WO 2009/ 124634 PCT/ EP2009/ 001821 -1 Low pressure gas-di scharge |anp
for influenwop@otihgiendogenous nel atonin bal ance The i nvedi/keo001821
relates to a | owpressure gas-discharge lanp for influencing 5 the
endogenous nel atoni n bal ance, which is p_r{aferabl y suitable for

bi ol ogi - cal /nmedical applications. The aimis for the biol ogical
circadian rhythmto be influenced specifically by neans of the |ight

source accor di nﬂpﬁnﬂpi‘é’%d@‘@ﬁk—d@c@ﬁr?&’ IHAPIOP inflidhdéBhahetindogenous
secretion. 10 Prior art It 1s known Tromnedicine thaf virtually all

human processes are subject to bi Bledatordn badanaem functions. One of
these is the circadian action function, which influences nelatonin
secretion. Melatonin is a sleep hornone which is produced from

serotoni n and Téxciheeetbroyelhlee tbi 4 eal-peddsese igastdiscHirse 3mp Fob irfiéncing
(epi phy% s), a part of the interbrain, and controls the day/ni ght

rhyt hm “of ~t héhegrdagerrNs Mmelpteniarhalance, evirigh is praferably auilaileifer biologi-

having a tryp Wpl=® : ILta, ' T e Th

i nfluence of glg%rﬁlecrﬁ? ta&gﬁée #gﬁa't sé (?#rﬁllsl gﬁﬁ ﬁé@?}olﬁ@%lﬁ@gfagg%gﬁim to be
rhythms, in AnfluddesdrspBeifically’ by 3earklobthe IR SourcDadesdingbesthhaven-
rel ati onship between the qualjty .of |light and the human bio | ogi cal
rhythm 1t hadOB&WPRY lﬂ%i@ﬁl%orﬂ'ﬂéﬁcf Whpehavi our of the core tem
perature and the change in nelatonin secretion changes as a function
of the |ight wavelength. Wiile |ight having a | ong wavel ength, such
as |i ght10 having a | ow col our tenperat rierarted [ight, has no effects

750 um shortJisraMER B aiedian gl ongealn ehBurEn RSese Bia seblogy o

contrast, greaigbgiehf a6fich ft'#]ﬁectioh§. epRe b dsskd O Eﬁ%é(ﬁéﬁtéd?iBﬁWdﬁct'on,

between the excitation of t photo- receptors Int uman eye an
t he inhi biti owhigh irfkiepoee melajpaimsecretiandMetdtomel iatao aiept hermdneewhich
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It has Been olaiovepiptials)aa ashemthk iigiekbral, gl dohticts fHROMGY/BIKt Fhyith®
of the human body. In chemical terms, it is an alkaloid having a tryptamine
structure.
Morita, Tekeshi and Tokura: The influence of different wavelengths of light
on human biological rhythms, in Appl Human Sci, 17 (3): 91-96, 1998,
20 describes the relationship between the quality of light and the human bio-
logical rhythm. It has been established that the behaviour of the core tem-
) perature and the change in melatonin secretion changes as a function of
the light wavelength. While light having a long wavelength, such as light
having a low colour temperature, red light, has no effects on the human
25 biological rhythm, green and blue light, which has a medium-short wave-
length and high colour temperature, exhibited, by contrast, greater effects. It
is concluded from the relationship between the excitation of the photo-
receptors in the human eye and the inhibition of the core temperature and
of melatonin that the photoreceptor, after reception of the light signal,
30 determines the biological rhythm by means of the activity of melatonin
secretion. It has been cbserved that a higher light intensity is required in the

morning than in the evening in order to initiate inhibition of melatonin secre-



nmorning than in the evening in order to initiate inhibition of

mel at oni n saEe@INE62009/ 124634 PCT/ EP2009/ 001821 -2 ti onpCi/Rez009/001821
I nfl uence on the human bi ol ogi cal rhythm throughout the day is due
to the photoreceptors of the eyes, whi ch_%gcei ve the signals for

mel a- tonin secretion. The living and working environnment is
illumnated in the evening and during 5 the night by light having a

| ow col our tenipér Jher gflagtcd bantheatiunianWitlogal %w&metﬁr@@gflﬁuﬂthgf'day is
havi ng a high col our tenperature. The |ight having a wavel ength

bet ween 400 nAUEN® theoprhmipreaseptoral dhe le¥agt whishixieegiveathessonaimfor mela-
enabl es nel at gui; ssion to be increased and the performance
capability anggﬂ\}\lglﬁ%%g#'r@'of the individual to be 10 increased. \Wen

| i ght di sappedihe latinglani meskingreivirbaniont &uilnmisstedin tieoageniag Gindhiuring
excret ed‘5 melatonin . initiates the sleep phase. After the correl ations
bet ween Trel at 6AF RIS By g8t having molowetalpe; isgrRaTature and o garly sheraing to

light in the : - ; ' G | ow- pressure

gas- di schargeg:vgﬁ%] %ﬁﬁggﬁg}ﬁggr%ﬁ@ﬁg V\Hﬁégg\ﬁ‘lg%e an increased 15
bl ue content videeligleevinped. wavelgegtarsdtwieeght0gm bheé 5001 omr and a wave-
tenperature i? ten .used £258i fferenti ate between varjous |ight

h
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descri be%oa | ow- pressure gas-discharg ose”phos- phors are
corrposecl1 f aireespedindvbiopdight/disappearg e slanoresahimetatenintsipipnessidre drapd

