WO 2011/ 006565PCT/ EP2010/ 003656 - 1 - Co- doped silicooxynitrides The
i nvent iwwo 20A8lpakws to corrpounds whi ch consi st of 6-3-6-4 PCT/EP2010/003656
al kaline-earth metal silicooxynitridas which are co-doped with
thorium ruthenium osmi- 5um fluorine and/or chlorine, to the
preparation thereof, and to the use thereof as phosphors and to LED
conver si on phosphors for warmwhite LEDs or so-called

col our-on-denmand applicatio &éﬁﬁ oncept is taken
to mean the production of rgﬂtaqghgg#ﬁé&ggc g‘?ﬂéggl our point by
means of a pcLED (= phosphor converted LED) usi ng one or nore

phosphors. This concept is used, for exanp in order to duce
certai n cor pbh@invendigndgaiates E#CCHQEWCBS WB?Chl Gangat ﬁ&@éﬁafoﬁgéﬁ@ﬁ“leé‘&gs

trademar ks, %h?l s%ﬁ:lo'aégﬁlijrﬁfest ﬁré' \58 d?:lg%ﬁ Wit %nu?rp%aﬁelnilﬁm”@%? of

LED TV backI| ing, -re ors re necessary, have an

em$Bsi on maxumyfubrng hﬁdrmmbrmtmthe pré@aration tBerecibaed hather st
systems which are known to the %&n}skllledlnti}I a];t are .
si |'i coni t ri dberesfasapeahars @Bﬁlt?t‘—l COMYRIBIRGrIRNOBRNETS T8 WarFaWhitS) |

Adv. Mater. h f

ex\altrrpl e, CaS ﬁggl':ou %% qulfrﬁ&péﬁéqggﬁgrﬁﬂhgﬁgﬁqs ISDE)CIS aiett?r2006,
423, 352), 2-5-8 nitrides, such as (Ca Sr, Ba) 23i 5N8: Eu2+ (Li et al.,
Ch Mat 005, 15, 492 d | trjdes h as.
(cg,er)Al S Ehe sl seflemans cBareRt Biatar litigan kS Pras RtBASiant
2006, 9, H2291a\3§§'\éf ¢drtlh %ol%@%%hﬂrb‘%/ mBSndBNRIRIED @hoespHaR kenderted

series of disa ntages, which result in these materials not being
avail abl e i nLEBY glstrmmnmbsmqra ppasphersl Zhis Qdmept @h.limdr fanexasaRlesir y

P ent Ty o 10 PR taif SOt tey dRs. St S B E T Rhgiebl e

result in thgy® ghgliﬁj&yt,@aemkg)mgphors bei ng reduced
30sensitively. wever, is virtually inpossible to avoid oxygen

inpurities, since eventhe starting materials, such as Si3N4 and the

E?l nitri dﬁ?ordvptg%lji egg(?\?gq?g%{:ﬁg&ggem &9%@—:‘%@13 of LED TV backlighting,

deep-red phosphors are necessary, which have an emission maximum in
the range 620 nm - 660 nm. Suitable material systems which are known to
the person skilled in the art are siliconitrides and alumosiliconitride phos-
phors (Xie, Sci. Technol. Adv. Mater. 2007, 8, 588-600):
20 1-1-2 nitrides, such as, for example, CaSiNa:Eu** (Le Toquin, Cheetham,
Chem. Phys. Lett. 20086, 423, 352), 2-5-8 nitrides, such as
(Ca,Sr,Ba)28i5N3:Eu2* (Li et al.,, Chem. Mater. 2005, 15, 4492}, and alumo-
siliconitrides, such as (Ca,SrAISINs:Eu”" (K. Uheda et al., Electrochem.
Solid State Lett. 2006, 9, H22).

25 Nitridic phosphors, as mentioned above, have a series of disadvantages,

P

which result in these materials not being available in large amounts: in par-

ticular, the high purity necessary represents a challenge which can only be

met with considerable effort in industry. Thus, extremely low concentrations

of carbon or oxygen result in the efficiency of the phosphors being reduced
30 sensitively. However, it is virtually impossible to avoid oxygen impurities,

since even the starting materials, such as SisN4 and the metal nitrides



- 2 - (alkaline-earth nmetal nitrides, europiumnitride), are not

avai | abwe iomi/enepepen-free form Alternative starting nmat erdBER0IBUIGESS
as nmetal hydrides, are extrenely oxygen- and noisture-sensitive,
meani ng that oxygen is also introduced into the phosphor via these
conponents. Standard preparation 5processes, such as carbot hernal
reduction and nitridation, result in carbon inpurities in the
phosphor, ca(skaling-bagh pistaphitrideso eargpdunearitielel raging avalaig in edygeas
t he | um nance. The silicooxynitride SreSi 306N4: Eu was descri bed for
the first ti ﬁ@e@”@o’h erpatiye starijng matedals pich as metal hygsiges) arejs5g- 361
(2008). - 10 ' f L AL RVENLIQR: ]

rodi 1t he. aBoue e Dgiena 2RO S Hers MY e Bfrona B € it

si | i cooxyni t intdekiced istodchephoaphohes théss eompopentsd Staaizre peearation

reater light efficiency. 15Surprisingl it has been found, that the
?eq ire_rrentg PBICSEf R TEH H?W ?%%{Ctlpﬂrqr}ﬁé'?‘gl PBaEs Ut CREPON
conver si on efrﬁ%l‘}lhtﬂa'kcm tAE pghe8ph&d Cﬁ%‘%‘“@ﬁf"ﬁﬁ&ﬁghg?t&&?%{% greying,

(Ca, Sr, Ba) 6Si 306N14: Eu can be net w th thorium
rut heni um owicimieduicastheirgindhoe. chl orine is carried out. 20The

e b RN TR ol GafuRes S0

addi ti onal | yetanmpidisa. 6PE@enagbs. 155m tse-Jf mm?.hori um rubi di um
osmium fluorine and/or chlorine. 25"6-3-6-4 al kali ne-earth netal

si.l® cooxynitrides" are taken to mean conposi- tions MsSi 306N4: Eu2+,

Dlral ity o ThEREr bt Bresiit KehNalE Behlos dHiadiing goBusmmeias
of the fornutiandd 8QY-64 SikaRde-earth hetaMByibedBhitNeEZ )bdHeHEEWwdy thavher e

WO 2011/ 006565PCT/ EP2010/ 003656 - 3 - _
these compounds achieve even greater light efficiency.

15 Surprisingly, it has been found that the requirement for an economically
important further increase in the conversion efficiency of the red silicooxy-
nitride phosphors (Ca,Sr,Ba)sSiz0sN4:Eu can be met if co-doping with tho-

rium, ruthenium, osmium, fluorine and/or chliorine is carried out.

20 The present invention thus relates to compounds of the 6-3-8-4 alkaline-
e earth metal silicooxynitride type with europium doping which additionally
comprise co-dopants from the series thorium, rubidium, osmium, fluorine

and/or chlorine.

25 "6-3-6-4 alkaline-earth metal silicooxynitrides" are taken to mean composi-
fions M68i305N4:Eu2‘“, where M represents an alkaline-earth metal or a

mixture of a plurality of alkaline-earth metals.

Preference is given to compounds of the formula |
where



-

Me = Th, Ru and/or G Ma = F and/or 0 x < 0.5y <1 and 5z <0.1. It
i s prefwored/obesst he x value to be equal to 0.003 to 0. PCT{HFE0RP/0(He
(whi ch stands for the atom concentratgon of the co-dopant Me) to be
equal to 0.0001 to 0.2, and the z value to be equal to 0.0005 to
0.03. More preferably, x = 0.005 to 0.15 and/or y = 0.001 to 0.02.
C10 The greater |um nance of the conmpounds or phosphors of the

formul a | acherdirhgRuarndier Oaventi on conpared with those of identical
conposi tion,, but without, the co-dopants thorium rubidium osmum
fluorine and¥r ‘é#?Bﬁjfi‘))ﬁ@ can be expl ained by means of the theories
known to the,pgfgon skilled 15in the ad. This greater |um nance is
produced by the higher crystal lattice quality through the presence
of the halides.1&h@& halides very probably cause a reduction in the
di f fusion barr<i]{grs which the ions have to overconme in the solid-state
reaction in or f]'to be able to occupy the desired lattice sites in
the solid structure. The heavy netals Th, Ru or Os very probably

20cause i ncr gasprbfahe® fort then wdlué ke behegihtyy 0003 tbite2 sthecaldled (which
heavy-at om ef f ect . The particle size of the corg(‘g)ounds

accordi ng t oSteRgsifaniberatem canaeairaien of tharp-seganbMenio Beacsihin v
bet ween 1 p”b%%ﬁﬁ P2 PR PUS 83 NeVe AR W%ﬁibsgtoaﬁgésw pm The
on Turther npound obt a

present inventl hore relates t0'a co i nabl e by

m xi ng sili chraiprafetsbly, xeaoPhiite 0 ABdaraibiey sri.0@hds 6r0st ront i um
and/ or bariumcontaining starting materials with at |east one
thbtium, osmium, 30ruthenium, fluoride- and/or chloride-containi ng

CorVeB NSRSl ARNLPREL LY PR b iR e
according fo the invention compared with those of identical composition,
but without the co-dopants thorium, rubidium, osmium, flucrine and/or chlo-
rine, can be explained by means of the theories known to the person skilied

15 in the art. This greater luminance is praduced by the higher crystal lattice
quality through the presence of the halides. The halides very probably
cause a reduction in the diffusion barriers which the ions have to overcome
in the solid-state reaction in order to be able to occupy the desired lattice
sites in the solid structure. The heavy metals Th, Ru or Os very probably

20 cause increased absorption of the phosphor via the so-called heavy-atom

effect.

