WD 2020/ 057572PCT/ EP2009/ 007826 - 1 - Co-doped 1-1-2 nitrides The

i nvent i onWORUEY S50 conpounds which consi st of 1-1-2 alBCAVERIE0%47I20
metal siliconitrides co-doped with MW+, M2+, Be2+, N 2+, Co2+,

Ru4+, H 4+, 5 Th4+, to the preparation thereof, and to the use

t hereof as phosphors and LED conversion phosphors for warmwhite LEDs
or so-called col our-ondermand applications. The col our-on-demand
concept is taken to mean the @uvdoped-b2 hitgides 10having a
certain colour point by nmeans of a pcLED (= phosphor converted LED)
usi ng one or nore phosphors. This concept is used, for exanple, in

order to pro i 0 i for.ex f.or,.
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15 Phosphor-converted LEDs represent an important light technology whose
innovation potential is resuiting in the increasing substitution of traditional
artificial light sources (incandescent lamps, discharge lamps, etc.).
Whereas semiconductor technology is virtually exhausted for LEDs, the
phosphors employed offer room for improvement. LED manufacturers are

20 repeatedly emphasising the necessity for red phosphors for (power) LEDs.

'S The requisite properties of red phosphors for efficient and effective use in
LEDs are, inter alia:
o Emission bands in a wavelength range from 610 — 620 nm (general
lighting with high CRI or high CCT), or 630 nm and 650 nm (display

25 applications).

» High fluorescence quenching temperatures (TQso >> 150°C).

¢ High chemical stability to acids and moisture.

¢ High luminance, which results from high absorption in the spectral
region of the emission band of the excited LED, high emission light

30 extraction from the phosphor to the environment and high conversion

efficiency (QE).



WO 2020/ 057572PCT/ EP2009/ 007826 - 2 - There is a nunber of phosphor
materi al wystoeores7sdri ch meet some, but not all, of the abaverrmoddoesred
conditions required by the LED manufagturer. However, only the
fulfilment of all conditions will greatly accelerate the repl acenent
of traditional electric light sources by LEDs and result in a
Sreduction in the electrical energy required worldw de for |ighting.

Commer ci al | y Thend is@h&n@@@@ﬁbhbfﬁ&jreﬁa’@rﬁl SYSIe198 WHitio st Sohik, tH"u@ nbed
and can in pr n@;ﬁle be conbined with blue (or WV) LEDs, are,
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15
b) Sulfides, thiogallates and sulfoselenides:
These phosphors are capable of emitting in the above-mentioned wave-
length ranges. The greatest disadvantage of sulfur-containing materials is
their instability to atmospheric oxygen and moisture. Both very easily enter
20 the LED by diffusion through the silicone binder material to the phosphor
£ and react therewith, during which it is degraded. In addition, only low
- degrees of doping are frequently possible, resulting in saturation phenom-

ena at a high excitation density.

25 ¢) Nitrides:
Covalent nitrides can in principle be employed as matrix for phosphors
since they have a large band gap, in which the ground state and typically a
few to many excited states of the activator ions are localised. Due to the
high covalency, nitrides have a large nephelxauletic effect, as a result of
30 which the energy of the lowest crystal field component of the excited 4f5d

configuration of rare-earth activators, for example Eu®*, Ce*, is reduced.



configuration of rare-earth activators, for exanple Eu2+, Gest is
reduced. WQ020@05057572PCT/ EP2009/ 007826 - 3 - Thi s r espdi/spiomd/067826
| ong- wavel ength excitation and em SS_iéZ)[‘ fromnitride phosphors (see
Krevel et al., J. Aloys Conpd. 1998, 268,272) Siliconitrides, in
particular, exhibit a close relationship with oxosilicon conpounds,
since both systens are built up fromSi X4 tetrahedra (X = 0, N).

50M ng to th&hhs igkeits telphgevaiclengttenchaiiciand Wi¥sion fiin hRGH E)(_hbéiﬁs
have hi gher cHem’ cal stability than oxosilicon conpounds (see Xi e et
al ., Sci. TePRorsAgee Weveket alpdzA#oyss@ampd 198812682 7),
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nitrogen (N3) results, 1n contrast to _ rge' o
oxygen (02), TeohtAdv.datee- 260 8008R) acti vators 15experi encing greater
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conversion efficiency is increased. T irst Siliconitride phosphor
system t o beSigablTingHdah fernatsbiarge elinirogsn ¢NE) reauliet inacorsRISEtOAe.

o ORGSR SR G5B
| urfi nesces | expereseticgeateralppsthl-H30 spMtRY Hike Batdrbals i NEsHitrides
wavel engt h rz%] tehsé energetic centre of the 5d orbitals being shifted to lower energy
than is the case in analogous Si-O materials. The excitation and emission
bands of the activator thus exhibit a spectral red shift. Furthermore, the
more stable and more rigid lattice of the siliconitrides compared with that of
20 the oxosilicon compounds results in the Stokes shift being reduced, as a

result of which the thermal quenching only takes place at higher tempera-

tures and the conversion efficiency is increased.

The first siliconitride phosphor system to be published was CaSiN,.Eu®*

25 (see Lim et a. SPIE Vol. 3241, 1997, Photoluminescence of CaSiN,:Eu).
This phosphor is suitable as converter in blue- and UV-emitiing LEDs since
it luminesces luminescence at about 630 nm on excitation in these

wavelength ranges.

30 The object of the present invention is therefore to modify the above-men-
tioned 1-1-2 alkaline-earth metal siliconitrides in such a way that these

compounds achieve even higher light efficiency.



30The object of the present invention is therefore to nodify the
above- menwWQ300mesds72- 1- 2 al kal i ne-earth netal siliconitriReKSEP2008BMCER6a
way that these conpounds achieve everyhigher light efficiency. WO
2020/ 057572PCT/ EP2009/ 007826 - 4 - Surprisingly, it has been found
that the requirenment for an econom cally inportant further increase
in the conversion efficiency of the phosphor CaSi N2: Eu2+ can be
satisfied if co-doping with di or tetravalent cations is 5 carried

t. Inth I BaSi N2: E d SrSiN2: E
ot oni 11 cant AV ERAs ReRh saUam B AES Rebiardemaoy ah Redpmisally
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or 15 "1-1 line-earth netal nitridosilicate are taken t

mean conposi PY 68EYRESIUL ogdou@+, where M represents an

al kaline-earth nmetal or a mxture of a plurality of alkaline-earth
net al s. Preference is given to conpounds of the formul a

| 20(Ca, Sr, Bahe Meysariinntionl thuykelaise con%tﬁ}hds'\&‘ahe 1Be2*alk&fintearth

Co2+ and/or Ru2+ x = 0.005 to 0.20 and Y <1.

@ 10 metal siliconitride type with europium doping wh;ch additionally comprise
co-dopants from the series manganese, magnesium, beryllium, nickel,

cobalt, ruthenium, hafnium, thorium and/or zirconium.

"1-1-2 alkaline-earth metal siliconitrides” (also known as "1-1-2 nitrides or
15 “1-1-2 alkaline-earth metal nitridosilicates) are taken to mean compositions
M18i1N2: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 |
20 (Ca,Sr,Ba)yxyMeySiN2:Euy (1)
where
Me = Mn**, Mg?*, Be?*, Ni**, Co®" and/or Ru®*
x =0.005 to 0.20 and
y<1.
25
Preference is furthermore given in accordance with the invention to com-
pounds of the formula |l
(Ca,Sr,Ba)1.«Sii..MaNa:Euy (1)
where
30 Ma = Hf**, Th** and/or zr**
X = 0.005 to 0.20 and

z< 1.



Preference is furthernore given in accordance with the invention to
conpoundswor2opdhies7sar mul a 11 (Ca, Sr, Ba)i.xSii_zMazN2: Eux KdT/RP2edpacoes2e
30Ma = FIf4+, Th4+ and/or Zr4+ x = 0.£005 to 0.20 and z <1. WO
2020/ 057572PCT/ EP2009/ 007826 - 5 - It is preferred for the y val ue
(which stands for the atom concentration of the co-dopants Me or M)
to be 0.0005 to 0.2, nore preferably 0.001 to 0.02. 51t is
furthernore preferred if x = 0.05 to 0.15. The greater | um nance of

t he conpounds ,or phosphors of the fornmulae Ito Il according to the
i nventi on coﬁﬁ%%&j‘emﬁfi ok thesevalpe (whishi tands taribe ptars songeniiatiaon ehout

the co-dopangs, Mdgﬁgl\f}\}?ﬁﬁe Hiva)4B baé“@'./o%Qsl gdﬁﬁo%ﬁ%%ﬁb{ﬁﬁgwo

means of theories 0 the ‘person sKki ese

i ons havi ng @M2.nfluence on the lifetinme of the excited states of the
actjvator ions: excited electrons of such phosphors return to the
ground state after a relatively short time with em ssion of

fl uor escencerdid Alfnerinofe phBA8AY £10 09T B3EAN carry out more

excitation and relaxatation processes in the sane tinme interval (see
S. Shionoya, W M Yen, Phosphor Handbook, CRC Press, New York, 1999,
| SBN 0- 8493-2560-6).. . The_particle size of the coppounds

accor di ng to%ﬁﬁgf?%%lﬂ"'i“(}ﬁ“?% OBB‘I%%IHPQBW HW%‘P&PW%SB ep&é'ﬁé’l‘%'l?
bet ween 1 pmardorfih@ B tHERGemicH &mBhded with those of identical composition,

.10 but without the co-dopants Mn, Mg, Be, Ni, Co and/or Ru, can be explained

by means of theories known to the person skilled in the art by these ions
having an influence on the lifetime of the excited states of the activator
ions: excited electrons of such phosphors return to the ground state after a
relatively short time with emission of fluorescence light, i.e. these electrons

15 can carry out more excitation and relaxatation processes in the same time
interval (see 8. Shionoya, W. M. Yen, Phosphor Handbook, CRC Press,
New York, 1999, ISBN 0-8493-7560-6).

