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ARTIFICIAL ILLUMINATION DEVICE 
CROSS - REFERENCE TO RELATED 

APPLICATIONS 
[ 0001 ] This application is a continuation of copending 
U . S . application Ser . No . 14 / 711 , 562 , filed May 13 , 2015 
( now allowed ) , which is a continuation of copending Inter 
national Application No . PCT / EP2012 / 072648 , filed Nov . 
14 , 2012 . Both applications are incorporated herein by 
reference in their entirety . 

BACKGROUND OF THE INVENTION 
[ 0002 ] The present invention is concerned with artificial 
illumination devices which realize the perception of the 
natural light from the sun and the sky . 
[ 0003 ] More precisely , the perception of the natural light 
from the sky and the sun is related both to the capacity of the 
illumination device to illuminate an ambient with effects 
very similar to the effects that would manifest in the same 
room if an aperture with sky and sun beyond it , i . e . a 
window , would be positioned at the same place , and also to 
the appearance of the device itself when directly viewing at 
it , which creates the visual appearance of infinite depth for 
the sky and infinite position of the sun sources . 
[ 0004 ] Therefore the aims which the embodiments of the 
present invention fulfill may be divided into two main 
categories , related to 

[ 0005 ] the illumination of an ambient by the light 
emitted by the artificial illumination device ; 

[ 0006 ] the visual appearance of the illumination device 
itself . 

[ 0007 ] For the requirement concerning the illumination of 
an ambient for the perception of natural light from sky and 
sun , reference can be made to artificial illumination devices 
described in WO 2009 / 156347 A1 submitted by the same 
Applicant . One of these artificial illumination devices , for 
example , is shown in FIG . 28 . Same comprises a broadband , 
spot like , light source 902 and a Rayleigh scattering panel 
906 placed at a certain distance from the source 902 . The 
panel 906 separates the light rays from the source 902 into 
a transmitted component 907 with Correlated Color Tem 
perature ( CCT ) lower than that of the source 902 , and into 
a diffused component 905 with higher CCT , the difference in 
CCT being due to the fact that the scattering efficiency 
increases with the inverse of the fourth power of the wave 
length in the addressed Rayleigh regime . 
[ 0008 ] As long as the light source 902 is small in com 
parison to the panel 906 , the direct light 907 is able to cast 
object shadows , which are bluish under the diffused cold 
light caused by the panel 906 . More precisely , the angle of 
penumbra is here given by the ratio of the source ' s 902 size 
and the source - object distance . Notably , this angle can be 
easily made similar to that from the real sun ( 0 . 5° ) in real 
installations . Moreover , the observer who sees the source 
through the panel perceives it as a bright spot of low CCT , 
surrounded by a luminous background of high CCT , as it 
occurs when he / she observes the sun and the sky . 
[ 0009 ] . However , in spite of the small angle of penumbra , 
the rays 907 forming the direct light component are by far 
not parallel , as light is from natural illumination by the sun , 
since they all diverge from the single source . Notably , this 
circumstance prevents object shadows from having parallel 
orientations , as it occurs in the case of the natural sun . In fact 

each object casts onto an illuminated plane a shadow which 
is oriented toward the projection of the source 902 onto said 
illuminated plane . For example , in the typical case where the 
light source 902 is positioned along the normal of the 
illuminated plane ( e . g . a floor or a wall ) passing through the 
center of the diffuser 906 , shadows of elongated objects with 
axis perpendicular to said plane are oriented toward the 
center of the illuminated scene , contrary to what occurs in 
nature . This fact thus prevents these illumination devices 
from faithfully achieving the visual characteristics of an 
ambient illuminated by natural light . 
[ 0010 ] Moreover , these devices do not properly satisfy the 
requirements concerning the visual appearance of the illu 
mination device itself when directly viewing at it . In fact , an 
observer who sees the source through the panel 906 does not 
see it at infinity , but at the given spatial position at which the 
light source 902 is positioned . The divergence of the direct 
light rays 907 implies that neither the direction under which 
the spot of the artificial sun is seen nor the aperture angle 
( penumbra ) is fixed , but they depend on the observer ' s 
position and on his / her distance from the source . Such visual 
cues prevent the observer to naturally interpret the light 
source as located at infinite distance , i . e . the visual cues 
prevents the sky and sun scene from being perceived as 
having infinite depth , the source itself defining the limit 
depth of the scene . All these circumstances make the result 
ing effect not natural , in the sense that it differs from the 
effect produced by the actual sky and sun . A prevailing 
infinite depth perception of the sun and sky images gener 
ated by the illumination device when viewing directly at it 
is thus one of the aims concerning the visual appearance of 
the present invention . 
[ 0011 ] The presence of intra - conflicts in the visual per 
ception cues afflicts for example a further artificial illumi 
nation device presented in the above mentioned WO 2009 / 
156347 A1 , shown in FIG . 29 . In this layout the light source 
902 is made of an extended array of white light light 
emitting diodes ( LEDs ) 910 , with each single LED 910 
comprising a blue / UV emitter , a phosphor and a collimating 
dome lens so that each LED 910 generates a white light cone 
with limited divergence , i . e . with a divergence smaller than 
the divergence of the light scattered by the Rayleigh panel 
906 . In this case , the Rayleigh panel 906 is positioned almost 
in contact with the extended light source 902 which allows 
for the illumination device to be very compact . The illumi 
nation device of FIG . 29 thus provides direct and diffused 
light components with the necessitated CCTS . 
[ 0012 ] However , as will be further described in the fol 
lowing , such illumination device depicted in FIG . 29 fea 
tures an intra - conflict between two different planes per 
ceived by an observer . These planes are the real image of the 
LED 910 array and the virtual image of the sun spot at 
infinity . 
f0013 ] . Another artificial illumination device presented in 
the above mentioned WO 2009 / 156347 A1 , is shown in FIG . 
30 . As an optical collimation element , a lens 980 is posi 
tioned at a certain distance from the light source exemplarily 
constituted as a laser diode 982 and a ( remote ) phosphor 
984 . The lens 980 , which also contains a nanodiffuser , is 
antireflection coated in order to optimize transmission of the 
" warm " component of the radiation preventing reflections 
which could reduce the efficiency of the device and direct 
part of this component to the outer area ( the outer portion of 
the beam ) , reducing the contrast . Furthermore , the device of 
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FIG . 30 comprises a reflector 986 ( e . g . reflecting chamber or 
reflecting box housing the phosphor source 984 and having 
an aperture where the lens 980 is positioned ) so as to retrieve 
the backward traveling " cold ” diffused - light component 
back - scattered by the nanodiffusing particles , thereby redi 
recting the back - scattered diffused light outward . The illu 
mination device of FIG . 30 thus provides direct and diffused 
light components with the necessitated CCTS . 
[ 0014 ] However , such illumination device depicted in 
FIG . 30 features an intra - conflict between at least two 
different planes perceived by an observer . These planes are 
those of the real image of the lens 980 and the virtual image 
of the phosphor source 984 , wherein said virtual - image 
plane is not even perceived at infinite distance , as for the 
case of the device in FIG . 29 . In addition , similarly to the 
case of FIG . 28 , the device in FIG . 30 casts shadows featured 
by typical radially symmetric outwardly pointing behavior 
resulting from an illumination using a single light source at 
a limited distance . 
[ 0015 ] A further artificial illumination device presented in 
the aforementioned Wo pamphlet is shown in FIG . 31 . 
Here , a light source 990 and the chromatic diffuser 992 are 
totally separated and spaced apart from each other with the 
chromatic diffuser forming a window of a wall 994 of a 
house 996 . However , due to the arrangement chosen , shad 
ows cast by the device of FIG . 31 show the typical radially 
symmetric outwardly pointing behavior resulting from an 
illumination using a single light source at a limited distance . 
Last but not least , the ambient light which enters the 
observer ' s eyes from the chromatic diffuser without stem 
ming from light source 990 , but from ambient light , i . e . from 
the environment external to the house , spoils the sky / sun 
impression of the observer . 

