:Ce (provided

| that0<a<1,0< b <1, Reis at least one selected from Y, Gd, La and Sc, and

Re is at least one selected from Al, Ga and In).

A desired white luminescence 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 phosphor whose body color is yellow for absorbing blue light, or

‘yellow light being more greenish light and more reddish light. It is preferable

that the light emitting device contains the powder_ and bulk of the phosphor in
various resins such as an epoxy resin, an acrylic resin ora sﬂicone resin and
inorganic substances such as silicon omde and alummum oxide in order to
provoke the color mixing. The product contammg the phosphor can be
variously used for a dot shape product and a laminar shape product which
were thinly formed so that light from the LED ehip passes through the pro.duct,v
and the like in accordance with uses. Arbitrary color tones such as a light
bulb color including a white color-can be provided by variously adjustiﬁg the
ratio of the phosphor and resins, coating and the filling amount, aild 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 inore of phosphors against the incident
light from the light emitting element in order. Nazﬁely,. the reﬂec’cien light

can be effectively utilized by laminating a color converting member in which

the phosphor having an absorbing wave length at along wavelength side and
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capable of emittin‘g light at a long‘wayelength 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 (Be) =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 ]ight 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 1s 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 strohgvfor heat, light and moisture, and the peak wave length of the
excitation absorption Spectrum can be set frbm 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 around 750 nm.

Among the compositions of the YAG-base phosphors having the garnet
configuration, the luminesceﬁée spectrum sﬁifts toward shorter wavelength by
substituting the portion of Al with Ga, and the luminescehce Sp 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 f80%, the red‘ -
component is increased but the' brightness is rigofously lowered. Further,
with respect to the excitation absor,ption spectrum similarly, among the
composition of the YAG-base phosphor having the garnet gonﬁguratioﬁ, the
excitation absorption spectrum v_s-hifts toward shorter wavelength by
substituting the portion of Al with Ga, and 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 excifation |
absorption spectrum of the YAG-base phosphof-is situated at a shorter wave
length side than the p.eak wave length of the luminescence spectrum of the
light emitting element. When such a constitution is made, the peak wave
length of the excitation absorption spectrum céincides nearly with the p'e"al.z
wave ler;g“th of the luminescence spectrum of the light émitting ‘element,
therefore a light emitting device suppressing the generation of the color
deviation can be forrﬁed without lowering the excitation efﬁcienéy 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. Al’éernétively, 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 stéichiometric ratio was co-precipitated with oxalic acid and then the
co-precipitated product was baked to obtain a co-precipitated oxide. Then, the
co-preqipitate-d oxide, aiumixium oxide and gallium oxide are mixed to obtain a
mix raw material." An appropriate amount of a fluoride sﬁch as ammonium
fluoride, or NH4Cl as a flux is mixed With this, and the mixture is packed‘in a .
crucible and baked at a tem»perétﬁre range of 1350 to 1450°C 1n 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 consist of the first baking step of carrying out in air or weak reduced
atmosphere and the second baking step of carrying out in reducéd atmosphere.
Wherein the weak 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
Convers-ion of the phosphor can be prévented 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 step means stronger reduced atmosphere than the weak

reduced atmosphere. Thus, when the phosphor is baked at 2 s‘tep s, 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

156




10

15

20

25

obtaining a desired color‘ tone can be reduced, a light erﬁit'ting device having a
high light-take out efficiency can be formed.

" The yitrivm-aluminum oxi_de-base' phosphors which were activated by
2 or more cerium having diﬁ:"‘ereri't'comp ositions may be uéed in mixture, or
iriay be respectively arranged independently. When the phosphors ar»eI
reép ectively arranged independently, it is preferable to arrange a phosphor
easily absorbing and emitting light from the light emitting element at a
shorter Waive‘length side and a pho-sphér 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 example, the-phosphor having the compqsitidns

below lcan»be used.

"The phoéphor 7-1 : (Yo.80Gdo.10)2.85Ce0.15A15012

The phosphor 7-2 : (Yo.295Gdo.s05)2.85Ce0.15Al5012
The phosphor 7-3 : Ya.g65Ce0.035(Alo.sGao2)sO1e
The phosphor 7-4 : (Yo.soGdo.20)2‘965660.0351415012V
The phosphor 7-5 : Y2.965Ce0.035(Alo5sGa0s)s012
The phosphor 7-6 * Ya.85Ce0.15A15012 |

Further, the YAG-base phosphor in the present invention is not
limited to these. The phosphors 7-1 to 7-6 are more speciﬁcélly illustrated
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 phosphors 7-5 and 7-6 were excited at EX =

460nm. F1g 95 1s.a chart showing the excitation spectrum of the YAG-base

phosphor of the phosphor 75 Fig. 96 is a chart showing the excitation
spectrum of the YAG-base bhoéphor of the phos;i)ho'r 7-6. |
Since.the YAG-base phosphors of the phoéphors 7-1 to 7-6 have
different peé'k wave lengths, the YAG-base phosphor having a desired color -
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 phosphor.

On the other hand, when the YAG-base phosphor is selected as the |
second phosphor after seleéting a phosphor which emits light at a certain wave
length, the points below must be 'considered. 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, Wﬁén the charged electljic current is comparatively low to the light
emitting element, the YAG-base phosphor of thé phosphor 7-6 emits light moét
efﬁciently. Héwever, the peak wave length of the excitation spectrum of the
light émitting element ié shifted tbward shorter wavelength by about 10 nm in
accordance with the increase of the charged electric current to the light
emitting elément. When the luminescence peakvwave length is 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 phosbhor 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 eleptric- current to the light
emitting element. On the other hand, the luminescence output of the
YAG-base phosphor is lowered in accordance with the emis'sioﬁ of heét.
Accordinglj,_ the light emitting device using the YAG-base phosphér 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
héat is compensated with the color tone deviation céuéed by spectrurﬁ shift in
accordance with thé increase of the charged electric cﬁrrent 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-base 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

| Wavele.ﬁgth 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 phosphor)

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 isused together

with the YAG-base phosph'or 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 lighf
Whi‘éh was emitted from the LED chip 202, with the yellow 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 Which is
added in addition to the nitrivde-b‘ase phosphor . Because the f)hosphor can bé,
adjusted to a desired chromaticity by containing the yttrium-aluminum oxide
luminescent substance. The yttrium-aluminum oxid.e. 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, with 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. Ih par’picular, the light erﬁitting
dévice emitting Whifce light which is situated on the locus of black body |
radiation in a chromaticity chart. Howe\}er,‘in' order to provide a light
emitting devic,e'having a desired color femperature, the phosphor amount of

the yttﬁum-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 design‘ed to improve the
specific rendering index RQ.

' ' Conventionally, a light emitting device emitting white light which used
a éemiconductor element adjusts the balance of blue light frofn a ]ighf emitting
element and green fo red light from a phosphor matching with the visual
sensitivity 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 usﬁa]ly obtained by adjusting the
balance of luminescence ét the réting drive region in which the output |
property.of the light emitting device is stable. HoWever, in case of a liquid

crystal back light and a light-adjustable illumination lighf 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 device in a conventional technology, the balance
of luminescence haé been broken and the color tone deviation 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 .is referred.

Thé pe.ak wave length of the luminescence spectrum Which‘therh'ght
emitting element has is shifted toward shorter Wavel_ength by increasing the
app‘]ie‘d electric current to the light emitting element'. When the abp]ied,
electric currentis increased,.the electric current density 1s enlarged and
energy 1evei is raised. There ave 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 electric current density to the light
emitting element is small and the peak wave length of the luminescence
spectrum when the applied electric cqrrent is increased is about 10 nm when
the applied electric current is increased by 20 mA to 100 mA in the present
mode of operation‘. ” |

Tlustration is cé.rried»dut using Fig. 56 and Fig. 57.

* For example, the YAG*base‘phosp‘hor 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 exéitation spectrum is set as 100, the
luminescence interisity at 460 nm is 95. Accordingly, the excitation of theA
YAG-base phosphor at 448 nm has higher luminescence intensity than the
excitation of the YAG-base phosphor at 460 nm. The relation of the h'ghtl A-
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

light. The YAG-base phosphor which was excited by the blue light of the light
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- emitting 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. The 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 iength 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 1uminescenc‘e intensity at 450 nm than 460 nm of the
peak wave length of the excitation spéctrum. Accordingly, the excitation of
the YAG-base phosphor 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 ]iﬁe-]inking the blue light with the green light. On the other hand,
since the brightness of the phosphor is lowéred by the increase of the ambient
temperature, the relative intensity of the green light to the blue light is
weakened. Ac'cordingly, 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.

Illustration‘ is carried out using Fig. 58 and Fig. 59.

For example, the nitride-base phosphor is used as the second

phosphor. The peak wave length of the excitation spectrum with respect to
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the hitride~bése phosphor .of the vphds‘phor 5 is about 450 nm between 350 nm
and 500 nm. When the lumineéscence intensity of the peak ,Wéve length of 450 -
nm of the ‘excitation Sp ectrum 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 lumin'eséence intensity than the excﬁ;ation of the nitride-b ase phosphor
at 460>1‘1m‘. The relation of the light emitting element with the second. o
phosphor is outlined because of this reason. When the applied electric

current density to the‘ light emitting element is low, a light emitting element in
which the luminescence pe'al«l: wave length of the light emitting element is 460
nm is selected. The same light e’mitting' element as the one which was used
for exciting the first phosphor is used. The light emitting element emits '
blue Light. The nitride-base phosphox which was excited by the blue tht of |
the light emitting element emits red light of ‘abou_t 637 nm.  Then, -the applied
electric current Qf the light 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 luxﬁinescence 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 lighﬁt :
has a lower visual feeling efficiency at 450 nm than at 460 nm.‘ Accordingly, |

since the brighthess of the blue' light of the light emitting element and the red
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light of the _n'itride;b ase phosphor becémes higher, the“vrelative Intensity of
the red light to the blué ]ight is strengthened. Ac.cordingly,. the color tone of
the light emitting device is slightly shifted toward the red light side on a |
stiaight 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 slightly
shifted toward the blue light side on a stréight line linking the blue light Wif;h
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 element with the
first phosphor and fhe second phosphor is specifically llustrated. Heat
emis.sio.n 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 vg"reater 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 lowering of the luminescence output of the phosphor itself is 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 first 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 luniinescenée output by these interactions without .-
most changing. -

The color tone of the ]ighf eniitting device is determi_ned by the
respective interactions of the iight emitting. element with the first phosphor
and the second phosphor. Namely, the peak wave length of the luminescenc_e
spectrum of the ]ighf emitting element is shifted thard shorter wavelength in.
accordance 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 incifea’s‘éd‘i‘n 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 coéting
member énd the like by the heat emission. The luminescencé output of these
phosphoré is lowered by the accumulation of heat. | Accordingiy, the color tone
deviation of the light emitting device can be suppressed even if the applied
electric current to the-light 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 comparison Wlth the color deviation to a direction

- perpendicular to the 1ocus of black radlatlon Further the swing Wldth of the

color dev1at10n is narrow by the interaction (self absorptlon and the like) of the
first phosphor and the second phosphor. Accordmgly, the present invention
can provide a }ighﬁ emitting device preventing the color tone deviation. The
present invention has a great effect in particular for a light 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-bas,e phosphoi of the
phosphor 5 of Exampie 1s used, the excitation specfrum is hardly changed
between 420 nm to 450 nm, but the effect is exhibited by using YAG having thev“
characteristic 6f the preseﬁt invention in combination. Further, the light
emitting device of the present invention can be piovided evenif a phosi)hor ‘
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 phosphor.

Further, the positions of the exci_tation 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

‘junction temperature of the light emitting element and the like.

Mode 8 of operation

The mode 8 of operation of the present 1nvent10n is ﬂlustrated referrmg :
to the drawing below. However 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 doss
not limit the light emitting device to below. Further, the size of the members
and the positional relation shownin 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 ﬁrst phosphor is situated at least
one light enﬁtting elements side than the second phosphors. In partioular,
the phosphor layers used in the present mode 8 of operation are the first
phosphor layer 303 which emlts light 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 luminescen(:e spectrum at a
yellow to greeh region. The first phosphor layer 303 can contain 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, Tj, Zr and Hf, and is activated by at least one
element selected from the rare eartﬁ elements. Further, the second phosphor

layef 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, Eu and Sm

and at least one of elements éelected from Ga and In and is activated by at
least one element selected from the rare earth elements.

The light emittiﬁg aevice related to the preseht invention has the_ﬁrst‘ -
concave 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 Aone of light emitting elements. Fig. 74 is 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 ioérti_bn 301, and the first phqsphor layer 303 is formed so as to
cover fhe 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 mélding 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-éide electrode of the LED.
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chip 302 and the LED chip 304 are respectively connected with the n-side

electrode and p-side electr‘ode of the lead electrode ,3'09' ‘which was integrally

molded in the package 308, using the electroconductive wire 310.

In the light emitting dibdes which were constituted as above, fhe
portion of LED light excites the phosphor contained in the first phosphor layer
303, and generates light at a red régibn 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 g’réen region h-éwing 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 ‘and LED light which is output without contributing the excitation of th‘e'

phosphors are color-mixed to be output from the direction 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 at once. - |

When the first phosphor layer and the second phosphor layer, or the
thiid phosphor layer are separately lami_nated in order, the phosphors emittirig
light having different wave length‘s are respectively cqntained in the respective
phosphor layers, thérefore the light emittihg 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 phospﬁor contained in tﬁe first phdsphor layef exists at a range of
600 nm to. 700 nm and the peak wave length of fhe excitation absorption
spectrum of the YAG-base pAhosphor contain.éd iﬁ'the second phosphor layer.
exists at avrange 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 haviné 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 'revd color-base phosphor having the excitation absorption
spectrum at a wave length range of 350 nm to 600 nm, the light emitting
device which improvedlth_e color rendering property can be made.

Further, since the phosphor layers 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 ]ighf at-a blue region, the light at a

yellow to green region and the light at a red region are efficiently color-mixed.

Accordingly, the color rendering propeity of the light emitted from the light

emitting device can be improved. Further, a diffusing agent or a filler niay be
preferably contaﬁned in the second phosphor layer 306, or the molding member
\%Vhivch'contajned a diffusing agent or a filler may be formed on‘the‘ 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 efﬁciendy of phosphors is usually lowered in
éccordancé with the raise of ambient temperature, the output of the light
emitted from the phosphors is also lowered. In fhe present modé 8 of
opératiori, the lowering proportion of thé relative luminescence outpuf Wheh
the ambient temperature was changed by 1°C in a condition in which the
phosbhor is coated on tﬂe light emitting element emitting light at a blue region
in which the peak wave iength 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-ba{se phosphor and the YAG-base phosphor against the
raise of temperature are 4.0 x 108 [a. u. /°C] or less and more preferably 2‘.Ov 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 can‘be constituted that the decreasing rates of the
1uminescence 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 lnminescence output of the red

color-base phosphor and the YAG-base phosphoi: is set as 2.0 x 103 [a. u. /°C]

~or less and more preferably 2.0 x 104 [a. u. /°C] or less, therefore the

decreasing rates of the luminescencé output can be nearly the same. The
temperature characteristics of the phosphors ix; Whiéh the excitation efficiency
1s lowered By heat emission become nearly equal, therefore a light emitting
device which can suppress the color deviétion even if the ambient temperature
is changed can be formed.

The respective constitutions of the mode 8 bf operation of the present

invention are specifically described below.
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[Phosphor]

As the phosﬁhor used in the piesent invention, it is possible to ﬁse
various phosphors which respectively enﬁt lights having different Wéve length
regﬁons Whlch are excited by light at an ultfaviolet to visible light reAgioh,'inA
combination. At that time, the phosphors in whi,ch the portion of the light
emitted from the first phosphor is not absorbed in the-second phosphor are
respecﬁvely selected. In the present mode 8 of 'op eration, the phosphor Which
generates light of a fixed color by exéitation by uitraviolet rays can be also
used as a pimsphor, and as the specific example, for 'exam’ple, there are
mentioned
(1) Ca1o(PO4)sFCL:Sh,Mn, |
(2) Ms(PO3ClL:Eu (provided that M is one selected frozﬁ Sr, Ca, Ba and Mg),
(3) BaMnglmOzﬁEu,

(4) BaMg2Al16027:Eu,Mn,

(5) 3.5Mg0 - 0.5MgF - GeOz'Mn,
(6) Y202S:Eu,

(7) MgeAs2011:Mn,

(8) Sr4Al1402Eu,

(9) (70, CAS:Cu,

(10) SrAl;04:Eu,

(11) Caw(POsClBrMn,Eu,
(12) ZnaGeO4:Nn,

(13) GrdzOzSiEu, and

(14) Laz02S Eu.

In particular, as the phosphor used in the present mode 8 of operatior_i,
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a phosphor using the yttrium-alﬁminu'm- garnet (pomegranate stone type)-base

phosphor and the red color-base phosphor capable of emitting red light, in

particular, the nifride-base phosphbr in ’com:bination c‘én be used. These
YAG-base phosphor and nitride-base phosphoi 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, tﬁe 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
phosﬁhbr is diffused m a sodium hexametaphosphate aqueous solution
having a concentration of 0.05% Iunder environments of a temperature of 25°C
and a humidity of 70%, and the value is obtained by measﬁrin.g the particles at
a particle diameter range of 0.03 pm to 700 nm 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 more 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 1um1nescence color display can be carried out by color mlxmg the
blue light Wblch was emitted from a light emitting element using a
nitride-base phosphor "base semiconductor, with the green or red light whlch is
emitted from a phosphor whose body color is yellow for absorbing the blue llght
or the yellow light bemg more greenish light and more reddish light. Itis
preferable that the iight 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 sﬁbstances 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 dot: shape product and a
laminar shape produc;t which were thinly formed so that the light from the
LED chip i)asses through the product, and the like in accordénce with uses.
Arbitrary color tones suph as a light bulb color including a white color can be ~
provided by variously' adjusting the ratio of the phosphor and resins, coating
and the filling amount, and -ysel'ecting the lumihescence 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 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
capable of emitting light at a long wavelength 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 emittihg

element having a reflection member.
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When the YAG-base phosphor is used, é]ight einitfing device having |
an adequate light resistance in high efficiency can be 'nilade even though itis
arranged contacting with the LED chip having (Ee) = 0.1 W+ cm2 or more and
1006 W cin'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. Fur,the.r, _fhe luminescence peak
wave length Ap is around 510 nm aﬁd has a broad luminescence spectrum
Which.is spread aroun& 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, ]igﬁt and moisture, and can make the peak wave length of
the excitation absorption spectrum be 420 nm to 470 nm. Furthex, the
luminescence peak wave length Ap is around 600 nm and has a broad
luminescence‘ sbecfrum which: is spread around 750 nm.

Among the composition of the YAG-base phosphor having the garnet
cbnﬁgﬁration, the luminescence spectrum is shifted toward a shorter
wavelength by substituting the portion of Al with Ga, and the luminescence
Sp ecﬁrum is shifted toward a longer wavelength by substituting the porfion of
Y of the composition with Gd and/or La. When the substitution of Y is less
than 20%, a green cémp oneﬁt is_.‘l‘z'irge and a red component is little. Further,
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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Sp ectrurfl similarly, among the composition of the YAG-base phosphor having_
the -garnetvconﬁgu.ration, 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 by
substituting the portion of Y with Gd and/or La. Itis preferable that the pé_ak
wave length of the excitation absorption spectrum of the YAG‘base 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 thé phosphor.

With respect to the phosphor, oxides or compounds which aie 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. Alternatively, a solubilized solution which was
obtained by dissolving the rare earth elements of Y, Gd, Ce, La and Sni 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 ocbtain 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 ﬁria]ly sieved to obtain the phosphor.
Furfher, in the production method of the phosphor of the alternative mode of
operation, it is preferable that a mixture comprising a ﬂufc 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
atmosphére and the second baking step of carrying out in reduced atmosphere.
Wherein the weak reduced 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 prevvente‘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 ’.che. desired phosphor is completed in
the weak reduced atmosphere. Further, the reduced atm_ospheré in the
second baking step means stronger reduced atmosphere than the weak
reduced atmosphere. Thué, whén the phosphor is baked at 2 steps, the
phosphor having the high absorptién efficiency of excitation wave length is- ’
obtained. Accordingly, ﬁfhen the Iié‘ht emitﬁng device is formed by the
phosphor which was formed thus,; the amount of the phosphor necessary for
'ob,taining' a desired color tone can be reduced, a light emitting device having a
high h'ght-fake‘ou’t efficiency can be formed. |

| The yttrium-'aluminulm oxide-base phosphors which were activafed by
2 or more cerium having different compositions may be used in mixture, or
may be respectively arranged indep endently. . When the phosphors are
respectively arranged independently, it 1s preferable to arrange a phosph‘br

easily absorbing and emitting light from the light emitting element at a
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shorter wave 1eﬁg“ch side and a phosphor easily absorbing and emitting light at
alonger 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 nitﬁ:ide-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, Ty, Zr and Hf, and is activated by at least one of elements selected from
the rare earth elements. Further, the nitride-base phosphor wused 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 present invention is the
Sr-Ca-Si-N:Eu-base, Ca-Si-N:Eu-base, Sr-Si-N:Eu-base, Sr-C‘a-S'i-O-NIEu-base,
Ca*Si-O-NIEu-bese, Sr-Si-O-NIEu-base silicon nitrides to which Mn was added.
The basic constituting elements of the phosphor are fepre'sented by the general
formula LxSivN(@ex+wonBu or LySiyOzN@amworenz Eu (Lis either of Sr,

Ca, Sr and Ca). Itis preferable that XandYare X=2 and Y =5, or X=1 and

-Y =7 in the general formula, but an arbitrary one can be also used..

Specifically, it is preferable to use the phosphor in which the basic consfituting‘
elements are represented bf(erCal-x)zSgNsiEu, SroSisNg:Eu, CasSisNsEu,
SrxCai1-xSi7N1o'Eu, Si'Si%N;oiEu and CaSi7Nio'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 Ni may be contained in the composition of the phosphor.
However, the present invention is not limited to the mode 8 of operation and

Examples. L is either of Sr, Ca, Sr and Ca. The compounding ratio of Sr and
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Ca can be changed according to requi.fement.

An economic phosphor having good crystallinity can be provided By
using Si in the composition of the phosphor. |
Europium being the rare earth element is‘ used as a luminescent center.
Europiuri; has mainly bivalent and térvalent energy levels. In the phosphor
of the present invention, Eud* is used for the‘ alkali earth metval silicon
nitride-base phosphor of mother-body as the aqgmenting agent. Eud*is
éas:ily oxidized and it is commercially avaﬂable in the composition of tervalent
Eu20s. However, since O participates greatiy 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 EuzOs to 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 Iuminescence efficiency such as luminescence brightness, energy efficiency
and quantﬁm efficiency. Mu is baked together -With raw materials during fhe
production step by being containea in the raw materials or by containing Mn
alone or a Mn compound. However, Mn is' not éon-tained in the basic
constituting elements after baking, and only a small amount of Mn rema‘iﬁs in
Comi)'arison with the initial content even if Mn is contained. Thisis
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 é-mits, light at a yellow to red region. Thelight 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]low_region. Hereat, the blue li‘ght emitted fro‘m’the LED chip 304
and the yeﬂow ﬁght of the yttrium-aluminm oxide-base fluorescent substance -
emit blue white light by color mixing. Accordingly,z the light emitting device
emitting white-base color mix light can be made by: fespectively containing the
phosphor emitting red light and the yttrium-aluminum oxide fluorescent |
substance in_ the first phosphbr layer and fhe éecond phosphor layer and
combining the blue hghts 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 radiationin a
chromaticity chart. However, the compounding amount of the
yttrium-aluminum oxide fluorescent substance and the compounding amount - |
of the phosphor émitting red light can be appfopriately changed in ordér t0
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 iendering 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 avefage rendering indgx R9 ‘is about near O around a color |
temﬁ erature Tcp = 4600K, and a red component was insufficient. Accordingly,
it has been a solvﬁng problem to enhance the speéiﬁc 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
oxide fluorescent substance in combination.

Then, the production précess of the phosphor ((SrxCai-x)2SisNsEuw)

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 pulveriZea. Srand Ca of a raw
material are preferably used as a single-bvody, 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; Al2O3 and the hke
The pulverization of the Sr and Ca of a raw material is carried out. It is
preferable that the mean particle diameter of Sr and Ca obtained by the
pulverization is about 0.1 pm to 15 pm, butis not limited to this range. The
purity of Sf 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 Si of a raw material is pulverized. The Si of a raw material is |
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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 .
SisNs, Si(NHy)s, Meg:Si and the like. The puzity of the Si of a raw material is
preferably 3N or more, but comp-oﬁ‘rids such as AlzOs, Mg, é metal boride .(Coe,.B,
NisB, CrB), manganese oxide, H3BOs, B20s, Cuz0 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 preferable that the mean particle diameter of the Si compound
is about 0.1 ym 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.

'3 Sr + Ng - SrsNa (F’ormula 16_)
3 Ca+Nz-CasNs (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 preferébly ﬁhose having high
purity, but those which are commercially available can be also used.