wavel engt h reqj a cerium and.terbiundoped | ant hanum phos- phate
phgsphor whi c%ngmj?_sexﬂ?t?#g]ed? O AL ﬂ??%@ﬁaﬁ?' a europi um
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wavel engt h re%i on and a manganese- and europi um doped manganese
stronti um bar tieninfpnssi oiightuini et elushwepelengthhregior fiecanien knpenbliave-
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often used to differentiate between various light colours. The increase in the
blue content accordingly inevitably results in lamps having higher colour
temperatures.
EP 1735405 A1 describes a low-pressure gas-discharge lamp whose phos-
20 phors are composed of a europium-doped yttrium phosphor which emits in
the red wavelength region, a cerium- and terbium-doped lanthanum phos-
) phate phosphor which emits in the green wavelength region, a europium-
doped barium magnesium aluminate phosphor which emits in the blue
wavelength region and a manganese- and europium-doped manganese
25 strontium barium magnesium aluminate phosphor which emits in the blue
wavelength region. The low-pressure gas-discharge lamp meets all require-
ments for general lighting and preferably achieves a colour temperature of
8000 K. It is furthermore stated that lamps having colour temperatures up to
20,000 K are conceivable. This development direction is followed from the
30 point of view of increasing the blue content in general lighting by means of

low-pressure gas-discharge lamps in order to influence the circadian



20,000 K are conceivable. This devel opnent direction is foll owed from
t he 30 poi mo odoontRw of i ncreasing the blue content in gepefr@baoosnois2i
| ighting by neans of | ow pressure gas-discharge |lanps in order to

i nfluence the circadi an WO 2009/ 124634 PCJ/ EP2009/ 001821 -3 rhythm

i ncrease mnel at oni n suppressi on and t hus increase human wel | bei ng and
performance capability. Another use of light for influencing the
circadi an rhythghhe 48§EREECthdIStoniF %&&9?%095% ol 8hab firﬂ:frease human
i ncreasing the nelatonin content in the 'm 5 fnrom mammal s. I n
accor dance w tWellbeingcand peifamanng ¢canabiliy.at onin secre tion is al so
greatest int nlght hours in mammals. Since.it is difficult to. .
M1k animals PNGHTHEEL Rt AIng é'ﬁ%&'rB?d'BPe‘rd'yﬁ'HBﬂ? desclibed in
red-em tting DEERQIZONB05Y §1819¢d &S idrédding QHE GRelafortiRecdHté®din the milk
inventign in or der to ensure freedomfrom blue. The di sadvantage in
the use of naffoBBRAMAIRIPREPrdancenvith the sircadian shythrm metatens ecee-
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di scharge vessel provided with an inert _gas m xture and nmercury. The

di schar ge ves LED Bnpg arg asemkas lighlsaupa iy thapitasbiaventien ingider to ensure
symetrically err.an g S
and second d SeRaPREroRf BhRS TIRIMSEANIRELE T e TRE MR paPQ0a M
a | uni ndécent thiaylgpe dhreistphinsipeoabsendehef fgoost calbac hepreauctigmbehich is
emts light in a fi rsft region of the electromagnetic spectrumfrom
100 nmto 1004MRA{EGHET ¥i§EabiRSEPhor in 20 the second di scharge

chanber emtsjg 9@95@W@89%8&?%&@§35°£‘I&A‘;—R%§u% gﬁé-o‘ie{wm which is

spectrum from 100 nmto 1000 rim where the em sSion spec* m o
the two phosplibewisei intended Toreinfloangingsmetatogassetiretidrar Yehdsampdischarge

contains two current conductors.per discharge chanber f receivin
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t enper atiir e agg) 'd‘ﬁr‘lté’in85t\ﬁf‘ccﬁ§cﬁé@eh'€!ﬁ§ﬁ1b@§|é}%rﬁ:féd rSAfBlrichll¢ to one
light-current |evel generated is “independent of the tenperature. The
lanp is pref ecapthiereand spadetied khiohe another. The first and second discharge

chambers are each fitted with an electrode and a luminescent layer. The

phosphor in the first discharge chamber emits light in a first region of the
electromagnetic spectrum from 100 nm to 1000 nm, and the phosphor in
20 the second discharge chamber emits light in a second region of the elec-
tromagnetic spectrum from 100 nm to 1000 nm, where the emission spec-
) trum of the two phosphors differs. The low-pressure gas-discharge lamp
contains two current conductors per discharge chamber for receiving the
direct-current supply. The lamp has a variable colour temperature and influ-
25 ences the human biological rhythm. The light-current level generated is
independent of the temperature. The lamp is preferably employed for shift

work, in first-aid stations in hospitals, etc.
EP 1886708 A1 describes a lighting assembly having a melatonin-protect-
ing action. The lighting assembly is activated by means of three phosphor
30 lamps and is able to generate light in different spectral compositions or col-
our temperatures, where, on activation, the spectral composition of the light

generated is freely selectable depending on a prespecified time scheme. In



work, in first-aid stations in hospitals, etc. EP 1886708 Al
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| ow pressure gas charge |
cal clock over time and to the mcrease in the subjective and physiological

degree of alertness. The most recent scientific knowledge on the biological

20 effect of light and colour is that blue stimulates and activates, red has no or

even an inhibitory effect in this respect.

