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WO 2009/ 024229 PCT/ EP2008/ 006007 -1 LCD backl i ghting
wi th LED phosphors The invention relates to a

wbhblisidsgs ystal display with a backlighting sys
having a white |ight source which conprises a PEfmp2008/006007

seni conduct or di ode and a 5 pAosphor |ayer conprising
a conbi nation of at |east two phosphors, where at

| east one phosphor enmits red |light and at | east one
phosphor emts reen |ight. The invention furthernore
relates to a ba gﬁFkH§h§9§ﬂ%ﬁhéﬁﬂ3Ph@sphéﬂbrocess
for the production thereof. 10 Liquid-crystal displays

(LOR) inveRtiGRfsiatee tdisSIR|AY-chYstIRI@play with 4 B%l@ﬁnﬁg%\éstem
t hensel ves | um nesce. These ‘di spl ays” are based on

pr iNaying a whitgtlight gaurcepuhisk sonprisegia $¢relcba§iectooﬁ|ode and a

I ' h hat -
| oS fiY B8t BobrSfbia bR U ot fash Bug hibendlsewhere

| n ateaéaa@nlevgmdspﬁur émitereatight dhs at I%z\é%t oh8®hdEBh&Memits

lig |s utilised as the external %gt source, 15

mezﬂﬁ?% lighta Therinysnties fgrteeraere redﬁtes aj t@ohmmsygtgm and
LaiD A BRBRS 6 thel ol Bisfeof] 5P| 23, 1T OTL S

gener at sys ém |In the neantine,
transflective Ii qU| d-crystal displays (transm ssive

aniﬁ%eflectlv sane tinme), in which a

ipspiRl 4 §pf élrfgipﬁx/aneo%ﬁsw Pisplay @ystaans, i.e. they do not
| J

o1 A Stes R Thos Ll 305 Bakel ondhé oinihi that ont

| mpesae$ dfrbagh ﬂhfelas(ebobliqma cqrsdiala drmns“r‘hlsmeemssthht an exter-

t tal | e

i Bl 3RLRe B3RP madhryS pidiascan ke3P, 1o semegtive liquid-

r echRtali dispiags, tthé"%‘f’r‘ﬁem light AH4IRRY dd H% )@tﬂ‘ﬁahfg';nt%ource

reflective substrate [ayer, for exa e made

al tealingrihatiie pringiplenbacklightieg tsammnmmawsln fransmissive
ex and i s 25

oyl GsBaRe duimEnFEEEiTs batkEtha g, 1 the

baetddrginie, ﬁ&d@ﬂé@hé?mld%s?ew dl%ﬁ% &Hans?ﬁn@ﬁ@é %'nl:IYreﬂ@ctlve
the case of poor _ ext er nal g condi ti ons.

| afff B1€ %ﬁfeed@afa trowhigh & tsan i gemﬁraﬂwl@catgdmlnd the
(¢ GE%r@@Vﬁcmb%éﬁ% Flo AR ??] d Qe fi-gl E?Sto e@gpﬁpaasgr%ater role.

eap since ey are
poech xaxas! gre B0divided into a reflective sub-pixel and a transmissive sub-

pixel, whose associated liquid-crystal layer thicknesses are approximately
in the ratio 1:2. The reflective part works with ambient light and has a
reflective substrate layer, for example made of aluminium. The transmis-
sive part behaves, for example, like a TN (= twisted nematic) cell and is
able to achieve the requisite contrast by means of backlighting which can
be switched on, especially in the case of poor external light conditions. The
latter are used today, for example, in PDAs, games (Game Boys), view-
finders for digital cameras or in (cheap) notebooks, since they are, inter

alia, power-saving.

In liguid-crystal displays, primary colours of the pixels can be generated by

filtering white light from the backlighting into the primary colours blue, green
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wbBGokaskhi ghting into the primary colours blue

In I'iquid-crystal displays, primary colours of the

pi xel s can be generated by filtering white light from
ree

WO 2009/024229 PCT/ EP200S/ 006007 -2 and red, PG EP2008/006007

exanple, with the aid of colouled filters. The col our

space that the display is able to generate, which is

i mportant for the display of colours, is limted by

th ' I .
SR Yol W ORI BH. Bl Yo
gr dbe dmplayblsmﬁolp Itd gengrate) which iSiraportdve foi sl @kﬁplFaQrdf‘célou rs,
tri.a %h [ n&( es the col our space that can

di é%?&gﬁ@&i by theruTty Shihe blue greensansLies RiEmam eolowl Jons.
Sp&éﬁe&@@%%l@ﬁy gbléPr Bfa@}’ee:‘rﬂ e fele Pée?'loéﬁé/ bluerbnmary colours

liquid-crystal dis e colou space
_detcrfrﬂne d@cﬁaletwfoa;mrwtrtmgle)ﬁvhichdnﬁmeteyme dofour Bpaickithat can be

s th t ..SO t he backlighting and the )
rfﬁfﬁpﬁﬁ C? Ehﬂaﬁg Eﬁy @e@%aﬁ@%'ﬁiwuwologaéﬁawﬁann@tfbe dis-

thep@pgcp@ﬁﬂ@grg?@ys of red, green and blue regions.

The col ours of thése regions are generated by

transm ssion of the white light fromthe backlighting
thr ter field. The col qur 15

£ 118 U0 Gt RSB v el arcRgS OstaTBrGed By B mumber of
colisstbrspace of the display. Broadband-emtting |ight
sour ces, such as CCFLs (cold cathode fluores- cent

| arlhe firsHg the liopt seiwae éorctbledaapghm ai’icttf‘reathstlrmpe)of the

ggggﬁ‘ gﬁngl! iﬁ?h‘c QQEIQ s{ﬁé&g 8§m°,|t8§a%f3% 3& rg%(r)}l blue
as regions empbleursobﬁhége r@@bh@‘dréi?énébé@éd b?"tn%n%ﬁﬁ@é.lbb{ of the
20 sed for the backllghtlng for n order

Jight fremledvackighling threugh éan@icuéed#&,tgr aglddTbge coloured
h
LOEE?%{%%&U“P."?" el @terr 3 iETaBREs Rortfie Rid P 3prEE A Wig gisoiay.

be Bsaadbariceeimitting tight smﬂcwlmmhlas;mCFLBleﬂ Rethddeidres-
ht sourcel_hslpre S o the primary col - ours by

St Rt He IPhar 3855 Gald Gt s drte Gamprkor xenon dis-
Colcﬁa'fgesfa , which &mitta l?r'?s'a%i oS F ’ﬁ'ﬁﬁf"%}fh tcBrJfﬁBﬁ\é‘?ﬁé of un-

thellght om t he backlighting i toaspectr

cofipsired nglousﬂ',rsumbrasbmfdscample orange, yellow and cyan, are usually
used for the backlighting for LCDs. In order to maximise the colour space
that can be displayed by the screen, only red, green and blue in the highest
possible purity are required. The primary colours must be saturated, since
the white light from the primary light source is re-split into the primary col-
ours by the coloured filters.
In order to enlarge the colour space, it is in this case necessary to convert
the light from the backlighting into a spectrum comprising narrower bands
of blue, green and red components through the use of additional coloured
filters. Besides the technical complexity of additional colour filtration of this
type, the luminous flux is greatly reduced here, causing a reduction in the

brightness of the screen.

in order to circumvent these disadvantages of broadband backlighting. The
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of blue, green and red conponents through the use of
additional coloured filters. Besides the technica

woonPlexiby of additional colour filtration of tPP)lI‘?EP20081006007

type, the lumnous flux is greatly reduced here,
causing a reduction in the 303br|ghtness of the
screen. In order to circunvent these di sadvantages of
br oadband backl i ghting. The WO 2009/ 024229

PCTG:@P@QQM&Q%?’@ a estidied oMUt @QEE@gnH 9hé aﬂﬁﬁfowa%ﬁgenswe

col our space and the additi onal
f i lcdpweddiless aegesaary tﬁjm\:md:edcacmn brigighesebavd tharefore

th I LED

ar s e pepEfelpcdy BT SBATS hesk Airerionsmics e, areen
en éncﬂrd@JIQEDQ &Nhi@“’%m@ﬁﬂﬁu@@ﬁﬁ?rb%@f %Qﬂﬁ%bégtrﬁ‘fntébrﬁ%ared with
CCFLs. For this reason, the col our space that can

di @@Ey%oF@rythtsw@asqnstpeaqplw Spaacgethamah beellsmtéyw\/ia;btk@

O 87 e B D AR SR S omy smpe

t hayotduredhfitters afeereqireBeF ueing avapitdded Asig Herb8m are the
di splay, since the backlighting transmttance in LEDs

