
WO 2011/044974PCT/EP2010/005570 - PHOSPHOR MIXTURES COMPRISING
EUROPIUM-DOPED ORTHO-SILICATES Field of the Invention 5 The invention
relates to novel phosphor mixtures comprising at least one silicate
phosphor. The invention furthermore relates to the use of these
mixtures in electronic and electro-optical devices, in particular in
light- 10emitting diodes (LEDs). The invention furthermore relates to
LEDs com- prising the phosphors. Background and Prior Art 15 LEDs are
increasing in importance on use as backlighting in liquid-crystal
displays (LC displays). These novel light sources have a number of
advantages over the conventional cold cathode fluorescence lamps
20(CCFLs), such as longer lifetime, potential energy saving, absence
of harmful ingredients (such as mercury in CCFLs). In the past,
arrangements of LEDs which emit blue, green and red light were
employed as backlighting source for LC TV applications. However, this
multi-chip approach has some disadvantages: it is extremely difficult
25to combine three different chip materials and to ensure uniformity
and stability of light parameters such as colour point. pcLEDs
("phosphor-converted LEDs") have therefore been introduced as light
sources for use as backlighting. These usually comprise one green 30
phosphor and one deep-red phosphor together with the blue light
emission of an LED chip, which are matched in accordance with the
transmission spectra of the coloured filter (transmission bands in
the blue, green and red region of the spectrum). A set-up of this
type theoretically facili- tates colour gamuts which are much larger
than the usual sRGB. Due to 35 restrictions in the availability of
suitable qualities, there is still a need for  WO
2011/044974PCT/EP2010/005570 - 2- 



further optimised phosphors and/or phosphor mixtures having good
colour gamuts. Surprisingly, it has now been found that a sufficient
colour gamut for back- 5 lighting applications can also be achieved
by LEDs comprising a phosphor mixture which comprises three or more
silicate phosphors of the formula I BawSr,(CaySiO4: zEu (I),     in
which all indices w, x, y and z are independent of one another, with
the condition that within one compound the indices w, x, y and z add
up to 2 10(w+x+y+z = 2), and in which one or more silicate phosphors
emit green light, one or more silicate phosphors emit yellow light
and one or more silicate phosphors emit orange light and in which the
weight ratio of green phosphor to yellow 15phosphor to orange
phosphor is 1.8- 4.0 : 0.1 - 4.0 : 0.8 - 3.0. A first embodiment of
the present invention is therefore a phosphor mixture comprising
three or more silicate phosphors of the formula I 20BaSrxCaySiO4:
zEu(I), in which all indices w, x, y and z are independent of one
another, with the condition that within one compound the indices w,
x, y and z add up to 2 (w+x+y+z = 2), and in which one or more
silicate phosphors emit green light, one or more 25silicate phosphors
emit yellow light and one or more silicate phosphors emit orange
light and in which the weight ratio of green phosphor to yellow
phosphor to orange phosphor is 1.8 -4.0 : 0.1 - 4.0 : 0.8 -3.0. 30A
sufficient colour gamut means good coverage of the sRGB range; i.e.
the coverage of the colour gamut triangle of the backlighting source
including coloured filter in the CIE 1931 chromaticity diagram, where
the triangle which includes the three sRGB colour points according to
CIE 351931 should be as large as possible. Good coverage, which is
suitable for TV applications, is achieved if more than 90% of the
range, preferably more than 95% of the range, is covered.  WO
2011/044974PCT/EP2010/005570 - 3- Orthosilicates have a number of
advantages over mixtures of deep-red nitrides: 5They are much more
widely available, less expensive and they enable matching of their
fluorescence band in very small steps by slight changes in the
composition of the elemental formula (Ca,Sr,Ba)2,SiO4:Eux. This
enables optimised matching of the transmission curves of the coloured
filters. 10In particular, it has been found, surprisingly, that by
mixing of a plurality of orthosilicates, for example a greenish type
with a yellow type and an orange type, the resultant mixture exhibits
a broader band compared with a single orthosilicate phosphor. An LED
having a broader emission band 15is important in order to ensure
sufficient spectral power not only in the blue region (by LED chip
emission) and green region (by phosphor emission), but also in the
red region (by phosphor emission). 



