WO 2011/ 142880PCT/ US2011/ 028140 OXYCARBONI TRI DE PHOSPHORS AND LI GHT
EM TTI NG DEVI CES USI NG THE SAME | nventors: Yuanqgi ang Li, M chael
Denni s Ron®Rel1114288,d Yongchi Tian Claimof Priority [REUJIROITIRSI40
application clains priority to U. S. Provisional Application Nos.
61/ 334,967, filed May 14, 2010, and 61/381, 862, filed Septenber 10,
2010, the disclosures of which are hereby incorporated by reference

intheir entireties. Statenpent, Regarding References [0002] All
patents, publication; . K 1:Jﬁeﬁgg%werred to herein
shal | be consi der ed2fFREEpetaedt N - £15 -0 s 8oplication
intheir entireties. Gover nrrent Fund| n [0003 Th| S invention was
made with U.S. Toycemn¥pendnglds Micheg b‘g enpisReraaneHi, 20d YongehdFiagr ant
nunber DE- EE0003245. The U. S. Goverment may have certain rights in
this invention. Background of Invention [0004] In recent years, R&D
efforts have been intense on bot HClalrmotRuigriind phosphors for
phosphor-converted LED (peLED), with the result that both efficient

hi gh- powdONEBrisssrplietion claimg PIESHIES f9hd.Ss Proaiswonblepplidaivniddsr GL/334,967, filed

However , May YR t §9|P9 clLED IS

t he phosphors %Prig ?‘?\lp@ Sgce&%%fl 1%(:llgdmg%gy? eﬂﬁé@%ﬁlﬁglo Sué?\%‘)tl_‘ﬁgc}f_ﬁrﬁé‘m%y
oper ate alpomblgﬁdbﬁmpfgpmewéskreﬂfymasal junction tenperatures of high
power LEDs are in the range of 100C 150C. At t hese tenperatures, the

crystal of the phosphor is Yia tamtgl vi r neally excited state,
causing the excitation ener at em ssion through

lattice X the an to,the d umn nce . ems
I\/breover{oﬁéﬂegiell qufe |tém§he BUSHSt 28R M rpélgeﬂtée BRI nty eﬁht"vpﬁrt"’&t F]B’ﬁabe
exci t at i amsiderndlinkdrporateyd bf veférdere inte chicapplibaioh intheieagRAare e ssi on
efficiency. This is a vicious cycle that precludes successful
applications of existing phosphar materials. The pcLED |lanp for

gener al | I | um nati on applicati o%ﬂﬂl—ﬂ@gﬂﬂ% optical energy flux
(e.qg., an 1 \Watt/ auses additional heatin

Stoftes SR Jeramuuth PHS THRS PHE LoSoiomeer opa ShesRipasamapt Frarey
devel opngait nonbaOEBEOGIIRSS. f e 08 Gdvainnicht MAY At c&in AR i8HAS Swention.
requi res phosphors that can operate highly efficiently at
tenperatures of WD 2011/ 142880PCT/ USZO}l/ 028140 100C- 150C. The ri sk

isthat it is difficult both t¥ackgrauadofl raghntum yield at room
terrperatlﬁﬁe and to have high thermal stability at 100 G150 C. The

ther mal GPHDi [} fSPoRtyearsph§OptEits hayqpeenanterss @@ hoth BEDdhipr andshesphors for

propert ypméphbhanﬁa%ﬁpb@m WELEDD), Wgthdgd %smt R I:J%Yh Eﬂﬁ%mﬁpﬁgﬂiﬂb\%roﬂEﬁand
the stru gﬁureo the crystalljne naterial [ 0005] Oxynit

phos phor SHHER} PIRERIATSCRATS | Reer dlgmprsiratgde HﬁWQ@EBDngﬂé@:aﬁl@ét of thehpliasphors
excel | endpetatifiy RESATICR AL &ﬁ@ﬁﬂ&?ﬂfaﬁ‘s At iDéigk Gx&IH’%f«‘ E'i%d 19 %nd the LEDs

menti oned above, Prom nent exanples are the s ased ospho
whose hd¥eragd Bigh ftemperagiresy nepiceljprction {empmfiresall hisbmdweltﬁEm arNin tﬁh Paﬁge

Al - N andyfAbo&-pspet henthRGk ra@Ltre:sI 5.1 'l n%}?:{s%lﬁ)} LG &Jﬁ%}] r%:t}ongl

the oxynitride phosphors dlscovere s ar co predo
single cxgiéadastpte.neaupna dee expifatiar erangyatos é@dndct%asheat $HUSSIIBII thegughl latnce

"1 TPUN T Y oot WRNE thanRB ARG l%@e&%ﬂﬁreﬂhésﬁn%& N d g%téc?: rf:lﬁxe{nﬂpss

non-stoi chi onetric proportions and are usua
i nvent i qroduge diegfing with owyltcmtvrbbmccltahdle quidoﬁpfeby fuﬂlnqroadmdeoths lafmnescence

denonstr t o [ han_on uni st al
phase, eeg%:lﬁgm i 8’10 u ol\r?’ Sag‘f:lelguﬂpy cFﬁ 8‘6‘{%@ ﬁ?‘i‘:%“‘%l f‘@ét?%t]‘onﬂ? existing
i ntrodu thpsmonhathaalh o”ﬂheqrcLEﬁ)r laing dfori gmheralcﬂlymtnahdm APPLIEINOS Pod@ires TEIE bptRbIS

por 1 or mingt? S d€G7 pARRSkE BRaDR) BRoh eyl rioraChne by auyolss shit

source Genaitedipideals phiosphos rtﬁ)htarsg Siccesfub dévedpinefthdf. poAEBOlamb§ SirdBadral

unr eact ed carbi d remai fte hosphor _preparation utilizin
ﬁummatlon &ere?ore requ?l:gs phosphors t51atp can ogerate h?ghlypeﬂimently at te:mperaturfasgJ of




(3) MI)7MIIT) wherein 0<x< 12, 0<x+y< 12, and O<y<x. MH)
conprises at |east one di val ent catl on, and may be selected fromthe
group i ncl WOiHAY B#8 vy, ca, Sr, Ba, Cu, Co, Ni, Pd, znFPCEFSIHHHer
divalent transition nmetal ions. MIII) conprises at |east one
trivalent cation, and may be selected fromthe group including B, Al,
Ga, In, Sc, Y, La and Gd, and other trivalent netal ions. A corrprlses

alumne C ti c t.al stru

concent rg??gnl%f)?/elﬁg%rﬁ? r1g%ﬂa‘?§t lljgsd%ﬁ%glg%%lt%af Hieve V q'f’f‘BI B)gld at room
pr ef er abkenplerabive atvbtet haye highothetmad smbidityt atl 000Ntd- 250 cr(!el The dRrhd) shbllity of A
can be AudsbR's SHRhAL Ay BELE otk hERe S MR T e
pr ef er abbo)mﬁlsﬁrep a@lﬁ&gﬁﬁhﬁ&oftﬂé)é}ystﬂhﬁbmﬁal [0012] In certain

enbodi nents, the present invention is directed to a novel famly of
oxycarbonitri de based phosphors expressed by: (4)

MOD7M | 110088, OssSitridey @RSspKors Imadbbeen weysiddran thr (8) inMDEDW l'())échﬂs?: 2of" Mén-

i X+As. xsaNx th g,re| n 0<x<12, OS y<x, 0O<x+y< 12, 0435 3, and

Soxey VERER SirfiP e eiaiaaes ohiadarioraReetic saE onemianed shaye b @ ominent

sel ect edeiairfpﬂﬂsfaheths §ialéR-basd | pHEiphGks Bﬂwsé\'ﬁbst &9stalShre cﬁﬁstm%h b;ﬁéhenMai bl

Zn, Cd an{jﬂﬁhg 9 fq\{al en({) transition netal tons. MIIIl) conprises at
n

| east on8 A1-Ca At thealackieons aaf the é‘GStqurﬁmltSch‘fgqeouEaCh of the
i ncl udi naxﬁm&é ph@hord discoPbed 36 fak BorAfttbeShred “ﬁ‘ﬂa.rﬁfykheﬁn%é l:%&LlﬁHé Fﬁ%& 3hd

i ons. grrprl ses a | um nescence activator o
struct ur ek a %FCB%P,IEFR }Sé%op%‘ﬂff?de%‘flmp}i@m aFEfMFtVGlO Pb@l?hmh%geoeralﬂnomateﬁﬂs

mol % pr ghe aﬁhtyn b sRABHRARM r1Brs Y4 é
M) and 1} A csan be at Prggﬁst osneh?ag%lagiép%égt {?rég‘rlrslr %%é ane"twn’a
i ncl udi n§o8RO Wcaf bonitride phosnher seDPGETHOUSE TeheBgattd takk costppsﬂqfn@ﬂe than
Tb, Dy, c%,g@au XD phdsd!, 2+ Ce3+, Th3+,
Yb2+ and l\/hugl-'%fue 1 n cee?%fr@ﬁecrl?bﬂ%gfeﬁ%%ﬁ;gﬁf% pr sent i nvention
is directed to a_novel _famly of oxycarbonitride based phosphors

expr esselfff): Thedytroguetion pf wcmbm)eimofwtalrﬁb phaspharORferiatst iabisreaiotsly
(5a) M peln KB deN +7025:X6

wherei n 0<x<12, ba déﬁi;(n enf(%@?é%%mgsé%&é %ﬁmce irhig he %%QBQ%‘??‘)W{YW"“S
conpr i seeartides| reayche agawrce pf/@tisemtlorcatqumhumnd emiisyiob digiste IAElﬁ:t, ead:dhmmeta&ed

group i ngliigi gt Hfain ergﬂosgﬁgr’ pr%;a}ngu ut1§$?%%a§bo&orlcgr§§i(e péqf,gsses ca.nthrljn er

Q\

di valent transition netal
nmonoval ethe ewisipnintensityoofitesphospheel ect ed from the group including Li,
Na, K, Rb, Cu, Ag and Au. MI1I1) conprises at |east one trivalent

Cat on @ TRt SRS PR T R B B i o

| uni nes cathereneials uwthd: hast ciypreldanidront bemoreyaétall do‘pi:ftélé?st dlathikcent activator. This
concent r‘rq Ssgp fms | feEO about ;0. 001 mol % to a t 20 no| %
pr ef er ab 8m 5155Su efﬂﬂg?/d ok 8&?“1@1%?@@ eof IC%VW@gt"S“W (&Y

|\P/( ). A @ré:hxehtgham) gk&ﬁ,&}tellm,earmgﬁ aﬁ@feﬁQigBtd Tﬂk%&t%ﬂ@tagéﬂﬁdﬁohﬁﬁe‘ﬂbﬁ@og@s
:

pref er ab‘f @PE&‘%‘ of -RS4-C “?%Eks %"ﬂ‘ichaﬁl?a nﬁfé?wv_atlgmbﬂdﬂ of %é‘r @tzsli $i-N serve as

enbodi nethé maint d&ﬁctﬂﬂ’ae&ﬁxﬂﬁoneﬂﬂé/ EGéreAnlllySthe hét%ﬂ@éﬂru%@reafoﬂﬂé&@y diadbdds Ris a
oxycarbonltrl ressed by

VO ) 7y MR ERTE 0 1 U SPile, 11D Bt sRecisl 2o omoeiq disrofes Hag baencprviously
(6a) MD )anMMrWMt IskitableZor 1Yse4§h6%ﬂh‘5¥e@ig§ fai"hng gﬁi&%{'ﬁ?&}bhos;ﬁgrg Bt gngailnﬁléb‘?

wherein 0<x<12, 05 y<1, 0<z<x, z<x+5 0<x+y+z

MOD conp‘%ertgléélltaée-ﬁlh%rcam oSSR Yhigh an isathel depapt, ke dledtwoicaatefacion
the groupw.da! st ngd Bge B@k@anetvcv‘ﬁrks Ei@sulsgl’m Q%Fonsﬂe b gpt}o% in 9@0 ?&)d nm

other divalent transition netal 1ons east oné
nonoval e¥tveleagths makiag ihephospber lesirefsctive Iﬁﬁhﬂtp%rhellzgrspc,qra] regibuidf vigibleilight.

Na, K, Rihis Gttt iéeiftitntito acnfiRQihbfaPo0RE T/ R0A: 928440, M T1)
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[0019] In certain enbodinents, the phosphor conposition (1) further
conprises one or more additional phosphors. In sonme enbodi nments
phosphor cBRF8E ¥ #8h further conprises at Ieast one phd$gHo¥® ]é@?sétot ed
fromthe group consisting of: Cal, Al x-xySi -x+xyN2-x-xyCxy: A, Cal
-xzNazW I 1) x-xy-zSi i -x+xy+zN2-x-xyC><y: A; MOM - x-z1V1(0zMai nx-xy-zSi

- X+xy-F, N2_x_xyCxy: A; Math zWizMJ Dx- xy-zSi - x+xy-1

ZN2- x- xy-ZV\BCx 0,-,/21-1,: A, and

L0 -+ 0089 L s B R o 5050

XXY- 2wl 3carbide qudlnrcenlﬂmew pttex firan Nbtdches, the ldnaaat:erma of :dphmb}&m,tm Partibwlsy, at

MI) is ! ovIe LAt han; 111). i east ope
trival enferlacgla?L ?%E‘ghqgﬁg? ersn%m'at Q{JO %@bﬁghgg%ne tmﬁ?fFIB?flStrétﬁﬂﬁ‘ﬁ\t tﬂgmge"ta“ce
| uni nes ceﬁcmtamcdmyrzab@d:mmdé PBRPhors in thervavelon@iraoge BERisble Ilﬁtﬁ dEérﬁa%@Ns the
invention is t to a cogpositiQ conp |srn a phosphor

havi ng t f{i&° "fn(t)rq{r‘fago ﬁ%t Iﬂfc}'efﬁfizqigeﬁfs?aib“g"y%?gm‘w Pb lrmereéqulento&lﬁml
12, WO @EHiliybf 28B86CTHAIBI0AAHABIALeidyy <x, and 0<><+y< 12; M3D
conprises at |east one divalent cation; and Aconpri sesa | uni nescence
activator doped in the crystal structure. In certain enbodinents,
M11) conprises at |east one divalent cation selected fromthe group
consisting of B; My, Ca, Sr, BaSummaryeflnygntiopy zn and Cd. In some
enbodi ments, MI1) conprises two or nore different d| val ent cati ons.
In further enbodi nents, A conprises a |um nescence activator that is
sel ected fromthe group consisting of Ce, Pr, Nd, Sm Eu, &d, Tb, Dy,
Ho, Er, IPA91ydn qegtainypmbadiments, thetpresert vyertioantsodirastedt t, aAnavel damibsd of
in the h@g@ﬁgmﬁﬁakhgﬁh&p&p@gﬁmor at a concentration |level of 0.001
nmol %to 2 %relative to MOD. "The not% of A can be adjusted in
increments of .0001 within this range. In sone enbodi nents, Ais
doped in t he (hbst M{ISQNEEA he phosphor at a concentration |evel of
fromabout 0.01 nol %to about 10 nmol % In further enbodinents, Ais

doped i nwhdgin hesks C Y4 19~Ec<tl'?e 5BRaQs F%Fggoﬁkz agr%ﬁega%@mg%%?%e% ‘[%‘Xr?hg

from about 0.10 not%to about nol 9%

phosphor 145e<to Apdsi-% reh0{e) - Mﬂﬁmomeses at lopsy oneadivalerd cphmsmdtdmftbmssleaed
triclinigod I R@uUR P ( )

enbodi ment s, étlﬁj’ﬁlu ﬁﬁg&ﬁggr I%‘éonsr sd}g %Qﬁf%@éﬁhgpeb& ;b/‘gtaél |°.‘hneé livafelt
phase. | trangidien et é?mbodr eRmprises 4 hlempﬂa@ggerrmtw@toeéomdun theropysiab stnanye at a
ot her cr t the S r.c

at | cast A ridAcRAEOR bbik P holfeTA 3000wt BEGREY PR e B
certai n teraboeti iemels, rclh!e!eftpthH)cAysndvblat teastpinasmetalswaselmtetdht&rdi\wd)gra

crystal €Se i e.is tiglini.c
cryst al @%}g%le%e blrlrdai Sih ? gng%gt%%aﬁgﬁbgbf%(ﬁ%’ NF :? o%n@fefmbly Eu’”
enbodi ne®e’s Tot hEbt |am$ ‘tystalline phase is a tri cI inic crystal

system and the second crystalline phase is a triclinic crystal system
bel onging to space group P1 (No. 1) which may be different than the

first cry |1 has enbodi nent.s, ossi bl e f r .the
sane cr3} ﬁlto?l |hlhe phase" °8l%ee‘§ Ir[gesé’feisfrgdm&? 8?t1ﬁe4“e H8r hdWislc aBPIY of
tricli niaxyvdrbdnitsideposphoesexprtset py: [ 0022] In certain enbodi nents, the
phosphor conposition (2) conprises a crystalline phase that is a
triclinic crystal st em hel onging. to space group P1 (No. 1), wherein
the unit cel Kﬁpar%%ﬁz'@gbﬂ%fl%@nﬁ% crystal is fromabout 6.9011 A
to about 7.3011 A; the unit cell paranmeter b of the host crystal is

f r om abostiereln 0@;3912A0~tka§lhmul<x¥y-4@§9M I) dob@ristRiat lefs bhe &l@ﬂ@rﬂ%ﬁtﬁh $ndQhay
t he host Criét is fromabout 7.0728 A to about 7.4728 A the unit

cel | par%né £oB¥ the igEoupjesiuding BeaMg; Cas $1 BaaGButo.gNL é’ég?@e@d fagl other
about 97kt essitidoN fetdNiidns.CeA | copfprisdes ?lfmlﬁesg&lcﬁ Il%tl%?o?‘t doi:EﬁY S Fe h%rstal

fromabout 81 degrees to about 88 degrees; and the unit
structure at a concentration level from about 0.001 mol% to about 20 mol%, preferably from