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

Furthermore, monovalent ions, such as alkali or alkaline-earth metals, for
example Li, Na, K, Ca, Sr, Ba, and halides, such as F or Cl, may addition-

25 ally be incorporated into the crystal lattice of the compounds according to
the invention. These monovalent ions are preferably employed as fluxing
agents during phosphor preparation and serve for increasing the crystal
quality, roughly setting the particle size and the particle morphology and
thus have high potential for increasing the efficiency of the phosphors. This

30 procedure is known to the person skilled in the art (see, for example, H.S.
Kang et al. Mater. Science and Engineering B 121 (2005) 81-85).



between 2 and 15 pm Furthernore, nonoval ent ions, such as al kali or

al kal i ne- saytdhometal s, for exanple Li, Na, K Ca, Sr, Bapcepehrooonors2s
hal i des, such as F or O, may additio§: 25 ally be incorporated into
cc

the crystal lattice of the conpounds ording to the invention.

These nonoval ent ions are preferably enpl oyed as fluxing agents
during phosphor preparation and serve for increasing the crystal

qual i ty, roughkypreséit indertsm RpthehAbe: MiFesane ddMSodd bstafhable by
nor phol ogy and thus have high potential for increasing the efficlency

of the phospRyXi8g siligog BidescitapiMm-andhealpiurm andonairadinmstand/ed in

the art (seey.fiQL. - . . r...Science and
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- The pr esensitinmy estylium{, midkeer oobalt-r rRitaésianti-ohamas aysrilirabaadmabl e
by m xing siljcon nitride-, europium and cal cium and/or strontium

and? or bar i uReYHHR-FRTHEINWIHEeFRgankRepolid-stale dilfugion methodsnwith sub-
manganese- i J i b P enl

nat o am .t hor s tehpalatteatiRnt, BheiEa medB ey g RIS o
solid-state thd &liali onalkalihedarthimbtas hbhdspienslst kesorate sbhpblnGAAENT
where a fluxing agent fromthe series of the alkali or alkaline-earth
nmetal hali degpg?n%ﬁ/g@ B'9$6Pat e conpound may optional |y be present.
10The present invention furthernore relates to a process for the
preparation of a conpound of the 1-1-2 al kaline-earth netal

si-1¢ coni t r i déheyypesenttinvarnticofuthedopiergldiay iog proesdsofot tvw pgepairaties s

steps: a) preparation of u- doped. 1-1-2 al kal i ne-earth netal
siliconitri d8P%SHBEP&H&%v&{ﬁEﬂ I’:frkgc%'ﬁfgwé%a'_%ﬁ m?l%%a%ﬁlg%?ﬁ@ﬁ@e RfayHe Suien |
beryl - 15 | piumd dopingkfiving ﬂ'fébf%lléwinp%rﬁﬁééé‘&e ghafnium thorium
and/ or zirconiumcontaining material's, by m xPng at least 4 starting
materi al s sel e@ edrepesaias] Of @vkurdapdadie-1-2 aikatipé@ath roatat silicenitride

strontium, bariu 25e- nesi beryl I ium, ni.ckel -,

cobal t-, rutheni u%mﬁgﬁﬁﬁgwﬁ}a} ﬁo‘%qqﬁ‘%ﬁ?ecngl}%?a%q rURBgRERIUy Ry
matkerials, 20b) thehaalickadt ebbaeauisHiu®, KFRIUFRLTREMAR- AL RREOW th
WMh, My, Be, Ni, Co, Ru, H, Th and/or Zr. The starting materials for

the preparation oRiUftheorigifiea Atatedalsi by Mixisg mtieds dedaribgveateoitls
2t 1 cast "one. - LA sfjoBR YEe" S8R E ESRUNE, Sroptignt Bar"
lum-, manganese-, magnesium-, beryllium-, nickel-, cobait-, ruthe-
nium, hafnium, thorium- and/or zirconium-containing materials,
20 b) thermal aftertreatment of the compound co-doped with Mn, Mg, Be,
o Ni, Co, Ru, Hf, Th and/or Zr.

The starting materials for the preparation of the compound consist, as
mentioned above, of silicon nitride (SisNy), calcium hydride and europium
25 fluoride and at least one Mn-, Mg-, Be-, Ni-, Co-, Ru-, Hf-, Th- and/or Zr-
containing co-dopant. Besides the preferred nitrides, hydrides and fluo-
rides, suitable starting materials are also further inorganic and/or organic
substances, such as cyanamides, dicyanamides, cyanides, oxalates, malo-
nates, fumarates, carbonates, citrates, ascorbates and acetylacetonates.
30
The thermal aftertreatment mentioned above (see process step b) takes a

number of hours under reducing conditions, for example with forming gas



cont ai ni ng co-dopant. Besides the preferred nitrides, hydrides and
fluori desWORweis®® starting materials are al so further RAOTHERIQIW@®T826
and/ or organi c substances, such as cyanam des, di cyanam des,

cyani des, oxal ates, nal onates, fumarates, car bonat es, citrates,
ascor bates and acetyl acetonates. 30 WO 2020/ 057572PCT/ EP2009/ 007826
- 7 - (for exanple 90/10), pure hydrogen and/or in an amoni a

at nospher e wfohexampla B/d0),trhee aydxmdmeamﬂommﬁ amedbrab aveosgihere with

t enperatures_dur,jn he ,cal cj nati on ss are_ between 1000C and
1800C. pr ef PEBItYO R AT EENFESTREBOTS GpoYE- Nt PasRINFRduNNg the

processes meghlbRREENNONSs drk HtwBes a'obb@cta%dwgtgjﬂee p?éﬂérﬂﬂﬂrﬁﬁp
outer shapes of the conpounds or phosphors accor

i nvention, sli2B04stepbeviGal particles, flakes and structured
materials and ceram cs. These shapes are summari sed in accordance
wi tth the invention Ounder the term "shaped body". The shaped body is
preferably aV\'liﬁh@t%@@bf@lﬁ@EﬂﬁesseJ Hférﬁ;bﬂé@%o\z@@ik%é&bnﬁi@‘fé roduce
furthernore relates to a shaped body conprising the conpounds

accor di ng t oaRheesirdatiasshapas ohtheagorapevdsosphdsphord Babording to the

nanoparti cl e; [ S 2 ro2 and/ or . Y203 or
m xed oOXi desﬁ]'y %g{@%fsﬂcﬂ%s $¥9rﬁ%{‘r°}' 8%%'8‘6\'@0%}?‘?%?%% EH‘étuE e1r IS and
according t Océr’amICQVHiﬁeeOShafﬂeTsfar@rsummbm’éd RhORIth Garl deOMAth e RFEEhESN
eur opi um nanganese, gnesi um beryllium nickel, cobalt, ruthenium

hafthi um thol#”‘ﬂﬁﬁtﬁﬁd%? ihanﬁshbcm" belshaaesﬁ@pdmesp;ﬁf@ﬂe@m@dphosphor
enbodi nent , % eﬂg-aped body has a structured (for exanple pyram dal)
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 wa reference). This enables as nuch |ight
25as possi bl ?Br%"g %8”6'&%‘3 Birtheropm sRlatesrto arshapad bedi eempris-

surface on tggi a?eeﬁﬂ%dg@@g ac% RIS w% iRy ﬁﬁ&?%ﬂﬂ&%a&%%hgﬂ SWH&B

sui tabl e mat 'S area struc ured N a subsequen
stEp by (phomb):hirtamn@aalﬁdhs:ccpmpuelsge&OgeT;ﬂm AGBr Bnes Zed, andﬂmy YﬁéOgt -
30i ng processes. usi n en r%/ 1}3 or ter| al éets or the action of
nmecha- or mixed o O or pamc es comprising the compound

according to the invention with or without dopants from the series euro-
pium, manganese, magnesium, beryliium, nickel, cobalt, ruthenium, haf-
nium, thorium and/or zirconium.
20
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

25 as possible to be coupled out of the phosphor.

The structured surface on the shaped body is produced by subsequent
coating with a suitable material, which is already structured, or in a subse-
quent step by (photo)lithographic processes, etching processes or by writ-

30 ing processes using energy beams or material jets or the action of mecha-
nical forces.



nical forces. WD 2020/057572PCT/ EP2009/ 007826 - 8 - In a further

pr ef er r edwerdoogasnent , t he shaped bodi es accordi ng to thepdmyeobdmnse
have, on the side opposite an LED ch_ispl a rough surface which carries
nanoparticles conprising Si02, Ti02, Al 203, Zn02, Zr02 and/or Y203,
or conbi nations of these materials, and/or particles having the
phosphor 5 conposition of the formula | and Il with or w thout
dopants fromr Susiesd wefdvied MiboBRnem theCohaptd B6diBd aclordMiptd ®ur f ace
here has a roughness of up to a few 100 nm_The coated surface has

t he advant agl'VERH®N havey on g sideicpposiia apd-kl2 ehivea robghseifene ediend

i nvent fon_ bereaes(ERPGR I erbekifigREr TR, BSR4 or Qe
inits full ecopabirtions lof tieswe exterizds, /@ Rartoes apRINg theaHoephby
way_ of reference). It is %lrtherrmre lgreferred for the shaped bodies

f
accdrdi ng t oCPREOPHER A itlm farg iy and dhwith er withprt@opanis fignaihe seriasm
the chip. " . ) ) ! YR
coupl i ng. out VoY g, e T, EBGdGE &L ATbLUE SLASE nERL Ak SrifobieEet i
by the phosptwa fekd®dntm. The gofitect hafacer edsetheestvamtagd thantotal feflection

shaped bodi es_have continuous, surface coating which consists of
S102, Ti 02, %@@33‘"‘3&%’? OF BEVaRAChRNd sslich sANe(@RHRIRH AHEOEING RI1osof

t he conpound £.gn i i h oW i r pi um
Thi s surfaceﬁré@fa?(%dr?gdlhgggtﬂhgIdgg\ﬁgﬁbgge\g{b't; F&;@g@gpgg}g‘s‘gég%%ﬁgbn of
t-hH) r ef r act i whichridéncasporated toits fullgsompeentoathe contddt ef thdpreseht appli-ve
index to be tched to the environnment. In this case, the scattering
of the Iight 3O BEWEY GfLeiereic®he phosphor is reduced and a great er
25proportion of the light can penetrate into the phosphor and be

absorbed and converted there. In addition, the surface coating of

mat ched r ef réa furhermeex peafaned dontbeshapghtbadiehacewdingdd thainwentiohe

hosph i i | .reflectian i .30l i tion,
Pontnoous. 1 G5 Bn bR shEhy BN uRaePRER BlavsTcpndithed’ O™ 2
engsapsul at edrefrHatise ﬂméxbﬁhiﬁﬁ%ﬁﬁ?ﬁ{éoé %{::hﬁﬂhg%rut bPtHeOpHhEFy SRMRIdN Aid/¥r

of the phosphor or parts thereo usi ng water or ‘ot her
mat eri al s i n°fithe ragigiion emitted by the phosphor element.