20WO 02/054502 describes a phosphor mixture comprising two or three
phosphors, preferably two silicate phosphors and a further phosphor
(barium magnesium aluminate or strontium magnesium aluminate:Eu). WO
2007/018569 describes a phosphor composition having at least two
25silicate-based phases comprising a first phase having a crystal
structure which essentially corresponds to that of
(Ca,Sr,Ba,Mg,Zn)2SiO4, and a second phase having a crystal structure
which essentially corresponds to that of (Ca,Sr,Ba,Mg,Zn)3Si05, where
at least one phase of the composi- 30tion comprises Mg and at least
one of the phases of the composition comprises a dopant F, Cl, Br, S
or N.  WO 2011/044974PCT/EP2010/005570 - 4- phosphor is used. The
yellow phosphor forms the principal component of the mixture.
Detailed description of the invention 5 The invention relates to a
phosphor mixture comprising three or more silicate phosphors of the
formula I BawSrxCaySiO4: zEu(0, 10in which all indices w, x, y and z
are independent of one another, with the condition that within one
compound the indices w, x, y and z add up to 2 (w+x+y+z = 2), and in
which one or more silicate phosphors emit green light, one or more
15silicate phosphors emit yellow light and one or more silicate
phosphors emit orange light and in which the weight ratio of green
phosphor to yellow phosphor to orange phosphor is 1.8 -4.0 : 0.1 -4.0
: 0.8- 3.0, preferably 1.8 -2.5 : 0.8 - 1.3: 1.8 -2.5. 20 High
preference is given to a phosphor mixture comprising three or more
silicate phosphors of the formula I BaSr,CaySiO4: zEu(I),     in
which all indices w, x, y and z are independent of one another, with
the 25condition that within one compound the indices w, x, y and z
add up to 2 (w+x+y+z = 2), 



and in which  the green-emitting phosphor is Baw1Srx1SiO4: z1 Eu,
where w1 = 300.80 to 1.85; x1 = 0.10 to 1.25 and z1 = 0.05 to 0.20,
the yellow-emitting phosphor is Baw2Srx2Day2SiO4: z2 Eu, where w2 =
0.10 to 0.80; x2 = 1.0 to 1.80; y2 = 0.0 to 0.2 and z2 = 0.05 to
0.20,  WO 2011/044974PCT/EP2010/005570 - 5-  the orange-emitting
phosphor is Baw3Sr.3Cay3SiO4: z3Eu, where w3 = 0.03 to 0.10; x3 =
0.90 to 1.50; y3 = 0.20 to 0.80 and z3 = 0.05 to 0.20. 5 The
invention furthermore relates to the process for the preparation of a
phosphor mixture in which a first silicate phosphor is mixed with one
or more further phosphors. 10The phosphors are well-known compounds
and can be prepared by con- ventional methods by solid-state
diffusion synthesis or also by wet-chemical methods (see William M.
Yen, Marvin J. Weber, Inorganic Phosphors, Compositions, Preparation
and optical properties, CRC Press, New York, 152004, or WO
02/054502). The present invention furthermore relates to a light
source which com- prises an indium aluminium gallium nitride
semiconductor and three or 20 more silicate phosphors comprising
BawSrxCaySiat: zEu, in which all indices w, x, y and z are
independent of one another, with the condition that within one
compound the indices w, x, y and z add up to 2 (w+x+y+z = 2), in
which one or more silicate phosphors emit green light, one or more
silicate phosphors emit yellow light and one or more silicate
phosphors emit 25 orange light, characterised in that the weight
ratio of green phosphor to yellow phosphor to orange phosphor is 1.8
to 4.0 : 0.0 to 4.0 : 0.8 to 3.0, preferably 1.8 to 2.5 : 0.8 to 1.3:
1.8 to 2.5. 30The indium aluminium gallium nitride semiconductor
typically has the for- mula IniGaiAlkN, where 0 i, 0 j, 0 k and I + j
+ k = 1.  WO 2011/044974PCT/EP2010/005570 - 6- phors and preferably
emits white or virtually white light. This InGaN semiconductor diode
typically has an emission maximum between 430 nm and 480 nm and has
very high efficiency and preferably a long lifetime with 5only a very
slight drop in efficiency. The phosphor layer (phosphor mixture)
could preferably be arranged directly on the surface of the chip or
could be distributed in a specific volume directly above and/or
around the chip or could be arranged in a layer 10or volume at a
specific distance from the chip ("remote phosphor"). 