-3-



(g) W D7_yM DyMJ D12- x-y-zSi x+y+z025-x-5/2-v/ 2Nx 6-zCz*st 2H: A, wherein
0<x<12, 05 y<1, 0<z<x, z<x+5, 0<5<3, 05 v<1, and O<x+y+z< 12;
wherei n: NYB28UM#I3%es at | east one dival ent cation: MAGUUSAHA0HS
at | east one nonoval ent cation; MIIIl) conprises at |east one
trivalent cation; H conprises at |east one nonoval ent anion; and A
conprises a | um nescence activator doped in the crystal structure.
[ 0025] | i | 00 sitlo 4. 4a 5a, .6
or o3y, Nerte Ebaiantle By herkdtE GRARPA bPES pedeosland piiop B
tcge l%/{ 0 ufporg dires grotp ilgludfngLBEn, PN, Gam, S, ,G;dBa’b, Dy, Hé,Er, N:n, Yiggl éﬂu,fZMn, Bﬂﬁib,
; [11)e.C psess+at, 3t east Arival ent cation selecte romthe
group Coq{éﬁegaﬁ%o eBa(i‘l%d‘%F][’Gaan%lrikﬁn ‘Sc, Y, La and Gd; M) conprises
at | east one nonoval ent cation selected fromthe group consisting of
Li, Na, K, Rb, Cu, Ag and Au; and H conprises at |east one nobnoval ent
ani on seftér] edn feegant ¢rebagimments, cba girstatngvedtior, is Glirec8d @nd dovell fanibhnef

enbodi nent . C rises at | east e | um nescence activator sel ected
fromt heoxagdégésmtggﬁs?sgﬁ}?ép%fs TR ?’Y'Nd, Sm Eu, &, Tb, Dy, Ho, Er,
Tm Yb, Lu, Bi b. 4.n further ,enbodinents, A is doped in the
host crystal “of thgH%E@ggﬁﬁélﬁ?é’?ﬁ%""’?&iﬁcentrati on |l evel of 0.001 nol %
to 20 nol %relative to M10 and M1). The nol % of A can be adj usted
doped | rTper foks 1585 20 bl 95, KRR SR 3P MR B BB Shin, 1 P
from a_bdu:t selzc®d fromi Shet gogbinolndin® Bep Mg, JanS{, (Baf IGey CenNHddrenf 64 add beher
S?gﬁ}d a'bgdd\%ﬁ%t ?‘grfsﬁrtboﬁgpge?% %a .8 M(fl@%on%rﬁﬁgeg Q%s? 3ne%9a?§1? gzﬂltol;x,a z;[nld?rrx]ayl b%\ée lecth
Zglll ﬁ421%8@|ﬁ@'|'$l‘0132_ ] aﬂ;mﬂg@aiim, C{anIZSE, Ynga;enrngnhnﬂthmm_ i93ledthRetal ions. A
phosphor sition . 4a . Da a) conprises a..
crystal 190 g’%ﬁ%fs%@%%“fesacgvéﬂ dqpeg, . the r%féjiftr%cb’g? éﬁﬂﬁé:%‘ﬁaﬁrﬂ’ﬁntl%"d of
space griioom akiit Q01 mol% kanalwated eoiledireferably frotthsboph®.s pMYs t6 absit 30 snolh,
only a single crystalline phase. In certain enbodi nents, the phosphar
Goes morRfte D Ayren B aflodT s el srekeeCoR fheciiar inghioaL ot S0
the pgosmhpfu, cﬁﬂ:rmbl o iD%SH&t Erll, e‘asthtatLiuj Mﬁ%ﬁ@ drsbs pﬁfdrdbnrsteﬁﬁ%?agéitartﬁ*,%ﬂ and
secon rystalline phase. In certain enbodi nents, e firs

crystal I'Tfle’ phase is an orthorhonbic crystal systemand the second
crystalline phase is a triclinic crystal system bel onging to space

group P1 (No. 1). In other enbodinents, the first crystalline phase
is a tri[00xi2hi n ceyaih admiwyiidenty) and prdsent siacanrion ds yideated i thea pladefantlyaof
triclinic._crystal sfem bhel ongi n 0 space group P1 (No. 1) that may
be di ffe%xgﬁﬁry%h&ﬁ?ﬁ%gfﬁoﬁrgﬁomce ﬁ‘ﬁ%ﬁ’ﬁ’%ne phase. In sonme enbodinents,
it is possible fo me grystalljine phase to be classified as
ei t her ort hot omwﬁg&(ﬁﬁiztﬁclm@squ ""sﬁi‘l’ﬁr r certainty. [00271 In
certain enbodndents, the phosphor conposition (3, 4, 4a, 5, 5a, 6, or
6a) further ri or,. e aqdi tional, phosphors. In sone
enbodi rrents,%{)aﬂg @Zﬁ%@gﬁﬁizﬁh&’f" L "é‘én‘gﬁafés at | east one phosphor
sel ected fromthe group consisting of: Cal_. Al ySii-x+xyN2-xxyCxy: A
S%l:)l I_\lil_\%{%ﬁ( %{ﬁlﬁ? ?,qug( -I'gl(x%/ 6%%?2;@’%}% '_A‘m;d, S(Sﬁ?’- AM(II) comprises at least one divalent
Mapi . X. ,diidn), and iy de selecteSiromhx yrogiNacbidiny Bzyn;ﬁ%?@/é;m,\ya?th,:a‘&, N&Md, Zn, Cd
MIT), x ZWLMII1)X-Xxy-zSi | X+txy+zN2- x- xy-zw 3-wW3CxyOwl | v: A; wherein
0<x<1, d:‘gé gﬂzer yal ir1an Qonvtgit?l IMGII)(@ZEES“%@WZQWWWF cation, and may
X- XY- 2Wid-selests froR ke 8ovp M¥uding B, MOGA, In,3c, iﬁ‘ﬁé hndOO&, Al \bRleP BivaeAlrhaa);

M) is at |east one nonoval ent cation, M111) is at |east one
tri val eriénscAtPERrisera lumigescenss agtivater dorsd vihe embtakstueitre ay p gonxenteatign level

| um nes GriAe BbRED.OYPIBIY td 886810 hbiok Prdréhily GBROBLIRNE Froldh K a fﬁgft%l%,

1!
invention is directed to a conposition conprising a ;ﬁ)ﬁosg(ﬁor
conpr i sé&dlatie tp 43D aphM(Barberr hetab fgastame ianssslecied &ronh the lzeomp incdidingCe, Pr,

b



(e) MI)7MI11)12Si ny025-xsr2Nx al Cy8/2: A, wherein 0<x<12, OS y<x,
O<x+y5 12, 0<8< 3, and 8<x+y; (f)

YWOYMO 01 2%Q- 2114143880y 42025- L+38/ 2Nx T 6-zCz: A, wher ei n PEIUS2011/028340
y<x, 0<z<x, 0O<x+y+z< 12, z<x+8, and 0<85 3; (Q)
MJ)7_yMDyMII11)12-x-y-zSi my+z025-xs/2N.-T s-i G A8/ 2: A, wherein
O<x<12, OS y<x, 0<z<x, 0O<x+y+z< 12, z<x+8, and 0<85 3; (h)

T AR G AR b A bt A A
(i) Mal MWwieDyM 111) 12- kr zSi x+y+i 025- xsn-w2Nx a- zCzBaHv: A, wherein

0<x<12, 0< y<1, 0<z<x, z<x+8, 0<8< 3,05 v<1, and O<x+y+z< 12;
wherein: MI1I) conprises at |east one divalent cation; MI) conprises

at | east noval ent. cati on; I11) conprises. .at | east one )

ri var orl0OBL, oy fotan comheaest e nassed SRERRDSvaeEist Bnf el A ibveS
2011/ 1428804t6oitiS20akdd pPhbBibs ApfedE@biyses a | um nescence acti vator
doped in the crystal structure. [0030] In certain enbodinents of the
light emtting device, MII) conprises at |east one divalent cation
sel ected fromthe_group cqnsisting of Be, % Ca, Sr, Ba, Cu, Co, N,
Pd, zn, and & NM({Q?G M@ Dy PlagaPseneNmdadedt ent cation sel ect ed
fromthe growpdconsisting of Li, Na, K Rb, Cu, Ag and Au; MIII)

conpri ses at as e i ent catign selected fromthe group
consi sting of(gé, i@(ﬁﬂﬁ(f)ﬂm%ﬁz fﬂﬂéﬁaﬁﬂNﬁﬁf‘#ﬁ%rrpri ses at | east

one anion selected fromthe group consisting of F, d, Br and I; and
A conprises .at | east one | um pescence activtor selected fromthe
group coVfafER bﬁ&@f T PrExNT* S B 296, W<%é/, D), comprisepy lega one
Lu, M, &ialerdR8ticBPand HayPBdT®R1RH T B8 tefou _/éndlﬁii&gm@,d\a%rcat, Re B¥&hL. Co, Ni,
crystal of the ph05|tohor_ at the concentration |evel o 0.001 nol % to
20" mol % FbI% Cand thepdivalepletransition sretal iensn M) semrriseed Tesst iope ropeilest
of . 0001afbd, hind idyi e JeRREBE frobd R AFUPEHBIAGHIEN1S,, 1 RS ORGnd M, f}&([m)
host crystal’ of the phosphor at a concentration |evel of fromabou

0. 01 rol RPMPSISHIRG lpest poe Frialant qation.and ey be selentrdriEam e groupsineludiogiBi Al CGie
host crygt 8, YO 2 bREGRNAS BRRS ridhleft nfetd] 50! A Birhiied LM Glineddentd %ﬂb&&cﬁéﬁned
0.10 nol % t 6 “dbout 5 °nol % 100311 In sone embodi nents, the first

| uni nescianbe coystak strusture gt fregpseabdion 1800 fom alpub 9P e toubout R0 mol%,

further %g?&%ﬁkg%dﬁfrx Ebnoui {)1.‘? nfd1%3b a r#%@%%%&'%ggﬁ(hz fd I@I& T Q"Ba BO 1cast

400 to a . I'n some enbodi nent's, t t source IS a

| i ght endretipmeplagted dromothe group dnstuditisdere Pr, N4, 8wy Ewi Gd, dbbopti Hies dirsTmyt ¥iw Lu,
devi ce fyrthe i 2+0RB+ Bk 3 B i b4 onal phosphors. In sone
enbodi men ’s],?l’ g?i%g%%ﬂl?gﬁaieﬁﬁg@pm é?ngl g fed | i ght when excited by a
| ight source. In certain enbodinents, the light emtting device
further conprises at |east a second phosphor having a formul a

sel ect edl0fFbmIn Hesrigip oembodisreniss tthey present invention is directed to a novel family of

Cal , Al x. %%%r s A Li-Xx+xy+z1' 12- x_xyCxy: A;

Mapt - x- 2 FSH‘W@%E}I“% %B%iea% X. XyCxy: A

1Sit-x+xy+zN2- x- xy-zwi 3Cxy0,,..",2H,: A, and

M 11) 1- x- zM DzW | Dx- xy-zSi i . X+xy+zN2- x- xy- 2w 3- vaCxyOwHAA; wher ei n
0<x<1, 0<y<1,60< MM} yBUDMAID10uliLey-Retszs28s 2 NengsbZiv: A/ 25w,

X-Xy-2w 3-v/ 354, and 0<x-xy-z<1l; MI1l) is at |east one divalent
cation; M) is at |east one nonoval ent cation; MIIIl) is at |east
one trival ent(6®at M{H} M MED11-ealkveRs aondlabeus-Hiton; and Ais a
| um nescence activator. In further enbodinents, the light emtting

device further conprises at |east two additional phosphors. 100321 In
cert ai n ehtig OrefiZs0< yHle ORigthe<xni §49<rig 08 uvl, eud $urtyhes 12 ovIDi comprises at
| east o | & I (o) i i J1 i

wavel ongeht Py AR salD SR My i BlecET i obo QAR 2R, M7 5o, o,
2011/ 142880 TRdUZR0 T8/ 0id8Edd diGdent i transiben metat iidned YD) aolnpgies @ deast ene

monovalent cation, and may be selected from the group including Li, Na, X, Rb, Cu, Ag and Au.
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[ 0037] As used herein, "dopant™ refers to an atomic or ionic species
that is doped in a host crystal. [0038] As used herein, "particle"
refers to WR2ZPHARHYHuUal crystal of phosphor. [0039] As P&IEF2HAPWIH,
"grain" refers to an aggl oneration, aggregation, polycrystalline or
pol ynor ph of phosphor particles, where the particles are not easily
separated as conpared to phosphor particles of a powder. [0040] As
used her &N dohPrit@Meaffone Hﬂ@fent Ea%x?raﬁd g%e@&gé 25m ik @'&Yp mcludmgB

appropriate form such as a phosphor ‘parti ,__a phosphor~g
phosphor Apdite 8k Seohdiiasd §domdstss isivelentyastaliienseld comprisens, Ieaetroru monovalent

conbi nat I S fers to
ooy sour 288, dhF R be sl iont e RS0 iR, CL BEIN R bffrsek TrfhRchie
of the preyater donedémthiegrystal siolcds atg mnttelntmtonl level fravniabout ®.081 eod%ltd kbodt

sen cond o ol i od aser de,
or a phodrae HRERHT A HBFE R Rk I hnBlLd bBE uiely M FEHGE Bk

t he presbnat lﬂfm/em oo iselecitrefrom ghet goupincirding (IehEr ide SeinN Eu,l G, ey, DINHG6 AP,
ei ther exgi d h r3+ r;e hty .£Xci te anot her
systemt;g&t%g’r mp?%ﬁb‘éemfﬁgf}ﬁ(ﬂ &t t %"Pbr t he phosphor
indirectly. [0042] Tenperatures described her ein for processes
involving a substantial gas phase are of the oven or other reaction

vessel i [#0tfledhisane enbddiménty, i preattimrhisonds Birécted tb QQ&ﬁﬂosth'(I)Q:ompnsmg
rtal chromaticity coordi nate

L;?Btes '(aS]&us %Jﬁﬁl?‘glg{l o’fft}ni?'wltl é&ﬁ&ﬁ%ﬁ‘gﬁeﬁ‘dg freip P Palid il 1I§)<?<17wﬁf‘e<i9

are wel | addn@vtﬁZ; M(IIbleoﬁpf&ses Gondasy ﬁieedivﬂ%t%'anb@%ﬁr@tdé ?n&fs aaldnhﬁﬁ?,fsence
e of n |de bl ack- bod radi a

source is the
r adi at esa‘t“n‘@‘ﬂt ﬁ’ﬁi‘%‘%f gEthe P%I?B‘Pf | lngame Swhpdmonty; h@ﬂercomn@ﬁs at
t enper at léﬁst@né Biveeht datid sehdofed froal e \ﬁfau?Qéﬂsﬁs%ﬂg SBAEGINL LD LL/H28446, Ni,

called c col,0 cool white ower col or tenperat’ureés
(2, 700- 319%6’6 i{ﬁdé‘fén%ﬁ#"eﬂnm&tmﬁ%%l} Iscomgrises P AT WRTetdifferent liygleny cations.

Thr oughomt céxthﬂa %ﬁ@@dlﬁkﬁt@t A0 Bomprk€ 18 RBndtBRhcD GciRE Lefechd! & mN§h|e| ou
and MI11), I\/g %‘{ at | east one nonoval ent cati on, I\/? at
| east on‘é’nﬂﬁw ‘grﬁe 0 iNdp S, EnSdy(Tiby Py He, Bxt TheXbit Lip Mn, B andSentln further

cation. diboglinks, Q!"'lstdép&f'iﬁ melheﬁ%r;s&t of th%%oeob%ﬂ %gjgoﬁcénl&gﬁoﬂé 1% from

given with res ECt to a particular fornul ecte

from t he2tgioBOL B1EP L0 ,ab@:t 30 % wiptivese MEH). Bhe el C@o"n chib be Rdjusth jn
and Cd; Mrtanemf l@@oﬁ%ltﬁﬁttﬁgringé’rﬁ& eegt@u@neﬁﬂS%ﬁt a@gdﬂtmtmostwfysmﬁf

Rb, Cu, Ag and Au; d M1 I's se omt consi's
of B, Althe ebosphcrr at sczonwntrttwndml cf from Ghas] 0.Fomokh & q:hswpmsmsmf m ﬁether

ex arrpl esen%ﬁﬁﬁén%e d ﬂQfoEétﬁm 8o B ﬁi@fphﬁggé}éi{ alfgzzen%t% %%m

agai nst the same I nter standard sanple &S

ot her wi s@outd).10 mel¥higiabeut Sarmd%sci entific terms used herein have the
sanme neani ng as commonly understood by one of ordinary skill in the
art to which this invention belongs. Al technical and scientific

ter s uslé@lohe de certairaerabadineendsa the pheaﬂiongf vdngpositisr @l) dotnprisesta firet ¢dtaline

that, a eq ' ed Ialms ul f orms

2 P 5 Bt b0 RRRE Y abeshi i P BoBb e B e o o
cI ear| y tdplmuatlestalcsmtenmlrsmme[dﬂfbéal}nehm :tttsepoeketsle thiaptht e4inOfirsPIIPIARMRY phase
conposi t o 8 mfﬁ:(anvt%melr tati o?q @} i wher.ei n_t he chem cal
formul a PAPEFRE ey 1R PRI Wikt similay cerdaipty. By some cgbadimspts
the for rthd: phdspliortcbﬁlmﬁﬂonﬁt Oingla dry@t@l-h@é tphasat Of &dithin dnibo@Rken@] fhe phosphor
i nstances in tt his. spemé\l catsﬁgl \é$‘ere structure of a ph sphor"s
host cry S FLfotcampriscany e g t]‘bP‘SEr)"“i't’é‘Q‘“tFBts’ the Phoselay gempLdse A
r ef er enqedsgatfine cﬁﬁfbﬂm@ ase dn@radebaid @PstalBid Sasdde RiCiohnfal én%df?ﬁentshﬁle first
Fi gures &%048 A GURES LA and. 1B dep| ct the XRD pattern of

phosphor BEtedhEn thodimblceaysal f&‘ft%tﬁepdlﬂl&ﬁfcotdee'p%hm@w s potslole
FI GURE 2Ays¢he By stdn® b&@iirdgdth Ispate GtRbP1qOY B) 1R dhef BhbodiRthes, tHeSHht Ehitaife
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[ 0062] FI GURE 15 depicts the thermal quenching profiles of the
phosphor conpositions of sanples 5.1, 3.5, and 5.6. [0063] FIGURE 16
depi ct s t hWOaRYiHPBo on profile (left curve) and em ssi FETES2UL/PIAH0
(right curve) of the phosphor conposition of sanple 5.9. [0064]

FI GURE 17 depicts the reflection spectrum of the phosphor conposition
of sanple 5.9. [0065] FIGURE 18 depicts the excitation profile (left

curve) a hosph

composi { P by Slcile SASRD blgh el st Sy Mind PEsE 15 B il gypeom
spect r unbadéngitgdo gprse pioop Pt OMp d3 which mapbe d@ifewheﬁ*tﬁn the flrQ@6/8kllink chise: 20
depi cts one enbodi ment of the light emtting device of the present

i nvention. [0068] FIGURE 21 depicts an enbodi nent of the |ight

em tti ngl0d&%}i de sahe emb,ochlnemarﬂte phosphnt conpositiod) 9 korp IR cB/gtalliep pEdss tHab
enbodi ment._of i ng devi.ce of he resen venti o

[0070) i GpREnr Sl el st DR e ot cehavRg Rt Bhine o el s deom
of the pateaehl.07indantaban 11[4@011&&&1&&& Iﬁfhn@@lb(.‘df&hé ﬁn@tk eﬂg;gtglsﬂs%m about
spectra a cur packaged wit
ohosphor ECERbaLrianL bt XEani il Foamske EGEhee g it Bmnp. 67 A

[0072] FHoGURE 82557 de pvithi chdheof kiesd RARSShOLaPeliaRferfs éaﬂea:g%ﬁae%ms of
Exarrp|e$ﬁ%1-19 ViQ 2011/ 142880PCT/ US2011/ 028140 [00731 FI GURE 2

depi ct s JRSLLS &R @ﬂ%‘&?ﬁ%’ ugit cqllparamaters qsfheé;eaﬁ@rs@l istfrommgheut Kii71 A

curve de@ibbst 111371 9akd ahiMeflipatiRidpdrdT thebitdst IhQallit 4B &H&\@@%&&Lb%ut
of the LED conbi ned wi th the phoSphor conposition

the spectru
descri be#’ ‘iﬂé&’&ﬁ%ﬂ witepsll prsamster @of thehast ?rp%t?leﬁﬁ?m@w 74767 Ade abauh7.967 A.

enbodi MeR Ghertet®oBinRAGMhe iy @1 pAHmES &"of“ﬁﬁtlﬁﬁ ! l
oxycar boni treirde %osphorg expr eis)sed bry () J??s 1{@&% abr"@ﬁér%ﬁﬁi“

6<a<8, sgutild.37] P dheunit cell gargmeterdpefithe lpﬂswéatdbs forg am&ﬁ%ﬁ to about 8.543
8. 5<b<124 Sandlfl& 6 ;@fdi'n s

di val ent caaqt i on, gﬁeél %?eéésoef%e%g?étdcr?@% rh&t’s11 e agcrigﬁlpg%? %ﬁ)aag ‘#1‘8’)%7 A l\/bn
Ca, Sr, ®her e@bodlwntSNhe mpacellmararr@tprawétfmm@trcrmam feam ahoutihks221%i Ao about

netal ions i r C |
Str ot ur D AR SRl IR o Bl 1 8L 830000 1] S CEAR A
20 nol % andrtbs upit pell/pargnasterabefithe bost crmstabast Iimmbhmut 7807 doic%boutel.2k7 Ae fmo

). h
MID. %ieaeobsmead ’\#aéﬁ?tthquﬁ’t &g@%ﬁ&?@%@;ﬁﬁ% ST hof Spd A Ao
Sb, pr ef aoubl1yB0ESR the Wi 3ell paFarBeter Brthfzthelmsdcmrﬁhs frqul) OBt} 8. meAeo about 8.453
h h t int
D1 or nat /e Bh P B oS 1 o AP 801 A 14 B A .
t he phosphors of th| S fam I y exhi bit an orthorhonbic crystalline
nmbodi nment s

h i i t
Phosphor 001 " 0 blaBh oty RO G er ool T TR mriseliporiner e
crystal lis laenqjina&arystal rsysmérinemhemifbodxe i cal) pérh@éta- ek Hese Sryesllis Bofn @out

second t i snJ t e a bel ce. group P1

Ty O oo L leBpPIR 420 B B WBR P barinsts Piok elnooebRRE s ot o8 B0 chte
to a novabbutr&mllér thd urdixgetl patatatet & bfithe hBRSPBAT § HRKPILBESESH2Y to about 8.062
(2)M11)7AL12" S| -y025- %ﬂ%&\sj@ Vg 2011/ 142880PCT/ 1182011/ 028140
wher ei n” g unibee i ter shpysis) is fpnnakayht degrses i abow 3t degiges; the
di val entympadi] %anféfég ermmet}ﬁ,sﬁ&yﬁﬁtl@ﬂo%ra% tt 1AL 0! HAURLB8na M
Ca, Sr, Ba, Cu, Cd an val ent trans |dn
metal i omé celApumptm ﬁdshcahdsuwstdss:ﬁmmabmﬁv wea;bout Vajegdes. rWitkie esch)os til
structur he co centr tlon | eyel .from ahout 001 nol % to about
20 ol %rgpg% ¥ fo praBannlleaeoom GriiieoRty °e§b°8{?f“°ie6 SHbIEY i SiCgmeps ofy
MI1). AgmEn Vﬂﬁluﬁ'thd rﬁ@ﬁ fop Iilﬁ1t B&Et ﬁdram&é}s aep, %ﬁ& ‘ﬁdhé lﬁlﬁtrﬂell fp@raﬂﬁ:@y@m 0 vary in
i ncl udi ng(FOe Pr Bi