In a further preferred embodiment, the shaped bodies have a continuous
surface coating which consists of SiO,, TiO», Al,O3, ZnO, ZrO, and/or Y,Q5
20 or mixed oxides and/or of the compounds of the formula | or I without the

activator europium. This surface coating has the advantage that a suitable

£
o

graduation of the refractive index of the coating materials enables the
refractive index to be matched to the environment. In this case, the scatter-
ing of the light at the surface of the phosphor is reduced and a greater

25 proportion of the light can penetrate into the phosphor and be absorbed
and converted there. In addition, the surface coating of matched refractive
index enables more light to be coupled out of the phosphor since total

internal reflection is reduced.

30 In addition, a continuous layer is advantageous if the phosphor has to be
encapsulated. This may be necessary in order to counter sensitivity of the

phosphor or parts thereof to diffusing water or other materials in the imme-



WO 2020/ 057572PCT/ EP2009/ 007826 - 9 - diate environment. A further
reason fowohzMFsEmati on with a cl osed sheath is ther malPCIER2OPVI0PRT6
of the actual phosphor fromthe heat.grising in the chip. This heat
results in a reduction in the fluorescence light yield of the
phosphor and may al so i nfluence the col our of the fluorescence |light.
S5Finally, a coating of this type nmakes it possible to increase the

ef fici ency ofliatdhenpharypéot Adrtheeveagdnrigr Eatapsigatiorowih iactissed slséath

e g B L 0, 00 T g 0™
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It
or m xed oxides thereof and/or of the conpounds of the
11 with or whegphor@mdanay alswinfluaece the edomuof thie flustesdaceNght. Co,

Ru,- Hf, Th a r Zr. .Jhes orous coatings offer. the sibilit f
Further T eautialv ol SER L BPTnass 1 PR8I Bt psb Mg sty &
coatings of {Ha shdsp@r e3hrofering lafieuasdiibis BRSIAG if Y BRb4 R from
nmet hods, as des@?i bed i ﬁrbV\D 03_/n827015, which is i %corporsat edinits
full scope iptapagating siiodhe eprirenseptesent applicati on by way of
reference: etching of glass (for exanple soda-linme glasses (see US
4019884)), application of a porous |ayer, and conbi nation of a porous

| ayer and aninesdditiong ipkqrefsred2Or ke sShaped bedy by RS b edreuogifagnt ,
t he shaped body has a surface which_carries functional groups which

falllitate cHHNGaVhish ooRsisteal SkimdiPy Alfs K8Cs ke ahatiniY 205 or
pref er abl y conelPs{igds HerEBPANABE ofitll ERRSodRR! B thdNERFLY MGl R br

groups can be esters or o errvati ves or  exanp
via oxo gr oupihedii ddpamitefrabl thetserfesrba,| MAkBigt BeC NilSTd, LRI HIS Tof ardier

bi nders base epoxi des and/or siljcones, Surfaces of this type
have the ad\ghﬁnﬁégt%?uﬁﬁm tha Roepbilly phiirper redugitd Ehor s
into the bin ki I dgt.at: l:0Q.
properties oﬁ‘é@'{aﬁ?% @ghﬁrﬁﬁﬁﬁé@é@mﬁﬁ%t&@o&? ﬁi[eg tg@% E?lh\%asp rgén
thifs be adj udyest byitace eohaemtione erathod€)Prsodessibed iofVOMES/0RXD16.es is

e AU T ST TR TR
systems Vi a edindsy vay OF verbtate: @icHifg bf §lase ik €&8mple soda-lime glasses
(see US 4019884)), application of a porous layer, and combination of a
porous layer and an etching process.
20
In a further preferred embodiment, the shaped body has a surface which
! carries functional groups which facilitate chemical or physical bonding to
the environment, preferably consisting of epoxy or silicone resin. These
functional groups can be esters or other derivatives bonded, for example,
25 via oxo groups which are able to form links to constituents of the binders
based on epoxides and/or silicones. Surfaces of this type have the advan-
tage that homogeneous incorporation of the phosphors into the binder is
facilitated. Furthermore, the rheological properties of the phosphor/binder
system and also the pot lives can thus be adjusted to a certain extent.
30 Processing of the mixtures is thus simplified. Physical bonding to the envi-
ronment in this connection is taken to mean electrostatic interactions

between the systems via charge fluctuations or partial charges.



WO 2020/ 057572PCT/ EP2009/ 007826 - 10 - Since the phosphor |ayer
accor di ngwonzeeéres7sTvent i on applied to the LED chip pref ercibkn2009/007826
consists of a m xture of silicone andyhonbgeneous phosphor particles,
and the silicone has a surface tension, this phosphor |ayer is non-
S5uniformat a microscopic |level or the thickness of the |ayer is not
constant throughout. As a further preferred enbodi nent, flake-form
phosphors are prepared by conventional processes fromthe

corresponding netal and/or rare-earth 10salts. The preparation
process is d%ﬂ(‘rﬂ hedhaspher laver pacapingstesihe inyantvan anplisd de 882 0EDAhiph

are incorpor f yl ent
application P&grdﬂ%{:gﬁé; tgrdé&r#crg%& e%#eé?] c?%a %&g%gﬁ%g%%%é gﬁ%%ﬂ"%
prepared by paettd&sg aadrtaé&ll@bnemaswsmﬁc@@nbwmtmd@ﬁ@dphdﬁﬁIQ biyis non-
stapl e support.__or a substrate of, for m ca flakes, 5i02

flakes, Al 208"H&f gkadNICrREEP 'ak%lsortaeé@gﬁ esieidhgaygrap npt aqz@@ant
whi ch has a Hﬁbﬁ h&y:ge aspect ratio, an atom cally snooth surface and
an adjustable t 90 ness with a phosphor |ayer by a precipitation
reaction in aqueous di spersion or suspensi on. Besides mca, Zr02,

Si 02, A 203 a s, or Ti Q2 ure er the fl akes may aI SO
consi st of 1A8 BrRpR O eE ke -BaminiaRe his 2i§rRreRREed by

material . | fcétﬁ\%ﬁtioﬁbﬁ?r‘do‘é%és fEMVPe ch’i‘ffe%lp)SP@ﬁwgerQfa%gFferra Sarth

phosphor coati ng, atter nmust consist of a“mater
t.r Hhspar ent salts. Nidepprieparationsutoaesois desonbetién UE&II mrEFaBG&{ﬁ'HE anﬂéfVO
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LED chi p. The fl ake-form phosphors can be prepared on
i ndustrial seaeeipiepaicsikneseaiingd natblt’almf‘t&ynélﬂmallyzprqﬂncepr blgéli}aﬁay

They gener al [ apsr L uiedth TP exdfiete ficeiBRus asihulehes akE:
paricle 30t ﬂna}cém@@)g ﬂék@gn ads flakek08k THOB TRhkES wWidH hesihalerplakgd O
100: 1. WD 2020/ Q57572PCT/ EP2009/ 007826
aspect ratio, an atomically smooth surface and an adjustable thickness with
a phosphor layer by a precipitation reaction in agueous dispersion or sus-
pension. Besides mica, ZrO,, Si0O,, Al,O3, glass or TiO, or mixtures thereof,
the flakes may also consist of the phosphor material itseif or be built up
20 from a material. If the flake itself serves merely as support for the phosphor
coating, the latter must consist of a material which is transparent to the
primary radiation from the LED, or absorbs the primary radiation and
transmits this energy to the phosphar layer. The flake-form phosphors are
dispersed in a resin (for example silicone or epoxy resin), and this disper-
25 sion is applied to the LED chip.
The flake-form phosphors can be prepared on a large industrial scale in
thicknesses of 50 nm to about 20 um, preferably between 150 nm and
5 pm. The diameter here is from 50 nm to 20 um.
They generally have an aspect ratio (ratio of the diameter to the particle

30 thickness) from 1:1 to 400:1 and in particular 3;1 to 100:1.



- 11- The flake size (length x wdth) is dependent on the
arrangenmeWf.20H/KkES are al so suitable as centres of scatREYERIGONAOTRIE N
t-he conversion layer, in particular_k§_they have particularly small

di rensi ons. The surface of the fl ake-form phosphor according to the
invention facing 5 the LED chip can be provided with a coating which
has a reflection-reducing action in relation to the prinmary radiation
emtted by thee fiEResirep(lentih x widih)lis depandentertuthel amangement. Flakes

back-scattering of the primary radiation enhancing coupling of.the
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phot oni ¢ cr ywigadationvihirelatish wt@pmgﬁ RRRAatfd e@ittdd Bgthef LEbehsyirfase
of the fl ake-form phos- 15phor in order to achieve certain

functi onal i t f@ssilts fha reedelin Ndrpcktsaatierisg Ah &e poaiass ragiatinriengansinghe
! onaft g : o . el
to the procese HneCThe A GR HadtRBROhEs el dopSiy In Medheartier.

i ncor por at edSuitaibledof thid pspoge aref for ekarmipls, aefrastiveoihdekenpiched abat-

application by way. of reference. The phosphor here is prepared by
pi ¥ ng the c'GSPe‘gfétF%dﬁHﬁt @a\mﬁ@w ickiiess£h @ aoparrlangtapidberent | y

priessing the e | ' x ' j it he
formof a homgehée{:{;%&éﬁﬁbﬁﬁqgﬁ%%éq%@r 3’3@5?‘?@85%?&@% @Hﬁ?r{t&ﬁe
surface of témrachc), see, dor exainsleaGeethbeonhysk (Physids] cbmtimggrhietamor
concept). 25 ectiv .rangenent depends, inter al.ia, t he
architectur e?-%ﬁ %cﬁﬁgﬂ'é@%ﬁﬁ%?o%m 'H@V?i%’ %Qﬁ‘q'?tég H?Wt?rﬁﬁ Cé)fsg‘ﬁei ng
capabl e of sghReldISY chBSMPHYSEY SBERIUAnGOF AROSIRAYe oﬁ\ﬂﬁe flake-form phos-

| ocat i on-dependent variation of the exCitation of and em ssion from
t hE phosphorphoiis ardeeto adhaeve cerdaisifuigetionaliti€®D provi ded therewith to

emt a honobgeneous |ight cone of constant colour 30 and to have high
| um nous power. The ceranm ¢ phosphor el enents can be produced on a

| ar ge i ndustTh@brefiadtieon dfahe exapdd 8ods ddcakifig tdtHINGKRRSS RSthbrfamma
few 100 nmto about 500 pm The fl ake size (length x width) is WO