) The known prior art shows that knowledge of the circadian rhythm has only
resulted in the development of low-pressure gas-discharge lamps having
relatively high colour temperatures and a relatively high blue content with

25 simultaneous safeguarding of visual tasks and compliance with current

regulations on energy efficiency.

Object
The object of the invention is to provide a light source with which the cir-
30 cadian rhythm can be influenced specifically by melatonin secretion. In
combination with the light sources for melatonin suppression, the light

source should be particularly suitable for stimulation of a quasi-circadian



relatively high colour tenperatures and a relatively high blue
content w WO 2@9824884 t aneous saf eguardi ng of visual taskspandp2009/001821
conpliance with current regulations on energy efficiency. bject

The object of the invention is to providega |ight source wth which
the cir- 30 cadian rhythm can be influenced specifically by nelatonhin
secretion. In conbination with the Iight sources for nelatonin
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The object is" 4 BPUERS ?{rtBH’J&'P?O hese %igm X good colour
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distri buI ion in the wave- |l ength range between” 400 nm an
extrerrel | ow and are below 15 the threshold value for nelatonin
pression. The | ow pressure g

U di.schar l.a accordlng to the
| n ention for influ- encing theﬁ%ﬁfiﬂ@té%agﬁ]ﬁépg%%m n bal ance consi sts

of “the known @h@sébjebviéeachTé\%tﬂb?S’tﬁeCbré&th\ﬁ[cﬁ\eoﬁfﬁﬁéﬁlpr@é/urb as- dlscharge
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channel s.
1 the threshold value for melatonin suppression.

The low-pressure gas-discharge lamp according to the invention for influ-
encing the endogenous melatonin balance consists of the known glass
tube. The glass discharge vessel may in accordance with the invention also
have the shape of a double helix. The discharge vessel may also consist of

20 U shapes connected together or of short tube sections joined together via
connecting channels.

) In one form of the low-pressure gas-discharge lamp, the discharge tube is
shaped by folding, deformation, welding or joining, in which the outer
dimensions of the discharge vessel are only a fraction of the extended

25 length of the discharge vessel.
The discharge vessel of the low-pressure gas-discharge lamp is, in a known
manner, filled with a noble gas or noble-gas mixture and mercury and has
at both ends electrodes for the supply of energy. The inside of the dis-
charge vessel is multicoated with phosphor.
30 The low-pressure gas-discharge lamp according to the invention has phos-
phor layers applied one after the other to the glass surface of the inside of

the discharge vessel. The first phosphor layer, which is applied as base



In one formof the | ow pressure gas-discharge | anp, the discharge
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the outer dinensions of the discharge vessel are only a fraction of
the extended 25 length of the discharge gessel. The discharge vessel
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visible 1I ght. The tirst phosphor |ayer applied directly to the
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f the il i Sy o
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oxyorthosilicates, activated by dival ent europium and the ions may
contain furt h&eirhpyyethasiicaiasaiactiyatededy dialentrriraasE, anthiheiens may
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Ca) 2Si Od9Eu asiirohe name BOSE. The phosphor conprising an

Eu-activat ed qjhléa;gl%ons%-h%zrirctort}npr}%}nagl ar? ngariétn%?écl iaI-kalim—:--ear’[h metal orthosilicate
has the formula (Ba, Sr, Ca),Si0O4:Eu and the name BOSE.

The phosphor comprising an Eu-activated alkaline-earth metal oxyorthosili-
cate has the formula (Ba, Sr, Ca);SiOs:Eu and the name SOOS.

The aluminate phosphor from the group of the garnets has the formula

Y3Al5045:Ce and the name YAG.
) The phosphor of the first phosphor layer on the inside of the discharge ves-

20

sel of the low-pressure gas-discharge lamp has an emission maximum in
the spectral region between 560 nm and 650 nm.
25 The second phosphor layer consists of one or more narrowband-emitting
phosphors which emit in blue/turquoise at an emission maximum between
440 nm and 500 nm and/or in green at an emission maximum between
935 nm and 555 nm and/or in red at an emission maximum between
605 nm and 650 nm.
30 The red-emitting phosphor is preferably an yttrium oxide:Eu and/or yttrium
vanadate:Eu and/or magnesium fluorogermanate:Mn. The green-emitting

phosphor is a lanthanum phosphate:Ce, Tb and/or magnesium aluminate:



cate has the fornmula (Ba, Sr, Ca)3Si Gb: Eu and the nane SOOS. 20 The
al um nat e mNwzpPhoz4csay om t he group of the garnets has the porpedoasois2i
Y3Al 5012: Ce and the nanme YAG The phosphor of the first phosphor
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magnesi um al urm“nat e: WO 2009/ 124634 PCT/ EP2009/ 001821 -7 Ce, Tb. The
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tenperature and correspondingly high blue content which result 1|

mel at oni'tY suppf BEBians, to influence the sleep phase and thus to
stinmulate the

entire circadiap rhythm 10 of humans.  In | ow pressure
gag- di schar ge T kM5B eoUE Avsrivdinioe IRopg o conlSRialial dorion, i Bl b
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types: the em ssion spectrum of the phosphors and the em ssion of the
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15 436 nm. The emission line at 436 nm is, at 47.5%, the strongest in the
energy distribution of the mercury lines in the visible spectrum and can be
detected in a known manner in any low-pressure gas-discharge lamp.
For melatonin secretion using low-pressure gas-discharge lamps, the mer-
cury emission line at 436 nm means that it is not sufficient to omit phos-
20 phors having an emission in the range from 400 nm to 500 nm.
The purpose of the low-pressure gas-discharge lamp according to the

