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(5 /) ABSTRACT

The invention provides a lighting device (100) comprising a
first light source (10) mid a second light source (20), a
cmitrol system (50) conti ured to control the first light
source (10) and Ihc second light source (20), whcrcin thc
lirst light source (10) is conligurcd Io provnle lirst light
source light (11) having a correlated color temperature
(CCT) of at maximum 3000 K and a color rendermg index
(('Rl) ofat least 75, and wherein the second light source (20)
is configured to pmvide second light source light (21)
having a donunant watclmigth selcctcd from thc mn c of
(575-780) nm and having a color rendering index of at
maximum (70).
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SLEEPY LIGHT

CROSS-REFERENCE TO PRIOR
APPI ICA'I'IONS

1his application is the U.S. National Phase application
under 35 U.S.C ss 371 of International Application No.
PCT/EP2016/069179. tiled on Aug. 11. 2016, winch clainm
thc benelit ol'European Paimit Applicanon No. 15180849 0,
filed on Aug. 13, 2015. I'hese applications are hereby
incorporated by reference herein

FIELD OF THE INVENTION

1'he invention relates to a lighting device and a lighting
system comprising such hghting device

BACKGROUND OF THE INVENTION

I.ighting devices having switchable lightingproperties are io
known in the art. US2015/0055335. for instance. describes
a day/night sv,itchable light adjusting device ond o hght
adjusting method. The day/night switchable light adjusting
dcvicc is composed ol' plurahly of pmicls, each panel
includes a rctlecting surl'acc and ai least one hghtmg unit.
I:sch li hting unit can emit various wavelength region
li hts. and the various wavelength lights are mixed on a lmht
collecting component. A control unit is provided for adjust-
in the vanous wavelen th region lights corresponding to
day/night variation A liJtt intensity of a cyan region light 30

or a blue region light is reduced for prevcntuig mi over-
131liibiliiiii oii a quaiilily'1 Mclaionni.

SUMMARY OF THE INVENTION
is

Critical to our slccp/wake cycle is melatonin. a homione
thai promotes sleep dunng iughl tmie. Dumn day luna,
natuml daylmht with high correlated color temperature
(('('1; herein also indicated as "color temperature") and
intensity suppresses met atomn production in the body and as so
a result ener izes people, making them more awake and
alert. Al the be»mung and cnd of Ihe day the spectrum is
shifioi Iovsards lower CCT and uilensiiy lcvcls, causing
iiiekiloiiiii sccri:Iioii.

Over about 60%s of adults get fewer hours of ~leep than
what they think they need Iiurther, ckise to three in ten
parents (29%) report experiencing insomnia (sleeplessness)
at least a feiv nights a week. The production of melotomn is
directly impacted by light, both natural hght anil artiticial
light. Bnght everung light can suppress melaloiun produc- o

tion and delay sleep and make il more dillicult lo wake up
in the morning In particular the last two hours before
bedtime it appears beneficial to use only light that is dim and
low in blue content.

Many people use artificial lighting in the hours before 16

gouigto sleep, for example for readui . But cxposurc to h hl
in lhe eiening, ui particular to blue hghl, can suppress
melalonin production and prevent slecpincss. On the other
hand. reading in dim or red light is also not desirable for
visual comfort and color rendering. 60

Hence. it is an aspect of the invention to provide an
alternative lightin device, which preferably further at least
partly obviates onc or morc of above-described drawbacks
and/or sthich can cope with above-mdicatcst issues.
Aiiioiigsl otliers, it is aii aiiii ol lliis iiivi:iitioii 10 proviilc 66

optimal light spectrum that maximizes visual quality of the
lighting v bile minimizing the melatonin suppression State-

,902 B2

of-thc art solunons usc blue Iiltcrs to crcule non-biologically
activating light I loivever. such solution pmvides one par-
ticular light spectrum and,'or leads to unnecessary elimina-
tion of light (and thus etficiency reduction)

An element of the invention is a li hting device (or
luminaire) that has at least two ligrht sources, especially with
relatively low blue content (e.g. especially bteimiopsin
EITcctivcncss factor (MEF) below about 0.3S (scc also
below)), allowing at least tivo modes of lighting, while the
color rendering index (('R1) of the two modes differ by e 8,

at least about 20 points (or "units") 'I'his allows selecting the
optimum light condition for a certain activity while support-
ing sleep. Especially. the two light sources can be controlled
indootcndcntly in venous stays. either munually lluough user
input (c g. buuons, rotary). automuticully (e.g time-based.
ambient light levels, detected activity). or through a con-
nected device (sensor, smart appliance. smanphone, etc )

Ilence, in a first aspect the imention provides a lighting,
device comprising a first light source and a second light
source. a control system configured to contml the first light
source and Ihc secoixl light source, whcrcin (1) Ihc tirsl light
source is contigurmi to provnlc Iirst light source hghi,
especially having a correlated color temperature (( ("I') of at
maximum 3000 K, and especially having a cokir rendering
index (('RI) of at least 75. and v herein (ii) the second light
source is configured to provide second hght source light,
especially having a donlinant ivavelength selected from the
range of S75-780 iun. and cspccially bavuig a dominant
wavelength sclectmi from the range of 575-67S iun, and
especially having a color rendering index ofat maxmium 70

'I'his lighting device may be used for a plmality of
purposes. In particular durin the hours befiire sleeping tiine
and during ni ht time awakenings, users can benefit from the
at least two li ht settings as they both have a low impact on
the nalural process of mclalomn suppression and will sup-
port a natural dayimght rhyllun and slccp routine. However,
al least onc selling may hose a light is 1th a relatively lugh
color rendering (('RI) ivhich is relevant for exmnple tiir
(relatively) high visnal contfort, e.g for use during bedtime
reading. For activities that have no hiJvt color rendering
requirements a light setting with even lower impact on the
mclatonin producuon can bc selected For tnsutncc. Ihr
finding a way in house or in a hospitality arcs. or for usc
durmg a diaper change. ctc.. dunn thc night, high color
rendering light is not necessary.