_ . g W
2020/ 057572 PERERAO0 8fenngs 65 carligd-ow @palngovslyde thaerecassrdrseshed inn

shoul d b sel S 20eR 2530 Medfo. Rl T toalSa ML A 1t ssoP Bl Soo
pmag* 100 pm ¢sntegivsitak pregintWpplic&icreby daly chxeR$enE. Zeqihaippidt here
10% 30% of the chip surface in the case of a suitable chip arrange-

Sment (for dfafpPAed hpmbrng the earmernanding siaring metgrisierRdidppants. t he
phos- subsequently pressing the mixture isostatically and applying the mixture in
the form of a homogeneous, thin and non-porous flake directly to the sur-
face of the chip or at a distance from the chip (remote phosphor concept).
25 The respective arrangement depends, inter alia, on the architecture of the
LED device, the person skilled in the art being capable of selecting the
advantageous arrangement. No location-dependent variation of the excita-
tion of and emission from the phosphor thus takes place, causing the LED
provided therewith to emit a homogeneous light cone of constant colour
30 and to have high luminous power. The ceramic phosphor elements can be
produced on a large industrial scale, for example, as flakes in thicknesses

from a few 100 nm fo about 500 um. The flake size (length x width) is



phor flake is installed on top of a finished LED, all of the emtted
| i ght conwoOmokd/oaisiz t he fl ake. The side surfaces of the mEVEFTOEY/007826
phosphor el enment can be netallised wwgh 10 a |ight or noble netal,
preferably alum niumor silver. The netallisation has the effect that
| ight does not exit laterally fromthe phosphor el enent. Light
exiting laterally can reduce the light flux to be coupled out of the
LED. The net dépém@&r}tmmmbarl’mgmm@m n theaszeast c&ﬂe@ﬂepglida‘.’eion??ﬁﬁ&@dh@ut
in a process, step after_isostatic pressing to give rods or fl| akes,
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and subsequeabbyt EHXHe3Ed df thenhiprewfzica intine spbe pbaauiteblevatigdrrange-

tenperature. Duri this.operation, a silvyer coating,. for exanple,
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met al | i sat i ophEF PHES [ firgged ff ; :

Hol | emann- ngr g, Lei%?ﬁ%tgﬂé%grl tg‘ﬁg)lrf ge]lclni Scﬁe%mmgﬁlﬁﬁie%ng{tﬁgglghéfone
| nor gani ¢ Chwili Bit thg] flak@al ter de Gruyter Verlag, or U I manns

Enzykl opadi e der chem schen Technol ogie [U I mann's Encycl opaedi a of
Chem cal Technol ogy]. 25The ceram ¢ phosphor el enent can, if

necessary, bEThéiskROslirfaddieofHBTefahR gHosphok BlansdéhtRanSid thefallised with
wat er-gl ass solution. In a further enbodi ment, the ceram c phosphor

gl.@’rent has @ lightecheklednetabprefesaly @lypinim dalsjiveruhadeetatisatien diade

Pt e our T it et it 038E BOPRER Al ord [ bhSrER Bl o it
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This pr essi ngrotisratiflakessaarte tutdorhé petbssapre sierbetsid thednemllidagionr To
(see J. Kriegsmann, Techni sche keram sche Werkstoffe [Industri al

SCerami ¢ Mat &9 &Pdthe Gigippwiaces aeuvelianfonprargpiearitls aisohdion afcdigsr
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at elevated temperature. During this operation, a silver coating, for exam-
ple, forms on the side surfaces.

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

25 The ceramic phosphor element can, if necessary, be fixed to the substrate

of an LED chip using a water-glass solution.

In a further embodiment, the ceramic phosphor element has a structured
(for example pyramidal) surface on the side opposite an LED chip. This

30 enables as much light as possible to be coupled out of the phosphor ele-
ment. The structured surface on the phosphor element is produced by car-

rying out the isostatic pressing using a mould having a structured press



The present invention furthernore relates to a process for the
product i owoah20iiBas7shaped body, preferably a phosphor el extaveEp200%aNM7826
t-he follow ng proc- ess steps: a) pygparation of a europium doped
1-1-2 al kaline-earth nmetal siliconitride conmpound which is co-doped
wi t h manganese-, nagnesium, beryllium, nickel-, cobalt-,
ruthenium, hafnium, thorium and/or zirconiumcontaining

15mat eri al s, plate anditimegs embbeaiaglaﬁlstmau{ce’ into ﬂmﬁlrfa&ieﬁ &mbmeefiuﬁaoes
silicon nltrlde- .e cal ci strontlum
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t her mal aftertreat ment of e conpoun ope W t h mahganese,
20magnesi um theeary [daeun Kndgsinednn, clazhhische kehamische Waflsiteffe [|ndiostriaim

and/ or zirconium a or t'nofash d body hayving a h .
sud#ace c) EE?‘JFHC”@ {ﬂraﬁ @BF&F.%QWE%BGWW%MQQT @é}% Itis
conpri sing Sh%rtdi@@haﬁh@ esdifiPterk Ql%t@f%@/&'éd\éﬁf@:?/?"to BYe*6CthrhERB

t hereof or with nanopartlc%es corrprllbm ng the conpounds accor%g tg
t he inventi opRink&f the sudbgtanaento hehprgssedphors according to the

I nvention can be excited over a broad range, which extends from about
410 nmto 530 nm preferably 430 nmto about 500 nm These phosphors

are thus notTesbyesaht irdRinfioh durtexehdratrbRifedib Wr@ées@'ﬂdﬁﬂ‘%%ﬁoﬁbﬂﬂon of
primary |ight sources, such as LEDs, or 30conventional discharge

éalf?ps (for exahpped badudreferagly, a phesgharelement, ihghingstherfolewingipsoc-
hose which gﬁgg the blue In3+ line at 451 nm WO
/ 09/ 007826 - 14 -

a) preparation of a europium-doped 1-1-2 alkaline-earth metal siliconitride

2020/ 057572

compound which is co-doped with manganese-, magnesium-, beryllium-,
nickel-, cobalt-, ruthenium-, hafnium-, thorium- and/or zirconium-containing
15 materials, by mixing at least 4 starting materials selected from silicon
nitride-, europium-, calcium-, strontium-, barium-, manganese-, magne-
sium-, beryllium-, nickel-, cobalit-, ruthenium-, hafnium-, thorium- and/or
zirconium-containing materials,
b) thermal aftertreatment of the compound co-doped with manganese,
20 magnesium, beryllium, nickel, cobalt, ruthenium, hafnium, thorium and/or

zirconium and formation of a shaped body having a rough surface,

£
% :

¢} coating of the rough surface with nanoparticles comprising SiO», TiOs,
AlxO3, Zn0, ZrO, and/or Y203 or mixed oxides thereof or with nanoparticles
comprising the compounds according to the invention.
25
In addition, the phosphors accerding to the invention can be excited over a
broad range, which extends from about 410 nm to 530 nm, preferably
430 nm to about 500 nm. These phosphors are thus not only suitable for
excitation by UV or blue-emitting primary light sources, such as LEDs, or
30 conventional discharge lamps (for example based on Hg), but also for light

sources like those which utilise the blue In°" line at 451 nm.



The present invention furthernore relates to an illum nation unit

havi ng atwDg8/0565%@ primary |ight source whose em Ssi on PEEXERPOGHIOTE26
maxima is or are in the range 410 noykao 530 nm preferably 430 nmto
about 500 nm particularly preferably 440 to 480 nm where the
primary radiation is par- 5tially or conpletely converted into

| onger -wavel ength radi ati on by the com pounds or phosphors according
t o t he i nvenThempreddritsnvdrtionfodbhemnonemetatps & an dhinyinefion sinittiatvimgl atght
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to the invenkjomp tﬁé@f]ﬁ%@h%%kd‘&%%,%@ der%]glyll%otrgnltﬂ aBobf 5b6Mnf

d
enbodi nent of the il nation unit accordi to the rnvention, the
| i ght sour cepadicalariymretesalin40idi4id minuwherathegarlirhagnadiationde pairn
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having various structures. In a further preferred enbodi nent of the
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illumnpnation unit according to the invention, the light source is a
solft ce which exhibits el ectrol umi nescence and/ or phot ol um nescence.

The I ght sors{]%gﬁeﬁeéléfrﬁ@@dmﬁﬁ%@?{a@{ O;NBI.%ir%t%ﬁﬂlrﬁ?é&o?&in@hggﬁ%ferﬂ%m

source. The ors accor e i nvention can el

di spersed i ntien,rthsiligh{ $aurceiaamlrairegesyt iadiush biursiRking §ailiom Aitridegiiven
suitable size ratjos, arranged directly on the primary |ight source
or, dependi neRgRUIBReT tsplarmaa byi3aid0hk Miesed  bRot b OtRlr and arirkT he
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inthe art and are revealed, for exanple, in the foll ow ng

publication: Japanese Journ. of App!. Phys. Vol. 44, No. 21 (2005).
L649-L651. Sy, ﬁ{rfﬁ"fd?ger%@bé?qbg&ﬂ%nt'otf e iR SdEGhit Q6cdrifhgaBtthga!l

coupling of the
invention, the light source is a luminescent arrangement based on Zn0O,

TCO (transparent conducting oxide), ZnSe or SiC or an arrangement based
20 on an organic light-emitting layer (OLED).

in a further preferred embodiment of the illumination 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

25 plasma or discharge source.