( 7dugherenargy efficiensy) of tae ssnday. singe the tecklightimepiransmittance

| onneE RN siriceR ey BB GEEs 38Ya g Al hore,
i n LS baalslfg!*mhgltié@sa signifienatly Wriger Hl2@theatainat CRUs o0, 900
i PETiid Gy I sase oF HEDS comprpamim50Gaeperatisg hours
6 3012889081 CDF it e00eRlr e Bl SR o

semncminyied:tmtEDbl ps of the LEDs are dif- ferent: |nGaN
[ I d for e InGaN . s |i kewi se eml ayed
TRt M 15 Caa 61 e RSBIRAOTyG: sk SRSl A for
| n@@lﬁkl Htﬁgqm&ﬂ@\%ra&att B séﬁ%c‘%ﬁ’n‘dﬁbtok?%mp% éfocﬁerL‘Efbs are dif-
hese three materials exhibit differen
ef ger@lnéﬁnG@lNi@ dgroployed ferlye |Ilght MGaNgﬂilkmBemﬂ@oned for

(1 9r€of IS Bl G Blnp ey Bl 4 GV R BRI as tne

Sy igtatial Mz@fbrk@@lﬁﬁht hfhe%@'tﬁ#ée rh@téﬂal@éxlﬁlbﬂ’ d‘fﬂ’érbﬁt efficien-
i ght conposed of the blue, green and red

coRigsdet the amissin ef light aadi h@wmﬁererédggg%iatlnntb@awmr As
addr &3kRlence, it is necessary to employ a complex active control system,

which keeps the colour point of the white light composed of the blue, green
and red LEDs constant via control circuits which engage in the LED
addressing.

This complex active control system for each individual LED of the back-
lighting (up to several thousand LEDs) results in such high costs that LCD
TV screens fitted therewith are 4-10 times more expensive than screens
fitted with CCFLs.

The high price prevents market penetration of LED backlighting, which is

qualitatively far better.

WO 02/095791 describes a liquid-crystal screen fitted with a gas-discharge
lamp (cold cathode lamp or Xe discharge tamp) as white light source, which
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Thi s conpl ex active control systemfor each individual
LED of the back- 25 lighting (up to several thousand

waBs)p2422sul ts in such high costs that LCD TV $ehkR9R§18/006007

fitted therewith are 4-10 tineg nore expensive than
screens fitted with CCFLs. Thé "high price prevents
mar ket penetration of LED backlighting, which is
qualitatively far better. 30 WD 02/095791 descri bes a

|'i paintbrivessd phosstictedaydridongstistd B cdntsifattirs6hgh&phors which
| anp {cold cat hode | anp or Xe discharge |anp) as white

| i GNPt & rreen @R diueniito09/ 024229 PCT/ EP2008/ 006007

-4 conprises a phosphor |ayer conprising a conbination

of phosphors which emt red, green and blue light. 5

The object of the present invention was to provide a

backl i ghting system which has the same high quality
(wﬁﬁ}? &é@ fe%tth?@f%‘ﬁ%wawﬁp@ was suproyjsisca baglighting system
bri : ; [ ' at

of 7RSS e Sarie high BERIS g e dtdl dikleyatiE 8B Fhgpoe
beendflwighinessitas RG,BdeEDbacklighting, biDSced & atisigniiicantly
th%) con&lbsix active control systemfor each individual
LEDPW¥H“Y¥ omitted and these LEDs can be enployed in
conventional backlighting systenms. These LEDs

according to the invention allow | ess expensive
ba&krprgingligit hasmowhbéean fmswicthat, exh use of tevain LEDH, $he use of

| he, lifeti f 5 , th i
el RBnB il ace coupl YR oG cavh 1V GRHAED b amitted
t huadrpéss BEDsCah bhe GHipﬂbde/iﬁtc@nvghﬁ&ﬁé%afckﬁqrgg@}’gfstbms.

at _ | east__one backlighting system having at one
whilheseLiilis seqprdiag tatihe nventinprailewsess ekparsivebacklighting,

I ._di bl y..blue-enmtti and
ot WrECF 86 s Bt SH ) G R e b e ofihe
of sateehetinin towveptiofal POPL backigitmgat | east one
phosphor emits red |light and at | east one phos- phor

emts green light. A liquid-crystal display usually

hagng driseritdnddntiohathul Rkt LiQRAG A5t dibSay fitted with at
least one backlighting system having at least one white light source, which
comprises at ieast one semiconductor diode, preferably blue-emitting, and
at least one phosphor layer comprising a combination of at least two phos-
phors, where at least one phosphor emits red light and at least one phos-

phor emits green light.

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
second polariser and a liquid-crystal cell which has two transparent layers,
each of which carries a matrix of light-transparent electrodes. A liquid-
crystal material is arranged between the two substrates. The liquid-crystal
material comprises, for example, TN (twisted nematic) liquid crystals, STN
(supertwisted nematic) liquid crystals, DSTN (double supertwisted nematic)
liquid crystals, FSTN (foil supertwisted nematic) liquid crystais, VAN (verti-
cally aligned) liquid crystals or OCB (optically compensated bend) liquid
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25 system The liquid-crystal unit typically conprises
a first polariser and a second pol ariser and a

wobsidses ystal cell which has two transparent IP@¥E{P§008/006007

each of which carries a matrix_of |ight-transparéen

el ectrodes. A |liquid- crystal -Raterial is arranged
bet ween the two substrates. The |iquid-crystal

mat eri al conprises, for exanple, TN (tw sted nemati c)

cr v P TR oP e plet Gl ST O SR EA s her oy
crytbe a\hle pokSiEErg, whéredhpaetond pethrisenaan b ddetihydthe

cry ta VAN (verti- cally aligned) liquid crystals
t| cally conpensated bend) liquid WO

200%8%6%%9!?@ Lﬁ%le%/r PRGHRF a gce?trdh%tié'usg V{}F‘-‘;ﬁape switching)
l'iquid-crystal IS surroun In a san ch-1Tke
maneetndggy.tlih e:onlmasiriol thei TN displayh ¢heceleorodes amdthose electric

| b by, t h
hy o HE p GRS e les e siitcbat me nbaopad on one side
( l rofmh@n@u[avur% &hi t@gér m&héqperwnowce rééhlfa‘?ﬁ'é!éb%?c ﬁ@g i -

TN di spl ay, e el ectrodes in whose electric
t hédomegangosisyandalto adirsicappreximratioswatigieastipanadicbol the sub-

t natpBes e e “FHR MPiecTios e carthnonBinghL s Bt thE sub-

hom@wﬁm (&ﬂﬁlanbg vhiEh FSSulRAR 2085 MREL Iy lofler 9RSFNg-angle
arallel to the sub- strate surface. The 'nol ecul es are

corqeéﬁﬁsﬁﬂ% of hesipnsnidigdiintenpidy sampacdwithite FhNadisplay.
'Ar@tﬁé]‘eieﬁsv\‘ﬁélmn&ﬁﬁ %'éél%l%[b ﬁ@o%'cf t@lgpg{) gﬁe}‘tﬁ%ﬁ% L rtag/broad

Vi em ng- an dependence tra

conjeaving awgtd‘ustl—’r% Tedhaiotelyeshd a Aintlidrefavel®@sifient thereof, AFFS
properties over

wel | - kno t.ech ue for good opti cal

a brdancedfupge e E#@T"EC% adrpehrsleandt Bas ashalar funetieral prin-

de AFFS (advanced fringe field

svm%t éﬁl ng) teéﬁg(fgg'gy It has a simlar functional

prin- 15 ciple to IPS technol ogy. The present

[ t furth | at t Kl i.ghti tem
e eA BTG nE SRt IfiEE o SRy R SyStem faving a

SeWrﬁt@"l@%%Qﬂrc@'mgh cBRipfrReak & rﬁicﬁﬁdu@fm %ﬂdd@:gf)rél’epalﬁy blue-

phosphor | ayer conprising a co |nat|on 0
t vv@matblnghas@ lRarrosphioe Fayencompeidingral cgmeénationgiitat leass two

é@ﬁéﬁﬁgﬂwrgﬁ%trn?{?e%"é’noé 8;"ene91 it he i nvention can be,

The backlighting system according to the invention can be, for exampie, a
"direct-lit" backlighting system (see Fig. 1) or a "side-lit" backlighting system
(see Fig. 2}, which has an optical waveguide and an outcoupling structure.
The backlighting system has a white light source, which is usually located
in a housing, which preferably has a reflector on the inside. The backlight-
ing system may furthermore have at least one diffuser plate.