temperature which is at least 1 . 2 times lower than a CCT of 
the second light component , wherein the diffused - light gen 
erator is configured to emit the diffused light over a solid 
angle which is at least 4 times larger than the narrow peak 
so that it affects a visual appearance of the artificial illumi 
nation device for the observer when directly looking at the 
artificial illumination device by creating a diffuse luminous 
bluish background around the low CCT bright spot created 
by the narrow peak in the luminance profile of the direct 
light source , the diffuse luminous bluish background being 
uniform with respect to spatial coordinates so as to cause a 
difficulty for the observer to estimate a distance between the 
observer and the second emitting surface , so that the narrow 
peak in the luminance profile forces the eyes of the observer 
to converge at infinity and the plane from which the diffused 
light is perceived to be originated is dragged to infinity as 
well , and the diffuse luminous bluish background supports 
the observer ' eyes ' converging at infinity because of an 
aerial perspective visual cue , and the uniformity of L direct ( x , 
y , 9 , 0 ) with respect to the spatial coordinates is sufficient 
to avoid visual perception cue conflicts . 
[ 0017 ) According to another embodiment , an artificial 
illumination device for generating natural light similar to 
that from the sun and the sky with making an observer 
experience a visual infinite - depth perception of a sky and 
sun image when the observer directly looks at the artificial 
illumination device may have : a direct - light source which 
includes a first light - emitting device and a first emitting 
surface and is configured so that the direct - light source 
produces a direct light with a luminance profile L direct ( x , y , 
9 , 0 ) which has — with respect to angular dependence on 
polar angle 9 a narrow peak in the angular distribution 
around a direct - light direction of half width at half maxi 
mum 9 HWAM55° , and a low background such that for polar 
angles 9 > 34 HWHM L direct drops below 10 % of an absolute 
maximum of L direct over all positions and angles , and 
wherein L direct ( x , y , 3 , 0 ) is — with respect to spatial coor 
dinates — uniform across the first emitting surface so as to 
avoid visual perception cue conflicts , and a diffused - light 
generator which is positioned downstream of the first light 
emitting device , is at least partially light - transparent , and is 
configured to cause diffused light at a second emitting 
surface , wherein one of the first emitting surface and the 
second emitting surface is positioned downstream with 
respect to the other or both coincide to form a outer emitting 
surface of the artificial illumination device , and wherein the 
artificial illumination device is configured such that the 
direct - light source and the diffused - light generator co - oper 
ate to form outer light at the outer emitting surface which 
includes a first light component which propagates along 
directions contained within the narrow peak and a second 
light component which propagates along directions spaced 
apart from the narrow peak , wherein the first light compo 
nent has a correlated color temperature which is at least 1 . 2 
times lower than a CCT of the second light component , and 
wherein the diffused - light generator is configured to emit the 
diffused light over a solid angle which is at least 4 times 
larger than the narrow peak so that it affects a visual 
appearance of the artificial illumination device for the 
observer when directly looking at the artificial illumination 
device by creating a diffuse luminous bluish background 
around the low CCT bright spot created by the narrow peak 

SUMMARY 
[ 0016 ] According to an embodiment , an artificial illumi 
nation device for generating natural light similar to that from 
the sun and the sky with making an observer experience a 
visual infinite - depth perception of a sky and sun image when 
the observer directly looks at the artificial illumination 
device may have : a direct - light source which includes a first 
light - emitting device and a first emitting surface and is 
configured so that the direct - light source produces a direct 
light with a luminance profile Ldirec ( x , y , 9 , 0 ) which 
has — with respect to angular dependence on polar angle 

a narrow peak in the angular distribution around a 
direct - light direction and a low background , and is — with 
respect to spatial coordinates — uniform across the first emit 
ting surface , and a diffused - light generator which is posi 
tioned downstream of the first light - emitting device , and is 
at least partially light - transparent , and is configured to cause 
diffused light at a second emitting surface , wherein one of 
the first emitting surface and the second emitting surface is 
positioned downstream with respect to the other or both 
coincide to form an outer emitting surface of the artificial 
illumination device , and wherein the artificial illumination 
device is configured such that the direct - light source and the 
diffused - light generator co - operate to form outer light at the 
outer emitting surface which includes a first light component 
which propagates along directions contained within the 
narrow peak and a second light component which propa 
gates along directions spaced apart from the narrow peak , 
wherein the first light component has a correlated color 
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in the luminance profile of the direct - light source , the diffuse 
luminous bluish background being uniform with respect to 
spatial coordinates . 
[ 0018 ] According to another embodiment , an artificial 
illumination device for generating natural light similar to 
that from the sun and the sky with making an observer 
experience a visual infinite depth perception of a sky and sun 
image when the observer directly looks at the artificial 
illumination device may have : a direct - light source ; and a 
diffused - light generator , wherein the direct - light source 
includes a first light - emitting device configured to emit a 
primary light , and a first emitting surface positioned down 
stream the first light - emitting device , wherein the diffused 
light generator is at least partially light - transparent and is 
positioned downstream of the first light - emitting device and 
includes a second emitting surface and is configured to cause 
diffused light at the second emitting surface , wherein the 
direct - light source is configured so that , with the diffused 
light generator being removed if positioned upstream of the 
first emitting surface , the direct - light source produces from 
the primary light a direct light that exits the first emitting 
surface with a luminance profile L direct ( x , y , 9 , 0 ) which 
has — with respect to angular dependence on polar angle 
9 - a narrow peak in the angular distribution around a 
direct - light direction of half width half maximum 9 HWAM 
the narrow peak being subtended by a solid angle smaller 
than 0 . 2 sr , and the luminance profile L direct ( x , y , 9 , 0 ) has 
a low background outside the narrow peak such that for 
polar angles 9 > 39 HWHM , L direct ( x , y , 8 , 9 ) drops below 
10 % of an absolute maximum of L direct ( x , y , , 0 ) over all 
positions and angles , and wherein L direct ( x , y , 9 , 0 ) , is 
with respect to spatial coordinates uniform across the first 
emitting surface , wherein one of the first emitting surface 
and the second emitting surface is positioned downstream 
with respect to the other and forms an outer emitting surface 
of the artificial illumination device or both the first emitting 
surface and the second emitting surface coincide to form the 
outer emitting surface of the artificial illumination device , 
wherein the artificial illumination device is configured such 
that the direct - light source and the diffused - light generator 
co - operate to form outer light at the outer emitting surface 
which includes a first light component which propagates 
along directions contained within the narrow peak along at 
least 90 % of the directions subtending with polar angle I < 
9 HWHM , and a second light component which propagates 
along directions spaced apart from the narrow peak and 
spanning at least 50 % of the angular region outside the 
narrow peak with axis directed along direction and half 
aperture 3 times larger than 9 HWHM , wherein the first light 
component has a correlated color temperature which is at 
least 1 . 2 times lower than a CCT of the second light 
component ; wherein the diffused - light generator is config 
ured to emit the diffused light over a solid angle which is at 
least 4 times larger than the narrow peak , so that the 
diffused - light generator affects a visual appearance of the 
artificial illumination device for the observer when directly 
looking at the artificial illumination device , by creating a 
diffuse luminous bluish background around the low CCT 
bright spot created by the narrow peak in the luminance 
profile of the direct - light source , the diffuse luminous bluish 
background being uniform with respect to spatial coordi 

nates so as to cause a difficulty for the observer to estimate 
a distance between the observer and the second emitting 
surface so that the narrow peak in the luminance profile 
forces the eyes of the observer to converge at infinity and the 
plane from which the diffused light is perceived to be 
originated is dragged to infinity as well , and the diffuse 
luminous bluish background supports the observer ' eyes ' 
converging at infinity because of an aerial perspective visual 
cue , and the uniformity of L direct ( x , y , 9 , 0 ) with respect to 
the spatial coordinates avoids visual perception cue con 
flicts . 
[ 0019 ] According to some embodiments , an artificial illu 
mination device generates natural light similar to that from 
the sun and the sky . The artificial illumination device 
includes a direct - light source ; and a diffused - light generator . 
The direct - light source includes a first light - emitting device 
configured to emit a primary light , and a first emitting 
surface positioned downstream of the first light - emitting 
device . The diffused - light generator is at least partially 
light - transparent and is positioned downstream of the first 
light - emitting device and includes a second emitting surface 
and is configured to cause or produce diffused light at the 
second emitting surface . The direct - light source is config 
ured so that , with the diffused - light generator being 
removed , if positioned upstream of the first emitting surface , 
the direct - light source produces from the primary light a 
direct light that exits the first emitting surface with a 
luminance profile that is uniform across the first emitting 
surface and has a narrow peak in the angular distribution 
around a direct - light direction . One of the first emitting 
surface and the second emitting surface is positioned down 
stream with respect to the other and forms an outer emitting 
surface of the artificial illumination device or both the first 
emitting surface and the second emitting surface coincide to 
form the outer emitting surface of the artificial illumination 
device . The artificial illumination device is configured such 
that the direct - light source and the diffused - light generator 
co - operate to form outer light at the outer emitting surface , 
which includes a first light component that propagates along 
directions contained within the narrow peak and a second 
light component that propagates along directions spaced 
apart from the narrow peak . The first light component has a 
CCT that is lower than a CCT of the second light compo 
nent . 
[ 0020 Implementations can include one or more of the 
following features . For example , the diffused light can have 
a CCT that is higher than a CCT of the direct light . The 
direct light can have a CCT that is greater than or equal to 
the CCT of the first light component . 
[ 0021 ] The diffused - light generator can include a diffused 
light source that includes a second light - emitting device . The 
diffused - light source can be configured to emit the diffused 
light independently from the direct - light source . The dif 
fused - light source can include an edge - illuminated scatter 
ing diffuser or an OLED . 
[ 0022 ] A CCT of at least one of the direct - light source or 
the diffused - light source can be controllable . 
[ 0023 ] The diffused - light generator can include a diffuser 
positioned so as to be lit by the direct - light or the primary 
light or an intermediate light evolving from the primary light 
and resulting in the direct - light , and configured to scatter the 
direct - light or the primary light or the intermediate light by 
which the diffuser is lit , with a scattering efficiency that is 