The phosphors according to the invention can either be dispersed in a resin
(for example epoxy or silicone resin) or, given suitable size ratios, arranged
directly on the primary light source or, depending on the application,

30 arranged remote therefrom (the latter arrangement also includes "remote

phosphor technology"). The advantages of remote phosphor technology



nation unit between the phosphor and the primary |ight source to be
achi eved Wy 29manssef a |ight-conducting arrangenent. Thigtanabloasrdbe
primary |ight source to be installed1 t a central location and to be
optically coupled to the phosphor by mheans of |ight-conducting

devi ces, such as, for r 10exanple, light-conducting fibres. In this
way, |anps matched to the illum - nation w shes and nerely consisting

of one or di ffekiiiin RNARPHSESR sMNea in Y aR&il 41aN808alka, fPeXampie, Rt
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source, can e iadawingspublicatiomi JapaaeseiJours gidypl P lyst vobakt, N2 fa

strong prim } e at a location which is favour- 15able for
the el ectri c@bdshglrr%iﬁ?ggf’ﬁn and to install |anps conprising phosphors

whi ch are coupled to the light conductors at any desired | ocations
wi thout further electrical cabling, but instead only by laying |ight
corduct ors. [n afurther embodimenribisarefarratiaritom opliealisoupting of Bleatle@it o

phosphor o "Eia BT EFaregr AEGHCSEr SR SHE arbiSh bR \iR-gRIkEL, "
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the invention are furthernore preferably used tTor conversion of the
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Lnitaccor dancexample, liglet-Caral uating dibrete tRtS wayn tapps matched fBhide illumi-
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whi ch are faml, s Sikel i : U
D000/ 0aye7onle EELAIEN LTI o %g%%?ﬁ“%ﬁgﬁ{@a Hf Bhieh is
BaxSri 1. xF2: éufed Ba BrevySin26y lidhi ZeL rdég TR acKiBeedl (R BA6 Wal, jt is pos-
Ba3W6: U, BaY2F8 Er 3+, Yb+, BeZSiCﬂ:Nw§+ Bi46%30%2, Caﬁ&ﬁ04;C?3+,
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Capy 204: Th3+ap|eadNrekidBHéalRdtallation and to install lamps comprising phosphors

which are coupled to the light conductors at any desired locations without

further electrical cabling, but instead only by laying light conductors.

The present invention furthermore relates to the use of the compounds
20 according to the invention as conversion phosphor for the partial or com-

plete conversion of the blue or near-UV emission from a luminescent diode.

o

The compounds according to the invention are furthermore preferably used

for conversion of the blue or near-UV emission into visible white radiation.
25 The compounds according to the invention are furthermore preferably used

for conversion of the primary radiation into a certain colour point in accor-

dance with the "colour-on-demand" concept.

The compounds of the formula | and Il according to the invention can be
30 employed individually or as a mixture with the following phosphors which

are familiar to the person skilled in the art:
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SrCly:Eu®" in SiO2, SrsCI(PO4)s:Eu, SrFyB4Os s EU®, Sr,F B,0-Eu®* Sm*,
30 SrF,Eu®, SrGa019Mn?*, SrGaySs:Ce® . SrGa,S.Eu®’. SrGayS,Pb®,
Sriny04:Pr**, AP, (Sr,Mg)s(PO4)2:Sn, StMgSi,06:Eu, SrMgSi-O7:Eu?,
SrsMgSi0s:Eu™, StMoO4:U, Sr0-3B,05:Eu®*,Cl, R-Sr0-3B,05:Pb?*,
R-Sr0-3B,03 :Pb% Mn**, o-Sr0-3B,05:Sm?", SrgPsBO40:EU,
Sr5(PO4)sCl:EU?", Srs(PO4)sCEEU Pr¥*, Srs(PO4)sCl:Mn",
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ZnS:Ag,Cu,Cl, ZnS:Ag,Ni, ZnS:Au,In, ZnS-CdS (25-75), ZnS-CdS (50-50),
ZnS3-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’,

£ ZnS:Cu,Sn, ZnS:Eu®, ZnS:Mn?*, ZnS:Mn,Cu, ZnS:Mn?* Te?*, ZnS:P,

25 ZnS:P* Crl, ZnS:Pb®, ZnS:Pb** ,CI, ZnS:Pb,Cu, Zns(PO4)s:Mn?",
Zn:Si0aMn?t, Zn,aSi0aMn?* As™, Zn,SiO4Mn,Sb,05, Zn,SiOsMn®* P,
Zn;Si04Ti™, ZnS:Sn?*, ZnS:Sn,Ag, ZnS:8n*" Li*, ZnS:Te,Mn, ZnS-
ZnTe:Mn**, ZnSe:Cu* Cl, ZnWO,

30 The following examples are intended to illustrate the present invention.
However, they should in no way be regarded as limiting. All compounds or
components which can be used in the compositions are either known and
commercially available or can be synthesised by known methods. The
temperatures indicated in the examples are always given in °C. it further-

35 more goes without saying that, both in the description and also in the



WO 2020/ 057572PCT/ EP2009/ 007826 - 19 - exanples, the added amounts of
t he conpowerszy/snsmhe conpositions always add up to a t RCAVERRDOSHODOZS
Percentage data given should al ways_kg _regarded in the given
connection. However, they usually always relate to the weight of the
part-anmount or total amount indicated. WO

2020/ 057572PCT/ EP2009/ 007826 - 20 - Exanpl es Exanple 1: Preparation
of CaSi N2: Euexampiesyihesadddrb anmeiuatseotiheptursphroenis in {heeganpositions

gl ove box under a d N2 at nosp (rel. atnospheric humdity < 19%.
0 08 ol o e Sar Bk g B 585 esierShaRAS g o0 3HOH AaYe bE
nol of EuF3 L j

honogeni sed f{?aﬂ@%?&f?%%‘f'g?ﬁﬁ%%ﬁ#gﬂvﬁ@fu@g?pé%u? t?lggagxgéglalt%%oo an
Mo cruci bl e thedweighhsf e gatt-amaird os totat amiouet ndioaéedrt vessel .  The
crucible is transferred into a tubul ar furnace under a continuous
stream of argon and heated at 1500C for 8 hours under form ng gas

90/ 10 and NH3. 15 Exanple la: Preparation of CaSiN2:Eu (2 at-%

co-doped with 0.005 at-% of My The preparation is
carried out in a glove box under a dry N2 atnosphere



20(rel . atnospheric humidity < 1% . 0.979951 mol of CaH2 (41.2341
g), 0.33 wol20pd0536@N4 (46.2934 g), 0.02 ol of EuF3 (4. IPtSr/mp20emmb7s6
0. 000049 nol of MyF2 (0.0031 g) are_vgighed out in the glove box and

honogeni sed in an agate nortar. The m xture is
introduced into an Mo crucible and transferred into a suit- 25able
transport vessel. The crucible is transferred into a tubular furnace

under a continuous stream of argon apgahfsibed at 1500C for 8 hours
under form ng gas 90/10 and NH3. WO 2020/ 057572PCT/ EP2009/ 007826 -
21 - Exanple Ib: Preparation of CaSiN2:Eu (2 at-% co-doped with

0. 005 at - % oExgmple 1: Preparatiathef Sa&iMp:&t (hat-%)carried out in a

gl ove box under a dry N2 atnosphere 5(rel. atnospheric humdity <
199. 0.979951 nmol of CaH2 (41.2341 g), 0.33 mol of Si3N4 (46.2934
9) .5 0. 02 nol. ofhEYERréAcel BRoHh Rl pRo B9 4P a bvethoBaide P dRPR3Z 9)
are wei ghed out in the glove box and honpbgeni'sed in an agate nortar.
The mi xture BH¥NPs$phesdwdatmaspheric ivmditie<BI%).and transferred into a

ubul ar fur nacd Bl ok BRI TaohE oL B Srergh R R o o
Propar ati on of a9 N2 L (2 At K co Qopec wi L 02602 ar s of e The

prepar ati on NSegdp @nepad@iMorara gl ove box under a dry N2 at nosphere

oo 35 el of eI i et ity Bt fenSRi b g5

0..000049 nol able thrEpdr{@ed3eh2 g) are wei ghed out in the gl ove box and

ﬁbrmgeni sed in ﬁn al?ate nortar. ) )
The crucible is transferred into a tubular furnace under a continuous

stream of argon and heated at 1500°C for 8 hours under forming gas 20/10
and NHs;.
15

Example 1a: Preparation of CaSiN,:Eu (2 at-%) co-doped with
0.005 at-% of Mg

- The preparation is carried out in a glove box under a dry N, atmosphere
20 (rel. atmospheric humidity < 1%).
- 0.979951 mol of CaH; (41.2341 g), 0.33 mol of SizN, (46.2934 g),
- 0.02 mol of EuF3 (4.179 g) and 0.000049 mol of MgF» (0.0031 g) are

weighed out in the glove box and homogenised in an agate mortar.

p—

- The mixture is introduced into an Mo crucible and transferred into a suit-
25 able transport vessel.

- The crucible is transferred into a tubular furnace under a continuous

stream of argon and heated at 1500°C for 8 hours under forming gas 90/10

and NHs.



The m xture is introduced into an Mo crucible and transferred into a

sui t abl e wioemsp@7s72vessel . 25- The cruci bl e is transfer rso/Erim/@7826

t-ubul ar furnace under a continuous §Bgeam of argon and heated at

1500C for 8 hours under form ng gas /10 and NH3.

Exanple 1d: Preparation of CaSiN2:Eu (2 at-% co-doped with 300. 005
-%of NI The preparation is carried out in a glove box under a dry

N2 at mospher Exahfdle 13:/Prepaeition b Oa8iNy:Eu (2at-%)\¥8-doped with

2020/ 057572Pggos #9204 £84826 - 22 - 0.979951 nol of CaH2 (41.2341
g), 0.33 nol of Si3N4 (46.2934 g), 0.02 nol of EuF3 (4.179 g) and

0. 000049 nol of NiF2 (0.0047 g) are weighed out in the glove box and
honogeni sed  nTha pagpamtioons aarried out in a glove Hhe untart adey Ns atmbeplereed

intp an N—?-thr%f@Srlr@ng?gc ansff %%@I nto a suit- 5able transport

vessel . into a tubul ar furnace under a

continuous S“Q@’?‘Q@%i%@%\‘@é‘lﬂl trﬁﬁiz@ma o@@%ﬁd@@ﬁai@grgga; 18
formng gas 90/10 and NH3. | & Preparation o u (2

at-9% co-dop@danmohobE0BS( ﬂ79’<g()>fan¢c0 OGmMﬁ)nmﬂ)afBeF@tOD&&@ﬂar@d out

1on 2 95275, oFeut byt gl e o SR B fiobeGised Thh SHAS G 46, 2034
g), 0.02 ol . offhEWi%tr4 id f¥rcdlicadthtd- é}pIQl@AcQUB’Bb d frahgfer@diRth/a Qhit-

are wei ghed out in the glove box and honpgenised in an agate nortar.
Thé mi xt ur e BBIE RansbeeEsicht o an Mo crucible and transferred into a

§UI table tr anspRe crefﬁgf%% transferred into a tubular furnace under a continucus
| stream of argon and heated at 1500°C for 8 hours under forming gas 90/10
and NHs.