invention for melatonin secretion can only be achieved by absorption of the
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mercury emission line at 405 nm and especially at 436 nm and is carried
out with a blue-absorbent phosphor.
25 The blue-absorbent phosphor has an excitation spectrum between 180 nm
and 550 nm and generates visible light having an emission maximum in the
range between 500 nm and 650 nm.
However, the spectral distribution and stability of the blue-absorbent phos-
phor is not sufficient to meet the requirement for a low-pressure gas-dis-
30 charge lamp having a good visual-value function. The first phosphor layer,
which consists of the blue-absorbent phosphor, is thus coated with a sec-

ond phosphor layer comprising the mixture of a red- and green-emitting
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to omt phos- 20 phors having an em ssion’in the range from400 nmto
500 nm The purpose of the | ow pressure gas-discharge | anp according

to the inventig@rovindBhesphol IS abséh@Nof i BNk PRGN ItRY QFcBiYal dis-
absorption of the nercury emssion |line at 405 nm and especially at

436 nm and i s téhwtioreaf theuvisihle Bpactiengsss theinhe pindeyhiempszstutads only

bl ue- absorbent1daaq§93?2g@?ﬁsgfgﬁp§iﬁgﬁbbﬁg spectrum between 180 nm
VI € Y

and 550 nm and genera I ng an em ssion maxi mumin

the range bet@g#nisaldn vMtae EndiBSioRMakieney esf, the useBebARINt phosphor in
distribution and stability of the blue-absorbent phos- phor is not

sufficieht to thebesehyverctis sunpesitionn the pwsphes Bixtureyaktheitep [@eer and

charge | anp hayi | : functi.on. e fi

Fayer. unioh ained PERAeds SERe Y Wers oites B 1R ores e, S48 3R rge
with a sec- oramphaxsphding k@t incention $egrobbeidsiwliioh ar@feduifetitto ahtbve
green-emtti n% WO 2009/ 124634 PCT/ EP2009/ 001821 -8 narr owband
phosphor. The B®¥ taskst he blue content in the spectral dis-
tribution of the visible spectrum neans that the col our tenperature
is only 1000 Kto 3000 K, preferably 2000 K. Optim sation of the

eni ssi ontdraxi num of the bl ue- absor bévdarkiphasg@grlein 5 the base | ayer,
the conpositi 0@1 i;] t he %)hosphor mxture of the top layer and . the.

| ayer t hi cknes's'SofOWRESTSIE |987aHisCliArgesiaii: aceqrdiie4a the invention will be
gas-di scharge ¢ \ j ' i ies which
are required tc))(b gdgﬁ?cg\%%? F\éggj\ﬁt @L‘tglhﬁtr%%g&él%namwﬁflﬁ%%ggg‘?ﬁe The

| ow- pressur e dablelilsshmygythd techniwat bghti pararetetseof thedmio bh VW lloweres-
expl ai ned in Q eat er ‘ﬂet

Tabl o 1 shows W Pl Bupel hinie farifigtei t BTl deTEN wih two
| ow- prests conventional LT 18W low-pressure gas-discharge lamps.
The low-pressure gas-discharge lamp according to the invention for influ-
encing the endogenous melatonin balance has, according to Fig. 1, the
! glass discharge vessel 1 having the shape of a stfraight tube, which has at
both ends electrodes for the supply of energy and is filled with a noble gas
20 or noble-gas mixture and mercury. Phosphor layer 2 as base layer and, on
top of the latter, phosphor layer 3 as top layer are applied one after the
) other to the inner glass surface of the discharge vessel.
Fig. 2 shows the circadian action function c{A) and the spectral brightness
sensitivity curve V(A) of the LT 18W low-pressure gas-discharge lamp
25 according to the invention.
The spectrum of the known LT 18W three-band low-pressure gas-discharge
lamp having the warm-white comfort light colour is shown in Fig. 3.
The spectrum of the known LT 18W low-pressure gas-discharge lamp hav-
ing the red light colour is shown in Fig. 4.
30 For comparison, Fig. 5 shows the spectrum of the LT 18W low-pressure
gas-discharge lamp according to the invention comprising the phosphor

(Ba, Sr, Ca) orthosilicate:Eu, which serves as base layer and is known as



sure gas-di scharge | anps according to the invention conpared with two
15 convent vonagoo1F4638W | ow- pressure gas-di scharge | anps. Fa®EP2009/001821
| ow pressure gas-di scharge | anp according to the invention for influ-
enci ng the endogenous nel atoni n bal ance hgs, according to Fig. 1, the
gl ass di scharge vessel 1 having the shape of a straight tube, which
has at both ends el ectrodes for the supply of energy and is filled
with a nobl e GBCAGB(FGIR) engdsy.nd showe thadpaetrany yf tHehioF pIBYY |bwyees-
2 as base layer and, qon tog of the latter, phosphor layer 3 as to
| ayer are applSUEd Aisgharge P ACEIRIBE toothenBVERTRY cgmpsising e, pROS-
of the dischar Yags ek bl shows the circadian action function
c(A) and the spg@(gtral %Erbiaglélﬁ??]%%'s sensitivity curve V(A of the LT
18W | ow pr essin dotfasodking lexagplés il 189/ myepratisnge gas-disshanye s hav-

The specirum of the kno LT, 1 hr ee- band | o ressur .
gas- di scharge '"§ Qﬁa%%fmﬁngth@éz%brm%%@a%%elqs'@'ﬁ‘??e&ﬂf@@rmf‘%w'th a
shown in Fig. |gnpBrverRsrcignimeiodseap&gown LT 18W I ow pressure

gas-di scharge | anp hav- ing the red Iight colour is showm in Fig. 4.