US 2017 / 0350574 A1 Dec . 7 , 2017 

higher for shorter wavelengths within the visible wavelength 
region than compared to longer wavelengths . 
10024 ] The diffuser can include a solid matrix of a first 
material having a dispersion of nanoparticles of a second 
material configured to obtain a light - scattering efficiency 
that is higher for shorter wavelengths within the visible 
wavelength region than compared to longer wavelengths . 
The dispersion of nanoparticles can feature a gradient in the 
nanoparticle areal concentration across a second emitting 
surface , the gradient being tailored for improving a lumi 
nance uniformity of the diffused light over the second 
emitting surface relative to a uniformity of an illuminance of 
the direct - light or the primary light or the intermediate light 
by which the diffused - light generator is lit . 
[ 0025 ] The direct - light source can be configured such that 
an observer looking at the direct - light source sees a bright 
spot under a narrow visual cone angle , the spot being 
perceived at infinite distance both with respect to binocular 
convergence and motion - parallax depth cues . 
[ 0026 ] The artificial illumination device can include an 
absorber made of light - absorbing material arranged so that 
the first emitting surface has a total reflectance factor n < 0 . 4 . 
[ 0027 ] The artificial illumination device can include an 
absorber made of light - absorbing material positioned down 
stream the first light - emitting device and upstream from the 
first emitting surface and configured to substantially absorb 
light rays that cross the first emitting surface in an upstream 
direction and that , in the absence of the absorber , would not 
be directed toward the first light - emitting device . 
[ 0028 ] . The direct - light source can be configured such that 
the luminance profile drops below 10 % of a maximum value 
of the luminance profile for polar angles 9 > 39 HWAM 
where 9 HWhy is the HWHM of a mean polar - angle distri 
bution being an average over the luminance profile over all 
the first emitting surface and all azimuthal directions . The 
luminance profile for polar angles Ost HwHM is virtually 
independent on the azimuthal angle o , wherein the polar 
angles and the azimuthal angles are measured in an angular 
coordinate system assigning 9 = 0 to the direct light direc 
tion corresponding to an average of the directions of the 
maximum value of the luminance profile , averaged over all 
the first emitting surface . The direct - light source can be 
configured such that the ratio between a standard deviation 
of the luminance spatial fluctuations and a luminance aver 
age value may not exceed the value of 0 . 3 within any 10 mm 
diameter spatial circular areas and for at least 90 % of the 
first emitting surface , and may not exceed the value of 0 . 4 
within the entire at least 90 % of the first emitting surface , for 
any fixed azimuthal angle o and for any fixed polar angle 
I greater than 39 HWHM 
[ 0029 ] The artificial illumination device can be configured 
such that , when the direct - light source is off and the dif 
fused - light generator is removed and the first emitting 
surface of the direct - light source is lit by external diffused 
light that delivers onto the first emitting surface a constant 
illuminance equal to the average of an illuminance delivered 
by the direct - light source itself when it is on , then the 
external diffused light reflected or back - scattered at first 
emitting surface by the direct - light source produces a reflec 
tance luminance profile L at the first emitting surface that 
is lower than the luminance profile of the direct - light source 
at any position within at last 90 % of the first emitting 
surface , and any angle relative to the first emitting surface , 

and the reflectance luminance profile exhibits an amplitude 
standard deviation within any 10 mm diameter spatial area , 
which is smaller than an amplitude standard deviation of the 
luminance profile within the at least 90 % of the first emitting 
surface , for any angle relative to the first emitting surface . 
[ 0030 ] The direct - light source can be configured such that 
a plurality of elongated objects with longitudinal axes that 
are oriented parallel to each other and parallel to the direct 
light direction cast a plurality of shadows that are oriented 
in non - converging manner . The direct - light source can be 
configured such that the luminance profile shows a range of 
a distribution of a direction of a maximum value of the 
luminance profile , relating to at least one 90 % of the first 
emitting surface , of less than 2 degrees , with the distribution 
of the direction of the maximum value of the luminance 
profile differing from a radially symmetric vector field , and 
the mean value of a distribution of a HWHM of a local 
average polar angle profile of the narrow peak of the 
luminance profile , averaged over all azimuthal angles , over 
the first emitting surface , of below 5 degrees . The direct 
light source can be configured such that , when the first 
emitting surface of the direct - light source is illuminated by 
external diffused light and the diffused - light generator is 
removed , the external diffused light re - exits the first emitting 
surface in a downstream direction leading to a reflectance 
angular luminance profile which is uniform across the first 
emitting surface . 
[ 0031 ] With Q denoting a smallest volume Q encompass 
ing the direct - light source , and T denoting the length of the 
projection of Q onto a line parallel to the direct - line direc 
tion , and U denoting the maximum distance between any 
two points on the first emitting surface , the direct - light 
source can be configured so that a width of the narrow peak 
( 30 ) is smaller than arctan ( " 12 / T ) . 
[ 0032 ] The direct - light source can include a collimating 
lens positioned downstream to , and at focal distance from , 
the first light - emitting device along an optical axis that 
coincides with the direct - light direction . The direct - light 
source can include a plurality of pairs of a first light - emitting 
devices configured to emit primary light ; and a collimating 
lens positioned downstream to , and at focal distance from , 
the first light - emitting device along an optical axis that 
coincides with the direct - light direction . The plurality of 
pairs is positioned in juxtaposition with the collimating 
lenses of the pairs abutting each other so that the collimating 
lenses form a joint surface . 
[ 0033 ] The artificial illumination device can include a 
coffered ceiling structure positioned downstream the outer 
emitting surface , wherein the coffered ceiling structure has 
a first periodicity being an integer multiple or unit fraction 
of a second periodicity at which the pairs of the array of pairs 
are arranged along the outer emitting surface . The direct 
light direction can be oblique to a normal of the outer 
emitting surface . The direct light direction can be oblique 
with respect to more than 90 % of the outer surface of the 
coffered ceiling structure . The artificial illumination device 
can include a dark box housing the first light - emitting device 
and having an aperture where the collimating lens is posi 
tioned . The internal surface of the dark box can be formed 
by a light - absorbing material and the light - absorbing mate 
rial can have an absorption coefficient for visible light 
greater than 90 % . 
( 0034 ) The collimating lens can be a Fresnel lens . The first 
light - emitting device can include an LED . 
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[ 0035 ] A freeform lens can be positioned between the first 
light - emitting device and the collimating lens , the freeform 
lens being configured to flatten an illuminance distribution 
of the primary light onto the collimating lens . The first 
light - emitting device can have a circular aperture . 
10036 The direct - light source can include an edge - illumi 
nated lightguide emitter panel . The edge - illuminated light 
guide emitter panel can include a wedge - shaped layer sand - 
wiched between a light - absorbing layer and a light - exit layer 
so that the light - absorbing layer is positioned upstream 
relative to the wedge - shaped layer and the light - exit layer is 
positioned downstream relative to the wedge - shaped layer , 
wherein nz < n < < n , with n , being the refractive index of the 
wedge - shaped layer , n , being the refractive index of the light 
exit layer , and nz being the refractive index of the light 
absorbing layer , and wherein the light exit layer includes a 
plurality of micro - reflectors at an interface between the light 
exit layer and the wedge - shaped layer so as to redirect light 
having crossed the interface outside the exit layer so that it 
propagates into the direct light direction . A wedge - slope of 
the wedge - shaped layer can be below 1 degree . The ratio 
n / n , can be greater than 1 . 001 and less than 1 . 1 . 
[ 0037 ] The micro - reflectors can be formed by grooves or 
voids in the light - exit layer , protruding from the interface 
away from the wedge - shaped layer and longitudinally 
extending along a direction parallel to the interface and 
perpendicular to a lightguide guiding direction along which 
the wedge shaped lightguide layer gets thinner . 
[ 0038 ] Light can be extracted by the edge - illuminated 
lightguide panel by means of micro reflectors that have 
reflecting surface with circular appearance when seen from 
the direct - light direction and is oriented so that the direct 
light direction forms a specular direction with respect to a 
waveguide central propagation direction , and wherein each 
micro reflector is positioned at a focal distance and on the 
optical axis of a respective micro lens formed at an output 
surface of the edge - illuminated lightguide panel , and 
wherein a side of the edge - illuminated lightguide panel 
opposite to the output surface faces an obscurant layer . 
10039 ] The direct - light source can include a one - dimen 
sional array of pairs of a first light - emitting device and a 
light concentrator for illuminating the edge - illuminated 
lightguide panel from an edge of the edge - illuminated 
lightguide emitter panel . The light concentrators can be 
formed by rectangular compound parabolic concentrators . 
The direct - light source can include a one - dimensional array 
of pairs of a first light - emitting device and a light concen 
trator for illuminating the edge - illuminated lightguide panel 
from an edge of the edge - illuminated lightguide panel , and 
wherein a collimation strength of the illumination of the 
edge - illuminated lightguide panel can be lower in a first 
plane spanned by the guiding direction and the direct - light 
direction than a second plane perpendicular to the first plane 
and containing the guiding direction . 
[ 0040 ] The artificial illumination device can also include a 
coffered ceiling structure positioned downstream the outer 
emitting surface . The direct - light direction can be oblique to 
a normal of the outer emitting surface . The direct light 
direction can be oblique with respect to more than 90 % of 
the outer surface of the coffered ceiling structure . The 
coffered ceiling structure can have a first periodicity being 
an integer multiple or unit fraction of a second periodicity in 
a structure of the direct - light source across the first emitting 
surface . 