15 Example 1c: Preparation of CaSiN;:Eu (2 at-%) co-doped with 0.005
at-% of Mn

- The preparation is carried out in a glove box under a dry N, atmosphere
(rel. atmospheric humidity < 1%).

20 - 0.979951 mol of CaHz (41.2341 g), 0.33 mol of SisN4 (46.2934 g),
0.02 mol of EuF3 (4.179 g) and 0.000049 mol of MnCl, (0.0062 g) are
weighed out in the glove box and homogenised in an agate mortar.

X - The mixture is introduced into an Mo crucible and transferred into a suit-

able transport vessel.

25 - The crucible is transferred into a tubular furnace under a continuous
stream of argon and heated at 1500°C for 8 hours under forming gas 90/10
and NHs.

Example 1d: Preparation of CaSiN,:Eu (2 at-%) co-doped with
30 0.005 at-% of Ni

- The preparation is carried out in a glove box under a dry N, atmosphere

(rel. atmospheric humidity < 1%).



20- The crucible is transferred into a tubul ar furnace under a

cont i nuougofose@saf argon and heated at 1500C for 8 hourSr/ewrder 007826
f-orm ng gas 90/10 and NH3. 5 Exanple If: Preparation of

CaSi N2: Eu (2 at-% co-doped with 2502605 at-%of Ru The prepar ati on
is carried out in a glove box under a dry N2 atnosphere (rel.
atmospheric humdity < 19%. 0.979951 nol of CaH2 (41.2341 g),

0.33 nol of Si §NY9646. MK Cak, BP02841 §Rl0.98 nkiod SN, 148 2B 4ahd
0. 000049 nmol of RuF2 0.0059383 are wel ghed out in the glove box and

honmogeni sed P2amohghkeFntst.1 a9 9) amdd. @904 enal sf Niftr(@didddu)i a0 an Mo

cruci bl e and fer.r. ' i vV

2020/ 057572P 5@@0@&/‘@8‘?‘%g%Q’-ea‘ﬁ%‘uéﬁ‘?%ﬁ‘obéﬁ%?gﬁé%s;@%nhs?r&%@?ed i nto
a tubul ar furnFpe mintee iQirt@auced s S Meatrucibledgd rapsiérizednrda atiit-
1500C for 8 hours under form ng gas 90/10 and NH3. 5Exanple 1q:

Preparati on 8bledsaNereesselat-9% co-doped with 0.005 at-% of H  The

O \ ! )
Cr o™ 2t s pher 12 dhucilels irahBiciretl 6 a d0yHEHRRad Hhp e Bh{FRTARE ©
0. 32995 nol efre&m3d¥arfdh an8aEatdd ad16Q0T® Ford hEwsir(der IFonigY gasd0/10

0. 00005 nol of F4 (0.0127 g) are weighed out in the glove box and
honogeni sed RRA&agate nortar.

10 Example 1e: Preparation of CaSiNz:Eu (2 ai-%) co-doped with
(" 0.005 at-% of Co

- The preparation is carried out in a glove box under a dry N, atmosphere
(rel. atmospheric humidity < 1%).

15 - 0.979951 mol of CaH; (41.2341 g), 0.33 mol of SizN4 (46.2934 g),
0.02 mol of EuF; (4.179 g) and 0.000049 mol of CoF; (0.0047 g) are
weighed out in the glove box and homogenised in an agate mortar.
- The mixture is infroduced into an Mo crucible and transferred into a suit-
able transport vessel.

20 - The crucible is transferred into a tubular furnace under a continuous
stream of argon and heated at 1500°C for 8 hours under forming gas 90/10

- and NHs.

Example 1f: Preparation of CaSiN;:Eu (2 at-%) co-doped with
25 0.005 at-% of Ru

- The preparation is carried out in a glove box under a dry N> atmosphere
(rel. atmospheric humidity < 1%).
- 0.979951 mol of CaH; (41.2341 g), 0.33 mol of Si;Ns (46.2934 g),

30 0.02 mol of EuF3 (4.179 g) and 0.000049 mol of RuF; (0.0059 g) are
weighed out in the glove box and homogenised in an agate mortar.
- The mixture is introduced into an Mo crucible and transferred into a suit-

able transport vessel.



The m xture is introduced into an Mo crucible and transferred into a
sui t abl e woemgpaa7s7zvessel . 15- The cruci bl e is transfer reti/ERR000/@7826
t-ubul ar furnace under a continuous §8ge_am of argon and heated at
1500C for 8 hours under form ng gas /10 and NH3.

Exanple I h: Preparation of CaSiN2:Eu (2 at-% co-doped with 200. 005
at-% of Th The preparation is carried out in a glove box under a dry
N2 at nosphere (I'helcru@bimsmd’EﬂsfeTréwmﬁtmihttyblﬂaﬁ%mace under 8 cB8timmbusof

CaH2 (41.2364 g), 0.32995 nol of Si 863 g), 25
EuF3 (4. 179 §yeamerrganesdmsated a’rﬁgﬁo 1%&0@'%% 3@%@@8@&%9
the gl ove box,gng4fomogeni sed in an agate nortar. The m xture is

introduced into an”" Mo crucible and transferred into a suitable
transport vessel. The crucible is transferred into a tubul ar

furpace under a contjnuous 30stre Aargon ang heated gt 1500C for
8 hurs undeEXmiBAs Srantion o1 G awitiz gy 36%) €5 a8hed with

2020/ 057572P8H0052bUorbd 826 - 24 - Exanpl e Preparation of CaSi N2: Eu
(2 at-9%9 co-doped with 0.005 at-Yo of Zr The preparation is carried

ur di ty < 19 TheprEBERPR ot QR 3EGpsk yRse B RE irolpage
(46.2863 g), (&l (hirrf&bh@ﬁc Eul'_rﬁd|(3ﬂ<317/% g) and 0.00005 nol of ZrF4
(0.0084 g) are weighed out in the glove box and honogeni sed in an

agde nortar: 0.98 molof CaH; (4h& 3600 b 52885 MRl Ribol 45raEH e, N
}: ,r»_%um bl e and gty ARG 8F EGR, (44 9o3) BHlt0.0088% fdi RIFRLIT 0 Y22 §Fbre weighed

out in the glove box and homogenised in an agate mortar.
- The mixture is intfroduced into an Mo crucible and transferred into a suit-
able fransport vessel.

15 - The crucible is transferred into a tubulaf furnace under a continuous
stream of argon and heated at 1500°C for 8 hours under forming gas 90/10
and NHai.

Example 1h: Preparation of CaSiN,:Eu (2 at-%) co-doped with
20 0.005 at-% of Th

- The preparation is carried out in a glove box under a dry N, atmosphere

o

(rel. atmospheric humidity < 1%).
- 0.98 mol of CaH; (41.2364 g), 0.32995 mol of SizN4 (46.2863 g),

25 0.02 mol of EuF3 (4.179 g} and 0.00005 mol of ThF4 (0.0154 g) are
weighed out in the glove box and homogenised in an agate mortar.
- The mixture is introduced into an Mo crucible and transferred into a suit-
able fransport vessel.
- The crucible is transferred into a tubular furnace under a continuous

30 stream of argon and heated at 1500°C for 8 hours under forming gas 90/10
and NHs.



The crucible is transferred into a tubul ar furnace under a continuous
stream of wey @emossg heated at 1500C for 8 hours under foFdi/peRogR® 7826
90/ 10 and NH3. 15Descri ption of the % gures The invention will be
explained in greater detail bel ow w ﬁ reference to a nunber of

wor ki ng exanpl es. The figures show the follow ng: 20Fig. 1: shows the
em ssion spectrum of Ca098Si N2: Eu0. 02 and co-doped phosphor with 450

nm exci t at | OExanpIeA: %%&%%Qs%h (2 At R0 RFIIGFLO- 02

vvlth co dopa 05 at-% e = N, f
= 6@ gi"ozp j = Th 25 Fig. 2: showsadetall

enlargerrent fromFig. 1 for better differentiation of em ssion

spectra a to-j The preparation is Eaflied3outihavglovd bor tinder aning pecttimasplére
Sr 0. 98Si N2: Eu0. 02 and cq- doped phaos30phor at an excitation wavel ength
of 450 nm (@ zﬁwlseétet?épwlwmvﬁdﬁ@/ 007826 -25 - Fig. 4: shows a

detail enlarge t
eni sIS| on spegt p?gnsg Qgﬁgt—%é4§'3§§a§ao'g’glgﬁlg:@J‘eﬁfg Nf‘%} eno
Srt h98Si N2: EGdDot of 505@634 WQ@)@nﬂ(IBO&@G!%mﬂ OWFE)J(CB@S@Q) almrwegSed

S10. 98SI N2: EUO 02 co do E tﬂt 0. 005 at % of Ni ﬁ%; d) denotes
5Sr098S| N2: Ot it &9%% ax gndihamegrnisid 0 a0 aﬁeaeomo or Zr; e)

denotes Sro 0s$hNmkturdJs frdRicdaRsd M Md GulBR 8hd %éﬂ&fe"Fed%toTQ Suit-

10 able transport vessel.

- - The crucible is transferred into a tubular furnace under a continuous
stream of argon and heated at 1500°C for 8 hours under forming gas S0/10
and NHs.