30 For comparison, Fig. 5 shows the spectrumof the LT 18W
| ow- pressure gas-discharge | anp accordin tq t he i nvention
conprising the phosphor (Ba, Sr, Ca) i'licate: Eu, which serves

as base | ayer manHul#ctikaRanalRaindR290 Hct3réd<odMichtER2R 89 biglabsdtbent
BSCOSE (1130612), and Fig. 6 shows the spectrumof the LT 18WI ow pres-

sure gas-di sciPhcgeheaifp the cdisehaige tvessrE of ihent T oBWolep-prsisagre tgas-dis-

phos- phor YA | ayer. In both working exanples, LT 18W
I’\(@L pressure ggg?ﬁ%gﬁoarge | anps hav- 5 ing a standard | ength of 590

nm and a gl asSHeubasalizaymtierprofiucddl by obating ahel HUB-apevRien®fphb8pMbabAato
described. Exanple 1 An Eu-activated al kal I ne-earth netal
ort hosi | i cat e he ipaidg ofdhg| glassfHashk entusPensisRe Yithohydrexyelbylsedelrse @s

vessel of the gdyct8Wd QR PBRIES a8aFodifking 844, TABRayer thickness of the

15 base layer is in accordance with the invention between 0.2 mg/cm? and
2.0 mg/cm?, preferably 1.25 mg/cm?.
The coating used for the second layer as top layer is a phosphor mixture
| comprising the narrowband red-emitting phosphor yttrium oxide:Eu (YOX)
and the narrowband green-emitting phosphor lanthanum phosphate:Ce,Th
20 (LAP) as suspension with polyethylene oxide as binder. The phosphor
mixture consists of 60% to 99% of the phosphor YOX and 1% to 40% of the
{f) phosphor LAP, preferably 85% of the phosphor YOX and 15% of the phos-
phor LAP.
The layer thickness of the top layer is in accordance with the invention
25 between 1.0 mg/cm? and 6.0 mg/cm?, preferably 3.25 mg/em?,
The coated glass flask is fired and then subjected to conventional manu-
facturing technology for low-pressure gas-discharge lamps.
The LT 18W low-pressure gas-discharge lamp produced with the BSCOSE
phosphor F612 as base layer has the following technical light parameters:
30 Light flux; 1341 Im
Lamp power: 18.0W
Colour temperature; 1995 K




The base layer is produced by coating the bl ue-absorbent phosphor
onto the WBpWe/124634 he gl ass flask as suspension, with PCT/EP2009/001821
hydr oxyet hyl cel I ul ose as bi nder and di net hyl ol urea as crosslinking
agent. The layer thickness of the 15 basgglayer is in accordance with
the invention between 0.2 ng/cn2 and 2.0 ng/cnR, preferably 1.25

ng/ cne. The coating used for the second |layer as top layer is a
phosphor mi xt Waourcreppodsitiog: t h81r8ar r owband red-enitting phosphor
yttrium oxide: Eu (YOX) and the narrowband green-em tting phosphor

| ant hanum phosphat e: Ce, Tb 20 (LAP) as suspension with polyethylene

oxi de as binder. The phosphor m xtureg ﬁﬂﬁ sts of 60%to 99% of the
phosphor YOX and 1% to 40% of the phosp LAP, preferably 85% of
the phosphor Yb% eoatingses tfe glass dflask- ofpther L'[AIBW'IIbw—praysuretgmsbimebarge

of the tgpp layer i.s in. a rd thth ventlon 25_bet ween 1,
my/ cne asr)ld 6. %a Mefg’ ”eﬁf@‘fqé'?'&bﬁ'&‘? %y%o?@hﬂﬁ as PRae (s e]jh%pgggng Pfslg'!?
is fired and Etds\@na i esitied o aRgRYBILH qa@xd@lm facturing

t echnol ogy for_1ow pressure gas-d The LT 18W
| ow pressure Jé@-f@iigwmf@ehhlaabllgjﬁmdtemtanetahbleBsd:mE) thehlos dBYY low-

F612 as base t follown chni.c ht paraneters: 30
Li ght fl ux: ?i%sesl‘ﬁfrg%é Aq%%%ge?afgp% QKf ‘-‘6& '8 4’ St erature: 1995 K WD
2009/ 124634 P(ETgrEIﬂ&QOQI 001821 4468 |gol our reproduction: 81.3.