The patrticle size of the compounds according to the invention is between
50 nm and 30 um, preferably between 1 pm and 20 ym, more preferably
25 between 2 and 15 pym.

The present invention furthermore relates to a compound obtainable by

mixing silicon nitride-, europium- and calcium- and/or strontium- and/or

barium-containing starting materials with at least one thorium-, osmium-,
30 ruthenium-, fluoride- and/or chloride-containing co-dopant, which may

optionally comprise a fluxing agent from the series of the alkali metal or



- 4 - alkaline-earth netal halides or also a borate conmpound, by
sol i d- shahendpbdeysi on met hods and subsequent ther mal af tremiEPeARNVBIESE
5The present invention furthernore r% ates to a process for the
preparation of a compound of the 6- 3-6-4 al kal i ne-earth netal
silicooxynitride type wi th europi um dopi ng having the foll ow ng
process steps: a) preparation of an Eu-doped 6-3-6-4 al kaline-earth
metal silicogeyid EaAR n@é’tﬁpﬁé'!ﬂﬂas%}* Ao bparatdenagowhd, byt Suiidistate dif-
rubi di um, 10osm um, fluoride- and/or chloride-containing materials,
by m xi ng at fusizasmethastssand agbsm@n‘t theymsd pEetterptmedin si | i con
nitride-, europium, calcium, strontium, barium, thorium,

rubi dium, osmum, fluoride- and/or chl ori de- cont ai ni ng materi al s,

b) thermal aftertreatnment of the conmpound co-doped with thorium
15rubi dium osmum fluoride and/or chloride. c¢) washing of the

t het mal |y af T e presanddnvastipofuasenmene retaterfo 34reesssrioame arapgration

sol ut d
consi st as SoRERTPNRY it 6™ 3 Al HE AL sPlo Gl Be IR MR

hydri de and SufopiirdAdpinghavag amel falowitgptocese sdps: Ru-, Gs-, F- and
Cl -contai ning co-dopant. Besides the ref erred nitri des tﬁgd |des and

fluorides, suitaAbPEEPAAIAN ahaRELIoRE e'é’@ 4alkalingpaname
and/ or organi ¢ Suﬁﬁﬁ@é‘ﬁ&%& ﬁgﬁ Iﬁéhfsy hd %@%\uthdthﬁbf%a%gﬁﬁum-

cyani des, oxal ates e umara carbonates, citrates,
aster bates and acesmﬁL&netﬂmnadesand'fneclalmmzie -queihdinimgadatanalsydly mixing at

fit t t t t for. f h
Tnder reducing ColRRSt Mg FE B ASE frorb Siieag MASST FOFORNTp o
90/10), pure hydreglﬁﬂ{rﬁmd{r htidifA- ?ﬁ{"ﬁfm‘)ﬂﬁ(ﬁ’ BRALIDARME 8sMidir- Fuoride-

wi t hout the above i oned at nospher es e tem peratures during
t he cal cination pand@&hﬁeﬁebm%mmgﬁ@@tﬁﬁ%d 1800C, preferabl y 1400C
'[281%/688556](5(;&/ e Oggggeuarts ?o? heer&?rngouné%o doped with thorium,

15 rubld[um, osmium, fluoride and/or chloride.
¢) washing of the thermally aftertreated compounds with an HCI solu-

tion and a KOH solution.

The starting materials for the preparation of the compound consist, as
20 mentioned above, of silicon nitride (SisN4), calcium hydride and europium
{ fluoride and at least one Th-, Ru-, Os-, F- and Cl-containing co-dopant.
Besides the preferred nitrides, hydrides and fluorides, suitable starting
materials are also further inorganic and/or organic substances, such as
cyanamides, dicyanamides, cyanides, oxalates, malonates, fumarates,

25 carbonates, citrates, ascorbates and acetylacetonates.

The above-mentioned thermal aftertreatment (see process step b) pro-
ceeds for a number of hours under reducing conditions, for example with
forming gas (for example 80/10), pure hydrogen and/or in an ammonia

30 atmosphere with or without the above-mentiocned atmospheres. The tem-
peratures during the calcination process are between 1000°C and 1800°C,
preferably 1400°C to 1600°C, for a number of hours (preferably 8 h).



It is furthernore preferred for the phosphors to be transferred into
a hi gh~phessuoesesi Ntering oven and cal ci ned there at 40 pe/EfQoanzsaad
a tenperature of 1400 to 1600C for 6. to 10 hours. 5It is furthernore
preferred for the phosphors to be sﬂt?j'ect ed to hot isostatic pressing
in vacuo. It is additionally preferred for the phosphors to be washed
firstly with HCl and subsequently with KOH, which elimnates

anor phous Si 02. This washi ng step advant ageously increases the

em ssion intensity and also the - 10absorgti on of the phosphors, Wth
the aid of tlhis hbtheenoenpraiaedd fooibestwsphpes foshe iarsieredtintoR sillice

any desired outer shapes of the conpou r I 0
The i nventi oSS S AE EgHyNaae BAFTHa e 7T ARe dhar 2rF s Eridye
material s angd5¢e400k69600MC 56 Shapehoare summarised in accordance
with the invention under the term "shaped bodi es". The shaped body . is

preferably altiphuthenoore pesferedrier heazssphor/nbe sHbiertes! toliatiesisie

relates to a_shaped conpris- 20ing the conpounds according to
the inventi oﬂr,es\%/ﬁ}%ciﬁl?"%%oa rough surface which nanoparticl es

conpri si ng Sit@2addiliBRallyAbR8Sred flp th&hdsphdrsat bR asiesd filstigdvitkiHOes
t hereof and/or particles conprising the conmpound accordin rLTlﬁ_l.t he
i nvent i on wi 8nd HbspquRNiY WMBpKRHS whishnefiminales pproralipis Sb(g%l i %5 0m

rut heni um thard i j 25 f

preferred en{'#gaglt%@r?tdpgt{%rgeg E%@g@érgéa%lh%é@%ss{ﬁ?{t %}%& ﬁ%@gg;g?rpl e
pyr@ni dal ) sabsé@ptionnf tiephosithapposite an LED chip (see WO

2008/ 058619, Merck, which is incorporated in its full scope into the
context of the present application by way of reference). This enabl es

as nuch |i gh{y;308s, i i f oot
5011/ 006560 P ERE AR ¥k Bobfe erfiBiBliGfiontiecdl i BofIbRAGHrodu D
shaped body &sy pesiied edtdrshapbs ed tlentompatindg onphbsphaaiacabiding to the
material which is already structured, or ip a sybsequent step by
(phot o) 1  NoGaplE: iegeas Sestical PATsieS, MkeS abd yndhyod, TaERgand
Prpgesses UspagGiRer Bey shEE 4@l sheRERis8d it Bctahh&dwith tHBGhRIMSA
under the term "shaped bodies". The shaped body is preferably a "phos-

phor body".

The present invention thus furthermore relates to a shaped body compris-
20 ing the compounds according to the invention, which has a rough surface
'S which nanoparticles comprising SiOz, TiO2, Al;O3, Zn0O, ZrO, and/or Y203
or mixed oxides thereof and/or particles comprising the compound
according to the invention with or without dopants from the series euro-
pium, osmium, ruthenium, thorium, fluorine and/or chiorine.
25
In a further preferred embodiment, the shaped body has a structured (for
example pyramidal) surface on the side opposite an LED chip (see WO
2008/058619, Merck, which is incorporated in its full scope into the context
of the present application by way of reference). This enables as much light

30 as possible to be coupled out of the phosphor.