The Si of a raw material is nitrided in nitrogen atmosphere. The
reaction formula is shown in Formula 18.

[Formula 18]
3 Si+ 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, buﬁ thosé which are commercially available can be also used. -

The nitrides of Sr, Ca, or Sr-Ca are pulverized. The pulverization of
the nitrides of Sr, Ca, or Sr-Ca is c'arrived out.

Similarly, the nitride of Siis I;plverized. Further, similarly, a Eu
compound EugOs is pulverized. Europium. oxide is used és the Eu compound,
but a metal europium, eu‘robium nitride and the like can be also used.
Additionally, an imide compound and an amide compound can be used asthe Z
of a raw material. Europium oxide is preferably those having high purity, but

those commercially available can be also used. The mean particle diameters

~ of the nitrides of an alkali earth metal, silicone nitride and europium oxide

. ‘after pulverization are about 0.1 pm to 15 pm.

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 vadded alone in raw materials, but
usually added in the form Qf compounds. This kind of compounds are HzBOs,
Cu20s, MgCls, MgO - Ca0, Al2Os, a metal boride (CxB, MgsBz, AlB,, MnB),
B10s, Cuz0, CuO and the like. |

After the abovermentioned puiveriiation, the nitrides of Sr, Ca, or
Sr-Ca, sih'cqne nitride and a Eu compound Eu203 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 EugOs are baked in ammonia atmosphere. The phosphor
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representéd by the (erCai-x)2Si5N81Eu to which Mn was added can 'bve
obtained by baking. The reaction formula of the basic constituting elementé
by the baking is shown below. |
[Formula 9] R .

(X/13)81:Nz + ((1.97-X)/8)CasNz + (5/3)SisNe + (0.08/2)Eu0s -

' erCa1.97~xEuo.o3Si5N7.gsOo‘.o45

Provided that the compdsition of the objective phosphors can be
changed by changing the compounding ratio of the respective raw niat-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 is cérried out at 1200 to 1500°C for several 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 céﬁried 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 crucible made of boron nitride (BN) material and a boat. A

crucible made of alumina (AL;03) 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 invex;tion, the nitride-base phosphor 1is
used as the phosphor emifting reddish hghf, in particular, but in the present ‘
in?ention, the phoéphor layer 303 containing the bhosphor emitting reddish

light other than the nitride-base phosphor can be alsc used. The phosphor
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emitting reddish light is éphosphor emitting light by being excited by light

“having a wave length of 400 to 600 ﬁm, and for example, there are mentioned -

YzOzSiEu, Laz02SEu, CaSIEu, S;‘SIEQ? ZnS’Mn, ZnCdS:Ag,Al, ZnCdS:Cu,Al
and the liké. The color rendéring pfdp erty éf a light emitting device can‘be
imprdyed by comb’ining the phosphor layer céntaining the YAG-base the
phosphor and the phosphor layer containing emitting red light. |

[LED chips 302 and 304]

As the excitation light source of ‘the 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
typica]ly represented by LED chips. in particular, in the present mode 8v0f
operation, the light emitting element being the light source which exciteé the
first phosphor and the ’se‘cond phosphor is the LED chips 302 and 304. |
Alternatively, as the another mode of operation of the present invention, a
light séui‘ce formed by combiqding the light emitting element which can emit’
.u_ltfaviolet light With the phosphor which absorbs the ultraviolet light and
emits light hnaving 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 combingd to make the
excitation light source, and there may be formed the light emitting device in
which the first phosphor invwhich the excitation light éouice excites and emits

light at a red region and the second phosphor in which the excitation light

source excites and emits light 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 notA ébsorbed by the ﬁrst:phosphor.

As the present mode 8 of op eratioh, When the first phosphor, the second
phosphbr and the light emitting element are combined and the light emitting'
device which color-mixes the wave length-converted light by exciting those
phosphors to emit is made, the LED chips Whichlemit light having awave
length which can excite the phosphors are used. The LED chips are prepared |
by forming GaAs InP, GaAlAs, InGaAlP, InP, AlN,’ GaN, InGaN, AlGalN,

InGaAIN 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 .
jvu'riction and the like; a hetero structure, a dbuble hetero structure and the like.
The luminescence wave length can bevariously 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 quanfum well structure by which the layer was formed so that a.
quantum effect is generated. The s-erhiconductor is préferébly a nitride-base

phosphor semiconductor which can efficiently excite a semiconduc‘tor' and can

_efficiently emit light having a comparatively short wave length (the general

formula: IniGa;ALN, provided that 0 <1, 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 substratein
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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 éxe formed and the gallium nitride semiconductor having a PN
junction is formed on the buffer layer.” Further, as the suBstrafe, there can be
also utilized a GaN single crystal itself which was selectivé}ly grown on the

sapphire substrate using SiOz as a mask. In this case, the light emitting

~ element and the sapphire substrate can be also separated by removing SiO; by

etching after formation of the respective semiconductor layers. The gallium
nitride compound semiconductor exhibits an n-type electric conductibility in a
condition in which an impurity is not doped. When a desired n-type gallium

nitride semiconductor which improves luminescence 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, Z-h, Mg, Be, Ca, Sr, Ba and the like which are a

P-type dopant are doped.

Sinpe 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-tjfpe 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 lgalh‘um nitride semiconductor were laminated on the
sapphire subst:r'até a#d a silicon carbide having a buffer layer which formed
the gallium nitride, aluminum nitride and the like at low temberature. In
ordér to form the LED chip 302, ';clile re-spéctive electrodes having désired forms
are formed after forming the exposed face of the P-type semicondﬁctbr and the
n-type s.emic-onductor by etching and the like on a semiconductor substrate,
using a spétter‘ingmethod? a vacuum evaporatioh 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 utﬂizing‘the electric
conductibility of the substrate.

Then, ‘phe-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 béing 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 bejmade 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 1umineécence outputs of the LED chip 302 and the LED chip 804
controllable and by controlling 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]

N | As the eleétxfoconducti_ve wire 310, there are required those having
good ohmic prop erty with the electrodes of the LED chip, mechanical
connecting property, electric conductibility and thermal conductivity. As the
thermal conductivity, 0.01 cal/(s)(cm?(° C/crfl) or more is preferable and 0.5
cal/(s)(cm?)(° C/em) or more is more preferable. Further, considering the
Workabﬂity and the like, the diameter of the electroconductive wiré is

preferably ©10.um or more and 45 um 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. 1Itis considered that the wire tends to be broken
down because the substantial' quantiﬁy .of 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 pm or more and 35 um'or 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, platinuin 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] o |

The package 308 in fhe present mode 8 of operation has the first
concave portion 301 mounting thevLED chip 302 and'the‘ﬁrst phosphor 1ayé&7 :

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, itis preferable -
that the first concave portion 301 is formed at fhe 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 portion 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. Inthe another mode of operation, the

‘LED chip 304 is mounted through a spacer on the same faée to which t];'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 phosphor 1ayér 303 is formed against the surface of the face side of
observing lumineScénce of the LED chip 302 by a screen printing or a coating
method using aispra'y, it may be mounted on the bottom face of the concave
portioﬁ. Itis possi’ble to sureiy.cover only the desired LED chip 302 with the
forming material of the phoéphor layer containing the red color-base _phoépho?
by setting as men.tioned 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 of the face of obeerving lumin.eecence is not absorbed by the red.
color-base phosphor, the ]ight emitting device which improved the colof |
rendermg property can be made |

. The package 308 can be comparatlvely and simply formed by a transfer ,

melding, an mse;t molding and the like. As the thermoplastic material of the

package, there can be used thermoplastic resins such as an aromatic

nylon-base resin, a poly(phthalamide) :fesin (PPA), a‘sulfone-base resin, a
poly(amide-imide) resin (PAI), a polyketone resin (PK), a polycarbonate resin,
a poly(phenylene sulfide) (PPS), a liqﬁid- cfystal polymer (LCP), an ABS resin,
a resin and a PBT resin etc. Further, those obtained by containiné a glass
fiber in these thermoplastlc resins may be used as the thermoplastic matemal.'
Itis possxble to form a package having hlgh mgldlty and high strength by
containing a glass fiber. Hereat, the first concave portion and the second
concave portion can be formed by an im;egral molding at molding the peckage
usmg a molding mold. |

Further the package ¢an be formed usmg a metal material. In thlS
case, the concave portlons can be easily formed by carrymg out a pressuring
processing, and the lead electrodes are formed at the portion of the package

through an i’nsulatingbmember. 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‘anv"be used in order to design electrical conduction with {;he lead
electrodes from the face down bondjngjwhich is a mountiﬁg method of
connecting the electrode faces of the LED. chipls. against the lead eléctrodes. ‘
Further, in o.rderAto iﬁprove the light utﬂizaﬁon'efﬁciency of the light emitfiﬁg
diodes, the surface 6f 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.
[Lebad 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 ‘of the one pair of positive and negative Iéad electrodes, and the LED
chip may be mounted through an insulating adhesive. The specific electric

resistance of the lead electrode is preferably 300 p-cm or less and more -

- preferably 3 nQ-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 is increased.
Speciﬁcally, 0.01 cal/(s)(cm?(°Clem) or more is preferable and 0.5
cal/(s)(cm?(° Clem) or more is more preferable. Asl the material satisfying the
condition, there are mentioned iron, copper, iron in copper, tin in copper,
ceramics with metallized pafterns and the like.

[Mount lead 402]

‘The mount lead 402 in the present mode 8 of operation has the first
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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 enough to

have a size for mounting the die-bonding equipment and the like. As shown

in Fig. 76, itis preferable that fhé first concave portion 301 is formed aﬁ thé

.more inner part which is the reverse direction against the face of observing

Juminescence than the bottom face of the second concave portion 305 to which
the LED chip 304 is mounted. ‘AlternétiVely,. the first concave portion having
a cup shape may be provi(ie-d 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 fa.ce--of thé concave portion by the
thickness of the spacer than the LED chip 304. Further, in the alternative
mode of operation, after the first pﬁo’sphor layer 303 is formed against the
surface of the face side of observing luminescence of the LED chip 302 .by a
screen printing or a coating method using a spray, it may be mounted on thé
bottom facé of the concave portion. 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, Wﬁen 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 the 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 epOxXy resin, an acrylic resin and the like are mentioned Furﬁher they are
adhered Wlth the mount lead by a face down LED chip and the hke and an Ag

paste, a carbon paste a metal bump and the like can be used in order to

electrical co_nnection. Further, in order to nnprove 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’ughnesé is preferably 0.1 S or

more and 0.8 S or leés._ Further, the specific electric resistance of the mount
lead is preferabiy 300 1Q-cm or less and more preferably 3 pQ-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?)(° Clem) or-more is preferable and 0.5 cal/(s)(cm?(° Clem) or more is
moie 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 fixst coﬁcave 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 inner 1ea& 401 is designed to connect the LED c}ﬁp 302 which was
arranged on the mount lead 402 with the electroconductive wire 310. When a
plural number of LED chlps are prowded on the mount lead, it is requlred that

a constltutlon in which the respective electroconductlve wires can be arranged

‘50 as to not being mutually contacted is made. Specifically, the contact of the

electroconductive wire which is connected with the inner lead which is fu_rthér
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separated from the mount lead can be prevented by enlarging the area of the

~ edgeface t‘o‘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 prefera’bly 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 innexr 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 face can be simulianeously formed by pressuring from the
direction of the edge face.

It is required that the inner lead has good c‘onnectingv prdp erty and
electric conductibility with the bonding wire and the like which are an
electroconductive wire. The sp eciﬁc électric 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 bopper;
aluminum, iron and copper Which éie plated with copper,.gold and silver axid‘
the like. |
[Phosphor layer 303, 306]

' The first phosphor layer 303 and the second phosﬁhor 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 whigh ‘converts the
Iuminescence-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 resih, a urea resin and a silicone resin; traﬁsp arent inorganic materials -
excellent in light resistance éuch as silica sol and glass. Further, a diffusing
agent m’ay be contained fogether with the phosphor. As fhe specific diffusing
agént, there are preferabiy used b-ariunﬁ titanate; titéniﬁm oxide, aluminum.
oxide, silicon oxide, calcium carbonate, 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 11’0’and the phosphor layer in which

the phosphor was contained, from the external environment. The molding

" member 307 can be formed generally using a resin. Further, a visual angle

can be increased by containing the phosphor, but the directionality from the
LE‘D chips is reduced by containing a djffusing agent in the resin mold, and
the visual gngle can be further increased. Further, a lens effect for focusixig
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 Whiéh a plural number of layers were
laminated. Speéiﬁcally, itis a cbnvéx lens shape, é concave lens shape,
further an elliptical shape yiewed from the face of observing lumine_SC'ence, and
a shape \%zhich, combined a plural number of the shapes. As the specific
material of the ‘IhCIding 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 inorgani; materials excellent in light resisténce
such as sﬂi‘ca sol and glass. Further, a dﬁﬁusing 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 dioxide, and the like. Further, the molding member

and the phbsphoxf layer may be formed by the same member considering a
refractive index, an& for example, may be formed using a silicone resin. ‘In

the invention of the present aiéplication, it can cover the coloration of the -

~ phosphor viewed from the face of observing 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. Accordingly, it is observed to be colored yellow. In
particular, the colored portion is occasionally magnified dep ending on the
shape of the molding member such as a convex shape. The coloration is

occasionally not preferable on designing. The diffusing agent contained in the

- molding member colors the molding member in a mﬂky white color, and the

c'olorant',co'lvor's in a desired color, therefore the éoloring can be inﬁéible. VV |
Accordingly, the color of the phbsph_or is not observed from the face side of
observing luminescence. |

Further, when the main 'luminescen_ce wave len gth of light emitted
from the LED chip is 430 nm or more, it is preferable from the viewpoint of
weather resistance that an ultraviolet absoibing 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 limited to

these Examples.l
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Further, temperature characteristic is shown by a relative

brightness in which the luminescence brightness at 25°C 1s 100%, in

' Exaxﬁples below.

Fﬁrthe«r, the particle diémeter is a value obtained by an air
transmission method called as F.S.8.5.No. (Fisher Sub Sieve Sizer’s No.l).‘

Further, aft‘.erglow is measuréd 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 that the time of |
the instance 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 1/10 is measured. T".Ee afterglow property is
determine‘d 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 Vproperties of the nitride phosphor of Examples 1
to 80 related to the presenf invention.

Further, Fig. 5 1s a drawing showing a luminesceﬁce spectrum when
thé nitride phosphor of Example 60 was excited at Ex = 460nm. Fig.61s a
drawing showing the excitation spectrum of the nitride phosphor of
Example 60. -Fig. 7is a drawing showing the reflection spectrum of the

nitride phosphor of Example 60.
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[Table 1]

Element | Addition | Molecular Reagent maker Molecular| Color | Color |Bright-| Quantum | Particle | After | Temperature
: amount weight of | weight of | - tone tone | ness | effidency | diameter | -glow | Characteristics
(ppm) |addition source element X y Y (%) Q%) (u) | (msec) :
100°C 200°C
1 Li 100 LiOH - H20 Wako Reagent super-high grade 6.94 0.585 |0.407 | 205.5 211.8 2.5 28
2 1i 500 41.96 124-01212 ‘ . 0.585 |0.4071 196.2 201.8 2.3 30 95.4 65.5
3 Na 100 Na2COs ‘Wako Reagent super-high grade 22.99 0.584 10.4071 210.9 215.9 2.6 14
4 Na 500 105.99 197-01585 0.585 |0.406| 215.5 221.4 2.7 22 97.1 70.3
5 K 100 KaCOs - Wako Reagent super-high grade 39.1 0.585 10.406| 209.8 216.4 2.5 24
16 K 500 138.21 162-03495 . 0.585 |0.407| 210.2 216.4 2.6 26 96.1 66.1
7 Rb 100 RbCI Wako Reagent super-high grade 8549 0.585 10.407| 217.1 221.6 2.4 22 .
8 Rb 500 - 120.92 '187-00321 ) 0.585 10.407 1 205.1 209.8 2.5 30 96.6 69.5
9 Cs 100 CsCl | Wako Reagent super-high grade 132.91 0.584 ]0.407 192.6 183.1 2.9 18
10] Cs 500 168.36 035-01952 0.585 [0.407 ] 202.0 192.0 2.5 18 94.3 66.4
11| Mg 100 Mg(NOs)z Wako Reagent super-high grade 24.31 0.586 | 0.407 | 215.5 220.5 2.7 22
12 Mg 500 5.5% 134-00255 0.586 [0.407| 216.0 221.6 2.8 32 85.5 66.5
13 Sr 100 SrClg « 6H20 Wako Reagent super-high grade 87.62 0.586 [0.406| 212.4 202.3 2.4 22 .
14 Sr 500 266.64 197-04185 ) 0.584 ]0.407 ] 206.7 195.9 2.5 26 97.3 70.8
15 Ba 100 BaClz + 2H20 | Wako Reagent super-high grade 137.33 0.587 - 10.405 | 224.8 231.9 2.7 18
16 Ba 500 244.26 029-00175 ) 0.586 |0.407| 215.5 220.0 2.6 20 97.5 72.1
17 Ti 100 TiO804 - H20 Kishida Chemical Co., Ltd 47.9 0.585 |0.409| 218.2 229.1 2.8 14
181 T - 500 177.98 020-78905 . 0.584 10.409| 208.4 212.8 3.2 14 28.1 65.7
19] Zr 100 ZrO(NOs)z Mitsuwa Chemical Co., Ltd. 91.22 0.586 [0.407| 214.9 | 221.0 2.6 20 -
20 Zr 500 267.3 - ‘ 0.586 |0.408| 206.7 211.8 2.7 34 98 .4 4.4
21 Hf - 100 HfCla Mitsuba Kagaku 178.49 0.584 10.407} 193.6 198.2 2.5 30
22 Hf 500 320.3 NO 51872 - (0.588 10.408 ]| 192.0 194.5 2.5 30 93.4 61.2
23 \ 100 VCls Wako Reagent super-high grade 50.94 0.585 ]0.407] 214.9 220.5 3.1 26
24 \ 500 157.30 221-00452 ) B 0.582 10.411} 164.7 166.5 3.1 26 97.9 69.9
25( Nb 100 NbzOs Wako Reagent super-high grade 92.91 0.584 10.408]| 190.7 193.8 2.3 26
26 Nb 500 265.8 144-05332 0.588 |0.409| 191.1 192.7 2.5 26 99.1 74.8
27! Ta 100 TaCls Kishida Chemical Co., Ltd 180.95 0.685 10.408] 218.2 222.8 2.6 18
28 Ta 500 358.21 020'76055 : 0.5683 10.4111 190.9 192.0 2.7 18 96.5 64.6
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291 Cr 100 Cr(NOs)s-9H20 | Wako Reagent super-high grade 52 0.582 167.6 169.7 2.6 10

30 Cr 500 400.14 033-03175 0.679 0.412| 100.0 100.0 2.6 12 93.6 58.6

31| Mo 100 HeMoO4 NAKARAI Chemical 95.94 | 0583 |0.402| 197.3 | 200.2 2.5 20

32 Mo 500 179.98 : 0.581 ]0.410] 174.3 175.4 2.6 32 97.9 72.7

33 \J 100 HoyWO4 Wako Reagent super-high grade 183.85 0.584 10.409| 208.6 213.4 2.9 22

34 W 500 249.88 209-03452 B 0.584 10.409] 187.8 190.4 2.9 22 98.2 71.2

35 Re 100 ReCls Mitsuba Kagaku 186.2 0.584 [0.407| 207.8 211.8 2.4 22

36 Re 500 363.47 NO 58374 0.583 [0.409[ 193.6 196.1 2.5 22 93.7 65.6

37 Fe 100 FeCls-3H:0 | Wako Reagent super-high grade 55.85 0.581 [0.410] 149.9 152.2 2.4 32

38 Fe 500 270.3 . 9-87 ’ 0.580 [0.411| 113.5 114.8 2.4 42 99.6 79.6

39; Co 100 Co(NOa)s-6H20 | Wako Reagent super-high grade 58.93 0.585 |0.4091 177.4 180.9 2.6 16

40 Co 500 291.08° 085-03755 : 0.581 0.4111 151.0 152.2 2.7 18 96.5 67.7

41 Ir 100 IrCls Wako Reagent super-high grade 192.22 0.583 10.410| 195.7 200.3 - 2.6 22 :

421 Ir 500 298.57 096-01601 0.581 [0.410] 183.7 186.5 2.4 22 97.5 70.1

43 Ni 100 NiClg-6H20 Wako Reagent super-high grade 58.71 0.582 [0.410| 163.0 165.6 2.7 12

44| Ni 500 287.72 141-01062 0.580 |0.411} 112.0 113.4 2.8 20 98.3 | 725

451 Pd 100 PdCle Wako Reagent super-high grade | 106.42 0.583 ]0.409] 181.0 193.6 2.5 20

46 Pd 500 - 177.31 '162-00053 3 0.582 10.410| 166.5 ©168.4 2.4 22 98.6 73.0

47 Pt 100 HePtCls-6H20 | Wako Reagent super-high grade 195.08 0.582 10.411 ] 194.7 197.7 2.5 24

48 Pt 500 517.90 1639-02861 0.581 10.410] 181.6 183.8 2.4 24 98.1 72.0

49 Ru 100 RuCls-2H:0 Kishida Chemical Co., Ltd 101.07 0.584 ]0.407 | 205.5 209.8 2.5 20 '

50] Ru 500 - 2442 020-68601 0.582 {0.409| 173.8 175.4 2.5 28 97.9 69.8

51 Cu 100 Cw(CH3COO0)z- | Wako Reagent super-high grade 63.54 0.586 |0.406| 214.9 193.6 2.5 24 ,

521 Cu 500 H.0 ' 3-402 0.586 10.406| 208.2 168.3 2.6 32 97.8 70.6

) 199.65 .

53 Ag 100 Ag(NO3) Wako Reagent super-high grade 107.8 0.585 10.406| 2056.1 220.7 2.2 24

54 Ag 500 169.8 198-00835 0.585 ]0.407 | 204.7 214.1 2.8 26 96.7 68.1

55|  Au 100 HAuCls-4H20 Wako Reagent super-high 196.97 0.584 10.407] 205.1 210.9 9.2 22 ‘ j

56 Au 500 411.9 grade ’ ' 0.583 0.409 | 204.7 209.8 2.4 24 98.2 71.2
077-00931

571 Zn 100 7n(NOa)2-6H20| Walko Reagent super-high 65.37 0.585 |0.407| 208.6 2138.7 2.6 20

58 Zn 500 297.49 grade 0.584 ]0.408 195.8 200.0 2.3 22 93.2 63.0

265-01032
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HsBOs

59 B 100 Wako Reagent super-high grade | 10.81 | 0.588 0.405 234.6 244.6 3.1 20.

60 B 500 61.84 021-02195 ) 0.588 0.405 237.9 248.1 3.3 22 96.9 69.9
1611 Al © 100 Al(NOg)s-9Hs0O | Wako Reagent super-high grade | 26.98 | 0.585 | 0.407 181.2 186.3 2.5 22

62 Al 500 375.14 018-01945 0.586 0.407 191.1 196.1 2.7 26 - 95.7 68.1

63! Ga 100 GaCls Nichia Corporation £89.72 | 0.585 | 0.407 | 213.3 218.56 2.5 24

64 Ga 500 176.09 0.585 0.407 213.3 218.0 2.7 38 97.1 68.2-

65 In 100 - InCla Nichia Corporation 1114.82] 0.585 | 0.407 | 210.2 215.3 2.5 26

66 In 500 221.2 ) 0.585 0.407 204.7 208.9 2.4 22 96.9 64.6

871 Ge 100 GeO2 Wako Reagent super-high grade | 72.59 | 0.585 | 0.407 | 199.8 204.6 2.4 24

68 Ge 500 104.6 071-04552 0.584 0.408 186.9 190.7 2.5 24 96.1 63.8 |

69 Sn 100 Sn(CHsCOO0)2 Kishida Chemical Co., Ltd [118.69| 0.585 0.407 201.8 2056.7 2.2 22

70 Sn 500 236.78(90%) lot FO7563D+E8 ' 0.584 0.408 185.4 188.4 2.2 24 97.8 66.1

71| Pb 100 Pb(NO3)2 Wako Reagent super-high grade |207.20| 0.585 | 0.407 | 203.1 192.9 2.5 20

72 Pb 500 331.21 124-00612 0.585 | 0.407 208.2 198.2 2.4 26 97.0 70.4

73 P 100 (NH»2BPO4 Wako Reagent super-high grade | 30.97 | 0.584 0.407 | 204.7 209.3 2.2 28

T4 P 500 132.08 ) 016-03325 0.584 0.408 202.4 205.7 2.3 22 95.4 60.8

751 Sb 100 Sb20s3 Wako Reagent super-high grade {121.75] 0.585 | 0.407 | 207.1 211.4 2.5 22

76 Shb 500 - 291.5° 016-11652 0.584 0.408 186.3 189.5 2.1 24 96.7 61.0

771 Bi 100 | Bi(NOs)s-5H20 | Wako Reagent super-high grade |208.98 0.584 | 0.407 | 205.5 | 210.3 2.2 24

78| Bi 500 485.07 024-09042 ' 0.583 | 0.408 | 173.4 | 176.8 2.1 26 96.7 | 65.1

79 S 100 (NH.92S04 Wako Reagent super-high grade | 32.06 | 0.585 | 0.407 | 197.8 203.4 2.5 26 -

80 S 500 132 018-03435. 0.586 0.407 200.4 209.3 2.5 34 97.3 69.8
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The nitride phosphor related to the presenf invention is a nitrid'e
phosphoer which is represented by the general formula LxMyN(('z/s)x+(4/3>r)IR
or LXMYOZN((z/a)X+(4/§)Y«(2'/3)Z)3R and the above-menﬁioned nitride phosphor
contains ‘elements (hereinafter, merely referred to as the “djffereht‘
elements”) 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. Amoﬁg said general formula, Examplee 1 te-80 are
a nitride phosphor which is represented byCal,gg5Euo.o1sSi5N7.9_eoOo.oozzsand
contain elements different from the above-mentioned L, the
abo?e-mentioned M, the above"mentioned O, the above-mentioned N and-
the above-mentioned R. Table 1 is the result of testlng the properties of
the nitride phosphor of Example 1 to 80. The mixing ratlo of raw materials
in Table 1 represents the raw materlals 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 synthe51s is the
concentration of 100ppm or 500ppm The ad;ustment of brightness and the
adjustment of quantum efficiency can be carried out by adding said different
elements. Further, Whlen elements are diffused from a erucible andla
furnace material‘, 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 and e furnace -material in‘ a practicall
use, it is considered to be a further mild condition (they become less than 'a}

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 pum. 20g of the Ca of a raw
materiél was weighed and nitrided. -
Similarly, the Si of a raw material was pulverized to 11to 15 pm, and
nitrided in nitrogen atmosphere. Then, the nitride of Si was pulverized fo
0.1to 10 pm. 20g of the Si of a raw material was weighed and nitrided.
Then, a compound containing the differént elements was mixed with

a Eu compound, Euz0s in a wet process. An example is ilustrated by

selecting HsBOs as a compound containing the different elements. Firstly,

20g of the Eu compound, Euz0s and 3.65g of HsBOs wexe Weighed. When
HsBOs is made as a solution, Euz0s 1s mxxed with the HsBOs solution, and
the mixture is dried. After drying, firing was carmed out at 700°C to 800°C
fo-“r 'abqut 5 hours in oxygen atmosphere. Europium ox1de to Whlch B was -
added was produced thereby. After-the firing, a mixture of Eu and B was
pulverized to 0.1 to 10 pm.