Exanpl e ﬁ]The coating of the glass flask of the LT 18WI ow pressure
gas- di schar ge L3851 Bawer's carri ed88MV with the phosphor YAG as base

| ayer. The co?c%,&%tgf_nﬁé?guréop Hggng is carried out anal ogously to

Ex nple 1. Th ow'ng techni I'i ght parameters are achieved with
the LT 18WI o@ol@nmpm@cgaﬁ di 8¢lmarge | anp produced in this way:

Li ght flux: 1408
The Ilght flux is evaluated in accordance with the spectral brightness sensi-
tivity curve V(A), as shown in Fig. 2, with a wavelength maximum of 550 nm.
15 In order to characterise the melatonin secretion of the low-pressure gas-
discharge lamp according to the invention, use is made of the circadian
effect factor, which is calculated from the ratio of the integral products of
irradiation strength and circadian action function ¢(A) and irradiation
strength and spectral brightness sensitivity curve V(A).
20 Table 1 shows the circadian effect factor of the LT 18W low-pressure gas-
discharge lamps according to the invention from Examples 1 and 2 com-
) pared with conventional low-pressure gas-discharge lamps of the same
lamp power in the warm-white comfort and red light colours. At the same
time, Table 1 shows the technical light parameters of the four LT 18W low-

25 pressure gas-discharge lamps compared with one another.

30




10 Lanp power: 18.0 W Col our tenperature: 1995 K Col our

reproducti ovo 2@%13163dhe |ight flux is evaluated in accor dpgreryodbo1s21
t he spectral brightness sensi- tivity curve V(A), as shown in Fig. 2,
with a wavel ength naxi mum of 550 nm 13 44n order to characterise the
mel atonin secretion of the | ow pressure gas discharge | anp according
to the invention, use is made of the circadian effect factor, which

i s cal cul at ed LTr@wW tdvepiedtire gaé- t he Cirde@mnal products of 1 rradi@dlb@n
strength and dischagieaamact i on funct ieflecifad) andPyTFRdi AlghOfux  Sep@AgEHdN
and spectral lwithght ness sensitivity cutove V(A P28 Crabl e 1 showsirgbe

circadi an ef f agarni-ahit®cordforttiget LT 18W ] ow pressure gas-_ di scharge
| anps accordi rgloup the invention fro @arrpl es2944Kd 2 %'mpar ed37

wi th conventi %%I . I ow pressure gas-di scharge | arrgs of the Saré Ta
power i the Hofhfdercont ort and 868 1i ght d8Pdkrs. A55%IMe sarfd.

tinme, Table 1B3UOSEGRGiERDG /Cal 11 ght paraneters of tne four LT 18W
| ow- 25 pressgn@nppst di scha?ge | anpsU-¢¥hpar ed WP¥hKone Hdtimer. #0.300

2009/ 124634 PYHERLQIH QUIPZT - 11T LT I8WtHow pressure gas- Crrcadian
Col our tem Celyghsle %scgar ge lanp ed.Pett fac- 184gKt fl1408Im 81.3

reproducti on ~wWti tor peratureindex —Warnywhit e—confort—+ght

0. 301 2642 Ecé%%iel‘m 83.7 colour 5 Red light colour 0.178 1250 K 955
Im49.2 BS § base | ayer/ Exanple 1 0.146 1995 K 1341 Im 81.3
YAG as bgﬁ\? | ayer/ Exanple 2 0.071 1945 K 1408 Im81.3 Table 1 10

The LT 18W 1 owrar epstgg BASpres86G1R2588 dlsRRBrdd 1S iNARS WA-G/nRe Ehiort
) light colour has the highest circadian effect factor of the four low-pressure
gas-discharge lamps. Apart from the mercury lines, the spectrum of this
low-pressure gas-discharge lamp, as shown in Fig. 3, also has a blue con-
tent from phosphor emission, which thus causes the highest circadian factor
15 compared with the other three low-pressure gas-discharge lamps.
The LT 18W low-pressure gas-discharge lamp in the red light colour, shown
in Fig. 4, has no blue content from phosphor emission on the phosphor
side. The blue content of this low-pressure gas-discharge lamp is caused
solely by the emission of the visible lines from the mercury discharge. This
20 low-pressure gas-discharge lamp consequently has a lower circadian factor
than the low-pressure gas-discharge lamp in the warm-white comfort light
) colour, but is unsuitable for visual tasks owing to the very low colour repro-
duction index.
In the low-pressure gas-discharge lamps according to the invention from
25 Examples 1 and 2, the spectra of which are shown in Fig. 5 and Fig. 8,
excitation of the phosphor in the base layer takes place through the mer-
cury lines at 405 nm and 436 nm and emission in the visible region from
yellow to red-orange.
The low-pressure gas-discharge lamps according to the invention from
30 Examples 1 and 2 are highly suitable for visual tasks. The low-pressure

gas-discharge lamp in Example 1, which has the phosphor BSCOSE (F612)



i ght col our has the highest circadian effect factor of the four

| ow pr essuMeO 2¢)a82496char ge | anps. Apart from the mercuryprCTmexonhna2i
spectrumof this |ow pressure gas-discharge |anp, as shown in Fig.