Dy, Er ,
Sb, pr ef BFEBS tthOZJJ\{d cgssgme-pg@g_ uneg,tg,zthe %Hchnefqggpf]the host crystal is from
Conposi tabemalll e A keatRas! 1. Sy AL Ak bl @elf pRAHARCE 0P e MR i@ RofZbout
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phase bel onging to space group PI (No. 1). In other enbodinents, the
phosphors of this famly exhibit a high proportion of a triclinic
crystal | i n®¥O2RHgd288@¢| ongi ng to space group Pl (No. 1). POT/USYD1/028140
2011/ 142880PCT/ US2011/ 028140 ot her enbodi nents, these phosphors
exhibit a second crystalline phase that can be classified as either
an orthorhonbic crystal system or a triclinic crystal system [ 0080]
In cert ai t invent ..on dto vel
fam |y o?@ggﬁgggﬁﬁfé?é‘é p%osp o gmélftﬁlr' ‘éé’gfeﬁ h§ f m abouf 7.762' K 10

M1 1) 7M kbduy %862 4 the Gait selll@ararfietsriy ot th2hosatgstdl<y F¥m auuw 80 QegreésI6 Sk 91
| east ona di val ent cail on, and. may be sel ected fromthedjgr oup
[

i ncl udi nGCEEES; Mg, ungtace garang:aer oot thediostngrystpdis o1 almut A clearepseto about 91
di val ent déér&@sdnﬁ'tl%rhnﬁ@eﬁb Mtﬁé J)s &%Br | $6R abiut h@@) @Qﬁ degrees In
trivalent cation, and ese ecte romt e group 1nclading B, A

Ga, In, Sune embodan@mdtr@dlmt seltipagetheser a ofi thahcsncrysmvaﬁomcahmt 1A2¢D A0 abms
alumne d struc t the
oncant LETarK; B it BLibpardRRSh Wik R ShUAE Rlegk FGL AT, Rio Wi 8531 4

pr ef er abthg vhitoel pdoauttert: df theohds trpstdb@ﬂbmhﬁoumlm Artelaaﬁqtveén a; m&dmtéell
CAn R harn 88! o e TRl ol RERAEEGoL S0% fodt By b ﬁ%‘eﬁ' B uirh el
prefer abbam&u&*ﬁ oftBSHost drpstal.is ﬁ‘Qfﬁ'ﬁb@lﬁ g9 Mﬂgé'ees[tg)%u 9d ?déﬁée%‘adnﬂ the unit fcell

enbodi nents, the present invention is directed to a novel ly o
oxycar boPTeReters éb‘éhpsb%ﬁﬁihbﬁsm@kmt&§éd abgut 99. ﬂ)ﬂegrees In some embodxments

M 11) 7M fle |u}ul Zel EQ{- gly (g gtgthé hgﬁﬁ%%ls%qbdﬁ‘t g{]a’ﬁ& Q X n e 1522?/ .IF,etHF unit

O<x+y< 12, 0<8< rnses eas
cation, eﬁﬂdpmet@reb s>§ Itm:h@d cnfStatnwt fremgabolJItpS B3l Authi stpuB8A48MA,; thia miSiell

Ba, Cu, tr net al, 1 ons.,

M) cgﬂrr%}l %\tl!grecsg)%%l © ﬁeasc&jt Sﬁg%[ r % %‘gﬁ > gpout 23’35 éﬁ&‘eb"gmsg{l Qapmgter

f rom t heagf terhostnaystaliin o, absit, 89C§adegrefes tdSﬁbouWO Edegset; @, unandll phdamieter
i ions,. A co es. a | um pescence activator doped in

trival en t al
he. oryob 8T e Bpy EDBRLS Bomeropu D flepes BHPREILR et Hats o o) parmes
to about gﬂthAs%ryﬂﬁlqg ﬁBﬁm}Mlth?@% R0 Hdebrd®) fﬁ’ &eﬁéﬁ%ﬁbo&ﬁ,ﬁeﬂ@ e umt

relatlvetol\/( ). can be at |east one ion selected fr
i ncl udi nepll@aranpter ON‘I thcsmt cEystal (sd%onirﬁaoutijp 5 ddgreeiro, abTun 39 Phiegriees; trMmmt Icell

2011/ 1 4200 IR BT 5 o a3 80 S SR ot et ap e el

(4), O apdaiétaty@fthe®as dRtabisGiangnd: 383 (0 bRk Q@RS i N a ratio of
1.5 (oxygen) to 1 (nitrogen), or 38/ 2 (oxygen) to 8 (nitrogen). The
repl acenent of O with Nallows the Si atomto be coordinated with O

and N at@o®]i fMn \sefm BbSdhE@S thd bhdsphoP @biAp&EioRYl) fuRAMENRIprisdsRE of Bfdre
total nunber of the coordinated atoms does not remain co stant, as

i s repl addifionsl Noﬁﬂobgonbo?me @rpodiments; the phogphgr eommqsm@n frthen cemprises at
atom | niegy 684 phB%oP SfechM @Bﬁfth@&roﬁﬁ’%rﬁ‘sﬂ%t&d caLA d‘ e i0 o 61% b ény éf.,

remai n constant, he conposli tion can be expr esse

(4a) M | |W(I¥nyﬂz§u x+xyéﬂz=xfxyf§tﬁé-5 MI;)WM(&M@I)AW&G@&&&ZNW,&Mm M(ID); -
oxycar bom QoINPT SRR B EACHOR A BREMID LMD SRS 0 Vo
(5) M | 1)y E@»bgrﬁr,nyhezmn(ﬂxjxﬂsmy 92@25 089}, 2m<b5c+z@z xAxyze vEEwW, x-
0x<12, Reystnd<aak ol -zerﬁ&%)st £ 58 onf AL R5PR %%Q@r ffgagt' S

at | east "one dival ent cat e se ect ed
i ncl udi ngoRealeitsatiada M(BD),is Bd¢asQme nﬁi@lent\banol?,di zsbhlea@@nan:dn@.tahﬁramon and

di val ent 5 % ﬂﬁnﬁ&e&&ﬂc r%ﬁ@tor' ons. M) conprises at |east one
[ ma

nonoval en on be sel ected fromthe group including Li,
Na, K, Rb, Cu, Ag and Au. MII1I1) conprises at |east one trlval ent

catlon seI ted fromthe arou J nc) udi
Sc, @mﬁig‘? ﬂderg[f ofapents, |t6]?ilpé??f’ mEV SO oY s‘Sil %é onFl ‘§’é‘§’°§“°n @
comprising a phosphor having the formula M(II)7Al12.x ySix+yOas.xNyCy:A, wherein: 0<x< 12,
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[0088] In certain enbodi nents, the second illum nant conprises at

| east one additional phosphor. The additional phosphor or phosphors
can, for eXBAPIE4288%it |ight having a peak in wavel engtfTf 0381 ¢m
about 480 nmto about 660 urn, preferably fromabout 500 nmto about
650 nm and nore preferably from about 520 urn to about 640 nm
[0089] In the phosphor conpositions of the present invention,

| umi nesceaﬁe;,ancdddxasfgnz;/%daﬁ@oxlhﬁﬁéé@mehsi Jhetdh%lenpcl,saFiorﬁraﬂétﬁl OfonipifRes
y

phosphor _either substitutiaona or interstitially at a concentrati on
| evel fr YIRIBESEERCce BCtBtT Aonedqin thepptel strutine- odnr Gertain jcpbodimenth Vi{IBreamprises
mol % Of  tiBast 65dRGAldnY Batfbh VAL&EY fr % L GRS Cal -
enbodi nent sas Ais (;lpeat in the cd?gg}ea t%%%?gfl%’?ﬁ?%g%ﬁ‘o%ﬁ% cgtNlé\
concent r Bt & a1 GR1 It som ethodimentsOM(Hitostptisesgwaloo morerdiffetatdielant catiens.
to the t@f flhbPlIBAimdiRe adl j : ot her
enbodi ments, A is dor%egk’eftnéot (ggg%%/%?rg?é}gé@%g%hﬁ%rg’%‘is%gl%%ﬁ%grﬁﬁ'& © 8B
concent r sQusting ef/S¢, Fry Nen St din, (3l, @6, Byl N6, t, Trbo\b, 151, v, Biy aidsbi Vie sbae
the tota -0 e d] t al ent . cations. [0090] In
certain éﬂgayé?{ %lnée}l;'itﬁ'grL %%%ﬁp@?gggmﬁswggsepglﬁsé’hgr(ﬁtélc PEERfraon Kygl of 0.001
co- act i vaweth trd) npd%srelages edvI{onThebmol%of Al danribe edjusted irf feregenty pf .0001

i ncl udi ng,; Cc, .. Pr , Eu . Jb, . Ho, .Er, Tm .Yb,. lLu, , Bi,
b, pr ef Sy iz’ 1p35he Sitpodnension i Hopelin e Honeagd A phosphior o &
i ncl udi nepriceritmtjem lexeli afffom #houtD.01 Biol%nel about Th ol?oN &e Airthart dntbddinene] AGS
the co-agtiyvatqgr ,can be fr.om agboyt 0.001% to _abput %relative to
Lhe act | GO e et o SEoNSeehoL b I esaorb Y8 58 1o fhogipd e o
enbodi neatost 5 tholephosphor conpositions of the present invention
conprise at | east one crystalline phase which is a triclinic crystal
system bel ongi ng to space group P1 (No. 1), an orthorhonbic crystal
system [@02Hndhbeihe efnb6diments, Hé Yhdsphor Y ThBPdsitlon (2PEJmPrReseTBYSAITRO bifase

t he phosphor conpositions of the present invention conprise at |east
two diff @‘f"‘e‘ﬁfﬁ%‘g{})‘&%}’ﬁtﬁ? Aestesh belenging o space group ShRerd )1 By somgi erpodignents, the

tricli ni phosphos cardsistydFio i awgqm@yﬁauﬁ@%}ﬁwqﬁ_caf&vanfohﬁﬁm, tht)pho&or does

ort horhonmbi c cryst al systen} and another triclinic s%:stem I'n Certain
enbodi neft&omprise;agy giheiqrpitallingphase, Ip pthex emhodimentsnths ehesakorisemprises at least

cl assi fi gdir@scradtdlings piosd Rad RosHBb R Bysthllih€ bhddb.C W deftaidl Bodments, the first
certai nt$/. 00921 In certain enbodi frents, "t he phosphor conpositions’
of the pfregeHeep £ eRhorembia rrystak syptemand hegeesnd erystalling phase isvagriclinic

em ssi On%rgﬂil%ﬂﬁéﬁﬂbel;%ﬁgiﬁgwfgléﬁ %'g@pSPP{N&Q)._Zﬁlo&her_leﬂlbgﬁigﬁﬁts,qg?ﬁg% B8

t he phosphor conpgsitions of t resent”invention maintain a
85% of tPhas israeitiglinig ervsta] sistepnandnthe aesord, crystallingyplasaiisug tislivip crystaP 5BEm
In ot herweksanfi 9RR1CE grduB P1RNGS POk AR :
i nvention maintaj g&catgr_l gasﬂ%o%?"}?ﬁ[é??é?e eg%ﬁ?\t}lgﬁéﬂﬁlh%go%ﬁ&@n eeprlllg?et {/n
at t enpeiosmeusakodipentyy ip Bomssible ferthaissme hyodllime rphase tohlee plasifedoss either

conmposi t ifshoRbid FEiAESHR sib iS40 meintain at | east 70% of their

relative emssion intensity at tenperatures up to 200C. In certain
enbodi ments, the phosphor conpositions of the present invention

mai nt ai I 9 . LT jve enissiop.intensity at ..
Cenper adr2) 8 Sbadipghoamaiy nt BhabhdoRb it P BhRie e Maine phase
conposi tthynis aofriclitie cprstab eystem helenging o spce gadup PAt Noeakt withdin aie thietdll
relativ i SSionq.ntensjty. t r t C. In_further
erbodi morera et UeHoS sl ook FERER SO KT s Racin s paremere
mai nt ai rb off the bes tryd@Pis dfort dt@ut 2DOAY A€o sHouETHOIY Athe Bt tall fatameter ¢ of the
t enper at,ur es 10 150C, .1 her, e i,nents, .th hosphor
conposi {0 ﬁ?ysg#i 1% ﬁ%m %Poélg gﬂ?zﬁo‘%%?ﬁcﬁugﬁgﬁéxt@? W‘tafleﬁ P@&@Ft@g‘s%tbﬁ hogty¢gstel
rel ati vds £t $iSuoss defrbe MSdbbit 92 edr@RE MR BfitWeR ?alﬁﬁett‘zl% 13k host B34 frdr about
t he phosphor particles of

certain odi nents,_the nedi diameter o )
the pr essg Eggrie‘ﬁ\f‘é%iof‘tosr? ‘Qﬁﬁ“b@dsﬂ%ﬁmh (Raramefes v 0 dher hostoerstal i fram about 72
degrees to about 79 degrees. Within each of the ranges for unit cell parameters a, b, and c, the
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(a) Cal _xAl x_xySii-x+xylli_x_wCxy:A; (b)

Cai - x-zNazM HI ) x_xy-zSit.x+. 5H zN2_x_xyCxy: A; (c) MII)

- X- z1V1( DAUOORIYAY288%] - x+xy+zN2. x. xyCxy: A; (d) PCT/US2011/028140
WALL, O, y-rzN2- x- xy-2w 3CxyOw w2Hv: A; and (e) MOD

i -Xx-a(DzMai px-xy-zSit-x+xy+242-x-xyzwi -vaCxyo,,, B, : A; wherein:

O<x<1, O<y<l, O0< z<1, 05 v<1, 0O<wkl, x+z<1l, x>xy+z, v/ 25w,

X- Xy- 2w afﬂ[i’? < < d| 4

cation; i é at eg%? %neﬁlnorr?g{}/% g?]to bo?:laﬁv %ﬂngﬂf‘}( Ff%ll?f TS cgr%amfleters
one trival @,mmd(z,ethe ot ceH pammater Iczea&lry mnecrementy/afl (0. amt:@mn enitddifnens, the
| um nescen ctl v tor

1/,142880PCT/ \J 81 0 1 L n
the case ?ﬁ%ﬁl Ii”?ﬂﬂ‘el fﬁi’ﬁ%@ﬁﬁ Eld Ry P’Hr?s()%i?é\ %ngrgyﬂl?ém‘t cell
advant ag paauaettemafthhﬁowwyﬁmpk ﬁoﬂhﬁ&ﬂ O3 8 Angs @duk 7.9039 ﬁr e SHBREREhetR

each matri n i n that t hese trices can be dlsposed back
oG 1 or't oF Ieet TR S BB aBoRT AT o odBpHt 72 e isppit Qo @amaeie & of e
concent r adst @kt i%fh-obﬁbditﬁ dﬂ&é@ﬂeﬁ@ BivRl Bdiepbds thé ﬁtﬁt &ﬁ%ﬁra&i&é& Pme host crystaI is

di fferent phosphor conpositions are dispersed m xed

1001071 A8 2pub8drerepsio abaut flepreeshnd theombbceilunﬁ%tfr ¥ Af sh@chs@ qwstad fefrom
speci fi Ca‘tﬁﬂb@tﬂﬂé’@éﬁsio htbut e aéRdes OM ﬂé?taﬁ?(éiﬁ%ldﬁrfents"‘ﬁb%ﬂlt %El? pdrAh &RALHF the

onl y as exerrpl ary | ustrations, of I nvention. |ndeed Val’l ous

nodi fi cah9ssE/s@l 1Stﬂff§n|ah%ﬂtqséh Atp éhﬂ}t 7iloH Aothetiwisecel petametend of the host
descri begyherig 'ﬁGmV!bult '/bﬁﬁ@ @Pto%@ﬁfm%t 0 tﬁehﬁﬁ%el? éé.ljérhﬁgr % o tfl@ﬁos?‘&tystgﬂg

are intended to fall thin the scope o
Exanpl esfpmabata43238 Aaﬁ@bimfdc@?r% és tf[ﬂ(}mﬂ(}s!ll pﬁgmetat ¢ oftheigst ceBtaUE $romiabedl

Lo S, RISk PR oLt T PR R T o o
s.h 02, ls: 81441érdagraaz@sbme$4eﬂmdm¢é i and threeunitees lgnstheteaty afshspz’mpm:auis. from
t

e fol | gy %}éﬂgil ?OO Sto abGfE 76594 %B’ es. | p%}grpedpeﬂjlb}ﬂg’l eﬁtg %Q Xmg‘i‘; 1 Efmi}mg}er

mlling or gri r prol onge iron,
wet i || oftheThvst gustalds fipmoeboiixd8.9 degrexs toialiumd Sﬁﬂdlegbésvﬁfé unétiud]] tph@meter

| oaded i rin u bsequent | m xture s fired at
1300 - gﬁgﬂ‘&lhf’% P%éta{ 13%2“}?2’8‘@% 5n‘ia %?“‘ rgggfi‘&gfﬁﬁ & PHigel pagmgter
form ng Pasthé NALE9a1q8 R abdut 35 hlt@&bohfﬂ‘f@ﬁ&e@ééﬁe furnace. After the
firing, the product powder was cool ed down to roomtenperature and

ground and sieved. Exanple 1: The preparation of phosphors

conposi t [Oﬂﬂﬁ ah cg% J:rﬂbc{dﬂen&so%%% hék &F’F’&é&%‘&%%‘l’“%é%g%%g‘e additional

phosphor conpositions of fam |
denonst r Bosehorsyh &t s9me R‘Elb(PC)lmﬁ@S,She cmnpcglteaszmeawdmﬁn@mthaa one phosphor

8. 5<b<12 4ges enpl ar y-pr
wer e conf:lel;%g%eéd by]t% g%ﬁg%ﬁémn? Xt ure g‘% I’” ’T"Erk?ﬁ‘ﬁ% A% é?%ra%@h?"ﬁ”t He
ge5| ﬁnedx+iy&N2-okaytl’s.t éd(r?)r-k VH DN )T - xph@bph@?y :8D rifyzi(IQ:3 4 MBsMIRai.488d
y this proges t ar of gxycapbonitride N
expr esse’g"ybﬁe ’3%15{@ O éré %?CE E’ﬁg})‘_’tiﬂ I%P/f;ﬁg So‘t’ﬁ’%”z fﬁ?fﬁ”ﬁ@ea%ﬂﬁ’t\s
; gtl 1; 22 t2 Whﬁrrﬂn'rhibﬂa OEWFHEzﬁhdlﬂvarOM’rpwa; mmbct/%medx;amels -W¥2, and
o eeni S rOSoPr ot o gy Bt AR oA aRleft Al A3aPRURRS ot fnfgpent pgon: Mam
resul t ans apﬂmsq)dmrmcdﬂpaaiidd; dh& atrleastbscombhn@iiedt anion] ahd @sis| sAAlugditksdeBee

Not e t hat S%E?| es 1.1a and 1.1b are created with the sanme starting

mat eri al %Ct that sanple 1.1b was subjected to | ong-tine annealing

as further described bel ow. Table 1A The amount of starting

mat eri al rans scence erty, es f the resultant
phosphor [nglrp(;’g f’?%gma@% %«Q?ee"fim 1 ‘%ﬁﬂ&b‘s @l QeeEMgetion3 4, 4a, 5,
. Lum ness 6 GaIdaipasing b bEdshldt havdfif a fdidula selected from the group consisting of:

(@  M{ID;M(IID125ySixeyO25.4NyyCyi A, wherein 0<x< 12, 0<x-+y< 12, and 0<y<x;
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SIC Si02 Si3Nd Eu203 QE, % Atm run FWHM nm 1. 1la 2. 2762 0. 0676

0. 4556 0.5910 0.0544 45.6 537 103 1.2 2.2762 0.0450 0.4387 0.7091
0. 0544 53.WO03811/131380 Tabl e 1B. The anopunt of starting PeTAISPEN/E23(40n
grans) and |um nescence properties of the resultant phosphor
conpositions of Exanple 1 with long-tinme annealing. Sanple ID
SraSi bOGcNaCer Eu2+ Lum nescence Characteristics

®  MU)MII)i2x,SixtyOrsx232Nx 7 5yCyA, Wherein 0<x<12, 0< y<x, O<x+y< 12,
0<8< 3, and d<x+y;
(©) MIDMID)12x-ySixeyOrs.xesnNx 7 5CyusriA, Wherein 0<x<12, 0< y<x, 0<x+y<
12, 0<d< 3, and 8<x+y;
(@)  MAD,MOMIID)12.0y.oS1xty+2025.02352Nx = 52.C:A, wherein 0<x<12, 05 y<x,
0<z<x, O<x+yt+z< 12, z<x+8, and 0<8< 3;
®  MUIDryMO)MID)12x.y-2Shety+2025.2082Nx 3 5:2Core2: A, Wherein 0<x<12, 0< y<x,
0<z<x, 0<x+y+z< 12, z<x+8, and 0<6< 3;
) M{ID7yM(DyMII1)12 5.y Sixry+:02550382-2Nx = 5:CHy:A, wherein 0<x<12, 0<
y<l1, 0<z<x, z<x+3§, 0<8< 3, 0< v<l, and O<x+y+z< 12; and
(8) MDD yMOyM(ID) 2 yzSixey+2025 xa82v2Nx 7 5.:Cas0Hy: A, wherein 0<x<12, 0<
y<1, 0<z<x, z<x+§, 0<3d< 3, 0< v<I, and O<x+y+z< 12;

wherein:
M(IT) comprises at least one divalent cation;
M(I) comprises at least one monovalent cation;
M(III) comprises at least one trivalent cation;
H comprises at least one monovalent anion; and

A comprises a luminescence activator doped in the crystal structure.