The present invention furthermore relates to a backlighting system
having at least one light source according to the present invention.
15The backlighting system according to the invention can be, for
example, a "direct-lit" backlighting system or a "side-lit"
backlighting system, which has an optical waveguide and an
outcoupling structure.     The backlighting system has a white light
source, which is usually located 20in a housing, which preferably has
a reflector on the inside. The backlight- ing system may furthermore
have at least one diffuser plate. In order to produce and display
coloured images, the liquid-crystal unit is provided with a coloured
filter. The coloured filter contains pixels in a mosaic-like pattern
which transmit either red, green or blue light. The 25coloured filter
is preferably arranged between the first polariser and the
liquid-crystal cell. The present invention furthermore relates to a
liquid-crystal display fitted 30with at least one backlighting system
having at least one white light source, which comprises at least one
semiconductor diode, preferably blue-emitting, and at least one
phosphor layer comprising a phosphor mixture as defined above. 35A
liquid-crystal display usually has a liquid-crystal unit and a
backlighting system. The liquid-crystal unit typically comprises a
first polariser and a second polariser and a liquid-crystal cell
which has two transparent layers,  WO 2011/044974PCT/EP2010/005570 -
7- each of which carries a matrix of light-transparent electrodes. A
liquid-crystal material is arranged between the two substrates. The
liquid-crystal material comprises, for example, TN (twisted nematic)
liquid crystals, STN 5 (super-twisted nematic) liquid crystals, DSTN
(double supertwisted nematic) liquid crystals, FSTN (foil
supertwisted nematic) liquid crystals, VAN (vertically aligned
nematic) liquid crystals or OCB (optically compensated bend) liquid
crystals. The liquid-crystal cell is surrounded in a sandwich-like
manner by the two polarisers, where the second polariser can be seen
10by the observer. Also very highly suitable for monitor applications
is IPS (in-plane switching) technology. In contrast to the TN
display, the electrodes in whose electric field the liquid-crystal
molecules are switched are only located on 15one side of the
liquid-crystal layer in the IPS cell. The resultant electric field is
inhomogeneous and, to a first approximation, aligned parallel to the
substrate surface. The molecules are correspondingly switched in the
substrate plane ("in plane"), which results in a significantly lower
viewing- 20angle dependence of the transmitted intensity compared
with the TN dis- play. Another, less well-known technique for good
optical properties over a broad viewing angle is FFS technology and a
further development thereof, AFFS (advanced fringe field switching)
technology. This has a similar 25functional principle to IPS
technology. 