3, also has a blue con- tent from phosphgr em ssion, which thus
causes the highest circadian factor 15 conpared with the other three
| ow pressure gas-di scharge |anps. The LT 18W/I ow pressure

gas- di schar ge imam@biaaet]ay&err bes| owimg Mhewtosammlmitmtd:if@ sthndhasillomi-
bl ue content from pho r eg1 ssi.on, on_t he .phosphor side. The bl ue
content of thi"@nt S@%@%P@ Yol -RESE Y] funghen; thapathselgw- RIGISEVLE B@s-
the enission ofisdrifg é"l§ | frohf ES@nidien (o :@é‘rtﬁedb RISy AGT hich,
20 | ow pressure gas di scharge | anp consequent Wer circadi an
factor than thowavew passslower gasadins cfiaoydadtampnd rthud énoreasesvridliatonin
confort dight _colour, but is unsuitable for visual tasks owing to
the very |ow S§FEUP epro- duction index. In the I ow pressure

gas- di schar ge thajopsbinatet Withd: -
and 2, the spectra of which argi’f?gsﬁ?\f\cﬂé#ﬁﬁﬂf%&%%ﬁﬁ%nbE?é’_Ss%ﬁirfﬁé‘?&N]pres
excitation of Ui gascdipeharge nampeateardingaipethe ivestion avth ttar\mrgh lightis

regi on 1rom e EUaRY steb TSt elheusteitadag fgrm i
I anps accor di rgh individweal iim e bbsende efextdmdPcanaitions lswttad san iyl Bhthe
sw tabl elij or visual tasks. The |ow pressure gas-discharge anp in

. whiSeMHES; e pave) wmrmea@%m)amImggnaam@unecessary
PCT/ EP2009/ Oo;gé&r?ngéﬁ §f EhIFqJI"HaSSo%rJ:@fS%HIuﬂ'ﬂﬁ?téOW %%@t%ré@&cl oa Lolour

proximty to t nant

vi Sual functi oaptduaktibhantongipeassy afigisncy 8ha WGt aaTitdsIemr general
Exanple 2 co ‘SbSI ng the phosphor YAG which, however, has a | ower

circadi an eff URGct or and thus increases rrel atonin 5 secretion. In
conbination with light sources for nelatonin suppression, the
| ow pr es1-5

20
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sure gas-di scharge | anp according to the invention with its warm

light is whetebaigsparticularly suitable for sinulation pérkBRoooeis2i
quasi-circadian rhythmin an individual in the absence of external

conditions, such as sunlight. At the 10 $3me time, the novel

| ow pressure gas-di scharge | anp neets all'“necessary requirenents of
a light source for illum nation tasks through good col our
reproduction and high energy effici epgysittaiss t hus al so suitable for
general lighting. 15 20 25 30 WO 2009/124634 PCT/ EP2009/ 001821
-13 Patent Clains 1. Low pressure gas-discharge |anp for influencing

t he endogenous l,at oni n _bal ance,. consisting.of. a discharge tube
made from gl ass JFE 'Bﬁsﬁ’gremgﬁ?iq{%‘g}aé@e iﬂmtphg)ri ngpﬁac'ﬂﬂ%%pﬁwi us
and has at both endselaforfih @attingehabagsting er @ @géﬁ%équﬁermééi@fwghéss
of ener gy and is filled with a noble gas or noble-gas m xture an

mer cury,” char act er Whigleds inmulticeated i preospside withy phesphias aipplhiaedatobeth

ft th t her, i h I 2) | t ed t he, .
ol acs surfaco (1) THOsHraREplschRtashBRRIC s Tor b sufifgat Sosfmg i
ul traviol et mercur filled adinaé inobld ghyee mobgasmantird 3R dNHERNGY  adHePa bk -
the visible radia- _tion between 400 nm and 550 nm emtted@l?fért he

mercury di scharge i8¢ in fbatstheophospharulaveey asacaamied onrg (1B, other,
o siblel Pan fe” SEEORY DREY ) 0
o and 630 nm 18 8 e TrEbASARIICTRY Bl SAME s et

for infl'®ncing theorsetgenghosphel ahish s xtied dotls 8y attridlsethdroury

that the layer thickness of the first phosphor |ayer which serves as
Hage layer is betwédhasen B?E’V‘?ﬁﬁ 488 namand. W@fﬁfaﬁﬁpéﬁyeﬂ'@b\r@b@. paglia-

my/ cniZ, and the |aygh petween 400 nm and 550 nm emitted by the mercury discharge
and the second or further phosphor layers (3), where visible light
having emission maxima in the range between 500 nm and 650 nm

15 is generated.

2. Low-pressure gas-discharge lamp for influencing the endogenous
melatonin balance, characterised in that the layer thickness of the
first phosphor layer which serves as base layer is between

20 0.2 mg/em? and 2.0 mg/cm?, preferably 1.25 mg/em?, and the layer
thickness of the second phosphor layer which serves as top layer is

N between 1.0 mgfecm? and 6.0 mg/cm?, preferably 3.25 mg/cm?.

3. Low-pressure gas-discharge lamp according to Claim 1 and 2,

25 characterised in that the first phosphor layer applied directly to the
glass surface consists of a phosphor or phosphor mixture from the

group of the silicates or aluminates and is preferably doped with

europium or cerium.

30 4. low-pressure gas-discharge lamp according to Claim 1 to 3, charac-

terised in that the phosphor belongs to the group of the alkaline-earth

metal orthosilicates and/or alkaline-earth metal oxyorthosilicates,



t hi ckness of the second phosphor |ayer which serves as top |ayer is
bet ween 1. GvogtenZieand 6.0 ng/ cne, preferably 3.25 ny/ cnepc3Er2009/001821
Low pressure gas-di scharge | anp according to Caim1l and 2, 5
characterised in that the first phosphor ,fflyer applied directly to
the glass surface consists of a phosphor or phosphor m xture from
the group of the silicates or alum nates and is preferably doped

with europiumor chitivifed BY divalbAWeRF@SGH, SarftPshdliiSENMGE coftiin further
according to Claim1l to 3, charac- terised in that the phosphor

