WD 2011/ 044974PCT/ EP2010/ 005570 - PHOSPHOR M XTURES COWPRI SI NG

EURCPI UM waReh /63040 SI LI CATES Field of the Invention Spdfigpionyeiakicon
rel ates to novel phosphor m xtures conprising at |east one silicate
phosphor. The invention furthernore rerét es to the use of these

m xtures in electronic and el ectro-optical devices, in particular in
i ght- 10emtting diodes (LEDs). The invention furthernore relates to
LEDs com pri si ngpHbsmIoRMIN FURERCEOMPRISIRG EBROPIUMIDOPEEFDS ar e
increasing in inmportance on use as backlighting in |iquid-crystal

di spl ays (LC displays). These no@RTHOgNLICGATESes have a nunber of
advant ages over the conventional cold cathode fluorescence | anps
20(CCFLs), such as longer |ifetime, potential energy saving, absence
of harnful ipgnedied svesteh as mercury in CCFLs). In the past,
arrangbnents—of LEDsS which enmit blue, green and red light were

enpl oyed as backlighting source for LC TV appl i cations. However, this

multi-chip a dlsa i S extrerrel difficult
ARG 1 ST R R SRR AT o (RTCREA RS
and st abi | i t yilightel prf¥phbRIEHEheEatiGH AlHtHRSRPE GslhtdabRhe L@,@leﬁlasese
("phosphor-converted LEDs") have therefore been introduced as |ight

sources for UWEUERS iBRIRETYNE Png clatieseplical devicesoimparteulshn ighden 30

phosphg¢0 and S e

i a5i on of Sians s R PR s Bh s teuct e b Yoy
fransm ssi onpegiagtth@ phbsphescol oured filter (transm ssion bands in
the blue, green and red region of the spectrun). A set-up of this
type theoretically facili- tates colour gamuts which are much | arger
t han the usu restrictions in the availability of
sui tabl e qua??%&ggﬁ—rggigﬁgﬁgg Il a need for WO

2011/ 044974PCT/ EP2010/ 005570 - 2-

LEDs are increasing in importance on use as backlighting in liquid-crystal

displays (LC displays). These novel light sources have a number of
advantages over the conventional cold cathode fluorescence lamps

(CCFLs), such as longer lifetime, potential energy saving, absence of

20 harmful ingredients (such as mercury in CCFLs).
In the past, arrangements of LEDs which emit blue, green and red light
were employed as backiighting source for LC TV applications. However,
‘x . this multi-chip approach has some disadvantages: it is extremely difficult

to combine three different chip materials and to ensure uniformity and
stability of light parameters such as colour point.

pcLEDs ("phosphor-converted LEDs”) have therefore been introduced as
light sources for use as backlighting. These usually comprise one green
30 phosphor and one deep-red phosphor together with the blue light emis-
sion of an LED chip, which are matched in accordance with the transmis-
sion spectra of the coloured filter {transmission bands in the blue, green
and red region of the spectrum). A set-up of this type theoretically facili-
tates colour gamuts which are much larger than the usual sRGB. Due to
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restrictions in the availability of suitable qualities, there is still a need for



further optim sed phosphors and/ or phosphor m xtures havi ng good

col our gawm11/@4ePri singly, it has now been found thatpPar/gBedofd/ei56T
col our gamut for back- 5 lighting appligations can also be achieved
by LEDs conprising a phosphor mxture which conprises three or nore
silicate phosphors of the formula I BawSr, (CaySi O4: zEu (1), in
which all indices w, x, y and z are independent of one another, wth
the conditi ofurtl'fmtom\imimd\pbomrmmdfm phwsphodmbdares, having gaod colcand
up to 2 10(w+x +z = 2), and in which one or nore silicate phosphors
enit green | P 8#’ ‘'one or nore silicate phosphors emt yellow |ight
and one or mB{AHEihdIGAE ﬁaehemrﬁfoenutthgfé@aﬁfgokér%a&ﬁgahmt%i Béck-he
wei ght ratio of green phosphor to yell 5phosphor to d6range
phosphg |s liglgingdagplications cad a@so b@aeheved@y LADS csmpelaimgda phosphudr
the pré@sent invention .is therefore a sphor ture co in
three or - mor BGERY bARe! Garbeiies: 8 B FEte BRaispostiims o Be Grghia
zEu(l), in \Aﬂgggrxgjabgmdgggs W, X, (W and z are independent of one
another, with the condition that wi'thin one conmpound the indices w,
X, Y and z atfowbightal indicas s yy andg araindepanagitof aneearpthanmth the

il t h | i 25si |
it yel 1 ow Promron g e soigy e dhakBE §ns ¥ a7 o8 BRga S
|'i ght 4Rd m(quhzt:hg) wei ght ratio of green phosphor to yellow
phosphor to orange phos hor is 1,8 -4.0: 0.1 - 4.0 : 0.8 -3.0. 30A
is Ef ficient candip W@mn%aﬁprged@atﬁ)mé@%ﬁ@reewmem@sht ANGEOT MOES
e coverage r a | urce
i ncl udi ng go g{:]art{eeztﬂ}o%l%%ﬁl'geﬁﬂ%ﬁlo%l@?gégo eroma %cﬁ%étgr‘%&g Png%vwlere