In order to produce and display coloured images, the liquid-crystal unit is
provided with a coloured filter. The coloured filter contains pixels in a
mosaic-like pattern which transmit either red, green or blue light. The col-
oured filter is preferably arranged between the first polariser and the liquid-
crystal cell.
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"direct-lit" backlighting system (see Fig. 1) or a
"side-lit" backlighting system (see Fig. 2), which

wdagooansept i cal wavegui de and an out coupling st 5)5%3%&18/006007

25 The backlighting system has _a white |ight source;
which is usually located in afhousing, which
preferably has a reflector on the inside. The
backlight- ing systemnmay furthernore have at | east

one diffuser plate. In order to produce and displ ay

col oured i mges, the liquid-crystal unit is provided
wi tTheawbité ¢priradnyf) ilighesourdaeondrises edbllieldreittirepintiRird Sumin-
pi xel s ”P a 30 nnsaLc-uhgg P ttern which transnmt

o1 1472;09 M g Segcendisor g, MrrarieMlar efihedomyleer

I S |RERL ggd b he: £irs |

tna Ry e L0 S8 O Up lof b i34, e BrerdEhbiran
PCThGRNOSBhi20660ator dibdEhevhid, ire combirmion)with evre SSBHERy
conprises a blu -enittin%eindiun1alunin- iumgal l'ium

ni PNYESLAHP $delfrahly emits white i wirtially whitedight.

f ; : ' ' ,

| e e i i priembeioragrinum betdten
s edid@and w48 Minmdend s wary high editemat amhaubid lifetime

ohitt SBEOH Betursf RS 3oy Shi RgracdoRcaiihe efficiency”
sem conduct or di ode has an em ssi on nmaxi mum bet ween

43 d 48 d h very high efficiency and_ a

| o QWF?EW ﬁ@geﬂ{n %ﬁ; H‘@@Hﬁ%ﬁlé‘)ﬂ,é e C@h@ﬁﬁ%@y @ lgminggcent
degbaunabedtdiezR0! Irri@g @nspa?‘@nt'cfbr@uﬁﬂﬁé Egirdg), ZnSe or

enbodi ment, the white ource can al so
| udiGescent conpound based on ZnO, TCO (transparent

CoNg BAb B SRR S S bREll ¥ iacRordance with
aces dpplicatioht Are Bosditie faPR blabhting 3bmidRRicRredib@E which

[
a blue-emtti ngi_ sem conduct or di ode which generates
whigegeratgawhite ligbhis ernbioation withea phosptsdayetyer. |I'n

wCPRURE U e AR RS ARk R SR
anthygr eempeigind 4 somphesiphasfsed 28nd lgeedH-eatittihg iphvephon
furthernore relates to a process for the production of

The present invention furthermore relates to a process for the production of

a liquid-crystal display fitted with a backlighting system having a white light

source, comprising the following steps:

s production of at least one LED which is built up from a blue-emitting
InGaAIN semiconductor, in particular of the formula InGa;AlN, where
0<i,0<j,0<k,and ! +]+ k=1, and a phosphor layer which comprises
a combination of a red-emitting phosphor and a green-emitting
phosphor.

» installation of one or more LEDs in a housing to give a backlighting sys-
tem comprising diffusers and reflectors.

» the backlighting system is combined with a corresponding liquid-crystal

unit, containing a front plate with a coloured-filter system, to give the
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a liquid-crystal display fitted with a backlighting
system having a white light source, conprising the

W(_f)gg,dg%\mg steps: production of at |east one Llf:f(l?Ty.‘L\(f]]’IZ[?(lg/006007

urlt up froma blue-emitting InGAIN
sem conductor, in particular of -the formula In;
G] ALkN, where 25 0 < i, 0 < j, 05k, and I + ) + Kk
= 1, and a phosphor | ayer which conprises a
conbignaty. -em tting phosphor and a
greeA@gk4@&F%gd§$%§gphor. installation of one or nore
LEDs in a housing to give a backlighting sys- tem
conprising diffusers and reflectors. 30 the

bacK1G FRENRINLING BhesrhaEs gt @rajexpited by theblveremitting pri-

Ui coi : _ b ¢ o it h
RSB S, 3 on bR RBP4 o
PCEr&m0i38Ji0@6 b0accordands with dhe irx@htibn ¢b aplcasium{ing- or euro-
green- t_tt.l n t}]oss%glors, whi ch are excited by the

bl @é‘!@ﬁmﬁq 'Napeﬁfﬁ’ 1osphiys. Wik a5 selestedsera thaioseunaf the
b2 GO L I ity

or lmm'@nmnanfolel r)lqademievabggvamufsa)dmﬂmﬂe olt'v:ﬂned@ piigsphors of
sel.gct 0 e.grQup. of t i ogal | at es
o (T el BafRhe o fh StBiRegb iy SRimmnibeS BrtaSiQegy and

or gaLogtsy. Mention nmay be nade here by way of

exanpl e of these phosphors of (Y,Lu)3(Al,G)5012 : Ce;
SrSi 2N2Q2: Eu; SrGa2$4: Eu; (Sr,Ba)2Si O4: Eu and 10

Sr : T re prepared onventional nethods

1 ThESE It prer® o chulp Bt gt Y S CRialn SEASSS or
netlodsy wetehdhidal ABthbds @ide Wil IYeNeRakin UNWeaber, Inor-
gani c. Phosphors, Conpositions, Preparation and opti cal

pr §8eietThasphore Campesitiers, Rieparation, arzboatjcal preperties, CRC
reﬁ.h?gg Néquonp%qZ_rs, whi ch are preferably Iine
emtiers, d

are éexcit either by the blue-emtting
primary |ight source or by the green-emtting
hor. The red-em tting phosphaors are preferabl

gzﬁggirﬁﬂﬁ”ﬂ' g RIFOSPHOEH .»V%J"m)fm Ale p[q_fer@@dy kl,Qﬁ @@ittqrﬁear)./e excited
MRSy thleblBs EPhiRRGSIMAR lidHt SoLFEESH By the JrAEX-emitting

phosphor. The red-emitting phosphors are preferably europium(lll)- or

chromium(Hil)-activated line emitters. In accordance with the invention, they
have either an emission maximum between 590 and 620 nm (in the case of
Eu(Il)-activated phosphors) or a maximum between 680 and 700 nm (in
the case of Cr(lll)-activated phosphors). The phosphor layer particularly
preferably comprises, as red-emitting phosphor, a europium- or chromium-
activated line emitter selected from the group Al,O:Cr,

Nao sGdosEU02WOs, NagsYosEug1MoOs, NagsLag sEtg WOy,

Nag sLag.sEuo 2MoQy, Nag sLag 3Eug 2 (WO4)o.s(M0O4)os, Laq 2EupgMoOs,

Lay 2EugeWO4, (GdosEug.4)2(WO4)1sPO..

Al2O3:Cr (ruby) is stimulated efficiently in the yellowish-green region of the
spectrum to emit a dark-red line at 693 nm. Eu(lll)-activated phosphors can
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have either an em ssion nmaxi num bet ween 590 and 620 nm
(in the case of Eu(lll)-activated phosphors) or a

waaomymeet ween 680 and 700 nm (in the case OE)CT/EPZOOS/OOGO()?