The mixture of nifcride of C.a, 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 1Si:Eu= 1985 : 5
0.015. 5.73g of CasNy (molecular weight = 148.26), 13.9é; of SisNs
(molecular weight =.140.31), and 0.37g of the mixture of Eu and B (Bu is
0.31 among them) were weighed and mixed. The amoﬁnt of B added is
500ppm. . | | | |

In casevdf Examples 1 to 80, the mixing, firing, pulvefization, 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 phosphojcs of Examples 1 to 80 are LiOHeH,0 (Wako Reagent;
special grade: 124-0 1212), NasCOs (Wako Reagent, special grade: 197-01585),

K2CO3 (Wako Reagent, special grade: 162-03495), RbCl (Wako Reagent,

special grade: 187-00321), CsCl(Wa_kb Reagent, special grade: 035-01952); :
Mg(NOs); (Wako Reagent, special grade: 134-00255), CaClz;GHzO (Wako
Reagent, special grade); SrClee6H20 (Wako Reagent, special grade:
197-04185), BaClz~2H20 (Wako Reagent, speciai grade: 029-00175),
Ti0S04e 0 (Kishida Chemical: 020-78905), ZrONOs)2 (Mitsuwa Chemical),

' HfCly Mitsuba Chemical: No.51872), VCla (Wako Reagent, special grade:

221-00452), szOs.(Wéko Reagent, special grade!‘ 144-05332), TaCls (Kishida
Chemical: 020-76055), CI‘(NOB)B“QHZO (Wako Reagent, special grade:

033-03175), HoWOj (Wako Reagent, special grade: 209-03452), ReCla

(Mitsuba Chemical: No.5837 4), FeClze3H:0 (Wako Reagent, special grade:
9-87), RuClse2H0 (Kishida Chemical; 020-68601), Co(NO)s6EL;0 (Wako
Reagent, special grade: 035-03755), NiClzeH20 (Wako Reagent, special
erade: 141-01062), IrCls (Wako Reagent, special grade: 096-01601), PdClz
(Wako Reageﬁt, sp‘eciarllgr.adeil 162-00053), HoPtClge6H:0 (Wako Reagent,
special grade: 169-02861), Cu(CHsCOO0)20H:0 (Wako Reagent, special
grade: 3-402), AgNOs (Wako Reagent, special grade: 198-00835), v

 HAuCle4H,0 (Wako Reagent, special grade: 077-00931), Zn(NC)s)zoGHzO

(Wako Reagent, special grade: 265-01032), HsBOs (Wako Reagent, special
grade: 021-02195), Al(NOs)3¢9H20 (Wako Reagent, special grade: 018-01945),
GaCls (manufactured by NICHIA CORPORATION), InCls (manufactured by -
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NICHIA CORPORATION), GeOs (Wako Reagent, special grade: ‘071"04552),
Sn(CH3COO)é (Kishida Chemical: 10tF07563D), Pb(NOg)2 (Wako Reagent,
special grade: 124-006 12), (NH4)2HPO4 (Wako Reagent, special grade:
016-03325), Sh203 (Wékb Reagent, special gradéi 016-11652), Bi(NOa)$95ﬂzb
(Wako Reagent, special grade: 024-09042), (NHDzSO;(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 CazSisNgEu.
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. 1ppm to about several hundre&s ppm.

The luminescence brightness and quantum efficiency of the nitride
phosphor of EXainples 1 to 80 1s represéntéd 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 purpése 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

- into the lattice of the base material. For example, since the Group I

Elements have a relatively low melting point and cah be introduced graiﬁ
bounld‘ary auring the ﬁﬁné, the crystal growth islacvicelera‘te‘d by melting the
element of the phosphor. The .pvho.sphor of which particle Size ié grown to
absorbe t‘he exciting energy easily can be obtained. |

The nitride phosphors in/Exainples 1 tol 10 containing the Group I
Element consisting of Li, Na, K and Cs have high brightness and high
quantum efficiency.' ‘Tt is considered that this is ca‘uséd 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 11 to 16, 57 and 58 are the Group II Element
corrésponding to the above-mentioned L and contain 100ppm or 500ppm of
Mg, Sr, Ba and Zn. The brightness 'CaIvl be adjuste‘d by adjﬁsﬁing the
amount of L in the nitride phosphors. |

The nitfide phosphors containing the Group IV Element consiéting

of T, Zr and Hf of Examples 17 to.22, the Group I Element consisting 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,xamples' 69 to 72, the Group V Element consisting of P,‘ Sb and Bi of
Examples 73 to 78, and the Group VI Element consisting of S of Examples
79 and 80 can be brightness.

- The brlghtness can be adjusted by adjustmg the amount of the
nitride phosphors contammg 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 consisting of Re of Examples
35 and 36, and the Group Vlll Element consisting of Fe, Co, Ir, Ni, Pd, Pt

and Ru of Examples 37 to 50.

In the present Examples it is cons1dered that a crucible 1 is eroded at
firing step, .and elements constituting the crucible from the crucible
contaminate in the nitride ph.osphor. Hereat, since.th_e nitride phosphors
related to Examples use the crucible of a boron nitride material and firing is
carried out in ammonia atmosphere, it is considered that a crucible is
eroded and B contaminat'ee in the nitride phosphor. ' In this case, the
nitride phosphor can improve the luminescence brightuess and Quantum
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 brig.htxless and
quantum efflclency |

| On the other hand, when the cruable of a molybdenum nitride
material is used, it is considered that molybdenum contaminates in the
nitride phosphor, but in this case, molybdenum lowers the brightness and |
quantum efficiency as shown in Example 82. Accordingly, it is preferable
that the .boron nitride ciucible is used than the molybdenum crucible.
Thus, the influence of the 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 conlaine_d b‘y the coneentration of
seueral hundreds 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 éfEiciency, from Examples 1 to 80.
Further, in Table 1, the-temp erature 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 st_able luminescence even if the nitride phosphor was provided
near at t_he s_uiface of a light emiﬁting device. Examples 1 to 80 isv 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 1 to 80 is extremely good.

According to the above-mentiqned Examples 1to ‘80, in particular,
when several tens to several hundreds ppm of B was added, the brightness
1s 234.6% and the luminesceﬁce efficiency is 244.6% (when 100ppm of B is
added), and the Brightriess is 237.9% and the lum',inéscence efficiency is
248.1% (when 500ppm of B is added), as the basis when 500ppm of Cr was
added. This shows that the improvemént Qf the 1ﬁminescence efficiency is
remarkable. Further, the similar effectv can be obtained.at using Ba, Sr,
Ca-Sr and the‘like in place of Ca, although it is not described in Examples.

The riifrid'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 14msec, 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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43 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 like 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 the other different elements than the initial addition amount
remained. For example, B which was added by 500ppm remained by onlf
400ppm. This is considered to be that the different elements were
scattered. |
Example 81

The light emitting device of Example 81is a white light emitting
device which was consti_tu_ted using the phosphor of Example 15 and to
'lvhich a reddish component was ad(led. Further, the light emitting device
of Example 81 is the type 1 light emitting device shown ln Fig. 1. Further,
Fig. 8 is a drawing showing the chromaticity coordinate of the light emitting
device of Example 81. |

In the light emitting elenlent 10 of El(ample 81, n*GaN:Si,
n-AlGaN:Si, n*’GeN, GaInN QWs, p-GaNMg, p~AlG'aNng, and p-GaN:Mg
are laminated in order on the sapphire substrate 1 as the semiconductor
layer 2. Further, the portion of n*GaN:Siis etclied and exposed to form an
n-type electrode. Copper with Fe is used for the lead frame 13. The light
emit_ting element 10 is die-bonded et 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 electrically connecﬁng
the eleéfcrode 3,‘With the electroconductive wire 14. In the phosphor 11 the
phosphor of Example 15 and the YAG;base phosphor are used by mixture.
As the coating member 12, a-mixturé which mixed ai; ep okyA resiﬁ and a ‘
dispersant, barium titanate, titanium oxide an_d the above-mentioned |
phosphor 11 at a fixed proportion is used. -The epoxy resin is used as the
mold member 15. The bullet type ligﬁt emitting device of Example 8lisa
column in which the mold member 15is a radius of 2 to-4mm, height is |
about 7 to 10mm, and the upper portion is hemispherical.

When current is run in the light emitting deviée 1 of Example 81,
the blue light emitfing element 10 having the first luminescence spectrum
with a peak wave length bof about 460nm Which can éxcite the phosphor 11:
emits light and the phosphor 11 which cover's the semiconducfor layer 2
carries out the wave conversion of the portion of light havmg the first

1um1nescence spectrum Spec1f1ca11y, the phosphor of Example 15 emits

~ light having the second luminescence spectrum Wh1ch is different from light

having the first luminescence spectrum. Fufther, the YAG-b aée phosphor
contained in the phosphor 11 ié excited.by 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 color mixiﬁg of mutually mixing the ﬁrét,
second and thll‘d lummescence 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 phosphor of Ca2SisNg'Euin which Ba
was added. On the other hand, as a comparison, there was prepared the
type 1 light emitting device which did nof contain the phosphor of Example
15 and used only the yttriuni-gadolinium-alﬁminum oxidé 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.sGdo2)sAls012:Ce as the yttrium-gadolinium-aluminum oxide
phosphor. rI‘.he comparative white light emitting device emits light by
combination of a blue light emitting ele_zment and the phosphor of
Y-Ga-Al-0:Ce. It is preferable to use the yttrium-gallium-aluminum oxide
phosphor activated by cerium, Ya(Alo.sGao.g)sOm:Ce, in place of the
yttriunﬁ-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"i 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'OiCe =10:3.6.

- The light emitting device of Example 81 is compared with the light
enﬁt’sing device of Comparative Example using a blue light emitting
element énd the phosphor of Y-Gd-Al-O:Ce.  Table 2 shows the
measurement 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]

Radiation

Electric | Voltage : Brightness Peak |Half-value| Visual
current VF analysis measurement | wave width wave
IF Q) Radiometric | Photometric | length | FWHM | length
(mA) (W) (lm) Peak (nm) Dominant
(nm) (om)
Blue LED 20 4,05 14.78 0.955 464.02 | 19.35 | 468.05
Comparative '
Example ;
Blue LED + 20 3.75 9.59 3.042 463.47 150.78 568.85
YAG
Example81
Blue LED + : .
YAG + nitride 20 3.80 5.84 1.890 596.00 196.36 .582.75
phosphor
Color Celor Color Average color | Emission
tone tone temperature rendering efficiency
X y Tep (K) property (/W)
. Ra
Blue LED 0.134 0.057 - 11.8
Comparative
Example | o348 0.367 4939 78 4086
Blue LED+YAG
Example8l
Blue . '
LED-YAG+ 0.454 0.4186 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, t'hos‘e» having high density and
smaller particle diameter are generally preci?itéted fast. Accoi‘dingly, the
pimsphor of Y-Gd-Al-O:Ce is precipitated in‘ advance, and the nifride
phosphor 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 contro]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 vbe 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 .(sufface" moﬁnting type) light emitting device shown
in Fig. 7. The,light emitting device of Example 82 uses a light emitting
element capable of emitting blue light (a light enﬁtting eiemenf 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 erhitting element 101,
However, the present invention is not limited to the light emitting elerﬁent
capable of emiftihg blue light, and for exainple, a light emitting element
capable of emitting ﬁitraviolet light at 380 to 400nm can be also used.

More specifically, a p-type semiconductor layer and an.n-type
semiconductor layer aré formed in the light ‘emi’cting‘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 theA light emitting element 101, the transb 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 transparent Windéw
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.93, Buo.os, .
Mno.02)10(POs)eBrs 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 rem»oved. '

Among the blue light emitted from the light emitting element 101,
indirect light r.eﬂected.by a reflecting plate 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 prepared using the light emitting device
which was formbed 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 Iight emitting device which has good mass production anv&
high reliability and .furtherli’c.tle 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 phdsphor 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 mount 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 dlscharged from the surface of the cap 16.

Examples 84 to 109 related to the mode 2 of operatlon related to the
present 1nvent10n is illustrated below.

Examples 84 to 87 |

- Table 3 shows the properties of the nitride phosphors of Examples 84
to 87

Furthei, Fig.91sa dra,wing showing a luminescence spectrum when
the nitride phosphor of Example 86 was excited at Ex = 460nm. | Fig. 10 1s
a drawing showing the excitation spectrum of the nitride phosphor of
Example 86. Fig. 1lisa dréwing showing the reflection spectrum of the
nitride phosphor of Example 86. Fig. 121is a SEM photo photographed the
nitride phosphor of Example 86, Fig.12A is a photo photographed at a
magnification of 1000. Fig. 12A1is a photo photogiaphed 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 0.598 0.397 107 108

86 500 0.598 0896 | 112 113

87 1000 0.598 | 0.396 110 112

Examples 84 to 87 are nitride phosphors which are répresented

by(Cao.97Eu0.0s)2515Ns 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 Euis 0.03. The
concentration of Eu is a inolar 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-avof a raw material Wés weighed and nitrided.
Similarly, the Si of a raw malteriél was pulverized to 1 to 15 pm, and

nitrided in nitrogen atmosphere. Then, the nitride of Si was pulverized to

0.1'to 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,
Euz0s in a wet process. 20g of the Eu compound, EuzO3 and a fixed
amount of HsBOz were weighed. Aftef HsBO3; was made as a solution,
Eus0s was mixed with the solution, and the mixture is dried. After -drying,
ﬁring was carried out at 700°C to 800°C for about 5 hours in oxygen
atxhosphere. 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 pm.'
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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 1n raw materials of calcium nitride,
CasNa, sih’cdne nitride, SisNg, europium 6xide, Euz205is Ca:5i: Eu=1.94:
5:0.06. CaaNz.(moleicul'ar weight = 148.26), SisN4 (molecular weight =
140.81),and the mixture of Eu and B were weighed so as to be the mixing
ratio, and mixed. The amount :of B added is - 10ppm, 200ppm, 500ppm and
1000ﬁpm against the molecular weight of the final compdsition. |

The above-mentioned 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 room temperature, firing was carried out at about 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 pro:duct'..

The blumirixescence brightness 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
particular, lppm or more and 1000ppm or less of B was added, the
luminescence brightness and quantum efficiency exhibitéd high values. |

The mean particle diameter of the nitride phosphors of Examples 84
to 8’7 was 6.3 to 7.8 um. Further, dxygen'was contained by 0.5 to 1.2% by

weight in the phosphors of Examples 84 to 87.
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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 nitride

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 excitation

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

Examples 88 to 92 are nitride phosphors which are represented

by(Cao.97Euo.ogszi5Ns 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 88.

In Examples 88 to 92, the concentration of Euis 0.03. The

concentration 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 pm, and

~ nitrided in nitrogen atmosphere. Then, the nitride of Ca was pulverized to

0.1to 10 pm. | 20¢g of the Ca of a raw .material was weighed and nitrided.
Similarly, the Si of a raw material was pulverized to 1 to 15 um, and
nitrided in nitrogen atrﬁosphere. Then, the nitride of Si was pulverized to
0‘.1 to 10 pm. 20g of the Si of araw materiél was weighed and nitrided.
~ The nitride ofA Ca, the nitride of Si, a Eu compound, Euz03 and B

compound, HsBOs were mixed in a dry process. 20g of the Eu coinpound,

- Eus0s and a fixed amount of H3BOs 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, CasNg, the nitride of Si, SisNy4, and

eur-oi)ium oxide, Eug203i1s Ca:Si:Eu=194:5" 0.06. | The amount of B
added is 10ppm, ZOOppm, SOOpﬁm, IQOOppm and 10000ppm against the
molecular weight of the final composition.

The above- mentloned 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 roomvtemperature, firing was carried out at about 1600°C for ébout 5
hours, and they W‘ere gradually cooled to room tempe‘rature.

The luminescence brightness and quantum efficiency of the nitride
pho'sphor of Examples 88 to 92 are represented by the relative value based
on the basis that Example 88 is 100%. | |

From Table 4, when IOOOOppm or less of B was added, the

luminescence brightness 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 pum. Further, the concentration of oxygen was 0.7 to
1.0% by 'ngght.
v(Examples 93 Vto 98)

Table 5 shows the properties of the nitride phosphors of Examples

-93.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 té 98 are nitride phosphors which are .répresented
by (Sro.97Eu0.03)2515Nsg ana contain a fixed amount of B. The luminescence
brightness and qu'antum efficiency are shown by‘ a relative value based on
the basis ‘of the nitride phosphor Example 93.

In Examples 93 to 98, the concéntration' of Euis 0.03. The
concentration of Euis a molar iatio against the molar concentration of Sr.

Examples 93 to 98 was produced by aboutthe 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
in Examples 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

particulaf 10ppm or more a_nd 5000ppm or less of B was added; the

1um1nescence brightness and quantum efficiency exhibited high values.

The mean partlcle diameter of the mtnde phosphors of Examples 93.

t0.98 was 2.1 to 4.7 pm. Further, the concentration of oxygen was 0.3 to

1.1% by 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 ‘ bmghtness ‘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
Examples' 99 to 103 are nitride phosphors which are represented

by(Sro.e7Eu0.08)2515Ns 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 Iiitride-phosphor Example 99.

In Examples‘. 99 to 103, the concentration of Euis 0.03. The

concentration of Eu is a molar ratio against the molar concentration of Sr.

Examples 99 to 103 was produced'by about the same prOdﬁction
process as that of Examples 84 to 87. Examples 99 to 103 used St in place

of Ca used in Examples 84 to 87.
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104 to 109.

From Table 6; when 1000ppm or less.of B was ad-déd, 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 _propérties of the nitride phosphors of Examples

[Table 7]

Example | Addition | Color tone | Color tone | Emission | Quantum
amount of o y brightness | efficiency

B (%) - (%)

(ppm) ' - '

104 10 0.636 _0.857 100 100

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

Exampleé 104 to 109 aré nitfide. phosphors which are represented
by (Cao.285510.685E10.02)2Si5Ns and cqin.tain a ﬁxed amount of B. The.
luminescence brightness -and quanf,um efficiency are shown by a relative
value Based on the basis of the nitri_de phosphor Example 104.

In Examples. 104 to 109, the concentration of Euis0.03. The
concentration of Eu is a molar ratio against the molar concentration of a "
mixture of Ca and Sr. .

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

223




10

15

mixture of Ca and Sr 1n place of Ca used in Examples 84 to 87, and the

: molar ratio of Ca: Sr is 3 7.

From Table 7, when SOOOppm or less ofB was added, and in
particular, 10ppm or more and 1000ppm ox less of B was added the
lummescence brlghtness and quantum efﬁ01ency exhibited high values

'I‘he mean pa_rtlcle diameter of the nitride phosphors of Examples

104'21:0 109 was 1.6 to 2.0 pm.

<E-xamp1es 110 to 169 related to Mode 3 of Operation>

- Examples 110 to 124

Examples 110 to 124 produced phoéphors Which variously 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 Si-N:Eu, WR. Fig. 14 shows the lummescence

bmghtness of the phosphors of Examples 110 to 124 Whlch variously

| changed the co- actlvator WR in the base nitride phosphor Ca-Si-N'Eu, WR.
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[Table 8]

Concen-t| Rare [Addition| Ion | Color Color | Emission | Quantum | Peak Afterglo Content
ration of| earth |concen-tr| radius tone tone |brightnes]|efficiency | wave w o 0 N
Eu metal ation (&) X y 8 (%) length 1/10 (%) (%)
, | | | o) (am) | (ms)
Comparative 0.0075 — = 1.13 0.581 0.410 100 100 609 - 18.5 1.3 30.0
Example 1 v v : ,
Example 110 | 0.0075 Sc 0.015 0.83 0.579 0.412 78.4 77.6 609 11.0 1.4 27.9
Example 111 | 0.0075 Y 0.015 1.06 0.582 0.409 98.2 1991 - 609 6.5 1.2 1 30.8
Example 112 | 0.0075 La 0.015 1.22 0.583 0.409 111.4 111.9 609 125 1.1 33.0
Example 113 | 0.0075 Ce 0.015 1.18 0.582 0.409 02.8 94.7 - 609 20.6 1.3 31.1
Example 114 | 0.0075 Pr 0.015 1.16 0585 | 0.408 105.4 106.8 609 23.5 1.4 30.4
Example 115 | 0.0075 Nd 0.015 1.15 0.582 0.409. 87.4 91.2 621 74.5 1.3 31.8-
Example 116 | 0.0075 Sm 0.015 1.13 0.582 | 0.410 51.1 50.8 608 . 2.5 1.3 31.5
Example 117 | 0.0075 Gd 0.015 1.11 - 0.582 0.408 96.4 97.2 . 609 44.5 1.4 30.2
Example 118 | 0.0075 Th 0.015 1.09 0.5682 0.409 99.1 100.4 . 610 26.0 1.8 - 30.7 .
Example 119 | 0.0075 Dy 0.015 1.07 0.585 0.409 96.4 96.7 609 41.5 1.5 - 80.3
Example 120 | 0.0075 Ho 0.015 -1.05 0.5684 0.410 89.7 89.5 609 11.0 1.4 30.0
Example 121 | 0.0075 Er 0.015 1.04 0.583 0.410 89.4 89.1 609 8.5 1.3 - 299
Example 122 | 0.0075 | Tm 0.015 1.04° | 0.579 | 0.411 70.0 70.1 | 609 199.0 15 26.0
Example 123 | 0.0075° Yh 0.015 1 0.57-9.,, 0.410 39.0 39.4 610 2.0 1.3 29.8
Fxample 124 | 0.0075 Lu - 0.015 0.99 0.581 0.410 93.1 94.1 611 28.5 1.3 30.8
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The phosphors of Examples 110 to 124 are represented by the
general formula, (Cao.sws,Euo.oo'zs,Zo.o15)2Si5Ng. In the phoephors of
Examples 110 to 124, oxygen is contained bybl.O to 1.6%. In Examples 110
to 124, the conceﬁtration of Eu is 0.0075. The concentration of Euis a
moldr ratio against the molar concentration of Ca. Further, the rare earth
elements of Sc, Y, La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu
were used for the co-activator WR. The concentration of the co-activator
WR added is0.015. -The concentration of WR added is a molar ratio for the

molar concentration of Ca. Comparative Example 1is a phosphor in which

10 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
optimﬁm value of the phosphors of Examples 110 to 124 in which WR was
ce-activat-ed, and is one exafnple. . For example, as shown in Table 9 and
Fig. 15 to Fig. 19, when ﬁhe'com‘poen’ding emoﬁnts of the co-activator La
and'the activator '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 bﬁghtness than that of the phosphors
of Examples 1‘1’0 to 124 can be produced by chenging‘the eomp‘ounding
amounﬁ of the rare earth element, firing condition and the like.