the triangl eemil arhngedibtiasd trhwhichrtbe vedREiR ratib o igr¢xn phespiRgab gehgwt o
Cl E 351931 shoul e as |large as c§055| bl e. CGood coverage, which is
sui t abllé forpwaﬁl tp oxengmBhosrhofdhilled-O £0.hore0t Rh- 96% of t he

range, preferably nore than 95% of the range, is covered. WO

2011/ 044974PCT/ EP2010/ 005570 - 3- Orthosilicates have a nunber of

advant ages oﬁxe"rrsmmbudiezsermofd}esepfemht n1\IelnitEda$s tHia'Feﬁeye arghospébr mix-e

wi del y avai Itabl e, less ensi ve an the t chi ng of the| r
rsggg}ﬁj

f1 uor escence %%ﬁ&”?ﬁﬁ’%} TSHRI MYe ?aB?y mula

conposi tion ph, Sheacsienental fornulp (Ca, Sr Ba) 2, Si O4: Eux. Th| S
enabl eg0opti m sed matchi ng of the transm ssion curves of the col oured

filters. 101 whichialindices v, Xhysndezard mdadendemtmﬂcmer@qzhert eaith Iihye

m xing of a plu of..orthosilicate f.or l e a greenis

M el DobrtRR i PR SRR e d eSS Al St o G BRI ¢
a broader bagpwreqrparegf With a single orthosilicate phosphor. An LED
having a broader em ssion band 15is inportant in order to ensure

iuf ficient spe@in whighows oheore siligatenphesp heirsi emitegiesn i:gby drEmIohope

m ssi pg) an%|,ggtﬁgjﬁg{%ﬂb%ﬂﬁ@g%&ﬁwﬁ%ﬂ%ng T Wre Shdatd p%osplqot he

red region (
emit orange light and in which the weight ratio of green phosphor to yellow

phosphor to orange phosphoris 1.8 -4.0:0.1-4.0:0.8- 3.0.

30 A sufficient colour gamut means good coverage of the sSRGB range: i.e.
the coverage of the colour gamut triangle of the backlighting source
including coloured filter in the CIE 1931 chromaticity diagram, where the
triangle which includes the three sRGB colour points according to CIE
1931 should be as large as possible. Good coverage, which is suitable for

TV applications, is achieved if more than 90% of the range, preferably
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more than 95% of the range, is covered.



20WD 02/ 054502 descri bes a phosphor m xture conprising two or three
phosphor swopef/@uehl y two silicate phosphors and a furtpefrphosizefo
( bari um magnesi um al um nate or strontig@%nagnesiun1a|uninate:Eu). WO
2007/ 018569 descri bes a phosphor conposition having at | east two

25si |l i cate- based phases conprising a first phase having a crystal
structure which essentially corresponds to that of

(Ca, Sr, Ba, My, Zn) 2SI 4, and a second phase having a crystal structure
whi ch essentially corresponds to that of (Ca, Sr, Ba, My, Zn) 3Si 05, where
at | east oneOpthesiicatesthavecanpowier ofadivanagespreseixtvesaridieap-teshst
one of the p@@@@g,of t he conposition conprises a dopant F, d, Br, S
or NN WD 20 4974PCT/ EP2010/ 005570 - 4- phosphor is used. The

yel | ow _phospiihey ke Fudhh@ory witkipalaikomassnbxsdndieeand #iay énable
Det ai | 6d description of the invention 5 The invention relates to a

phosphor mi xMatehing e Eheii figerepeercabandinevery |snalt deps by shishkchangase
f la |l B L Q4. ,10i i | b~ i X, d
are | ndepenabn e s tiort bt bty (A S aRS s Fur e °

conpound t heehaldlies eptimised matetiidg of dddirapsmzsibn svryey v the loudad in
whi ch one or_pore silicate phosphors emt green light, one or nore
15silicate pﬂ'@)%"ﬁhors emt yellowlight and one or nore silicate
phosphdfs enj : 4 i i Ch: i Lat.i

Phosphor ¢ o yEPTGIeR L hEsbepRtold Sibieiholy 61 BVniRbid FbuBaRySy 4
..0.8- 3.0, priebsilicatby, for 8xaple a glednish tyd: with & yelloby. tyge aridgin

preference is given to a phosphor m xture conprising three or nore
silicate pho@ﬁ%&estyB?: Wﬁg@%lﬁegﬁ}|ralﬁur_g§§?ﬁ@§$@@de§%amiy:,ompareqi H‘”t_h
whi ch al | i ndisgRfie Wrth¥sii¥at@WhdkpRbEe Aﬁﬂg@el’i‘étﬁﬂ%ggm%‘@r SRR baa th
the 25condition that w thin one conpound the indices w, X, y and z
add upqg0 2 Evimpeytant in Aider to ensure sufficient spectral power not only in the

blue region (by LED chip emission) and green region (by phosphor emis-

sion), but also in the red region (by phaosphor emission).