Cr(I'l[)-activated phosphors). The phosphor | aye
particularly preferably conprPses, as red- emtt| ng
phosphor, a europium or chromum 25 activated |line
emtter selected fromthe group A1203: Cr,

Na
Naé)beg?g IC%EHQI? @M’mﬁ'al\go%\(%_rggﬂg g&%ﬁ\galally) allows the forbid-

Na@lesLigteragiid. absonsinrotragsitioay of yropiin 2Eu0. 8MO4,
Lai . 2Eu0. 8WD4, (GdO 5EU0. 4) 2(W04) 1. 5P04. 30 A1203: Cr
(ruby) is stinulated efficiently in the

y elThewiesthiirg @ﬂﬂtefr%mpfwﬁlbﬁls ?r@‘?@ﬁéd*m éébcﬁﬂbﬁcé‘wﬁh the

dark red line at 693 nm acti vat ed phosphors
carﬁnmt@oogw@@wxgpm@wm@bsn@m@@@meth@dsaseenm oyed

{ n'F Q0RB0BTERAL o Ane B2H07 001 ARRE TResk bl FHb anse-

eu moentlynbe Preduest Vénydnexndristlely A8 Aré&buitaBle & dohversion
preferred {Qn accordance with the 5 invention, can be

pr @HRsRROLIPT RELEDRRT the genraratienr: of waempehite light with high effi-
cog G e ol LORRRNEPT 0 o IR REn SRR Trese

?{1 eheaphais| cmrﬂse pmpeeect umatweﬁlftrb@nhl i oal ;{rﬁb?]w lgEDng; QIO parti-
e erat i war ite |i i

o e R ot ol Lledti et S asibronmrieich have an
dabhjds%l@@z%sér&run%}ﬁ?%& h&ggiphors can be prepared

in a wet-chem cal process, givihg A1203 parti- cles
doﬂ'éle stattimgOnateriats fb@%é)premr@ﬁdn oﬂh@rp&bsphoﬁb@@é]st of the

h t abl f h
Th53e S ERR R SAASE Sl Dl o AR ) BRO B easT bne
thﬁﬂthoﬁt@ﬁﬁrﬂ@Hoﬁénﬂ B@ltagﬁsﬁaﬁﬁb%é riald &fe lﬁéﬂ}ﬁ’lllc?andlor

salt solutions of alum nium and east one
Cr prganic substaneen gugb@smitra®si camoelaQamdroyemamorwes

aF ﬁy g&ﬁﬂ%%g%g% eého%%%?e% gﬁﬂgSt %Ce@cg'h&ates acetates,

hy dk@i@ﬁﬁp e oda RSfatad) @Wﬁirﬁétal!i@:afdﬁ%drﬁiseﬁyd roxides and/or
al cohol at es, acetates, oxalates, halides, sulfates,

or §¥idsREY e rr@takﬁn%nﬁagtalwr@rn@;tnom@ema@d/or aecrasthst
t hﬁ/h&@f R disSS0EBhalor subpaNed IPRoPRY SndRF oRdadiiSuids.

eart
Preference is given to the use of mixed nitrate solutions, chloride or

hydroxide solutions which contain the corresponding elements in the requi-
site stoichiometric ratio.

A further advantage of the red-emitting phosphor according to the invention
consists in that the luminance of the phosphor increases with increasing
temperature. This is surprising since the luminance of phosphors usually
decreases with increasing temperature. This advantageous property
according to the invention is of particular importance on use of phosphors
in high-power LEDs (> 1 watt energy consumption), since these can come

to operating temperatures of above 150°C.

The wet-chemical preparation generally has the advantage that the resul-
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20 whi ch are dissol ved and/or suspended in inorganic
and/or organic liquids. Preference is given to the

wdIS69fbszad xed nitrate solutions, chloride or %g?@%@gm%ﬂm

sol utions which contain the corresponding ele

the requi- site stoichiometric9ratio. A further
advantage of the red-emtting phosphor according to
the invention 25 consists in that the | um nance of

t heaphoaRdiRlis hags §ASRSr leﬂgﬁﬂ&%lﬂ?% ot #oefg%gségihg(o?etric

This 1's surprising since um nan

us WRIMkositieT tea paricle sizeiamcrtbeshoghotigyesfahe particléd from

advantageous, pr oper. accrding to the invention is

of VA R S e BRi e acBORing i ther Myl Brivepared. The wet-

hi g I i j S
CRIYEorbBaRation of B bhoSARIIGY gﬁ%fgf%%mf& odtidifie pre-

t hese can cone to operating t res of ab
150®itating anskorcsnhget progesepar at i on general |y has the

ad t t ot resul . 2009/.0242 . L. ,

T D58l Bl 152 il apears Hactitie dnigrtiapds caried out
uniblyaomvelitismalipro€sRestirdr thd @oﬁégﬂ)&mil"?@ﬁ{étﬁ%nd/or rare-earth
conposi tion, the particle size and the Thorphol ogy oe}

t héaparRretarablyffrgmaniuetiniupesyltade) potessinin swfate, sodium sul-

[ ' -] ' ced. Th -, .
oI B ST SRl oo
cadetasibindP 7885Y8e pre- 5 cipitation and/ or sol -gel

pr% ess. The preparation of the |ine emtter according
t o HREPNARRH PTERUISOTE Hiareelareapplisd hesalethe oy particles

. i | .
SR 1 AR RTEA g g e or. e
suképamtiondtas she susperisidrs, the eabterasisdristiairi aulslected to a

chro | um sol utiqgn. The preparation process is
deSEIALRN RIoGesANTHE AR berareab oyt INahBYMASE o Sieps and

r Wiéﬂ’s{)ﬁﬁd@z‘?ﬁ@&jﬁj@ goﬁcﬂ’iﬂbﬁ§gt fé‘?ﬁ[??rhﬁjrég‘glg&gbl%’?got"%éAﬁer a

p
particles under t rocess conditrons
pepBuality lof pudticationt steparthe pNasehor sagcingd ¢or 4 nombehef

can Bt e e behiken Sodang d sl aigterabt betiveen soo

nughgr700°et TRE pRBEPAS: frddlifdorid ¥dnudpEehdre MBI thE actual
conditions at tenperatures up to 1700C. After a

pl Bhasphar. of purification steps, the phosphor is

cal cined for a number of
It is preferred to carry out the calcination at least partially under reducing
conditions (for example using carbon monoxide, forming gas, pure or dilute

hydrogen or at least vacuum or oxygen-deficiency atmosphere).

Furthermore, the red line emitter according to the invention can also be
prepared by means of single-crystal synthesis methods (for example by the
Verneuil process, see Kontakte (Merck) 1991, No. 2, 17-32, or Ullmann (4.)
15, 146, source: CD Rémpp Chemie Lexikon [CD Rémpp's Lexicon of
Chemistry] — Version 1.0, Stuttgart/New York: Georg Thieme Verlag 1995).
The methods mentioned are in use under names such as Kyropoulus,
Bridgman-Stockbarger, Czochralski, Verneuil process and as hydrothermal

synthesis. A distinction is also made between crucible-free zone melting
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hours at tenperatures between 600 and 1800C,
preferably between 800 and 1700C. The phosphor

WO LRDMEH05 is converted here into the actual p?@?%%omm)ﬁom

20 It is preferred to carry ouf_ the cal ci nation at
| east partially under reduci n‘g10 tonditions (for
exanpl e usi ng carbon nonoxi de, form ng gas, pure or
dilute hydrogen or at |east vacuum or

Oxmrﬁéfﬂléﬂﬁﬂ'ﬁﬁ?g%dm%@h@b@mmﬁ@ CEH’éHéeLéWIE [3 ?{Cfn'*?gp's

line emtter acco to the i hAvention can
pr eysxiasth HYChermaistrydf \éﬂralghel- 0r Stuttghridyew Nesk sGaethﬁIdleme

(fw%%g%, by the Verneuil process, see Kontakte

( Mer No. 2, 17-32, or Ulmnn (4.) 15, 146,
source: CD Ronpp Chenie Lexi kon [CD Ronpp's Lexicon of
Chem stry] - Version 1.0, Stuttgart/New York: Georg
Thi erre Verlag 1995). 30 The nethods nentioned are in

o 1 S PR e s N Rl s el s Vb aloOs,
an (NE%%LQE/ ﬁ%tzmmao UL PESIMoOA Nhg%‘_b@%o%g 8@5%04)0 5,

made between_cruci bl e-free zone nelting

PCME@E@@@A@@@M zEuaoNé}ad (Ceawt Uolela (M. anp,( @o@pw‘erably

Sy ry] o SI on Eﬂﬁﬁl@ R?’?%gk"?? LeXI t&em@lgrtbeated

Thl(sastE\/e(DZGmS(IEQ’QEB 6)5StHteng athtenalt iwHich barﬁl©eQ§ﬁ1b!b9é§ for
&5@0 3Euo. 2W4, Nao, 5Yo, 4Euo. 1M 4

& prepasien awoaitraiesy halides smr@msﬂhates of the correspond-

Lal %@8%%%@%4@0% %ﬁ%%%ffﬁn%’b@? are pr%l\e/?grdrabl y

pr da‘pace@rdlaylca\mthcthenmvmltiorietﬁmdisscamdd u baaﬁmﬁfdd starting mate-
t her |‘Sr|al |y tre& see DE 102006027026 . St art| ng
maf{ 85 HEKPL W aEhS ACHTBFNRRIE Y Pre ﬁr@bbf@.saiog{ jifgha hum-

ar ePbt hatRS andahé ?@sﬁm%ﬂfj rﬁérnﬁ’éﬂ?ﬁﬂ%ﬁ@ﬁ&ﬁa@ﬁ dth6om ten?peratu re

correspond- ing net sem net transition
an tEY arnoegarit pMIplilamoacfeagemnpmfwably ataetonavAfien purjfication

heapdaineio ang [HRanat: v Ik it SutfpeRa dforfnd eatment
9' ¥eERImpératurs Hefveen 600 and 1200°C for a number of hours, giving the

red line emitter phosphor as end product.