Firstly, calciurﬁ nitride, silicone nitride, eufopium 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, CeOg,
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- praseodymium oxide, Pre¢O11, and terbium, Th4O7. In Examples 110 to 124,

the compounding ratio (molar ratio) of calcium nitride, CasNy, silicone
nitride, SizNg, europium oxide, EugzOs, 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, Sr, 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 cariied out.
As firing condiﬁions, they ate charged in a boron nitride crucible in
ammonia atmosphere, the temperature Waé- gradually raised from room
temperature over about 5 hours, and firing is carried out for 5 hours at
about 13500,0’ cooling was further gradually ¢arried out until room
teniperature over 5 hours. The base nitride phosphor after the firing is
(Ca§.9775,Eﬁo.oo75‘,WRo.o15)25i5N8.’ |

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 recjuired, by making the phosphor be
short afterglow.

Example 112 uses La as the co-activator WR. ‘The lufniﬁesceﬁce
brightness of Example 112 increases by 11.4% in comparisonvwith

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 comparison

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-ac’civatof WR. The luminescence
brighfness of Example 114 ihcreases by 5.4% in comparison with
Comparative Example 1. A more clear phosphor can be provided by _the
increase of luminescence brightness in comp érison with Comparative
Example 1. Furthe-r, the Y value of color tone is not changed in cémp arison
with Comparative Example 1 and the x value of color tone is changed. A
red component is increased in comparlson w1th Comparative Example 1 by
the change of the Y value of color tone, and a more reddish phosphor can be -
Iﬁrovided. Further, the quantum efficiency is good. ‘

Example 115 uses Nd as the co-activator WR. The luminesbence
peak wave length of Example 115 is shifted to 621nm, and it can increase
reddish. Example 115 becomes long afterglow in compamson with
Comparative Example 1.

Example 117 uses Gd as the co-activafor WR. Example 117 can
improve the luminescence brightnéss 1n like manner 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

quantum efficiency of Example 118 is govod.
| 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 ﬂo as the co-activator WR. Example 120 can
improve the iuminescence brightness in like manner as Example 112.

Example 120 becomes short afterglow in comp arison with Comparative.
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' Exarriple 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 becomes short afterglow in cémparison 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 teﬁlperarure characreristics of the phosphors of Examp_les

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 comppsition of the phosphors is not c_hailged, and the

high luminescencé pfoperties- 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 atmosphe_r‘e. Since a
furnace and a crucible are not eroded under the fiiing condition, impurities
ére not contaminated 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

229




10

15

20"

luminescence material which emits light of a more brilliant Whife color.
Further, since the improvement of the luminescence properties enhances
the luininescence efficiency, the reduction of electric‘power can be attained.
Examples 125 to 133 |

Examples 125 to 133 produced phosphors which variously changed'
the addition concentration of the co-activator La in the base nitride
phosphor, Ca-Si-N'Eu,La. Table 9 shows the chemical properties and
physical properties 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. 15 is a drawing Whi‘ch shows
the ‘measurement result which was obtainéd by measuring the luminescence
brightness of the ph’ésphors 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.161s a drawing which shows the

luminescence spectra of the phosphors of Examples 125 to 133 which
variously changed the addltlon concentration of the co-activator La in the
base nitride phosph_or, Ca-Si-N:Eu,La. Flg 17 shows the reﬂectmn 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. 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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[Table 9]

Concen- |Addition| Color | Color Tmission | Quantum Perak' Mean Temperature Content
tration |concen-t| tone tone |bright-nes | efficiency wave particle characteristics

of Bu |rationof| x y s (%) length | diameter | 100°C | 200°C | 35°C 0 N

La . (%) (nm) (pm) ' . %) | (%)
Comparative | 0.0075 0 0.581 | 0.410 100 100 609 2.8 99.5 75.4 | 99.1 1.3 | 316

Example 1 o o

Example 125 | 0.0075 0.005 0.581 0.410 101.8 101.7 609 3.0 98.5 | 743 | 98.7 1.2 | 31.6
Example 126 { 0.0075 0.01 0.582 | 0.409 106.6 107.0 609 3.3 98.2 74.0 98.7 1.2 | 319
Example 127 | 0.0075 0.015 0.583 | 0.409 111.4 111.9 609 3.6 98.8 75.3 99.8 1.3 31.2
Example 128 | 0.0075 0.02 0.583 | 0.409 113.5 -114.3 609 8.7 98.6 74.9 | 99.4 1.4 | 31.3
Example 129 | 0.0075 0.03 0.582 | 0.410 108.4 105.9 608 3.6 99.0 | 774 98.7 .| 1.4 | 30.9
Example 130 | 0.0075 0.04 | 0.582 | 0.409 100.6 101.5. 609 3.5 99.2. | 744 97.9 1.7 | 30.1
Example 131} 0.0075 0.06 0.582 | 0.410 - 96.7 98.0 609 3.6 98.0 70.6 98.6 1.9 | 29.6
Example 132 | 0.0075 0.1 0.582 | 0.409 88.3 89.9 609 3.7 98.2 70.8 95.9 | 2.4 | 284
Example 133 | 0.0075 0.2 0.582 | 0.409 64.6 66.6 610 3.9 98.1 | 69.9 98.1 3.6 | 26.5




10

15

20

25

The phosphor is represented by the general formula,
(Caq-0007s-0Eu00075Lax)2SisNe 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 Euis 0.0075. In Exampl:e,s, 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 ohe or more of Mg, Sr, Ca, Ba, -
Zn, B, Al, Cﬁ, Mn, Cr and Nimay be contained by several ppm to several
huﬁdreds ppm. B ’ ‘

In Examples 125\tA.0 138, the x value of color tone 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. Although the luminescence brightness was peak when the additibh
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 shdrt in
comparison with Comparative Example 1.

Further, any of the temperature éharacteristics of Examples 125 to

133 is extremely good.
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The mean particle diameter of Example 128 ié 3.7 pm., and the mean

particle diameter of Example 20 is 3.6 pm. To the c’bn.tr'ary, the mean

particle diameter of Comparative Example 1is 2.8 pm. The luminescence

brightness could be improved when the mean particle diameter is 8.0 pm or

more, from this fact.

<Examples 134 to 144>

Exambles 134 to 144 produced phosphors which varioizsly changed

the addition concentration of the._co-activator'Pr in the base nitride

phosphor, Ca'Si-NZEu,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 (nm) | (pm)
Comparative | 0.0075 0 | 0.581 | 0410 | 100.0 100 | 609 | 28
Example 1 . :
Example 184 | 0.0075 0.0025 | 0.582 | 0.410 103.3 102.8 609 | 2.7
Example 185 | 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 0.682 | 0.409 98.8 99.3 610 3.8
Example 138 0.0075 0.0125 | 0.5682 | 0.409 96.7 97.2 610 3.4
Example 139 | 0.0075 0.016 0.582 | 0.409 | 96.5 1 97.2 610 | 8.1
Example 140 | 0.0075 | 0.0175 0.582 | 0.410 96.1 97.2 . 610 3.3
Example 141 | 0.0075 | 0.02 | 0.582 | 0.409 | 93.4 94.3 | 610 | 3.1
Example 142 | 0.0075 0.08 | 0.581 | 0.410 94.6 95.4 610 3.6
Example 143 | 0.0075 0.06 0.581 | 0.410 | 84.4 86.1 610 3.0
Example 144 | 0.0075 0.1 0.581 |.0.411 70.8 71.9 613 3.3
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The ﬁhosphor is represented by the geheral formula,
(Ca-0.0075:0E10.0075Pr0)3S15Ns | in which Mn was added. In the phosphors
of Examples 134 to 144, oxygen is contained by 1.0t0 1.6%. In Examplevs.
134 to 144, the con-cen.trati()n of Euis 0.0075. In Examples 184 tov 144,
there were prepared the phosphors in which the concentration of Pr was
changed to 0.0025, 0.005, 0.0075, 0.01, 0.0125, 0.015, 0.01’75,'0.02,. 0.03,
0.06 and 0.1. Examples 134 to 144 use PrgO1; as a raw material.
Comparative Example 1is a phosphor in which no co-activator Pr is added
and only Eu was added, and is shown as comparison.

Since Examples 134 to 144 carry out the similar production steps as
Examples 110 to 124, the steps {Which pa'ss the similkar constitution are
abbreviated. In éaid raw materials, at least one or more of Mg, Sr, Ca, Ba, -
Zn, B, Al, Cu, an, Cr and Ni may Be contained by several ppm to several
huﬁdreds ppm. |

In Examples 134 to 144, the x value of color tone and the y value of
color ﬁone are nearly the same. The peak wave lengths are alsd 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 considered‘ to be caused by the sensitization effect. Although thé
luminescence brightness was peak when the addition concentration of Pris
0.005, it is loweréd afterward. This is considered to be caused by
concentration‘quenching; The luminescence brightness of Example 139
Was improved.

Any of the temperature characteristics of Exampleé 134 to 144 is

| extremely good. For example, the temperature characteristic of Example
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135 is 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 pym or more are prepared, and showed high luminescence

brightness.
<Examples 145 to 148>

Examples 145 to 148 produced phosphors Whmh variously changed

- the addltlon concentramon of the co- actlvator Eu in the base nitride

phosphor, Ca-Si-N:Eu,Pr. Ta'ble 11 shows the chemical properties and
physical properties of the phosphors of Examples 145 to ,148 which variously

changed the Eu conoentration in the base nitride phosphor, Ca-Si-N:Eu,Pr.
[Table 11] — ‘ ' |

Concent | Addition | Color.| Color | Emission | Quantum Peak

-ration | concent |. tone tone | brightness | efficiency wave

of Bu | -ration X y (%) (%) length

‘ . of Pr “ ‘ (nm)
Comparative | 0.0075 0 0.681 .| 0.410 100.0 100 609

Example 1 _ .

Example 145 | 0.0075 0.005 0.682 | 0.410 105.7 - 105.7 810
Example 146 | 0.016 0.005 0.684 | 0.407 112.3 113.9 609
Example 147 | - 0.03 0.005 0.588 | 0.403 117.3 123.9 610
Example 148 0.06 0.006 0.5690 |- 0.401 '109.2 118.6 612

The phosphor is represented by the general formula,
(Ca(1-Y~o.005>EuYPfo.oos)zSist ‘in which Mn was added. In the phosphors of
Examples 145 to 148, 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
t0 0.0075, 0.00.15,‘ 0.03 and 0.06. Examples 145 to 148 use PrgO11 as a raw

material.

235




10

15

20.

| Since Exém'ples 145 to 148 carry out the similar production vstyeps as

" Examples 1 to 15, the steps which pass the similar constitution are

abbreviated. In said raw ma_tei"ials, at least one or more of Mg, Sr, C4, Ba,

Zn, B, Al, Cu-,‘ Mn, Cr and Ni may be contained by several ppm to several

 hundreds ppm.

Iﬁ Examples 145 t.o"l48, the x value of color tone and the y value of
color tone differ depeﬁding on the concentration ofEu. In accordénce 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
accordance with the increase of concentration of Eu,the luminescence:
brightness is improved. Ip particular, thé 'luminescence brightness is

extremely high for any of Examples 146 and 147. Any of the temperature

~ characteristics of Examples 145 to 148 is ektremely good.

Example_s 149 to 155

Examples 149 to 155 produced phosphors which vvariously 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]

Sr/Ca | Concent- Additiofx' Célor' Color | Emission Quéntum Péak

‘ “|ration of | concent | tone | tone | brightness |efficiency| wave

Eu |-ration of} x y (%) %) length

La . _ (nm)

Comparative} 0/10 | 0.0075 0 10581}0410| -100.0 100 609
Example 1 | . ' :
Example 0/16 | 0.0075 | 0.02 0.583 | 0.409 113.5 114.8 609

149 . :
Example | 8/7 | 0.00756 | . 0.02 |0.595|0.895 |  68.7 76.3 624 -
150 ' . . '
Example | 4/6 | 0.0075 0.02 0.608 | 0.382 64.0 85.9 627
151 ‘ : :

Example 5/5 1 0.0075 0.02. | 0.61810.372 67.0 100.2 634
152 .

“Example 6/4 | 0.0075 0.02 0.615 103874  66.1 | 94.7 633
153 <

Example 7/3 0.0075 0.02 0.612 | 0.378 70.9 ' 08.4 626
154 ' '

Example 10/0 | 0.0075 0.02 0.604 | 0.387 89.2 95.4 618
1565 '

The phpsphor 18 repfesénted by the general formula,
(SrTCa(l-'r-o.oms-o,oos)Euo,oq75Lao.oos)zSist‘_. In the phosphors of Examples 149
to 155, oxygen is contéined by 1.0 to 2.0%. In Examples 149 to 155, the
concentration of Eu is 0.0075 and the addition concentration of La is 0.02.
Example‘s. 149 to 155 use LagO11 as a raw material. Comparative Example
1is a phosphor in which ratio is Sr: Ca=0:10, no qo-activator La is added
and only Eu was ‘added, and is ghown as comp érison.

Since Examples 149 to 155 carry out the similar production steps as

‘Examples 110 to 124, the s’cepé which pass the similar constitution are

abbreviated. In said raw materials, at least one or more of Mg, Sr, Ca, B'a,
Zn, B, Al, Cu, Mn, Cr and Ni may be contained by several ppm to several
hundreds ppm. | |

Since the phééphors of Examples 149 to 155 are the phosphor of mix
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"cryst_‘al typé of Sr l_'and Cé, the phosphbr of mix crystal type of Sr and Ca

cha_nges the color tohe and peak wave length. The peak wave le:ngth shifté

to a 1oﬁg 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 color-base 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 ratio of Sr and Ca. The phosphor having a

desired color tone can be produced thereby. For example, the light emitting

~ device mixihg the bhosph'or of Ca-Si-N:Eu,La and the phosphbr of

Sr-Ca-Si-0O-N:Eu,La can provide a light emitting device having a desired
peak wave length at a range of 609nm to 634nm. Any of the temperature:
characfeiistics of Examples 149 to 155 ié extremely good.
Examples 156 to 160 | |

Examplgs 156 to 160 préduced phosphors which variously changed -

the addition concentration of the co-activator Tb in the base nitride

phosphor, Ca-Si-N:Eu,Th. A’I‘able 13 shows the chemical properties and

physical properties of the phosphors of Examples 156 to 160 which
variously changed the addition concentration of the co-activator Tb in the

base nitride phosphor, Ca-Si-N:Eu,Th.
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~ [Table 13]

Concent Addition Color Coior -BEmission | Quantum Peak

-ration | concentration | tone -| tone.| brightness | efficiency | wave -
of Eu of Th o x y . (%) %) . length
A ' " . (nm)
Comparative | 0.0075 .0 0.581 | 0.410 100.0 100.0 609
Example 1 ' | ' o ’
Example 0.0075 0.015 . 0.5682 10.409 99.1 - 100.4 610
. 156 ' o ' '
Example 0.0075 - 0.08 0.579|0.412 | 820 .|  8L7 - 609
157 ' ' '
- Example 0.0075 - 0.06 {0579} 0.412 71.8 78.0 610
‘158 v » ‘
Example * | 0.0075 0.1. 0.578 | 0.412 66.1 66.4 609
, 159 : -
Example | 0.0075 0.2 | 0576|0414 43.2 | . 43.7 -609
160 ‘ ' . :

The phosphor is represented by the general formula,

(Cag-0.0075-0Euo. oovsTbx)lest to which Mn was added In the phosphors | :

of Examples 156 to 160, oxygen is contained by 1.0t02.0%. In Examples )

156 to 160, the concentration of Eu is 0.0075. In 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 Tb4O7
as a raw material. Comp aratlve Example lisa phosphor in Whlch no
co-aetiﬁzatoi Th ie added and only Eu was added, and is shown as
comparison.’ -

‘Since Examples 156 to 160 carry out the s'imilér.pr'oduction steps as
Examples ilO to 124, the steps which pass the similar constitutioﬁ are
abbreviated. In said xn'aw‘ friaterials, at least one or Iiiore of Mg, Sr, Ca, Ba,
Zn, B, Al, Cu, Mn, Cr and Nimay be contained b‘y’seve'ral ppm to several
bhundreds ppm. Any of the temperarure characreristics of Ex~einp1es 156 to

160 is good. For example, the temperatqre‘characteristie 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 Whlch varlously changed ‘
the addition coneentxatlon of the co-activator Nd in the base mtrlde ,
pheephof, Ca-Si-N:Eu,Nd. Table 14 shows the chemical properties and
phyéical 'p}:opertiee of the phosphors of Examples 161 to 165 which
varlously changed the addition concentratlon of the co-activator Nd in- the .

base n1tr1de phosphor Ca-Si-N:Eu, Nd

‘[Table 14] _
Concent- .| Addition | Color | Color. | Emission | Quantum Peak’
ration of | concent | tone tone |brightness| efficiency wave
Eu -ration of | X y (%) (%) length
Nd : (am)
Comparative| - 0.0075 0 -0.581 | 0.410 100.0 100 609 -
Example 1 - 1 | .
Example | 0.0075 | . 0.015 0.582 | 0.406 . 874 | 912 621
: 161 . e L 0
Example 0.0075 0.08 0.580 | 0.412 68.8 | 717 621
162 ' : ‘ o '

Example 0.0075 0.06 10.579 | 0412 59.5 68.1 - 622
163 ' '
Example 0.0075 0.1 0.578 | .0.413 489 .| 534 623

164 ' . '
Example | 0.0075 0.2 0.572 | 0.4186 26.7 30.1 624
185, : : :

The phosphor is represented by the general formula,

Cag-0.0075-0Eu0. oo75Ndx)zSist to which Mn was added. In the phosphors of

'Examples 161 to 165 oxygen is contained by 1.0 t0 2.1%. InExamples 161

to 165, the concentration of Eu is 0.0075. Tn Examples 161 to 165, there ‘4

were p.repared the phosphors in which the concentratlon of Nd was changed
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~ £60.015, 0.03, 0.06, 0.1 and 0.2. Examples 161 to 165 use Ndan as araw

matenal Comp arative Example lisa phosphor in whlch 1o co- actlvator " |
Ndis added and only Eu was added and is shown as comparison.

Smce Examples 161 to 165 carry out the similar productlon steps as
Examples 1 to 15, the steps Whlch pass the s1m1lar constltutlon are
abbrewated 'In said raw materlals at least one or more of Mg, Sr Ca, Ba
Zn, B, Al, Cu, Mn, Cr and Ni may be contal_ned by several ppm to several
hundreds ppm. | .

_In Examples 161 to 165, the x value of color tone and the y valu_e of

color tone are varied in accordance with the increase of the addition

concentratlon of Nd The x value of color tone is lowered and the y Value of _

~_color tone is raised in accordance Wlth the i increase ‘of the ad.dltlon

concentration of Nd. - The color becomes slightly yellow red in comp arison

with Example 1'63 thereby. On the o'th'er hand, the peak wave length is

shifted to a long wave lengtll side in accordance with the increase of the

addition concentration of Nd. Afterglow becomes short by the addition of

Nd. Any of the temperarure characreristics of Examples 161 to 165 18

extremely good._. For example, the temperature chara‘cteristic' of Examples
161 is 99.’7% at 100°C. and 77.6% at 200°C. The temperature characteristic -
of Examples'164‘is 99.6% at 100°C and 76.7% at 200°C, and it is extremely .

good.

-Example 166

The light emlttmg dev1ce of Example 166 related to the present
invention is the type 1 light emitting dev1ce which was constltuted using the :

phosphor of Example 185 related to the present invention, and a white light .~
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F, "emlttmg dewce 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 mxxed the phosphor of Example 135 and the

yttrium- gadohmum aluminum ox1de fluorescent substance (Y-Gd- Al-O: Ce)

activated by cer1um Example 135 is the phosphor of Ca Si-O-N:Eu,Pr. A
hght emitting device Wh1ch is prep ared as a comp arlson does not contain
the phosphor of Example 26 and contains only the

yttrium-gadoliniiiin*aluminum oxide fluorescent substance activated by

-cerium as the phosphor. The hght emitting device of Example 166 and the

hght emlttmg device of Comparatlve Example use the phosphor

. of(Yo,ngo.z)3A15012-Ce. Namely, the light emlttlng dev1ce of Comp aramve

Example emifs light by combination of a blue light emitting element and the

lp‘hosphor of (Y-Gd-Al-O:Ce).

The weight ratio of the phosphor 11 in the light emitting device 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 emlttmg dev1ce of Comparatlve Example is

mlxed at the coating member : the phosphor of (Y-Gd-Al-O:Ce) =10 : 3 6..

The hght emitting device 1 of the present Example 166 is comp ared
with the light em1tt1ng device 2 of Comparative Example using only a blue
light emitfing element and the phosphor of Y-Gd-Al-O:Ce. The color tone of |

the light emitting device of the present Example 166 is hardly changed in

- comparison With the light emitting device 2 of Comparative Example, but

the color rendering property is im_proved. ~ The light emitting device 2 of .

Comparative Example was deficient in the specific color rendering index R9,
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but RY is improved in the light ‘emitting device 1 of the 'present Example -

| | 166. The s’pecific color rendering index R9 is a value obtained by

measurmg the color deviation of: a red color having comparatively high
chroma. Further 1t 18 1mproved to a value of nearly 100% than other
specific color rendering indexes R8, R10 and the like. The lamp e£€1c1ency
indicates ahigh. value. - -
Example 167

The light emitting device of Example 167 related to the present
invention is an electric bulb color light emitting device which was |
constituted using the phosphor of Exarnp.ie 154. The li‘ght emitting device
of Example 167 is the type 1 light emitting device, and has the conetitution _

of Fig.~ 1. Fig. 20is a drawing showing the chromaticity céordinate of the

hght emlttmg 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]lium-aluminum oxide fluorescent -substance (Y-Ga'Ai*OICe) o

activated by cerium. More speciﬁcally,'in the light emitting device of |
Example 167, the phosphor of the composition of Ys(Alo.sGao.2)sO12:Ce is
used as the yttrium-gallium-aluminum oxide fluorescent substance
actlvated by cerium. o

‘When the phosphor of the comp051t10n of Ys(Alo §Gag.2)s012: Ce is
exmted by a light of Wave length Ex = 460nm the peak wave length of the
luminescence spectrum is 530 to 540nm. Smnlarly, the peak wave length o
of the phosphor of Example 158 18 625nm |

The Welght ratio of the phosphor 11 1s mlxed by the weight ratlo of o
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the coating member the phosphor of (Y Ga- Al O: Ce) the. phosphor of

' 'Example 158 =10 : 4.0 :'1.08.

The light emlttlng devme of Example 16’7 using the phosphor which
was‘thus mixed emits light of an electrlc bulb color. Acoord_mg to Fig. 20
showmg the chromaticity coordmate of the llght emitting device 3 of
Example 167, the x Value of color tone and the y value of color tone are

situated at a warm color-base white luminescence region. The specific

color rendering index R of the light enlitting device 3 of Example 167 s -

also 60%, and the color rendermg property is 1mproved The peak wave
length is also situated nearby 620nm at a red color reglon 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 electmo bulb color. Further the light emitting device 3

of Example 167 has the h1gh lummescence property of 19 to 22 Im/W.
Example 168 |

The light emitting device of Example 168 is the type 2 hght emlttmg'
dev1ce 101 which has an InGaN layer having a luminescence peak of 460nm

at a blue regmn 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 reﬂecte(_l

from a reﬂeotlon plate and a lummescence spectrum which was directly

em1tted from the llght em1tt1ng element 101 are 1rrad1ated on the phosphor -‘

108, and light having a blue hlmlnescenoe spectrum which was emitted

from the light emitting element 101 emits light of a-white color. A desired -
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' lﬁminescence spectrum can be dbta'med by doping phosphors emitting green

“light such as SrAle4?E}1, YzS‘iOsl.iCe,Tb, MgAluOlgiCe,Tb, St7Al12025 Eu (at

least one or more among Mg, Ca, Sr and Ba)GasS+Eu; phoéphors emitting

blue light such as Srs(PO4)sCl:Eu, (SrCaBa)s(PO4)3C11Eu,

(BaCa)s(POysCLEwy, (at least one or more among Mg, Ca, Sr and
Ba)zB509C1 Eu,Mn, (at 1east one or more among Mg, Ca, Sr and
Ba),(PO;)sClziEu,Mn; phosphors emlttmg red light such as Y20:S'Eu,
LazOzSiEu, Y203'Eu, Gaz_QzSiEu, and the like, in the phosphor 108 of the
present invention.

| When a White LED lamp is produced using the light e.mitting device |
which was constituted as above, the yield of 99% 1s obtained.. Thus, the.
ligh:f: émitting device of Example 168 caﬁ be produced in good mass

productiVity_, and reliébility is high and the ul_ievenness of color tone can be

‘ loxifered

Example 169

The hght emitting device of Example 169 related to the present
invention is the cap type 3 light em1~tt1ng dev1ce, and constltuted using thg
phosphor of Example _15,21 _ |

In the»light em_itting.devi.ce of Example 169 thus constituted, the
wave length of the portionv of light which was emitted from the light
emitting element 10 .is converted by the phosphor of Example 152 when it
passes the cap 16 The light in Which the wave length was thus convérted
is mixed with blue hght Wthh was not subJected to the wave length

conversion by the phosphor, and as a result, white light is externa]ly

“emitted from the surface of the cap 16.
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, <Examp1es 170 to 223 related to Mode 4 of Operatlon>

Examples 1’70 to 176

‘Table 15 shows the chemical prbperties and physical -pfoperties.of

" the phosphors of Examples 170 to 176 related to the present mventlon

Further Fig. 22 and Flg 24 showed the Iummescence propertles of
the phosphor of Example 173. Flg. 22 is a drawing showing a lu.mmes.cence
spectrum when the phoSphor of Example 173 was excited by Ex ='460nm.