20 WO 02/054502 describes a phosphar mixture comprising two or three
phosphors, preferably two silicate phosphors and a further phosphor

(barium magnesium aluminate or strontium magnesium aluminate:Eu).

WO 2007/018569 describes a phosphor composition having at least two

A

25 silicate-based phases comprising a first phase having a crystal structure
which essentially corresponds to that of (Ca,Sr,Ba,Mg,Zn),Si04, and a
second phase having a crystal structure which essentially corresponds to
that of (Ca,Sr,Ba,Mg,Zn)sSiOs, where at least one phase of the composi-

30 tion comprises Mg and at least one of the phases of the composition
comprises a dopant F, Cl, Br, S or N.

KR-2005-23990 describes an LED having a compression-moulding resin
layer comprising a yellow-, green- and orange-based phosphor mixture

with an amount ratio in the range from 70 : 20 :10 to 95 : 4 : 1, preferably
75:16.8:8.2 0r 80 : 13.6 : 6.4, in which at least one orthosilicate-based
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and in which the green-emtting phosphor is BawlSrx1Si O4: z1 Eu,
where Wl wo30@u8dods0 1.85; x1 = 0.10 to 1.25 and z1 = Op@prbniferd970
the yellowemtting phosphor is Baw2Srx2Day2Si O4: z2 Eu, where w2 =
0.10 to 0.80; x2 =1.0to 1.80; y2 =0.0to 0.2 and z2 = 0.05 to
0.20, WO 2011/044974PCT/ EP2010/ 005570 - 5- the orange-em tting
phosphor is Baw3Sr.3Cay3Si %4: z3Eu, where w3 = 0.03 to 0.10; x3 =
0.90 to 1.50ph §phbrq's%@efioﬂﬁ’e%lkﬂﬂﬂjh@pﬁo:q(}% tﬂ‘?e?ﬂagi aPcdiiBonent of

i nvention furt ernore relates’to the process Breparatlon of
phosphor i xthe miitareshi ch a first silicate phosphor is mxed with one
or nore further phosphors. 10The phosphors are well-known conpounds
and can be prepared by con- ventional nethods by solid-state

di ffusi on sypefgiRidsdecrigtis® opheveilveptfiei cal met hods (see Wlliam M
Yen, Marvin J. Veber, Tnorgani ¢ Phosphors, Conpositions, Preparation
and optical properties, CRC Press, New York 152004, or WO

02 054502) B AR LT RSB e P 1 el i

sem conduct Obawjdépm@es ef theOfofanR Isi | | cat e phosphors conpri si ng
BawSr xCaySi at: zEu, in which all indices w, x, y and z are

i ndependent of one anot her Bawpixkaydi@scandi ti on tat within one

conmpoung t he;

whi ch one or 'dn\gﬁlgﬂeaﬁ W‘é‘a ev%h)gg%or‘gggem}@ grggé%'gw% é%?}thé W'W“E
si.l i cate phospidition ¢mattwiteh lope donghduranhednegices wits ¢ awid 2 gad @p to 2
‘phosphor s emt 25 oran e light, characterised in that the wei ght

rati o of gre )E)Wi?p:h » to yell ow phosphor to orange phosphor is 1.8
to 4.0 : 0.0 : 3:
178 10 2.5, 30HuEwPich ol hrotersiicBlFpiodtafe brit dReR Ionh Ahebplffofe
t ypi calky hasilic#ie grarsphors amlztrye@awAIghn\IanWrmreeorOnore Qiiitj:ate(bﬂosphdrsl +
+ k =1. WO 2011/ 044974pPCT/ EP2 05570 hors a eferaﬁ\é
emits white SINATPPASIBHT ARY oW ICS'H o iR Ocesn BBeAniardp veilede
typical ly haghagirtss Kb&BHBRE Y e nmy gneg &8 S
very high ef?l g?%nc arﬁ%ﬂgé:gferablr avslaoﬁ 04I3(‘?1Jeﬁ %e@wgltgd]? ?'atﬂ ery
slight drop 18 €26i d)éndyG Tre- Efﬁosphor Iayer ( phosphor mxture)
could preferably be arranged directly on the surface of the chip or
coul d distributed in a specific volune directly above and/ or
around the chiigh pfeféence |@9N@hﬁ§%ﬁ%édﬁ(ﬁ nhrxlw?é céﬂ%srf@mf@e 8F mre

specific distance fromthe chip ("renote phosph
silicate phosphors of the formula |