As indicated above. Ihe lighting device contprises at least
two light sources. These light sources are confi ured to
provide the indicated light. Note however, that the terms
'*lirsl light source" anti **second light source" ctmh indepen-
dently may include n plurahty of light sources. Thcsc terms
may each uidcpcndcnlly also refbr lo u plurahty of ihtTcrenl
light sources. Iloivever. the hrst source is especially con-
figured to provide tirst liaht source hght having a correlated
color temperature (C( 'T) of at maxunum 3000 K and a color
rendering index (CRI) of at least 75 and the second light
source is especially contigurcd io provide simond light
source hght having a dominant w avclcngth set imted fmm thc
range of 575-780 run, cspccially sclectcd from ihc mn c of
575-675 nm, and in embodiments having a color rendering,
index of at maximum 70. I ience. when essentially only first
light source li ht v,ould be provided. this may comply with
the above indicated first settin; when essentially only
second hght source light ssould be promdcd, this may
comply with the aboie indicated second sctnng

In a spccilic cmbodmienk Ihc light source (i.c. Ihe tirsl
light source and/or the second light source) comprises a
sohd state light source (such as a 1.11D or laser diode) 1'he
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term "light source" may also rclatc to a plurahty Of hght
sources, such as 2-512 (solid state) I,EI) light sources.
Hence, the term I I ID may also refer to a plurality of I E)Ds.
'I'herefore, tn embodinients the first light source contprises
one or more solid state liught sources. and/or the second light
source conipnses one or more solid state light sources.

11&c Iirst light source is especially conligurtxl to provide
w inta light. as can ulso be denvcd from the fact !liat the CRI
of the first hght source light is burger than 75 and that the
light source light has a color temperature (of 3000 K or )0

smaller). Eipectally, the color temperature is selected front
the range of 1500-3000 K, such as in the range of 1700-2500
K The tenn white liputt herein, is known to the person skilled
in thc art. It cspecinlly relates to light w itlun about 15 SDCM
(standard deviation of color matclung) from thc BBL (black
body locus), especially within about 10 SDC'M from the
13131.. even more especially within about 5 SDC'M from the
13131. I lence. the first light source may e.g a hvhite Imht
emitting LED with a relatively low color tempernnire. For
instance„ this may include a phosphor converter LED 20

(pcLED).
Till: stx'Oiicl I)'it sou) cc is cspccltlllv co)if)gill t:II !0 pro-

vide second li ht source light with a relatively yellov -red
appearance, somewhat like natural light at sunset I fence. the
second li ht source light is not necessarily white light, as can
also be derived from the CRI of at maximum about 70 and
the dominant wavelength of the second Iigitt source light in
the range of 575-780 mn, esptnially selected from die range
of 575-675 mu. In an cmbodimente thc dominant wav clan th
is selected fnim the range of 585-592 nm I fence, the second io
li ht source may especially be configured to provide anther
li ht. Therefore. in enibodunents the second light snurce
comprises at least a solid state light source configured to
provide amber light For instance. the second light source
may compnsc an umber LED. 38

As uidicated above, thc first ltgtt source may cspcmially
be useful for uses whcrcin a relative ood color rendition is
desired, such as reading, whereas the second light source
niay especially be applied ftir uses where a lov er color
rendition is necessary. Hence. if desired, the second hght 40

source may produce second light source light with an even
lower blue content (stxalso below). In embodunents, thc
Iirst light source and said stmond hght source are configured
to provide said first light source hght anil saitl second hght
source light. respectively. with I'RI's differing at least 15

I Iql units. even more especially the I If I*a differ with at least
20 CRI units. For instance. the CRI of the first light source
light may be especially at least 75: the CRI of the second
light source light is equal to or smaller than 60 CRI units,
such as ui thc range of 20-55. 0

11&c blue content of thc first light source hght and/or the
second light snurce light niay be relatively be small I!spe-
cially the spectmql contribution in the mange of 440-530 nnt
may be relatively be low. especially of the second hght
source light. Hence. in embodiments first Iipttt source and 0.

the second light source arc configured to provide smd first
light source light and smd second hght source lighte having

ratio of thc totul number of photons in the wavclen th
ranae of 440-530 nni to the total number of photons in the
wavelength range of 380-780 nm of especially at maxiimun !o
0.2 and especially nt maxim)un 0.01, respectively. These
ratio*s are herein also indicated as first ratio and second
ratio, respcctivcly

lliercforc8 ui embodiments first light source is configured
to provide said Iirst light source hght. Iiaving a (first) ratio si
of the total number of photons in the wavelength range of
440-530 nm to the total nmnber of photons in the wave-

length range Of 380-7SO iun of at maxunum Ogh such as
especially at maximum 0 2. such as in the range of 0 01-0 2