[ 0041 ] The direct - light source can include a collimated 
light source for generating pre - collimated light and includ 
ing the first light - emitting device , and a micro - optics beam 
homogenizer layer positioned downstream the collimated 
light source , wherein the micro - optics beam - homogenizer 
layer is configured to reduce a stray light component of the 
pre - collimated light . The micro - optics beam - homogenizer 
layer can include a 2 - dimensional array of microlenses and 
a light - absorbing layer perforated by a 2 - dimensional array 
of pinholes positioned and extending downstream the 2 - di 
mensional array of microlenses so that each microlens has a 
pinhole associated therewith which is positioned at a dis 
tance to the respective microlens corresponding to a focal 
length of the respective microlens and at a direction coin 
cident with the direct light direction . The ratio between a 
diameter Dm and a focal length fm , of the microlenses can be 
Dm / fm < 2 . tan ( 7 . 5° ) , and the diameter can be Dm < 5 mm . 
[ 0042 ] The microlenses can have a circular aperture . The 
micro - optics beam - homogenizer layer can include a channel 
separation structure configured to reduce cross - talk between 
neighboring pairs of microlenses and the associated pin 
holes . Space between the microlenses can include a material 
that absorbs light impinging onto the space between the 
lenses . A pitch of the arrays of microlenses and pinholes can 
be below 5 mm . 
[ 0043 ] The micro - optics beam - homogenizer layer can 
include a 2 - dimensional array of microlenses and a channel 
separation structure of a 2 - dimensional array of micro 
channels extending downstream the 2 - dimensional array of 
microlenses so that each microlens has a micro - channel 
associated therewith , which extends , from the respective 
microlens , into the direct - light direction . A ratio between a 
diameter Dow of the microlenses and a focal length f , of the 
microlenses can be Dy / f , < 2 . tan ( 7 . 59 ) , wherein D . < 5 mm , 
and wherein for each microlens , an output aperture of the 
associated micro - channel is spaced apart from the respective 
microlens , at a distance 1 with 0 . 5 fm < l < 1 . 2 fm . 
[ 0044 ] The micro - optics beam - homogenizer layer can 
include a first 2 - dimensional array of microlenses of focal 
length fi , a second 2 - dimensional array of microlenses of 
focal length fm2 , and an absorbing layer perforated by an 
array of pinholes arranged between the first and second 
arrays of micro lenses so as to form an array of telescopes 
distributed over a plane parallel to a plane of the first 
emitting surface and having their telescope axis parallel to 
each other and parallel to the direct light direction , wherein , 
in each telescope , the respective pinhole , the respective 
microlens of the first 2 - dimensional array and the respective 
microlens of the second 2 - dimensional array are arranged 
along the telescope axis with a distance between the respec 
tive pinhole and the respective microlens of the first 2 - di 
mensional array being fmi and a distance between the 
respective pinhole and the respective microlens of the sec 
ond 2 - dimensional array being fm2 , wherein fm2 < y fm1 , for 
y < 1 . 
[ 0045 ] A downstream - facing outer surface of the array of 
telescopes can include an anti - reflection coating . 
[ 0046 ] The artificial illumination device can include a 
low - angle white - light diffuser configured to subject an angu 
lar characteristic of the luminance profile to blur filtering 
with a filter impulse response HWHM of lower than 10° 
degrees . The low - angle white - light diffuser can include a 
random distribution of micro - refractors formed in an outer 
surface of a transparent - layer material , or a dispersion of 
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transparent micro - particles in a transparent bulk material 
with a refractive - index mismatch between the transparent 
micro particles and the transparent bulk material . 
[ 0047 ] In some embodiments , a system is made - up by a 
juxtaposition of a plurality of the artificial illumination 
devices described herein so that the direct light direction is 
equal for the plurality of the artificial illumination devices . 
[ 0048 ] In some embodiments , a method is performed for 
generating natural light similar to that from the sun and the 
sky , using a direct - light source and a diffused - light genera 
tor . The direct - light source includes a first light - emitting 
device configured to emit a primary light , and a first emitting 
surface positioned downstream the first light - emitting 
device , wherein the diffused - light generator is at least par 
tially light - transparent and is positioned downstream of the 
first light - emitting device and includes a second emitting 
surface and is configured to cause or produce diffused light 
at the second emitting surface . The direct - light source is 
configured so that , with the diffused - light generator being 
removed , if positioned upstream of the first emitting surface , 
the direct - light source produces from the primary light a 
direct light that exits the first emitting surface with a 
luminance profile that is uniform across the first emitting 
surface and has a narrow peak in the angular distribution 
around a direct - light direction . One of the first emitting 
surface and the second emitting surface is positioned down 
stream with respect to the other and forms an outer emitting 
surface or both the first emitting surface and the second 
emitting surface coincide to form the outer emitting surface , 
wherein the direct - light source and the diffused - light gen 
erator co - operate to form outer light at the outer emitting 
surface that includes a first light component that propagates 
along directions contained within the narrow peak and a 
second light component that propagates along directions 
spaced apart from the narrow peak , and wherein the first 
light component has a CCT that is lower than a CCT of the 
second light component . 