5forces. In a further preferred enbodi nent, the shaped bodies

accor diwg 2610/006885 i nvention have, on the side opposite aRCIHED2EHi03650
rough surface which carries nanopartigcl es conprising Si02, Ti02,

Al 203, Zn02, Zr02 and/or Y203 10or conbinations of these materi al s
and/ or conprising particles having the phosphor conposition of the
formula [wth or without dopants fromthe series Th, Ru, Gs, F and/or
d . A rough Fiws taaetured sutiase anitoeighapsd botly ioptoduaed ey sldSequentThe
coated surface has the adv e that .total refI on ,can _be reduced
or prevent edCQAtMdWIEN By g@é’ﬁgﬁf’é'a&@h%} Is G0y $ 6{#”"8? Phig & gubse-
phosphor acc 83 -
which is inc rpo%%‘S gyt(ﬁﬁ?ﬂf)i‘“?%ﬁagggo‘%@e?%% %ﬁégﬁ:ﬁ%ﬁt ext S%%F %)Wm
present applingairbossdmes weyg ehergfarmaatels! beains drihe mtlmpéﬂmaém%d
for_the shaped bodies according to the invention 20 to have, on the
surface faci C&fnvay fromthe chip, a |ayer of matched refractive

i ndex which sinplifies the coupling-out of the primary radiation and

or the radiation emtted by the phosphor body. In a further preferred
enbodi nent , Mfwﬂweﬂemmcbembadén@tcﬁm$hﬂnﬂ¢sb@5@$mf3@@;réiﬂg) theg

consi sting of Si Ti O Zn0, .. 7r 0 d Y.

oxi des thgre'&P’ ey WB?V%TO'?% gﬁﬁ@@ﬁﬁge&f‘igﬁg {" W%HSF%Mé%‘?‘ e
activator eugQpedfanb bﬁtld?ég &@ﬁﬁn&ﬂgt&@g Tigs, F\B@Saﬂﬁ@etm dibr 9,0,
suitabl e graduation of the refractive indices of the coating

mat®ri al s enabtewbinationsfof frasevmaterifés apd/opsomprisinadpartcierdiaving the

‘envi r onnent n_this case t qd

surface of tRéo%?{bosrpcr?mpqgét’qrb(gtti'%gggﬂg%eﬁg#@g erth%ero% aﬁﬁ%ﬁ?’h} {t{éh
light is abl gefigs PRNRUI @EFidHdPort DE ApRgphfazathdie r@bwdm@dmasslof up
converted there. In addition, the surface coatl ng of nmt

2011/ 006565 PR fRy 00 mo3éhe cwated e hae h%@f&@%ﬂﬁ t%i @fﬁeﬁaﬁ%
to be coupl egﬁdi %ai r%ﬁu&%?g Efl nu éd § 3% E@%Staéan'tggﬁéﬁé\] cétfﬂl%@tBHESfltHes

reduced. In a er advant ageous
phosphor hasphesfitor drcerding sokiad ﬁfﬁienﬂ'dm qseaw@ezonmes&@rra/(mmy detnich o

counter sensitivity of the phosphor or parts thQ{ntf%@f to diff ﬂgn
wat er or ot h@r!nﬁﬁmﬁt&ﬂénlﬁﬁ futh SCORREEP Hi CRMEXy rRresentapRligation by

reason for e with a closed shell is thermal decoupling of
t he act ual ﬁ&ggﬁo!ra%?r@%)t he heat generated in the chip. This heat

results in a reductlon in the fluorescence light yield of the
EPSE? S phor aptd[s ?L?thglrnso()relp?afa#elgr'ee%cf%r %hheesr?é)pleod'] 508 Fes tarclzgorfc}lrlujgo{o the invention
20 to have, on the surface facing away from the chip, a layer of matched ref-

ractive index which simplifies the coupling-out of the primary radiation and

£

or the radiation emitted by the phosphor body.

In a further preferred embodiment, the shaped bodies have a continuous

e
wh

surface coating consisting of SiO;, TiO,, Al,Os, ZnO, ZrO; and/or Y205 or
mixed oxides thereof and/or of the compounds of the formula | without the
activator europium. This surface coating has the advantage that a suitable
graduation of the refractive indices of the coating materials enables the
refractive index to be matched to the environment. In this case, the scat-
30 tering of the light at the surface of the phosphor is reduced and a greater
proportion of the light is able to penetrate into the phosphor and be
absorbed and converted there. In addition, the surface coating of matched



Finally, a coating of this type enables the efficiency of the
phosphowd @1 hevssdaCr eased by preventing lattice vibrati ongREprSIoNh3653
t he phosphor from propagating to the genvironnent. 15In addition, it
is preferred for the shaped body to have a porous surface coating
consisting of Si02, Ti02, Al203, zZnO, Zr02 and/or Y203 or m xed

oxi des thereof and/or of the conmpounds of the fornulae I with or

Wi t hout dopapdfadiivaihddieesshIbE fndrd. lighbto &'co@?[ed%uﬁ@ﬁ/ﬂ% phbsphidietce
porous coatings offer the possibility of further reducing the
refractive ihgebdntﬁrnal reflaglien isyeduag@dr. Porous coatings of this type
can be produced by three conventional nethods, as described in WO
03/ 027015, which is incorporated in its full scope into the context
of the preseni aédfbhCatbatniusVayeOk ddRvbAt 5 it the Hosbhbehas t@bass
(for exanple soda-Iline _(i1l asses (see US 401 884)t), the application of
a porous | ayenrcapsdatere T bisnay &6 tavestary iporeeistol eoumtersgansitivity of the

boy nas a_saPPsah ordhr hEreddd ARG ke gt Aty BT
chem cal bondiatg eavirpiment & fupibediregsdrofor k@ cepsilaenTaith.a fbeéEsRbI 16

consi sting of epoxy or silicone resin. 30These functional groups can
be, for exanplMabdeepuplnig ottheactia! inhasplesTomitha heat oppa@éed \n teoxo
groups and apg,a f j CORSt - i

based on cpody Bed "SiprsrEaMs bt AREERAT NG HiSptiod (e et e
2010/ 006565 Palio&HRAF HHOMSG Hs o inBluenbe thel Bolbarw ef thieeflLatkvetdrrgdighhat
honbgeneous Lwrporat i.on ?f .the phosphors into the binder is
facilitated. lyrhacrstieg of His pedtnahblesthesifpiency o tha phewphsrde be
phor/ bi nder gysd Oalg\g i [ CAKL: ' dto
a certain extenté.g@Pr OCg?gﬁﬂgﬁ%%tﬁﬁ%vﬁré){@rse%@ﬁs@ﬁﬁgy%@gﬁg?‘I*é . The
t er m physi caprdpagditing to ¢he Beviesrvmeoinnent is used in this connection
if electrostatic interactions act between the systens via charge
fluctuations or partial charges. Since the phosphor |ayer according
to14 he inveni aadiabR! it R iefertdterd- b %Héﬁe@bﬁﬁgﬁﬁﬁwﬁ: aPbrbes %uﬁéc@

m xture of silicone and honogeneous phosphor particles, and the

si | i cone hasc@aing eensistirgneli 9i0)2, TH)s Alds @), Aréyendiar Yy&d; antnixedm on

nr oughout | OYSRRANIEREaRaieh Ok AT SRaRlod PG Bl B BBk

preferred enbeghmerorhsh€aefiéSELOTHh Ry, CRNFeHI/ONG]. THEREPTIESs E6Q
the corresponding netal salts and/or rare-earth salts. The

preparation {98 the peesibiitbetitirived eaduding the refractive index of a single
20 layer. Porous coatings of this type can be produced by three conventional
methods, as described in WO 03/027015, which is incorporated in its full

£

scope into the context of the present application by way of reference: the
etching of glass (for example soda-lime glasses (see US 4019884)), the
application of a porous layer, and the combination of a porous layer and an

25 etching operation.

In a further preferred embodiment, the shaped body has a surface which
carries functional groups which facilitate chemical bonding or physical
binding to the environment, preferably consisting of epoxy or silicone resin.
30 These functional groups can be, for example, esters or other derivatives
which are bonded via oxo groups and are able to form links to constituents

of the binders based on epoxides and/or silicones. Surfaces of this type



EP 763573 and WD 2008/ 058620, which are incorporated into the context

of the plication in their full scope by way of

These f g)%z?lp@rﬁ%&phosphors can be pr%oar ed by coating a"r%‘?%}&gf‘”@?m
synt hetically prepared, highly stable support or a substrate
conprising, for exanple, mca, 5i02, A 203, Zr02, glass or TiQ2

fl akes which has a very large aspect ratio, an atomcally snooth
surface and gn adllshahle 1t gk (?)gé’ﬂéomjsﬂngé}gﬁl%%ﬁw &fgég@h@égﬁors into
precipitation réeactron i n“aqueous spersion or sus- peénsion.

Besi des ni catheiBder Bi fagilitade@ FRurttgdranse othe TheBlogicalrprdpertiss bhreegtios-
the flakes may al so consi st of the phosphor material itself or be
built up fro BrRINAAE aystam ang alsﬁéhﬁlpé’RgV‘?ﬁ s@n fh%P)éW agiiisied o g

support fr tlgaANSSENOGRAKIHCr thBSnRIbE"s TUR!SIH AN T tofm

mat eri al which 1's transparent e primary radiatfon o e LED, or
absdr bs the physiealbindidgad tleneavicorBent isnskdris thibiconpaeticgyif etedtive
phosphor | ayer.. The fl ake-f hosphors are dispersed in a resin .
(for exanpl eséit'Pi'%f@F%Cttﬁ’Pséﬁggegjf“?%%q &)e SygieIme WF%C*EQ@ESP@N%'O% Amartiald
to the LED CRigqesVWO 2011/ 006565PCT/ EP2010/ 003656 - 9 - The

fl ake-form phosghors can be prepared on a large industrial scale in

t hi cknesses of 50 nmto about 20 pm preferably between 150 nmand 5
pm The di ar‘rgter ere is from50 nmto ener.al |

f 20 I t. h )
Bspect rati oS 6 RROSPREr RYSHaPeeTat ©rbe fayantion ARRiEe it 4as ) EL ohip
1. 1@ 400 : ShrarahbiycomdistsOflaAmixdure df diftoH@%nd ﬂem-'égénéd)@ekﬁhosphor

di;mensions (length X width) are dependent on the arrangenent. Fl akes
are al so sui pagiciesag@nddhe sdisoneé hasat swiaceytenisiam, this pbospherdayénis not

surface of 't HBTEYARD.A widrPRieplSr BE s tikpets ST 1fGER PO st
10t he LED chitpoggifolte provided with a coating which has an

antireflection action with respect to the prinmary radiation emtted
by the LED chip. This results in a reduction in back-scattering of

thes primary radi éb%tioﬁi’%ﬁgékt@%ﬁﬁﬁhb%ﬁ&% ds0a %ﬁ%@ﬁ@ﬁ%ﬁph@%rﬂ

t he phosphor body accor to the 1 nvention.
pur pose ar e, isfearried mup bg cocvantiorgs podcasaes firedn thedf carcespomdimdmetalvdaltsh

t h f ol i t hi ck d: d = I th of the pri .
Tt e or A TR SO0 et sbera b T RRSRS bR dp e
ceranic)], se@ 76387R%3AMVO. 206ASEED, WIS hie hBBMHr&Rk: in