Fig. 23 is a drawing showing an excitation spectrum of the phosphor of

‘Example 173. Fig. 24 is.a drawing shoWing a reflection spectrum of the "

phosphor of Example 17 3. Fig.251is a drawing showing the luminescence

spect‘r'a when the phosphors of Examples 170 to 176 were excited by Ex =

460nm.
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[Table 15]

Raw material ~ Emission characteristics ) Temperajcuﬁe A
- o ‘ .| characteristics
Mn ?n‘oi, Eu mol, ) . '
. . . e aga‘ms. against . o
Ratio | Mixing ratio of raw | (alkali (1 mol - Color | Color | Bright | Quantum |Peak wave
of material earth mol alkali tone | tone -ness | efficiency | length | 100°C | 200°C
Sr/Ca| (Sr/Ca/Si/Ew) + Eu earth | X | 7Y (%) (%) (nm) ‘
' ’ mol=1 molj
: mol) - :

170 9/1 1.746/0.194/5/0.06 - 0.015 0.03 0.616 | 0.375 | 100.0 100.0 624 99.4 92.7
171 | 7/3 1.358/0.582/5/0.06 0.015 0.03 | 0.629 | 0.362 | 95.3 126.9 639 104.5 | 100.1
172 6/4 | 1.164/0.776/5/0.06 | 0.015 0.03 | 0.635 | 0.366 | 103.4 157.9 643 106.0 | 99.6 -
173 »5/'5 ©0.97/0.97/5/0.06 0.015 0.03 | 0.631 0.359 | 111.2 167.7 644 105.9 | 97.9
174 4/6 0.77(5./1.1674/5/0’06 ©0.015 . 0.03 0.622 | 0.369 118.1 160‘.2 642 101.0 | 93.1
175 | 3/7 | 0.582/1.358/5/0.06 1. 0015 | 0.03 | 0.610 | 0.381 | 123.7 146.5 636 100.1 | 93.8
176 | 1/9 0.194/‘1.746/5/0.06 0.015 0.03 | 0.587 _0.405 170.3-| 1385 . 609 90.7 | 51.2
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Examples 170 to 176 are results of testing the chemical properties

and physical prop erties of the phosphor‘s related to the present invention i

which are represented by Sr-Ca-Si-N:Eu to which Mn was added. The

mixing ratio of raw materlals in Table 15 is those in which the raw
materlals are represented by molar ratio. The phosphors are represented
by the general formula erCa<1 94- x)Euo osSlst (< X E 1.94) to which
Mn. was added or those contammg the ﬁne amount of oxygen are used In
Examples 17 O to 176, the concentration of Eu is 0 .03. The concentration of
Euisa molar ratio against the molar concerrtratlon 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, sﬂlcone mtrlde and
europrum oxide are mixed. - In Example 170, the compoundlng ratlo (molar
ratio) of strontium nitride, SrsNz, calcium nitride, CasNg, sﬂrcone nitride, |
SisNg, and europium oxide, EuzQs Whlch are‘ raw materials 1s adjusted to be
Sr:Ca: SlEu 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 sald raw matenals

The above-mentioned compounds are mixed, and firing is carried out.
As firrng conditions, they are charged in a boron nitride orucible in
ammonia atmosphere, the temperature was gradually raised from room
temperature over about 5 hours, firing.is carried out for 5 hours at about

1350°C, and cooling was further gr‘adaally carried out until room
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temperature over .‘:34'hours. Mn remains by several ppm to several tens ppm
in erCa(1,94-x>Euo.oéSist(0 <X < 1.94) after the firing. .

In Example 170 the molar ratio of Sr: Cais 9:1. The
1um1nescence brlghtness of the sﬂlcon nitride phosphor of Example 1’70 | 18
refer.red to as 10-0%, the lummescence efficiency is referred to as 100%, anci

the luminescence efficiencies of Examples 171 to 1’76 are prescribed based

‘on the basis of the qupo'unding proportion at this time. Wh.en the -

compounding proportion of Ca against Sr is inéreased, the luminescence
efficiencies of the silicon nitride phosphor 126.9% at the molar ratio of Sr :
Ca = 17:3, and the peak wave length 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 compoundingproportion of Ca'

against Sr is 1ncreased and the molar ratio of Sr:Cais5 5, namely, 1: 1

‘the 1ummescence bmghtness of the sﬂlcon nitride phosphor is 111.2%, the

luminescence efficiency is 167.7%, and the peak wave length is 644nm.

From this result, the luminescence efficiencies such as the luminesclencé
bri_ghtness aﬁd quantum_effiéiency are more . improved than the case of Sr E |
Ca=9:1. | In particular,. since the peak wave length is shifted to a longer

wave length side, the reddish phosphor 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 lowered, and the good

‘Tuminescence 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 proportion of Ca.

The ‘phésphor h_aving a desired peak wave length can be produced by

| appropriately combining the phosphors of Examples 170 to 176 with

Sr;Si-NZEu to which Mn was added, Ca-Si-N:Eu to which Mn was added,
Sr-Ca*Si'O"NIEAu to which Mn was added, Sr-Si-O-N:Eu to which Mn was
added, and Ca-Si-O-N:Eu to which Mn §vas added. Since thesé have about
the same composition, the phosphor has good 1ﬁmine_scence properties.

The phosvp'hor related to Example uses the cruciblé of a boron nitride
ma-t'er-iél, and firing is cariied out in ammonia atmospheref Since a
fu_rnaée and a crucible are not eroded 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 inolybdeﬁlim

" nitride material is used, it is considered that the crucible is erodéd,_

molybdenum contaminates in the nitride phospl;qr, and molyb dénum
provokes the lowering of the luminescence pvroper'ti}es.v .

Thus, thé improvement of the 1uminéscence properties can provide
luminescence materials which emit light of more brﬂliant white. Fur'ther,
since the improvement of the luminescence properfies enhance the energy
efficiency, electric power can be also reduced. -

When said phosphor was provided onvthe surface of a light emitting
device, it is represented that the high luminescence properties are exhibited
and the higher the temperarure chafacreristics are,‘ the ﬁlore stable fhey
are. | | | |

Examples 177 to 180
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Table 16 shows the chemlcal properties and physmal properties of
the phosphors of Examples 17 7 to 180 related to the present invention.
Fig. 26 is a drawing showing luminescence spectra 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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[Table IG]

Raw material Emission characteristics Temp e_ra?:w?e
A characteristics
%;agzlt’ Eu mol,
Ratio | Mixing ratio of raw | (alkali ?lg i?f t Color | Color | Bright | Quantum giﬁ; _ '
of material ‘learth mol lkali tone tone -ness | efficiency loneth 100°C | 200°C
Sr/Ca|  (Sr/Ca/Si/Eu) + Eu " arth x y (%) (%) o g )
mol=1 mol) o
| __mol) : ,

177 | T/3 | 1.893/0.597/56/0.01 0.015 0.005 | 0.605 | 0.384 100.0 100.0 624 105.1 | 1034
178 | 7/3 | 1.8379/0.591/5/0.03 0.015 | 0.015 0.619 | 0.370 135.0 " 162.0 631 104.1 | 104
179 | 7/3 | 1.358/0.582/5/0.06 0.015 | 0.03 0.631 VO.8607 139.5 199.2 637 106 | 103.7
180 | 7/3 | 1.316/0.564/5/0.12 0.015 0.06 0.640 | 0.349 124.5 219.1 646 108.5 | 108.1
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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 ﬁhosbhors

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 SrxCatr0EurSisNs(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 1 Ca =X :2-T-X =7 : 3. As

‘the compounding proportion Qf Eu, those which are T = 0.01, 0.03, 0.06 and

0.12 are used. The concentration of Eu at this case is‘O.j(')05.,' 0.015, 0.03
and 0.06. The concentration of Eu is a molar ratio against the molar

concentration of Sr-Ca. Further, Siis 5, Whﬂe_t‘hebaddition amount 6f Mn

45 0.015.

Sihce Examples 177 to 180A carries out the simil‘ar_ br_oduction steps
as Exampl'es 170 to 176, the step Which passes the similar constitution is |
ab’lbreviated.‘ At 1eést one or“more of Mg, Si:, Ca, Bé, Zn, B, Al, Cu, Mn, Cr
and Ni may be contained by several ppm to several hﬁndreds ppm in said
raw materials. | |

The lumineséence efﬁcien'cy is shown based 'o.n the basis bf the

phosphor of Example 177. The most improvement of the luminescence

 brightness was observed at Example 177 in which the concentration of Eu is

0.03. When the concentration of Eu is little, the luminescence is not
adequately carried out, and when the concentration of Eu is ‘goo'mudh, the
concentration quenching occurs, or it is_‘reacted with SraNg or CasNg, and

creates the composition different from the objective base nitride phosphor,

.therefore the lowering of the.luminescence efﬁciericy iovc‘curs. ‘The
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‘luminescence efﬁciéngy is best for Exampie 180. On the oth‘e'r hand, the

peak wave 1en§this‘ shifted to a long wave length side in accordance with

the increase of the concentration of Eu. The reason why this phenomenon

occuis is not clear, but'it is considered thaf the mix crystal of Sr-and Ca is .
further accelerated By acceleiating the dﬁfusioﬁ of Mn with SigNz and
CasNg, therefore the peak wave length is shifted to a long wave length side.
Any of the temperarure characreristics of Exambles 177 to 180 ié extremely
good. |
Examples 181 to 189 | |

Table 17 shows the che‘mical properties and physical prpberties of

the phosphors of Exam‘ples' 181 to 189 related to the present invention.
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[Tébl’e, 17]‘ , :

Raw material Emission characteristics Tempera?ulge
o characteristics
Mn mol, E ] '
» : .| against umok, ' ,
Ratio | Mixing ratio of raw | (alkali ?lgiigf t Color | Color |Brightn Quantum |Peak wave
“of .| - material earth mol alkali tone tone ess | efficiency | length |100°C | 200°C
Sr/Ca| ~ (Sr/Ca/Si/Ew) + Eu earth X 'y (%) (%) (nm) :

. ~ ' mol) - : . . ,
181 5/5 |- 0.99/0.99/5/0._01 O.Q'l5 0.005 0.611 0.378 100.0 100.0 628 104.2 | 98.6
182 | 5/5 | 0.985/0.985/5/0.03 0.015 07015 0.623 0.367 127.7 - 148.5 637 105.1 | 99.6
183 | 5/5 .| - 0.97/0.97/5/0.06 0.015 0.03 | 0.631 | 0.359 182.3 178.1 644 105.9 | 97.9
184 | 5/5 0.94/0.94/5/0.12 0.015 0.06 0.644 | 0.345 | 111.8 195.8 656 99 81
1851 5/6 | 0.94/0.94/5/0.12 0.016 0.06 0.636 0.353 30.3 47.1 658 100.1 92.3
186 b5/5 0.9/0.9/56/0.2 0.015 Q.i : 0.648 0.342 80.5 _ 156.2 663 108.3 |. 83.9
187 | 5/5-| 0.85/0.85/5/0.3 0.015 0.15 ' _0.653 0.337 83.6 185.4 667 | 111.8 | 78.2
1881 b5/6 0.8/0.8/5/0.4 0.015 0.2 0.655 0.335 74.4 179.2 668 112 70.3
189 | 5/5 |  0.7/0.7/5/0.6 0.015 0.3 | 0.657 | 0.333 | 585 | 1522 670 | 111.3 | 56.7
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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 represented by Sr-Ca-Si-N:Eu to
which Mn was added were changed. The phosphéf s represeh_ted by the
general formula SrxC a@1EurSisNs(0 < X < 2) to which Mn was added or
those containihg. the fine amount of oxygen aré used. The compounding
proportion of‘Sr and Ca of raw materialsis Sr: Ca=X:2-T-X =5 ib5. As
the compoundmg propormons of Bui in Examples 181 to 184 those Whlch are
T =0.01, 0.03, 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 Euis a molar
ratio against the molar concentration of Sr-Ca. Examples 185 to 189 used
commercially available raw materials Whiéh are differveﬁt frorri Examples
181 to 184. As the compounding proportions of Eu in Examplles 185 tb 189;“
those which aie T = 0.12, 0.2, 0.3, 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, Si i$,5, while the adaition ,
amount oan is O 015. ~

Since Examples 181 to 189 carry out the s1m11ar production steps as il
Examples 17 0 to 176, the step which passes the similar constitution IS.
abbfeviated. At least one or more of Mg, Sr, C.a, Ba, Zn, B, Al, Cu, Mn, Cr
ar_ld'Ni‘ma.y be contained by several ppm to several hundreds ppm in said
raw materials. |

The 1um1nescence efﬁcxency is 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 eut, and when the cencentration of Eu is too much, the

concentration quenching occurs, or it is reacted with SrsNg or CasNg, and .-

creates the composition different from the objective base nitride phosphor,
therefore the lowering of the 1umine$cence‘ efﬁciency occurs. The

lummescence efficiency is best for Example 184. Examples 185 to 189

' generate the lowering of the luminescence bnghtness but it is considered

* that since commer<31a11y available raw materials are used, impurities are

contained in said raw materials therefore the IOWering of the luminescence

efﬁciency occurs. In Examples 181 to 185 and in Examples 185 to 189, the

peak wave 1ength is shifted to a long wave length side in accordance With
the increase of the concentration of Eu. The principle is not clea1 but itis

con51dered that the mix crystal of Sr and Cais further accelerated by

‘ acceleratmg the diffusion of Mn Wlth SraNz and CasNy, therefore the peak :

wave length is shifted to a long wave 1ength side. Any of the temp erarure
chaxfacremstlcs of Examples 181 to 189 is extremely good. |
Examples 190 to 193 |

Table 18 shows the chemical prop erties and physical properties of

the phosphors of Examples 190 to 193 related to the present invention.

2517




8G%¢

[Table 18]

~——

Raw material Emission characteristics Temperature
. characteristics
' Mn mol, Euariﬁleé ' ' V ' Peak
Ratio | Mixing ratio of raw against (f*mol "1 Color | Color | Bright Quantum |
of material (alkali earth alkali tone ‘tone -ness | efficiency length 100°C |200°C
Sr/Cal| - (Sr/Ca/Si/Ew) mol +Bu | ¢ "0 x 5 (%) (%) (m%l) 1 :
- mol=1 mol) mol) : o :
190 | 8/7 |{0.597/1.393/5/0.01 0.015 | 0.005 } 0.597 A 0.392 | 100.0 100.0 621 101.56 89.6
191 3/7 0.591/1.379/5/0.03 -0.015 0.015 | 0.598 0.392 | 110.3 1135 | 626 1982 {776
192 1 8/7 |0.582/1.858/5/0.06 | 0.015 0.03 0.610 | 0.381 141.4 175.8 636 100.1 93.8
193 | 8/7 0.564/1.368/5/0.12 0.015 0.06 0.604 | 0.387 95.6 113.0 635 |91.6 55.2
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Ekamples 190 to 193 are results of testing the phemical properties
and physical prop.erties when the concentration of Eu of the phosphors
related to thé 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 SrxC a(z-T-;oEuTSist(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 materialsis Sr: Ca=X:2-T-X=38:7. The
compounding p_roportidns 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,
0.015, 0.03 and 0.06. The concentration of Eu is a molar ratio against the
molar concenﬁration of Sr-Ca. With respect to the addition amouﬁt of Mn
in Examples 190 to 193, Siis 5, While th e addition amount of Mn is 0.015.

Since Examples 190 to 193 carry out the similar prodvuctiovnvsteps as
Examples 170 to 176, the step which paéses the similar constitution is
abbreviated. At least on‘e-or more of‘Mg, Sy, Ca, Ba, Zn, B, Al, Cu, Mn, Cr
and Ni may be contained by several ppm to sevexfal hundreds ppm in said
raw materials.

The luminescence efﬁciéncy is shown based on the basisvof the
phosphor of Example 190. The most improvement of the luminescence
brightness was observed at Example 192 in Examples 190 to 193 wheﬁ the
concentration of Eu is -0.03, 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 Euis 0.03.

- Further, in case of Example 192, the lummescence efficiency together with

the luminescence brightness is the best. In Examples 190 to 193, the peak
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wave length is shifted to»along 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 194.1;0 201 | | |

‘Table 19 shows the chemical properties .and phvysical properties :of

the phosphors of Examples 194 to 201 related to the present invention.
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[Table 19]

Raw material Emission characferistics Temperaf,uxje
. : : characteristics
: Mn mol, Eu mol, v : . Pe ok |
Ratio | Mixing ratio of | against against Color. | Color |Bright-n| Quantum Wave :
of | raw material |(alkaliearth| (1 mol- tone | tone ess efficiency leneth 100°C | 200°C |

Sr/Ca| (Sr/Ca/Si/En) | mol+ Eu | alkali earth X y (%) (%) (Ill%l) .

. mol=1 mol) mol) : -

194 | 0/10 1.985/5/0.015 - 0.0075 0.581 0.411 100.0 100.0 609 99.5 78.9
195 0/10 | 1.985/5/0.015 0.0025 0.0075 0.582 0.410 102.4 103.1 609 96.3 | 80.3
196 | 0/10 | 1.985/5/0.015. 0.005 0.0075 0.581 | 0.410 | 1015 102.0 609 99 76.9
197 0/10 1.»985/5/0‘.015  0.0075 0.0075 0.581 0.410 113.6 108.3 609 100.1 | 76.9
1981 0/10-| 1.985/5/0.015 0.015 -0.0075 0.583 0.409 115.3 117.4 609 100.1 | 76.9
1199 0/10 | 1.985/5/0.015 - 0.03 0.0075 0.581 0.411 93.2 93.8 609 98.5 73.6
200 | 0/10 | 1.985/5/0.015 0.05 0.0075 0578 | 0.418 | 68.7. | 688 | 609 | 89.5 | 55.8
2011 0/10 1._985/5/0.015 0.1 0.0075 - 0.572 0.418 32.2 31.9 609 71.9 30.8
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Examples 194 to 201 éxe results of testing the chemical properti‘es‘
and physical prop erties when the additién amount Mn of the phosphors‘
related to the preseht invention 'v&hich are represented by Ca-Si-N:Eu was
éhanged. The mixing ratio of raw vmateriAals in Table 19 was a value in
which the raw materials are.repres-erllted by molar ratio. The phosphof
which was thus producéd is fepres_ented by the general formula
Cae-nEurSisNs to Which'Mn. was added or a form contéining the fine
amount of oxygen. Aphosp.hor in which Mn was ﬁot added is shown in
Example 194. The phosphors of Examples i94 to 201 use thdse in which
the addition amounts of'Mn." are 0.005, 0.01, 0.015,'0.08, 0.06, 0.1 and 0.2.
The concentrations of Mn in thisvcase are 0.0025, 0.005, 0.0675, 0.015, 0.03,
0.05'and 0.1, and the concentr’atioh of Mn is a molar ratiq agaiﬁst_ the mqlér
»conce‘ntratitm of Ca. The 9-oncentration of Eu is constant at 0.075. |

Since Examples 194 to 20'1 carry oﬁt the similar prodﬁction steps’
as Examples 170 to 176, the step which passes the simil-ar constitution is
abbreviated. At least one or more of M‘g, Sr, Ca, Ba, 7n, B, Al, Cu, Mﬁ, Cr
and Nimay be containea by sev,eral ppm to several.hundreds ppm in said :
raw materials. |

The luminescence efficiency is 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 187
in which the concentration of Mn is 0.0075 and Example 198 in which the |
concentration of 'Mn is 0.0‘1;5.' This is considered to be caused by that when
the concehtra_ti()n of Mn is little, the djffufsion of rvaW"materials is not

adequately carried out and the growth of particles is not adequately carried
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out. On the other hand, when the concentration of Mn is too much, it is

- considered to be caused by that Mn ‘p'revents the‘composition formation of

Ca-Si-NEu and crystal growth The quantum efﬁmency is extremely good
in Examples 195 to 198. Even if the addition amount of Mn is changed, the
temperarure characrerlstlcs in Examples 194 to 200 are extremely good.

The peak wave length is c.ons‘_cant even if the addition amount of Mn is

.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.

263



¥9¢

[Table 20]

Raw material Emission characteristics Temperajmxje
- characteristics
: Mn mol, Eu mol, _ P ak‘
Ratio | Mixing ratio of |  against against Color | Color |Brightn| Quantum | © :
of | raw material |(alkaliearth| (1 mol- tone | tone ess | efficiency lwavtel 100°C | 200°C
Sr/Ca| (Sr/Ca/Si/Euw) | mol+ Eu alkali X y (%) (%) (zng )1
| mol=1mol) |earth mol) . nm
202 | 0/10 1.97/5/0.03 - 0.015 0.586 | 0.406 | 100.0 | 100.0 609 | 93.8 66
203 | 0/10 1.97/5/0.03 .| 100ppm 0.015 0.585 0.406 100.5 100.3 610 97 69.7
204 | 0/10 1.97/5/0.03 500ppm 0.015 0.588 | 0.403 | 103.5 103.1 610 | 96.5 | 66.2
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. Examples 202 to 204 are results of 4testihg the chemical properties
and physical properties when the addition arnount of Mn of the phosphors
related to the present invention which are represented by Ca-Si-N:Eu was
changed The mlxmg ratio of raw matenals in Table 20 is a value in Whlch
the raw materials are represented by molar ratio. The concentratron of Eu
is constant at 0.015. The phosphor which was thus produced is | |
represented by the general formula Ca@-pEurSisNs to which Mn was added

or a form containing the fine amount of oxygen A phosphor in which Mn -

_was not added i is shown in Example 202. Those in which the addition

amoﬁnts of Mn ih Exemples 202 to 204 are 100ppm and 500ppm against._.the. :
total amount of raw materials are used

Since Examples 202 to 204 carry out the srmrlar productlon steps as
Examples 170 to 176, the step which passes the similar constitution is
abbreviated. Frrstly, calcium nitride, silicon nitride and .eu,ropium oxide
were mixed. 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 said‘ '_
rew materials. | | | | |

The lummescence e£ﬁc1ency 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
invwhi_ch, the addition amount of Mn is 500ppm improved the luminescence
brightness and the luminescence efﬁcienoy.; : Further, the improvement of
the temperature characteristic is designed. Even if the addition amountof
Mn is little, the lurrrin.esc‘ence properties such as the luminescence

brightness, luminescence efficiency and temperature characteristic can be )




~ improved.
Examples 205 to 206

Table 21 shows the chemical properties and physical prop ertles of
the phosphors of Examples 205 to 206 related to the present invention. Fig.
27A is a photo photographing the particle diameter of the phosphors of
Example 205, and Fig. 27B is that of Example 206.
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[Table 21]

Raw material Emission characteristics Tempera?:uxje
- - - characteristics
ol gnaili:% Eu mol,. '- Peak
Ratio | Mixing ratio of (glkah against Color | Color | Bright | Quantum wave :
of | raw material earth mol + (1 mol - tone tone -ness | efficiency leneth 100°C | 200°C
SriCa| (Sr/Ca/SiBw |°g " T2 lalkali earth|  x v (%) (%) sy
| mol) mol) : ,
7205 | 0710 1.96/5/0.04 . 0.02 0.'_589 0.403 100.0 100.0 609 95.9 | 65.5
206 C/lO 0.96/5/0.04 - 0.02 0.02 - 0.592 0.401 109.5 111.8 609 92.3 56.1
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Examples 205 to 206 are results of testing the chemical properties
and physical properties. when the addition amount of Mn of the phosphors
related to the présent invention which éi‘e represented by Ca-Si-N:Eu was
changed. The mixing ratio of raw ma’ﬁerialé in Table 21 is a value in which
the raw materials are represented,by a molar ratio. vThe phosphor Which
was.thus produced is represented by the general formula Ca@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 Example 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 concentration of Eu is consfant 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.
Examplé 206 in which the additiovn amount of Mn 1s 0.02 improved the
luminescence brightness and the luminesce-née 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, the;ce are shown photoé ’Which photographed the particle
diameters of »thebphosi)hor to which Mn was ﬁot added and théphosphor to
which Mn was added. The mean particle diameter of the phosphor of
Example 205 to which Mn was not added is 2.8 pym and the mean particle
diameter of the phosphor bf 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. TItis 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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[Table 22]

Raw material Emission characteristics Tempgra.tux:e '
, characteristics
- Mn mol, - Eu mol : . : Peak
Ratio | Mixing ratio of || against i ‘st’ Color | Color | Bright | Quantum W:i
of | raw material | (alkali earth (1 n?gl ):nalkali tone | tone | -ness | efficiency | len ‘fh 100°C | 200°C
Sr/Cal| (Sr/Ca/Si/Ew) | mol +Eu | X y (%) (%) & :
mol=1 mol) earth mql) : . (nm)
207 | 10/0 1.94/5/0.06 o 0.03 0.614 | 0.377 | 100.0 100.0 620 101.7 | 90.6
208 | 10/0 1.94/5/0.06 0.005 - 0.03 0.616 | 0.375 | 102.6 106.0 621 | 101.5 | 83.8
209 | 10/0 1.94/5/0.06 0.015 0.03 0.616 | 0.375 111.8 116.4 621 102 | 85.4
210 | 10/0 1.94/5/0.06 0.05 0.03 0.618 | 0.373 | 105.6 114.9 626 102.7 86.8
| 211 | 10/0 1.94/5/0.06 0.1 0.03 0.618 | 0.373 86.2 99.8 627 90.9 75.1
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Examples 207 to 211 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-Si-N:Eu was

‘changed. The mixing ratio of raw materials in Table 22 is a value in kwhich

the raw materials are represented by a molar ratio. The phosphor which
was thus produced is represented by the general formula Sr(z-T)EﬁTSisNg to
which Mn was added or a form containing the fine amount of oxygen. A
phosphor in which Mn was not added 18 shown in Exampvle_ 207. The
phosphors of Examples 208 to 211 use those in which the addition amounts
of Mn are 0.01, 0.03, 0.1 and 0.2. The concentrations of Mn in this case are
0.005, 0.0l15, 0.05 and 0.1, and the»'_conc'entration of Mn is a molar ratio

against the molar concentration of Sr. The concentration of Eu is constant

at 0.03.