bel ongs to the groUpr®ratthéneiplsas well esmianganasel ZioctEmesnRYDesivE).
and/ or al kaline-earth netal oxyorthosilicates, WO 2009/ 124634 PCT/ EP2
009/0 01 821 -14 activated by dival ent europium and the ions may

contain further 5rdicv-pegdsurargheldischaryeldmpacoeaigfes€iaini N ancharac-
magnesi n 5. Low pressure gas-dl schar%e | anp according to Claim1l to
4, charac- 5 terisd8M$ed imdhat Hee phospher cepsisiss ot anr Edrpgtiyatast elkalise-
al kal i ne- earth net Lk G at: ay| t B -
Ca) 2Si O4: Eu  ( B%E)@éﬁrpgﬁr]é}éﬁbg@@%a?tgdp{%‘ﬂﬂ%ltﬁ%e{"g’é‘gﬁjﬁét S €SI Eu
oxyorthosilicate HB0OSE) tdreahotmddiveBal dkalingegaiti Chelal (:8MHosilicate
is an alum nate from,thehg oup of _th arnets havi n%]the formul a
Y3AI 5012: Eu ( YAG) . haygst q_fﬂms'#%@%r f&é@sﬁi%%r(é@ QP iscdPYIMigate
to Claimltob5, ¢ = i L ﬁ?qlpl i fd
phosphor, | ayer hashgénrﬁq%e Eﬁsquﬁﬂﬂg%amgiﬁﬁ@ e gggc Er‘llglﬂﬁtel;gﬁé'r?d&}\@'

bet ween 50 nm and 620 nm 15 7. Low pressure gas-discharge | anp

according to daLm,1 and 2 characterised in that the_second
phgsphor gI ayer chnéi%“f‘?r‘?ﬁsu{)%gaﬁid'scﬁ?ﬁf%e %'é?ﬁ’ SREANEIR @%‘rﬁgp%ésﬁ?ﬂfﬁg‘

505 b PSP BE o INGIIET, O B BT A
to 555 nm and/ or i remiggicatmaximum in the spectral region between 560 nm and 620
nm.
15
7. Low-pressure gas-discharge lamp according to Claim 1 and 2,
characterised in that the second phosphor layer consists of one or
' more narrowband-emitting phosphors which emit in bluefturgquoise at
an emission maximum between 440 nm and 500 nm and/or in green
20 at an emission maximum between 535 nm to 555 nm and/or in red at

an emission maximum between 605 nm to 630 nm.

8. Low-pressure gas-discharge lamp according to Claim 1, 2 and 7,
characterised in that the red-emitting phosphor is an yttrium oxide:Eu

25 and/or yttrium vanadate:Eu and/or magnesium fluorogermanate:Mn,
the green-emitting phosphor is a lanthanum phosphate:Ce, Tb and/or
magnesium aluminate:Ce,Tb, and the blue/turquoise-emitting phos-
phor is a barium magnesium aluminate:Eu and/or strontium calcium
barium phosphate:Eu and/or strontium aluminate:Eu and/or stron-

30 tium chlorophosphate:Eu.




an. em ssi on maxi nrum between 605 nmto 630 nm 8. Low pressure

gas- di scharWye 20®Rfip4@d¢cording to Claim1l, 2 and 7, char acPeTiEPe@d001821
that the red-emtting phosphor is an yttrium oxide: Eu 25 and/or
yttrium vanadate: Eu and/ or magnesi um f | uofgpger manate: M, the

green-em tting phosphor is a | ant hanum phosphate: Ce, Tb and/ or

magnesi um al um nat e: Ce, Tb, and the bl ue/turquoi se-emtting phos- phor
i's a barium magn@silow-apressunagesEisdrige larap ravebrding ¢alQiaivn, Bariand 8,

phosphat e: Eu and/or str nt| at e: Eu and/ or strqn- ium |

chl or ophosphat e: Eu.© C!I]th?glt fW@l@/Qfg)i@fm‘mﬂQ @‘OSF’HOV in the
Low pressure gas- dlrﬁgﬂ%ggbb%@g%% qlg yfo Caiml, 2, 7 and 8,
characterised in that the proportion o (ue emtting phosphor in the

m xture is between 0% and 10% 5 10. Low pressure gas-di scharge Iarrp
according to Caiwm,l, character- j.sed in that the discharge fube i
shaped by fol di nE;H]Ladé“f'ﬁFerﬁéHf%ﬁas‘%‘ﬁlﬂf% MNP} Br9arding "Pné{ﬂ%?‘ci gharadter-
outer di mensions ofisédien dhatc s G%chéﬁg%sﬁlbea'i@sﬁﬁﬁ d Byl fAdihg 0Befrmidign,
extended | ength of the discharge vessel OW- pressure

gas- di schar ge | anp WRldBgdehipiniog Ciramhich élmlolimr diorensitgtseof e discharge
that the discharge t ha heI or
made from U shapes V‘é%%%lgé ee§ yna fF%Céi ‘ﬁfet %egﬁgatlengt@ ﬂl?c ,s&ﬁérge

j oi ned together viaegesinecti ng channels. 15 20 25 30

10
) 11.Low-pressure gas-discharge lamp according to Claim 1 and 10,
characterised in that the discharge vessel is in the shape of a double
helix or is made from U shapes connected together and from short
tube sections joined together via connecting channeis.
15
20
25

30