BawSrCa,SiO4: zEu H,

{ in which all indices w, x, y and z are independent of one another, with the

25 condition that within one compound the indices w, x, y and z add up to 2
(wtxty+z = 2),
and in which
e the green-emitting phosphor is Bay:SrxSiO4: z1 Eu, where w1 =
30 0.80 1o 1.85; x1=0.10to 1.25 and z1 = 0.05 to 0.20,
» the yellow-emitting phosphor is Baw:SreCay,Si0,: 22 Eu, where
w2 =0.101t0 0.80; x2=1.0t01.80; y2=0.0t0 0.2 and z2 = 0.05
t0 0.20,
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The present invention furthernore relates to a backlighting system
havi ng atwledsto@ig | i ght source according to the presept /EF%?&BJS%-
15The backl | ghti1ng system according to ge i nvention can Be, or
exanple, a "direct-lit" backlighting sysTemor a "side-lit"

backl i ghti ng system which has an optical wavegui de and an

out coupl i ng structure. The backlighting systemhas a white |ight
source, which ig u p has
a reflector on ?heﬁtléﬂéljl égg%ﬁtﬁﬁtﬁ%a@% lﬂ)r@éﬁ @?gg& é\’ltr?éyéfé e%r}r%ore
have at |east one dif#f 09Srtofd.a0ex3 £, %dﬁﬂ mysrﬁd%&oﬁﬂoéhamw

col oured i mages, the |iquid- crystal unit is provided with a col oured
filter. The col our@(@5ftpqq éP- cont ai ns pi xels in a nosaic-like pattern
which transmt either red, green or blue light. The 25col oured filter
i s preberably arranged between the first pol ari ser and the

| i qui d-cr ystﬁhe dmtelntioﬂitiertpemmtrelatasetu tr@rprbGBSé.téJTnbeore;mratlols ofa a

| i qui d-cryst di fitte vmt st qne  backl system
havi ng at e@é‘? Rﬂ’f'grﬂ% Wre in woig Bﬁéﬁ’ca\lﬁn MW@@ Ioé1 s‘fryone
sem conduct Ofofh AdeherHRisphaRl Y blue-emi tting, and at |east one

phosphor |ayer conprising a phosphor mixture as defined above. 35A
| i quid-crystal display usually has a liquid-crystal unit and a

back! i gigt | Th d- | i
Prrst ool ar LRy Bhapac s e S Safealiis Al arde FrrERupd biiton
whi ch has t wasrition2s Rttedds b@g@r@stata\@wﬂi%ldd %ﬂﬂéé@@/ﬁ@&l%@%ﬁém

Z- each of which carries a matrix of i ght-transparent electrodes.
li qui d- crysteal methedsdses Wlﬁiaﬂawgé@rbédwmnl tWebendnsigesio Bhesphorse

G Cr ot ChuPARRS pUITERL oA aRRo he A A P
(doubl g5supe2d®d sdredOnepibed2).i qui d crystals, FSTN (foil

supertvvl sted nemat | c) liquid crystal s, VAN (vertl cally aligned
nematic) |i qU| d crystals or OCB (opti cal | y conpensated bend) Ii qui d

crystals.  Tnene pedi SveiBh ifhimi ety g Aok AaanibF Bl ke

manner by the ol arisers, ére t'he sécon ari ser

10by the obsprisearan mcﬁton\wjmlmtuml‘gatluﬂﬁIrﬁt&bé%ehﬂéommmtoroaincaﬂﬁée@’rltI ons
is IPS (in-plane sw tching) technology. In contrast to th

di spl a?g t hem@r%ét'ipot?e%hqsfmrfo§@ﬂ@rf§@9r%«3r«%¢@l@wﬁu dfmwhmat b ingli-
I
I au - oryero° [yl 8fid2 fieIMidbe R 650A0 eff, RilinSbohfon at, | ¢

i nhomogeneousithindyne corapbund theajpplicesi wiat,iyoand aladgngotop2 (e k-ef+4 0 2) he
substrate surface, The nol ecu|]es are correspondi ng Iéﬁswtched in.the

substrate pl'B¥NERONeRATINEFS Sllicate AhosREgTs &Nt grees fight pne ghimsre hiver
l ew ng- Zoaéﬁlbepﬁo%ﬂﬁﬂﬂﬁ&%?g‘érlowpighf éﬁﬁ'%ﬁbtér?ﬁofﬁlml o%?ﬁ@r%réerﬁ

th t?g TN di s- play. Ano , ss well-known te or goo
opt| caf>pr op@‘langesl!gbt/e)haaa@edmﬂ intéta/tttga\aa@lheratm éFPeeaghospbgyteand a
further devel rrent t

AFF vanc el d switc
t echnol ogy. §V H%%Spg' onof‘%ﬂgezg Oi"é)% |%p$ f"g] $§t £} 89)
t echnol ogy. preferably 1.8t02.5:0.8t01.3: 1.8 to0 2.5.

30 The indium aluminium gallium nitride semiconductor typically has the for-

mula IniGaAIlN, where 0 <, 0<j, 0<kandl +j+k=1.