[0025] In certain embodiments of the composition (3, 4, 4a, 5, 5a, 6, or 6a), M(I) comprises at
least one divalent cation selected from the group consisting of Be, Mg, Ca, Sr, Ba, Cu, Co, Ni,
Pd, Zn, and Cd; M(II) comprises at least one trivalent cation selected from the group consisting
of B, Al, Ga, In, Sc, Y, La and Gd; M(I) comprises at least one monovalent cation selected from
the group consisting of Li, Na, K, Rb, Cu, Ag and Au; and H comprises at least one monovalent
anion selected from the group consisting of F, Cl, Br and I. In some embodiments, A comprises
at least one luminescence activator selected from the group consisting of Ce, Pr, Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, and Sb. In further embodiments, A is doped in the host
crystal of the phosphor at the concentration level of 0.001 mol% to 20 mol% relative to M(II)
and M(I). The mol% of A can be adjusted in increments of .0001 within this range. In some
embodiments, A is doped in the host crystal of the phosphor at a concentration level of from
about 0.01 mol% to about 10 mol%. In further embodiments, A is doped in the host crystal of

the phosphor at a concentration level of from about 0.10 mol% to about 5 mol%.
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n_ine, 3D-A. 13 . SIC S102 SI3N4 Eu203 QE, % Xem DM FWHM nm 1. 1b
2.2762 0.0676 0.4556 0.5910 0.0544 94 540 77 100110] The phosphor
mat eri al s WEZBLIEHZBBACt eri zed by X-ray powder diffracti GET{USRD)028THe
XRD pattern shows that this phosphor may be in one crystalline phase
or anot her depending on the heating conditions. The representative
XRD patterns for sanples 1.1a and 1.1b are shown in Figure IA and
Figure 1B, respectively. The XRD pattern shown in Figure |A indicates
that the sanple 1.1a contains mainly one crystalline phase which can
be i ndex¥26lo kisoine embndiowetts,ché plivisplor (c:SﬁRldﬁthllRE 4, Ha, &% 58 & 6 @d)lc&hﬁnses a

t al TR d 1 The, obser,v ra owder _di f f tion
G o 7o YRR bRl B b ol SRRE beiRertads Ypabe oy I gL dpspe
for the SHRMHLIRE the ﬂmdpkﬁi&ﬂﬁg@%ohlbla&i@ésamnﬂdyﬂgsi Mn I&fﬂnfém?(ﬁlt?é)ﬁs
2C. Wth,I t neal i an additi ona ime o
about 9- E’f%ﬁgi?ﬁ'%r 03 o fg%ﬁb% nl%iem?*gse F%lgafm bgimentsyfhephosphor
transf or Emﬂpr[sﬂi at dent hefirst rdry‘dtdllliheC phRasRd ( £ T8bdad URtdiline pﬁés@nglﬂwcwm@

snal | am)u of st ium sSi e phase, as shown in Figure 1B.
observed® “aﬁﬂt%x QE{‘F\BTI rrystall a}ﬁ’é? arén ortbothembie zystet pygterramd | the seﬁoed

sumar i zedstellind phaseSs 3Aqansk &Bstal syIl@&' l%lc%@m ThQpRRBSEEMCEL (NJ.8Y. In other
diffraction data of sanple 13‘?5 f \%I f) 12.972°6.8194 1.9
13. 750 embodiments, the first crystalline phase i 1s a triclinic crystal system and the second crystalline

phase is a triclinic crystal system belonging to space group P1 (No. 1) that may be different from
the first crystalline phase. In some embodiments, it is possible for the same crystalline phase to

be classified as either orthorhombic or triclinic with similar certainty,

[0027] In certain embodiments, the phosphor composition (3, 4, 4a, 5, 5a, 6, or 6a) further
comprises one or more additional phosphors. In some embodiments, the composition further
comprises at least one phosphor selected from the group consisting of: CayxAlyxySitxixyNax.
»yCayrA; Cax NaM(H Dy Si1xrey+2NoxeryCry As MUID 1 oMM sny-2Sit-xtnys2Noxy Cryi A
M(ID 1. MMMy y.5S Lxtays 2Nz g 203 CoyOuszElyiA;  and MU MD MU
xbxy+zN2-x-xy-2wi-viiCryOuHyvi A; wherein 0<x<1, 0<y<l, 0< z<I, 0< v<1, O<w<lI, x+z<1,- X>xytz,
V/2Sw, x-xy-2w/3-v/3<2, and O<x-xy-z<1; M(II) is at least one divalent cation; M(I) is at least
one monovalent cation; M(III) is at least one trivalent cation; H is at least one monovalent anion;

and A is a luminescence activator.

[0028] In certain embodiments, the present invention is directed to a composition comprising a
phosphor that comprises at least one carbon atom; at least one divalent cation M(II); at least one
oxygen atom; and at least one nitrogen atom; wherein the phosphor comprises a first crystalline
phase that is either an orthorhombic crystal system or a triclinic crystal system. In some
embodiments, M(II) comprises at least one divalent cation selected from the group consisting of
Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, and Cd. In some embodiments, the phosphor further
comprises a luminescence activator A doped in the host crystal of the phosphor at the
concentration level of 0.001 mol% to 20 mol% relative to M(II). The mol% of A can be adjusted
in increments of .0001 within this range. In some embodiments, A is doped in the host crystal of
the phosphor at a concentration level of from about 0.01 mol% to about 10 mol%. In further
-12-



6.4348 1.2 17.316 5.1171 0.9 18.990 4.6696 3.9 21.072 4.2127 9.9
24.208 3.6735 1.9 25.290 3.5187 15.3 26.210 3.3973 47.3 27.669 3.2213
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embodiments, A is doped in the host crystal of the phosphor at a concentration level of from
about 0.10 mol% to about 5 mol%. In further embodiments, the phosphor further comprises at
least a second crystalline phase. In some embodiments, the second crystalline phase is a triclinic
crystal system belonging to space group P1 (No.1). In certain embodiments, the phosphor emits
light in a single emission spectrum from about 400 nm to about 650 nm when excited by a light

source.

[0029] In certain embodiments, the present invention is directed to a light emitting device
comprising: a light source emitting a first luminescence spectrum; and a phosphor composition,
which, when imadiated with light from the light source, emits light having a second
luminescence spectrum; wherein the phosphor composition comprises at least one phosphor
selected from the group consisting of:

(a) M(ID.Si,0:N4C.: A, wherein 6<a<8, 8<b<14, 13<c<17, 5<d<9, 0<e<2;

(b) M(ID7ALiz xySix+yO25.Nx.yCy: A, wherein 0<x< 12, 0<y<x, and 0<x+y<12;

©) M(IDM(IID)12 -y SixeyO25.4NxyCy: A, wherein 0<x< 12, 0<x+y< 12, and O<y<x;

@  MIDMAI)i2.x.ySix+yO25.54352Nx 7 55Cy: A, wherein 0<x<12, 0< y<x, O<x+y< 12,

0<8< 3, and d<x+y;

(6)  MIDyM(IID12xySixyO25 80Ny 7 5yCyesaiA, Wherein 0<x<12, 0< y<x, 0<x+y<

12, 0<6< 3, and d<x+y;

(H) MID7yM(DyM{IID12.x.y2Sixsy+2025-x6352Nx ¥ 5.Co:A, wherein 0<x<12, 0< y<x,

0<z<x, 0<x+y+z< 12, z<x+§, and 0<8< 3;

(8}  MIDryMMMIID 12 5y-28ixeyrOosxesaNy 5 5-.CosariA, Wherein 0<x<12, 0< y<x,

O<z<x, O<x+y+z< 12, z<x+5, and 0<5< 3;

) MIDryM@DyMIID12.5y28ixsy+:025.x382v2Nx 7 52CHy:A, wherein 0<x<12, 0<

y<l, 0<z<X, z<x+9, 0<8< 3, 0< v<|, and O<x+y+z< 12; and

® MID7yM(DyMIID) 1.1y Sixsy+:O25.xe52-v2Nx % 5.:CrsssHy: A, wherein 0<x<12, 0<

y<1, 0<z<x, z<x+8, 0<8< 3, 0< v<l, and O<x+y+z< 12;
wherein;

M(II) comprises at least one divalent cation;

M(I) comprises at least one monovalent cation;

M(III) comprises at least one trivalent cation;

H comprises at least one monovalent anion; and
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32.130 2.7836 21.4 34.709 2.5824 8.3 35.872 2.5014 13.4 39.450 2.2823
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A comprises a luminescence activator doped in the crystal structure.

[0030] In certain embodiments of the light emitting device, M(I[) comprises at least one
divalent cation selected from the group consisting of Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, and
Cd; M(I) comprises at least one monovalent cation selected from the group consisting of Li, Na,
K, Rb, Cu, Ag and Au; M(II) comprises at least one trivalent cation selected from the group
consisting of B, Al, Ga, In, Sc, Y, La and Gd; H comprises at least one anion selected from the
group consisting of F, Cl, Br and I; and A comprises at least one luminescence activtor selected
from the group consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, and
Sb. In some embodiments, A is doped in the host crystal of the phosphor at the concentration
level of 0.001 mol% to 20 mol% relative to M(II). The mol% of A can be adjusted in increments
of .0001 within this range. In some embodiments, A is doped in the host crystal of the phosphor
at a concentration level of from about 0.01 mol% to about 10 mol%. In further embodiments, A
is doped in the host crystal of the phosphor at a concentration level of from about 0.10 mol% to

about 5 mol%.

[0031] In some embodiments, the first luminescence spectrum is from about 300 nm to about
600 nm. In further embodiments, the first luminescence spectrum is from about 400 to about 550
nm. In some embodiments, the light source is a light emitting diode or a laser diode. In certain
embodiments, the device further comprises one or more additional phosphors. In some
embodiments, an additional phosphor emits red light when excited by a light source. In certain
embodiments, the light emitting device further comprises at least a second phosphor having a
formula selected from the group consisting of CapxAlxxyS-xtxyN2xxyCuy A; CaloxzNaM(IIT), .
2 aernprzN2eyCuyt A M x2MD M xy2Si 1yt aN2oxsyCrytA;- MID e MD)M(IIT), -
SttaytN2-xny-2w3CoyOweHyi A; and M(ID1:M(DM(ITDx.xy-zSi1xtxy+2N2oxoxy-2wi3-w3CayOuHy: A;
wherein 0<x<l, 0<y<1, 0< z<1, 0< v<1, O0<w<1, x+z<I, X>Xy+Z, v/2<W, X-Xy-2w/3-v/3<2, and
0<x-xy-z<l; M(II) is at least one divalent cation; M(J) is at least one monovalent cation; M(III)
is at least one trivalent cation; H is at least one monovalent anion; and A is a luminescence
activator. In further embodiments, the light emitting device further comprises at least two

additional phosphors.

[0032]) In certain embodiments, the light emitting device further comprises at least one
additional phosphor that emits light having a peak in wavelength range from about 480 to about
-14-



2.7 48.150 1.8883 3.7 49.029 1.8565 2.7 49.590 1.8368 2.7 50.308
1.8122 3.4 51.230 1.7818 3.4 51.631 1.7689 3.5 52.310 1.7475 7.3
53.390 1. 7%02011/1928801. 210 1. 6907 4.8 54.551 1.6809 7.2 FEYIBR011/028140

660 nm when excited by a light source. In some embodiments, the device further comprise at
least one additional phosphor that emits light having a peak in wavelength range from about 520
to about 640 nm when excited by a light source. In some embodiments, the device emits white
light. In certain embodiments, the device emits cool white light. In other embodiments, the
device emits warm white light. In further embodiments, the device emits green light having a
wavelength value from about 430 nm to about 600 nm. In other embodiments, the device emits
light having a wavelength value from about 500 nm to about 590 nm. In still other
embodiments, the device emits light having a wavelength value from about 380 nm to about 750
nm. In further embodiments, the device emits light having a wavelength value from about 400

nm to about 700 nm.

[0033] In certain embodiments, the device further comprises at least one phosphor selected
from the group consisting of Cay.SrS:Eu®* (05 x< 1), 3.5MgO+0.5MgF,*GeOy:Mn*,
Y20,8:Bu™, M,SisNg:Eu”* (M=Ca, Sr, Ba), MAISiN3:Eu®* (M=Ca, Sr), Y2SiiNeC:Eu,
CaSiNzEu™, Ca15Sr,Ga;S4:Bu?" (0< X< 1), CayrycMe,S1,Ba,8i04Bu* (0< x< 1, 0< y< 1, 0<
z< 1, x+y+z< 1), BaMpAloOi7:Eu™ Mn™, MYSigNy:Eu?* (M=Ca, Sr, Ba), B-sialon:Eu?",
MSi,0;NzEu”* (M=Ca, Sr, Ba), Ba;SicOiNy:Eu, MSisNg:Ce™ (M=Ca, Sr, Ba),
Y,SisNeC:Ce™, o-sialon: Yb™", (MSiOs)me(SiOz),:Eu®*, X (M=Mg, Ca, St, Ba; X=F, C), Br, I m
is 1 or 0, and either (i) n > 3 if m=1 or (ii) n=1 if m=0), MALO4Euw*" (M=Mg, Ca, Sr),
BaMgAl;007:Eu*, Y3Al15015:Ce® (cerium-doped garnet type phosphor), and a-sialon:Eu?*.

Definitions

[0034]  As used herein, *“activator” refers to the atomic or ionic species that emits light with the
support of the host crystal. The activator may be doped in the host crystal in a very small
amount, as further described herein. The activator can comprise a single element, such as, for
example and without limitation, Eu®*, or can comprise multiple elements (i.e. co-activators),
such as, for example and without limitation, a combination of two or more of Eu?*, Ce**, Tb*,
Yb** and Mn®".

[0035] As used herein, a “phosphor composition” refers to a composition comprising a

phosphor having the ratio of atoms specified for the particular phosphor. It may or may not be
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1.6167 4.9 57.030 1.6136 5.2 57.350 1.6053 8.1 58.250 1.5826 4.9
59.111 1.5616 1.0 59.711 1.5473 2.9 62. 191 1.4915 5.1 62. 330 1.4885
4.9 62.852W0.2012042880 4 63. 791 1.4579 1.4 65.130 1.4311 PC3/US2011/028140

stoichiometric proportions. Impurities and one or more crystalline phases may be present in the

composition.
[0036] As used herein, "co-activator" refers to an additional activator in the same host crystal,

[0037] As used herein, "dopant” refers to an atomic or ionic species that is doped in a host

crystal.
[0038]  As used herein, “particle” refers to an individual crystal of phosphor.

[0039] As used herein, “grain” refers to an agglomeration, aggregation, polycrystalline or
polymorph of phosphor particles, where the particles are not easily separated as compared to
phosphor particles of a powder.

[0040] As used herein, the term "phosphor” refers to a phosphor in any appropriate form, such
as a phosphor particle, a phosphor grain, or phosphor powder comprised of phosphor particles,

grains, or a combination thereof,

[0041] As used herein, “light source” refers to any source of light capable of exciting or
irradiating the phosphors of the present invention, including without limitation a Group III-V
semiconductor quantum well-based light emitting diode, a laser diode, or a phosphor other than
the phosphor of a light emitting device of the present invention. The light source of the present
invention can either excite/irradiate the phosphor directly, or excite another system to thereby

provide the excitation energy for the phosphor indirectly.

[0042] Temperatures described herein for processes involving a substantial gas phase are of the

oven or other reaction vessel in question, not of the reactants per se.

[0043] “White light,” as used herein, is light of certain chromaticity coordinate values (eg.,
Commission Internationale de ’Eclairage (CIE)), which are well-known in the art. Correlated
color temperature of a light source is the temperature of an ideal black-body radiator that radiates
light of comparable hue to that light source. Higher color temperatures (5,000 K or more) are
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65.249 1.4288 1.7 67.689 1.3831 2.1 70.991 1.3266 2.8 71.149 1.3241
2.8 71.949 1.3113 3.6 73.551 1.2867 1.8 73.749 1.2837 2.7 75.708

1. 2553 1.5Wpa0mn428380 2488 2.1 WO 2011/ 142880PCT/ US2011/rG28/54@1/1s8ibioe
2B. Crystal unit cell paranmeters of sanple 1.1a indexed to an

ort horhonbi c crystal system (STRUCTURE 0. Crystal system
Othorhonbic Lattice Paraneters: a = 11.271 A, b= 8.443 A, ¢ = 7.867
A Uni t Cgahlled \clt())oll %gf(a)rs_(oz ﬁl080'0P\ifihf?‘g‘); lower color temperatures (2,700-3,000 K) are called warm

colors (or "warm white"),

[0044] Throughout the specification, reference may be made to M(I), M(II), and M(III), where
M(I) is at least one monovalent cation, M(II) is at least one divalent cation, and M(IIL) is at least
one trivalent cation. In addition to any values for these variables that may be given with respect
to a particular formulation, M(II) may be selected from the group consisting of Be, Mg, Ca, Sr,
Ba, Cu, Co, Nj, Pd, Zn, and Cd; M(I) may be selected from the group consisting of Li, Na, K,
Rb, Cu, Ag and Au; and M(I1I) is selected from the group consisting of B, Al, Ga, In, Sc, Y, La
and Gd.

[0045] For the purposes of the examples described herein, the quantum efficiency (QE) was

measured against the same internal standard sample.

[0046] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. All technical and scientific terms used herein have the same meaning when used. It
must be noted that, as used herein and in the appended claims, the singular forms “a”, “and”, and

“the” include plural references unless the context clearly dictates otherwise.

[0047] In the description of phosphor compositions, a conventional notation is used, wherein
the chemical formula for the host crystal is given first, followed by a colon and the formula for
the activator and co-activator(s). In certain instances in this specification where the structure of a
phosphor’s host crystal is discussed, the activator(s) may not be included when referencing the

phosphor's formulation.

Brief Description of the Figures

[0048] FIGURES 1A and 1B depict the XRD pattern of the phosphor compositions of

samples 1.1a and 1.1b, respectively.

[0049] FIGURE 2A depicts excitation (left curve) and emission (right curve) spectra of sample
1.1a. FIGURE 2B depicts the emission spectrum of sample 1.1b.
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Table 2C. Crystal unit cell paraneters of sanple 1.1la indexed to a
triclinic crystal system (STRUCTURE I1). Crystal system Triclinic
(P1) LattiwezPHna®8ders a = 11.249 A Db=8.431 A c = 7.PEOASA1a/028140
90.00 p = 89.89 y = 89.81 Unit cell volune = 765 A3 Table 3A. The
observed X-ray powder diffraction data of sanple 1.1b indexed to a
triclinic crystal system (STRUCTURE I11). 20 d (A "10 (9% (hkl)
12.570 7.0364 4.3 ( 0 1 0) 15.611 5.6720 1.1 ( 1 1 0) 17.749 4.9931
2.8 ( 01 1) 20.130 4.4076 1.8 (-1 1 0) 23.027 3.8592

[0650] FIGURE 3 depicts the thermal quenching profiles of the phosphor compositions of

samples 1.1a and 1.1b.

[0051] FIGURE 4A depicts the excitation (left curve) and emission (right curve) spectra of
sample 2.10. FIGURE 4B depicts the XRD pattern of the phosphor composition of sample 2.10,

which demonstrates a high proportion of a triclinic crystalline phase.

[0052] FIGURE S depicts the thermal quenching characteristic of the phosphor composition of
sample 2.10.