Verlag, 18th Edition, 1995. This coating nmay a#lso consi st o¥ 'epﬁott%)ﬁi C
crystal s. Wptthe2oeseot apwicaties irs thairciull scnpe by waeobreféranee oT hede

b on oRERRES bR R Rt B Ehlnd PR el

gggigleg 1% EBppmbmd, [RgRlyegamielipbBritdian PIERES cHRTPKINE for dkakple,

o mica, SiO2, AlOa, ZrO;, glass or TiO; flakes which has a very large aspect
ratio, an atomically smooth surface and an adjustable thickness with a
phosphor layer by a precipitation reaction in aqueous dispersion or sus-

25 pension. Besides mica, ZrO,, Si0,, AiQ3, glass or TiO; or mixtures thereof,
the ftakes may also consist of the phosphor material itself or be built up
from one material. If the flake itself merely serves as support for the phos-
phor coating, the latter must consist of a material which is transparent to
the primary radiation of the LED, or absorbs the primary radiation and

30 transfers this energy to the phosphor layer. The flake-form phosphors are
dispersed in a resin (for example silicone or epoxy resin), and this disper-
sion is applied to the LED chip.
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The shaped bodies according to the invention in the form of ceramic bodies
are produced analogously {o the process described in WO 2008/017353

25 (Merck), which is incorporated in its full scope into the context of the pre-
sent application by way of reference. In this process, the phosphor is pre-
pared by mixing the corresponding starting materials and dopants, subse-
qguently subjected to isostatic pressing and applied directly to the surface of
the chip in the form of a homogeneous thin and non-porous flake or at a

30 distance from the chip (remote phosphor concept). The respective arrange-
ment depends, inter alia, on the architecture of the LED device, where the

person skilied in the art is able to select the advantageous arrangement.
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phosphors according to the 1nvention
the effect that light does not exit laterally from the phosphor body. Light
exiting laterally can reduce the light current to be coupled out of the LED.
The metal coating of the ceramic phosphor body is carried out in a process
step after the isostatic pressing to give rods or flakes, where a cutter of the
20 rods or flakes to the requisite size can optionally be carried out before the
metal coating. To this end, the side surfaces are wetted, for example, with

a solution comprising silver nitrate and glucose and subsequently exposed

to an ammonia atmosphere at elevated temperature. A silver coating, for

example, forms on the side surfaces in the process.

25 Alternatively, currentless metallisation processes are also suitable, see, for
example, Hollemann-Wiberg, Lehrbuch der Anorganischen Chemie [Text-
book of Inorganic Chemistry], Walter de Gruyter Verlag or Ullmanns
Enzykiopadie der chemischen Technologie [Ullmann's Encyclopaedia of
Chemical Technology].

30 The ceramic phosphor body can, if necessary, be fixed to the baseboard of

an LED chip using a water-glass soluticn.
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ruthenium-, thorium-, osmium, fluoride- and/or chloride-containing
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materials,

b) thermal aftertreatment of the compound co-doped with thorium-, rubid-
ium, osmium, fluoride and/or chloride- and formation of a shaped body
25 having a rough surface,

c) coating of the surface with nanopatticles comprising SiO-

TiO,, Al,O3, Zn0O, ZrO, and/or Y,03 or mixed oxides thereof or with

nanoparticles comprising the compounds according to the invention.

30 In addition, the excitability of the phosphors according to the invention
extends over a broad range, which extends from about 350 nm to 530 nm,

preferably 430 nm to about 500 nm. These phosphors are thus suitable not
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to the use of the conpounds according to the invention for conversion
of the bl ue Wt iedheinyerdisnsrpsiepicied ivFiguse TWhi7t e radi ati on.
Preference is furthernore given to the use of the conmpounds according
to the invention for conversion of the primary radiation 5into a
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art:
Possible forms of light sources of this type are known to the person skilled

in the art. These can be light-emitting LED chips of various structure.

20
¢ In a further preferred embodiment of the lighting unit according to the
invention, the light source is a luminescent arrangement based on ZnO,
TCO (transparent conducting oxide), ZnSe or SiC or also an arrangement
based on an organic light-emitting layer (OLED).
25

In a further preferred embodiment of the lighting unit according to the
invention, the light source is a source which exhibits electroluminescence
and/or photoluminescence. The light source may furthermore also be a
plasma or discharge source.

30
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The present invention furthermore relates to the use of the compounds and

25 shaped bodies according to the invention as phosphers or phosphor bod-

ies.

The present invention furthermore relates to the use of the compounds
according to the invention for the partial or complete conversion of the blue

30 or near-UV emission from a luminescent diode.
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20 CaF,:Ce® Mn*, CaF,:Ce® Tb%, CaF,:Eu?*, CaF,:Mn?*, CaF,:U,
CaGay04:Mn**, CaGa,07:Mn?", CaGa,S.:Ce’*, CaGa,S, Eu,
CaGayS4:Mn™*, CaGaySsPb?*, CaGeOs:Mn?*, Caly:Eu?* in SiO,,
Caly:Eu®* Mn*" in SiO,, CaLaBO4:Eu®*, CaLaB;05:Ce®* Mn?*,
Casla;BOs.5:Pb%", CaMgSi,07, Ca;MgSi,07:Ce>, CaMgSi,O¢:Eu*
25 CasMgSi,0g:Eu®*, Ca;MgSi,07:Eu®", CaMgSi,Os:Eu®* Mn?",
CazMgSi,07:Eu®* Mn*", CaMoQ,, CaMoO4Eu®, Ca0O:Bi**, Ca0:Cd?"
CaO:Cu”, CaO:Eu™, CaO:Eu*, Na*, CaO:Mn?*, CaO:Pb?*, Ca0:Sb*,
Ca0:Sm*, Ca0:Tb*, Ca0:Tl, Ca0:Zn**, Ca,P,07:Ce%, 0-Cas(POa)s:Ce®,
B-Cas(PO4)2:Ce”, Cag(PO4)sCLEU", Cas(POL)sCl:Mn?*, Cas(PO.)sCLSH,

30 Cas(P04)3Cl:Sn**, B-Cas(PO4)z:EU®* M, Cas(PO4)sF:Mn?*,
Cag(PO4)sF:8b™, Cas(PO4)sF:Sn?*, a-Cas(PO4)Eu?, B-Caz(POs)n:Eu?
CazP207:Eu*", Ca,P207:Eu*" Mn?', CaP,0s:Mn®, a-Cas(POu):Pb?,
0-Caz(P04)2:Sn”", B-Cas(P04)2:Sn”", B-CazP207:5n,Mn, a-Cas(POu)2:Tr,
CaS:Bi*", CaS:Bi** Na, CaS:Ce*, CaS:Eu®, CaS:Cu* Na®, CaS:La>,

35 CaS:Mn®*, CaSO4Bi, CaS0,:Ce*, CaS0,:Ce™ Mn?* CaSOLEu?,
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to |IIustrate the rgsent inv

be regarded B8Pk nlgaP A E%od@&l@m@,l %@ bﬂﬁzﬁéﬁ@ WIT!bgT:

use@ in the r;agwg@u Eqtts me Mr#he_rAtéggw@*aquiAm’P‘Eé‘r'CLuMd)ym\?“a' ' ab' e

or can be SyE t?&f I\S/Ied‘L W '?9‘8“ Cr:namm Ll-IC-:e%a4S|4O14 Mn2+
LiCeSrBa3Sis014:Mn*", LilnO2Eu®, Liln02:Sm™, LiLaOs:Eu®*,
LUAIO;:Ce®, (Lu,Gd)2Si0s:Ce™, LupSiOs:Ce®, Lu,Si,0,:Ce®,

o LuTaO4:Nb™, Lui Y AlO5:Ce®, MgALOMR?*, MgSrAlyO47:Ce,

“25 MgB,04Mn**, MgBas(PO,)2:$n*", MgBax(PO4)»:U, MgBaP,07Eu?,
MgBaP,07:Eu®’,Mn®*, MgBasSi,0s:Eu?*, MgBa(SO4)s:Eu?",
MgsCas(POu)s:Eu”*, MgCaP,07:Mn*", Mg,Ca(S0u)s:Eu?*,
Mg2Ca(S04)s:Eu”",Mn?, MgCeAl,O1o: Th*, Mga(F)GeOs:Mn?*,
Mga(F)(Ge,Sn)Os:Mn*, MgF2:Mn**, MgGaz04Mn?*, MgsGesO11Fa:Mn*