A further aspect of the present invention relates to an electronic or
electrooptical device comprising one or more phosphor mixtures as
described 30above and below. A further aspect relates to the use of
the phosphor mixtures as described above and below in an electronic
or electro-optical device. Especially preferred devices are LEDs for
backlighting applications. 35  organic solar cell (0-SC), an organic
laser diode (0-laser), an organic integrated circuit (0-IC), a
radio-frequency identification (RFID) tag, a photodetector, a sensor,
a logic circuit, a memory element, a capacitor, a 5charge-injection
layer, a Schottky diode, a planarising layer, an antistatic film, a
conducting substrate or a conducting structure, a photoconductor, an
electrophotographic element or an organic light-emitting transistor
(OLET). 10Definition of terms     The term "phosphor mixture" denotes
a phosphor mixture in which two or more phosphors are mixed with one
another to create a new composition 15having different physical
properties. The term "green-emitting phosphor" denotes a silicate
phosphor having at least one emission maximum at a wavelength between
508 nm and 550 nm. 20 The term "orange-emitting phosphor" denotes a
silicate phosphor having at least one emission maximum at a
wavelength between 586 nm and 625 nm. 25 The term "yellow-emitting
phosphor" or "phosphor emits yellow light" denotes a phosphor having
at least one emission maximum at a wavelength between 551 nm and 585
nm. 30 The term "solid-state diffusion method" ("mix & fire" method)
indicates that the oxidic starting materials are mixed as powders,
the mixture is ground, and the ground powders are then calcined in a
furnace at temperatures up 35to 1500C in an optionally reducing
atmosphere for up to several days.  WO 2011/044974PCT/EP2010/005570 -
9- The term "wet-chemical methods" in accordance with the invention
preferably encompasses three method variants:  In the first method
variant, an organosilicon compound, preferably Si(OEt)4, is added,
for example, to hydroxide solutions of the corresponding phosphor
starting materials and an Eu-containing dopant at elevated
temperatures, which results in the formation of the
phosphorescentphor precursor.  In the second method variant,
so-called oxalate precipitation, firstly 



10alkaline-earth metal halides are dissolved in water with a europium
halide and added to a silicon-containing mixture consisting of a
dicarboxylic acid and an inorganic or organic silicon compound.
Increasing the viscosity results in the formation of the phosphor
15precursor.  In the third method variant, so-called
hydrogencarbonate precipitation, firstly alkaline-earth metal
starting materials, preferably alkaline-earth metal halides, are
dissolved in water with a europium- 20containing dopant, and an
inorganic or organic silicon-containing compound is subsequently
added. The precipitation is carried out using a hydrogencarbonate
solution, resulting in the slow formation of the phosphor precursor.
25Finally, thermal aftertreatment (calcination) of the phosphor
precursor is necessary in order to obtain the finished silicate
phosphor. Unless the context clearly indicates otherwise, the plural
forms used 30herein of the terms used herein are to be construed as
including the sin- gular form, and vice versa. Throughout the
description and claims of this specification, the words 35"comprise"
and "contain" and variations thereof, for example "comprising" and
"comprises", mean "including but not limited to", and do not or are
not  WO 2011/044974PCT/EP2010/005570 - 10- intended to exclude other
components. It goes without saying that the above embodiments of the
invention can be 5varied while still falling within the scope of
protection of the invention. Each feature disclosed in this
specification may, unless indicated otherwise, be replaced by
alternative features serving the same, equivalent or similar purpose.
Accordingly, unless indicated otherwise, each feature disclosed is
only one example of a generic series of equivalent or similar
10features.     The invention will be described in greater detail
below with reference to the following examples, which only serve for
illustration and do not limit 15the scope of protection of the
invention. Example 1:  Preparation of phosphor mixture A 20The
following orthosilicate phosphor mixture A is synthesised by mixing
the three orthosilicates as follows: 



SGA 524 100 (green phosphor which emits at about 524 nm; source:
Merck KGaA), 25 SGA 555 100 (yellow phosphor which emits at about 555
nm; source: Merck KGaA) and  SGA 593 100 (orange phosphor which emits
at about 593 nm; source: Merck KGaA) 30in the weight ratio 2:1:2.
The three phosphors SGA 524100, 555100 and 593100 are mixed by mixing
the components by means of a gyrowheel mixer at 5 revolutions 35per
minute.  WO 2011/044974PCT/EP2010/005570 - 11- For the general
conditions of the synthesis of orthosilicate phosphors, reference is
made to T.L. Barry, J. Electrochem. Soc., 1968, 11811181, and US
3505240. US 3505240 describes, for example, the phosphor
(Ba,Sr)SiO4:Eu, which is prepared by mixing barium carbonate and
strontium carbonate with a source of Si02 and Eu. An ammonium
chloride flux is blended into the mixture, and the batch is fired to
produce the phos- phor. As evident from Table 1 of US 3505240, the
peak emission is shifted from green (505 nm) to yellow (575 nm) when,
for example, the 10 amounts of Sr2SiO4 taken up into the solid
solution are increased, while the total mole per cent of Ba25iO4 and
Sr2Sia4 is maintained at 100%,. The person skilled in the art
therefore derives from the teaching of T.L. Barry, J. Electrochem.
Soc., 1968, 11811181 and US 3505240 how to 15prepare silicates having
a green, yellow or orange colour. In accordance with the present
invention, the raw materials used are alkaline-earth metal
carbonates, europium oxide and ammonium chloride 20and silicic acid.
The phosphor is prepared by dry-mixing the raw materials in the
requisite stoichiometric amounts. Ammonium chloride is added as flux.
The mixture is transferred into an alumina crucible and transferred
into a furnace. For the firing process, the sample is heated at up to
1300C under a reductive atmosphere for 2 to 12 hours. 25 Examples 2
to 11: Preparation of phosphor mixtures B to M         Table 1:
Compositions of various mixtures which are suitable for LCD
back30lighting applications  WO 2011/044974PCT/EP2010/005570 - 12-
SGA 515 100 