[ 0055 ] FIG . 5 shows a sectional view of an array of LEDs 
appropriately configured to result in an appropriate direct 
light source in accordance with an embodiment ; 
[ 0056 ] FIG . 6 shows a top - view of the array of FIG . 5 ; 
[ 0057 ] FIG . 7 shows a schematic partial perspective view 
of a direct - light source in accordance with an embodiment , 
comprising a pair of a first light - emitting device and a 
collimating lens ; 
[ 0058 ] FIG . 8 shows 3 - dimensionally an array of pairs in 
accordance with FIG . 7 so as to result in a direct - light source 
in accordance with a further embodiment ; 
[ 0059 ] FIG . 9 shows a schematic of an edge - illuminated 
lightguide emitter panel in accordance with an embodiment ; 
[ 0060 ] FIG . 10 shows an alternative embodiment for an 
edge - illuminated lightguide emitter panel ; 
[ 0061 ] FIG . 11 shows 3 - dimensionally a schematic of an 
embodiment for the direct - light source using an optical 
mirror system , oblique back - illumination of the emitting 
surface and a dark box ; 
[ 0062 ] FIG . 12 shows a 3 - dimensional view of a coffered 
ceiling structure for obfuscating luminance variations in 
lateral directions along the emitting surface ; 
[ 0063 ] FIG . 13 schematically shows the way the coffered 
ceiling structure is seen by the observer and causes the 
obfuscation ; 
[ 0064 ] FIG . 14a schematically shows the direct - light 
source of FIG . 7 including a freeform lens for achieving a 
homogeneous illumination ; 
[ 0065 ] FIG . 14b schematically shows a direct - light source 
of FIG . 7 including a light concentrator for achieving a 
homogeneous illumination ; 
[ 0066 ] FIG . 15 schematically shows the targeted influence 
of the freeform lens and the light concentrator of FIGS . 14a 
and 14b onto the light intensity distribution curve of the first 
light - emitting device with the left hand side showing the 
original distribution curve and the right hand side showing 
the target distribution curve for achieving a homogenous 
illumination in lateral dimensions along the emitting sur 
face ; 
[ 0067 ) FIG . 16 schematically shows an artificial illumina 
tion device with a direct - light source 12 including a micro 
optics beam - homogenizer layer ; 
[ 0068 ] FIG . 17a schematically shows a cross section of a 
micro - optics beam - homogenizer layer in accordance with a 
first embodiment where same comprises one lens array and 
one pinhole array ; 
100691 FIG . 17b shows a view onto the upstream face of 
the beam - homogenizer layer of FIG . 17a ; 
[ 0070 ] FIG . 17c shows the view onto the downstream face 
of the beam - homogenizer layer of FIG . 17a ; 
[ 0071 ] FIG . 18 schematically shows a cross section of a 
micro - optics beam - homogenizer layer in accordance with a 
further embodiment where same comprises one lens array 
and one tube array ; 
[ 0072 ] FIG . 19 schematically shows a cross section of a 
further embodiment of a micro - optics beam - homogenizer 
layer where same comprises two lens arrays and one pinhole 
or tube array ; 
[ 0073 ] FIG . 20 schematically shows an artificial illumina 
tion device including a low - angle white - light diffuser posi 
tioned upstream the diffused - light generator ; 
[ 0074 ] FIG . 21 schematically shows a further embodiment 
of an artificial illumination device including a low - angle 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0049 ] Embodiments of the present invention will be 
detailed subsequently referring to the appended drawings , in 
which : 
[ 0050 ] FIG . 1 schematically shows an array of pairs of first 
light - emitting devices and collimating lenses as an example 
for a direct - light source , combined with a diffused - light 
generator , wherein observer ' s eyes are shown as looking 
onto the artificial illumination device thus obtained ; 
[ 0051 ] FIG . 2a schematically show an artificial illumina 
tion device in accordance with an embodiment with addi 
tionally schematically showing the luminance profile of the 
direct light ; 
[ 0052 ] FIG . 2b schematically shows an artificial illumina 
tion device in accordance with an embodiment with addi 
tionally schematically showing the luminance profile of the 
direct light ; 
[ 0053 ] FIG . 3a , b show 3 - dimensionally a schematic of an 
arrangement of a direct - light source and a diffused - light 
generator in accordance with the embodiments of FIGS . 2a 
and 2b , respectively ; 
[ 0054 ] FIG . 4 shows schematically an observer looking 
onto the emitting surface of a direct - light source and the 
bright spot appearing for the observer when looking onto the 
emitting surface ; 
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white - light diffuser which is , however , positioned down - 
stream the diffused - light generator ; 
[ 0075 ] FIG . 22a - c schematically shows an artificial illu 
mination device including a combination of a direct - light 
source and a diffused - light generator with additionally illus 
trating the CCT offset between direct , transmitted and dif 
fused light ; 
[ 0076 ] FIG . 23 schematically shows a diffuser panel for 
implementing the diffused - light generator ; 
10077 ] FIG . 24a , b schematically show combinations of a 
diffuser panel and a diffused - light source for implementing 
the diffused - light generator ; 
[ 0078 ] FIG . 25 schematically shows a diffused - light 
source for implementing a diffused - light generator ; 
[ 0079 ] FIG . 26 schematically shows a side view of a 
diffused - light source in accordance with an embodiment ; 
[ 0080 ] FIG . 27a - f schematically show artificial illumina 
tion devices and the direct - light source thereof according to 
different embodiments in generic terms with focus onto the 
interrelationship between direct and diffused light and their 
contribution to the outer light at the outer emitting surface ; 
10081 ] FIG . 28 schematically shows a cross section of an 
artificial illumination device of the conventional technology ; 
[ 0082 ] FIG . 29 schematically show a further artificial 
illumination device in accordance with the conventional 
technology ; and 
10083 ] FIGS . 30 , 31 schematically show further artificial 
illumination devices in accordance with the conventional 
technology 

DETAILED DESCRIPTION OF THE 
INVENTION 

of one single visual perception cue , or two or more com 
peting different high - level visual perception cues . 
0086 ] . In other words , the inventors noticed indeed that 
the visual perception of depth is determined by a series of 
visual cues such as : 

0087 ) Accommodation , i . e . the movement of ciliary 
muscles to adapt the eye lens to focus a scene ; accom 
modation is most effective for distances of a few 
meters ; 

10088 ) Binocular convergence , i . e . the fact that the axis 
of two eye balls of an observer converge onto the same 
object , i . e . converge onto the plane where the object is 
positioned . 

100891 . Motion parallax , i . e . the apparent relative motion 
of objects against a background seen by a moving 
observer ; strong cues to depth from motion parallax can 
be obtained even from only very slight body sway ; 

10090 ] Aerial perspective , i . e . the fact that objects at a 
great distance away have lower luminance contrast and 
color saturation due to light scattering by the atmo 
sphere . Moreover , the colors of distant objects are 
shifted toward the blue end of the spectrum ; 

[ 0091 ] Binocular disparity , i . e . the fact that each eye of 
an observer registers its own image of the same scene ; 
by using such two different images seen from slightly 
different angles , the observer is able to triangulate the 
distance to an object with a high degree of accuracy . 
Autostereograms , 3D movies and stereoscopic photos 
employ this visual perception cue to obtain depth 
perception of a bi - dimensional scene ; 

[ 0092 ] Depth from motion , i . e . the dynamical change of 
object size ; 

[ 0093 ] Perspective , i . e . the property of parallel lines 
converging at infinity ; 

[ 0094 ] Relative size between known objects ; 
[ 0095 ] Occlusion of objects by others . 

[ 0096 ] It has been found out that the infinite depth per 
ception of sky and sun images , which represents one of the 
requirements for the illumination device to appear as the 
actual sky and sun do in nature , is realized when it is 
coherently supported in particular by the synergistic action 
of binocular convergence , motion parallax and accommo 
dation visual depth perception cues , i . e . no conflict exists 
between these above mentioned visual perception cues . 
Aerial perspective gives also a further contribution in the 
perception of an infinite depth of sky and sun image . 
[ 0097 ] The inventors also noticed that visual perception 
conflicts may arise for two main reasons : 

[ 0098 ] ambiguity between two or more different depth 
planes depending on one single visual perception cue , 
which will be called intra - conflict ; 

[ 0099 ] conflict between information deriving from dif 
ferent visual perception cues , which will be called 
inter - conflict . 

10100 ] The absence of intra - and inter - conflicts between 
visual depth perception cues is fundamental in order to 
induce a natural perception of infinity depth of both sun and 
sky . Furthermore avoiding the lack of congruence among 
cues prevents from eye strain and discomfort , while 
increases viewing comfort . 
f0101 ] For example , reference is made to the already 
mentioned artificial illumination device shown in FIG . 29 . In 
particular , when directly viewing at the light source 902 , two 
competing images are simultaneously perceived by an 

[ 0084 ] As already introduced , the perception of natural 
illumination from sky and sun relies on the one side on the 
light emitted by the illumination device , which should 
feature a direct - light component highly collimated with low 
CCT , mimicking the light from the sun , and a higher CCT 
diffused - light component , mimicking the illumination effect 
of the sky , such that the direct - light component is able to cast 
sharp parallel shadows of the objects illuminated by the 
illumination device and the diffused - light component gives 
a bluish color to such shadows . On the other side , the 
perception of natural illumination from sky and sun relies on 
the perception of infinite depth of the sky and sun images 
when directly viewing at the illumination device itself . 
[ 0085 ] The capability of an observer to evaluate the dis 
tance of objects , and therefore the depth of the views that 
constitute a three - dimensional scenery , is based on multiple 
physiological and psychological mechanisms connected to 
focusing , binocular disparity and convergence , motion par 
allax , luminance , size , contrast , aerial perspective , etc . Some 
mechanisms may gain significance compared to the others 
according to both the observing conditions ( e . g , whether the 
observer is moving or still , watching with one or two eyes , 
etc . ) as well as the characteristics of the scenery , these latter 
depending , for example , on whether objects with known 
size , distance or luminance are present , serving as a refer 
ence to evaluate how distant the observed element of the 
scenery is . Notably , these mechanisms hold both in the case 
of real images and of virtual images . More specifically , 
visual discomfort or eye strain may arise when conflicts 
exist between two or more different image planes simulta 
neously perceived at different depths by an observer because 
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observer . The first image , owing to the inherent transparency 
of the Rayleigh panel , is the real image of the LED array , the 
finite distance of which is supported in particular by accom 
modation and binocular convergence onto the LED array 
plane , and motion parallax . The second image is the virtual 
image of a bright spot surrounded by a bluish background , 
which is perceived at infinity . This second image is given by 
the fact that , as long as each LED 910 shines a circular 
symmetric light cone having divergence and orientation 
identical to those of all other LEDs , the group of LEDs 910 
seen by each eye form a circular spot at the retina of the eyes 
of the observer . In other words , the LEDs 910 are seen under 
a cone with a fixed direction being given by the LED 
alignment direction which is , in the case of FIG . 29 , per 
pendicular to the panel 906 , and with fixed angular aperture 
which coincides with the LED divergence cone angle . 
Notably , each of the observer ' s eyes sees its own group of 
illuminated LEDs 910 under the given direction and cone 
angle . These bright spots are perceived by binocular con 
vergence at infinite distance , this being the setting which 
produces identical and equally centered images of such 
round spots on the retinas , as normal vision necessitates . The 
size of this bright spot depends on the angular divergence of 
the light emitted by each single LED element 910 . 
[ 0102 ] Since the light source 902 does not contain any 
mechanism which prevents the first image plane , i . e . the 
plane of the real image of the array of LEDs 910 , to be seen 
by an observer who directly looks at the light source 902 , a 
visual perception conflict arises between the two above 
mentioned images perceived at different planes . This con 
flict , which for example may be explained as an intra 
conflict determined by binocular convergence , thus prevents 
the observer to perceive the appearance of natural sky and 
sun . Notably , such perception conflict makes the device in 
FIG . 29 unfit for solving the technical problem at the base 
of the present invention . In other terms , the conflict arises 
because the observer sees the warm , direct - light component 
not only from the round bright spot , but also from the entire 
LED array . In fact , even if most of the light from the LEDs 
is shined inside their divergence cone , a non - negligible 
portion is still shined outside of it ( e . g . because of the 
scattering occurring inside the dome - LED device 910 , and 
because of the fact that the dome lens is by far not an 
imaging optical component ) , which makes an illuminated 
LED clearly visible as a luminous object from almost any 
angle of observation . 
[ 0103 ] The background light produced by the LEDs at 
large angles , i . e . outside the LED divergence cone , is by far 
not uniform and follows the LED pitch periodicity . Such 
absence of uniformity is interpreted by the inventors as the 
main reason which makes the first image of the LED array 
at finite distance to prevail onto the second image of the 
bright spot at infinite distance , even in the case where the 
average luminance due to LED at large angle is much lower 
with respect to the bright spot , and even if it is weaker with 
respect to the uniform luminance of the diffused - light gen 
erator , too . In fact , the human eye is made to be very 
sensitive to luminance spatial gradients , and particularly to 
luminance spatial periodic modulations . 
[ 0104 ] Moreover , the background light produced by the 
LEDs at large angles substantially spoils the color quality of 
the diffused light with respect , e . g . , to the case of the 