The light source is preferably a light-emitting diode (LED) or an LED back-

35 light for display applications containing a blue-emitting InGaN semicon-

ductor diode, which, in combination with corresponding conversion phos-



A further aspect of the present invention relates to an electronic or
el ect r oopiLRl6e¥ice conprising one or nore phosphor 0885570
descri bed 30above and below. A further gspect rel ates '?18 it‘/ﬁf)ﬂﬁuse o
t he phosphor m xtures as descri bed aboveand below in an el ectronic
or electro-optical device. Especially preferred devices are LEDs for
backl i ghting applications. 35 organic solar cell (0-SC), an organic
| aser di ode L C 0t eqr. )
radi o- f requeéucy i %re %gﬁ{%ﬁﬂ%%ﬁl%)&%@ﬁg \Hhﬁ%wtt (ggs lﬁbayi%%rrqlsor
alogic cir ccmrhducﬁom&ttdeyymtmwemm aaeaagaohlrmmmam‘ébbﬁvwmm a0t aad

| ayer, a Sch Ky di a p|lanarising layer, an antistatic film a
conducti ng s%%@ﬂ%h 8g‘?sé’e%h@l§’c€t‘ IHgN&Y AD tﬂﬁ?@rgt%{yﬁHBFBé'%ﬁ‘W&W an
el ectr ophot o nic |ight- emttlngtran3|stor
(OLET) 5 10De§flgﬁq‘?§fx%m§ rggﬁ mi%‘%ﬁterm "phosphor m xture" denotes

a phosphor mxture in V\:hl ch two or nore phosphors are m xed with one
another to c on 1 in iffer si cal
properties. %ﬁ ?@Pﬁﬁag“"’é@ﬁ F@}ﬂ bph@ HBaé g“gp[fgﬁr bgair.apgegte
phosphor havipgcdf oh SRSEuREce 8MNESERR ofBSLILEB éfstrﬁ)df@eg;ﬁ{ %gbaﬂE%ween
508 nm and 550 nm 20 The term "orange-emtting phospho enotes a

silicate phoypisodirerilyiatpvatandéasaroond theicki oncers ibearrangeal in a layer

bnosphocs or S WBEsRAra S ARE BFR R ol un ol AGHIRED! Lavng

at | east one em ssion maxi num at a wavel ength between 551 nm and 585
‘am 30 The term"solid-state diffusion method" ("mx & fire" nethod)
i ndi cat es t hbipe Presastinyentionfhithernergtretates fo abackiighiingasy strmdening

e Xt AR 8L AT BV 1 e 11
at nosphere f 6helﬂ@ckﬁg?ﬁ&@%y&kerd%ord1N@t£&ibﬂn0614&7r48&ﬁ’b5pﬂﬂli&/aﬂ%57@

9- The term chem cal nethods" in accordance with the invention

preferably erf@?ﬁ%él&%k{'%mé@ W%’B@Pr\% Sigeris backlighting system, weidhod
o i . a8 RAVEATRO UG o boBIAMY sTUARE ) . 5 added.

for exanple r oxXI |ons 0 respondlng phosphor
starting mat Ehedjmkm‘rdlr@rsy@tamdmsaa wihitg lighpamircat wﬁicﬁ\:ietusdally located

Lh”ppr,?tgdm BRBESpReu R et S 3 seltorer Hiscinsie Tine, backight
- MotdyRtdth eRAP FirfidrRibre hald bt Yeast one diffuser plate.
In order to produce and display coloured images, the liquid-crystal unit is
provided with a coloured filter. The coloured filter contains pixels in a

mosaic-like pattern which transmit either red, green or blue light. The

&

- 25 coloured filter is preferably arranged between the first polariser and the

fiquid-crystal cell.

The present invention furthermore relates to a liquid-crystal display fitted
30 with at least one backlighting system having at least one white light
source, which comprises at least one semiconductor diode, preferably
biue-emitting, and at least one phosphor layer comprising a phosphor
mixture as defined above.
A liquid-crystal display usually has a liquid-crystal unit and a backlighting

system. The liquid-crystal unit typically comprises a first polariser and a

35

second polariser and a liquid-crystal cell which has two transparent layers,



10al kaline-earth nmetal halides are dissolved in water with a europi um

hal i de andoadégghsb@ a silicon-containing m xture consi spefdpsifioB0s5570
di carboxylic acid and an inorganic or o7gan| c silicon conpound.

I ncreasing the viscosity results in the ‘formation of the phosphor
15precursor. In the third nmethod variant, so-called
hydrogencarbonate precipitation, firstly al kal i ne-earth netal

starting mat gaéRbs whidreéAtiablaymatriadfi d@t-eankparept élechebége/s nqarde
di ssolved in water with a europi um 20cont ai ni ng dopant,
S

i norgani ¢ or costRimatesal isasrangedtkeatwieng the tiwosH ﬁr@tesuﬁb@q\;]eldmrystal

St on ' r oot Ral i gds® i el TSR R IRRRF B REE Sy
25Fi nal | y, tt'&rp@ﬂﬂw@fe‘d@fdnﬁ@t&f) mg0id droetat, MTdeomiefsbpeﬂW@@ﬂéma-

precur®or is necessary in order to obtain the finished silicate

phosphor. Unfigk! @Lﬁ%éry@éﬁ{%eF@TNl(Ealrsgpamﬂsf@dtwaﬂqaélﬂwds@yswlﬁe VAN al
et udi g« n S fonbUne TE ASETLUSER & SER (BrER"QinbenEAeaS

descri ption baddliquidreryetals hTise fgeididrysial é€lhis sun@uwdedsn 35 aeRRmER-se”
and "cont ai n" and variations thereof, for exanple "conprising” and
"conpri ses” , IFREIRNERBY ({a€ HC Pofarissts. (wharedbe secondpalagisenean be saea
not V\ﬂIJZOll{)?{lﬁ@gﬂg’&{{e P2010/ 005570 - 10- intended to exclude ot her
conponent s goes W t hout saying that the above enbodi nents of the
J-avention caAIslmeve?yangréyismthable fert ambhltblahﬂ)pln:@tmmis P ha—ma:rmoewmuﬁw

r.otection of i nyention. closed in th
Epem ficati o9 h B4dn cAR %%Ft th%mg\ﬁpk’é’ ”l?ee"PéHP%%%H‘ Wwhose
al ternative é@@hw#éd%ﬁéwgﬁa -drfSiaPRidRe ﬁé@é»@é@fﬁhe@raé fHO afeld BRse-