[0053] FIGURE 6 depicts the XRD patterns of phosphor compositions of Example 2a,
[0054] FIGURES 7A and 7B each depict a further view of the XRD patterns of phosphor
compositions of Example 2a. Figure 7A. depicts a closer view in the 20 = 31.0-32.6 range.

Figure 7B depicts a closer view in the 26 = 28.0-28.8 range.

[0055] FIGURE 8 depicts the excitation profiles (left curves) and emission spectra (right
curves) of the phosphor compositions of samples 2.7, 2.8, 2.5, 2.10, and 2.13.

[0656) FIGURE 9 depicts the thermal quenching profiles of two phosphor compositions of

Example 2a, samples 2.6 (carbon-free) and 2.5 (carbon containing).

[0057] FIGURE 10 depicts the XRID patterns of phosphor compositions of Example 2b.

[0058] FIGURE 11 depicts a further view of the XRD patterns of phosphor compositions of
Example 2b.

[0059] FIGURE 12 depicts the thermal quenching profile of the phosphor composition of
sample 3.2

[0060] FIGURE 13 depicts the XRD patterns of phosphor compositions of Example 2¢.
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1.5 (

1-1 1) 25.309 3.5162 32.6 ( 0 2 0) 25.952 3.4305 12.2 ( 1 2 0)

26.750 3.3300 21.6 ( 1 0 2) 27.710 3.2168 23.4 ( 0-1 2) 28.471 3.1324
11.0 ( 1 2wW0RR84380 3.0964 9.2 ( 1 1 2) 29.750 3. 0007 pCAmub2g11/8280401)
30. 249 2.9522

[0061] FIGURES 14A and 14B each depict a further view of the XRD patterns of phosphor
compositions of Example 2c. FIGURE 14A depicts a closer view in the 20 = 31.0-32.4 degree
range. FIGURE 14B depicts a closer view of the 26 = 28,0-29.0 degree range.

[0062] FIGURE 15 depicts the thermal quenching profiles of the phosphor compositions of
samples 5.1, 3.5, and 5.6.

[0063] FIGURE 16 depicts the excitation profile (left curve) and emission spectrum (right

curve) of the phosphor composition of sample 5.9.

[0064] FIGURE 17 depicts the reflection spectrum of the phosphor composition of sample 5.9,

[0065] FIGURE 18 depicts the excitation profile (left curve) and emission spectrum (right

curve) of the phosphor compaosition of sample 5.7.

[0066] FIGURE 19 depicts the reflection spectrum of the phosphor composition of sample 5.7.

[0067] FIGURE 20 depicts one embodiment of the light emitting device of the present

invention.

[0068] FIGURE 21 depicts an embodiment of the light emitting device of the present

invention.

[0069] FIGURE 22 depicts an embodiment of the light emitting device of the present

invention.

{0070] FIGURE 23 depicts an embodiment of the light emitting device of the present

invention.

[0071] FIGURE 24 depicts the emission spectra of a pcLED (at varying operating currents)
packaged with the phosphor composition of sample 3.2 and a blue-emitting LED chip.

[0072] FIGURE 25 depicts the luminance properties of the pcLED of Example 5b.
.-19-



13.6 (-1-1 2) 31.090 2.8743 46.2 ( 1-1 2) 31.410 2.8457 25.7 (-1 2 0)
31.650 2.8247 100.0 (-2 1 0) 32.889 2.7211 2.3 (-1 | 2) 34.350 2.6086
13.3 (-1 2WOR0BARIO 2.5766 3.0 ( 2 1 2) 35.531 2. 5246 PDBG2(110252402)

36. 531 2.4577

[0073] FIGURE 26 depicts the emission spectrum of the pcLED of Example 5b. The left
curve depicts the spectrum of the bare LED. The right curve depicts the spectrum of the LED

combined with the phosphor composition described in Example 5b.

Detailed Description

[0074] In certain embodiments, the present invention is directed to a novel family of

oxycarbonitride phosphors expressed by:
(n M(ID),Si,O:NgCe: A

wherein 6<a<8, 8<b<14, 13<c<17, 5<d<9, 0<e<2; preferably 6.5<a<7.5, 8.5<b<12.5, 14<c<16,
6<d<7.5, 0<e<l. M(IT) comprises at least one divalent cation, and may be selected from the
group including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd and other divalent transition metal
ions. A comprises a luminescence activator doped in the crystal structure at the concentration
level from about 0.001 mol% to about 20 mol%, preferably from about 0.1 mol% to about 10
mol%, relative to M(II). A can be at least one metal ion selected from the group including Ce, Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, Sb, preferably Eu*', Ce*", Tb**, Yb?* and
MnZ".

[0075] These phosphors may contain a single crystalline phase, or, in the alternative, two or
more crystalline phases. In certain embodiments, the phosphors of this family exhibit an
orthorhombic crystalline phase or a triclinic crystal system. In other embodiments, the
phosphors of this family exhibit a high proportion of an orthorhombic crystalline phase. In other

embodiments, these phosphors exhibit a second triclinic crystalline phase belonging to space
group P1 (No. 1).

[0076] In certain embodiments, the present invention is directed to a novel family of

oxycarbonitride phosphors expressed by:

@) M(ID7AL2SixyOrsxNyyCyiA
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0.9 (-1-22) 37.630 2.3884 29.7 (-2 0 2) 38.230 2.3523 3.8 ( 1 3 0)
39.011 2.3070 13.6 ( 2-1 2) 40.169 2.2431 1.0 (-1-3 0 40.930 2.2031
7.6 (0 3 WP260/165B30 2. 1667 2.8 (-3-1 1) 41.968 2.1510 PCH/US2BLA280Y0
44.008 2.0559

wherein 0<x< 12, 0<y<x, and O<x+y< 12. M(II) comprises at least one divalent cation, and may
be selected from the gronp including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd and other
divalent transition metal ions. A comprises a luminescence activator doped in the crystal
structure at the concentration level from about 0.001 mol% to about 20 mol%, preferably from
about 0.1 mol% to about 10 mol%, relative to M(II). A can be at least one metal ion selected
from the group including Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, Sb,
preferably Eu®*, Ce**, Tb**, Yb* and Mn?".

[0077) Compositionally, the host crystalline substance of composition (2) would be the product
of the cross substitution of Si-N bonds for Al-O bonds in the compound designated as
Sr7Al12025. Sr7AlL120;5 is known to be crystallized in a trigonal crystal system with a space group
of P-3. The Al-O bonds of Sr7Al;;0:5 could be replaced by the Si-N bonds from the nitrogen

source SisNy and N in a solid state reaction at high temperature:

Sr7Al1;095+ xSi;N; = SI‘-;Allz_xSixOﬁ.xNx

In theory, the structure of SryAl ;025 remains when the substitution is in small portion, whereas
the structure would change when a substantial amount of Al-O bonds are substituted by Si-N
bonds. Furthermore, Al-N can be replaced by SiC, where Si occupies a site of Al, and C

occupies a site of N in the starting composition expressed below:

M(I1)7AL12.xSixO25.Nx + ySi3Ns 2 M(ID)7A112.4.4 Sixsy Ny yCy

[0078] It is also possible for C to occupy a site occupied by O or both O and N in the starting
composition, i.e. M(I1)7A1;2,8ix025.4Ny, to form a composition M(I1)7AL32.5.y8ixO25.x2yNxCy OF
M(ID)7Al)2.x.4y81xO25.5.yNx213,Cy which represents that the C can occupy either O sites or N sites or
both.

[0079] In certain embodiments, the phosphors of this family exhibit a single triclinic crystalline
phase belonging to space group P1 (No. 1). In other embodiments, the phosphors of this family
exhibit a high proportion of a triclinic crystalline phase belonging to space group P1 (No. 1). In
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-1 3 0) WD 2011/142880  PCT/ US2011/ 028140 44.370 2.0400 8.3 (
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48. 990

other embodiments, these phosphors exhibit a second crystalline phase that can be classified as

either an orthorhombic crystal system or a triclinic crystal system.

[0080] In certain embodiments, the present invention is directed to z novel family of

oxycarbonitride phosphors expressed by:
(3) M(ID);M(II); 2-x-ySix+yO25~xNx-yCy:A

wherein 0<x< 12, 0<x+y< 12, and O<y<x. M(II) comprises at least one divalent cation, and may
be selected from the group including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd and other
divalent transition metal ions. M(III) comprises at least one trivalent cation, and may be selected
from the group including B, Al, Ga, In, Sc, Y, La and Gd, and other trivalent metal ions. A
comprises a luminescence activator doped in the crystal structure at the concentration level from
about 0.001 mol% to about 20 mol%, preferably from about 0.1 mol% to about 10 mol%,
relative to M(IT). A can be at least one metal ion selected from the group including Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, Sb, preferably Ev**, Ce**, Tb*", Yb?* and

Mn*',

[0081] In certain embodiments, the present invention is directed to a novel family of

oxycarbonitride based phosphors expressed by:

(4) M(II)TM(HI) l2—x-ySix+y025-xi38l2Nx F B-ycy:A

wherein 0<x<12, 0< y<x, 0<x+y< 12, 0<8< 3, and 8<x+y. M(II) comprises at least one divalent
cation, and may be selected from the group including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni, Pd, Zn, Cd
and other divalent transition metal ions. M(II[} comprises at least one trivalent cation, and may
be selected from the group including B, Al, Ga, In, Sc, Y, La and Gd, and other trivalent metal
ions. A comprises a luminescence activator doped in the crystal structure at a concentration level
from about 0.001 mol% to about 20 mol%, preferably from about 0.1 mol% to about 10 mol%,
relative to M(II). A can be at least one ion selected from the group including Ce, Pr, Nd, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, Sb, preferably Eu>*, Ce**, Tb**, Yb** and Mn®".
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1.8579 2.8 (-3 0 2) 49.610 1.8361 5.2 ( 3-1 2) 50.310 1.8122 8.7 ( 3
3 1) 50.912 1.7921 3.8 ( 1 4 0) 51.650 1.7683 10.2 (-3-3 1) 52.271
1. 7487 5. ™WQ 21147380 53. 410 1.7141 5.2 ( 2 4 0) 54. 253 PCEFRBAIZOBILH 3
3 2) 55.151

[0082] In the phosphor of composition (4), O and N atoms can be exchanged with one another
in a ratio of 1.5 {oxygen) to 1 (nitrogen), or 38/2 (oxygen) to § (nitrogen). The replacement of O
with N allows the Si atom to be coordinated with O and N atoms in varying ratios. It is pointed
out, however, that the total number of the coordinated atoms does not remain constant, as O is
replaced by N in composition (4), i.e., 1.5 O atoms replace 1 N atom. In order for the number of

coordinated atoms (O, N and C) to remain constant, the composition can be expressed as follows:

(48) MMy SixeyOnsxasnNy 5yCraaniA

[0083] In certain embodiments, the present invention is directed to a novel family of

oxycarbonitride phosphors expressed by:

(5} M(II)T-yM(DyM(IIDlZ-x—y-zSix+y+z025-x:k3812Nx 5:C2A

wherein 0<x<12, 0< y<x, 0<z<x, 0<x+y+z< 12, z<x+5, and 0<8<3. M(IT) comprises at least one
divalent cation, and may be selected from the group including Be, Mg, Ca, Sr, Ba, Cu, Co, Ni,
Pd, Zn, Cd and other divalent transition metal ions. M(I) comprises at least one monovalent
cation, and may be selected from the group including Li, Na, K, Rb, Cu, Ag and Au. M(III)
comprises at least one trivalent cation, and may be selected from the group including B, Al, Ga,
In, Sc, Y, La and Gd, and other trivalent metal ions. A comprises a luminescence activator doped
in the crystal structure at a concentration level from about 0.001 mol% to about 20 mol%,
preferably from about 0.1 mol% to about 10 mol%, relative to the total mol% of M(II) and M(J).
A can be at least one ion selected from the group including Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb, Lu, Mn, Bi, Sb, preferably Eu?*, Ce**, Tb**, Yb* and Mn?*,

[0084) In the phosphor of composition (5), O and N atoms can be exchanged with one another
in a ratio of 1.5 (oxygen) to 1 (nitrogen), or 38/2 (0xygen) to 8 (nitrogen). The replacement of O
with N allows the Si atom to be coordinated with O and N atoms in varying ratics. However, the
total number of the coordinated atoms does not remain constant, as O is replaced by N in
composition (5), i.e., 1.5 O atoms replace 1 N atom. In order for the number of coordinated

atoms (O, N and C) to remain constant, the composition can be expressed as follows:
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1.6640 13.0 ( 3 2 3) 57.171 1.6099 5.2 ( 1 4 2) 57.610 1.5987 5.9 (-1
4 0) 58.291 1.5816 9.6 ( 4 2 2) 59.413 1.5544 1.9 ( 0 4 2) 59.711
1. 5474 5. 5W( 2811442890 60. 291 1.5339 1.2 (-2-42) 62.228 1Pr¢90B2ai1/28(403 1

4) 62.910

(53-) M(II)T-yM(I)yM(III)l2-x-y-zSix+y+zOZS-xﬁ8!2Nx F 6—2Cz£5/2:A

[0085] In certain embodiments, the present invention is directed to a novel family of

oxycarbonitride phosphors expressed by:

(6) M(H)T-yM(I))’M(HD i 2-x-y-zSix+y+2:025-xi3812—vl2Nx F 5-ZCZHV:A

wherein 0<x<12, 0< y<lI, 0<z<x, z<x+8, 0<3< 3, 0< v<I, and O<x+y+z< 12. M(1I) comprises at
least one divalent cation, and may be selected from the group including Be, Mg, Ca, Sr, Ba, Cu,
Co, Ni, Pd, Zn, Cd and other divalent transition metal ions. M(I) comprises at least one
monovalent cation, and may be selected from the group including Li, Na, K, Rb, Cu, Ag and Au.
M(IIT) comprises at least one trivalent cation, and may be selected from the group including B,
Al, Ga, In, S¢, Y, La and Gd, and other trivalent metal ions. H comprises at least one monovalent
anion, and may be selected from the group including F, Cl, Br and 1. A comprises a
luminescence activator doped in the crystal structure at a concentration level from about 0.001
mol% to about 20 mol%, preferably from about 0.1 mol% to about 10 mol%, relative to the total
mol% of M(II) and M(I). A can be at least one ion selected from the group including Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Mn, Bi, Sb, preferably Eu**, Ce*, Tb*, Yb** and
Mn*".

[0086] In the phosphor of composition (6), oxygen and nitrogen atoms can be exchanged with
one another in a ratio of 1.5 (oxygen) to 1 (nitrogen), or 38/2 (oxygen) to § (nitrogen). The
replacement of O with N allows the Si atom to be coordinated with O and N atoms in varying
ratios. However, the total number of the coordinated atoms does not remain constant, as O is
replaced by N in composition (6), i.e., 1.5 O atoms replace 1 N atom. In order for the number of

coordinated atoms (O, N and C) to remain constant, the composition can be expressed as follows:

(6a)  M{ID7.yM(DyM(IID) | 35.y.28i4y42025-xt82.02Nx 7 5-2Cs8nH A

[0087) In certain embodiments, at least one of the phosphor compositions of the present

invention is used as a wavelength converter for a light emitting device. The light emitting device
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1.4761 6.0 ( 4 1 3) 64.611 1.4413 2.5 ( | 4 3) 66.427 1.4063 2.6 ( 2
50) 69.031 1.3594 4.1 ( 0 51) 69.650 1.3489 1.9 ( 4 3 3) 71.911
1.3119 3. W0 2811842850 73. 910 1.2813 3.7 ( 1 4 4) Tabl e PIBI/USROASDZHI40
unit cell paraneters of sanple 1.1b indexed to a triclinic crystal
system (STRUCTURE 111). Crystal system Triclinic Lattice
Paranmeters: a = 7.03373 A, b= 7.14537 A, c= 7.28065 A = 89.50, p =

85. 27, yha?s a7f?r'st7iﬁuminant which emits light in a wavelength range from about 300 nm to about 600
nm, and a second illuminant which emits a visible light upon iradiation with light from the first
luminant, wherein the second illuminant contains at least one phosphor of the present invention.
The first illuminant can, for example, emit light in a wavelength range from about 300 nm to
about 600 nm, preferably from about 400 nm to 550 nm, and more preferably from about 420 nm
to about 500 nm. In certain embodiments, the first illuminant is a laser diode or a light emitting
diode {(LED). When the second illuminant containing one or more phosphor compositions of the
invention is irradiated with light from the first illuminant, it can, for example, emit light with a
peak in wavelength range from about 460 nm to about 660 nm, preferably from about 480 nm to

about 600 nm, and more preferably from about 500 nm to about 590 nm.

[0088] In certain embodiments, the second illuminant comprises at least one additional
phosphor. The additional phosphor or phosphors can, for example, emit light having a peak in
wavelength range from about 480 nm to about 660 nm, preferably from about 500 nm to about

650 nm, and more preferably from about 520 nm to about 640 nm.

[0089] In the phosphor compositions of the present invention, luminescence activator A can be
doped in the host crystal of the phosphor either substitutionally or interstitially at a concentration
level from about 0.001 mol% to about 20mol% relative to the total mol% of the respective
divalent and monovalent cations. In some embodiments, A is doped in the crystal structure of
the phosphor at a concentration level from about 0.01 mol% to about 7 moi% relative to the total
mol% of the divalent and monovalent cations. In other embodiments, A is doped in the crystal
structure of the phosphor at a concentration level from about 0.05 mol% to about 5 mol%

relative to the total mol% of the divalent and monovalent cations.

[0090] In certain embodiments, A comprises at least one co-activator. The co-activator may be
selected from, but not limited to, the group including Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, Yb, Lu, Mn, Bi, Sb, preferably Eu™*, Ce*, Tb**, Yb** and Mn®*, and the group including
halogen anions, F, Cl, Br and I. The concentration level of the co-activator can be from about

0.001% to about 50% relative to the activator.
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oxycarbonitride expressed by Sr7Si 12025- xNA. yCy: Eu2+ based on the

tarti ' . ' 6). The . .,
R C TR s T L i
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In certain embodiments, the phosphor compositions of the present invention maintain at least
85% of their relative emission intensity at temperatures up to 200°C. In other embodiments, the
phosphor compositions of the present invention maintain at least 90% of their relative emission
intensity at temperatures up to 200°C. In further embodiments, the phosphor compositions of the
present invention maintain at least 90% of the relative emission intensity at temperatures up to

150°C. In other embodiments, the phosphor compositions of the present invention maintain at

least 95% of their relative emission intensity at temperatures up to 150°C.

[0093] In certain embodiments, the median diameter of the phosphor particles of the present
invention can be from about 2 to about 50 microns, preferably from about 4 to about 30 microns,
and more preferably from about 5 to about 20 microns. In some embodiments, the phosphoris a

graim. In other embodiments, the phosphor is a particle,

[0094] In certain embodiments, the present invention further provides a light emitting device

comprising: a light source emitting light of wavelengths from about 200 to about 600 nm,
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preferably from about 350 to about 490 nm; and at least one phosphor of the present invention,
where the phosphor is positioned to absorb at least a portion of the light output from the light
source and effectively modifies the color of the light absorbed from the light source, resulting in
an emission of a longer wavelength than that of the light absorbed from the light source. For
example, the phosphor compositions of the present invention can be mixed with a silicone resin
to form a slurry. The phosphor-filled silicone can be applied to a LED chip as shown in Figures
20-23. The LED emits light in the near ultraviolet (nUV) range (e.g., about 405 nm) or the blue
range (e.g., about 450 nm).

{0095} The light source used in the present invention, can, for example, comprise a gallium
nitride-based LED with a light-emitting layer comprising a quantum well structure. The light
emitting device can include a phosphor of the present invention and a reflector located so as to
direct light from the LED or the phosphor (see Figure 20). The phosphor of the present
invention can be located on the surface of the LED (Figures 20 and 21) or separated therefrom
(Figure 22). The light emitting device can further include a translucent material encapsulating

the LED and the phosphor as seen in Figures 20-23.