SGA 524 100 SGA 540 100 SGA 545 100 SGA 555 100 SGA 565 300 SGA 507
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2,5g  19    2g  15 Green phosphors are: SGA 515 100, SGA 524 100, SGA
540 100 and SGA 545 100. Yellow phosphors are: SGA 555 100, SGA 565
100, SGA 587 100. Orange phosphors are: SGA 593 100 and SGA 605 100.
The numbers xyz in SGA xyz 100 indicate the wavelength of the
emission peak maximum. 20The synthesis of the phosphors mentioned in
Table 1 is carried out in accordance with the procedure described in
Example 1. The phosphors are mixed in the amounts indicated in Table
1 by mixing the components by means of a gyrowheel mixer at 5
revolutions per minute. 25 Example 12: Production and
characterisation of an LED and installation in a liquid-crystal
display 30The phosphor mixture from Example 1 is mixed with an OE
6550 two- component (A and B) silicone resin system from Dow Corning
with the aid of a tumble mixer in such a way that equal amounts of
phosphor are dispersed in component A and B (final concentration of
phosphor in the silicone: 8%). In each case, 5 ml of component A and
5 ml of component B 35are mixed to give a homogeneous mixture and
introduced into a storage vessel, which is connected to the
measurement valve of a dispenser. Raw  WO
2011/044974PCT/EP2010/005570 



- 13- LED packages, supplied by GSA opto electronics, Berlin,
consisting of bonded InGaN chips having a surface area of 1 mm2 each,
which emit at a wavelength of 450 nm, are fixed in the dispenser. The
cavities of the raw 5 LED packages are filled with the silicone
phosphor by means of the xyz positioning of the dispenser valve. The
LEDs treated in this way are then subjected to a temperature of 150C,
at which the silicone solidifies. The LEDs can then be put into
operation and emit white light having a colour temperature of about
6000 K. 10A common LCD TV coloured filter characteristic was used in
order to simulate a display environment and to calculate the colour
gamut that is achieved by this LED. The spectra of the coloured
filter, the LED spectrum without and with coloured filter are given
in Fig. 2. The LED spectrum with 15coloured filter was recorded with
a coloured filter sheet between LED and detector. The
characterisation of the LED was carried out using an Instruments
Systems CAS 140 spectrometer. 20The colour gamut coverage of the LED
comprising the phosphor mixture of Example 1 is given in Figure 3 and
works out as about 98% coverage of the sRGB. A number of the LEDs
produced above are then installed in a backlighting system of a
liquid-crystal display. 25Examples 13 - 23: Phosphor mixtures B - M
from Examples 2 - 11 are used to produce LEDs and LC displays as
described in Example 12. 30  WO 2011/044974PCT/EP2010/005570 - 14-
Description of the drawings The invention will be explained in
greater detail below with reference to illustrative embodiments: 5
Fig. 1 shows an emission spectrum of orthosilicate mixture A. Its
fluorescence band peaks are at about 568 nm. 10Fig. 2 shows a
coloured filter transmission spectrum (3: blue transmission band, 4:
green transmission band, 5: red transmission band), emission spectrum
of the LED comprising orthosilicate mixture A (1: pure LED spectrum,
2: LED spectrum with coloured filter) 15 Fig. 3 shows the colour
gamut coverage of the LED comprising orthosilicate mixture A in CIE
1931. The triangle represents the sRGB colour gamut, while the
triangle shown in bold represents the colour gamut 20achieved by the
combination of a standard coloured filter (Fig.1) and an 