30 MgS:Eu”", MgSiOs:Mn®*, Mg2SiO4Mn?, MgsSiOsF . Ti*, MgSO.EU?",
MgS04:Pb*", MgSrBa,Si,O7:Eu®", MgSiP,07:Eu®, MgSrs(POs)4Sn%*,
MgSr3Siz0g:Eu”" Mn**, Mg2Sr(SO4)s:Eu?*, Mg, TiOsMn™, MgWOy,
MQYBO4:EU3+, N33C€(PO4)2:Tb3+, NaI:TI, Na1.23K0.42Eu0.12TESi4011:Eu3+,
Na1 23Ko.42EU0.12TiS15013:xH20:EU>*, Na 20Ko 46Er0.0s TiS1,011:EU™,

35 Na;MgaAlzSi;010:Tb, Na(Mga. Mn,)LiSi,010F2:Mn, NaYF4Er®* Yb®*
NaYOo:Eu®, P46(70%) + P47 (30%), SrAl2046:Ce®, Mn?*, SrALO. Eu?',



10t enperatures indicated in the exanples are always in C. It

f urt herwor201igisessswi t hout saying that, both in the descriRQT/ER2OHV 3656
also in the exanples, the added anpuRgs of the conponents in the
conpositions always add up to a total of 100% Percentage data given
shoul d al ways be regarded in the given connection. However, they
usually always relate to the weight of the 15part-anount or t ot al

amount i ndi CSFQ%OME’&Q“%@@ zé%E%éﬁp’s?A%? Bbé'p%rrfégﬂ%% u?s g of

Sr 5. 94Eu0. 0e513 8112 o 0689,,9 of
Eu203 (Tr ei babpd?7: 99(©§4/33fhr§1 @Ogi’@g T&ﬁOaPéu 30N UBEBs e syM ar e
t hor oughl y csmaég‘qp\mQ,zqmﬂz*armashesrsarsma@hta(m;t By EUFT i IDgVebox

wby s 1ransPECREd| I 90 OB R et e D Tt 1 Orfe it e
i s heated at SHR0B"" 1 666 A 5: M fi 0BIGa Sy ie* ,aﬁr(]}&g’saiﬂ RS e anss ST e
oot SRS pB" BulishieRy g oSSR SRS h B,
99. 999, 0. 08aMgPioPs B ZS(qum ldh$r©@89@8%u a@cﬂ B- &:Qs@i?:gomf’ba Si 3N4
WO 2011/ 006565436 éBE@iw?@W 0 SrE33B, O B8R 1P, @qjo\éelgor oughl'y

conbi ned W|th on another in ah agate,noffar 'in ox filled
with dry N2. 6}393 Us y e (Eiees Séfzu-lpégel?’ﬂ'féf’%hq ‘M hi s way is

Lrans&erredzs pog 04\52)63 SQaJtzoylenLé‘dJ}Nst;@Pm TR SITFEOM:RMNE, |s
Branpl e 3 1p8as¢s'°€>21'%? o SBE0HFGH ﬁSSﬁﬁﬁ%é&%@i% 6168
‘g of SrC204 g,tsrg@aneﬁn %58(()3(P04)Q&§ WSt (AE B08: Q& eBIRERET SrS:Mn?’
09, 99%. 0. 133N B3, 630058, 530 S22 8058, WPL e
SrsSis010CIs:EU?", SraSi0«Eu*, SITiOxPrY, SiTiOs:Pr APY, SrWO0s:U,

15 SrY,05:Eu®, ThO2Eu®, ThO:Pr**, ThO,Th™, YA:B4O12:Bi™,
YAI3B4012:Ce®, YALB,O12:Ce® Mn, YAIB4O12:Ce> Tb*, YALB,O12:Eu™,
YAI3B4O12:Eu%* ,Cr¥*, YAI;B4O12: Th* ,Ce® Mn?*, YAIOs:Ce™, YaAls04,:Ce™,
Y3Al5012:Cr", YAIO;:Eu®, YaAls012:EU”, Y4ALOgEU™, Y3Als0:2:Mn*",
YAIO3:Sm™, YAIO3:Tb¥, Y3Als042: T, YAsO4Eu®, YBOs:Ce™,

20 YBOsEU™, YR Er* Yb™, YF3Mn®, YF3:Mn? Th*", YF3:Tm®" Yb™,
(Y,Gd)BO3:EU, (Y,Gd)BO Tb, (Y,Gd)205:Eu®", Y1.34Gdg.s003(Eu, P,
Y203:Bi*", YOBrEU™, Y,03:Ce, Y205.Er*, Y,04:EU* (YOE),
Y,03:Ce* Tb* YOCI:Ce*, YOCIEU™, YOF:Eu™, YOF:Tb™>, Y,05:Ho™,

: Y20:8:Eu™, Y20,8:Pr”, Y,0,8:Tb™, Y205 Tb**, YPO,:Ce™,

725 YPO,:Ce™ Tb*, YPOLEU®, YPOLMn? Th* YPO,: V¥, Y(P,V)O.Ey,
Y2Si0s:Ce™, YTa0,, YTaO:Nb™, YVO,.DY*, YVOLEU®, ZnAl,O.Mn%,
ZnB,04Mn*, ZnBaySz:Mn?*, (Zn,Be),Si04Mn?", Zng.4CdysS:Ag,
ZnosCdoaS:Ag, (Zn,Cd)S:Ag,Cl, (Zn,Cd)S:Cu, Zan:Mn2+, ZnGayQy,
ZnGay0:Mn**, ZnGaySaMn?t, Zn,GeOgMn?, (Zn,Mg)F2:Mn?*,

30 ZnMga(PO4)2:Mn™, (Zn,M@)s(PO4)2:Mn?", ZnO:A¥ Ga®, ZnO:B*,
ZnO:GaS+, Zn0:Ga, ZnO-Cd0:Ga, Zn0O:8, ZnC:Se, Zn0:Zn, ZnS:Ag’,Cl,
ZnS:Ag,Cu,Cl, ZnS:Ag,Ni, ZnS:Au,In, ZnS-CdS (25-75), ZnS-CdS (50-50),
ZnS-CdS (75-25), ZnS-CdS:Ag,Br,Ni, ZnS-CdS:Ag*,Cl, ZnS-CdS:Cu,Br,
ZnS-CdS:Cu,l, ZnS:Cl, ZnS:Eu®, ZnS:Cu, ZnS:Cu” AP*, ZnS:Cu* .CI"

35 ZnS:Cu,Sn, ZnS:Eu*, ZnS:Mn?', ZnS:Mn,Cu, ZnS:Mn?* Te*, ZnS:P,
ZnS:P¥,Cl, ZnS:Pb®", ZnS:Pb** CI, ZnS:Pb,Cu, Zns(PO4)s:Mn?",
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mortar WA 2808 68box filled with dry N2. The crude substancs mox
obtained in this way is transferred 1Ato an Al 203 boat lined wit
foil. The mxture is heated at 1200- 1600C for 8 hours under an
N2/ H2/ NH3 at nosphere. 15Exanple 4: Preparation of 5 g of
Sr5.82Th0. O6Eu0. 06Si 306N4 6. 6444 g of SrC204 (Al fa Aesar, 959,
0.0686 g of FEuwBIQ, (M%) BagSiOnMrgd  Ae9%Zn,6iQA08D, 3o8d2, TnoSQNENCK?, 99%)
and 0.9119 g-9fc.a- SiB3 + DerQEAghity | ped 7wt h one
anot her in a%'q%asgigf‘in’ol\??g#@fn’ %%n%g\/jéﬁb%éﬁ?i’ ’e%lﬁ%ﬁtéﬁn@r' 5WISN2. The
crude subst afeEe Mt ufeSekitaitledn¥¥Oihis way is transferred into an
Al 203 boat lined with Mo foil. The mxture is heated at 1200- 1600C
for_ 8 hours under an N2/ H2/ NH3 at nosphere. Exanple 5: Preparation of
5 gS of Srb5.320s0. 05Eu0. 06S1306N4 25 6. 6658 g of SrC204 (Al fa Aesar,
959, 0. 06887He ¢bl|dWRY BxbipRtPaEIBiandR B9 strdie GROPregent iMehlof Al f a
Aesar, Os 83% min) and 0.9148 g of a-Si3N4 (UBE, 99% are thoroughly
conbi ned wi t Hovteweartbenehoild impoawat be ipgardedias linignavalhegmpoundy or

with dry N2. The crude ce I i i n..4hi i
t ransf e)r/r ed ?WB%%”E&I‘%@%E%E& 9 'T'%ée%%#g hC%%E&ésgt?c{h%dalﬂﬁe iff{%b?(n%)ﬁ ant

2011/ 006565 P&%ﬁ%&@&%@@éﬁaﬁﬂe or $An-beBytihesiséd b kabed methda@0Thd600C
for 8 hours under an N2/ H2/ NH3 at nosphere. Exanpl e 6; PE\ﬁf ration of

5 Yof sr5. slEmoperabiEgs ibsatedondn g exampias ?’e(ﬁlwevwoip-(i CABOSP,
nesar 99, sop et BO855AD etEAR RN Ay STy e B sl

conbi ned wi t theoagdehaioentd of the cagapenans irathea corapgsitiorebabvdyis ddedup

with dry N2. The crude substance m xture obtﬁi ned in 10this %y .is,[
transferred [hed&otahollos. Bsatentaordaia giNevsnpid alwelyg bRirggared; io the

heated at 1200 1OARGAHAN. HolloVErS HEIARSAD Mo RIMGo 13 RS RIS the

10 (UBE, 99% are thoroughly conbined with one anot her iP'&T%Z@ﬁ%E)
h

15 part-amount or total amount indicated.
Examples
20 Example 1: Preparation of 5 g of Srsg94Eug,06Si:0N4
£ .
Y. 6.8112 g of SrC,04 (Alfa Aesar, 95%), 0.0689 g of Euz0O3 (Treibacher,