[0096] In certain embodiments, the light emitting device of the present invention comprises a
light source, such as a2 LED, to either create excitation energy, or to excite another system to
thereby provide the excitation energy for the phosphor of the present invention. Devices using
the present invention can include, for example, and without limitation, white light producing
light emitting devices, indigo light producing light emitting devices, blue light producing light
emitting devices, green light producing light emitting devices, yellow light producing light
emitting devices, orange light producing light emitting devices, pink light producing light
emitting devices, red light producing light emitting devices, or light emitting devices with an
output chromaticity defined by the line between the chromaticity of a phosphor of the present
invention and that of at least one second light source. Headlights or other navigation lights for
vehicles can be made with the light emitting devices of the present invention. The light emitting
devices can be output indicators for small electronic devices, such as cell phones and personal
digital assistants (PDAs). The light emitting devices of the present invention also can be the
backlights of the liquid crystal displays for TV, cell phones, PDAs and laptop computers,
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Luminaires for general illumination purpose can also be made with the lighting devices of the
present invention. Given appropriate power supplies, room lighting can be based on devices of
the invention. The warmth (i.e., amount of yellow/red chromaticity) of light emitting devices of
the present invention can be manipulated by selection of the ratio of light from a phosphor of the
present invention to light from a second source (including, a second phosphor). Semiconductor
light source-based white light devices can be used, for example, in a self-emission type display
for displaying a predetermined pattern or a graphic design on a display portion of an audio
system, a household appliance, a measuring instrument, a medical appliance, and the like. Such
semiconductor light source-based light devices also can be used, for example, and without
limitation, as light sources of a back-light for a liquid crystal diode (LCD) display, a printer
head, a facsimile, a copying apparatus, and the like.

[0097] Suitable semiconductor light sources for use in the present invention also are any that
create light that excites the phosphor compositions of the present invention, or that excites a
different phosphor that in turn excites the phosphors of the present invention. Such
semiconductor light sources can be, for example, and without limitation, light sources including:
GaN (gallium nitride) type semiconductor light sources; In-Al-Ga-N type semiconductor light
sources, such as In;Al;GayN, where i + j + k = about 1, and where one or more of i, jand k canbe
0; BN; SiC; ZnSe; BiALGaN, where i +j + k = about 1, and where one or more of i, j, and k can
be 0; and B;In;AlGaN, where i +j + k + 1 = about 1, and where one or more of i, J- k, and 1 can
be 0; and other such similar light sources. The semiconductor light source (e.g., a semiconductor
chip) can be based, for example, on HI-V or II-VI quantum well structures (meaning structures
comprising compounds that combine elements of the periodic table of the chemical elements
from Group III with those from Group V or elements from Group II with those from Group VI).
In certain embodiments, a blue or a near ultraviolet (nUV) emitting semiconductor light source is
used.

[0098] In certain embodiments, the phosphor compositions of the present invention can be
excited by light from a primary light source, such as, for example, a semiconductor light source
(e.g., a LED) emitting in the wavelength range of about 300 to about 500 nm, from about 350 nm

to about 480 nm or about 330 nm to about 390 nm, or from a secondary light source, such as,
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emissions from other phosphor(s) that emit in the wavelength range of about 300 nm to about
500 nm or about 350 nm to about 420 nm. Where the excitation light is secondary, in relation to
the phosphor compositions of the present invention, the excitation-induced light is the relevant
source light. Devices that use the phosphor compositions of the present invention can include,
for example, and without limitation, mirrors, such as, dielectric mirrors, which direct light
produced by the phosphor compositions of the present invention to the light output, rather than

direct such light to the interior of the device (such as, the primary light source).

[0099] The light source (e.g., a LED) can, in certain embodiments, emit light of at least about
200 nm, at least about 250 nm, at least about 255 nm, at least about 260 nm, and so on in
increments of 5 nm up to at least about 600. In some embodiments, the light source emits light
of over 600 nm. The light source can, in certain embodiments, emit light of at most about 600
nm, at most about 595 nm, at most about 590 nm, and so on in increments of 5 nm down to or
less than about 200 nmn. In some embodiments, the light source emits light at less than 200 nm.
In certain embodiments, the light source is a semiconductor light source. When LED chips are
used, the LED chips are advantageously filled with a transparent encapsulant with a dome-like
shape as shown in Figures 20-23. The encapsulant provides the mechanical protection on one
hand, and the encapsulant further improves the optical property on the other hand (improved
light emission of the LED die).

[00106] The phosphor composition may be dispersed in an encapsulant. By the encapsulant, the
LED chips disposed on the substrate and a polymer lens are bonded without containing a gas as
much as possible. The LED die can be sealed directly by the encapsulant. However, it is also
possible that the LED die is sealed with a transparent encapsulant (i.e., in this case, there are the
transparent encapsulant and the encapsulant to contain the phosphor composition). Owing to the

refraction indices close to each other, there is little loss of reflection at the interface.

[60101] In structural modifications, one or more LED chips are disposed on a substrate in a
reflection mirror and the phosphor composition is dispersed in a lens disposed on the reflection
mirror. Alternatively, one or more LED chips may be disposed on a substrate in a reflection

mirror and the phosphor coated on the reflection mirror.
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[00102] In cerain embodiments, the phosphor compositions of the present invention may be
dispersed in an encapsulant such as silicone and epoxy resin. The phosphor-mixed encapsulant
composition may be disposed on to the LED chip which is mounted on a substrate. The structure
of the LED combined with the phosphor-mixed encapsulant composition can be sealed by a
transparent encapsulant as protective layer. In certain embodiments, the outer transparent
encapsulant layer is shaped in a dome shape for directing and distributing the output light
(Figures 20-23). In an altemative device structure, one or more LED chips are amounted on a
substrate and the phosphor-mixed encapsulant composition is disposed onto the multiple-chip
device (Figure 23).

[00103] In certain embodiments, the phosphor compositions of the present invention can be
dispersed in the light emitting device with a binder, a solidifier, a dispersant, a filler or the like.
The binder can be, for example, and without limitation, a light curable polymer, such as an
acrylic resin, an epoxy resin, a polycarbonate resin, a silicone resin, a glass, a quartz and the like.
The phosphor of the present invention can be dispersed in the binder by methods known in the
art. For example, in some cases, the phosphor can be suspended in a solvent with the polymer
suspended, thus forming a phosphor-containing slurry composition, which then can be applied on
the light emitting device and the solvent evaporated therefrom. In certain embodiments, the
phosphor can be suspended in a liquid, such as, a pre-cured precursor to the resin to form a slurry,
the slurry then can be dispersed on the light emitting device and the polymer (resin) cured
thereon. Curing can be, for example, by heat, UV, or a curing agent (such as, a free radical
initiator) mixed with the precursor. As used herein “cure” or “curing” refers to, relates to or is a
process for polymerizing or solidifying a substance or mixture thereof, often to improve stability
or usability of the substance or mixture thereof. In certain embodiments, the binder used to
disperse the phosphor particles in a light emitting device can be liquefied with heat, thereby
forming a slurry, and then the slurry is dispersed on the light emitting device and allowed to
solidify in situ. Dispersants (meaning a substance that promotes the formation and stabilization
of a mixture (e.g., a suspension) of one substance into another) include, for example, and without

limitation, titanium oxides, aluminum oxides, barium titanates, silicon oxides, and the like.
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[00104] In certain embodiments, at least one of the additional phosphors is selected from the
following: (1) one or more phosphor compositions that emit red light, including, for example and
not limited to, Ca,SnS:Ev®* (0< x< 1), 3.5Mg0+0.5MgFy*GeOxMn®, Y,0,S:Eu®,
M;SisNg:Eu®” (M=Ca, Sr, Ba), MAISiN3:Eu?* (M=Ca, St), Y2SisNsC:Eu?", and CaSiN;:Ev?, (2)
one or more phosphor compositions that emit green light, including, for example and not limited
to, Car.SrGa;S4:Eu (0< x< 1), CaryMg:St,Ba,SiO4 Eu® (0< x< 1, 0< y< 1, 0< z< 1,
x+y+z< 1), BaMgAligOi:Eu’" Mn®, MYSiNy:Eu* (M=Ca, Sr, Ba), B-sialon:Eu?,
MSi;O;Np:Eu* (M=Ca, Sr, Ba), Ba;SigOpNaBu®', MiSisNg:Ce® (M=Ca, Sr, Ba),
Y2814N4C:Ce™, and a-sialon:Yb*, (3) one or more phosphor compositions that emit blue light,
including, for example and not limited to, (MSiO3)m®(SiO2),:Eu?’, X (M=Mg, Ca, Sr, Ba: X=F,
Cl, Br, 1), where m is 1 or 0, and either (i) n >3 if m=1 or (ii) n=1 if m=0, MALQ4:En® {M=Mg,
Ca, S1), and BaMgAl;O7:Eu?’, and (4) one or more phosphor compositions that emit yellow
light, including, for example and not limited to, Y3AlsOp:Ce* (cerium-doped garnet type

phosphor), and a-sialon:Eu?*.

[00105] In preferred embodiments, one or more additional phosphor compositions are added to
the phosphor compositions of the present invention to make, for example and without limitation,
white light LED lamps. The compositions of such additional phosphors can be, without
limitation, as follows:

(@) CarxAlexySitxexyNaxxyCryA;

() CarxzNaM(IDxoxy-oSitxexytaN2xxyCaytAs

©  MID1xMID M yzS 1 xtrytzNaxxyCory A

(d)  MID1xMT) M xoxyzS11xsay12N2xxy-23CoxyOwviaHy: A; and

(&)  MIDxzM(DMUDx-xy-z811xtxy+2N2-xxy-2w3-v3Cry OuHy: A;

wherein:

0<x<1, 0<y<l, 0< z<1, 0= v<I, O0<w<1, x+z<1, x>xy+z, v/2<w, x-Xy-2w/3-v/3<2, and
O<x-xy-z<1;

M(I]) is at least one divalent cation;

M(I) is at least one monovalent cation;

M(III} is at least one trivalent cation;

H is at least one monovalent anion; and

A is a luminescence activator.
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[00107] The present invention is not to be limited in scope by the specific embodiments in the
following examples, which are intended only as exemplary illustrations of the invention. Indeed,
various modifications of the invention in addition to those shown and described herein will
become apparent to those skilled in the art and are intended to fall within the scope of the

appended claims.

Examples

Preparation and Processes

[00108] For all examples described herein, the solid powders selected from SrCOj;, CaCOs,
BaCOs;, 4MgCO3;eMg(OH),#4H;0 or MgO, StF,, CaF;, Li;COs, AIN, ALO;, SisNa, SiO,, SiC,
and Eu,O; were mixed in the designed ratios specified in the following examples. The mixture
was then pulverized by ball milling or grinding for prolonged duration, e.g., 6 hours, by dry or
wet milling. The pulverized mixture was dried and sieved, and then loaded in a firing crucible.
Subsequently, the mixture was fired at 1300 - 1600 °C for 6 - 12 hours in inert or reducing
atmosphere, e.g., forming gas (N2/Hz) or N; in a high temperature fumace. After the firing, the

product powder was cooled down to room temperature and ground and sieved.
Example 1: The preparation of phosphors compositions of family (1)

[00109] In this example, exemplary phosphor compositions of family (1), M(ID,Si,ONyCe:A,
are demonstrated, wherein M(Il) is Sr; A is Eu2+; and 6.5<a<7.5, 8.5<b<12.5, 14<c<16, 6<d<7.5,
and O<e<l. The exemplary preparations were conducted by firing the mixture of the starting
materials in the designed ratios listed in Table 1. The phosphor compositions obtained by this
process have the target compositions of oxycarbonitride expressed by sample numbers 1.1 and

1.2 based on the starting amounts set forth in Table 1. The phosphor compositions obtained are
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ray powder diffraction data for sample 1.1a is listed in Table 2A. The unit cell parameters for
the STRUCTURE I and STRUCTURE II are summarized in Tables 2B and 2C. With long-time
heating and annealing for an additional time of about 9-12 hours at about 1100°C-1300°C, this
crystalline sample transformed into another triclinic phase (STRUCTURE Iil) along with a small

amount of strontium silicate phase, as shown in Figure 1B. The observed XRD data and unit cell
parameters for the STRUCTURE Il are summarized in Tables 3A and 3B.
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Table 2A. The observed X-ray diffraction data of sample 1.1a.

20 d (&) /1y (%)
12,972 6.8194 1.9
13.750 6.4348 1.2
[7.316 5.1171 0.9
18.990 4.6696 3.9
21.072 4.2127 9.9
24.208 3.6735 1.9
25.290 3.5187 153
26.210 3.3973 473
27.669 32213 354
28.430 3.1368 100.0
20471 3.0284 2.2
30.990 2.8834 1.8
32.130 2.7836 21.4
34.709 2.5824 8.3
35.872 2.5014 13.4
39.450 2.2823 79
40.150 2.2441 11.1
41.390 2.1797 2.0
42.031 2.1479 9.7
42.970 2.1032 1.6
45,010 2.0125 38.1
45,669 1.9849 15.7
46.973 1.9328 2.7
48.150 1.8883 3.7
49029 1.8565 2.7
49.590 1.8368 2.7
50.308 1.8122 34
51.230 1.7818 34
51.631 1.7689 35
52.310 1.7475 7.3
53.390 1.7147 7.9
54.210 1.6907 4.8
54,551 1.6809 1.2
56.910 1.6167 49
57.030 1.6136 5.2
57.350 1.6053 8.1
58.250 1.5826 49
59.111 1.5616 1.0
50.711 1.5473 2.9
62.191 1.4915 5.1
62.330 1.4885 409
62.852 1.4774 1.4
63.791 1.4579 1.4
65.130 1.4311 1.8
65.249 1.4288 1.7
67.689 1.3831 2.1
70.991 1.3266 28
71.149 1.3241 2.8
71.949 1.3113 3.6
73,551 1.2867 1.8
73,749 1.2837 2.7
75.708 1.2553 1.5
76.171 1.2488 2.1
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Table 2B. Crystal unit cell parameters of sample 1.1a indexed to an orthorhombic crystal system
(STRUCTURE ).

Crystal system: Orthorhombic

Lattice Parameters:;

a=11271 A, b=8443 A, c=7.867 A
Unit cell volume = 748.63 A®

Table 2C. Crystal unit cell parameters of sample 1.1a indexed to a triclinic crystal system
(STRUCTURE II).

Crystal system: Triclinic (P1)

Lattice Parameters

a=11249 A, p=84314,c=7.862 A
o=90.00° p=89.89" y=389.81°

Unit cell volume = 765 A3

Table 3A. The observed X-ray powder diffraction data of sample 1.1b indexed to a triclinic
crystal system (STRUCTURE III).

20 d (&) U (%) (hkl)
12.570 7.0364 43 (010)
15.611 5.6720 1.1 (110)
17.749 4.9931 28 (011)
20.130 4.4076 1.8 -110)
23.027 3.8592 1.5 (1-11)
25.309 3.5162 32.6 (020)
25.952 3.4305 12.2 (120)
26.750 3.3300 216 (102)
27.710 3.2168 234 (0-12)
28.471 3.1324 11.0 (121)
28.810 3.0964 9.2 (112)
29.750 3.0007 14.1 (201)
30.249 2.9522 13.6 (-1-12)
31.090 2.8743 46.2 (1-12)
31.410 2.8457 25.7 ¢-120)
31.650 2.8247 100.0 (210)
32.889 27211 2.3 ¢-112)
34.350 2.6086 133 ¢-121)
34.790 2.5766 3.0 (212)
35.531 2.5246 16.6 (122)
36.531 2.4577 0.9 (-1-22)
37.630 2.3884 29.7 (202)
38.230 2.3523 3.8 (130)
39.011 2.3070 13.6 (2-12)
40.169 2.2431 1.0 (13 1)
40.930 2.2031 76 (031)
41.651 2.1667 28 (3-1 1)
41968 2.1510 36 (320)
44,008 2.0559 2.7 (-130)
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0. 1353 0.5068 0.7099 0.1108 0.0152 78.7 541 77 3.9 2.1679 0. 1355
0.5076 0.7111 0.1110 0.0183 71.1 543 77 3.10 2.1601 0.1357 0.5084
0.7122 0. I0200/10Bgel 73. 7 538 75 3.11 2. 1524 0. 1359 0. 3@FAIS2011/028140

44370 2.0400 83 (213)
45.009 2.0125 6.6 (3-21)
46.089 1.9678 3.2 (023)
47.030 1.9306 5.7 (322)
48.050 1.8920 23 (232)
48.410 1.3788 6.7 (223)
48.990 1.8579 2.8 (302)
49610 1.8361 5.2 (3-12)
50.310 1.8122 8.7 (331)
50.912 1.7921 3.8 (140)
51.650 1.7683 102 (3-31)
52.271 1.7487 5.7 (410)
53.410 1.7141 5.2 (240)
54.253 1.6894 2.1 (332)
55.151 1.6640 13.0 (323)
57.171 1.6099 52 (142)
57.610 1.5987 59 (-140)
58.291 1.5816 9.6 (422)
59.413 1.5544 19 (042)
59.711 1.5474 55 (341)
60.291 1.5339 12 (24 2)
62.228 1.4907 1.1 (314)
62.910 1.4761 6.0 (413)
64.611 1.4413 2.5 (143)
66.427 1.4063 2.6 (250)
69.031 1.3594 4.1 (051}
69.650 1.3489 1.9 (433)
71911 13119 3.9 (531)
73.910 1.2813 3.7 (144)

Table 3B. Crystal unit cell parameters of sample 1.1b indexed to a triclinic crystal system
(STRUCTURE III).

Crystal system: Triclinic
Lattice Parameters;
a=17.03373 A, b=7.14537 A, c = 7.28065 A
o =89.50°, p = 85.27°, y = 76.72°
Unit cell volume = 354.9 A?

[00111] The luminescence excitation and emission spectra of samples 1.1a and 1.1b are showﬁ
in Figures 2A and 2B, respectively. The luminescence is efficiently excited in a wavelength
range of 410 nm to 490 nm, and the luminescence emission emits in the range of 510 nm to 600
nm, peaking at about 540 nm. The thermal quenching characteristic of samples 1.1a and 1.1b are
shown in Figure 3. It shows that the luminescence maintenance of the phosphor composition of
sample 1.1a at 150°C is about 85% of that at room temperature. At low temperatures, sample

1.1b exhibited a slightly better luminescence maintenance compared to sample 1.1a. However at
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0.7133 0.1114 0.0245 69.3 545 77 3.12 2.1832 0.0900 0.4722 0.7876
0. 1106 0.0122 74 541 76 3.13 2.1756 0.0902 0.4730 0.7888 0.1108
0. 0152 85.WOUB/1#38B. 14 2. 1679 0. 0903 0.4737 0.7901 0. PTIOUS2011/028140

temperatures above about 100°C, sample 1.1a exhibited superior luminescence maintenance

compared to sample 1.1b.