Accordingly, unless iIndicated otherws each fteature
only ong exafpé eidsf okthgdigerd- cryswi |Iaysercu1i ﬂ'(ﬂ]llﬁ&/ae!érﬂfha)nessitamﬂ glectric

10f |, be. bed t det aj |
el ow w th r BPEIE TSRS Rcbup Aghrekampat atah. S BH paGirl e
i 'l ustrati onsatgtrate sipfack! Thé rﬁcﬁé&lﬂe§‘é@é’§oﬁésp%r%ﬁg?9's%cﬁéd id&e sub-

invention. Exanple 1: Preparation of ure A 2
fol | owi ng or $ti€i pipsa('dn ploeephehieh saaulte Imalssgrsﬁlti:ﬁﬂ’ibfslowedwbywmg i ng

the t h;ge or ER&E'(J p%%td%ﬁcg of%he {ransmltted intensity compared with the TN dis-
play.
Another, less well-known technique for good optical properties over a
broad viewing angle is FFS technology and a further development thereof,

(" AFFS (advanced fringe field switching) technology. This has a similar

25 functional principle to IPS technology.

A further aspect of the present invention relates to an electronic or electro-
optical device comprising one or more phosphor mixtures as described

30 above and below. A further aspect relales to the use of the phosphor
mixtures as described above and below in an electronic or electro-optical

device. Especially preferred devices are LEDs for backlighting applica-
tions.

35
The electronic or electro-optical device can also be, for example, an

organic field-effect transistor (OFET), a thin-film transistor (TFT), an
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ear bonat es, I Um,oxi i chlaoride 20and .sil,.cic acid.
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1300C under a reductive atnosphere for 2 to 12 hours. 25 Exanples 2
to 11: Preparation of phosphor mxtures Bto M Tabl e 1:
Conposi ti onsTied tarar igreenwanxittinggshodphol’ deretesiatsiiate bROSEKAD having at

back30l i ght i ng agiﬁ)l ications WO 2011/044974PCT/ EP2010/ 005570 - 12-
SGA 515 100 leastone emission maximum at a wavelength between 508 nm and

550 nm.

The term “orange-emitting phosphor” denotes a silicate phosphor having

at least one emission maximum at a wavelength between 586 nm and

e 625 nm.
he 25
The term “yellow-emitting phosphor” or “phosphor emits yellow light”
denotes a phosphor having at least one emission maximum at a wave-
length between 551 nm and 585 nm.
30

The term “solid-state diffusion method” (“mix & fire” method) indicates that
the oxidic starting materials are mixed as powders, the mixture is ground,
and the ground powders are then calcined in a furnace at temperatures up

35 to 1500°C in an optionally reducing atmosphere for up to several days.
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The term “wet-chemical methods” in accordance with the invention pref-

erably encompasses three method variants:

In the first method variant, an organosilicon compound, preferably
Si(OEt)4, is added, for example, to hydroxide solutions of the corre-
sponding phosphor starting materials and an Eu-containing dopant
at elevated temperatures, which results in the formation of the
phosphorescentphor precursor.

In the second method variant, so-called oxalate precipitation, firstly
alkaline-earth metal halides are dissolved in water with a europium
halide and added to a silicon-containing mixture consisting of a
dicarboxylic acid and an inorganic or organic silicon compound.
Increasing the viscosity results in the formation of the phosphor
precursor.

In the third method variant, so-called hydrogencarbonate precipita-
tion, firstly alkaline-earth metal starting materials, preferably
alkaline-earth metal halides, are dissolved in water with a europium-
containing dopant, and an inorganic or organic silicon-containing
compound is subsequently added. The precipitation is carried out
using a hydrogencarbonate solution, resulting in the slow formation

of the phosphor precursor.

Finally, thermal aftertreatment (calcination) of the phosphor precursor is

necessary in order to obtain the finished silicate phosphor.

Unless the context clearly indicates otherwise, the plural forms used

herein of the terms used herein are to be construed as including the sin-

gular form, and vice versa.

Throughout the description and claims of this specification, the words

‘comprise” and “contain” and variations thereof, for example “comprising”

and “comprises”, mean “including but not limited to”, and do not or are not
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intended to exclude other components.

it goes without saying that the above embodiments of the invention can be
varied while still falling within the scope of protection of the invention.
Each feature disclosed in this specification may, unless indicated other-
wise, be replaced by alternative features serving the same, equivalent or
similar purpose. Accordingly, unless indicated otherwise, each feature dis-
closed is only one example of a generic series of equivalent or similar

features.