In further embodiments, the second light source is config;
ured to provide said second imht source light, having a
(second) ratio of the total number of photons in the wave-
Ienmh range of 440-530 nnt to the total number of photons
in the wavelength rtmgc 01'380-7SO nm of at maximum 0.05,
such as at maximum 0.03. like espccinlly at maxuuum 0.01
(such as 0-0.01)

Especially, the first mtio is larger than the second ratio
1'he secnnd ratio can substantially be zero (in the absence of
blue hght). For instance. at 2000 K the first mqtio may be in
the range of 0.03-0.18. A pcAmber LED may lieve a
(second) ratio of about 0.002.

Next to the commonly known cones and rods, thc human
eye has melanopsin containing photoreceptors. affecting,
melatonin secretion, tvhich are sensitive in a specific wave-
length range 1'he relative spectral sensitivity for photopic
and melanopic receptors are provided in FICi. 1. If the
spectral pov, er in the melanopic wavelength range is absent
Or low, mela!onto hormone production will bc enabltxl to
pro)tin!i: slccp. If tile spt:ctral power iii tilt: lllcktiioplc iullgc
is high enough, melatonin production will be suppressed and
cmisequently v e tvill become more alert 1 he effectiveness
of suppressing melatonin production can be expressed in
terms of the melanopsin efi'activeness factor (MEF). This
factor is calculated by nnfitiplying the spectral power dis-
tnbution of thc light enuucd by a lighung apparatus (SPD
(k)) with the mclanopic sensitivity funcuon (m(k)) divided
by the pmduct of SPI)(k) and the photopic sensitivity
(M().)), normalized by the areas of m(k) and t/().). see
equation I (and see alsn I'ICi. I)

3!FF !IXV(t )] IX)tt!I )1 j IX!SPD!)j tu(t ))I IZ(SPD
i).t v!Sbl ! equat ca)

1'his can be simplified to

b!FF— i 22 IX)SPD!Xj wt)))1 IxtsPD(Z) ) (Zj)) !cquat 8)

1=080

!SPD!,t) ai(1)i

S)EF = i 22
I — 80

!SPDttl V(\3)
1— 80.

I fence, the above indicated summations are over the visible
range of 380-780 iun.

Hence. especially good results may be obtained in
mubodunents hi hcrcui smd Iirst light source and saul stnond
light source arc cunligured to prov)dc said Iirst light source
light and said secnnd fig)it source light, respectively, each
having a Melanopsin etfectiveness factor (Mill)) value of at
maxinnim 0 4, hvherein Ml!I) is dehned as

I — 80

(SPD! tj

,tti:) =! 22
I= 8th „,,

!SPD! t) VQ)i

whcrcin SPD(K) delincs thc sptxtral power distnbution of
the light source light ennucd by thc rcspectivc light source,
wherein m(k) is the normalized melanopic sensitivity func-
tion (as (especially) defined in l)ICi I), wherein V(k)) is the
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nomnihdcd photopic scnsluvity Iunctlon (as (cspccudly)
defined in lilti I), ivherem said first light source light has a
Ml il 'alue Mill', and ivherem said second light source Imht
has a Milli value Ml:I'z. wherein Mill'z&MI!III liven niore
especially„ the first light source and the second light source
are configured to provide said first light source li ht Bnd said
second light source light, rcspcctively, having a diili:rance in
MEF of at least 0 05. For instance, ul embodiments the lirst
light source is configured to provide the first light source
light bavin said Mill', value selected from the range of io

0 2-0.4. and(ior) the second light source is contigured to
provide said second light source figtt having said MEF,
value selected from the range of 0.02-0.15. With such
ialues, both the light of thc lirst hght source and of thc
second hght source may have a nunimum unpact on thc
melatonin pnlduction/suppression.

'lite first light source and the second light source are each
controllable (by the control system) In an einbodiment. the
intensities are independently controllable to values between
"on" and "oifb In embodunents, the intensity of the fiptt of 10

thc Iirst light source and/or thc light 01'he second light
source may bc controlled steplcss. Thc control system is
especially confi ured to control the first light source and the
second figt source. i e to control the intensity of the hrst
light source li ht and the second light source light In
enlbodiments. the li hting device may be configured to
provide the full ran e between only Iirst light source hght
dnd only six ond light source hght. Hmlcc, thc control syslmn
may bc coniigurcd to control thc power provided to the h ht
sources. I ii

'lite contml systeni may be configured external front the
li hting device Optionally. the control system may cnni-
prise a plumlity of elements. of which some may be com-
prised by the lightin device Bnd others may be exreriml
Irom Ihe lighting device (such as a remote user ullcrfacc, scc ii
dlso bclov').

Optiondllv also a source oi'power may bc included in the
lighting device. such as in the case of certain handheld fiash
lights

The lighting device may e.g. be Inteyated in B lighring do

systein tvith B plurality of lighting device and optional orher
type of lighting devices tlrdn dcscnbcd hcrcul.