embodiment described in FIG . 28 , in the sense that the 
resulting color differs substantially from the color of light 
from a clear sky . 
[ 0105 ] The fact that the observer clearly sees the overall 
LED array beyond the panel unavoidably spoils both the 
uniformity and the color of the background , since contribu 
tion to the background from the LED source easily over 
comes that from the Rayleigh panel itself . As a consequence , 
neither the color nor the virtually infinite depth perception of 
the natural sky and sun scenery are reproduced by the device 
of FIG . 29 . 
[ 0106 ] Moreover , the minimum divergence achievable by 
commercial , dome - equipped LEDs is typically of the order 
of a few tens of degrees , i . e . a much larger figure than the 
0 . 5º value featuring the actual sun beam divergence . This 
limit causes for the light source 902 an angle of penumbra 
by far larger than the natural one . As a consequence , 
shadows of objects but those having huge size are not 
formed at all , whilst the sharpness of said large - object 
shadows is anyway very weak . The LED light - beam diver 
gence may be reduced , e . g . to values as low as 6° to 7º , by 
using larger collimators , e . g . the commercially available TIR 
( total internal reflection ) lenses , or CPC ( compound para 
bolic concentrator ) reflectors . This option , however , does 
not help in supporting the perception of infinite depth , these 
large collimators leading to a very coarse pixelation which 
is even easier to be spotted by the eye than standard LED 
domes . 
[ 0107 ] Indeed , a further problem of the light source 902 
depicted in FIG . 29 detrimental in the visual appearance of 
the natural sky and sun is the perceivable pixelation of the 
bright spot , i . e . on the angle under which such bright spot is 
observed . In fact , highly collimated LEDs lead to lens ( and 
thus pitch ) sizes that are usually much larger than the 
standard dome , i . e . of about 1 cm or more , which causes the 
bright spot to be formed by very few pixels , i . e . LED / lens 
pairs , where the number decreases with the decrease in LED 
divergence both because of the lower cone angle under 
which the spot is observed and because of the increase of the 
lens size . In this circumstance the virtual image which 
corresponds to an infinite depth plane splits into two sub 
stantially different pixelated images which make the per 
ception of the LED array plane to prevail over the infinite 
depth image . Such circumstance thus prevents an observer 
to spontaneously perceive an infinite depth for the sun 
image . 
[ 0108 ] Furthermore , the effect of the ambient light , i . e . of 
the light which comes from the ambient lit by the illumi 
nation device or some other light sources and which , cross 
ing the Rayleigh scattering panel 906 into upstream / reverse 
direction , lights again the LED 910 array , as well as the 
effect of the light which is reflected or diffused back by the 
Rayleigh panel 906 toward the LED array should be con 
sidered . This light , which typically comes from all of the 
directions , i . e . is diffuse , provides an undesired contribution 
which further increases the visibility of the LED array . In 
other terms , the device of FIG . 29 is not black even when it 
is switched off , as it happens when light feedback from the 
ambient does not play a role . 
[ 0109 ] Summarizing , the device of FIG . 29 fails in solving 
the technical problem at the base of the present invention 
because it fails in the requirement of visual appearance as 
the actual sky and sun when an observer directly views at the 
device itself , since it triggers visual perception cue conflicts 
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between concurring visual planes , these planes being for 
example the real image of the LED 910 array and the virtual 
image of a bright spot corresponding to the sun . Moreover , 
it also fails in properly representing the image corresponding 
to the sun due to the large cone angle under which the bright 
spot is perceived and the clearly perceivable pixelation of 
such virtual image . 
[ 0110 ] As a further example of the occurrence of conflicts 
among visual cues which prevent a device to produce a 
visual experience of infinite depth reference is made to the 
already mentioned embodiment depicted in FIG . 30 . In this 
respect it is worth mentioning that the embodiment is 
optimized for maximizing the luminous efficiency by direct 
ing as much as possible of both direct and diffused light in 
the forward direction by means of the usage of a single 
optical element , instead of two , to perform both collimation 
and Rayleigh scattering . To increase throughput , an antire 
flection coating and a reflecting chamber to redirect back 
scattered light in the forward direction , are provided . Nota 
bly , no efforts are made in the device of FIG . 30 in order to 
generate a warm ( e . g . low CCT ) direct light with minimum 
divergence , which would necessitate the warm - light source 
984 to be positioned at a focal distance from the lens 980 . 
In contrast , as it is apparent from FIG . 30 , the source 984 is 
positioned much closer to lens , the goal being maximizing 
the amount of light collected by the lens and not that of 
generating parallel rays . 
[ 0111 ] Owing to the small distance of the source 984 from 
the lens , the warm light exiting the circumferential portion 
of the lens is much weaker than the central one , due to the 
longer ray - path length from phosphor to lens and the larger 
inclination angle ( each ray contribution to illuminance is 
proportional to the inverse of the square of said path length 
times the cosine of the incident angle ) . In practice , assuming 
an average incidence angle of 60° on the outer portion of the 
lens , said difference may lead to warm - light luminance 
variation across the lens as a factor 8 , which induces a strong 
spatial modulation in the luminosity of the Rayleigh diffuser . 
Unevenness is here further increased because the diffuser 
thickness decreases where the illuminance ( from source 
984 ) gets smaller . 
10112 ] Therefore , the device shown in FIG . 30 still suffers 
from several problems , including but not limited to visual 
cue conflicts , which prevent the observer from gaining a 
natural feeling about the artificial illumination . In fact , the 
small distance between the warm - light source 984 and the 
lens causes the source ' s virtual image to appear at finite 
distance , differently from what occurs for the natural image 
of the sun . Moreover the uneven illumination of the ( lens ) 
Rayleigh diffuser causes an uneven sky - luminance profile , 
which in turn forces visual cues to trigger the formation of 
the luminous - lens ' real - image at the device plane , determin 
ing a cue conflict between said real and virtual image planes . 
In addition , the same close distance between source and lens 
leads the device in FIG . 30 to cast shadows featured by 
typical radially symmetric outwardly pointing behavior , 
differently from the case of the real sun . Finally , the reflector 
box 986 shines toward the observer several luminous con 
tributions , i . e . light coming directly from the source 984 , 
light reflected from the two lens - air interfaces , light back 
scattered from the nanodiffusers as well as light coming 
from the illuminated scene downstream of the lens and 
crossing the lens in upstream direction . As a consequence , 
the reflector box further prevents any possible large depth 