99.99%) and 0.9159 g of a-SisN4 (UBE, 99%) are thoroughly combined with
one another in an agate mortar in a glovebox filled with dry N». The crude

25 substance mixture obtained in this way is transferred into an Al O3 boat
lined with Mo foil. The mixture is heated at 1200 — 1600°C for 8 hours

under an Na/Ho/NH3 atmosphere

Example 2: Preparation of 5 g of Srs34Eu0.065i305 83NaFo.24

30
6.6736 g of SrC,04 (Alfa Aesar, 95%), 0.0689 g of Eu,O5 (Treibacher,
99.99%), 0.0984 g of SrF; (Aldrich, 99.998%) and 0.9159 g of a-SizN4



Exanpl e 7: High-pressure sintering of the phosphors from Exanples 1-6
15 I n e@erRoeuw®s655 g of the conmpounds from Exanpl es 1-6 BUEEP2010/003656
i ntroduced into an MO cruci ble and trgnsferred into a high-pressure
sintering oven. The sanples are heated therein to a tenperature of
1400- 1600C at a nitrogen pressure of 40-70 bar and a heating ranp of
5-10 K/'min. The hold tine is 206-10 hours. Exanple 8: Hot isostatic
pressing of (WBEpEBSY ave shdroaghkcmibined vith &e anethehircas egate movtar

t he conmpounds fr ransferr dlnto an i sostatic hot
press. he hétag @@&%%ﬁﬁ%@ﬁﬂ%ﬁw&uqﬁsu ﬁ@”@ﬁé“'?‘%ﬁ%@%éﬁil]? ding
rai sed to 208 Egﬁsttr%'ﬁgfér?édjlﬁﬁ) hAa A Sﬁé’éﬁmehxmﬂﬁh/&e@;|t?hé§9g%u%§%00

at 5-10 K/ m n, at the sane e pressure Is uste

val ues bet webga®el atrt2(EDO 1&9@.0%}98 holis timaesy arsNQH];MH‘i@almospm.
2011/ 006565PCT/ EP2010/ 003656 - 20 - Exanple 9: Washing of the
phosphors from Exanples 1-8 In each case, 5 g of the conpounds from

Exanpl es 1-8 oric acid and
stirred at rggﬁﬁ' E'lszpr at Qréf‘%nﬂr%%S%gfs%r}%E@ ?gSllI;mfjaémmoszubsequent |y
filtered off with suctlon and washed wi th dei oni sed water unti l
neutral . The i hen e 0 m of a 1 nolar
KOH sol uti on6g SQ P Séédéj W% ’1&‘%?% g§‘§082%%%§t99§ f2{&s (lagibaghes. s
subsequent | ygbi f ' &

dei oni sed vvatgrdgttjﬁ{ W%@u Prar C%ﬁ%ﬁé%ﬁ?g‘??g? %61}6?;%???1 séo SiaNs

Sr ¥ 94Eu006S(l3IENQQ°/cELare disomef eiyernee)inan évihoortto peothehrsphagate mortar
‘according to.the it i SSi

nyent.j. o osition Em ssion nmax. [n ClE 1931
X,y Srb5. 94Eut5b%§ﬂc§’ Q% Tgo w%%ng)rysNg. lT%e crude substance mi&tuﬂ’: obtained in
this way is transferred into an Al,O3 boat lined with Mo foil. The mixture is
heated at 1200 — 1600°C for 8 hours under an No/Ho/NH3 atmosphere.

15 Example 4: Preparation of 5 g of Srsg2Thy gsEUg.06Si306N,

6.6444 g of SrC,04 (Alfa Aesar, 95%), 0.0686 g of Eu,Os (Treibacher,
99.99%), 0.1030 g of ThO, (Merck, 99%) and 0.9119 g of a-SisNs (UBE,

99%) are thoroughly combined with one another in an agate mortar in a

20 glovebox filled with dry Nj. The crude substance mixture obtained in this
% way is transferred into an Al,O; boat lined with Mo foil. The mixture is
heated at 1200 — 1600°C for 8 hours under an No/Ho/NH3 atmosphere.
Example 5: Preparation of 5 g of Sr5.3:080 05EU0.05Si306N,
25

6.6658 g of SrC,0, (Alfa Aesar, 95%), 0.0688 g of Eu,03 (Treibacher,
99.99%), 0.0869 g of OsO; (Alfa Aesar, Os 83% min) and 0.9148 g of
o-3izN4 (UBE, 99%) are thoroughly combined with one another in an agate
mortar in a glovebox filled with dry N». The crude substance mixture

30 obtained in this way is transferred into an AlLO5 boat lined with Mo foil. The
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0.623 0.376 Sr5.94FEu0. 06Si 305. 88N4F0. 24 623 0.622 0.377
Sr 5, 94EvO 206 88&65. 88NAC10. 24 625 0.625 0.374 PCT/EP2010/003656
Sr 5. 94Ru0. 06EU0. 06Si 306N4 624 0. 623 1g .

mixture is heated at 1200 — 1600°C for 8 hours under an Nz/H>/NH3 atmos-
phere.

Example 6: Preparation of 5 g of Srs5.52RUp.06EU0.0651306N4

6.7129 g of SrC,04 (Alfa Aesar, 95%), 0.0693 g of Eu,0s3 (Treibacher,
99.99%), 0.0524 g of RuO; (Alfa Aesar, 99.9%) and 0.9213 g of a-SizNy4
(UBE, 99%) are thoroughly combined with one another in an agate mortar
in a glovebox filled with dry N,. The crude substance mixture obtained in
- 10 this way is transferred into an Al,Os boat lined with Mo foil. The mixture is
? heated at 1200 — 1600°C for 8 hours under an No/H2/NH3 atmosphere.

Example 7: High-pressure sintering of the phosphors from Examples
1-6
15
In each case, 5 g of the compounds from Examples 1-6 are infroduced into
an MO crucible and transferred into a high-pressure sintering oven. The
samples are heated therein to a temperature of 1400-1600°C at a nitrogen
pressure of 40-70 bar and a heating ramp of 5-10 K/min. The hold time is
20 6-10 hours.

Example 8: Hot isostatic pressing of the phosphors from Examples
1-6

25 In each case, 5 g of the compounds from Examples 1-6 are transferred into
an isostatic hot press. The hot press is placed under vacuum, and the tem-
perature is raised to 200°C. The temperature is subsequently raised to
1400-1600°C at 5-10 K/min, and at the same time the pressure is adjusted
to values between 50 and 200 MPa. The hold time is 6-10 hours.



0. 376 Sr5.94Th0. 06Eu0. 06Si 306N4 625 0.621  0.378 WO

2011/ 008SEEHMINEE2010/ 003656 - 21 - Description of the fREJUFRZE10{4hacs6
invention will be explained in greatgp-detail belowwth reference to
a nunber of working exanples. The figures show the followi ng: Fig.

1: shows a COB (chip on board) package of the InGaN type, which
serves as light source (LED) for white |ight (1l=sem conductor chip;
2,3 = el ect rExample & Washing ef henpkespborspfronprsamples 16®ard) . The
phosphor is distributed in a binder |ens, which at the sane tine
represents a secondary 10optical elenent and influences the |ight

em ssi on chajrpgid bééé,cﬁ%? tfe EGMPoufididfrod Esampies?-8Be(€Bben8&d in
board) package of the InGaN type, which serves as |ight source (LED)
for white |igﬂ® mitefdemiosiydeeaiiothagd andsstieresi algioom tasapereturerfer 34 =

conyers! on. PGSR hi rFaguRESebdIRsRIIRBIRL gl Pt LGB B lpeRdd Y

?Ete II’ ggln el engsioniseaisyater natiohe@rdlr NS RRISABYH reditige igtheppsudpengbaced
100 ml of a 1 molar KOH solution and stirred for a further 30 minutes. The
residue is subsequently filtered off with suction and again washed with
deionised water until neutral.