The invention will be described in greater detail below with reference to
the following examples, which only serve for illustration and do not limit

the scope of protection of the invention.

Example 1: Preparation of phosphor mixture A

The following orthosilicate phosphor mixture A is synthesised by mixing

the three orthosilicates as follows:

» SGA 524 100 (green phosphor which emits at about 524 nm;
source: Merck KGaA),
* SGA 555 100 (yellow phosphor which emits at about 555 nm;
source: Merck KGaA) and
» SGA 593 100 (orange phosphor which emits at about 593 nm;
source: Merck KGaA)
in the weight ratio 2:1:2.

The three phosphors SGA 524100, 555100 and 593100 are mixed by
mixing the components by means of a gyrowheel mixer at 5 revolutions

per minute.
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For the general conditions of the synthesis of orthosilicate phosphors, ref-
erence is made to T.L. Barry, J. Electrochem. Soc., 1968, 11811181, and
US 3505240. US 3505240 describes, for example, the phosphor
(Ba,Sr)Si04:Eu, which is prepared by mixing barium carbonate and stron-
tium carbonate with a source of SiO, and Eu. An ammonium chloride flux
is blended into the mixture, and the batch is fired to produce the phos-
phor. As evident from Table 1 of US 3505240, the peak emission is
shifted from green (505 nm) to yellow (575 nm) when, for example, the
amounts of SrpSiQ4 taken up into the solid solution are increased, while
the total mole per cent of Ba;Si0O4 and SrpSi0y is maintained at 100%,.
The person skilled in the art therefore derives from the teaching of T.L.
Barry, J. Electrochem. Soc., 1968, 11811181 and US 3505240 how to

prepare silicates having a green, yellow or orange colour.

In accordance with the present invention, the raw materials used are
alkaline-earth metal carbonates, europium oxide and ammonium chloride
and silicic acid. The phosphor is prepared by dry-mixing the raw materials
in the requisite stoichiometric amounts. Ammonium chloride is added as
flux. The mixture is transferred into an alumina crucible and transferred
into a furnace. For the firing process, the sample is heated at up to

1300°C under a reductive atmosphere for 2 to 12 hours.

Examples 2 to 11: Preparation of phosphor mixtures B to M

Table 1: Compositions of various mixtures which are suitable for LCD back-

lighting applications
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SGA 515 100 | SGA 574 160 |SGA 540 100 | SGA 545 100 |SGA 555 100 {SGA 565 300 :SGA 587 100 |SGA 593 100 ; SGA 605 100

Blend B 220 2
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Blend G ¢ 19 29
‘Blend H 2 g 1g 1y 2
Blend | 259 139 129 2.2
Blendd  2g 1g
Blend K 2q &
Blend L 2g 0.2 2
Blend M 254 1g 29

Green phosphors are: SGA 515 100, SGA 524 100, SGA 540 100 and

SGA 545 100.
Yellow phosphors are: SGA 555 100, SGA 565 100, SGA 587 100.

Orange phosphors are: SGA 593 100 and SGA 605 100.

The numbers xyz in SGA xyz 100 indicate the wavelength of the emission

peak maximum.

The synthesis of the phosphors mentioned in Table 1 is carried out in

accordance with the procedure described in Example 1. The phosphors

are mixed in the amounts indicated in Table 1 by mixing the components

by means of a gyrowheel mixer at 5 revolutions per minute.

Example 12: Production and characterisation of an LED and instailation in

a liquid-crystal display

The phosphor mixture from Example 1 is mixed with an OE 6550 two-

component (A and B) silicone resin system from Dow Corning with the aid

of a tumble mixer in such a way that equal amounts of phosphor are dis-

persed in component A and B (final concentration of phosphor in the sili-

cone: 8%). In each case, 5 ml of component A and 5 ml of component B

are mixed fo give a homogeneous mixture and introduced into a storage

vessel, which is connected to the measurement valve of a dispenser. Raw
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LED packages, supplied by OSA opto electronics, Berlin, consisting of
bonded InGaN chips having a surface area of 1 mm? each, which emit at
a wavelength of 450 nm, are fixed in the dispenser. The cavities of the raw
LED packages are filled with the silicone phosphor by means of the xyz
positioning of the dispenser valve. The LEDs treated in this way are then
subjected to a temperature of 150°C, at which the silicone solidifies. The
LLEDs can then be put into operation and emit white light having a colour
temperature of about 6000 K.

A common LCD TV coloured filter characteristic was used in order to
simulate a display environment and to calculate the colour gamut that is
achieved by this LED. The spectra of the coloured filter, the LED spectrum
without and with coloured filter are given in Fig. 2. The LED spectrum with
coloured filter was recorded with a coloured filter sheet between LED and
detector. The characterisation of the LED was carried out using an

Instruments Systems CAS 140 spectrometer.

The colour gamut coverage of the LED comprising the phosphor mixture
of Example 1 is given in Figure 3 and works out as about 88% coverage of
the sRGB. A number of the LEDs produced above are then installed in a

backlighting system of a liquid-crystal display.