Example 2: The preparation of phosphor compositions of family (2)

Example 2a: Sr7A4112.5.,Sixi,025.:NeyCp: B, (xty=12)

[00112] To prepare the exemplary phosphor compositions of family (2), Sr7Al12xySiz+yO2s.4Ny.
yCy:Euz“ (x+y=12), or SI7Si|2025.xNx.yCyZEu2+, the starting materials were mixed in designed
ratios listed in Table 4. The samples were prepared by following the preparation processes
described above. The phosphor compositions obtained by the process have the target
compositions of oxycarbonitride expressed by Srqsilzozs.xNx_,C,:Eu2+ based on the starting
amounts set forth in Table 4 (see also Figure 6). The phosphor compositions obtained are
crystalline powders with a green or yellow-green body color. The luminescence properties of the

resultant phosphor compositions are also listed in Table 4.
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0.0183 82.5 541 76 3.15 2.1601 0.0905 0.4745 0.7913 0.1112 0.0214
80.3 541 76 3.16 2.1524 0.0906 0.4753 0.7926 0.1114 0.0245 75.3 545
77 100118WoRori/tiksso series of sanples 3.1, 3.2, 3.3 anadc3ubo1tos1¥RD
patterns (see Figure 10) show that the each of the phosphor
conpositions contains mainly two phases, the orthorhonbic and the
triclinic phase, as observed in Exanple 1 and Exanpl e 2a,
respectively. The diffractions fromthe triclinic phase are shifted
toward hirghigy. B ARBhEST sAfidsheuERRYB Hrarkd) aﬁ&rumséeaséﬁafe% loBHehe

conposi t ieGilianBishobphdt Ethdoitis xiplk DR(P O&r ICLE 12
Thi s observat ?%]r? I?Hra\dl caﬂt es WO 2011/ 145 880%&% tJéZ 0§814g*1§ﬁr |%kage

of the Cr\/Q'r al ttice.as the cont ent of carbon increases in_the
conposi tfi A SrSin walpdmBing | ncrease | n|&egpinsscepesEharacteristios
lattice. Eff%ﬂg)llQ] $HCOr$iC2 $Bikhs | SieNs Hmey Qe chl..agnnp | BWHM, modi | t he
| um nesde2.Bni ssi o275 |e04p0 ¢ 03387 | 08656l |L000553 (ass2 ehapgle | s algaut P5%
at 150C,[2.ndi catj 71gr5a |\00991 hogn4 Loresysia).osssNasge O 541§ phospho
conposi tioof. EXamieg04©.00081 01474076903~ P0027% { | §8)¢St X8 YLV E¥g T,
(x+y=12) FOT20T A5 NP0 374 | . 50'65',59’" 75.2 534 104
VI = BRI TAR LA AN R T
desr b Snove-| TR ot ol LR IOIL 8 LCH Loy
listed ild-fable 722'];3%:1)4)2241‘ p4190,:0.9000.1 01009 [ 873 )¢ =341 [ as 3% nky

1Y%

2b, the |cchtent iod-2134y 190447 s 04537 08008401099 ) 180y of 539 t hi s Banp| e
2¢, Whi Iez_?mi_n.r_ah%fi-’]ﬁé' 101892 o A1 | ST826X IR0 4 r 8H9 S 0338 s| conglant |in
t he COHD&]Q i on.|2.2137|0.1342 | 0.5028 | 0.7043 | 0.1099 | 89.4 541 77

2.11 2.213710.1342 | 0.5028 | 0.7043 | 0.1099 | 79.2 537 107

2.12 22137 0.1789 | 0.5363 | 0.6261 | 0.1099 ( 72.9 539 104

2.13 22137102237 |1 0.5698 | 0.5478 | 0.1099¢ | 76.8 538 80

2.14 221371 0.0895 | 0.4693 | 0.7826 ] 0.1099 21 541 80

2.15 2.2751 ) 0.0676 | 0.4555 | 0.5909 1 0.0553 | 63.1 536 106

2.16 2.2137 [ 0.0671 | 0.4525 | 0.5869 { 0.1099 | 68.3 541 30

2.17 2.2137 | 0.0895 { 0.4693 | 0.4695 | 0.1099 55 538 112

2.18 22137 (0.1342 | 0.5028 | 0.7043 | 0.1099 | 85.6 541 77

2.19 2.213710.1789 | 0.5363 | 0.6261 | 0.1099 | 69.7 540 76

2.20 221371 0.2237 | 0.5698 | 0.5478 | 0.1099 { 69.7 539 78

2.21 22137 | 0.2684 | 0.6033 | 0.4695 | 0.1099 | 76.2 538 77

[00113] Figure 4A shows the luminescence excitation and emission spectra of sample 2.10. The
XRD pattern for sample 2.10 that is shown in Figure 4B demonstrates that this phosphor
composition contains mainly one crystalline phase. The diffraction patterns of exemplary sample
2.10 can be indexed to a triclinic crystal system belonging to space group P1 (No.1). The
resultant unit cell parameters of sample 2.10 are summarized in Table 5. This structure is similar
to STRUCTURE 1II discussed above.
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Tabl e 7. The ampunt of starting materials (in grans) and | um nescence
properties of the phosphors of Exanple 2c

((Sr, My) 2Ax020%/1yB8x +y025_xNx_yCy: Eu2; x+y=12). Sanpl e PCI/US2011/028140
(SrMy) 7Si 12023. xN, e. 3, Cy: Eu2+ Lum nescence Characteristics SrCO3 SiC
Si02 Si31\14 E11203 MpO QE. A Xem nm FWHM ran 4.1 2.1832 0. 0000
0.4048 0.9451 0.1106 0.0122 85.5 541 77 4.2 2.1886 0.0451 0.4061

. 109 0.0122 85.5
0.8945 0"l':EILble 3. Crystal structure parameters of sample 2.10

Crystal system: Triclinic
Space group: P1 (No. 1)
Density: 3.736 gfem?; Z: 4
Unit cell volume = 359.71 A3

Lattice Parameters
a=T7101137A bs=720398)A c=72728(Q) A
o = 88.931(4) B=284.915(5) v=76.093(2)

[00114] The luminescence of sample 2.10 is efficiently excited in a wavelength range of about
410 nm to about 490 nm, and the luminescence emission emits in the range of about 510 nm to
about 600 nm, peaking at about 540 nm. Compared with sample 1.1a, it is observed that the
excitation profile of sample 2.10 is different from that of sample 1.1a, and that the emission
curve of sample 2.10 is also different from that of sample 1.1. These facts indicate that the
different crystalline structures lead to different luminescence properties between the sample 2.10
and the sample 1.1a. The thermal quenching profile of 2.10 is shown in Figure 5. It shows that
the luminescence maintenance at 150°C of each sample is about 90% of that at room

temperature.

[00115] The exemplary samples of composition (2), 2.5, 2.7, 2.8, 2.9 and 2.13, contain mainly
two phases, the STRUCTURE I (or STRUCTURE II) as demonstrated in Example 1 and the
STRUCTURE III demonstrated by the sample 2.10. These phosphor compositions have mainly
two crystalline phases and contain varied content of carbon. It is noticed that the amount of the
STRUCTURE I (or STRUCTRUE II) relative to that of the STRUCTURE III is varied as the
content of carbon changes in the series 0f 2.7, 2.8, 2.9 and 2.10, as shown by the XRD patterns in
Figure 6. Meanwhile, the peak of diffraction (-2 1 0) is shifted toward higher 20 angle as the
content of carbon increases (Figures 7A and 7B), indicating the shrinkage of the lattice of the
triclinic (P1) phase.

[00116] The luminescence emission spectra of exemplary samples of composition (2) are shown
in Figure 8. The phosphor compositions emit green or yellow-green light under blue or UV
light excitation. The thermal quenching characteristics of two samples, shown in Figure 9, are

nearly the same at temperatures of 25-150°C, and become different at temperatures higher than
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539 77 4.3 2.1941 0.0905 0.4075 0.8437 0.1112 0.0122 76.1 538 77 4.4
2.1997 0.1361 0.4078 0.7935 0.1115 0.0123 70.9 541 76 4.5 2. 2052
0. 1819 0. 466200/14288¢ 0. 1118 0. 0123 68.2 541 76 PCT/US2011/028140

150°C. Compared to a phosphor having no carbon in its structure (e.g. 2.6), the phosphor

composition having carbon in its structure (2.5) has a higher thermal stability.

Example 2b: (Sr,Mg) ;41125 8ic1y025. Ny CyiE™™, (x-+y=12)

[00117] The phosphors of composition (Sr,Mg)-rAI;z-x_,Simop_s-xNx-,Cy:Eu“, (x+y=12) (or
(Sr,Mg);Si12025-,Nx.,CY:Eu2+), were prepared by the processes described above. The starting
materials were mixed in designed ratios listed in Table 6. Compared with the composition of

Example 2a, Mg has been incorporated into the composition.

Table 6. The amount of starting materials (in grams) and luminescence properties of the
resultant phosphor compositions in Example 2b ((Sr,Mg)7Allz_x.ySi“yOzs_xNx.yCy:Eu2+; x+y=12).

Sample ID {Sr.M g)—,:Si1;;_025.,‘N,‘_),C,.:Euz+ Luminescence Characteristics
SrCO; | SiC 5i0, SitN; | En,Oy | MgO QE, % | Aep,nm | FWHM, nm
3.1 2,1964 | 0.0453 | 0.3597 | 0.9349 | 0.1113 | 0.0122 87 541 77
3.2 2.1964 | 0.0906 | 0.3936 | 0.8557 | 0.1113 | 0.0122 | 95.3 541 76
33 2.1964 | 0.1359 | 0.4276 | 0.7764 | 0.1113 | 0.0122 85 541 77
34 2.1964 | 0.1812 | 0.4615 | 0.6972 | 0.1113 | 0.0122 | 836 543 76
3.5 2.1931 | 0.0904 | 0.4134 | 0.8386 | 0.1111 | 0.0i22 | 89.9 541 76
3.6 2.1931 [ 0.1809 | 0.4811 | 0.6804 | 0.1111 | 0.0122 | 87.6 542 76
3.7 2.1832 1 0.1351 | 0.5060 | 0.7088 | 0.1106 | 0.0122 30 542 76
3.8 2.1756 | 0.1353 | 0.5068 | 0.7099 | 0.1108 | 0.0152 | 78.7 541 77
39 2.1679 | 0.1355 [ 0.5076 | 0.7111 | 0.1110 | 0.0183 | 711 543 77
3.10 21601 | 0.1357 | 0.5084 | 0.7122 | 0.1112 | 0.0214 | 73.7 538 75
3.11 2.1524 ] 0.1359 | 0.5092 | 0.7133 | 0.1114 | 0.0245 | 69.3 545 77
3.12 2.1832 | 0.0900 | 0.4722 | 0.7876 | 0.1106 | 0.0122 74 541 76
313 2.1756 | 0.0902 | 0.4730 | 0.7888 | 0.1108 | 0.0152 | 85.7 543 76
3.14 21679 t 0.0903 | 0.4737 1 0.7901 | 0.1110 | 0.0183 | 82.5 541 76
3.15 21601 | 0.0905 | 0.4745 | 0.7913 | 0.1112 | 0.0214 | 803 541 76
3.16 2.1524 | 0.0906 | 0.4753 | 0.7926 | 0.1114 | 0.0245 | 75.3 545 77

[00118] For the series of samples 3.1, 3.2, 3.3 and 3.4, the XRD patterns (sce Figure 10) show
that the each of the phosphor compositions contains mainly two phases, the orthorhombic and
the triclinic phase, as observed in Example 1 and Example 2a, respectively. The diffractions
from the triclinic phase arc shifted toward higher 28 angles as the content of carbon increases in

the composition, as typically shown by the peak (-2 1 0) in Figure 11. This observation indicates
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[00121] The XRD pattens for these exenplary conpositions are shown in
Figure 13. Simlar to those of Exanple 2b, the XRD data show t hat
each of thwophospissss contains mainly two phases, the $TROGIIRBE2S40
(orthorhonbic) or STRUCTURE Il (triclinic), and the STRUCTURE |11
(triclinic). It is found that the amount of STRUCTURE Il relative to
that of the STRUCTURE | (or STRUCTURE Il) is varied as the content of
carbon changes in the series of 4.1, 4.2, 4.3, 4.4 and 4.5,
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541 maintaining the content of oxygen from SiO; as constant in the composition.

Table 7. The amount of starting materials (in grams) and luminescence properties of the
phosphors of Example 2¢ ((Sr,Mg)vAl12_x.ySix+y025,Nx.yCy:Eu2+; x+y=12).

Sample ID (Sng);,Sil2025.,(N,(.,,C,,:]Elu2+ Luminescence Characteristics
SrCO; | SiC SiO; | SisNg | Ei;O; | MgO | QE, % | Aem, nm | FWHM, nm

4.1 2.1832 | 0.0000 | 0.4048 | 0.9451 | 0.1106 | 0.0122 | 85.5 541 77

4.2 2.1886 | 0.0451 | 0.4061 | 0.8945 | 0.1109 | 0.0122 | 85.5 539 77

43 2.1941 | 0.0905 | 04075 | 0.8437 | 0.1112 | 0.0122 | 76.1 538 77

4.4 2.1997 | 0.1361 | 0.4078 | 0.7935 { 0.1115 | 0.0123 70.9 541 76

4.5 22052 | 0.1819 | 0.4092 | 0,7422 | 0.1118 | 0.0123 68.2 541 76

[00121] The XRD pattems for these exemplary compositions are shown in Figure 13. Similar to
those of Example 2b, the XRD data show that each of the phosphors contains mainly two phases,
the STRUCTURE I (orthorhombic) or STRUCTURE I (triclinic), and the STRUCTURE IiI
(triclinic). It is found that the amount of STRUCTURE III relative to that of the STRUCTURE I
(or STRUCTURE II) is varied as the content of carbon changes in the series of 4.1,42,43,44
and 4.5, indicating an effect of carbon content on the crystal structures. When the content of
oxygen is fixed, the diffractions of the STRUCTURE III (-2 1 0) are shifted toward higher 26
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77 5.2 2.2137 0.1342 0.5028 0.7043 0.1099 69.7 540 76 5.3 2.2137
0.1789 0.5363 0.6261 0.1099 69.7 539 78 5.4 2.2137 0.2237 0.5698
0. 5478 0. 19W9201268488638 77 5.5 2.2137 0.2684 0.6033 PCT/US2011/028140

angle (Figures 14A and 14B) as the content of carbon increases, corresponding to the lattice

shrinkage due to the Si-C incorporation.

Example 3: The preparation of phosphor compositions of family (4)

[00122] The phosphors of composition M{IDM(IID) 2.« ySixsyO2s.x4352N5 5 5.yCy: A (M(I1)=Sr, Ba,
Ca; x+y=12) (or M(I1);S112025.x2352Nyx £ g_yCy:Euz“L)‘ were prepared by the processes described
above. The raw materials were mixed in designed ratios listed in Table 8. Compared with the
compositions of Examples 2, the ratio between nitrogen and oxygen in the preparations of this
Example 3 is systematically altered by varying the amount of SiO; and Si;Ny in the starting
materials as well as the change of the type of M(II).

Table 8. The amount of starting materials (in grams) and luminescence properties of the
phosphor compositions of Exampie 3 (M(I[)M(II) 2x-ySix+yO2s.xe352Nx 7 5.yCy:Eu’"; M(ID)=Sr,

Ba, Ca; x+y=12).

Sample ID M(I1);S112025.42350Nx 7 5.,,C,,:Eu2+ Luminescence Characteristics
SrCO; | SiC | 8i0y | SisNg | EuyOs3 | QE, % | Aem, nm | FWHM, nm

5.1 2.2137 | 0.0895 | 04693 | 0.7826 | 0.1099 85.6 541 77

5.2 2.2137 [ 0.1342 | 0.5028 | 0.7043 | 0.1099 69.7 540 76

53 2.2137 | 0.1789 | 0.5363 | 0.6261 | 0.1099 69.7 539 78

5.4 2.2137 | 0.2237 | 0.5698 | 0.5478 | 0.1099 76.2 538 77

5.5 22137 | 0.2684 | 0.6033 | 0.4695 | 0.1099 | 51.1 541 77

5.6 2.2269 | 0.0900 j 0.3911 | 0.8502 | 0.1106 82.2 542 77

Sample ID M(ID78112025 435Ny 7 5. C,,,:Eu2+ Luminescence Characteristics
BaCQ; | SiC | Si0; | SizNg | EnyO3 | MgO | QE, % | Aem, nn | FWHM, nm

5.7 23702 | 0.0717 | 0.3759 | 0.6268 [ 0.0881 | 0 81.5 495 39

5.8 22343 1 0.0751 | 0.3937 | 0.6565 | 0.0922 | 0.0507 4.6 494 47

Sample ID M(I1)78i12025 52352 Nx £ 5.,Cy:Eu’ Luminescence Characteristics
CaCO; | SiIC | 8i0; | Si3Ns | EuyO3 | MgO | QE, % | Aem, nmm | FWHM, nm

5.9 1.9686 | 0.1174 | 0.6155 | 1.0265 | 0.1442 0 331 563 93

5.10 1.7903 | 0.1186 | 0.6219 | 1.0372 | 0.1457 | 0.0801 36.9 561 91
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0.4695 0.1099 51.1 541 77 5.6 2.2269 0.0900 0.3911 0.8502 0.1106 82.2
542 77 Sanple | D MaD7S112025-x36/2Nx T a-

Char act er i wDi2e8/142880 nc. alLv3 , .,
Xem nm FWHM nm 5.7 23702 0.0717

Cy: Eu2 Lum nescence
" we , or02 Si3N4 Eu20PeTNB® 1028190

[00123] The temperature dependencies of the emission intensity for samples 5.1, 5.6, and 3.5 are
illustrated in Figure 15. The luminous maintenance at high temperatures, e.g., 150°C, increases
as the ratio of N/O increases. This demonstrates that the N/O ratio in the composition has a clear
effect on the thermal stability of the luminescence emission in the high temperature range. The
excitation and emission spectra for sample 5.9 is shown in Figure 16, and its reflection spectrum
is shown in Figure 17. The excitation and emission spectra for sample 5.7 is shown in Figure 18,
and its reflection spectrum is shown in Figure 19. As shown in Figure 18, sample 5.7 has a
narrow bandwidth compared to other exemplary samples of the invention, about 39 nm, where
most other samples have a bandwidth of between about 70 and 80 nm. It is also noted that

sample 5.7 peaks at less than 500 nm.

Example 4: The preparation of phosphor compositions of family (6)

[00124] The phosphors of composition M7, M(D),M(I1D12.xy.-Sixty+:025x:382v0Nx * 5.
CHy:A, where M(I)=Sr, M(I)=Li, M(II[)=Al, H=F, and A=Eu**, (or Sr7.yLiyAlj2 5.y.2Sixty+2025.
xi33/2_vf2Nx$5.zCszZEu2+) were prepared by the processes described above. The raw materials
were mixed in designed ratios listed in Table 9. In this composition, monovalent metal Li and

monovalent anion F are incorporated into the composition.

Table 9. The amount of starting materials (in grams) and luminescence properties of the
phosphors of Example 4.

Sample D Sr7yLiyAli2 5.y Sixiy+2025.x352.02Nx F 5.:CFy: Eu?® Luminescence Characteristics
$Co; | AN [sio, | SN, | Licos | EwO, |sF | sic QE, % | Anm | FWHM,am

6.1 2.2736 | 0.0074 | 0.4139 | 0.8757 | 0.0017 | 0.0548 | 0.0035 | 0.0506 36 538 76

6.2 22792 | 0.0074 | 0.4149 | 0.8261 | 0.0017 | 0.0549 | 0.0035 | 0.0952 | 3713 541 77

Example 5: Preparation of pcLEDs

Example Sa: Green-emitting phosphor composition combined with blue-emitting LED
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0.3759 0.6268 | 0.0881 0 81.5 495 39 5.8 2.2343 0.0751 0.3937 0.6565
0.0922 0.0507 40.6 494 47 Sanple | D M 11)7Si 12025- x36/ 2Ne T _
EeyCy: E112W0,2011/14288% nescence Characteristics CaCO33 ntPCI/ISR@2/0318N4

Eu203 MO QE, % Xem nm

[00125] A green-emitting oxycarbonitride phosphor composition of the present invention,
sample 3.2, was applied onto a blue-emitting LED chip in the design shown in Figure 21. The
phosphor composition was mixed with a silicone resin (silicone, Shin-Etsu LPS-2511). The
phosphor-filled encapsulant composition was then injected onto an AlGaN-based, blue-emitting
LED chip followed by a curing treatment according to the manufacturer’s curing schedule, The
emission spectra of the pcLED at different operating currents are shown in Figure 24.

Example 5b: Green-emitting phosphor composition combined with a red-emitting Dphosphor
and a blue-emitting LED

[00126] A green-emitting oxycarbonitride phosphor composition of the present invention,
sample 3.2, was combined with a second red-emitting phosphor composition (expressed by
Cap 62EU0.0034N80.0235510.013A10237B0.0255810.562N1.94Co.0875) to produce white light. The phosphor
composition blend was mixed with a silicone resin and was applied to a blue-emitting LED chip
by following the procedure described in Example 5a. The luminance properties of the resultant
pcLED are displayed in Figure 25. The emission spectrum of the pcLED is given in Figure 26.
This particular embodiment of phosphor composition blend of the instant invention gives a warm
white light and its chromaticity coordinates lie very close to the black body locus with a
cotrelated color temperature (CCT) of ~2800 K and color rendering index (CRI) of 94.
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FWHAM run 5.9 1.9686 0.1174 0.6155 1.0265 0.1442 0 33.1 563 93 5.10
1.7903 0.1186 0.6219 1.0372 0.1457 0.0801 36.9 561 91 WO

2011/ 142880PCT/ 11S2011/ 028140 1001231 The tenperature dependenci es of
the em ssion intensity for sanples 5.1, 5.6, and 3.5 are illustrated

i n Fi gWeclkhm: The | um nous nai nt enance at high tenperatures, e.g.,

| 50C, increases as the ratio of NO increases. This denonstrates that
the NOratio in the conposition has a clear effect on the thermal
stability ofy the i z i SS) L Ghes Bl erat ure range.
The excitatﬂbn aﬁ%ugﬁ?gﬁﬁﬁﬁgg?éé%éé? ofb@gﬁgﬁggéggm%g shown in Figure
16, and its reflection specM(limAlg. sBoud.iNFCgAre 17. The excitation
and em ssian spectra for sanple 5.7 is showm in Figure 18, and its
reflect"lﬁ?ﬁ‘imgpectrumis shown in Figure 19. As shown in Figure 18,
sanpl e 5.7 hag <@ nseyaah@pdwnidkiy.conpared to other exenplary sanples
of the invention, about 39 nm” where nost other sanples have a

bandwi dt h ofMJ&tasegmisedbadeasyOnedidaled cation;landi s al so noted that sanple

5.7 peaks at, | ess.than 500 nm anple 4. The preparatjon of phosphor
st ond BITPTIRE A R BSGRaE T v erps dopidE o e SB ek
conpositionMJ)7.yMHyMm ....-.,12Si x+y+z025-xi s/ 2-vaNx6- zCzliv:A,

where M II) Sr, I\/(TI):Li, M I11)=Al, HF, and A=Eu2+, (or _
Sr7.yLi yA112. . . y Bsicempesifonof gl 2, whewingV D omprges atueaseonsy dpalerd

dbsi onsROEFISER) SERTH AU AR e P hel R CRSTRE Cr 7 ot o

nmetal Li and nonoval ent anion F are incorporated into the
conposition. Table 9. The anount of starti n8 materials (in granms) and
| um nescence- pr opretPEPogition REclany 4 pbersindvi{IDcamprisestwo wapgie diffaenty

2+ divalent cations.