15 Description of the figures
The invention will be explained in greater detail below with reference to a
number of working examples. The figures show the following:

20 Fig. 1: shows the emission spectrum of Cap gsSiN2:Eug 02 and co-doped
phosphor with 450 nm excitation

g\) a) pure Cao 0sSiN2:Etig g2
b) — ) Cag.esSiN2:Eug g2 with co-dopants (each 0.005 at-%):
b=Mg,c=Be,d=Mn,e=Ni f=Co,g=2Zr,h=Ru,i=Hf j=Th

25

Fig. 2: shows a detail enlargement from Fig. 1 for better differentiation of

emission spectra a to j.

Fig. 3: shows the emission spectrum of Sry¢eSiN,:Eug oo and co-doped phos-

30 phor at an excitation wavelength of 450 nm.



Fi g. 5: shows the em ssion spectrum of Baos8Si N2: Euo. 02 and co-doped

phosphor @io ABy/esstat ati on wavel ength of 450 nm 10 Fig. fo/BPouseds2e
detail enlargenent fromFig. 5 for bgtster differentiation of the

em ssion spectra. a) denotes pure Ba6-08Si N2: Eu0. 02; b) denotes
Ba0. 98Si N2: Eu0, 02 co-doped with 0.005 at-% of My; c) denotes
Bao. 00Si N2: E110. 02 co-doped with 0.005 at-% of Be; d) denotes

15Ba098SI N2: E _-4Q%h6ﬂrs®@§tféil\@nﬂ§r89w%5fréh 0B f¥hbefer diffeRirRtion of
Ba098Si N2: Eu co-doped with 0.005 at-% of Ni_or_ Co; f) denotes
Ba0. 98Si N2: Etite emissiort specirana) ilemotsspaie $5oéSile:Eugy. derianates

Ba0. 08Si N2: EgQ02 - ed. W . = % of or. 4f.; ot es

ha0 9591 1o, £ e L b de udde wBL00s 249 oot B ic) Ueg® . 7:

shows a di agS@BINLEdSRict-depedita 0.0aHhat-e0bt Ni HOCET @dgemmeing a

phosphor - cont ai ni ‘_rh?_coatl ng. The conponent conprises a chip-like LED
33

1 a8 radi ati Sfosdizklomre-dersd withdlMReat-2 af Buprdhapedrrafdanstes
whi ch is hel g@?g@ﬁgg‘g%?@%%%@@g% ;{1% SPHforlTh.S connected to a

first contact and directly to a second
el ectrical contact 6'. A coating which conprises a conversion
phosphor acc%rdi ng to the invention has been applied to the inside

curvature of H%he: SBPEADSEMYEHON PRECEHBSYHER®s AN felinsk G)E Foefie
separately fhgg%@g@. ﬁr@?e iﬁagé g\srfa}\%ééﬂd{ﬁ%rfgsg(drh_st of part nunbers: 1

light-emtti e, resin, conver si on phosphor,
30%0di ffuser, 6 electrodes, 7 flat cable) WO

i @20/ 057572PCT/ EP2009/ 00782 -26 - Fig. 8. _sh | den Dr.agon(r
backage. it EH. 5 E0OWS A g TAgBeSt OB SrToGAPYe TIgRTIYoR o
S conduct otn ¢ Biisidn pecif) O5idereibs BORBE!SINSEd, & BPIMISLON

phosphor in cavity with reflector). e conversion phosphor 1s

di spersed i nBaobiSieEucvhes-eophd withx®.006 &ti% lof Mdes) danbtes. 5 Fig. 9:
shovs 2 di agpamagfie.eden 88110Bedluih b 08B SHor Bl dafs"er e
15 Bap.gsSiN2:Eug g2 co-doped with 0.005 at-% of Mn; ) denotes
Bap.gsSiN2:Eug g2 co-doped with 0.005 at-% of Ni or Co; f) denotes
Bap.gsSiN2:Eug g2 co-doped with 0.005 at-% of Zr; g) denotes
Bap.gsSiN2:Eug g2 co-doped with 0.005 at-% of Ru or Hf; h) denotes
Bap 0aSiNa:Eug oz co-doped with 0.005 at-% of Zr or Th.
20
Fig. 7: shows a diagrammatic depiction of a light-emitting diode having a
phosphor-containing coating. The component comprises a chip-like LED 1
as radiation source. The LED is mounted a a cup-shaped reflector, which is
held by an adjustment frame 2. The chip 1 is connected to a first contact 6
25 via a flat cable 7 and directly to a second electrical contact 6'. A coating
which comprises a conversion phosphor according to the invention has
been applied to the inside curvature of the reflector cup. The phosphors are
employed either separately from one ancther or as a mixture. (List of part
numbers: 1 light-emitting diode, 2 reflector, 3 resin, 4 conversion phosphor,
30 5 diffuser, 6 electrodes, 7 flat cable)



1 = sem conductor chip; 2,3 = electrical connections; 4 = conversion
phosphor , wo mzdanstzwi re, where the phosphor is applied irCREROABrS2ES
top gl obe. This form of the phospho[égi"nder | ayer can act as
secondary optical 10el enent and influence, for exanple, |ight
propagation. Fig. 10: shows a diagrammatic depiction of a
light-emtting di ode where 1 = sem conductor chip; 2,3 = electrical

connect i ons; Fi. B: 6ROWESGoRePDRRbAP package, Whish Bendsws kyhtwoers t he
phosphor is applied as a thin | ayer dispersed in a 15binder. A
further conp )} foshitediohs (L ecsnaiapydieper ebip; 2iemrelrcinaal eanagstionsi
examl e, a | gnseo GaNC ARG ARBIVHS YifrCrehBE], 3¥RMcorbbfkior bhoSARYS
an exanple of a further "appli cation,”as 1 s already known 1n principle

from US-B 6, ig0fisp@2edTine hosm hbrerateonmiitag fiks theecavityention is
20used here together with an OLED. The |ight source is an organically

light- enmitting di ode 31, consisting of the actual organic film 30

and a transpg .@FsﬁH\Qétaréﬁbgra%%n EE%e}gic‘tiB]w%‘? qgghtt-%mijrtﬁ‘l RAGGE WHeds -
bl ue primry t, generated, faor exanpl e, ab nmeans gf
PVK: PBD: countrH semidevi{uciablchagy 2ad Faedtocalpminpentions)y € avhearsiom) phd2BD,

abbreviation for 2-(4-Qi phenyl)-5-(4-tert-hutyl- . :

SSphenyi) -1 BNGL SiabPad N e dnd pheShiars ebplied nud bjrdss AodPPed
into yell ow, 0 i 1 1 i i a
| ayer 33 of REEomARRLN AThe pASORATS il ByEouH abetecqidRfippia
em&sion i s elEmavethdinbuahde, for exarhpleolighirpropagatiprof the primarily
{and secondarily emtted light. The OLED essentially consists of at

| east one layer of a light-emtting poly- 30ner or of so-called small

nol ecul es befyequ: ‘sH@w@'aQﬁé@r%%ati&"ﬂbEf&tiéﬁ@ﬁ!aﬁfgh%rrﬂﬁf\?)\%fdi@diéwﬁ@%\ﬂ =
per se, such™as, for exanplée, 1TO (abbreviation for _
2020/ 057572 PSHMERPO0SITCIER &, 3 =Xlectricadtannectiansxd depnversiamphesphed; a

hi ghly reactve al. s s, . for .examl a_ qr, | as,.cat A
ol aral iy of D120 M. BRER: B eh B Befliest s RnGanaiBy et &)
ei ther servepmgehoh uth@nEPfidndraeiingas dekohbgryasRaPéledidit] such as,
nol ecul es, also as electron-transport |ayers. The emtting polyners

S5used are, fBY exRBEHIEA l9Ns, paN @aSENBE apPlipd ity §Ps ayefmt eri al s.

Fig. 11: 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

20 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
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-

25 phenyl)-1,3,4-oxadiazole)). The emission is partially converted into yellow,
secondarily emitted light by a cover layer formed from a layer 33 of the
phosphor according fo the invention, so that white emission is achieved
overall through colour mixing of the primarily and secondarily emitted light.
The OLED essentially consists of at least one layer of a light-emitting poly-

30 mer or of so-called small molecules between two electrodes, which consist

of materials known per se, such as, for example, ITO (abbreviation for



V\D 2020/ 057572PCT/ EP2009/ 007826 - 28 - Patent d ai ns 1. 5 2. 10
15 3. 20wo0 2020/057572 PCT/EP2009/007826

_27-

indium tin oxide), as anode and a highly reactive metal, such as, for exam-
ple, Ba or Ca, as cathode. A plurality of layers is also often used between
the electrodes, which either serve as hole-transport layer or, in the area of
small molecules, also as electron-transport layers. The emitting polymers

5 used are, for example, polyfluorenes or polyspiro materials.



4. 25 5. 6. 30 WD 2020/ 057572PCT/ EP2009/ 007826 -29 - contai ni ng
co- dopantwimzosmisrsizzst at e di f fusi on net hods and subsequemCER200%107826
aftertreatnent. 7. Process fokgthe preparation of a conpound
according to one or nore of 5C ains to 5 having the foll ow ng
process steps: a) preparation of a europiumdoped 1-1-2

al kaline-earth nmetal siliconitride conpound which is co-doped with
manganese-, magnesi um, beryl|ium ,Pateak€laimsgobal t-, ruthenium,

haf ni um, thorium and/or zirconiumcontaining materials, by mxing
at least 4 starting materials selected fromsilicon 10 nitride-,
europium, calcium, strontium, barium, nmanganese-, nmagnesi unt,
beryllium, nickel-, cobalt-, ruthenium, hafnium, thorium and/or
zi r coni um.c Gungpountyointheet-il & slkaline-earth bmetaheiiEOMitrEifettgpe meidit eeropilof

t he_ compound co-doped w th anese, esi yllium, nickel,

b3l o ut ORI RE A S ER &R GPOBAN L oMtk SRHE AN sl B
body conpri N;'IgoaR olqpo[qp n%pgydl ng to one or nore of Clains 1 to 5,
characterised int it a rough surface which carries

nanoparticl es corrprl SI ng S| 02 1102, Al 203, ZnO Zr02 and/or Y203 or
m xed oxife& trr?peounJ according to Claim 1, characterised by the formula |
(Ca,Sr,Ba)q«yMeySiNa:Euy, (1)
10 where
Me = Mn**, Mg®*, Be?*, Ni¥*, Co*" and/for Ru**
x =0.005 to 0.20 and

y<1.