In yet a further spiwilic embodiment, the conlrol syslmn
is configured to control thc power provided to Ihe h ht
source as function of an input signal of a user interface. Tlus
user interface may be integrated in the lighting device, but
may also be remote from the lighting device. Hence. the user
interface may in embodiment~ be integrated in the lichting
device but may ul other embodiments be SCTIaratc Ibom the
lighting dci ice The user interface may c.g. bc a graphical 0

user mterfacc. Further, the user ulterfacc may be provnled by
an App for a gmartphone or other type of mobile device

1 heretilre. the invention also provides (in a hirther aspect)
a conlputer pro ram product. optionally implemented on a
record carrier (storage medium), which when run on a z.

computer cxecutcs the method as described heroin (scc
below) and/or can control thc hgluing dcvwe as dcscnbed
hcrmn (as function oi tlm power provided to the h ht
sources) I ispecially, the control system inay be coidigured
to control the first light source light and/or the second hght ic
source light as hnlcti on of one or more of (i) an mnbient licit
sensor signaL (ii) B motion sensor si nnl, (iii) B sound sensor
signal. (iv) a timer signal, (v) a date signal. mid (vi) a user
intcrfdcc signal. Hence, thc hghung device may comprise a
nmer or may be funcuonally cmipled with a tuner. The timer si
nlay be used to pmvide one or more of the date and the time,
i e. a dare signal and a timer signal. respectively sdterna-

tivcly or additionally, the lighting device may compnsc a

sensor or may be functionally coupled with a sensor. The
tenn '*sensor" may also refi:r to a plurality of (dlifcrent)
sensors lior instance, the timer may be used to switch otf the
first light source hght mid/or Ihc second light source hghl
after a predeternlined tinle Izurther. filr instance the sensor
may be a motion sensor, configured to sense mntion, with
the control systenl confi ured to switch on the first light
source and/or the second light source when the motion
sensor scnscs 1110/1011 or plcscllcc 01 C.g. B pcrsoll.

The first light source and the second light source mny
share a light exit window. Note that Ihc tenn '*light exll
window" may also refer io a plurality of hght exit windoivs
For instance, a lirst scx of a lirst light source and a siwond
light source may share a first light exit window and a second
set of a(nother) first light source and B(nother) second light
source may share a second li ht exit window. etc. I lowever,
also a plurality of first light sources and a plurality of second
light source may sharc a sulglc hght exit window. Thc llghl
exit window especially comprises a light transmissive mate-
llill. sllch Bs d polvlncllc lad/enid, glass. IIualtz, B ccrdnuc
material, etc The light exit window has a transmissivity tilr
the light source light of the light sources, thereby alloiving
first light source light and/or second hght source light to
propa ate throuch the light exit window and propagate
further downstream from the light exit tI indow, m a direc-
tion away I'rom thc lighung dcvwe. Herc below, thc llghtulg
device is I'urthcr descnbed with rcfi:rcncc to the light exit
v indow being shared by ihe first hght source and the second
light source Iloivever. Optionally the first light source light
and second light source light may enianate from different
light exit windows. When sharing a li ht exit window, the
first light source light Bnd second li ht source light mny
emanate as mixed hght from thc hghung device. Thc light
cxil vvindow(s) arc tlnis especially radlationallv coupicxI
with thc Iirst light source and/or second light source. Hence,
in embodiments the li hting device comprises a light exit
window, wherein the first light source and the second light
source are configured to provide said first light source light
and said second light source light. respectively, downstream
from saul light exit vsndow (but whcrcin these light sources
arc (thus) conligurcd upsucam from said wuldow). Thc first
light source and second light source may bc configured to
pmvide first light source li ht and second light source light
in a chamber, wherein the light may be nlixed, to provide
mixed light downstream front the light exit v indow. There-
fore, in embodiments the lightin device may comprise a
lighl exit window conligurcd io transmit at 101st part oi said
Iirst light source light;md said second hght source light. In
such embodiments, with thc light sources bculg conftgurcxI
(e g. ill a light mixing chalnber) upstreaili from the light exit
window, the light exit ivindov transmit at least part of the
light source light of the first light source and/or the second
light source. Svhereby the lighting device is cnnfigiued to
provide said Iirst light source light and/or said second hghl
source hght downstream Ibom the hght exit wuldow.

Light cscapulg 1)om thc lighting dcwce w barmn also
indicated as device ligiit I lence. in embodiments the light-
ing device is configured to pnlvide lighting device light
comprising one or more of said first light source li ht and
said second liglu source light. Hence. especially in these
embodiments the conuol system ls conligurcd to control one
or morc of an intensity of the hghting device hght imd a
spcctlill colnpiisltlon 01 sdld lighting device llghl as tune/1011
of one or more of (i) an mnbient hght sensor signal, (ii) a
nxltion sensor signal. (iii) a sound sensor signal, (iv) a timer
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sigruil. (v) a date signal, and (vi) a user imcrfacc signal. With
respect the control system, it is further referred to above.

Thc lighting device tati)'olnpllsc a llghlln unit colll-
prising said first light source and said second light source.
This bghting urn( may c.g. comprise thc above descnbed
light exit wmdow 1he control system may e g. be comprised
by the lighting unit or may be (at least partially) contigured
external fmm the lighting unit I,ikewise. a user interface
may e.g. be comprised by the lightin unit or may be (at least

I I I

partially) conligurcd external Ibom lhe bghtmg urn( (sce also
above). Hence„ in embodiments the lighting device may
further compnse a user interface. w hcrcui lhc user uilerfacc
comprises one or nlore of (a) a remote user interface and (b)
a user intcrfacc ultcgralcd ui a lighung uiut compnsuig said
firrt light source and said second light source I(or instance,
the lighting device may comprise such lightiiig unit and a
remote control. e g a smanphone, such as an android device.