Both the red-emitting and green-emitting conversion phosphors, which rep-
resent the phosphor layer, are chemically stable to decomposition during
operation of the LED, i.e. they exhibit no tendency to hydrolysis and no

reaction with materials from their environment.

The following examples are intended to illustrate the present invention.
However, they should in no way be regarded as limiting. All compounds or
components which can be used in the compositions are either known and

commercially available or can be synthesised by known methods.



10

s

15

20

25

30

w@&ﬁﬁ}omztzgitl on reagent, preferably acetone. Aft

15 ber of hours, and the resultant internediate is
i solated at room tenperature using an organic

purification and drying of the internediate, ?EQEPZOOS’O%O""

|atter is subjected to ther mal1kreat ment  at

t enper atures between 600 and 1200C for a nunber of
hours, giving the red line emtter phosphor as end
product. 20 Both the red-emtting and green-emtting
conversi on phosphors, which rep- resent the phosphor

| ayer, are chem cally stablExdrapigconposition during
operation of the LED, i.e. they exhi bit no tendency to
hydrol ysis and no reaction with materials fromtheir

" ERERCA: PEoapghehnrRYidIfihe Phehfuroadiclgs 87 ohe

sheinipositioh ARYq08:CKYer ded as |imting. AI I
conmpounds or conponents which can be used in the

conpositions are either known and 30 commercially

20087003 95 RS BHRL BEBL e A B SR gl 93 7 o

1 oIPpothssiljmrsuﬁéter;mtf RIBOt G bﬂ&@éﬁ@%@ﬁﬁ 2p|aot (Icﬁlrcﬁﬁmﬁ alum)
5. composition Al1l.99103: Cr0. 009 223.
aI @ﬁ% disseived)tp 408 mbofidripaised watar at gpat 7550 i ara g of a 34.4%

e 1l Sy BRS 8RYH s WPAEc0 Mo yfof sotton
450y of deionised water at about 75C. 2.0 g of a

U AR A G
{ eple 5@61@%98&%’?9@%[3& éf@(c%%cg\n%@r g;%ecf’ c%h f&ﬁut‘rﬁﬂ (b).

carbon- ate are dissolve
watlde, twgi aquepusobdisssga) and din) Qde)addeﬂmntﬂtanaquselpm 200 ml

soI t.ions are added simultaneously to .20
bGP el bl diS aferife e o D5 80 Had B s
Of sﬁ@ecmf@r a TP PSLMIrE The reSlitamtebIbtn 8 fvabbRfed 3@ dryness,
mn. The resultant solution is evaporated to dryness,
and the resultant solid is calcined for 5 h at about 1200°C. Water is added
in order to wash out free sulfate. Conventional purification steps with water

and drying give the desired phosphors Al; g9;03:Crg.ggs.

Example 2: Preparation of the red phosphor Nag sGdg 3Etg WO,

2.708 g of gadolinium nitrate hexahydrate and 1.784 g of europium nitrate
hexahydrate are dissolved in 100 ml of ethylene glyco! [solution 1]. At the
same time, a solution of 1.550 g of sodium tungstate dihydrate in 50 ml of
deionised water is prepared [solution 2]. 40 ml of solution 1 are initially
introduced, a mixture of 45 ml of solution 2, 45 ml of ethylene glycol and

3 ml of NaOH soln. (1M) is added dropwise thereto. After the dropwise
addition (the solution has a pH of 7.5), the mixture is heated under reflux

for 6 hours.



10

15

20

25

30

and the resultant solid is calcined for 5 h at about
1200C. Water is added in order to wash out free

Wé%(ﬁ!fiﬁﬁzm Conventional purification steps with %Irﬁzpzoosmomm

and drying give the desired phosphors

Al 1. 99103: Cro. 009 20 Exanpl e -2t2 Preparation of the red
phosphor NaO. 5Gd0. 3Eu0. 2WX4 2. 708 g of gadol i ni um
nitrate hexahydrate and 1.784 g of europiumnitrate

n f t h l.en
ol oA etorrs il il KEOlewr 200 MBr Bsidile dieGig drop-
1. 586e gthefprecigitatm it sogstaqenthi derdrifagediof, %sﬁ‘ed@gam with
dei oni sed er i.s prep are? &solutlon 2] of
solAFEIYIE gn ﬁvgtdaeﬂ i aisiiean of g enrfeded ét""fﬁt%dPQﬁC@'acﬂ‘li digh and

M afcissd ui m of ethylene glycol and 3 nl of
NaOH slol n. ?q@a lergéstadded dropwi se thereto. After the

dropwi se 30 addition (the solution has a pH of 7.5),
the m xture is heated under reflux for 6 hours. WO
2009/ 024229 PCT/ EP2008/ 006007 -12 After the reaction

SOlEdriple 8 Fiaghfior BPHE rf | pRESpABP N Y] FERIIOD

W se e precipitate Is su uently cen
washed aga| n wth acetone and dried in a stream of

2t e S ieal fefaral Sl 803 Soaia irqiedexa-
Dh(h%@ Fare a?@@hs@éﬂfe{’sﬁhq ObVRYf etByfefe! Iﬁfol lédhut'ldm ]I @t R Came

hexahydrate and 0.892 g eur opi um n r at exa-
hy g, @ soletien of Hi218@ phsadiomnnolybdatengingdrate iry68im of de-

R A e

vadeted sa Piiriies f145 sl oftsoRitiod] 2, 4Pmitbf efhy %Heggwt%l ahd 3 ml of
are initiall %MI ntro- duced, a mixture of 4

soNaGRsoln. (1) gre afded Hyorwise §o ylvs mixinge. Afer e driagise
obfqiioh Mo ARURILHNSIAPY S N s m xture. After

Fopw se ure is refluxed for

6 Adter $he rédotiontsoutionatds covled) 200 o ohasetonel£6.added drop-
m of acetone gﬁe added drop W se, the precipitate is
Subes, dB% Procieitais s pubsasisntly cribiiuaedgHi Washetagain with

acetone and dried in a stream of air.
The batch is transferred into a muffle furnace, where it is calcined at 600°C

for 5 hours.

Example 4: Preparation of the red phosphor NagsLagsEug WO,

(precipitation reaction}

2.120 g of lanthanum chloride hexahydrate and 1.467 g of europium chio-

ride hexahydrate are dissolved in 100 ml of deionised water [solution 1]. At
the same time, a solution of 4,948 g of sodium tungstate dihydrate in

100 ml of deionised water is prepared [solution 2]. 100 ml of solution 1 are
initially introduced, solution 2 is added dropwise thereto (check pH, should

be in the range 7.5-8, if necessary correct using NaOH solution (1M).
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acetone and dried in a streamof air. The batch is
transferred into a nuffle furnace, where it is

woabmiopede at 600C 20 for 5 hours. Exanple 4: ECT/EP2008/006007

Preparation of the red phosphﬁ NaO5La03Eu02
(precipitation reaction) 25 Z 20 g of | anthanum

chl ori de hexahydrate and 1.467 g of europium chlo-

ri de hexahydrate are dissolved in 100 mM of deionised

Watrie iibalik isubbbagudhtly ﬁé?ﬁeé 'réﬁ:xf%r?%dﬂtr on of

4.948 g of sodlumtun state d| rateln
dei/ftardbe reagtsm $t§umreba$ edol[eslothﬁ precipiate [B(]‘Dteméd off with suc-

sol 0 |n |aI troduced, solution 2 is
S aﬁ&oéﬂ?@e‘]'\”ﬁgﬁe‘f’ ot ® should be in the

r ange: Watehls calﬁ:lﬁm‘ﬁm"l@ %W?Ct usi ng NaCH sol uti on
(1M . WD 2009/ 024229 PCT/ EP2008/ 006007 -13 The

m xture i s subsequently heated under reflux for 6
hours. After the reaction solution has cool ed, the
precipitate is filtered off with suc- tion and dri ed,

gi \Exsnple/sd Preparftidh bhtife |
600C forp 5 h. Exanpl e 5: r%??{,‘g?ia’??gﬁo%%ﬁém%QWm by

phosphor Nao complezingwithberioacidonpl exi ng with
citric acid 10 1.024 g of nol ybdenunm(1V) oxide are
di ssolved in 10 m of H202 (30% wth gentle warm ng.