Since Examples 207 to 211 carry out the sinﬁlar production steps as
Examples 170 to 176, the step which passes the similar constitution is
abbreviated. At least one or more of Mg, Sx, Ca, Ba, Zn, B, Ai, Cu, Mn, Cr
and Nimay be conﬁained by several ppm to several hundreds ppm in said
raw materials.

The luminescence efficiency is shown baSea on the basis of the
phosphor of Example 207 to which Mn was not added. Examples 208 to
210 improved the luminescence brightness, and in particular, Example 209
in which the concentration of Mn is 0.015 improved the luminescence
brightness to fhe utmost. -Further, With respect to Examples 208 to 210,
the quantum efficiency is extremely good. ‘Further., 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 ’cé 220 ' |
Table 28 shows the chemical properties and physical properties of

the phosphors of Examples 212 to 220 related to the present invention.
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[Table 23]

Raw material Emission characteristics ngfiiZif;Eis
Mn mol, '
against Eu mol, ' Peak
Ratio | Mixing ratio of raw - (glkali against | Color | Color | Bright | Quantum wave
of material ‘ear(th mol + (1 mol - tone tone -ness | efficiency leneth 100°C | 200°C
SriCa|  (Sr/CalSUEW) | " lalkali earth| x y (%) (%) &
‘ fu mol=1 , (am)
mOD mOD ) _ )
212 b/5 0.98/0.98/5/0.04 - © 002 - | 0624 | 0.366 | 100.0 100.0 638 101.7 | 92.5
213 5/5 0.98/0.98/5/0.04 0.005 0.02 0.628 | 0.362 | 132.9 141.4 641 1056.56 | 97.3
214 5/5 0.98/0.98/5/0.04 0.015 0.02 0.628 | 0.362 | 144.5 151.5 641 101.8 | 85.4
21571 5/5 0.98/0.98/5/0.04 0.05 - 0.02 0.627 | 0.363 | 149.7 155.5 - 642 104.8 | 95.3
216 | 5/5 0.98/0.98/5/0.04 0.1 0.02 0.623 ,0'367 128.9 » 129.6 641 105 95.3
217 5/5 0.98/0.98/5/0.04 0.02 0.637 | 0.353 | 100.0 100.0 644 102.8 | 88.1
12181 5/5 0.98/0.98/5/0.04 0.02 0.02 0.638 | 0.353 | 105.1 105.7 644 101.1 | 86.5
219 7/3 | 1.386/0.594/5/0.02 0.01 0.620 0.371 | 100.0 100.0 627 102.1 | 93.4
220| 17/3 | 1.386/0.594/5/0.02 0.01 0.01 0.622 | 0.370 | 105.8 105.1 628 102 94.2
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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 23 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 SrxCace-x-nEurSisNs or a form containing the fine amount
of oxygen.

Since Examples 212 to 220 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 be contained by several ppm to several hundreds ppm in said
raw materials.

The molar ratios of Sr and Ca in Examples 212 to 220 are Sr : Ca =5

: 5. - Aphosphorin which Mn was not added is shown in Example 212.

The phosphors-of Examples 913 to 216 uée those in which the addition

‘ amounts of Mn are 0.01, 0.03, 0.1 and 0.2. The concentrations of Mn in

this case are 0.005, 0.015, 0.05 and 0.1.,.and the concentration of Mn is a
molar ratio against the molar concéntration of Sr-C»a. The concentration of
Eu is constant at 0.02.

The luminescence efficiency is shown based on the basis of the
phdsphor of Example 212 to which Mn was not added. Any of Examples
213 to 216 improved the luminescéﬁce brightness. Further, the
luminescence efﬁciencies are also .imp'roved. vF‘urthermore, the

temperarure characreristics are also extremely good. Thus, the
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luminescence properties are improved by adaing Mn to the phosphor
represented by 'Sr-Ca-StNIEu. | |

: Examplés 217 and 218 carried 6ut the production of the phosphdr
related to the preéent invention using corﬁmercially available raw materials. :
The rﬁolar ratio of Sr and Ca in Examples 217 and 218 is--Sr Ca=5b:5
The phosphor to which Mn was not ad&ed is shown in Exampie 217. The
phosbhor of Example 218 uses a phosphor in Which. the addition amount of |
Mn is 0,04. The conqentration of Mn is 0.02, and the concentration of Mn
is a molar ratio against thée 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 phosphor related to the present invention was
carried out using the commercially aVaiiable raw materials in Examples 219
énd 220. . The molar ratio of Sr and Cain E)Acamples‘ 219 and 220 is S'r'IA C‘a
=7:3. The phosphor to which Mn is not added is shown in Example 50.
The phosphor of Example 220 uses a phosphor in which the ad&ition
amount of Mn is 0.02. The ‘conce»ntratién of Mn in this case is 0.01. The
concentration of Mn is a molar ratio against the molar concentration of
Sr-Ca. The c-oncentration of Buis 0.0L |

The luminescence efﬁcie.ncy is shown based on the basis of the -
ph_obsphor of Example 219 to which Mn was not added. Example 220 in

which the addition amount of Mn is 0.01 can improve 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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[Table 24]

, N Sr | Ca | Ba | Si |Eu| Mn | O N
Conjectured composition ' '
, %) | ) | %) | %) | %) | (ppm) | (%) (%)
Sro.991Ca0.983Bao.001E10.039515.000 _ Residual amount against
217 ' : 22.7110.3 10.056|36.7| 1.56 0 1.29 '
Oo0.300N7.485 "~ 1 100% of total amount
S10.991C20.983B a0.001E110.039515.000 g : Residual amount against
218 - 22.7110.3 {0.05 {36.6 | 1.54 8 1.49

Oo.356N7.457

100% of total amount
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The presence or absence of Mn in the above*menti’oned phosphors can be
rﬁade clear from the above-mentioned aﬂalysis 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 Juminescence spectrum of the light emitting device of
Example 221, and Fig. 29 is a drawing showing the color rendeﬁngproperty.
In the light emitting device of Example 221, the phosphor of
Exémple 218 and the YAG-base phosphor are used in mixtureas the
phosphor 11." As the coating member 12, a miXture 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 used 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.

When current is run-in the light emitting device of Example 221, the
blue light emitting element 10 emits light having the first luminescence
spectrum with a peak W.“ElVG length of 460nm, the phosphor 11 contained in
the éoating 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, Sepond and third luminescence |
spectra.

Table 25 shows the lumiﬁescence 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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-.%[Tabie 25]

1 Pimsphor

Ap y
[nm]

1 Y-Gd-Al-O:Ce - 562 0.457 | 0.5627
650 0.639 0.351

Sr-Ca-Si-N:Eu

2. Preparation ratio

Preparation ratio Coating member YV-Gd-Al-O:Ce Sr-Ca-Si-N:Eu
. Light emitting device 2 10 36 ' —
Light emitting device 1 10 3.8 0.6
3. Measurement result , . _
It | Vi Po Y Ap 421 Ad X y Tep Ra | Lamp efficiency
mal | V] | [mW] | Oml | (om] | [oml | [nm] K] Hm/W]
Blue-LED 20 3.7 14.1 0.66 | 456.9 19.5 | 461.2 | 0.145 | 0.087 - 8.8 -
Light emitting 20 3.7 8.58 | 2.76 | 456.5 | 173.8 | 576.2 | 0.357' 0.361 | 4599 | 76.2 37.0
device : '
Light emitting 20 3.7 6.56 1.84 | 462.4 | 176.7 | 575.4 | 0.355 | 0.361 | 4671 | 87.7 24.9
device ' : : '
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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 yttrmm gadohnlum aluminum ox1de fluorescent substance

- (YGa- Al-0:Ce) actlvated by cerium. More specifically, the phosphor of

(Yo.8Gdo.2)sAlsO12:Ce as the yttrium-gadolinium-aluminum oxide fluorescent
substance (Y-Ga-Al;OiCe). |

When (Yo.8Gdo2)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 Examplé 221, the weight ratio of the
phosphor 11 and the coating member is the coating member : the pho_spher
of.(Y-Ga-Al-O‘Ce) : the phosphor of Example 218 = 10: 3.8 : O 6. On the
other hand, the phosphor of Comparative Example in the hght emlttmg
device using the combmamon of a blue light emlttmg element and the
phosphor of Y-Ga-Al-O:Ce is mixed at the weight ratio of the coating
member  the phosphor of (Y-Ga-Al-0:Ce) = 10 : 3.6. |

The light emitting device of Example 221 is compared with the hght
emitting device of Comparative Example. The color tone of the light
emitting device of Example 221 is hardly changed in comparison with the

light emitting device of Comparative Ex,ample,' but the color rendering

property isimproved. As cleared from Fig. 29, 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 of Example 221.
F urtﬁer, 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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24.9 1m/W,
Example 222 B
The ]ight emitting device of Example 222 is similarly the type 1 light

emitting device, and an electric bulb color light emitting device. Fig. 301s

‘a drawing showing the luminescence spectrum of the light emitting device

of Example 222. TFig. 31 is a drawing showing the color reﬁdering property
of the light emittiﬁg device of Example.222. Fig: 32 is a drawing showing
the chromaticity coordinate of the light _emi_tting device of Example 222.
Tablé 26 shows the luminescence prop‘erlties of the light emitting device of

Example 222.
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[Table 26]

1. Phosphor
Ap X y
[nm]
Y-Ga-Al-O:Ce 533 0.383 0.575
Sr-Ca-Si-N:Eu 650 0.639 0.351
2. Preparation ratio , _
Preparaﬁon ratio: Coating member Y-Ga-Al-O:Ce | Sr-Ca-Si-N:Eu
Exampl222 10 4.0 ~1.08
3. Measurement result , _
If \%4 Po Y Ap | 41 2d X y | Tep | Ra |Lightemitting device
- (mAl | [V] |[mW]| (lm] | [nm] | [nm] | [om] ‘ K] [lm/W]
Blue-LED 20 3.7 | 14.1 | 0.66 | 456.9 | 19.5 | 461.2 | 0.145 | 0.037 - 8.8
Light emitting | 20 3.7 5.3 1.42 620.7. 238.1 583.6 0.449 | 0.407 | 2832 | 90.4 19.2
device 3 ' | ' A '
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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-OZCe)
activated by cerium. Further, in the light emitting device 3 of Example
222, the phosphor having the compes’ition of.Ys(AlotsGao.z)sOlzice is used as
the yttrium-ga&oh’niu’m-aluminum Qxide fluorescent suﬁetanee. .

When the present phosphor is excited by hght of Ex = 460nm, light
having a peak wave length ef 533nm is emitted. Similarly, the peak wave
length of the phosphor .Of Example 218 is 650nm.

o 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: 40:1.08. -

The Light emitting device of Example 22 using the phosphor Which '
was thus m_ixedemits light of an electric bulb color. Accoidin'g‘ 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-rendeiing index R9 of

the light emitting devme of Example 222 is also 60%, and the color

rendermg property is improved. In the light emitting device of Example
222, the peak wave length 18 situated at a red region of 620.7nm, therefore
the electric bulb color white light emitting device is obtained. In th_e light
emlttlng device.of Example 222, the color temperature is 2832K, the color
rendermg property Ra is 90.4, therefore it has the luminescence property
nearby an electric bulb color. Further, the light emlttmg device of Example

222 has the hlgh luminescence property of 19.2 Im/W.
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Example 223
| The light emittingdeviee 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 |
luminescence peak of 460nm at a blue region as alight emitting layer
Further, the phosphor of Example 220 and the phosphor of
Ya(AlosGao)sO 1v2’1Ce are used as the phosphor.
In the light emitting device of Example 223 which was constitlrted as.

above, the phospher is a phosphor in which an indirect luminescence

. spectrum which was reflected from a reflection plate and a luminescence

Sp ectrum which was directly emitted from‘ the light emi-tting element 101 -
are 1rrad1ated 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 emlttmg green hght such as SrAle4 Eu, Y2Si0s: Ce Tb
MgAl;1010:Ce,Th, Sr7Al12025 Eu (at least one or more among Mg, Ca, Sr
etnd Ba)Ga2S4!Eu; phosphors emitting blue light such as Srs(PO4)sCl:Eu,
(SrCaBa)s(POz;)sCliE\i, (BaCa)s(PO4)sCl:Eu, ' (at 1eas‘tv one O mMOre among |
Mg, Ca, Sr and Ba)sBsOsCl:Eu,Mn, (at least one or more among Mg, Ca, Sr
and Ba)(PO4)6Clz Eu, Mn, phosphors emlttmg red light such as Y20:5:Eu,
LazOzS Eu, Y203 Eu Gaz02S: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 Example' 222, the light emitting device having good
mass jproductivity, 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 to 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 phbsphors
of Examples 225 and 226. Fig. 34 is a drawing showing luminescence
spectra when the nitride phosphors of Exémples 225 and 226 were excited
at Ex = 460nm. Flg 35 is a drawing showing the excitation spéctrum of
the nitfide phosphors of Examples 225 and 226. TFig. 36 is a drawing
showing the reﬂection spectrum of the nitride phosphor of the nitride

phosphors-of Examp'les 225 and 226. Fig. 37 is a photo photographed the

particle diameter of the nitride phosphor of Example 226.
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[Table 27-1]

Raw material Result
- Central Central
Be’\sm. Mixing I‘atlf) of Other . Crucible | Atmos | particle partlcle
constituting | raw material clement Baking pattern material | -ohere | diameter diameter
elements (Ca/SiEwW) |*™ : P ' (US exists) |-
, (Dm/olog)
(Dm/slog)
Fxample CaronSisNsBuoo) 1 g7i5pg 09 | — | Onestep WOUCx gy | NH, |5.3300.410| 4.69/0.378
o La 3 .
Example CarsSisNeBwol 1 gqisig 0y | — | Onesten IB0C>] - py | NH, |5.6100.412) 4.31/0.415
1 .
EXS%PIQ CarosSisNoBwool 4 o406 | — | OBe Ste%11350°c X | BN | NH, [5.13/0.366| 4.67/0.419
6 .
Example |CaverSisNsBuoo | | Two steps 800°C x _ B B
927 ) - 1.97/5/0.03 om, 1350°C x50 | DN | NHe
Example |Cai9rSisNs'Euoo 1.97/50.03 B One step 1350°C x BN NH, ‘ _ _
- 228 3 » v 5h
- Example |Ca1975isNs:Euo.o 1.97/5/0.03 Al ' One step 1350°C x AlOs N, _ _
229 3 v 5h
Comparative Qi N, ' : = no
Example Cal,97Sls;Ns-Eu<).o 1.97/5/0.03 . One stepmiSoO Cx Mo’ NH, . .
2 .
Comparative e o _
Example Ca1.97SisNs Euo.o 1.97/5/0.03 Fe One Ste%li350 C x BN NI, _ i

3

3
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[Table 27-2]

s . ~ Temperature
Em1ssmn properties (460 nm) characteristics (%)
Color Color Brightne Quantum | Peak wave . :
tone tone go 551 efficiency length 100°C. | 200°C | 300°C -
(%) o
x y (%) (nm)
Bxample | 0583 | 0406 | 1365 139.0 612 937 | 67.1 | 235
Exgggple 0.583 | 0.410 97.6 96.5 610 99.8 | 81.1 | 37.1
| Exgggple 0590 | 0.401 | 1394 148.0 614 929 | 561 | 125
'EX‘;;_‘,}’M 0.584 | 0.400 | 1287 136.8 612 97.7 | 170.6 | 22.6
EX;;’%PIQ 0.587 | 0.405 137.6 141.1 612 95.8 | 65.8 | 21.6
Exggg?’le 0.586 | 0.406 | 116.1 119.1 611 95.7 | 68.1 | 22.6
Comparative |-
Example | 0.581 | 0.410 100.0 100.0 610 97.9 72.7 | 25.7
2
Comparative ,
Example 0.58 | 0.411 65.1 65.4 611 99.6 79.6 29.6
3
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[Table 27-3]

Chemical analysis

Ca | Eu N @) |0 @) Fe | Mg | Sr Ba | Zn B Al Mo | Mn | Cu gj
%) | (%) ’ | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) (ppm) :
" Example . : : ' » Res%du_al amount
994 23.111.22 1] 294 | 0.87 7 7 180 1 9 <1 110 <1 <1 <1 J|against 100% of
' ‘ total amount
Example _ ' , Res@dual amount
995 23.71 046 | 31.3 { 1.35 6 13 70 6 360 <1 30 <1 1 <1 lagainst 100% of]
' total amount
Example ' _ : Res_idual amqunt
298 22.4 1 240 | 31.5 | 0.97 8 15 50 6 5 <1 _30 <1 1 1 |against 100% of|
: total amount
Example - Resédual amount
997 23.2 1 1.20 | 29.3 | 0.80 7 8 150 5 5 <1 90 <] 1 <1 J|against 100% of}
total amount -
' Residual amount
Example | 951|121 | 298|090 | 9 | 7 | 10| 6 | 7 [510|100 | <l | <1 | <l |against 100% of
total amount
: : Residual amount
Exgngple 1230]1211293(095| 9 | 10 | 120 6 4 | <1 | 90 | <t | 1 | <1 |against 100% of
~ total amount
. Residual amount
Comparative 9231112212941 085 9 8 | 120 5 4 <1 | 380 490 1 1 lagainst 100% of]
Example 2 ¢ )
. : otal amount
Comparative _ ' Residual amount
i le 3 23.11 12212931 0.98 480 8 140 6 5 | <1 90 <1 1 1 |against 100% of]
xample .
: total amount
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Examples 224 to 229 are results of testing the chemical properties :
and physical proberties of the nitride phosphors related to the present
invention which contains at least one or more selected from a group ,
consisting of B, Al; Cu, Mn, Co, Ni, Mo, O and Fe in LiMyN@@x+4sv 2. |
The nitride phosphors are represented by CazatEutSisNg using Ca for L,’ Si
for M and Eu for 7 of the base nitride phosphlo‘r of LxMvyN (am)x+a/3)9) Z. The
portion of Ca used in the nitride phosphors of Examples 224 to .229 18
substituted with Eu, and the compounding propdrtion of Euis represented
by t and the compdunding proportion of Ca is represented by 2-t. There
are containedv the compounding proportions of Eu Which are represented by
0.03 for Example 224, 0.01 for Example 225 and 0.06 fo.r Example 226,
agéinst 5 of Si.

Calcium nitride, silicon nitride anld europium oxide which contain
several ppm to several hundreds ppm of at least one or more selected from a
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 niti:ide, »
CasNg, silicon nitride, SisNs, and europium oxide, EuzOs which are raw

materialsis set so as to be Ca : Si.I FEu=197:5:0.03.

Calcium nitride, CasN2 , 14.47g
Silicon nitride, SisNs 34.75g
Europium oxide, Euz0s 0.79¢g

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 cariied 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 coﬁtained by several pﬁm 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 by 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 preseﬁt 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 temp eratﬁre characteristic.

The pai"ticle diameter of Example 224 is 1 to 3 um, the particle
diameter is big, and. the luminescence brightnessis 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

291




10

15

20

high brightness, high quantum efficiency and good temperature

characteristic in like manner as Ekamples 224 and 226.

The phosphors related to Examples use the. crucible of boron nitride
material, and firihg 18 carried out m ammonia atmo-éph.er‘e. Since a
furnace and a crucible are not ero'devd,.impurities are not contaminate(‘ilin a
baked product. Example 228 shows the luminescence efficiency when B is
contained in raw materials. From the 4resu1t 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 bofon‘nitride

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 is used. From fhe reéul.t of Example
229, the phosphor in which aluminum is contained exhibits also the high
luminescence propérties. Accordingly,even if the alumina crucible is used,
firing can be carried out \Adﬂhout considering.vthe contamination of the
alumina crucible. | |

On the contrary, Comparative Example 2 uses a molybdenum
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crucible. When the molybdenum crucible is ﬁsed, the crucible is eroded to
be contained in the phosphor. The pho.sphor of Comp‘arative Example 2
containing molybdenum geherates the lowering of the luminescence
propertiés.‘ Accordingly, it is ﬁo‘c 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 furthor carried out. Comparative Example 4 is a
nitride phosphor 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 in Table 28. Fig.381isa drawing showihg luminescence spectra
when the nitride phosphors of Example 224 and Comparative Example 4

were excited at Ex = 460nm.
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[Table 28-1]

Raw material

v -| Mixing ratio
Basic constituting of raw . . Crucible |Atmos| Gas mass
elements material CagNa| SiaNs |EuOs)  Bakingpattern o4 1o -phere| flow
v (Ca/Si/Eu) ' _ :
Comparative| o i\ Fuoe | 1.97/5/0.08 | 2.89 | 6.95 | 0.16 | WO Steps BOOC Bl pyr i, | 0.8
Example 4 : _ 1350°C x bh
Example 227| CavsSisNe Buoon | 1.97/5/0.03 | 14.47 | 34.75 | 0.79 | 170 Steps BOO°Cx3h | pig ) gy 1
- 1350°C x 5h
Example 224 | Ca1.97SisNs:Euooes | 1.97/5/0.03 |14.4734.75| 0.79 | One step 1350°C x 5h| BN | NH, 1
[Table 28-2] -
Emission characteristics (460nm) Temperature characteristics (%)
Color | Color | .. ;.. Quantum Energy - '
tone tone Brlgg}c)ness efficiency efficiency 100°C | 200°C 300°C
X Y ’ (%) (%) : :
| Comparative| o rar | g 407 99.1 100.5 99.1 93.3 62.8 18.2
Example 4
Example 227| 0.584 | 0.406 128.7 136.8 131.1 97.7 70.6 22.6
Example 224 01585 0.406 134.3 139.3 136.8 93.7 67.1 23.5
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The compounding proportion of calcium nitride, CasNg, silicon

. nitride, SizNy, and europium oxide, Euz20s which are the raw materials of

‘Comparative Example 4 is set so as to be Ca:Si:Eu=1.97:5:0.03, 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, S, Ba, Zn, B, Al, Cu, Mn and Fe which
is the same concentration as that of Example 224 is contained in the raw
materials. Example 227 charges the three compounds of the raw materials
in 4 BN ciucible, the temperature was gradually raised from room
temperature, 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

‘about 1350°C, and cooling was further gradually carried out until room

temperature over 5 hours. Comparative Example 4 charged the three
cofnpounds éf the raw materials which do not contain Mn and the like in.a
moljrb denum crucible, and firing was carried out in hydrogen/nitrog‘e-n
atmosphere. When the ammonia flow rate of Example 227 is referred to as
1, the ﬂofn 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 untﬂ 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 b‘y 29.6%. The difference of the luminescence

brightness has an important technical méaning from the viewpoint of the

luminescence 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 wasimproved 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 wasimproved by 36.3%. Thus,

the extremely remarkable luminescence properties can be obtained by

changing atmosphere and the material of a crucible. Further, the

exfremely 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 temp erature
gréduaﬂy from room temperature, firing was carried out for 5 hours at
about 1350°C, and éooh'ng was further gradually carried out untﬂ room
temperature over 5 hours. At this time, the luminescence brightness was
134.3%, 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 Corﬁp arative Example 4. Further,
the quantum efficiency was 139.3%, and it was improved by 89.3% in

comparison with Comp arative Example 4. Further, when the temperature

characteristic is observed by the relative brightness fluctuation of a

‘measured lot by setting room temperature as 100, Comparative Ex-ampnle 4

is 62.8% at a temperature of 200°C, and on.the contrary, Example 224 is
67.1% at the samé t'emperaturve, 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 elemenf, the compositipn of the nitride phosphor is not changed, it
représents that the temperature characteristic shows the hig"h 1uminescénc‘e
propeity, and it shows that the higher the temperature characteristic is, the
more St'able itis. From the result of Table 28, it is clear tilat the nitride

phosphor related to the present invention has the better temperature

characteristic than Comp arative Example 4, and reliability is high.