Yet. in a fiirther aspect the invention also provides a
li hting system comprising (a) the lighting device as defined
herein. ivherein the lighting device is configured to provide
li hting device light comprising one or more of said tirst
light source light and said second light source It/It. whcrcin
lhe lighung syslmn further comprises (b) a user uilerfacc
functionally coupled to the control system. and (c) option-
ally a sensor fiuictionally coupled to the control systeni,
wherein the control system is configured to control one or
more of an intensity of the lighting device light and a
spectral composition of said lighting device light as hinction
ol'onc or morc of (I) an ambient hght sensor sigixil, (ii) a
monon sensor sigrml, (iu) a sound sensor signal, (iv) a timer
signal. (v) a date signal, and (vi) a user interface signal The
spectml composition especially includes one or more of said
first light source light and said second fivptt source light and
optionally light source light of a further li ht source.

Especially. the lighting device is conf ured to provide
said bghting device hght having a Mclanopsin efibcuh cncss
factor (MEF) value ol't maximum 0.4r v,herein MEF is
defined as

tuned to thc dcsircd MEF. e.g. a high factor during thc day.
and a decreasing factor when approachin bed time. For
instance, thc Iirsl light source may bc conligurcd lo provule
first light source light having a variable color tempenlture
and/or a variable MEF 5 slue. Optionally, tlus may also apply
to thc second light source.

Thc lighting system nuiy thus I'urthcr include a user
interface 'lite user interface may be used to control (via the
control unit) for instance one or more of the correlated color
temperature. a color tempemture scheme, an intensity of the
v hite light. an input value related to the MEF. etc. The input
value rclatcd to MEF nuiy e.g. uiclude uiput value bkc '*bcxI

time'* (thus reducing MEF), '*wale up" (increasing IvIEF),
'*uicrcasc alertness" (mcreasuig MEF). **relax" (dccreasuig
Ml:Ir), etc. etc 1'he user interface can be mcluded in a
remote control, such as a classical remote control. substan-
tially only suitable for controlling the li htlng apparatus.
However. the user interface may also be included in a smart
device, such as a mobile phone or other portable device
including an app as user uilcrface. Tlm user uilerfacc may
conunuiucatc w ircd or w irclcss, especially w irclcss, with thc
control unit I fence, the user interface and the control unit
are especially functionally connected )ee further also
above

The li hting device may be part of a lightmg system,
whcrcin lhe bghting dch ice may be functionally conncctcxI
to onc or morc other dch ices. including onc or more other
llgltllug dcvlCCS. HCIICC. 111C 111VC1111011 SISO piovldcs d light-
ing systenl conlprisin one or nlore. especially a plurality,
lighting devices I(or instance, the Mill( value niay be chosen
by the control unit as function of the day time. v ith e.g. a
low MEF before sleeping and a high MEF to get awake, or
shortly after lunch. Alternatively or additionally. the MEF
value may bc scleclcd ui depcndcncc of a humtm activity (or
inactivity). Further, the MEF value may bc selected as
function of location irurther. optionally or additionally, the
Mi!F may be selected as fiuiction of a sensor, wherein the
sensor is configured to sense lniman activity and/or iniman
alertness.

13RIEI( l)ES('RIPI'ION Ol( 1111: DRAWIN(tg
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wherein SPD(k) defines the spectral power distribution of
thc lighung dcvicc light emitted by the bghtmg device,
whcrcui m().) is thc normalized meldnopic sensitivity func- o

non (as also dclincd ul FIG. 1), whcrcui V().)) is the
normalized photopic sensitivity function (as also detined in
l(ICI. I)

Hence, m(k), the nonnahzed melanopic sensitivity func-
tion. and/or V(k)). the normalized photopic sensitivity func- 5.

uon, c;m bc dcnved Iyom FIG. 1.

As uidtcaled abovcr thc hghung device 11 hl may bc
controllable between ddlhrent types of lighung device hghl
having a difierence in Mill( of at least 0 05. For instance, in
embodiments the MI il( value of the lighting device light may (i!

be variable between 0.02-0.4, such as between 0.15-0.4 or
between 0.02-0.2. etc With such values. the lighting device
light Intiv'dvc a tuilllulilul llnpacl ou thc nu:Ialonlu pro-
ducston/suppression

In ycl a further cmbodunentr thc conlrol unit is further ss
confiaured to contml the melanopsin etfectiveness factor
(Mill() of the white light In this way, the v hite light may be

Embodiments of the invention will nov be described, by
v ay of example only, with reference to the accompanyin
scllctudtlc dl'iiw togs 111 wlllcil ciiircspolldlug rcfbrcllcc svlll-
bols uldtcatc corrcsponduig parts, and in wluch.

l(I(i I shows the melanopic (solid line)(curve m) and
photopic (dashed line)(curve p) human eye normalized
sensitivity functions (see R .I I.ucas, et al, Measuring and
using light in the melanopsin age. Trends in Neurosciences,
Volume 57. issue 1. Ian. 2014. pp 1-9: and reference to the
irradiance toolbox provided by Stuart Pcirson), and

FICi 2 schcmancally depicts some aspixls of a lightuig
device, comprising a liahting unit. and a lighting system,
comprising such lighting device.