LED comprising orthosilicate mixture A (1: colour gamut of an LED
comprising orthosilicate mixture A; sRGB: colour gamut of sRGB) 25 30
WO 2011/044974PCT/EP2010/005570 - 15- Patent Claims 1. Phosphor
mixture comprising three or more silicate phosphors of the formula I
5 BaSr"CaySiat: zEu(I), in which all indices w, x, y and z are
independent of one another, with the condition that within one
compound the indices w, x, y and z add up to 2 (w+x+y+z = 2), 10and
in which one or more silicate phosphors emit green light, one or more
silicate phosphors emit yellow light and one or more silicate
phosphors emit orange light and in which the weight ratio of green
phosphor to yellow phosphor to orange phosphor is 1.8 -4.0 : 0.1 -
154.0: 0.8 - 3.0. 2 Phosphor mixture comprising three or more
silicate phosphors of the formula I 20BawSr,CaySiO4: zEu(I), in which
all indices w, x, y and z are independent of one another, with the
condition that within one compound the indices w, x, y and z add up
to 2 (w+x+y+z = 2), and in which one or more silicate phosphors emit
green light, one or 25more silicate phosphors emit yellow light and
one or more silicate phosphors emit orange light and in which the
weight ratio of green phosphor to yellow phosphor to orange phosphor
is 1.8 -2.5 : 0.8 - 1.3: 1.8 - 2.5. 30 3. Phosphor mixture comprising
three or more silicate phosphors of the formula I  WO
2011/044974PCT/EP2010/005570 - 16- 



up to 2 (w+x+y+z = 2), and in which  the green-emitting phosphor is
BawiSrx1SiO4: z1 Eu, where w1 = 50.80 to 1.85; x1 = 0.10 to 1.25 and
z1 = 0.05 to 0.20,  the yellow-emitting phosphor is Baw2Srx2Cay2SiO4:
z2 Eu, where w2 = 0.10 to 0.80; x2 = 1.0 to 1.80; y2 = 0.0 to 0.2 and
z2 = 0.05 to 0.20,       the orange-emitting phosphor is
Baw3Srx3Cay3SiO4: z3Eu, where 10w3 = 0.03 to 0.10; x3 = 0.90 to 1.50;
y3 = 0.20 to 0.80 and z3 = 0.05 to 0.20. 4. Light source which
comprises an indium aluminium gallium nitride 15semiconductor and
three or more silicate phosphors comprising BawSrxCaySiO4: zEu, in
which all indices w, x, y and z are independent of one another, with
the condition that within one compound the indices w, x, y and z add
up to 2 (w+x+y+z = 2), and in which one or more 20silicate phosphors
emit green light, one or more silicate phosphors emit yellow light
and one or more silicate phosphors emit orange light, characterised
in that the weight ratio of green phosphor to yellow phosphor to
orange phosphor is 1.8 to 4.0 : 0.0 to 4.0 : 0.8 to 3.0. 255. Light
source according to Claim 4, characterised in that the weight ratio
of green phosphor to yellow phosphor to orange phosphor is 1.8 to
2.5: 0.8 to 1.3: 1.8 to 2.5. 306. Backlighting system having at least
one light source according to Claims 4 or 5.          7.
Liquid-crystal display (LCD) fitted with one or more backlighting
sys35tems according to Claim 6.  WO 2011/044974PCT/EP2010/005570 -
17- 8. Electronic or electro-optical device comprising a phosphor
mixture according to one or more of Claims 1 to 3. 59 Process for the
preparation of a phosphor mixture according to one or more of Claims
1 to 3 in which a first silicate phosphor is mixed with one or more
further phosphors. 10 15 20 25 30 35 