£

15 3. Compound according to Claim 1, characterised by the formula i
(Ca,Sr,Ba)yxSit..Ma;No:Euy (11
where
Ma = Hf*" Th*" and/or Zr**
x = 0.005 to 0.20 and
20 z<1.

&

4. Compound according to one or more of Claims 1 to 3, characterised in that
y = 0.0005 to 0.2 and/or z = 0.0005 to 0.2.

25 5. Compound according to one or more of Claims 1 to 4, characterised in that
x = 0.05 to 0.15 and/or y = 0.001 to 0.02 and/or z = 0.001 to 0.02.

6. Compound according to one or more of Claims 1 to 5, obtainable by mixing
silicon nitride-, europium- and calcium- and/or strontium- and/or barium-
30 containing starting materials with at least one manganese-, magnesium-,

beryllium-, nickel-, cobalt-, ruthenium-, hafnium-, thorium- and/or zirconium-



20and/ or particles conprising the conpound according to one or nore
of C ai mewb 2000/8579d2t h or wi t hout dopants from the seri espEUEERIINTS26
ranganese, nagnesium beryllium nickel, cobalt, ruthenium hafnium
t hori um and/ or zirconium 259. Shaped~body conprising a conpound
according to one or nore of Clains 1 to 5, characterised in that it
has a conti nuous surface coating which consists of Si02, Ti02, Al 203,

ZnO, Zr 02 agdh@iiniig@3-dupantbgtoliyigige dlfn@gzgﬂfm@tnddgendfsubb@q@mhand
according to one or nore of Clains 1 to 5 without the activator

europi um 30nahafieseainmsits72PCT/ EP2009/ 007826 - 30 - Si02, Tio02,

Al 203, ZnO, Zr02 and/or Y203 or m xed oxi des thereof and/or of the
conpound according to one or nore of Clains | to 5 wth or wthout
dopants fT.oRrbdessser itiees;omyaaaﬁimf aedbgRoesd acteglieg e ohe g mydrel afm

ni ckel, cob haf nium thorium and/or zirconium 5 11.
Sha%ed body%é"t‘)'f:i:i)Q'r%J &%’%ﬁ?ﬁhﬂ‘“&‘éﬁpaﬁﬁsﬁe@%ne or nore of O ains
1to 5, Cha??g?%ﬂérﬁﬁ&w b té%f'i‘é kﬁ?dé dace %Kéifn%sez;] Hé&@ilco%tﬂ&@s

whi ch facil em ca physi c bon ing to the environnent
preferably conmc&mdnmloh |sap@->dpped vatH maoganess| magh@:s[h@n Beqdlewa f or

the production of alPSleFLﬁg bod ccordi gﬁ to one of

to 11 havi né‘ » POPR e'B'P e S8R HOTYYMHL AR ergtrp%rﬁuglrcqltgmingz
eur opi um doaeﬂeﬁéﬂsaby Frﬂmﬁ@ratth\eéﬁuaétaﬁldg' ﬁgférfa'ié seceRURrMdighch is
co-doped W th nmanganese-, “magnesi um, beryllium, 15nickel-, cobalt-,
rulbeni um , nieder, @qupluhibmajmurranawrmtltzm banilom mmganesergnmr@rsmns,

%y mxmga st 4 rt| rials ecte from si

i de- s ohpOth kel paRRt B PERBh e Jhen s AgdisE edeonium-
magnesi um cbﬁfg{ﬂ“hgmmngbckel , cobalt-, ruthenium, hafnium,
thorium and/ or zirconiumcontaining materials, 20b) thermnal

zgf t elr It r eat mehtheymal ﬁétedm:qimﬂm of theepagound ﬁomﬁ@dn@lﬁmmmmea@mam
2o Lo om aRBSHEh e L ARl PR AL Bl gro-

15 nium.

8. Shaped body comprising a compound according to one or more of Claims 1
to 5, characterised in that it has a rough surface which carries nanoparticles
comprising SiOg, TiO,, Alz03, Zn0O, ZrO, and/or Y203 or mixed oxides thereof

20 and/or particles comprising the compound according to one or more of
Claims 1 to 5 with or without dopants from the series europium, manganese,
magnesium, beryllium, nickel, cobait, ruthenium, hafnium, thorium and/or

zirconium.

25 9. Shaped body comprising a compound according to one or more of Claims 1
to 5, characterised in that it has a continuous surface coating which consists
of SIO;, TiO,, AlzOs, ZnO, ZrO, and/or Y,03 or mixed oxides thereof and/or
of the compound according to one or more of Claims 1 to 5 without the acti-
vator europium.

30

10. Shaped body comprising a compound according to one or more of Claims 1

to 5, characterised in that it has a porous surface coating which consists of



c) coating of the rough surface with nanoparticles conprising Si02,
h02, Al 20%0 2x@)57Z1202 and/ or Y203 or mi xed oxi des t her edfCTBEP2ARPF/AH7826
nanoparticles 25conprising the conpoypnd according to one or nore of
Clainms 1 to 5 with or without dopants. 13. Illum nation unit having
at |east one primary |ight source whose em ssion maximumis in the
range 410 nmto 530 nm preferably between 430 nm and 30 500 nm
where this Baa(ai alliCerALS; pan@ | Aldyarm/or b emmllwdc@n@@tl‘@demfmrmmr of

| onger - wave th radiation.by, a co ound /.or osphgr e t
mocordi ng. ¢ bonamep iR AcgRing 16 le B fifte of Ligis PISBRIM of WS
2020/ 0575728@%5&%&&%&9@%@%@3 offopiurkd mdrdHELEAkEGReYIi, LRAARIA NG to
Claim 13, characterised in that the Iight” source I's a | um nescent

i ndi um al umhitkemoghtlt twihenium, befnlﬁim goriting @andfor gircemnignt.or mul a

I ni Gaj Al kN, where O i, O0j, O k, and i+j+k=1. 5 15. Illum nation unit
according to Claim13, characterised in that the Iight source is a

| um nescent. StRRRE Wy |§hﬁ§? AtOmpddAd &4¢cnEiPg e BhetMHURs bNQlaims 1
oxi de), ZnSe or Sl C. 1016 um nation unit according to Claim13,

char act er i s&i5| phamsterised in thatithe surfaee icarigsiwnetional gBaREIwhiehdacili-
organi c "9 H.b&%c; pﬁﬁ{% Cﬁa%&{l%lhbltg% 8hiiPShHBAL p?&%f’é;b;kfmggérlgtmg

Cl aim 13, ara errse source’i s

di scharge I@ﬂgpo)lﬁoﬁ& licbhd tggimat i on unit according to one or nore of
Claims 13 to 17, characterised in that the phosphor is arranged

di W&ctly on the primary |ight source and/or renpote therefrom 2019.

{01 umi nat{ppgoids f%?tﬂ%{ ﬁlld&xctﬂn% COUEEB G&f%CgO%IH?féén drHore of

characteriSed I n tha Ica et ween osphor and
t he pri marydlaigis 8 to 11 hawng the following process steps:

a) preparation of a 1-1-2 europium-doped alkaline-earth metal siliconitride
compound which is co-doped with manganese-, magnesium-, beryllium-,

15 nickel-, cobalt-, ruthenium-, hafnium-, thorium- and/or zirconium-containing
materials, by mixing at least 4 starting materials selected from silicon
nitride-, europium-, calcium-, strontium-, barium-, manganese-, magnesium-,
beryllium-, nickel-, cobalt-, ruthenium-, hafnium-, thorium- and/or zirconium-
containing materials,

20 b) thermal aftertreatment of the compound co-doped with manganese, mag-
nesium, beryllium, nickel, cobalt, ruthenium, hafnium, thorium and/or zirco-

nium and formation of a shaped body having a rough surface,
c) coating of the rough surface with nanoparticles comprising SiO;, TiO»,
AlxOs, ZnO, ZrO, and/or Y,03 or mixed oxides thereof or with nanoparticles
25 comprising the compound according to one or more of Claims 1 to 5 with or

without dopants.

13.1llumination unit having at least one primary light source whose emission
maximum is in the range 410 nm to 530 nm, preferably between 430 nm and
30 500 nm, where this radiation is partially or completely converted into longer-
wavelength radiation by a compound and/or phosphor element according to

one or more of Claims 1 to 11.



source is achieved by neans of a |ight-conducting arrangenent. 20.
Use of atWO#2t05558 conpound accordi ng to one or nore ofPCH/BR2GE/007826
6 as 25conversion phosphor for partigh .or conpl ete conversion of the
bl ue or near- UV em ssion froma | um nescent diode. 21. Use of at
| east one conpound according to one or nore of Clains 1 to 6 as
conversi on phosphor for conversion of the prinmary radiation into a
certain 30col our point in accordance with the col our-on-demand

concept. 020 057542PCT/ EP2009( 007826 ,- 32 - . f. d
body acecoMiHEBUGR ARG AcrBiii G elalnrt rpedarisd pbabit: it SHERE
5 10 is a luminescent indium aluminium gallium nitride, in particular of the formula

IniGajAN, where 0 <i, 0 <j, 0 <k, and i+j+k=1.
15. lllumination unit according to Claim 13, characterised in that the light source
is a luminescent compound based on ZnO, TCO {transparent conducting

oxide), ZnSe or SiC.

10 16. llumination unit according to Claim 13, characterised in that the light source

Py

is a material based on an organic light-emitting layer.

17 llumination unit according to Claim 13, characterised in that the light source
is a plasma or discharge lamp.
15
18. lllumination 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.

20 18. lllumination unit according to one or more of Claims 13 to 18, characterised

in that the optical coupling between the phosphor and the primary light

£

source is achieved by means of a light-conducting arrangement.

20.Use of at least one compound according to one or more of Claims 1 to 6 as
25 conversion phosphor for partial or complete conversion of the blue or near-

UV emission from a luminescent diode.

21.Use of at least one compound according to one or more of Claims 110 6 as
conversion phosphor for conversion of the primary radiation into a certain

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



£

10

WO 2020/057572 PCT/EP2009/007826
-39

22.Use of a shaped body according to one or more of Claims 8 fo 11 as phos-

phor element.