'I'he schematic drawing is not necessanly on scale.

DETAILED DESCRIPTION OF THE
I I M i 301 ) I M I:Ni')

FICi. 1 shows the reLative mekmoplc (m) and photopic (p)
human eye sensitivity functions. The maxinulm sensitivity
fi)r the mclmiopic function is al 490 nmr lhe I'ull w allh half
tuiixlluulu vahlcs tire dl 447 uul aud 551 Iltu.

FICi 2 schcmancally depicts a bghttng dcvtcc 100 com-
prising a first light source 10 and a second light source 20,
and a control system 51) configured to control the first light
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source 10 and thc second light source 20. Especially, the Iirs(
li ht source IU and the second light source 20 are indepen-
dently controllable of each other

As indicated above, especially the first source 10 is
configured to provide I)rat light source li ht 11 having a
correlated color tempemture CCT of at maximum 3000 K,
such as at maximum 2500K. and a color rcntlcnn index
CRI ol'at least 75. Thc second light source 20 is coniigurcd
to provide second light source light 21 having, a dmninant
wavelength selected from the range of 575-700 nnt and Ia

having a color rendering index of at maximum 70.
The lightin device comprises a fiptting unit 1. which

conlprises said first light source 10 and said second hght
source 20. Further, the lighting unit I comprises a li hl exit
window 150. which is trtmsnussivc lor lhc Iirsl li hl source
li ht 11 and the second light source light 21 I lere, by way
of exantple the light sources 10.20, or at least their Imht
emissive surface~. such as I.ED dies, are configured in a
light nlixing chamber 2. Optionally, the light sources 10.20
may be coniigured optically separate from each other. such &t&

as ui dificrmtt light mixing chmnbcrs. Thc light downstremn
from the light exit window 150 is uidicaled as hghlutg
device light IU I.

1'he terms "upstream" and "downstream" relate to an
arrangement of items or features relative to the propagation
of the light from a liJtt generating means (here the espe-
cially the first or second li ht source), wherein re)ative to a
Iirsl position w &thin a beam of lighl from Ihe light generating
means, a second position in thc beam of light closer to thc
li ht genemtiim means is "upstream". and a third position ic
within the beam of light fiirther away froin the light gener-
ating means is "downstream" The light exit window 150 has
a transmissivity for the light source li ht ofthe light sources,
thereby allowing I)rat light source light 11 and/or second
light source 21 light to propagate lluough Ihc light exit &s

winiiow 150 and propagate further downslreimi from the
light exit window 150, in a ihrcclion away from Ihe hghlutg
device 100/light unit I

I Iere. by way of example. the first light source 10 cont-
prises a plurahty of light sources 10&&,10b. wlfich provide so

(together) the first light source light 11. such as a blue
mnitluig LED and a yellow em&ning LED, or a win(a hghl
mnitluig LED and a rcd emitting LED. However, also a
single light source can bc used. or a pluralilv of the siunc
type of light sources can be used I&urther, here by way of o

example. the second light source 20 comprises a plurahty of
light sources 20a„20b. which provide (together) the second
light source light 21. such as a white light emitting LED and
an amber light em&ning LED. However, also a single light
source can bc used, or a plumlity of thc same type of light c

sources can bc us&xi, such as a plurality of amber LEDs.
Iiurther, by v ay of example a further light source (optional),
herein also utdicated as third light source, indicated v ith
reference 30 is drawn„which is configured to provide third
li ht source li ht 31. For instance. such third light source &s

may prov&dc white light having a color lcmpcralure above
3000 K. This may further cxtcnd thc funcliomihly of thc
lighting iicvicc 100. Herc. by way ol example thc scmond
li ht source 20 is configured to provide amber light 121 (as
second light source light 21). 1'he light sources lb.20 can (c
each independently include solid state light sources. which
are indicated with reference(s) 120.

Further. the lighting device 100 comprises a control
system 50. especially conligurcd to control onc or morc of
an intensity ol'hc lighung device light 101 and a spectral ss
composition of said lighting device light I 0 I (here

composin-

gng one or more of the first light source light 11, the second

light source hght 21, anti thc tlnrd light source hght 31). Thc
control systein 5U may be integrated in the lighting unit I,
but may also be (partially) configured external from the
lighting unit 1 I'he ligitting device IUU or lighting system
1000 may further comprises a user interface 160, wherein
the user interface 160 may comprise one or more of a remote
user interlace and a user interface, for instance integrated in
the hghting urut 1 compnsuig said Iirst light source 10 and
said second light source 2U, or external thereof (as sche-
maticaliy depicted here)

In an embodinient, the control system 50 changes the light
output automatically. dependin on the input given on the
user interface 160 of lighting device 100. The input can
consism ol (a combination ol) Ihc luna of Ihc day, date. lime
bcfi&rc slcc7&, ambient lighluig conditions, previous light
exposure or activity of the user.