Examples 13 — 23:

Phosphor mixtures B - M from Examples 2 - 11 are used to produce |.LEDs
and LC displays as described in Example 12.
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Fig. 2 shows a coloured filter transmission spectrum (3: blue transmission

o band, 4: green transmission band, 5: red transmission band), emission

e spectrum of the LED comprising orthosilicate mixture A (1: pure LED
spectrum, 2: LED spectrum with coloured filter)

15

Fig. 3 shows the colour gamut coverage of the LED comprising ortho-

silicate mixture A in CIE 1931. The triangle represents the sRGB colour

gamut, while the triangle shown in bold represents the colour gamut

20 achieved by the combination of a standard coloured filter (Fig.1) and an
LED comprising orthosilicate mixture A (1: colour gamut of an LED com-

prising orthosilicate mixture A; sSRGB: colour gamut of sSRGB)

30

35
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consi sti n§CHP¥BAYEd 1 nGaN chi ps having a surface area BfVEPHRPOWEEY,
which emit at a wavel ength of 450 nm -at® fixed in the dispenser. The
cavities of the raw 5 LED packages are filled with the silicone
phosphor by means of the xyz positioning of the dispenser valve. The
LEDs treated in this way are then E)ugé'ec ed to a tenperature of 150C
at which the silicone solidifies. TREMTEPEIOZn t hen be put into
operation and emt white |ight having a col our tenperature of about
6000 K. 10A conmmon LCD TV coloured filter characteristic was used in
order to si mil.aPboaphidrsphdyresromprising threard norecsilicaié ahesphersaditbar
ganut that is agchie ef by this LED. The spectra of the col oured
filterg the LE %H@E"{‘ um wi thout and with coloured filter are given
in Fig- 2. The LED spectgaimtd kidpcpured diilter was recorded with
a coloured filter sheet between LED and detector. The

char act eri sat i o whichrall ingioesas X yranided acriindependerirofionest anstbat, wvith
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wor ks out as abgp&oQ&%ﬁ@yeﬁ&gg of the sR@. A nunber of the LEDs
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from Exanples 2 _- LAl 3 LC di spl ays_as
described in Exénr%%és”@?fe HRE<hilg?s B vyt RosR P ot s SHiRafES .
Description of phesshasiongsofEge Iyheahtion whidt tHeewerst ritkest graen
greater detail belowwith reference to illustrative enbodi nents: 5
Fig. 1 shows anPBR$RRGTIA YepewihesPBer i eneseinhespBosxt Bré A Ot s

fluor ezgence bapdy pgakss gre at about 568 nm 10Fig. 2 shows a

col our filter transm ssion spectrum (3: blue transm ssion band, 4:
green transm ssion band, 5: red transm ssion band), em ssion spectrum
of the LED c%mjihsi nlg orthosilicate m xture A (1. pure LED spectrum
2: LED spect WPERONBHELITRHERY thisemrgnore & PhrepkeEsfihe
ganmut coverage finfpe|LED conprising orthosilicate mxture Ain CE
1931. The triangle represents the sRG col our ganut, while the

tri anglgg shown in bol d rEBgwSsdemSS0s:mEcol our(l)ganut 20achi eved by t he

conbi néti on of i \?Jh%ﬁdeﬁlrigd%gls%rx?g afnI :E:Sl[e &Eie%é%zier?’tnc% o%re]a another, with
the condition that within one compound the indices w, x, y and z add
up to 2 (wHx+y+z = 2},
and in which one or more silicate phosphors emit green light, one or
more silicate phosphors emit yellow light and one or more silicate
phosphors emit orange light and in which the weight ratio of green
phosphor to yellow phosphor to orange phosphoris 1.8 -2.5: 0.8 —
1.3:1.8-25.
30
3. Phosphor mixture comprising three or more silicate phosphors of the

formula |

BawSrkCa,SiO4: zEu (),
in which all indices w, x, y and z are independent of one another, with

35
the condition that within one compound the indices w, x, y and z add
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4. Light source which comprises an indium aluminium gallium nitride
15 semiconductor and three or more silicate phosphors comprising
BawSrCa,SiO4: zEU, in which all indices w, x, y and z are independent
of one another, with the condition that within ocne compound the indi-
ces w, X, y and z add up to 2 (w+x+y+z = 2), and in which one or more
20 silicate phosphors emit green light, one or more silicate phosphors
emit yellow light and one or more silicate phosphors emit orange light,
characterised in that the weight ratio of green phosphor to yellow

phosphor to orange phosphoris 1.8t04.0:0.0t0 4.0 ; 0.8 to 3.0.

o
A

25 9. Light source according to Claim 4, characterised in that the weight
ratio of green phosphor to yellow phosphor to orange phosphor is 1.8
to25:081t01.3:1.8t02.5.

30 8. Backlighting system having at least one light source according to

Claims 4 or 5,

7. Liguid-crystal display (LCD) fitted with one or more backlighting sys-

tems according to Claim 6.
35 J
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Li quid-crystal display (LCD) fitted with one or nore backlighting
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