Examples 224 and 227 showed the extremely remarkable luminescence
property in comparison With Comparative Example 4. The improvement of
the luminescence propef’cy which has Eeen not solved ;:an be extremely'
easily carried out thereby.
Examples 230 to 232

| The base nitride phosphor of the phosphﬁr of Example 230 is
Sri97Fu0.03SisNs. The compounding proportiqn of raw materials is

strontium nitride, SrsNg : silicon nitride, SisNy, ! europium oxide, EugOs = -
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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 cfucible, firing was carried out

for 3 hburé at..SOO to. 1000°C in a tubular furnace, then firing was carried . .
out at 1250 to 1350°C for 5'houré, and cooling was further gfraaually caﬁied
out until room temperéture over 5 hours. Ammonia gas was bcontinuously
flown at a flow rate of 1 liter/min. As a result, the temperature
characteﬁstic at 200°C of the nitride phosphor of Example 230 is 87.7%,
which shows the extremely high temperature characteristic. Table 29
shows Examples 230 to 232 of the nitride phosphors rela‘éed to the présen’c

invention.
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[Table 29-1]

Raw material

e B I T e ol g

[Table 29-2]

Emission characteristics (460nm)

| Temperature characteristics (%)

Color tone | Color tone Brightness Quantum . Peak wave 900°C

. X y (%) efficiency (%) length (%) :
Example 230 0.612 0.379 96.5 110.2 621 87.7

Example 231 0.649 0.341 58.8 151.9 657 92.3 .
Example 232| 0.655 0.366 89.9 119.5 637 97.9
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The base nitride phosﬁhor of the phosphor of Example 231 is
Sri.4Cao,eSisNgiEu. The concentfatioh of about 250 to 350ppm of Mg, Sr, Ba,
Zn, B, Al, Cu, Mn, Co and Fe are cqntained in strontium nitride, calcium
nitride, silicon nitri‘de and europium oxide which 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 luininescence spectrum’
when Example 231 was excited at Ex = 460nm. As cleared from Fig. 39,
when ']ight of a luminescence spectrum of Ex = 460nm was irradia'ted, the
combination .of Sr and Ca shifted it to a longer wave length side than a case
of using Sr of II valency alone. The peak of the luminescence spectrum is

657nm. Thus, the phdsphor emitting light of a reddish white color can be

" obtained by the combination of a blue light emitting element and the |

phosphor of Example 281. Further, the quantum efficiency of the
phosphor,Sr1,4Cao,ssistIEu of Example 231 is 151.9%, which is extremely
good.

Example 232 changed the compounding proportion of Eu. Example
232 shows the good luminescence property in like manner as other
Examples. Further, the 1ﬁminescenée wave length becomes 637nm by
changﬁng thé concentration of Eu. The temperature characteristic is 97.9%
at 200°C, Which shows a high value, therefore high stability is shown
Ekamples 233 to 243 |

Examples 233 to 243 carried out the measurement of afterglow
propverty. ~ Table 30 shows the résult 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]
Pl e el s
No additive | Cai.e4SisNs'Euo.os - - 20.5
' Exgggple Cane4SisNs Evoos BN 0.25 é.5
A Exgénfle Cal,g4SisNaiEuo.06“ BN 0.75 14.5
T CarssSisNsiBuoos | BN 1.50 16.5
Example | CaieSisNsEuoes | BN 3.00 18.0
Engﬂi/ple Cai1.94SisNg'Euo.0s HsBOs 0.25 10.5
Brample Cans4SicNs'Euoos | HsBOs 0.75 9.5
EXAmDe | CayodSisNsEuoes | HsBO 1.50 13.0
Example | CoyaSisNeEuoos | HsBOs 18.00 16.5
FXAMPI | CasedSisNaBuoos | MgaNs 0.05 7.0
FXample | CareiSisNeBuoos | Mol 0.10 11.0
Example | CaeiSisNoBuoos | Mol 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 becomes 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

Cai197Eu0.0sSisNs, the componént constituting elements are Mg, Sr, Ba, Zn, B,
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Ai, Cﬁ, Mn, Co and Fe, and the componeént constituting elements are
contained by the concentration of 250 to 400ppm. BN, HsBOs and MgsN;
are contained by the concentration of several % by weight in the raw
ﬁaterial 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 a result, 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‘xamp.le 241 was
shortest among Examples 241 to 243. Thus, the after:glow proberty_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 phosphor which
contains at least one or moré selected from a group consisting of Mg, Sr, Ba,
Zn, B, Al, Cu, Mn, Cd, Ni, Mo, O and Fe in the base nitride phosphor of

LxMyNemz+wanZ. 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 froﬁ a group consisting of IV valency of C, Si, Ge and Sn; and
7 is an activator. The activator is preferably Eu, but Cr, Mn, Pb, Sb, Ce,
Th, Sm, Pr,‘Tm, Ho, Er and the like can Be als‘c used.‘ | |
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The base nitride phosphor of the nitride phosphor can produce,
SrzSisNaiEu,Pr, BasSisNs:Eu,Pr, MgSisNg Eu,Pr, ZnoSisNg:Eu,Pr,

© SrSisNipEu,Pr, BaSisNio'Eu,Ce, MgSirN1o:Eu,Ce, ZnSisNioEu,Ce,

SroGesNs:Eu, Ce, BazGesNg'Eu,Pr, MgiGesNs:Eu,Pr, ZnsGesNs: Eu,Pr,
SrGesNio'Eu,Ce, BaGesN1o'Eu,Pr, MgGerNio:Bu,Pr, ZnGerNioEu, Ce,

© Sr1.8Ca0.2SisNs Eu,Pr, BaysCa028isNs:Eu, Ce, Mg1.sCa0.2SisNs:Eu,Pr,

Zn15Ca0.2S1isNs Eu,Ce, SrosCas2Si7N10'Eu,La, BaosCas2Si7Nio:Eu,La,
MegosCao.2Si7N1o'Eu,Nd, ZnosCag.2S17N1o:Eu,Nd, SrosCac2GerNio'Eu,Th,
Bao.sCao2GerNioBu,Th, MgosCao2GerNioEu,Pr, ZnosCao2GerN1o:Eu, Pr,
St05Ca0.2SisGeN1o B, Pr, BavsCao2SisGeNioEun,Pr, MgosCaosSisGeNioEu, Y,
Zno.sCao5SisGeN10°E, Y, SraSisNaPr, BasSisNaPr, Sro8isNsTh, BaGerNsoiCe
and the like. However, the present invention is not imited .to the nitride
phosphors. |
EXémple 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 lid 106 on the upper part of the péckag'e 105
is provided on the upper part of tﬁe :semiconductor Iighﬁ émitting element
101. The hbmogenéous mixture of the nitride phosphor 108 'and the |
coating member 109 related to the present invention 1s coated all ox}e_r' the.
inner surface of said transpaienf window part 107. The light emitting
device 1 uses the nitride pﬁ-osphor of Example 223. The package iO5 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 lumines-cénce spectrum which was directly emitted
from the semiconductor light emitting element 101 are irradiated on the‘
nitride phosphor 108 of the present invention, andilight having a‘blue
luminescence spectrum 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 SrAl204:Eu,
Y2Si05:Ce,Th, MgAl11019:Ce, Th, 'S'rvAlle‘zsiEu (at least one or more among
Mg, Ca, Sr and Ba)GasSs Ew; phosphors emitting blue light such as
Srs(PO4)sCLEu, (SrCaBa)s(PO4sCl:Eu, (BaCa)s(POysCl:Eu, (atleast one
or more among Mg, Ca, Sr and Ba)2BsOsCl:Eu,Mn, (at least one or more
among Mg, C-a, Sr and Ba)(PO)sClz:Eu,Mn; phosphors emitting red light
such as Y203:S'Eu, Las025'Eu, Yz’O.aiEu, GazOzSIEﬁ, in the nitride phosphor

108 of the present invention.

When a white LED lamp is produced usihg 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 goo}d mass productivity by using
the light emitting diode being the present inveﬁtion, and the light emitting
device hbaving 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 coordinéte 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 3 are electrdconductively connected with the lead frame 13 by the -
electroconductive wires 14. The upper part of the semiconductor light
emitting element 10 is c‘overed 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~GaNng,

p-AlGaN:Mg and p-GalN: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 cop.p 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 éentral part of said éup : Gold is used for the
electrocond_uétive wires 14, and Ni is 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 A
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 mold member 15 1s 2 to 4mm, height is about 7 to IOmIﬁ, and
the upper part is hemispheri;al. ‘ |
When electric currenﬁ is run in the light emitting device 2, the blue

light emitting element 10 emits light having the first luminescence

spectrum 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 luminescence spectrum by light having the firét
luminescencels'pectrum. There can bé broyided 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 light emitting device usin;g

the YAG-base phosphor is shown together, as the comparative object of the
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light emitting device 2 of the present Example 245. |

The nitride phosphor of the light erﬁi_tting 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 (yttrium-aluminum-garnet) ) |
fluorescent substance activated by cerium. The weight ratio of the .
phosphor 11 and the like is the coating member : YAG ! the nitride phosp.hor
of Example 224=25:6:3. On the other hand, the phosphor of the light
emitting device using the combination of a blue light emit%ing 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 thé light emitting device using the blue light emitting e'lement‘and 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

phosphor has the luminescence spectrum at a position different from
596.0011#1. In the chromaticity coordinate, too, the light emitting device
using only the 'phosphor of YAG is a white color which is répresented by the 'b
color tone x = 0.348 and tilé color ﬁone v =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 %zvhite color which is represented by the.
éolor tone x = 0.454 and the color tone y=10.416. The color temperature is
2827.96K, the color rendering property Ra is 76, and it has the
lurﬁiﬁeséence 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 Im/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 Modé 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 djfference‘Aof 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 32-1]

Raw material Result
. Mixing ratio .
Basic . Gas . Visual
constituting of raw CasNgz| SisN4 | Eu20a ‘Baking | Atmos mass Charg‘? Yield Body emission
elements material pattern | phere flow amount color (365nm)
' (Ca/Si/Eu)
Comparative Two steps '
Example | CasSisNs:Eu| 1.97/5/0.03 | 2.89 | 6.95 | 0.16 |800°C x 8h,| He/Nz | 0.1/3 | 10.00 | 9.05 Orange| Orange
10 1350°C x 5h
Examol Two steps | : _
mple | oo SisNeBu | 1.97/5/0.03 | 14.47 |34.75| 0.79 |800°C x 8h,| NI, | 1 | 50.01 |49.10|Orange| Orange
246
1350°C x 5h
Example N . . : One step
247 CazSisNg:Eu| 1.97/5/0.03 | 14.47|34.75| 0.79 1850°C x 5h NHj, 1 50.01 [49.10 |{Orange| Orange
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[Table 32-2]

Temperature.

Emission characteristics (460nm) et
. , characteristics

Color| Color Bright'n Energy [Quantum|

| tone | tone ess |efficiency|efficiency | 100°C|200°C|300°C

X y (%) (%) (%) ‘

Comparative - '
Example [0.598{0.401] 59.9 - 57.1 57.3 98.83 | 62.8 | 18.2

10 '

Brample 0597|0400 7.9 | 747 | 780 | 977|706 | 2256
Bxample o598 0.400| 820 | 788 | 791 |93.7 | 67.1 | 285

Example 246 and Comparative Example 10 are adjusted so that the

‘compoun-ding proportion of calcium nitride, CasNy, silicon nitride, SisNa,

and europium oxide, EusOs3 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 temperatu”re,
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, firi‘ng‘was carried out in
hydrogen/nitrogen atmosphere. When the ammonia flow rate of Example
246 is referredvto‘Aas_ 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 and Fig. 44, the Juminescence brightness of

Comparative Example 10 is 100% and on the othér'hand, the luminescence
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brightness of Example 246 was-180.0%, therefore the luminescence

- brightness was improved by 30%. The difference of the luminescence

- brightness has an extremely imp‘ortant meaning from the viewpoint of the

luminescence efﬁc1ency The energy efflmency of Comparative. Example 10
was 100%, and on the contrary, the energy efﬁc1ency of Example 246 was
130.8%. It was 1mprove~d 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 improved by 36.1%. Thus,
the extremely remarkable luminescence properties can be obtained by
changing atmosphere. The improvement of the luminescence properties
can provide a light emitting material which emits Iight 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 247 carried out firing under the same condition
excépt the différénce 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

temperatﬁre over 5 hours. At this time, the luminescenée brightness was
136.9%, and it wés improved by 36.9% in comparison with Comparative
Example 10. Further, the energy efficiency was 138%, and if was improved
by 38% in chparison with Comparative Example 10. Further, the

quantum efficiency was 138%, and it was improved by 38% in comparison
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with Comparative Example 10. Further, when the temperature
characteristic is observed by the relative brightness fluctuation of a
measured lot by setting»r'oom temperature as 100, Comparative Example 10
is 62.8 ata teﬁperature of 200°C, and on tﬁe éohtrary, Example 247 is :67.1
at the same temperature,’ which showed a high value. Further, ,
Comp arative Example 10 is 18.2 at a temperature of 3001°C, and on the
contrary, Example 247 was 23.5 at the same temperature, 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 \xzifhout changing the composition of
the nitride phosphor, and it shows that the high’er the temperature
charac‘ée’risti‘c is, the more stable it is. From the result of Fig. 32, it is clear |
that the nitride phosphor related to the present invenﬁon has the bettér
temperature characteristic than Conmparative Example 10; and it is clear
that rgliability ishigh. Examples 246 and 247 showed the extremely
remarkable luminescence property in comparison With Corﬁp 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 33 shéws Examples 24’7 to 249 of the nitride phosphors related
to the present invention. Further, Fig. 45 to Fig. 47 show the luminescence
properties of Examples 247 to 249. Fig. 45 is a drawing showing the -
luminescerice spectra when Examples 247 to 249 were excited at Ex =

460nn. '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'reﬂ‘ection spectra of
Examples 247 to 249.
[Table 33-1]

Raw material Result
Mixin » " Central
ratio ogf Central | particle
Basic constituting raw Baking Atmos| particle | diameter
elements. . pattern  |-phere| diameter (Us
material _ .
(CalSUEW : (Dm/clog)| exists)

(Dm/olog)

Example|. Cap _ One step '
047 Cai.9751sNs:Euc.0s | 1.97/56/0.03 1350°C x Bh NHs {5.33/0.410}4.69/0.378

Example g B One step
048 Cai1.8Si5sNgEuo.o1 |1.99/5/0.01 1350°C x 5h NHs |5.61/0.412}4.81/0.415|

Example C Ny One step . -
249 Ca1.94S1sNg!Euc.os »l.94/5/0.06 1850°C x 5h NHs {5.13/0.3664.67/0.419

[Table 33-2]

Emission characteristics (460nm) Temp era.t;u;e
characteristics

Color | Color |Bright-n| Quantum |Peak wave

tone tone ess efficiency length | 100°C| 200°C | 300°C
» X y (%) (%) (nm)
Exgzp.le 0.598 | 0.400 | 82.0 79.1 612 93.7 | 67.1 | 235
E";Z‘gple 0.593 | 0.404 | 59.0 55.1 610 99.8 | 81.1 | 87.1
Exgzgple 0.603 | 0,995 | 844 84.6 614 929 | 56.1 | 125

Examples 247 to 249 are results of testing the chemical properties
and physical properties of the nitride phosphors related to the present
invention of LxMyNex+@wsv:Z. The nitride phosphor is (Cay-+Euy)2SisNs.

Examples 247 to 249 use Eu as the activator Z and change the compounding
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proportion t of said Eu. Example 247 contains 0.015 of Eu, Example 248
contains‘0.005 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 temperature over 5
hours. |

It is clear that Example 247 has the higher temperature.
characteristic in comp 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 luminescence brightness and high-
quantum efficiency in comparison with Example 247. Accordingly,
Example. 249 has the extremely good 1ﬁminescence property.

Examples 250.to 252
Table 34 shows Examples 250 to 252 of the nitride phosphors related

to the present invention.
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[Table 34]

Basic constituting

Mixing ratio of raw

Baking

Visual emission

elements material (Ca/Si/Eu) pattern Atmosphere| Form | Body color (865nm)-
Exgg:)ple Cal_sSistiEuo.? 1.8/5/0.2 13%%25tf%h NHz B,N'b.oat Orange Orange
Exgﬁl’le CavoaSiaNsEuoos 1.96/5/0.04 lggrgfgtf%h NHs  |BNboat| Orange Orange
Example -Cal‘QSSiSNB:EilO‘OQ 1.98/5/0.02 i(—%l(l)iét:%h NHs; BN boat| Orange Cragge |
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Example 250 in Table 34 is Ca185isNs'Euo2. The compounding

- proportion(mol ratio) of calcium nitride;, CasNyg, silicon nitride, SisNy, and

europium oxide, Euz0s which are raw materials is adjusted so as to be Ca :
Si:Eu=18:5:0.2.

CasNz (manufactured by High Purity Chemicai Co.) . 1.243¢g

SisNy (manufactured by Ube Chemical Co.) 3.266¢
Eu20s3 (manufactured by Shin-etsu Chemical Co.) 0.492¢

The three compounds of the raw materials were charged in a BN
Qrucible, and firing was carried out for 5 hours at 1200 td 1350°Cin a.
tubular furnace uﬁder ammonia atmosphere. Temperatui'e was raised by
heating from room temperature to 1350°C over 5 hours, firing was f.: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. As a 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 observation. Thus, since the whole
phosphor powder emits light uniformly, the improvement of production
efficiency, the provision of a stable nitride phosphor.and the reduction of
production cost caﬁ be carried out. ‘

Examplé 251 1s the phosphor of Cai.96Bu0.04Si5sNs.  The
compounding proportion(mol ratio) of calcium nitride, CasNg, silicon nitride,
SisNy, and europium oxide, EuzOs which are raw materialsis adjusted so as
to be CaZSiiEu‘= 1.96 :5:0.04. | |

: CagNz (rhanufactured by High Purity Chemical Co.) 2.867g
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SisNy (manufactured by Ube Chemical Co.) | 6.923¢g
Euz03 (manufactured by Shin-etsu Chemical Co.) 0.208g
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 orangé and a luminescence color is

also orange was obtained in like manner as Example 250.

Example 252 is the phosphor of Caj.es5Eu0.015515Ns. The
compounding proportion(mol ratio) of calcium nitride, CasNy, silicon nitride,
SisNy4, and europium oxide, EusOs which are raw materials is adjusted so as

tobe Ca:Si:Bu=1.98:5:0.02.

CasN2 (manufactured by High Purity Chemical Co.) 2.916¢g
SisN4 (manufactured by Ube Chemical Co.) 6.969g
Eug0s; (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 251.

(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~.at Ex = 460nm. Fig. 50 is a drawing
showing the reflection ratio of Ex'avmples 251 and 252. Fig. 51 is a drawing
shoWing the excitation spectra of Examples 251 and 252.
| Light havingr a wave length- of'400nm‘ at a Visual Light region was
irradiated on Examples 251 and 252. In Fig. 48, the nitride phosphofs 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, since Example 251 is shifted to a longer wave length than
Example 252, it emits redder }ighf. Since 460nm is a wave length-h’avingf
the highes_t luminescence brightness among known blue light emitting diode,
the reddish white nitride phosphor can be produced by combination bf the |
blue and yellow-red luminescencé .spectra. Withlrespeét fo the reflection ="
coefficient, the nitride phosphor of Example 252 exhibits higher reflection
pi‘op erty than the nitride phosphor of Example 250. Both of the nitride
phosphors of Examples 251 and 252 absorb light of a short wave‘length'si‘de
at visible light region.  With respect to the excitation spectrum, the nitride
phosph(‘)r. of 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 2583 1is the phosphor of Srz.nguo.o.sSist. The compounding”

proportion is calcium nitride, CasNz ® silicon nitride, SisNy * europium oxide,

318




10

Fu203=197:5:0.03. The three combounds of the raw materials were
charged'in a BN crucible, ﬁring was carﬁed out _fqr 3 hoﬁrs at 800 to 1000°C
in a tuBular furnace, and cooling was further gradvually’ carried out until
r.oom temperature over ‘5 hours. Ammonia gas Wés contiﬁuously flown at a
ﬂdw rate of 1 liter/min. As a result, the nitride phosphor in which a b‘ody
color is ‘pink and emits visually pink light at irradiation of light at4365i1m
was obtained. The temperature characteristic aﬁ 200°C of the nitride
phosphor of Example 253 is 87.7%, which exhibits the extremely high ‘
temperature characteristic. Tablé 35 shows Examples 253 and 254 of the

nitride phosphors related to the present invention.
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[Table 35-1]
Raw material Result
. . L . _ Raw Visual
Basic constituting| Mixing ratlg of Baking pattern fixtmos Form |material Body emission
elements raw material _ phere color :
: ) (865nm)
Example . - . Sr/Si/Eu Two steps 800 - 1000°C x 3h, BN . .
953 Sr1.97SisNs K003 —1.97/5/0.03 1250 - 1850°C x 5h NHs erucible | 4.47 Pink Pink
Example e | Sr/Ca/Si/Eu |Two steps 800 - 1000°C x 3h, BN Thick Red
| 254 Srl"‘ca"'GSlst‘E“ =1.26/0.54/5/0.2 1250 - 1350°C x 5h NHs | ucible] 88 | orange | orange
[Table 35-2]
Emission characteristics (460nm) Tempgraf;ux_*e
characteristics
Color tone | Color tone |Brightness Energy | Quantum 200°C
x y (%) efficiency (%) |efficiency (%)
Bxample | 0625 0.373 58.4 62.4 62.9 87.7
Jxomple | 0.663 0.336 35.5 81.3 86.7 92.3
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Example 254 is the phosphor of Sr1.4Ca06SisNs:Eu. The firing of
Ex’ample 254 Was carried out in a similar condition as Example 253. Fig.
52 is a drawing showing the luminescence sﬁectrum when Example 254
were excited at Ex = 46‘Oﬁm. 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 beak of the lﬁmineséence spectrum is 655nm. Thus,
fhe phosphor emitting light of a reddish white color can be obtained by the
combination of a blue light emitting element and the phosphor of Example
254. Further; the quantum efficiency of the phosphor of Sr1.4Ca0.6SisNs:Eu
of Example 254 showed 151.3%, and it is excellent.

Example 255 | |

’I‘he light emitting devicevof 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 dévic’e of Example 255 constituted as described
above, an indirect 1uminescem_:e spectrum which was reflected from a
reflection plate and a luxhinescenC’e spectrum which was directly emitted
from the semiconductor light emittiﬁg element 1 are irradiated on the
nitride phosphor 8, and light havmg 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 SrAlyO4Eu, Y2Si0s5:Ce,Th,

MgAl11016:Ce, Th, Sr7AL12025'Eu (at least one or more among Mg, Ca, Sr
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and Ba)GazS4Eu; phosphors emitting blue light such as Srs(PO4)sCLEu,
(SrCaBa)s(PO9:ClLEy, (BaCa)s(PO4)sCL:Ey, (a"b least one or more among

Mg, Ca, Sr and Ba)zBsOgCliEu,Mn, (at leas’; one or more among Mg, Ca, Sr
and Ba)(PO4)sCls:Eu,Mn; phosphors emitting re(i light suéh as YzOzSiEu,
Lay0:8:Eu, Y2035 Eu, Ga2025°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

The light emitting device of Example 256 is the type 1light emitting
device 2. | Fig. 53 is a drawing showing the luminescence spectrum of the
light emittixig device of the pre‘sen’c 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 tht
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 Iight having a’
luminescenge spectrum with a peak wave length of about 460nm, the nitride
phosphor 8a cérries out the wave c’onversior‘l of the ]ight, and generates
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
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reddish white color.

In Fig. 54, the measurement result of the light 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 bthe light emitting device of the present
Example 256 uses a mixture which mixes the nitride phosphor of Ez;camp'le
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 phosphor of Example 247 =25 : 6 : 3.
On the otherhand, the phosphor of the light emitting de\}iée using the
combination of a blue ]ight emitting element and the phosphor of YAG is
mixed at the Wéight ratio of the resin : YAG =25 6. Thelight emitting
device of the present Example 256 uses fhe semiconductor light emitting
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 tht emitting device 2 which emits light of a slightly
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, andl on the contrary,
the peak wave length of the nitride phosphor 8a has the luminescence
spectrum at a position different from 596.‘00nm. In the chromaticity
coordinate, tOo,vthe light emitting device of Comparative Example using

only the phosphor of YAG is a ‘White color which is represented by the colox
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tone x = 0.348 and y =0.367 and eniits pale light. On the other hand, the
light emitting device 2 of Example 256 using the nitride‘phosphor 8aisa
reddish j;vhite color which is represented by the color tone x = 0.454 and the
coior toﬁe y=0.416. The coloi temperature of the light emitting device of
Example 256is 2827.96K, and it has the lurﬁinescence property which is
near to an electric bulb color. Further, in the colox renderiﬁg property, too,
the light emitting device 2 using the nitride phosphor 8a exhibits the
similar color rendering prdperty as the light emitting device using the v'
phosphor of YAG. Further, the light _emitting 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 typé 2 light emitting
device.using a semiconductor light emitting element Which has the InGaN
semiconductor layer having a luminescent f)eak of 460nm and the nitride-base
phosphor 8 described later.