visual experience , by creating an uneven and luminous 
background beyond the Rayleigh diffuser , at intermediate 
position between lens ' s and source ' s image planes . Notably , 
due to the contribution of light from the source 984 and from 
the ambient to the reflected background , with color different 
from that of Rayleigh scattered light , the reflector box 986 
causes the color of the diffused light to depart from the 
actual color of sky light , thus spoiling the natural appearance 
of the sky and hindering possible positive effects related to 
the aerial perspective in deepening the perceived depth . In 
summary , the device of FIG . 30 fails in solving the technical 
problem at the base of the present invention because it fails 
both in the requirement of visual appearance as the actual 
sky and sun when an observer directly views at the device 
itself and in the requirement of illuminating an ambient as it 
is done by the sky and the sun . 
[ 0113 ] In order to further clarify the mechanism by which 
the virtual image of the bright spot may be formed at infinite 
distance in the case of an array of identical sources , the 
inventors of the present invention abstracted the structure 
shown in FIG . 29 as illustrated in FIG . 1 . That is , a 
diffused - light generator 10 is positioned downstream rela 
tive to a direct - light source 12 composed of a 2 - dimensional 
array of first light - emitting devices 14 with each first light 
emitting device 14 having a collimator 16 associated there 
with so as to collimate light output by the respective first 
light - emitting device 14 . The diffused - light generator 10 
may be a Rayleigh - like diffuser or may , as will be outlined 
in more detail below , alternatively or additionally comprise 
a diffused - light source which is at least partially transparent 
to the collimated light generated by direct - light source 12 . 
FIG . 1 also illustrates the observer ' s eyes 18 , and 18R 
looking into the direction of the artificial illumination device 
generally indicated with reference sign 20 . In FIG . 1 , the 
eyes 18 , and 18 , will naturally be set to infinity since due to 
binocular vision the observer will naturally try to have two 
sun images in the same position on the respective retina 22 . 
Due to the diffused - light generator 10 being placed close to 
the plane of collimators 16 , the eyes 18 and 18R will see a 
round sun in a blue sky environment . Notably , by walking in 
the room the eye will see the apparent sun crossing the panel 
as it happens in reality . If the source angular spectrum is not 
flat - top but bell shaped , the sun image will not be sharp , but 
blurred . It is reminded that FIG . 1 concerns only the for 
mation of the virtual image of the bright spot at infinite 
distance , while not considering the real image of the LED 
array which is formed by eye accommodation and conver 
gence onto the LED array plane and contributes in prevent 
ing the device represented in FIG . 29 from guaranteeing a 
natural visual appearance of sky and sun . 
[ 0114 ] FIG . 2a illustrates an embodiment according to the 
present invention , which is capable of illuminating an ambi 
ent as the sun and the sky do through a window , and which 
guarantees at the same time a visual appearance of the 
illumination device that guarantees the experience of virtu 
ally infinite depth as the sky and the sun do in nature when 
they are observed through a window . 
10115 ] . In other terms , the embodiment illustrates an arti 
ficial illumination device 20 for generating natural light as 
the sun and the sky , i . e . having a luminance profile and an 
appearance similar to that of the light from the sun and the 
sky . 
[ 0116 ] The artificial illumination device of FIG . 2a com 
prises a direct - light source . Merely a first emitting surface 28 
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of the direct - light source is shown for sake of alleviating the 
understanding of FIG . 2 . However , as became clear from 
FIG . 1 and will get clear from the following figures , not 
shown ) , the direct - light source comprises a first light - emit 
ting device configured to emit primary light and positioned 
upstream relative to the light - emitting surface . The direct 
light source 12 is configured to produce from the primary 
light a direct light 236 which exits the first emitting surface 
28 with a luminance profile L direct ( x , y , 4 , 0 ) which is 
uniform ( e . g . with respect to the spatial dependence ) across 
the first emitting surface 28 and has a narrow peak 30 ( i . e . 
with respect to the angular dependence ) along a direct light 
direction 32 , wherein x and y are the transverse coordinates 
along axes x and y spanning the first emitting surface 28 , 
9 is the polar angle measured relative to the direct - light 
direction 32 , and Q is the azimuthal angle . Although the term 
“ narrow ” is rendered more clear below , in general it might 
be interpreted as saying that L ' direct ( x , y , 9 , 0 ) has a peak 
subtended by a solid angle which is significantly smaller 
than 2t . sr , e . g . smaller than 0 . 4 sr , advantageously smaller 
than 0 . 3 sr , more advantageously smaller than 0 . 2 sr . 
[ 0117 ] Moreover , the artificial illumination device of FIG . 
2a also comprises a diffused - light generator 10 which is also 
not shown for illustration positioned downstream the first 
emitting surface 28 . The diffused - light generator 10 com 
prises a second emitting surface 34 and an input surface 33 
facing opposite to the second emitting surface , and is 
configured to be , at least partially , transparent to the light 
impinging onto the input surface 33 . Moreover , the diffused 
light generator 10 is configured to emit a diffused light 35 
from the second emitting surface 34 , wherein said diffused 
light 35 is the component of the outer light which exist the 
second emitting surface 34 being scattered in virtually all 
forward directions and being uniform or at least weakly 
dependent on the spatial coordinates x , y . For example , the 
diffused - light generator 10 is configured to emit a diffused 
light over a solid angle which is at least 4 times larger , 
advantageously 9 times larger , more advantageously 16 
times larger than the solid angle subtending the narrow peak 
30 . 

second light component ( e . g . at least 1 . 2 times lower , 
advantageously 1 . 3 times lower , more advantageously 1 . 4 
times lower ) . 
[ 0119 ] In a further embodiment depicted in FIG . 26 the 
mutual positions of the first emitting surface 28 and the 
second emitting surface 34 are inverted with respect to the 
case of FIG . 2a . In other words , in case of FIG . 2a , the 
second emitting surface 34 forms the outer surface 37 of the 
device 20 , whereas in case of FIG . 2b , the first emitting 
surface 28 forms the outer surface 37 of the device 20 . 
[ 0120 ] Specifically , the embodiment of FIG . 2b refers to 
an artificial illumination device which comprises a direct 
light source ( not shown ) , which in turn comprises a first 
light - emitting device 14 ( not shown ) configured to emit 
primary light ( not shown ) and a first emitting surface 28 
positioned downstream the direct - light source , wherein said 
direct - light source 12 is configured to produce from the 
primary light a direct light 236 which exits the first emitting 
surface 28 with a luminance profile L direct ( x , y , 4 , 0 ) which 
is uniform ( e . g . with respect to the spatial dependence ) 
across the first emitting surface 28 and has a narrow peak 30 
( i . e . with respect to the angular dependence ) along a direct 
light direction 32 . Moreover the embodiment in FIG . 2b also 
comprises a diffused - light generator 10 ( not shown ) posi 
tioned downstream the first light - emitting device and 
upstream the first emitting surface 28 ( i . e . positioned inside 
the direct - light source 12 ) and configured to be , at least 
partially , transparent to the primary light , i . e . to the light 
impinging onto the input surface 33 , and emit a diffused 
light 35 from a second emitting surface 34 , wherein said 
diffused light 35 is the component of the light which exists 
the second emitting surface 34 being scattered in virtually all 
forward directions and being uniform or at least weakly 
dependent on the spatial coordinates x , y . Therefore , for the 
embodiment in FIG . 2b the first emitting surface 28 is 
positioned downstream the second emitting surface 34 , and 
the luminance profile L direct ( x , y , 9 , 0 ) is the luminance at 
the first emitting surface 28 wherein the diffused - light 
generator 10 is physically removed from the system . In the 
embodiment of FIG . 2b , the illumination device is config 
ured so that the primary light 14 has a CCT which is lower 
than a CCT of the diffused light 35 ( e . g . at least 1 . 2 times 
lower , advantageously 1 . 3 times lower , more advanta 
geously 1 . 4 times lower ) . Owing to the fact that the diffused 
light generator 10 is at least partially light - transparent , the 
outer light at the first emitting surface 28 comprises a first 
light component which propagates along directions con 
tained within the narrow peak 30 and a second light com 
ponent which propagates along directions spaced apart from 
the narrow peak 30 , wherein the first light component has a 
CCT which is lower than a CCT of the second light 
component . 
[ 0121 ] As a particular case , a further embodiment is 
possible which differs from the embodiment of FIG . 2b only 
for the fact that the first emitting surface 28 coincides with 
the second emitting surface 34 . In other terms , the embodi 
ment comprises a dichroic optical element which assures 
both the functionalities of the diffused - light generator 10 and 
of the first emitting surface 28 , as for example the function 
ality of generating a diffused - light component with CCT 
higher than the CCT of the primary light 14 and the 
functionality of collimating the complementary light com 
ponent having CCT lower ( e . g . at least 1 . 2 times lower , 
advantageously 1 . 3 times lower , more advantageously 1 . 4 