4. 6082 %
X at!rJngf g:?j%lglgdi?notﬁ\tﬁL‘d) ok:aggﬁvrvé g)sl,égﬂthfégjnm mﬂm of Hgo? ¥30%) with

La@ﬂ@ﬁ?%‘@rmﬂ;@ %aoﬁgm@ltgcmldzm@wﬂapmtm@ rasog@st H©, are
0. %Qeg t8 hér\rlg%@”%gﬁ%%bsequently added, and the

m xture 1s 15 40 m. The yeIIowsqutlon

| s 104(eg df LagNOIXBUHRC ByH TY7 TARIAEL(NG; G Hzcblasamémagn
initially formng, fromwhich a bl uecgowder finally

r eSu34& 0 of NaNGs aee subsegyenty gddad) gna thecmirddreds neadecup to
f or40§.nhour S.

The yellow solution is dried in a vacuum drying cabinet, with a blue foam
initially forming, from which a blue powder finally results. The solid is sub-

sequently calcined at 800°C for 5 hours.

Example 6: Preparation of the red phosphor NagsLag 3:Eug.2(WO4)o.s
(MoOy4)os

2.120 g of lanthanum chloride hexahydrate and 1.467 g of europium chlo-
ride hexahydrate are dissolved in 100 m| of deionised water [solution 1]. At
the same time, a solution of 1.815 g of sodium molybdate dihydrate and
2.474 g of sodium tungstate dihydrate in 100 ml of deionised water is pre-
pared [solution 2]. 100 ml of solution 1 are initially introduced, solution 2 is
added dropwise thereto (pH should be in the range 7.5-8, if necessary cor-
rect using NaOH solution (1M)). The mixture is subsequently heated under

reflux for 6 hours.
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20 Exanple 6: Preparation of the red phosphor
Nao. 5Lao. 3Euo. 2(W4)o0.5 (MO04)o.5 2.120 g of

wo aifoaapysn chl ori de hexahydrate and 1.467 g of $#1&%%%%@006007

chl o- 25 rlde hexahydrate are dlssolved in 100

dei oni sed water [solution 1 ]~14% the same time, a
sol ution of 1.815 g of sodlun1nnlybdate di hydrate and
2.474 g of sodiumtungstate dihydrate in 100 m of

dei o rgRE r¥RLRIn éoﬁ arﬁ]?/gf@ ?I@d[ o .c&i)nl‘aﬁ Is Jﬁ%@e&gﬁ%ith suc-

solution 1 are |n| roduce

addied ai‘rd)ﬂmec!;,eartdwtbuediaicl@ m—stslimduénbﬁ chRiridteatr 0TWE for 5 h.
7.5-8, if necessary cor 30 rect using NaOH solution (1

M). The mixture is subsequently heated under reflux
for 6 hours. WO 2009/ 024229 PCT/ EP2008/ 006007 - 14

After the reaction solution has cool ed, the

precipitate is filtered off with suc- tion and dri ed,

and the batch is subsequently cal cined at 600C for 5

h. 5 Exanple 7: Preparation of the red phosphor

Lal . 2EU0 3Mb04 by com plexing with citric acid 10

1.024 g of nol ybdenun(lV) oxide are dissolved in 10 m

of Empkesﬁ%f’rapatatlcgenf the m phogphdr 688, BugMa) bycom-
aci d, togetherI wi th _‘hé) ist. H2O, are added to
the yel | ow s&feXINg Wi .cf)tﬂf @c' f La(NO3)x6 H20 and

0.714 g of Eu(NO3)x6 H20 as well as 15 0.340 g of

NaNO3 are subsequently added, and the mi xture is nmade

up 1t(3524 g ®f molytenuelV/poxidelane idissol\eddni ¥dmi of H.©a¢30046) with

cabi net f nitially fo
Fr Sen R R, 4 800 S8 atif Bl RoBethetiieE. otmLOLTR g are
subddegayens L¥Iisakeiungd. at 600C for 5 hours. 20
Exanpl e 8: Preparation of the red phosphor
Laf. @ o8N By)x6 H2O and 0.714 g of (N03)x6 H>O as well as
0.340 g of NaNO; are subsequently added, and the mixture is made up to
40 ml.
The yellow solution is dried in a vacuum drying cabinet, with a blue foam
initially forming, from which a blue powder finally results. The solid is sub-

sequently calcined at 600°C for 5 hours.

Example 8: Preparation of the red phosphor Laj ,Euy WO, by

complexing with citric acid

0.9711 g of tungsten(IV) oxide is dissolved in 10 ml of H,O5 (30%) with
gentle warming. At the same time, a solution of 0.7797 g of La(NO»); -6
H20, 0.5353 g of Eu(NO3)3 -6 H2O and 1.8419 g of citric acid in 40 ml of
H-0O is prepared and added to the blue tungstate soln.

The blue solution is dried in a vacuum drying cabinet, with a blue foam ini-
tially forming, from which a blue powder finally results. The solid is subse-

quently calcined at 600°C for 5 hours.
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conplexing with citric acid 25 0.9711 g of
tungsten(lV) oxide is dissolved in 10 ml of H202 (30%

wohbddgeat | e warmng. At the sanme tine, a Soko%@ﬁ"g‘gﬂmﬁﬂm

0.7797 g of La(N03)3 6 H20 0.5353 g of Eu(

H20O and 1.8419 g of citric acitbin 40 M of H2Ois
prepared and added to the blue tungstate soln. The
blue solution is dried in a vacuum dryi ng cabi net,
with a blue foamini- 30 tially formng, fromwhich a
bl ue powder finally results. The solid is subse-
quently cal cined at 600C for 5 hours. WO 2009/ 024229

EP20 0Q6007 - 15 le 9. P t f t
r e mgﬁé %@BB@%O%%PD%P@?%QQI@O& 52(@(04)1 sPO4
&dd 3x 6 H20 and 1.465 g of Eud 3x 6 H20 are dissol ved
' I | At 1. 73 .
i ST S L& MG Mol 48810 NGl Erbiarg iSphet in
0. 700gmbbdf m?@melgaycﬁl$§@hu@d1) n 70 m of ethylene
I | ut 3 . of | ut
P Pl Narh Guaia issavadde f0da of M@ ksolptionly 70 m
of 0. BPLWFIARG, i é‘H‘i’ss%%‘aqntﬁ?ﬁw%Peth}Ib%e #l #Q&‘I{Jﬁ&?%ﬂes

cl oudy,” but” becones clear again after Irri
A mxture of 70 ml of solution 2 and 5 m of

© o0 s S i P ace ek aow'ﬁabia%egmy 70 ml of
fl %&hti@ﬁds H%aé@tﬂ’ed #erddrhe' R ltidh M dé %sﬁ blﬁhbg%&tq{ecﬁﬁnes

| east 6 h. m of acetone are ad
r e@@ar@ga@baﬁer brrlﬁf stiningp rAemixtiipe obT@ mlsfsubﬂueq@amdi % ml of

or Bt 8 Al €8l 20Bsd dbpdisSoven Tor 4

homh@ regBtide piiRue E07art¥renad #itb enthede-hBBked flask and heated
green-em tti n& phosphor Ba2Si O4: Eu 390 g of barium
§

catpgrbfafiuxavi tlrangéqrf@tdeaﬁt(ﬁ hi) oxide, 63 g of
silica gel 25 (SiQ2) and 5.4 g of anmmoni um chl ori de
are m xed by grinding. The mxture 1is calcined over a

perb0nbdf dcdtord adsl@fded drapviise & tsiRRtien sofitieh. Thegre-
grinding, a further 5.4 |g of ammoni um chl ori de are
adGdtata g subsequently centrifuged off and washed again with acetone.

The product is then calcined at 650°C in an oven for 4 hours.