In the light emitting device of Ex_ampla 255 constituted as described
above, an indirect luminescence épéctrum which was reflected from a reflection
plate and a luminescence spectrum which was directly emitted from the
semiconductor 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 luminescence spectrum can be obtained by doping
phosphors emiﬁtin g green light such as SrAloO4Eu, Y28105:Ce,Th, |
MgAl11019:Ce,Th, Sr7Al12025'Eu (at least one or more among Mg, Ca, Sr and
Ba) ‘GazS4Eu; phosphors emitting blue light such as Srs(PO4)s;Cl:Eu, (Sr
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CaBa)s(PO4)éCliEu; BaCa)s(PO4sCl'Eu, .(at least one or more among Mg; Ca,
Sr and Ba) :BsO09Cl:Eu,Mn, (at least one or mo’vr.e among Mg, Ca, Sr and Ba)
(PO»eCle’Eu,Mn, phosphors emitting red light such as YzOzSiEli, LagO2S:Eu,
Y203 Eu, GasO2S: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‘eA present |
Example can produce a light emitting device in good mass productivity, and
can provide the light emitting device having high fe}iabi]ity 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 hght emitting device of Example 256. The light emitting
device of Example 256 uses a .semiconductor light emitting element Whose
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
lumiﬁescenée spectrum with a peak wave length of about 460nm, the |
nitride-base phosphor 8a carries out the wave conversion of the light, énd
generates 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 device of the present Example 256.

The nitride-base phosphor 8a éf the light emitting device of the
présent Example 256 uses a mixture which mixes the nitride-base phosphor
of Example 247, a resin and the' yttrium-aluminum-garnet fluorescent
substance (hereinafter, refer_'rea to aé YAG) activated by cerinm. The weight
ratio of these is the resin YAG : the nitride-b'ase phosphor of Example 247 =
25:6 13, 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 i YAG=25:6. The light emitting
device of the present Examplé 256 uses the semiconductor light emitting
element 1 (hereinafter, referred to as blue LED) which has an InGaN
semicdnductor layer having a lumineécent peak of 460nm. . The nitride-base
phosphor 8a carries out the wave length conversion 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 einitting device of the present Ekamp'le 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-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 using 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 pale light. 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
color tone y = 0.416. The color temperature of the light emitting device of
Example 256 .is 2827.96K, and it has the ‘lun‘l'inescence property which is near
to an electric bulb color. Further, in the color rendeﬁng property, toé, the
light emitting device 2 using the_ nitride-base phosphor 8a exhibits thé
similar colo‘r rendering property as the light emitting device using the
phosphor of YAG. Further, the Iigﬁt 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 hght emitting diode 200 which was formed in
the present Comparative Examples 11 to 13 is a lead type 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 wlnch 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 Example, as the YAG-base phosphors respectively having
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different compositions, (YosGdo2)sAls012:Ce (hereinafter, called as the
“phosphor 257_—1”), V3Als012:Ce (hereinafter, called as the “phosphor 257-27),
and Ya(AlosGao2)s012:Ce (hereinafter, called as the “phosphor 257-3") were
used. These phosphdrs are phosphors Wthh abéorb blue light from the LED
chip to be excited and emit yellow_ to green light. |
Fig. 59 shows the excitation absorptioﬁ spectrum of the nitﬁde-b ase -
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
having different compositions, (Cao.sssEu0.015)25isNs (hereinafter, called as the

“phosphor 257-4"), and (Sro.e%gCaoAzs1Euo‘o3)‘zSi5Ns (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

above-mentioned phosphors are shown below.

Table 36
Composition Luminescence peak | Color tonex | Color tone y
wave length (nm)
Phosphor - (Yo.8Gdo.2)sAls012:Ce 562 0.457 0.627
267-1
Phosphor ~ Y3A15012:Ce 550 0.422 0.554
257-2 | | ~
Phosphor Ya(AlosGao2)sO12:Ce 533 0.383 0.575
257-3 ‘
Phosphor (CaosssBuo.015)2SisNe 610 0.597 0.401
267-4 '
Phosphor | (Sros7sCas.2s1Eu0.08)2SisNs 837 0.638 0.86
257-5

Firstly, after the light emitting diodes were formed using the
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phosphors 257-1 to 257-5 one by one, the ambient temperature was raised by
applying a pulse current of 20 mAunder a condition in which the heat
emission of the LED ‘chip‘s themselves is negligible, and the luminescence
outputs of the light emitfing 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 temperéturemelative light output property in Fig. 64 to
Fig. 68. Further, the decreasing rates of the relative LED 1umine'scence
outputs when the ambient temperature was changed by 1°C are determiﬁed
for the respective phosphors, and shown in Table 37 below asthe decreasing
“rates of the luminescence outputs for the temperature rises of the first

phosphor and the second phosphor.

Table 37 _
Composition Decreasing rate of the luminescence
o output [a.u./°C]
_Phosphor | = (Yo0.sGdo2)sAlsO12:Ce 2.2 % 108
2871
"Phosphor Y3AlsO12:Ce 1.5 x 108
257-2
Phosphor Y3(AlosGaog)sO12:Ce 1.8x 108
257-8 .
- Phosphor (Cao.sssBuo.015)2SisNs _ 3.4x 108
2574 " '
Phosphor | (Sro.s7eCao.2e1Eucoes)2SisNs 1.9x 1038
257-5 )

"The LED chip 202 used for exciting the phosphors in the present
Example is the light einitting 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/cmz_. Flg 56 1s
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 ‘luminescence spectrum, the
peak wave 1ength is shifted toward shorter wavelength side in accordance Wlth
the increase of applied electric current.

Then, as shown in Fig. 57, the positions of the peak wave length 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 phosphors.257 -1‘to 257-3 and the peak wave leﬁgth
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
conversion, the chromaticity deviation of a light emitting device can be
prevented.

Hereat, when the phosphor 257-3is used, the luminescence spectrum

of the phosphor 257-3 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 peék 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

257-5, and the chromaticity coordinate is adjusted near at the black body

radiation locus.

The compounding ratio of the nitride-base phosphor to the YAG-b ase

phosphor is shown in Table 38 below.

Table 38"
Example No. Phosphor Resin | YAG-base | Nitride
' ‘ phosphor phosphor
Example 2571 Phosphor 8 + Phosphor 5 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 13 | Phosphor 2 + Phosphor 5 10 2.2 0.4

The measurementvresult of the optical properties when the light

emitting diodes were formed in Example 257 and Comparative Exami)les 11 to

138 is shown in Table 39 below.
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Table 39

Radiation

Example No. Electric Voltage of Light Color | Color Correlative | Average Lamp
‘ current of forward flux [mW] | flux tonex |toney | color color efficiency
forward direction [V] [im] ' temperature | rendering | [lm/W]
- direction [mA] X1 indexRa |
Example 257-1 20 3.7 7.0 2.04 0.332 10.348 5504.5 85.5 27.5
Comparative Example 11 | 20 3.7 9.4 2.83 0.332 0.330 5523.6 82.0 88.0
Comparative Example 12 | 20 3.8 8.4 2.54 0.332 ]0.329 5495.7 83.6 33.7
Comparative Example 13 3.7 8.3 2.34 0.333 0.317 5462.7 87.9 31.2°

20
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As shown in Table 39, in the color rendering properties in case of

| ‘Example 257 and Comparative Example 13, both Ra are 85 or more together,

and the color rendering property can be improved in comparison with other
'Comp arative Example. Further, Fig. 61 ié a chart showing the chromaticity
change to the ambient temperature with respect to Example 257 and |
Comparative Examples 11 to 13. As shown iﬁ Flg 61, the chromaticities of
any of Example 257 and Comparative Examples 11 to 13 are changed to a
thick arrow direction in the drawing by the rise of temperature.

| Fig; 62 1s a chart showing the chrom‘aticity change to fhe electric current
which is applied to the LED chip with respect to Example 257 and
Comparative Examples 11to0 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 ifit
leaves from the-BIack body radiation iocus tovan 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. 631is 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 1f 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
h'ana in case of Example 257, the ﬂﬁctixation of light chromaticity by color
mixing is Wlthm a range of 0.326 to 0.333 in the x coordinate and 0.343 to
0.348 in the y coordinate on the chromatlclty chart. Namely, the light
chromaticity by color mixing is migrated at a position nearly along tile bléck
body radiation locus even Jf the electric current is mcreased and the
fluctuation of the chromaticity is hardly generated 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
temperature-chromaticity property, with the chromaticity change to a 1ow. :
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 Examplé 257.

The constitution of Example’ 257 is a constitution that the decreasing
rates of the luminescence outputs _for,the ambient temperature of the
phosphors combined are 2.0 x 10 [a. w. /°C] or less together and small in
comparison with the phosphors of other Examples, and the difference of the
decreasing rate of the lJuminescence outputsis 2.0 x 104 [a, u. /°C] and set as a
combinatidn being small in comp ariéon with other Examples. Namely, the
decreasing rates of the luminesceflce 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 émbient 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 emitting 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 nitﬁde-base
phosphor in combination. The compositions, the luminescence peak wave
lengths Ap [nm], and the color tones of the YAG-base phosphors (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 | toney
Phosphor 258-1 | (Yo.2Gdos)2se5Cen.03A15012 582 ' 0.495 | 0.495
Phosphor 258-2 | Y2.0esCeo0s5(AlosGac2)s01z 537 0.386 | 0.573
Phosphor 258-3 | {CaosrBuo.0s)2SisNe 810 10.593 10.399
Phosphor 258-4 | (Sro47:Cac.47sEBuocsMnoce)2SisNs | 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

(Yo.2Gdo.g)2.985Ce0.035A15012

5.07x 10

Phosphor 258-2 | Ya.s65Ce0.035(AlosGac.2)s012 2.00x 103
Phosphor 258-3 | (CaogrEuo0.0s)2SisNs 2.93 x 103
Phosphor 258-4 | (Sro475Cac.e7sBu00sMno.02)2SisNs | 2.70 x 107

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 einitting

devices which were formed in E}iamplnes 258 and 259 1s shown in Table 43

below.
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Table 43

Electrie

Lamp

Example No. Voltage of Radiation | Light Color | Color | Correlative | Average
: current of | forward flux [mW] | flux tonex |toney | color color efficiency

forward - direction [V] (Im] | temperature | rendering | [lm/W]
direction (K] index Ra
[mA] :

Example 258 20 3.22 4.6 1.488 0.461 | 0.408 2810.9 72.5 23.1

Comparative Example 259 | 20 8.24 4.1 1.130 0.450 0.409 2836.7 86.7 17.4

| Comparative Example 14 20 3.23 3.8 1.209 0.448 0.408 2864.8 656.2 18.7




10

15

20

25

‘Fig. 78 is a chart showing the chromaticity change when DC drive was
carried out with respect to Exainple 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 when 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 luminescenée outputs for the ambient
temperature of the phosphors combined are 3.0 x 103 [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 tezhperatur’e of the light emitting
device, in particular, the ambient temperature of the phosphor caused by the
change of electric current and hardly generating the éolor deviation.

A.ligh’t emi’cting device capéble of emifting electﬁc Light bulb color light
is formed as Comparative Example 14 in like manner as the above-mentioned
Exampl-és 258 and 259, using the YAG-base phosphor 258-1 alone which is
sho.v;zn in Table' 40. . Hereét, the weight ratio of .t‘he 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‘Xa-mple 14 is shown in Table 43 below vﬁth the
Examples 258 and 259. Further, the chromaﬁcity change is shown in Fig. 73,

when DC drive was carried out with respect to Comparative Example 14. As

338




10

15

20

25

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 1s 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 IQ{;&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 spectruxri of the phosphor 258-2 which
is used in Example 258 and Example 259 is situated at a short waveleﬁgth

side in comp aﬁson with thé phosphor 258-1, the luminescehce peak wave
length of the LED chip is Withill arange of being migrated in accordance with
the change of the applied electric current, therefore the Wavé length-convéréion
efficiency of the phosphor is not lowered. Further, in case of Ekample 258 and
Exarﬁple 259, there can be made the light emitting device of hardly gyenerati_ngr
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 using the YAG-base phosphor in combination with the nitride-bas‘e |
phosphor in which thé peak wave length of the excitation absorption |

spectrum within a range that the luminescence peak wave length of the LED

339



10

15

20

925

chip is migrated in accordance with the change of the applied electric current.

(Example 260)

In thé present inventidn, the bhos‘phors are obtained by substitutingAl.
with Ga, or by substituting Y with Gd, based on the phosphors in which the
comp osition formula is_represented by Y2.965Cen.03sAl5012 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
Ye.065Ce0.035(Al1xGans012is arbitrarily formed, and with respect to the
phosphor being substituted with Gd, the phosphor which was substituted.
within a range of 0 <Y< 0.9in the general formula (Y1.vGdy)2.065Ce0.035A15012
is arbitrarﬂj formed. Further, the phosphor which was substituted within a
range of 0.015 <Z < 0.600 in the gene:;al formula Y3.2CezAls0121s arbitrarily
formed. | |

In similar manner as Examples 257 to 259, there can be made the light
emitting deﬁce of hardly generating thelcolor deviation, improving color
rendering property aﬁd cap able}of emitting a desired color tone, by
appfopriately cqmbining the phosphor in the present Example 260 with the |
nitride-base phosﬁhox .

| 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 Exampl'es 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 layer 303 is (Sxo.7Cao.3)2515Ng 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(AlosGao)sO12:Ce (hereinafter, called as the “phosphor 261-2").

Fig. 82 shows the excitation absorption spectrum of the phosphor. Fig. 83
shows the luminescence spectrum.

As shown in Fig. 74, the first concave portion 301, ﬁhe second concave
portion 305 and the package 308 having the one pair of positive axid negative
lead electrodes 309 are formed by an injection moidjng using a thermoplastic
resin as a material: The LED chips 302 and 304 capable of emitting light at a
blue‘region are krespectively 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 mountéd in the iéspective concave portions
were respectively one chip, but a plural number 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 hght 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 261-11in a siliéone resin is prepared, and the prepared material 1s

arranged and cured so as to cover the LED chip 802 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).

Successively, the formation material of the sécond phosphor layer 306
which oontainéd the phosphor 261-2 in a silicone resin is prepéred, and the -
prepared material is arranged and cured so as to cover 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 261-21is
(silicone resin) : (phosphor 261-2) =10 : 1 (weight ratio). The
electroconductive wire 309, the phosphorllayers and the LED chips are sealed -
by the molding member 307 in whi-ch 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 property is |
improved in comparison with é convention_‘al technique and high output
luminescence can be carried out. Hereat, it is preferable that the output of
the LED chip 302 is larger than the output of the LED .chip 304. Thevcolor
rendering property is further improved tﬁereby and high output luminesce;:lce
can be carried out.

The measurement result of the optical properties of the light emitting

diode which was formed in the present Example 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 0.844 4380 919 91.4
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When a light source for a back light which can be used as the o

- 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 -
COndacﬁive piafe which introduces the hght emitted from the light emitting
device to the face side of bbsérving lximinescence, the light source for a back
light improving color rendering property irr‘e.spective 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 c'or_lcave' portion 301 which was provided without
making the first conca\}e. porfion and the second concave portion as the
above-mentioned Example, and the first phosphor layer and the second
'phosphof layer are laminated on the LED chip 302 in.order by the similar
method as Example 261. A‘]ight 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 arefrespectively 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 sé'cond

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 ﬁhe mount lead 402 and the innér lead 401, and
the first concave portion 301 and the second concave portion 30 5 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 bét‘;om face of the sécond concave portion and the second
phosphor layer 306 is formed so as to cover the LED chip 304 and the first
phosphor layer 303. Further, the phosphor layers, the lead electrodes and the
electroconductive wire are resin-molded by the molding ﬁember 307 bto be
constitufed. Hereat, the n-side electrode apnd 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 luminescence 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 conﬁreﬁtional technique. The measurement
result of the optical properties of the light emitting diode which was formed in

the present Example is shown in Table 45 below.

Table 45
Example No. | Color tonex | Color tone y Color Color | .Specific color
temperature rendering rendering
: . K] property Ra_ | property R9
Example 263 0.428 0.411 -~ 3199 95.6 78.2
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(Example 264) .
The typical chart of the 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 mannér as other example, there are
provided the first concave portion 301 in which the LED chip 302 Which was
covered with the first phosphor layer 308 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 providés respectively one pair of the pos.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 emitting device which can freely control the color
temperature of color mix light can be made by cpntrolh'ng the degree of the
coldr mixing of light which is emitted by ﬁhe wave length conversion by the‘
first phosphor and the second phosphor,
(Example 266)
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The typical chart of the light emitting 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 (‘Sro.7Cao,3>2Si5N83Eu
(hereinafter, ca]led 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 804 capable of emitting 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

'Example, 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

conceve portions can be diréc_tly excited by mounting a plural number of the
LED chips thus, a light emitting device which can emit Iight 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 preeent Example. Fig. 83 shows the
luminescence spectrum of the YAG-base phosphor which is used m the present
Example. | In the present Example, as the YAG-base phosphors having

different compositions respectively, Ys(AlosGao2)s012:Ce (hereinafter, called as
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the “phosphbr 261-2"), (Yo5Gdo2)sAls012:Ce (hereinafter, called as the

“phosphor 266-1”), and YsAls015:Ce (hereinafter, called as the “phosphor

266-2”) were used These phosphors are phosphors which absorb the blue ‘

thht from the LED chip to be excited and emit yellow to green light, and they
5  arecontained in the second phosphorvlayer.‘

Fig. 84 shows the excitation absorption spectrum of the nitride-basé
phosphor which is uéed in the present Example. Further, Fig. 85 shows the
luminescence sp ectrum 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, (Sro7Ca03)2SisNsFu (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 | (Sros1Cacs)sSisNsEu | 637 0.638 0.360
Phosphor 261-2 | Y3(AlosGao2)sO1z Ce 533 0.383 0.575
Phosphor 266-1 | (Yo.sGdo2)aAlsO12:Ce | 552 0.457 0.527
Phosphor 266-2 YaAlsOlzice 550 0.422 0.554
Phosphor 266-3 | CasSisNs:Eu 610 0.597 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 luminescence based on 25°C
were determined: with fespectlto the respective phosphors 261-1" to 266-3, and
shown as the ambient temperature-relative light outi)uti property in Fig. 87 to
Fig. 91. Further, the decfeasing 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 light | Composition Decreasing rate of the
emitting diode luminescence output [a.u./°C]
Phosphor 261-1 (SrosCac»28isNs'Bu | 1.9 x 10®
Phosphor 261-2 ' Ys(AlosGao2)sO12:Ce 1.8 x 108
Phosphor 266-1 (Yo.sGdo2)sAls012:Ce . | 2.2 x 10®

- { Phosphor 266-2 | Y3A1:015:Ce 1.5 x 10%
Phosphor 266-3 CasSisNs'Eu 3.4 x 103

The phosphors used in the present Example are the phosphor 261-1
and the phosphor 261-2 which haye the nearly equal decreasihg rates of
luminescence putputs against temperature iises. Nameiy, the deéreasing
rates of the luminescence outputs for the ambient temperature of the
phosphors combined are 2.0 x 102 [a. w. /°C] or less together and small in
comparison with the combination of other phosphors‘, and the difference of the
decreasing rate of the luminescence outputs is 2.0 x 104 [a. u. /°C] and set as a
combination being small in coniparison with other phosphors.

The LED chip 302 or 304 which is used for exciting the phosphors in
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the present Ex,amplé is the light emitting 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_dobrdiﬁate is shifted toward lower color t.eihperature side along
the black body radiation locus by heighteniﬁg the electric current density
between 3 to 300 A/cm?2.  Fig. 811is a chart showing the electric current
properties of luminescence specﬁrum when electric current run in the LED
chips 302 and 304 is changed. As shown.i'n Fig. 81, with respect to the
electric current properties of luminescence spectrum, the peak wave length 1s
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 phosphors 261-2,
266-i and 266-2 are nearly coinéided'with fhe positions to which the peak
wave lengths of luminescence spectrum of ﬁhe LED chips are shifted in
accordance with the increase of electric current which is applied to ‘the LED
chips. Hereat, it is preferable that the difference 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 lurﬁinescence séectrum of the LED
chips.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 1eng‘th conversion, the chromaticity deviation
of a light emitting device caﬁ be prevented. |

Hereét, when the phosphor 261-2 is u.sed, the luminescence spectrum

of the phosphor 261-2 is shifted toward shorter wave length than the
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luminescence spectrum of other phosplior as shown in Fig. 82. Accordingly,
although the chromaticity deviatiovn of thé light emitting device can be
prevented by shifting the peak wave lengths of the excitation abso‘rption‘

Sp ectrurri of the YAG-base phosphors, the emission of the light Aemittihg:devic‘e
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 cobrdina’ce 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 shbwing the chromaticity change when DC diivé was
carried out with respect to the light emitting device which was fbrmed in the“
present Example. When the electric "current density is increased from 15
[AJem?] to 180 [A/cm?], the fluctuation of light chromaticity by color mixing is
within a range of 0.339 to 0.351 in the x coorain.at.e and 0.321 tb 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 1f the electric current is incieased, and the ﬂuctuaﬁon of the chromaticity
is 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 combine;d are 2.0 x 10 [a. u. /°C] or'less to‘g.eth'er and small 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./°Cl and setasa
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combination being small in comparison with other Examples. Namely, the

dec‘re-asing rates of the luminescence 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 phosphor- .
961-1 and the phosphor 261-2 is kept at a nearly equal value without being
influenced by the ambient temperature, even if the 1um;inescence outputs of
the phosphor 261-1 and the phosphor 2612 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 chromaticityvdeviation.
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 usﬁlg 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 ]ighf source for a bac}; ,
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 a"blue light emitting element and the like and has a
luminescence spectrum at a yellow to red region and high 1uminesceﬁce .

efficiency and durability can be provided.
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Further, a reddish warm color-base white light emitting device
having good 1urﬁinescence efficiency cén be provided by utilizing these = .
phosphors.

‘ Namely,'it has an e#tremely imp‘(‘)vrt.ant technicai meaning that a

5 near electric bulb color 'li_ght emitting device can be produced.
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CLAIMS

I. A light emitting device comprising:

a package having a first concave portion and a second concave portion, the
first concave portion being bored on a bottom of the second concave portion in an
inner direction opposite to a direction toward the face of observing luminescence to
form a step on the bottom of the second concave portion;

light sources comprising a first light source mounted in the first concave
portion and a second light source mounted in the second concave portion;

a first phosphor layer disposed in the first concave portion, the first phosphor
layer absorbing at least a portion of a light emitted from the first light source and
emitting a first light having a wavelength longer than the light emitted from the first
light source;

a second phosphor layer which absorbs at least a portion of a light emitted
from the first light source and the light emitted from the second light source and which
emits a second light having a wavelength longer than the light emitted from the second
light source,

wherein a peak wavelength of the first light is longer than a peak wavelength
of the second light, and wherein

the first light emitted from the first phosphor is diffused by the second

phosphor without being absorbed.

2. A light emitting device comprising:
a package having a first concave portion and a second concave portion, the

first concave portion being bored on a bottom of the second concave portion in an
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inner direction opposite to a direction toward the face of observing luminescence to
form a step on the bottom of the second concave portion,

light sources comprising a first light source mounted in the first concave
portion and a second light source mounted in the second concave portion, the light
sources being capable of emitting a blue light;

a first phosphor layer disposed in the first concave portion, the first phosphor
layer absorbing at least a portion of a light emitted from the first light source and
emitting a first light having a peak wavelength in a red region;

a second phosphor layer which absorbs at least a portion of a light emitted
from the first light source and the light emitted from the second light source and which
emits a second light having a peak wavelength in a yellow region, and wﬁerein

the first light emitted from the first phosphor is diffused without being

absorbed by the second phosphor.

3. The light emitting device according to Claim 1 or 2;

wherein said first 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.

4, The light emitting device according to Claim 1 or 2;
wherein said second 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
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selected from the group consisting of Ga and In and is activated by at least one of

elements selected from the rare earth elements.

5. The light emitting device according to Claim 1 or 2;

wherein the light sources are semiconductor light emitting element.

6. The light emitting device according to Claim 1 or 2;
wherein at least one of the light sources is a light source that a semiconductor
light emitting element which emits an ultra violet light and a phosphor which absorb

the ultra violet light and emit a light having a different wavelength are combined.

7. The light emitting device according to Claim 1 or 2;

wherein said first 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,

wherein said second 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, and

wherein a deference between a decreasing rate of the luminescence output of

the nitride-base phosphor and the YAG-base phosphor is 2.0 x 10~ [a. u./°C] or less.
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8.

The light emitting device according to Claim 1 or 2;

wherein the first phosphor is covered with the second phosphor.
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