10

Table 1: Optical properties of Srs94E1i0.0651306N4:EU (as reference) and co-

doped phosphors according to the invention

Composition Emission max. [nm] CIE 1931 x,y
SF5.94EUO_OGSi305N4 524 0.623
0.376
Sr5.94EU0.0851305.88N4F 0 24 623 0.622
0.377
Srs,94EUp,0651305 85N4Clo 24 625 0.625
0.374
{ SI’5,94RL¥0_05EU0.058E305N4 624 0.623
0.376
Sr5.94Thg 0sEUp 06Si306N4 625 0.621
0.378

15



Fig. 3. shows a Golden Dragon(r) package, which serves as Iight

sour ce VRO 211BD)56F or white |ight (1=sem conductor chip; FCI/EPZ0QL656
connections; 4 = conversion phosphaoroin cavity with reflector). The
conversi on phosphor is dispersed in a binder, with the m xture
filling the cavity. Fig. 4: shows an SMD package (surface nounted
package) where 1= 25housing; 2, 3 = electr. connections, 4 =

conversi on | ayer. The seni con-Desgriptionefghe figiwepl et el y covered by

t he phosphor according to the invention. The SMD desi gn has the
advantage that it has a snmall design and thus fits in conventional
lights. 30Fifpe ﬁ’iveﬁﬂeﬁﬁviﬁbg'eﬁ@hﬁﬁwm Greidt RaaMbalowoRiterefrence to a
light-emtting di ode where 1= sem conductor chip; 2, 3 = electr.
connect i ons; ndmbepafeosiinheptivplgsor he igdreoshow s 88RBINEP2010/ 003656
- 22 - 5 =Dbond wire, where the phosphor is applied as top globe in a
bi mder. This form of the phosphor/binder |ayer can act as secondary
optical el engt 12880wdhl GERCENIY @ beXrITYRkagdef tHeMGaN oprgattich.
5Fig. 6: shows a diagrammatic representation of a light-emttin

di ode where gervesmisdghtiaetrise (ERD fonwhtte lighl despmicasinetariching 2.4 =
=conversi on phosphor. 5 = bpnd, w . Rh rrd ' as
a thinl ayerglﬁlgirpg?%%ec&'f)ﬂsagﬁi %O\clﬁxqélrle.%'%%ﬁrgg %‘g&?zorr%%%@ﬁ't”rg%? ﬁﬁg‘gﬁqs

secondary op#iserutéd 6B MindeTUSHs, athicl at trexsdme gimeardrasents ansemsidayy
be applied to this layer. 10 Fig. 7; shows an exanple of a further

3 . g | mp :
apB! i cati on, opical elemertrRd KNORACEH S gt iepnigsipp ShARSIFIHICIRAS 3B5s.
“The phosphor according to the invention is used here together with an
OLED. The light source is an organically light-emtting di ode 31,
consi sting oFid. Resheivea COBy@hicof boardmauhdga of tenbizai iype, which

15substrate 32. The film 30 emts, in partjcular, blu rimary. Light,
gener at ed, f 8@rvegasyiabt Sayrq%e(aﬁﬁépr E@IBBB @5@@5}'?9{@6@@%1 .3
abbrevi ati on = Vi.nyl_c v .agbb A i -

- (451 pheny Pk PSS T ETRREROR g, 2 P bBA A THebiphor = o,
i slpartial | ylooatacedirectyi ot theyeEDakip sitrimded it g teimi kinder layghtA ggcan-
top layer fornmed froma |ayer 33 of the phos- 20phor. accordi to the
i nvent i on, r&al PRl S%é?g?&lcqqﬁ'wgtoé% '%%ﬁrﬁﬁﬁ%ﬁ@ﬂcé'&%ﬂgﬁii ng
of the primgddoand secondarily emitted light. The OLED essentially

consists of at |east one layer of a light-emtting polyner or of

so-cal l ed small nol ecul es between two el ectrodes consisting of

{Tﬁéielrj%a![ ?nkgm%hmﬁ%’a %Fd?anaﬁl‘adco%@ p%%ﬁ%é,%hi'cﬁ%’e aebsb & Héiﬁtéo%?cé or
20 (LED) for white light (1=semiconductar chip; 2,3 = electr. connections; 4 =

conversion phosphor in cavity with reflector). The conversion phosphor is

o,

dispersed in a binder, with the mixture filling the cavity.

Fig. 4: shows an SMD package (surface mounted package) where 1=

25 housing; 2, 3 = electr. connections, 4 = conversion layer. The semicon-
ductor chip is completely covered by the phosphor according to the inven-
tion. The SMD design has the advantage that it has a small design and

thus fits in conventional lights.

30 Fig. 5: shows a diagrammatic representation of a light-emitting diode where

1= semiconductor chip; 2, 3 = electr. connections; 4 =conversion phosphor,



e,

25as anode and a highly reactive netal, such as, for ex

Ca, as VEAEHAQEOSOA plurality of layers are often al so usgg?{%zg’?(\]/\@g{r}lﬁﬁe
el ectrodes, which serve either as ha®2-transport |layer or, in the
area of small nolecules, also as electron-transport layers. The
emtting polyners used are, for exanple, polyfluorenes or polyspiro

materials. 30 WO 20111006565PCT1 ! - - j
5 1. 2 1= bpnd wie, whgre tﬁe p OEI[:D) 8r1 Pslsfl);:?p?fpeé(sas to%?’giobéD g rl:‘)ﬁna%r%m@

form of the phosphor/binder layer can act as secondary optical element

and influence, for example, the light propagation.

5 Fig. 6: shows a diagrammatic representation of a light-emitting diode where
1= semiconductor chip; 2, 3 = electr. connections; 4 =conversion phosphor;
5 = bond wire, where the phosphor is applied as a thin layer dispersed in a
binder. A further component acting as secondary optical element, such as,
for example, a lens, can easily be applied to this layer.
10
Fig. 7: shows an example of a further application, as is already known in
principle from US-B 6,700,322. The phosphor according to the invention is
used here together with an OLED. The light source is an organically light-
emitting diode 31, consisting of the actual organic film 30 and a transparent
15 substrate 32. The film 30 emits, in particular, blue primary light, generated,
for example, by means of PVK:PBD:coumarine (PVK, abbreviation for
poly(n-vinylcarbazole); PBD, abbreviation for 2-(4-biphenyl)-5-(4-tert-butyl-
phenyl)-1,3,4-oxadiazole). The emission is partially converted into yellow,
secondarily emitted light by a top layer formed from a layer 33 of the phos-
20 phor according to the invention, resulting overall in white emission through
colour mixing of the primarily and secondarily emitted light. The OLED
essentially consists of at least one layer of a light-emitting polymer or of so-
called small molecules between two electrodes consisting of materials
known per se, such as, for example, ITO (abbreviation for indium tin oxide),
25 as anode and a highly reactive metal, such as, for example, Ba or Ca, as
cathode. A plurality of layers are often also used between the electrodes,
which serve either as hole-transport layer or, in the area of small mole-
cules, also as electron-transport layers. The emitting polymers used are, for
example, polyfluorenes or polyspiro materials.
30



4, 5. 25 30 6. Compound of the 6-3-6-4 al kaline-earth rret%l

si | i cCoOXQAPKIOPE6S t ype with eur opi um dopi ng whi ch addit i &GAHPy010/003656
conpri ses co-dopants fromthe series3h, Ru, Gs, F and/or Q.
Conmpound according to Claim1, characterised by the fornula I

(Ca, Sr,Ba)6_x(Si lyMey) 3(0OLzMa2z) 6N4: Eux (1) where Me = Th, Ru and/or
Cs Mo = F and/or d x < 0.5y <1 and z <0.1. Compound according to
Claiml and/or 2, characterised in that x = 0.003 to 0.2, y = 0.0001
to 0.2 and z = 0.0005 to 0.03. Conpound according to one or nore of

Claims 1 to 3, characterised in tRatent£I@io®s to 0.15 and/or y =
0.001 to 0.02.
5 1. Compound of the 8-3-6-4 alkaline-earth metal silicooxynitride type with euro-
pium doping which additionally comprises co-dopants from the series Th,
Ru, Os, F and/or Cl.
2. Compound according to Claim 1, characterised by the formula |
{10 (Ca,Sr,Ba)sx (SiiyMe,)s(O1 - Maz )sNaEuy (1)
where
Me = Th, Ru and/or Os
Ma = F and/or Cl
x<0.5
15 y <1 and
z<0.1.
3. Compound according to Claim 1 and/or 2, characterised in that x = 0.003 to
0.2, y=0.0001t0 0.2 and z = 0.0005 to 0.03.
20
z 4. Compound according to one or more of Claims 1 to 3, characterised in that
x = 0.005 to 0.15 and/or y = 0.001 to 0.02.
5. Compound according to one or more of Claims 1 to 4, obtainable by mixing
25 silicon nitride-, europium- and calcium- and/or strontium- and/or barium-
containing starting materials with at least one thorium-, osmium-, ruthenium-,
fluoride- and/or chloride-containing co-dopant by solid-state diffusion meth-
ods and subsequent thermal aftertreatment.
30 8. Process for the preparation of a compound according to one or more of

Claims 1 to 5, having the foilowing process steps:



Conpound according to one or nore of Claims 1 to 4, obtga]
m xi ng V6P PYIdOAC3AT t ri de-, europi um and cal ci um and/ or ?{33@%%?‘8@‘3“6
and/ or bariumcontaining starting me24rials with at | east one
thorium, osm um, ruthenium, fluoride- and/or chloride-containing
co-dopant by solid-state diffusion nethods and subsequent thernal

o one or  TEEBRIG tha SUipN REpT g rid AT NSrg: AR ekpe.
WO 2011/ 006G IARESMPLIRIPR S o-ddfed witthBAGRABiHeMurAL, mium-,

eur opi um dope ne- ear metal silicooxyni tride corrpound
whi ch i's coffutrioed anididr aHMdmnantarmm@emtamls, b miixing at feasd di slarting

and/ or chl ori de-cont ai mat.eri a y m xin . east 4 rt
rrat erials s@?@‘?ﬂag%is? %icgﬁ?mc%%corﬂ ‘t“frf curont &ﬁ{czurgalséronﬁy% big
:‘?Ol’ltl um i BT thoriudi® ruthgﬁfdn’&mbsnﬁ%hqmdr‘lﬂb'f aﬁél@rlémondfe%&ﬁalﬂﬁrg