Example 10: Preparation of the green-emitting phosphor Ba,Si0,4:Eu

390 g of barium carbonate, 3.5 g of europium(lll) oxide, 63 g of silica gel
(5i02) and 5.4 g of ammonium chioride are mixed by grinding. The mixture
is calcined over a period of 8 h at 1100°C in a CO atmosphere.

After fine grinding, a further 5.4 g of ammonium chloride are added and
mixed well to give a homogeneous mixture. This mixture is then again cal-
cined for 14 h at 1200°C in a CO atmosphere. After grinding, the powder is

washed with water in order to remove excess halides and dried in air.



10

15

20

25

30

m xed well to give a honbgeneous mixture. This m xture
is then again cal- cined for 14 h at 1200C in a CO

wabomwephes e. After grinding, the powder is 30 Waghee2008/006007

with water in order to renove cess halides and dried
in air. WD 2009/024229 PCT/ EF’%OS/ 006007 -16-

Exanpl e 11: Preparation of the green-emtting phosphor
LU3Al 5012: Ce 537.6 g of anmoni um hydr ogencar bonat e

ar Exdinpke! vd Pre - :
oy r8pdrdtidd 8FtH gFteen bﬁﬂtt@?j ph8sBhor Lgélélsgu.Ce

205. al um ni um chl or| de hexah ate, 228
of 5 lutetiumchloride, hydrated (x H2O and 3.617 g

andar G0 A Bbhihh B BaaRalbBheis o dbsab Ridfes of ce-

dr pvissd watert Re5 hzmr @Eéllﬁﬁﬂﬁlgﬁﬁblﬂoﬁ@é Wek@ﬁ)édrﬂtéf 1228293 g of
this addition, the must be Et at

additetiem Qiﬂof&ﬁu@ydéﬁfﬁéréx 207 8edri. ﬂﬁngeofufzerlsm'bgleionde hexa-
quﬁga ?%'tfé rdfs%g Jef&{lg%e &p@ %Q%ﬁaorﬁ‘%iwa?%e' r}gwlﬂg added

cabllrasmtnsatto alhmhydrb@@ﬁcar'ﬁbﬂada" s&Idtion ecmrmgttﬁtseadfcﬁmgrﬁ QHAGH
and subsequently calcined for 4 hours at 1000

ai fMusfihe karb @b e 8 by agedvuimang. awmanﬁh@ﬁuxture is subse-

e JAo P srecyf gt WLP ARG ARGt &b Byt 85 itsreg of
| i qoddiriedyisteadryind) cabliaegt ﬂ(hb'ﬂmembtxs,ohor from Exanpl e

10 (green phosphor) and the red phosphor from Exanpl e
6 are mxed in the mxing ratio 1:2.17 in both

CO'TH@Q:FP BcipRatt B8 gﬂ&yﬁ% b ﬂ?@qu@rﬁ%&ﬁéﬁﬁé& %r%hga@at

from Dow Corning wt e mxer,
t h4008He irpaivs pie praduct mm‘eﬁequentlyl re—gmunmbamlmalommdtai

LS, 10% [ 2% by wei ght of silica gel
panQP% %mr%?%ﬁa%f%wéowﬁen added to both mixtures

in order to render themthixotropic, and the
resultant m xtures are agai n honogenised in the tunble
mxer. 5 m of conponent A and 5 ml of conponent B

anExeiERLE: CARRASH of Anrk 8 o ARV I edickid rystal

display

The phosphor from Example 10 (green phosphor) and the red phosphor
from Example 6 are mixed in the mixing ratio 1:2.17 in both components A
and B of a silicone resin system OE 6336 from Dow Corning with the aid of
a tumble mixer, so that the phosphor concentration in the two components
A and B is 10% by weight. 2.2% by weight of silica gel powder from Merck
are then added to both mixtures in order to render them thixotropic, and the
resultant mixtures are again homogenised in the tumble mixer. 5 ml of
component A and 5 mi of component B are in each case mixed to give a
homogeneous mixture and introduced into a cartridge which is connected
to the metering valve of a dispenser. COB (chip on board) crude LEDs,
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. Domes
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to the netering valve of a dispenser. COB (chip on
board) crude LEDs, 30 consisting of bonded I nGN chi ps

wbavsongsmosur f ace area of 1 M each, which empcr@tpadosinngonr

wavel ength of 450 nm are fixegin t he di spenser.
Domes WO 2009/ 024229 PCT/ EP2003/ 006007 -17 are
applied to each chip by neans of the xyz positioning
of the dispenser valve. The domes consist of the

m xdrerapplieandessed dhip P hictisCof tAE xR |
con‘pon?npts and the :ptp]ghos hor s, xS/ %Ot%i{\@nlsq@ +f‘g§8"&ﬁ?pen5er
2

Thendowes-copsis Mr@cxtune rendermyhnmteomnmf the two

t, whi.ch t
i“f’ﬁ"con%dﬁifﬂeémérﬁg‘?ﬂ%ﬁﬁgﬁ%e%e@@na Aane ueh o' Prvger.
opeThaé COB-adDsetradtedtin tids Wagtdretagh %Gbﬁcfé%l ®Y4 temperature of

rgtrure of 6000 K. Several of the LEDs produced
abo

&t yhish thestiligoneds isalidifisdckhe bRDsmgn thestampitfinto
a l I t
- ot aHE A O, AR EE APl B oo
detZgverbedfdive Wik Ds ple:fde:cedmot/e aré5heri Ing$dlkeatin \eebacklighting

enmbodj ne a diagrammatic

reﬁW@&gﬂP ?HE%mgFWFﬁ@QQ -d-crystal display
according to the invention (direct-lit design) (1 =
LCD unit wthout back- lighting; 2 = backlighting
unit; 3 = diffuser; 4 = LED with phosphor |ayer 20
according to the invention; 5 = honbgeneous | um nous
flux fromthe back- lighting unit) Fig. 2 shows a

di agranmati c repr es@sergtiowbs N dkdWitgh cryst al
di splay according to the invention E% side-lit design)

(1 = LCD unit wi thout back- 25 lighting; 2 =

"y die BT W dee¥hi@inein S eahr sk vl yu BlgERos o

| uniuztrasivé leibddimehishe back- lighting unit) WO

2009/ 024229 PCTI EP2008/ 006007 -18 Patent C ai ns
Fig. 1 shows a diagrammatic representation of the liquid-crystal display
according to the invention (direct-lit design) (1 = LCD unit without back-
lighting; 2 = backlighting unit; 3 = diffuser; 4 = LED with phosphor layer
according to the invention; 5 = homogeneous luminous flux from the back-
lighting unit)

Fig. 2 shows a diagrammatic representation of the liquid-crystal display
according to the invention (side-lit design) (1 = LCD unit without back-
lighting; 2 = backlighting unit; 3 = diffuser; 4 = LED with phosphor layer
according to the invention; 5 = homogeneous luminous flux from the back-

lighting unit)
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wOah@lh$0s at | east one sem conductor diode andpet”EP

1. Liquid-crystal display fitted with a backlighting
system having at |east one 5 white |ight source which
| east one phosphor | ayer conprﬁglng a conbi nati on 008/006007
at |least two phos- phors, wher | east one phosphor
emts red |ight and at | east one phos- phor emts
green light. 10 2. Liquid-crystal display according to
Caim1, characterised in that the white |[|ight source
conprises a |lum nescent indiumalumniumagallium
nitride sem - conductor, Patertr@Cliatrisar of the fornul a
I n; GAJA kN, where 0 <_ i, 0 j, 0 <_ Kk, and I+ +k= 1.
15 3. Liquid-crystal display according to Claiml

1223?%!2 %%%%P%E@gﬁ e%ﬁ‘\gltiﬁm M&Rﬁ%ﬁtﬁ%@mégg%tcl?ast one

4 . whiteylighd- smuym whiath gphaysascatdedstrgne seraitenductop diodsf and at
character-.ised in that the phosphor

d ai l1to

| dpart %@?%@rﬂ%&c’g}ﬂfﬁn% CMEITAiIS Sleatdeips) waphos-

PipHars | wh I -
-pﬁtlfrqu' OIer((;:“r%f.;i/t sltégslgtqmés%ﬁé\éy Hg(r:]gml ﬁa'd"l@‘i'\?%PH arﬂ?ef%‘ﬂ ohb&hos

cm@mﬁ greenilight.nat t he phos- phor | ayer conpri ses,

as red-emtting phosphor, a europiun(lll)- or chro-

munm(lll)-activated line emtter selected fromthe

29 fL@qmd&}%ﬁﬁi @él\glagfac?ﬂéﬂil CiO1 ?éPQﬂactensed in that the white

Nao. 5Y04 a0. 3Eu0. 2
Naigh gﬁg@{cgg@mm}a@@@ lurgineseesd n:i;Eum aluminium gallium nitride semi-

(AR RO R S UGB . 0

aceridi ngkto1one or nore of Cainms 1 to 5, character-
30 ised in that the phosphor |ayer conprises a
green-emtting phosphor as WO 2009/ 024229

AT S R0 OR! pepdRiaid Rl Lanalt 2uchampstariped in that the

gnhite ligfht sbhecet dorapaddsad efue-aimittis@ieSaN semiconductor.
oxonitridosilicates, alumnates, nitrides or garnets.