In an embodiment. the control system 50 changes the light
output automatically, depending on the input fmm con-
nected devices. The input can consists of a combination of
the time of the day, date, time before sleep, ambient lightin
conditions, activity, cBook, amer(phone, amer(watch, previ-
ous light exposure, autho, or & idco. clc.

In an einbodinient, the user can select ditferent durations
for the activities The lighting, system uses this input to
generate the best light setting for the user ivhile supporting
sleep.

As another example, the calculated lioght spectrum is not
constant bul ciiangcs over time, to optimally prc7ttrc Ihr
sloe)&

Obviously, not all evening and nightly activities have
sintilar lighting requirentents. ionic require a high color
rendering while other activities do not Use cases that are
addressed with our invented lumlnaire are for example
bedtime reading. changing diapers„going to bed, night light
aginnst fear, night ume baby li:cding. changing clothes, etc.

Possibly Ihc at least two light modes not only vary in CRI
but also ui intensity. where thc high CRI light smirce also
pmduces a brighter light effect (e g. support readmg), while
the low (.'Ri light source produces dimmer light (e g support
orientation in the n&om). Snit&oth transitions betv een the at
least two light modes can be implemented to prevent dis-
turbuigly fast and abrupt light changes during cvcmng and
night lime. Al least onc oi'he two hghl modes (prel'erably
thc low CRI source) is switched on/ofi'milomaucally c.g. by
making use of a presence sensor, while the other light
mode(s) (preferably higher ('RI source) can only be
switched on manually by a user.

The term "substantially" herein, such as in "substantially
all light** or in "substantially consists", will bc understood by
the person skilled m lhc arl. Thc tern& '*substantially" may
also include cmbodimmtls with '*entirely", **completely",
"all", etc I Ience, in embodiments the adjective substantially
may also be removed I&here applicable. the term "substan-
tially*'ay also relate to 90% or higher, such as 951o i&r

higher. especially 99% or hi/ter. even more especially
99.5% or lughcr. uicluiiing 100%o. Thc term '*comprise"
includes also cmboihmenls wherein the tenn '*composes"
means '*consists ol'1 Thc tenn '*and/or" especially rclalcs to
one or niore of the iten&a mentioned before and after "and/
or". I&or instance, a phnsse "item I and/or iten& 2*'nd similar
phrases may relate to one or nlore of item 1 and item 2. The
tenn "comprising'* may in an embodiment refer to "consist-
ing ol" but may ui another embodunmit also reft:r lo '*cun-

tauiing at least Ihc dclined species and optionally one or
more olher spec&ca".

liurtherinore, the terms first, second, third and the like in
the description and in the claims. are used for distinguishing
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11&e invention clauncd &s:

1. A llghuug device con&pl&sul
a first light source configured to provide tirst light source

li ht,
a second light source configured to provide second hght

source light and
a control system confi ured to control the first light source so

and the sixoud l&ght smircc to prov&dc miid first h hl
source hght and sixond hght source 1&ghl respcml&vcly,
wherein

the hrst light source light and the second light source Imht
each have a melanopsin effectiveness factor (Ml:I&) of ss
a nlaximum 0 40 and wherein MEF is defined as

t — UU

(SPD(di (111

mri =I"
(SPD(1) V(it&

,t— &UU

so

whcrcin SPD(1 ) defines llm spcciral power d&stnbulion of ss
the light source light eniitted by the respective hght
source.

bclw owl sunilar clemente and not nimcssarily Ior descnbing
a sequential or chronological order. It is to be understood
thai thc tenne so used are interchangeable under appropriate
circunistances and that the emlx&diments of the invention
dcscnbtxl herein arc capable of opcrauon m other sequences
than described or illustrated herein.

The devices herein are amongst others described during
operation. As will be clear to the person skilled in the art, the
invention is not limited to methods of opemtion or devices

Ill
111 t&PC&dl&011.

It slu&uld be noted that the above-mentioned embodiments
illustrate rather than hm&l lhc invcnlion, and llml those
skilled in the art w&ll be able to design inany alternative
enlbodiments v,ithout departing from the scope of the

1

appended claims. In the clanns. any reference signs placed
bclwoml perm&theses shall uot bc cons&rued as 1&rmtuig thc
clmm. 11se ol'hc verb "to compnse" and its conlu dtions
docs nol exclude Ihc presm&ce ol clemente or steps olher lian
those stated in a cia&nl 'I'he article "a" or "an" preceding an

IO
element does not exclude the presence of a plurality of such
elenlents. The invention may be implemented by means of
hardware comprising sevemsl distinct elements, and by
mc;ms ol a suitably programmml compuier. In lhc device
clduu 1 uuulcralhlg scvi ldl 11&edna. scvcldl 01 lhcsc uu aus
may be embod&cd by ouc and the smne itmn of hardware.
'I'he mere fact that certain measures are recited in nn&tually
ditferent dependent claims does not indicate that a comb&-
nation of these measures cannot be used to advanmge

The invention further applies to a device comprising one I(,
or more of thc characlcnzu&g fcauires described m thc
dcscnpuon and/or shown in thc atidchcd dmv,uigs. Thc
ulvcuuotl fir&her pc&taltls 10 B 11&clllod 01 ptoccss con&prising
one or more of the characterizing features described i&1 the
description and/or shown in the attached drawings