[ or chl or| de-containing naterials, ' b) thermal aftertreatnent of
t he corrpounnhatbena!@,ped with thorium ruthenium osm um fluoride

and/ or chl ofj de. C shing of the t I er at ed
conpounds WPt %eawai_ﬁte@;aaﬂppg%ot‘gﬁg %&p%—({} g‘?ﬂdﬁp Sé Wm%oékgbe%{h%ody
conpri sing giueP et AeeatEidnd/drcHn@ier nore of Cainms 1 to 5,
characterised i'n that ‘it has a rough surface which carries

nanoparti cl e)sweatmpguxflﬂn@t!mromilyﬁﬂaztreaiegwmmdszm"zaamlﬁowmam

i xed oxi deskél)(ﬁ rteof and/ or particles conprising the conpound
according tB 5Bk e of aims 1 to 5, with or without dopants
fromthe series europium thorium ruthenium osnmium fl uor| ne and/ or
chl orine. 8. Shaped body conprising a conmpound accordin e. or
more of @.aSheped 2odyEomprising aCOaMAEY FIEAHRY 1P ONRLY ORI iIDR

surface coa ggfaﬁggfeﬁ%bﬂgn ﬁ‘atﬁ drj? ] Oé@%hs%&@éwh%ﬁ%arﬁé@ﬁaﬁ@ﬂéﬁk?ﬁ

Y203 or éreo € conpound accor

or nore of %mmmlg $i0,5 T4, A, Zhe, alrozxem@mr\ezmgoqmmrmdzﬁ@dessmped
body conprising a conpound according to one or GJ Clainms 1 to 5,

chht act eri sEerEAr @neT Partelas eOrpBHYlS tag, PPHEPOURBAE "a%F%PE?.Oﬁ&“Hﬁ
Si 02, Ti02, \A-eOdhe FA Q2 Ao Bf dggéﬁs‘?fonﬁ“tﬁ@g?r@éé M}ﬁr%hum

and/ or of tRe conpound according to one or nore o 1 to 5 wth
or wi thout ddpenisnfosniubhdiuseneesdéuraponim. t hori um rut heni um

osm um fluorine and/or chlo- 30rine. WO

2011/ 006565PCT/ EP2010/ 003656

8. Shaped body comprising a compound according to one or more of Claims 1
20 to 5, characterised in that it has a continuous surface coating consisting of
Si0,, TiO,, AlbOs, ZnO, Zr0, and/or Y.05 or mixed oxides thereof and/or of

the compound according to one or more of Claims 1 to 5 without the activa-

. ey

tor europium.

25 9. Shaped body comprising a compound according to one or more of Claims 1
to 5, characterised in that it has a porous surface coating consisting of SiO.,
TiO2, AlLO3, Zn0, ZrQ, and/or Y203 or mixed oxides thereof and/or of the
compound according to one or more of Claims 1 to 5 with or without dopants
from the series europium, thorium, ruthenium, osmium, fluorine and/or chlo-

30 rine.



- 25 - 10. Shaped_body conprising a conpound according t r
of d ai%zﬁ“fogﬁ characterised in that the surface car ?’Cﬁel%zymmﬁ}%%g

ffuncti onal groups whi ch facili- tate2Zheni cal bonding or physical
bi nding to the environnment, preferably consisting of epoxy or
silicone resin. 5 11. Process for the production of a shaped body

di ng t f Clains 8 t
P ocess 0eHaAPCAPoRY BRRPIIGHH BP RO GBI b foane Oty of Cilhs
al kal I ne- e%tfﬂ dFRlrdttefiséd fPOMAY He éuﬁ@cé@é?ﬁ@%dnd@hﬂn@h?mp@omﬁi@mgbm th

thorium, ruthenium, osmum, 10fluoride- and/or chloride-containing
material s, taje oheminpl dontisgser physical binsgngria e enviroselest: igferabiv
silicon nltrlde- calcium, strontium, barium, thorium,

rut heni um th¥?$%rqrﬁg'cogﬁaﬁ8w chl ori ne- cont ai ni ng mat eri al S,

b) ¢ hermal aftertreatnment of the conpound co-doped with thorium

ruthel5nium osmum fluorine and/or chlorine, <c) coating of th
sur f ace Witk Arocessdar theatredueiinmet %lshgp@ bedy Reoprding trogne 2Rajors

fhe compounGied i Ny A B E e ncbrs BB o' 5. Wi th or s
wi thout dopanpfepattickPof Fe0fssHgm chJ&;JBMOaEE’aIa‘ieméﬁh nodtal siiccniys ed
in that process step b) is foll owe é/ a washing step wth an HC

sol uti on antitddecpmerngdivgnch E3co-0ppad Mg tﬂﬁf'\‘:'mh:arwl?@”ém | QUM ne

pr ry li r r 50
AT g0 ool sl g aTLanl-AlnT Riaterdl, MiRiko\dt IKI8 4 AlRhe?
cadi ation i maetils ablact@d fro $ilic@oniiddé-eduiaptiuamt, magﬂmmwaatmmlugl -hbar-

radi ati on by a conpound and/or phosphor, body ac to o e. or nore
of C ains 1Ue, IRNUNIYREN U6 SETHET, Hh5HG @6@%3@'“5109@@ “oontaining

materials,

b) thermal aftertreatment of the compound co-doped with thorium, ruthe-
15 nium, osmium, fluorine and/or chlorine,

c) coating of the surface with nanoparticles comprising SiOz, TiOz, Alz2O3,

7n0, ZrO, andfor Y,04 or mixed oxides thereof or with nanoparticles com-

prising the compound according to one or more of Claims 1 to 5, with or

without dopants.

20
. 12. Process according to Claim 11, characterised in that process step b) is fol-
£
et lowed by a washing step with an HCl solution and a KOH solution.
13. Lighting unit having at least one primary light source whose emission maxi-
25 mum is in the range 250 nm to 530 nm, preferably between 350 nm and 500

nm, where this radiation is partially or fully converted into longer-wavelength
radiation by a compound and/or phosphor body according to one or more of
Claims 1 to 10.



14. Lighting unit according to Caim 13, characterised i
[i ght gm% 0P&563 | umi nescent i ndi um al umi ni um gal | i um N.ELFHE’ZQ‘P}"?%“

particular of the forrmula In, Gai Al kN2§6where O i, O0j, O k, and

i +j +k=1. 515. Lighting unit according to Caim 13, characterised in
that the light source is a | um nescent conpound based on ZnQ TCO
(transparent. conducting oxide), ZnSe or SiC. . , 6..Li.ghting.
uni t accdédiighting unjtackpromng %QP&%&@J@@@C&%”?%W f{’ﬁégﬁ‘% ‘bﬁ%tt%%[ﬁeg'é qs
a 1l0materi - i ght ekl irghitd ng
unit accor S‘PHgﬁ?%&&Q glh] %GT%@@{@E?C?%W@@?@%’ ?ﬁ%%lﬁ?ﬁ%r Ioiignﬁﬂe's“g‘ur ce is
a plasma orinbgohi, ethdramps i, 164 8.0 £kghnd mg+kmlt according to one or
nore of Clains 13 to 17, characterised in that the phosphor is
arranged directly on the primary |ight source and/or renote
therefro P i i Roiaceor f i
1350 16, oshghtd ntt gl BRI RE S e Eis el et IR R ok 5
phosphor an@intihesgsritmempdunghtassause 2nls TR (eamspargniaconducting oxide),
| i ght -conducting arrangenent. 20. Use of at |east one conpound
according t&"8R&"¥Crore of Clains 1 to 5 as phosphor. 25 21. Use of
at | east one conpound according to one or nore of Clains 1 to 5 as
conver si on phosphor for the partial or conplete conversion of the

bl ue or ri€aLigttingninitsicenrdingto £ldiomd hedweactedsediin thaf\he light source is a
2011/ 006565PCT/ EP2010/003656 - 27.-. 22 .lse of at |east one conpound
actbrding t BAHE HAsHH 8F Ol GHIA-YIGEYEL v er si on phosphor for
‘conversion of the primary radiation into a certain colour point in

accordance with the col our-on-demand concept. 523. Use of a shaped
body accdl7dLigiting uniteacsording o Slaic 48 neharaeterised dsthat die lighisouperiip a

plasma or discharge lamp.

15 18. Lighting unit according to one or more of Claims 13 to 17, characterised in
that the phosphor is arranged directly on the primary light source and/or

remote therefrom.

19. Lighting unit according to one or more of Claims 13 to 18, characterised in

20 that the optical coupling between the phosphor and the primary light source
is achieved by a light-conducting arrangement.
20.Use of at least one compound according to one or more of Claims 1 to 5 as
phosphor.
25

21.Use of at least one compound according to one or more of Claims 1 to 5 as
conversion phosphor for the partial or complete conversion of the blue or

near-UV emission from a luminescent diode.



£
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22.Use of at least one compound according to one or more of Claims 1 to 5 as
conversion phosphor for conversion of the primary radiation into a certain

colour point in accordance with the colour-on-demand concept.

5 23.Use of a shaped body according to one or more of Claims 7 to 10 as phos-

phor body.