4. The composition of claim 1, wherein A comprises a luminescence activator
that is selected from the group consisting of Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,

Lu, Mn, Bi, and Sb.

5. The composition of claim 1, wherein A is doped in the host crystal of the

phosphor at the concentration level of 0.001 mol% to 20 mol% relative to M(II).

6. The composition of claim 1, wherein the phosphor comprises a crystalline

phase that 1s a triclinic crystal system belonging to space group P1 (No. 1).

7. The composition of claim 6, wherein the phosphor does not comprise any

other crystalline phases.

8. The composition of claim 1, wherein the phosphor comprises at least a first

crystalline phase and a second crystalline phase.
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Sr2.yLiyAl112- x-y-zSi x+y+z025- x+. 38/ 2-v/ 2Nx- T- 8-zCzEv2VAI L

Lum nescence Characteristics SrCO3 AIN Si02 Si3N4 L12CC3 Eu203 SrF2

SICQE %Xer", nmFWMnm6.1 2.2736 0.0074 0.4139 0.8757 0.0017

0. 0548 0.0035 0.0506 36 538 76 6.2 2.2792 0.0074 0.4149 0.8261 0.0017
9. The composition of claim 8, wherein the first crystalline phase is an

orthorhombic crystal system and the second crystalline phase is a triclinic crystal system

belonging to space group P1 (No. 1).

10.  The composition of claim 8, wherein the first crystalline phase is a triclinic

crystal system and the second crystalline phase is a triclinic crystal system belonging to space

group P1 (No. 1).

11.  The composition of claim 1, wherein the phosphor comprises a crystalline
phase that is a triclinic crystal system belonging to space group P1 (No. 1), wherein

the unit cell parameter @ of the host crystal is from about 6.9011 A to about 7.3011 A;

the unit cell parameter b of the host crystal is from about 7.0039 A to about 7.4039 A;

the unit cell parameter ¢ of the host crystal is from about 7.0728 A to about 7.4728 A;

the unit cell parameter o of the host crystal is from about 85 degrees to about 92
degrees;

the unit cell parameter § of the host crystal is from about 81 degrees to about 88
degrees; and

the unit cell parameter y of the host crystal is from about 72 degrees to about 79
degrees.

12.  The composition of claim 1, further comprising one or more additional

phosphors.

13.  The composition of claim 1, further comprising at least one phosphor selected
from the group consisting of:

(a) CayxAlxxySiixrxyN2xxyCuyA;

®)  CaixzNaMIIDnysSitxoxytNzsnyCryAs

(©  MID1x--M(DMI)xxy2Si1xexy:2N2oxxyCry A

(d  MID1xMI) M)k xy-2S11-xxy+2N2-xxy-203Cxy OwvioHv: A and

() MID1x- MMk xy-2S11-xxy+2N2-xxy-20/3-v3Cry OwHv: A
wherein:

0<x<1, O<y<1, 0 =<1, 09<1, O<w<l, x+z<I1, x>xy+z, v/2 v, X-xy-2w/3-v/3<2, and
0<x-xy-z<1;
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0. 0549 0.0035 0.0952 37.3 541 77 Exanple 5: Preparation of pcLEDs
Exanpl e 5a: Green-emtting phosphor conposition conbined with
blue-emtting LED WD 2011/ 142880PCTM52011/ 028140 [00125] A

green-em tting oxycarbonitride phosphor conposition of the present

i nvention, Sd{iplieatdesst onadivalepl ¢catidnpnto a bl ue-enmitting LED chip in

t he design in Figure 21. The phosphor conposition was m xed
with a sili i\aﬁﬁ%@é&aﬂt%&im‘?f@%‘@l}t GHPR Bt su LPS. 2511). The

phosphor - fi IMgﬁ) RN M RMivASRRAgsd;I on was then injected onto an

Al GaN- based, bl ue-emtting LED chip followed by a curing treatnent
accor di ng t dl istat lazsimneasengvelehsandem; iang schedul e. The emi ssion spectra
of the pcLED at ]di fferent operating currents are shown in Figure 24.
Exanpl e 5b: S&H%S??qcﬁQCtBWSCEphor conposition conbined with a
red-emtting phosphor and a blue-emtting LED [00126] A
green-emtting oxycarbonitride phosphor conposition of the present

i nvention, dé4npl &\ Somposyiasn eosmsisingd Miospha heene adomada eeﬁmt@cr frgm the
phosph 0 -t on (expressed by Ca0.62Eu0. 0034N40235Sr 00

3Al o. 2%@%@?@@%&%62M . 94C0. 0375) to produce white light. The
phosphor corposi tMQthIel)g-x%&ﬁwmamq_ @i:Bh Ahsrdeln QR NesigkxaHek Was and
applied to a blue-emtting LED chip 5y follow ng the procedure

descri B8d<¥n Exanpl e 5a. The | um nance properties of the resultant
pcLED are displ a i hgurg 25. The,em $sj,0n t fnlh D
is given in (@logu?ﬁgagéb.q(@ﬁ‘é"’%é?y@?sé‘ﬁzls’é%%ﬁ?b%;tfl"n%%{%ggfd%{%%g’p%%ygx’%&gyS
conposi ti on 1bl @egDiant Bextpshant invention gives a warmwhite |ight
and its chromaticity coordinates lie very close to the bl ack body

| ocus with dccor M{IBtNMAIR 0 931:t,OmaerdkuseCLEAR) oheredB00<i<ERd 0Bl prx,
rendering index (CRI) of 94, W claim 1. A conposition
conpri si ng ¥<PhBShhdrOray AMYS TR f or nul a wherei n:  0<x0<y<x, and
O<x+y1Z:neMiR conprises at |east one divalent cation; and A conprises
a lum nescence activator doped in the crystal structure. 2.
The conposi IN@DH cofmpeikes anlchst avteatiwilent Mhtidn), conpri ses at | east one

di val ent caWﬂ selected fromthe 9rou .consisting of Be, My, Ca, Sr,
Ba, cu, Co, 4D eemprises atleast epe trivalent catipn; the conposition of claim 1,
wher ei n MOD . iMRprise68 [iReQen DL Bivatbof H@ﬁe‘ﬁ% il éf?étﬁ%%ru&ﬁ%e!. ons.

4. The conposition of claim11, wherein A conprisSes a |um nescence
activator that is selected fromthe group consisting of Ce, Pr, Nd

Sm Eu, Gd, ,Ib, Ho. Er., Tm. .Yb.,Lu_ Nh, Bi, and Sb. 5. The
conposi tion lgf cl bﬁloT?oﬂhgl?%ﬁaW%%ﬁ%& in the host crystal of the
phosphor at MHB cooMeiSe! dt dakOdhel ddvént @htich SMbktdatt S ki FOupBdkeskBk of BY.e
to MII) 6. The conposition of claim1l, wherein the phosphor

conpr i 385 Ga, 8k.\Bat 8 CacNp Rdsén.tna(Cd &ndy triclinic crystal system

bel ongi ng t : P - 1) . it . Of

ol ai 6, “un A e I bbGivdlens carion slchied Fs GETRED onBRil of 2
phases Al, Ga, In, S§.Y, Thend@iposi ti on of claim1, wherein the phosphor
conprises at least a first crystalline phase and a second crystalline
phase. 9. The conposition of claim8, wherein the first
crysta line jghasep2oaBoQlisor HRRPIL WHardh &l cHElhARR: bieuiEiQBd ce
crystalline phase Is a‘triclinic crystal systembelonging to space
group Ratidum.selbpted from the gt@up cineistogpioSe, tAroNd,Em ckwiGd, 8b, Bhdde) Br, The
first t ine phase is a triclinic crystal systemand the second
cryst aWi‘@’aMﬁ'agé agggg triclinic crystal system bel onging to space
"coup P1 (No. 1). 11. The conposition of claim1l, wherein the

phosphor conprises a crystalline
17.  The composition of claim 14, wherein A is doped in the host crystal of the

phosphor at the concentration level of 0.001 mol% to 20 mol% relative to M(II).
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phase that is a triclinic crystal system belonging to space group Pl
(No. 1), wherein the unit cell paraneter a of the host crystal is
fromabout 6.9011 A to about 7.3011 A, the unit cell paraneter b of
the host crystal is fromabout 7.0039 A to about 7.4039 A; the unit
cell paranmetldr c Tfe dohmpokitish of clgsit &4, wiseréin ol lahxsphorkoﬂx@ﬁaeslh drostalbioelt
7.4728 A e unit cell aneter a of t he host crystal is from about
85 degrba¥ 'F‘B 1586‘&?11”9‘?°16fg‘3£%’é?m belonging YospaTH &r%%?ﬁ %rl}ameter f3 of
the host crystal is fromabout 81 degrees to about 88 degrees; and
the unit cell paraneter 7 of the host crystal is fromabout 72
degrees to d¥out Ti@ wegoeitien of claim 13,hherdih¢haphmsplsirtdoesnafcompakenay,
further rrp)ﬁﬁl n one or nore additional phosphors. 13. The
corrpos@El?e(S 1(1,1? further conprising at |east one phosphor
selected fromthe group consisting of: (a) (b)

Cal _,,..zNazM I I Xy.zSi | -x+xy+zN2_x_xyCxy: A, (c) (d)

MIT)1, , M I2)Oz|\/0 lye"congposmsn of slainy 14.Nghorein aeonlioshoy Gampgises: ahcastredffist)

[ S 2w/ 3-v/ 3Cxy0 A; wh
VLA bl e SRt 200 3 1 30Oy A wheren
and O<x-xy-z<1; MB is at |east one divalent cation; I\/(I) is at
| east one m)noval ent cation; MIII 5 is at | east one trivalent cation;
His at | eastl- ondheseBPasisaR 0&?1%@1 0.avepranithe Grst erptaltie phase is an

t t
gg | L‘é f‘egﬁuﬁ%ﬁ@&%ﬁ@s{e&&%&ﬂg@&oﬁa ?@sﬁll%%g%q;s AN cRsth L&A

consi s

I\/(II)?Meldnkg)nngxp_apngmIﬂS(N&N) yCy A, wherein O<x 12, O<x+y 12, and
O<y<x; (b) MIJ)7MI11)12-x-ySi x+y025-x35/2Nx-T 5-yCy: A, wherein

O<x<12, 0 __ y<x, O<x+y 12, 0<63, and 6<x+y; and, (c)
1) 7M1 11 pHb2-x i
VL) ML ERE2 S 3N B Ol T B o oGS BURRO BRI B

cat i on;crydtdl lsygtero anp thiessesorslt criystaine plmese iy a tralisterysil |spsi¢m/hekmgmg|ts gFaca
| um nesce ti.yator doped in the crystal structure. 15.The
corrposﬁi”?‘ﬂ“ﬁ[?]o& i‘i m 14, wherei n: MOB conprises at |east one

di val ent cation selected fromthe group consisting of Be, My, Ca, Sr,
Ba, Cu, Co, Ni, Pd, Zn, and Cd; and, MIIl) conprises at |east
one trival e?d. catfheonwpsitioraf ¢laiom 4, Hurthgr cempeisingiose pnmous addjtional Ga,

In, Sc, pth hlbas. and d.

24.  The composition of claim 14, further comprising at least one phosphor
selected from the group consisting of:

(2) CarxAlxaySitaorgNaxxyCuyi A;

(b) cal-x-zNazM(HI)x-xy-zSi L-xrxy+zN2oxxyCxy 1A

©  MID1MDMIM)yonySi1oxoxytzNocnyCayi A

(d)  MID1x-MI)MIID)x xy-2811 xtxp+2N2x-xy-2w3Cry Owovi2Hy: A and

(e) M1 xzMD) M y-z811 xtxy+2zN2-x-1y-2w3-v3CxyOwHy A
wherein:

0<x<l, O<y<l, 0=z<I, 0 <v<l, O<w<l, x+tz<l, x>xy+z, v/2 SV, x-xy-2w/3-v/3<2,and
0<x-xy-z<l;

M(II) is at least one divalent cation;

M(I) is at least one monovalent cation;

M(III) is at least one trivalent cation;
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16. The conposition of claim 14, wherein A conprises at |east one

| um nescence activator selected fromthe group consisting of Ce, Pr,
Nd, Sm Eu, Gd, Tb, Dy, Ho, Er, Tm Yb, Lu, M1, Bi, and Sb. 17.The
conposition of claim 14, wherein A is doped in the host crystal of

t he phosphorH &tatidest @azmentvakht atod;ewél of 0.001 nol %to 20 nol %

relative to I The conposition of claim 14, wherein
t he phosphor‘ﬁ%&%Fﬂl’éﬁge%eéfnﬁ/‘?ﬁ% line phase that is a triclinic
crystal system belonging to space group P1 (No.1). 19. The

conposition of claim 18, wherein the phosphor does not conprise any
ot her cryst &5l i neA pbisamitting device20mpfikiegconposi tion of clai m 14,
wherei n thef@-{%%?(?'-ﬁée gﬂggrlgﬁrst?umm%%ﬁeﬁ%@f%mt crystalline phase and

a second cr osition of claim 20,
wher ei n t he FfiHoshde by F@élﬁbrﬂ%}ﬁ’&}ﬁ%eh%ﬁ?at@d Waniarkbe ke HshiabuRy st em
and the second crystalline phase is a triclinic crystal system

bel ongicmjtstlight hardes gresapd Panippsence)spectrum; 22, The corrp05| tion of

cl aim 20, wherei.n.th fIﬁ’St CrY aII 1%5 i-ni ¢ cr stall
cyet o and" CHSQR iiohosplyd afp RS BRI A5 ey Pef phisebon e ¥t
bel ongisected fivpate sasuPgonklktidd\oE 1) 23. The conposition of

claim 14, further conprisi n}I%1 one or nore additional phosphors.

24. The conposition of clai (E)PAlf?u-IS'&hﬂQZS@%’p@Yéb ng at |east one
e T
TEE T ) iyt gt o
wher ei ivherein 0<x &ZO<y<BxG<ty B12; ﬂé&ﬁoand d<aty; 044IR rompsizesiat loastanez

i ool et bt Wﬁf’?%ﬂ@i%f St Sttt S bRBRERT) 15

| east mlﬂegéeﬁaémiva@aﬁbmmﬂké¢r§stanstﬁue@1$é one nonoval ent ani on; and
A is a lum nescence activator. 25. Alight emtting device

conprising: a light source emtting a first |um nescence spectrum

a phosphor npo i I e kI i with light fromthe

| i ght sourcg8 emS[;h;e h%ptgﬁﬁﬁ%l%?er%%a&s&e%%%’ ﬁ;h%%hescence spect rum

wher ei n t he Ni{IDshgiseoatbast dieadivaeniratices:]@ted f@aa tho@eup basihag of Be,
having a fornula sel ected fromthe roup consisting of

MOD7 AL M8 G5 a-%@‘sCOf\NI y Oy L Be¥ 1) 12, ySi x+y025.), Nx. yOy: A;
and, MOD7MO BN %ﬁém&% '

0o i~y 1ot Goraprises g KA Do e DR B D B Papiipe o
cati on;CdyEr/\/I\bcbr’:B]m |Ble§daTblléﬁ§{o dieTinr YealwMn, it aghSb.and A conpri ses
a | um nescence activator doped in the crystal structure.

27.  The light emitting device of claim 25, wherein the first luminescence spectrum

is from about 300 nm to about 600 nm.

28.  The light emitting device of claim 25, wherein the first luminescence spectrum

is from about 400 to about 550 nm.

29.  The light emitting device of claim 25, wherein the light source is a light

emitting diode or a laser diode.

30. The light emitting device of claim 25, further comprising one or more

additional phosphors.
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26. The light emtting device of claim25, wherein MOD
conprises at |east one divalent cation selected fromthe group
consisting of Be, My, Ca, Sr, Ba, Cu, Co, N, Pd, Zn, and Cd; and

A conprises at |east one |um nescence activtor selected fromthe
group consisting of Ce, Pr, Nd, Sm Eu, Gd, Th, Dy, Ho, Er, Tm Yb,
Lu, Wnh, Bi, .and . ..27., The light, emtting deyice of claim 25,
wherein the ¥irst et}}ﬁhﬁg@ggﬂ%gwﬁfe‘%‘i‘#%mé%wmg’ﬁ&ﬁ%{lﬁ%@&lﬂﬁ?wr%ﬁﬁt
600 NMred light whef@xcilétoy 4 8Bkt BEckt i ng device of claim 25, wherein the
first lum nescence spectrumis from about 400 to about 550 nm

29. The light emtting device of claim25, wherein the |ight source

is a light 1tti di ode..or l.as di \ 30. The |ight

e 1 ng devive drediePifisBhe fonfs @b rutirg cuneisre fosand Bhbsphor
addi ti gagngphefpiakelected korhle lgt@Ptconsibddd ¢ty devi ce of clai m 30,
wherein the additional phosphor emts red |ight when excited by a

li ght sour cd®) 32.CheAkixghitefattithgAdevi ce of claim 25, further

conpri si ng ecqnd hayi ng fo a selected fromthe group
consi sti ng 3P)S(a) %gﬁwxy’ﬁ%gﬁ?@lﬁﬁfwAXy&y A. (b)

Cal " NazM'1 1 g X WIAGi L MUY MND) oy Si YNy CR): A
MIT)1, zMDzM I 1)".xy zSi: -X+Xy+zN2-x xyCxy:A, (g%[
MIT)1, , M Iﬁ?)\/(l |M§H),1-;c-ﬁ@ﬁMQ%yzSzwwl\szzwxa@@Qy@ vz A; and (e)

G L R AN BRI e

v/ 2x- xywi@ndf- v/ 3<2, and 0<x-xy-z<1l; MIIl) is at |east one dival ent
cation; MO s at |east one nonqgval ent cation; I11) is at | east one
trival ent cé%<?<6ﬂa;0i¥<.?sb§%< S ofle b oo -Vd#%ﬁayﬂ“i@‘f§<2=

| um nesggNce-@cidivator. 33.The light emtting device of claim 25,
further conprising at | east two additional phosphors. 34.The Iight
em tting deWidB ipat ledshone dFalehtieationr conprising at | east one

addi ti onal hor that emts |jght having a peak in wavel ength
range from «E}g@i{% aigeﬁsttodleéﬁ%ﬂﬁ’tvalgg &HW{%S. The light enitting device of
cl ai m 25, le[{HI?[S ot Q¥BY brfel tHYaleht daBi@gt one additional phosphor that
emts light having a peak in wavel ength range from about 520 to about

640 nm 36. This atigghtonsimenovalgntianiens@ndf claim 25, wherein the device
emts white A 1sganhminescence activator.

33.  The light emitting device of claim 25, further comprising at least two
additional phosphors.

34.  The light emitting device of claim 25, further comprising at least one
additional phosphor that emits light having a peak in wavelength range from about 480 to
about 660 nm.

35.  The light emitting device of claim 25, further comprising at least one
additional phosphor that emits light having a peak in wavelength range from about 520 to

about 640 nm.

36.  The light emitting device of claim 25, wherein the device emits white light.
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37.The light emtting device of claim 36, wherein the device emts
cool white light. 38. The light emtting device of claim 36,
wherein the device emts warmwhite |ight. 39. The light
emtting device of claim25, wherein the device emts green |ight
havi ng a wasdl endthe light eraitfingpdevadeoaficlad®(3 6 mhewiatho devie® Bmitsrcool white
40. Thﬁiﬁi}%ght emtting device of claim25, wherein the device emts
| i ght ‘'ng a wavel ength val ue from about 500 nmto about 590 nm
41. The light emtting device of claim25, wherein the device ents
i ght having a wavel ength val ue from about 380 nmto about 750 nm
42. The |i gh8. eniTheilight ereitiiagdeyiceodfailam2®, whisiretha deviee duits permmlite
| i ght tflagsﬂj[ ng a wavel ength val ue from about 400 nmto about 700 mm.

39.  The light emitting device of claim 25, wherein the device emits green light

having a wavelength value from about 480 nm to about 600 nm.

40.  The light emitting device of claim 25, wherein the device emits light having a

wavelength value from about 500 nm to about 590 nm.

41.  The light emitting device of claim 25, wherein the device emits light having a

wavelength value from about 380 nm to about 750 nm.

42.  The light emitting device of claim 25, wherein the device emits light having a

wavelength value from about 400 nm to about 700 nm.

-5] -