The various aspects discussed in this patent can be
combined in order to provide additional advantages. Further,
thc person sk&lied u& thc art w&11 undcrsland that mnbud&-
ments can bc comb&nish and tlml also more than Iwo
cmbodimcnts can be combined. Furihenuore. some of the

40
features can fnnn the basis for one or more divisional
applications.

whcrcin m(1.) is Ihe nonnalizcd mclanop&c sensiliv&ly
function and

wllctc&11 M(k) Is Ihc lxiruulllzcd pholoplc sctlsulv&11'nac-
tion, and lvherein

lhc Iirst hght source 1&ghi dnd Ihc second 1&ghl smirce 1&ghl

have a color renderin index (CRI), the ditference
between the CRI of the first light source light and the
('RI of the second light snurce light is at least 15 ( RI
units. and lvherein

at Icasl Ihe Iirsl hght source &s arranged lo provale Ihe Iirsl
light source light having a maxunum mst&o of the total
number of photons ul thc wavelength rnngc of 440-S30
nm to the total number of photons in the wavelength
rangc380-780 tun Of 0.2.

2 I he lighting device accnrding to claim 1. wherein the
difi'erence between the CRI of the first light source light and
the CRI of the second light snurce hght is at least 20 ( RI
UnltS.

3 Tlm lighting dci ice according to claim 1. where&n thc
CRI of the second light source livght is equal to or smaller
than 60 CRI unit~.

4 'I'he lighting device according to claim 1. wherein said
second light source is conhgured to prov&de said second
light source light, lmving a ratio of the total number of
photons in the wavelen th range of 440-530 nm to the total
number of photons in the ivavelen th mnge of 380-780 iun
of at maximum 0.01.

5 The lightuig dcv&ce according io claun 1. whereui said
first hght source ligi&t has a MI!Ii value MI!Ill slid wherein
said second light snurce light has a Ml:I'alue Ml!I'„
v herein Ml!FscMI!I».

6 The lighting device according to claim 5, wherein said
first li ht source and said second light source are confi ured
to provule sB&d 01st hghl source hghl a&ld st&xi second hghl
source lighl, rcspcciivcly, hai ing a ddlbrcnce u& MEF of al
least O.OS.

7 'I'he lighting device according to claim 6. wherein said
first lip&t source is configured to pmvide said first light
source I&sit having said MEF, value selected frnm the range
of 0.2-0 4, and v:herein said second hght source is config-
urcd to prov&dc said second light source light having said
MEF, value sclcctcd 01'l maximum 0 15.

8 Tlm lighting dci ice according to claim 1. where&n thc
first light source comprises one or more solid state light
sources, mid wherein the second light source comprises one
or more solid state light sources. wherein the second light
source comprises at least a solid state light source confi ured
to provslc amber 1&ghl.

9 11&c hghting dei &cc according to clmm 1. compnsing d

1&ghl exit w&ndow conligurcd io Iransmit at linet part ol said
first light source ligi&t and said second hght source light

10. 'I'he lighting device accord&ng to claim I, wherein the
lighting device is configured to provide li hting device light
comprising one or more of said first li ht source light and
sa&d almond light source I&Ju. whcrc&n thc control syslem is
conflgutcd Itl control out: ol 11&orc of tul ultctlsl&Y 01 lhc
1&ghtiug dcv&cc lighi dnd a spcmtral compos&i&on of said
lighting device light as fiulction of one or more of (i) an
ambient light sensnl'ignal, (ii) a motion sensor signal. (iii)
a sound sensor signal. (iv) a tinier signal. (v) a date signal,
and (v&) a user interface signal.

11. Thc 1&ghting dc&ice accorduig to claim 1. fur&her
coulprlsulg ll use& uucrldcc wilcrc&11 lhc llscr 1&ilclfacc co&11-

puscs 01&c tlr ulolc of d lc&110&c user ltuctfix:c Bud a use&

interface integrated in a lighting un&t con&prising said first
light source and said second light source
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12. A lighting system compusuig.
the lightutg device accordmg to claiin l„wherein the

lighting device is configured to provide lighting. device
light comprising one or more of said iirst light source
light and said second light source light. and

a user interface functionally coupled to the control sys-
u:m. whereui thc control system is conligurcrl to control
onc or more of an uiicmity ol lhc hghtuig device light
and a spectml composition of said lighting device hght
as function of a user interface sigttal 1 I i

13. 'I'he lighting system of claim 12, further comprising a
timer functionally coupled to the control system. w:herein
the control system is configured to control one or more of an
intensity of ihc lighting device hghi and a spectral compo-
sition ol said hghuug device light as function ol a tuner i

signal or a date signal
14. '1'he lighting system of claim 12, further comprisiag a

sensor functionally coupled to the control system. wherein
the control system is configured to control one or more of an
intensity of the lighting device light and a spectml compo- m
siuon of said lighting device hght as funcuon of one or more
ol'(i) an ambient light semor sigiml, (ii) a motion sensor
signal and (iii) a sound sensor signal.

15. 'I'he lighting device according to c)aim 1, ivherein the
first li ht source light has a correlated color temperature
CCT of at maximum 3000 K and a color rendering index
1'RI ofat least 75 „and wherein the second light source hght
luis a dominant wavelength sclccicd from tlm range of
575-780 nm aud a color rcudcring index ol'ai maxmtum 70.

itl
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