7. Backlighting system having at | east one white |ight

4 S 68-¢ Ng%tglm I%%Et 'cé&%iirg;i_lﬁ)tor@aﬁ o?@%f%ﬁﬁh‘&op?&ﬁt%aracter-

di ode an one er conpri s-
c ésegl imnathabthegfhasphloe &sfer t:mmppilses ptmd%muuﬂlrmgwplemphdr%& euro-

Pl sl fveadtadline SR to o

5. Liquid-crystal display according to Claim 4, characterised in that the phos-

phor layer comprises, as red-emitting phosphor, a europium(li)- or chro-
mium(lll)-activated line emitter selected from the group AlLOs:Cr,

Nao sGdo 3BEug 2WO4, NagsYo4Eug1MoOy, Nag sLag sEug 2WO,,

Nag sLag 3Ete 2M0O4, Nag sLap 3EUp 2 (WO4)o5(MoO4)os, Las2Eup sMoOs,
Las2Eug WO, (GdgsEug 4)2(WQO4)1 sPO4.

. Liquid-crystal display according to one or more of Claims 1 to 5, character-

ised in that the phosphor layer comprises a green-emitting phosphor as
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i ght source conprises a |um nescent indium alum nium
galliumnitride sem- 10 conductor, in parti cuI ar of

Wb%w((ﬁ!i la In; GJAIKN, where 0 <_ i, O<

and =1. 9. Backlighting s%/%t em accor d| ng ngT@ngqz?{oo‘som
7 and/or 8, characterised inthat the white |ight

source conprises a blue-emtting InGaN sem conduct or.

15 10. Backlighting system according to one or nore of

d t ) In,that the
o Br BB &l nothial Rejectss Bt e Group of
pi tha(thidgptiates, siicates Uordritridoslicaet MahBlates NEitrids 6re§§a mets.
20 11. Backlighting system according to one or nore

Clains 7 to 10, character- ised in that the phosphor

7 GRS 8By B B BUSRALRE sPR 0 s
graiupast @Ssetnicondlactos GibalcSad @4t one phosphor layer compris-

Nao. 5Yo. 4Euo,. 1M Nao. sLao. 3Euo. 2\WA
NeB9 @L%‘H"%'EGBoﬁﬂgéﬁieaﬁbﬁv%Ea%st‘Eué which emit red and green light.
(W04) 0. 5(Mo04) 0. 5, Lai.Z2Euo. sMo4, 25 Lal.2Euo. 8W4,
(CGdo. 5Euo0. 4) 2(WA) 1. 5PO4. 12. Backlighting system
Sadsanidighting eysiem an:ccmbing to:‘CIﬂna?thé’rat:tenkéd i tieatané evhite
ayer conprises a

i in that the hor
gr @g‘ﬁ gmcﬁtqql;@pgﬁ% inggce érpqilHW( Iprr)lmumgalhum nitride semi-
eLHo‘PnH'quHr' iln)pfg&ulﬁ%let‘f‘\e%ﬂﬁﬂﬁomicrsf Eﬂé@ﬂef‘é’ 82t B&j, 0 <k,

group of 1 ogal | ates

oxand k+ i ddks¥ i cates, al um nates, nitrides and gar-
nets. WD 2009/ 024229 PCT/ EP2008/ 006007 -20 13. Wite
l'i ght source which conprises a blue-enmtting indium

9alBHEKNGKIM P N stetn éﬁBoPdlh{;'tg@lélﬁfW GRHAME, Qﬁharécﬁensed ipdh that the
particul ar  of the fornu n; GAJAI kN, where O

owhite ligihgource gormpises ablwmerrdtlpgdxss(ﬁatirsemszemductor
conprising a 5 conbination of at |east two phosphors
which emt red and green light. 14. Wiite |ight source

1 @Gaﬁkﬁglﬁlﬂ'ng Systbmi 48cbAding Ra bAB IR M &Rbf Mlalnhal thig, character—
nprises a blue-emtting InGN sem conduct or. 15.

V\Fﬁ’ﬁtde'nl thghthespipspiios laver gPprises @ redremisting ﬂhmpmt as euro-
E@Erﬁﬂl frdrst,%‘#or'nfhrﬁﬁ o %dr)hgégﬁ)?ﬁ'i?lj ayer corrprl Seés a

ng phosp r as

11.Backlighting system according to one or more of Claims 7 to 10, character-
ised in that the phosphor layer comprises a red-emitting phosphor as euro-
pium- or chromium-activated line emitter selected from the group Al>O3:Cr,
Nao sGdo 3EU02WOs NapsYo.4sEuo 1MoO4, NagslagsEug 2WOs,
Nao sLag.sEuo2MoO4, Nagslap sEug2 (WO4)e5(M0oO4)os, Las2EugsMoOs,
Laq 2Eup sWO4, (Gdo.sEui.4)2(WO4)1.5PO4.

12. Backlighting system according to one or more of Claims 7 to 11, character-
ised in that the phosphor layer comprises a green-emitting phosphor as
cerium(IH)- or europium(ll)-activated phosphor selected from the group of
the thiogallates, silicates, oxonitridosilicates, aluminates, nitrides and gar-

nets.
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chromun(lll)-activated line emtter. 16. Wite |ight
source according to one or nore of Clains 13 to 15,

wohewasixes- 15 ised in that the phosphor layern%)ICFIIE)Pmmowm

conprises a green-emtting phS%ﬁhor as ceriu

or europiun(ll)-activated phosphor selected fromthe

group of the thiogallates, silicates,
oxonitridosilicates, alumnates, nitrides or garnets.

17. Process for the production of a l|iquid-crystal
display fitted with a backlighting 20 system having a
1M&e|figghsow@awdﬁgh comprises agludreniitinganding ah.lanjfatum gal-
r ti.on of .at ] east. one .LED whjch is puilt u rom
DI B eBimin e R e tinEb Rbtre: formulE st Ry e 0 <

ofj Qr | p; GaJAkk ' <joo0 <k,
ar:’d@ :&qﬂb _ﬁEA@ I1-,pJ and a’ %‘i%%%‘%pﬁg% e&/ﬁ?@l‘?”g@ rises
a cooninatien ohableast medplesstHors whithosmitaed and dreen fight.
green-emtting phos 25 phor. installation of one or
nore LEDs in a housing to give a backlighting sys- tem

14 OWHHeSig 6 AR %o ‘BAHESSE0 CH ot HU G
e Nt S R
urs kluecwnittirioninGiahh semicandpiciire with a col oured-fil ter
system to give the 30 liquid-crystal display.
15. White light source according to Claim 13 and/or 14, characterised in that the
phosphor layer comprises a red-emitting phosphor as europium(ll))- or

chromium(lll)-activated line emitter.

16. White light source according to one or more of Claims 13 to 15, character-
ised in that the phosphor layer comprises a green-emitting phosphor as
cerium(lll)- or europium(ll)-activated phosphor selected from the group of

the thiogallates, silicates, oxonitridosilicates, aluminates, nitrides or garnets.

17.Process for the production of a liquid-crystal display fitted with a backlighting
system having a white light source, comprising the following steps:

» production of at least one LED which is built up from a blue-emitting
InGaAIN semiconductor, in particular of the formula IniGa;AlkN, where
0<i,0<j,0<k and [ +]+k=1,and a phosphor layer which comprises
a combination of a red-emitting phosphor and a green-emitting phos-
phor.

* installation of one or more LEDs in a housing to give a backlighting sys-
tem comprising diffusers and reflectors.

e the backlighting system is combined with a corresponding liquid-crystal
unit, containing a front plate with a coloured-filter system, to give the

liquid-crystal display.