[ 0118 ] In addition , the device of FIG . 2a is configured so 
that the direct light 236 produced by the direct - light source 
12 has a CCT which is lower than a CCT of the diffused light 
35 ( e . g . at least 1 . 2 times lower , advantageously 1 . 3 times 
lower , more advantageously 1 . 4 times lower ) . Owing to the 
fact that the diffused - light generator 10 is at least partially 
light - transparent , at least a portion of the direct light 236 
propagates downstream the second emitting surface 34 . As 
a consequence , the outer light comprises a first light com 
ponent which propagates along directions contained within 
the narrow peak 30 ( for example along at least 90 % of the 
directions subtending the narrow peak 30 , i . e . 90 % of the 
directions with polar angle I smaller than the HWHM polar 
angle of the narrow peak ) and a second light component 
which propagates along directions spaced apart from the 
narrow peak 30 , e . g . directions spanning at least 30 % , 
advantageously 50 % , most advantageously 90 % of the 
angular region outside the cone with axis directed along 
direction 32 and half - aperture 3 times larger than the 
HWHM polar angle of the narrow peak , wherein the first 
light component has a CCT which is lower than a CCT of the 
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times lower ) than the CCT of the primary light , respectively , 
as for the lens 980 in FIG . 30 . In this case the property of 
generating a luminance profile Ldirect ( x , y , 9 , 0 ) which is 
uniform ( e . g . with respect to the spatial dependence ) and has 
a narrow peak 30 ( i . e . with respect to the angular depen 
dence ) along a direct light direction 32 should be attributed 
to the case of a direct - light source 12 which comprises an 
optical element identical to the dichroic optical element but 
without the functionality of the diffused - light generator . 
[ 0122 ] As a further particular case , an embodiment is 
possible wherein the process of transforming the primary 
light into the direct light ( e . g . the collimation process ) is 
performed by a few optical elements positioned upstream of 
the first emitting surface 28 , and wherein the diffused - light 
generator 10 , positioned upstream of the first emitting sur 
face 28 , is neither directly lit by the primary nor by the direct 
light , but it is lit by an intermediate light evolving from the 
primary light and resulting in the direct - light at the first 
emitting surface 28 . Also in this case , Ldirect ( x , y , 9 , 0 ) ' s 
performances has to be verified with having physically 
removed the diffused - light generator from the illumination 
device . 
[ 0123 ] A further , more general , embodiment of the artifi 
cial illumination device assures all the features of the four 
embodiments of above and therefore it comprises : 

[ 0124 ] a direct - light source 12 ; and 
10125 ] a diffused - light generator 10 , 
[ 0126 ] wherein the direct - light source 12 comprises a 

first light - emitting device 14 configured to emit a 
primary light , and a first emitting surface 28 positioned 
downstream the first light - emitting device , 

[ 0127 ] wherein the diffused - light generator 10 is at least 
partially light - transparent and is positioned down 
stream the first light - emitting device and comprises a 
second emitting surface 34 and is configured to cause 
diffused light 35 at the second emitting surface 34 , 

[ 0128 ] wherein the direct - light source 12 is configured 
so that , with the diffused - light generator 10 being 
removed if positioned upstream the first emitting sur 
face 28 , the direct - light source 12 produces from the 
primary light a direct light 236 that exits the first 
emitting surface 28 with a luminance profile which is 
uniform across the first emitting surface 28 and has a 
narrow peak 30 in the angular distribution around a 
direct - light direction 32 , 

[ 0129 ] wherein one of the first emitting surface 28 and 
the second emitting surface 34 is positioned down 
stream with respect to the other and forms an outer 
emitting surface of the artificial illumination device or 
both the first emitting surface 28 and the second 
emitting surface 34 coincide to form the outer emitting 
surface of the artificial illumination device , 

[ 0130 ] wherein the artificial illumination device is con 
figured such that the direct - light source 12 and the 
diffused - light generator 10 co - operate to form outer 
light at the outer emitting surface which comprises a 
first light component which propagates along directions 
contained within the narrow peak 30 ( for example 
along at least 90 % of the directions subtending the 
narrow peak 30 ) and a second light component which 
propagates along a directions spaced apart from the 
narrow peak 30 ( for example along directions spanning 
at least 30 % , advantageously 50 % , most advanta 
geously 90 % of the angular region outside the cone 

with axis directed along direction 32 and half - aperture 
3 times larger than the HWHM polar angle of the 
narrow peak ) , 

[ 0131 ] wherein the first light component has a CCT 
which is lower than a CCT of the second light com 
ponent , for example 1 . 2 times lower , advantageously 
1 . 3 times lower , most advantageously 1 . 4 times lower . 

[ 0132 ] The embodiments in FIGS . 2a and 2b and the 
outlined alternatives and generalizations all assure a direct 
light source featured by a luminance profile L direct ( x , y , 9 , 
0 ) which is at the same time uniform with respect to the 
spatial coordinates , and narrowly peaked with respect to the 
angular coordinate . As the diffused - light generator is at least 
partially light - transparent , the actual features of L direct ( x , y , 
9 , 0 ) are essential with respect to the visual perception cues . 
[ 0133 ] It is noticed that the uniformity of Ldirecc ( x , y , y , 
0 ( with respect to the spatial coordinates ) is sufficient to 
avoid visual perception cue conflicts . In fact , the inventors 
noticed that a uniform luminance profiles cannot lead to a 
depth perception different from an infinite depth perception 
for any among the accommodation , binocular - convergence 
and motion parallax visual cues . Moreover , the narrow peak 
30 in the Ldirect ( x , y , 9 , 0 ) angular profile plays a key role 
in the visual appearance of a prevailing infinite depth 
perception . 
( 0134 ] Indeed , the presence of a uniform luminance pro 
file along spatial coordinates with a sharp angular peak 
generates , similarly to the setup depicted in FIG . 1 , a virtual 
image supported by binocular convergence at infinity . Such 
uniformity overcomes the evident limitations of the embodi 
ment in FIG . 29 , since the real image of the LED array is 
determined by the non - spatially uniform luminance due for 
example to the LED elements pitch . 
[ 0135 ] It is noted that a peak 30 in the angular profile of 
the spatially uniform L direcr ( x , y , 9 , 0 ) further improves an 
infinite depth perception . In fact , an observer ' s visual atten 
tion is attracted by the plane where the highest luminance , 
the highest contrast and the highest spatial frequency ( pro 
vided that it is smaller than the frequency corresponding to 
the angular resolution limit ) occur . In other terms , the 
binocular convergence sets the eyes in order to avoid sharp 
and bright images to be differently positioned on the two 
retinas , with respect to correlated positions . Therefore the 
narrow peak in the L direct ( x , y , 9 , 0 ) angular profile , as long 
as it is perceived by the two eyes from the same direction 
( which follows from L direct spatial uniformity and the fact 
that it is peaked along direct light direction 32 ) forces the 
two eyes to be aligned along parallel directions , supporting 
infinite depth perception of a bright spot representing the 
sun . Notably , this happens independently of the actual 
direction along which both the axes of the eye balls are 
aligned , i . e . even if the eyes are oriented so that the L direct 
peak creates a spot far from the center of eyes ' retinas . In 
other words , the effect occurs as long as the bright and 
narrow spot is in the visual field , no matter if it is in the 
center or on a side . 
10136 ] . Moreover , due to the already mentioned fact that an 
observer ' s visual attention is attracted by the plane where 
the highest luminance , the highest contrast and the highest 
spatial frequency ( below resolution limit ) occur , also eye 
accommodation in the case of the embodiment of FIG . 2 is 
prevailingly brought to an infinite plane , this being the 
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virtual plane at which the highest luminance , contrast and 
spatial frequency occur because of the narrow angular peak 
30 in the luminance L direct ( x , y , 9 , 0 ) . 
[ 0137 ] The spatial uniformity of L direct ( x , y , 9 , 0 ) ensures 
also an infinite depth perception for the visual cue of motion 
parallax , since a moving observer experiences the virtual 
image due to any angular structure of L direct ( x , y , 3 , 0 ) , e . g 
the narrow peak 30 which represents the sun , as moving 
together with him / her as very far away objects appear to 
move in reality . 
[ 0138 ] Moreover , the characteristics of the luminance pro 
file in the embodiments above described result not to depend 
on the number of observers and their relative position with 
respect to the source , in the sense that each single observer 
experiences the same infinite depth perception coherently 
supported by visual perception cues . 
[ 0139 ] The luminance profile L direct ( x , y , 9 , 0 ) of the light 
exiting the first emitting surface 28 of the direct - light source 
12 therefore ensures the absence of intra - and inter - conflicts 
between visual depth perception cues , this being fundamen 
tal in order to induce a natural perception of infinity depth 
of both sun and sky . 
[ 0140 ] It is noted that the capacity of L direct ( x , y , 9 , 0 ) of 
determining infinite depth perception typically increases 
with the increase of the contrast between peak and back 
ground in the luminance angular profile , i . e . a dark back 
ground strongly supports a prevailing infinite depth percep 
tion , in presence of a bright angular peak . 
[ 0141 ] It is also pointed out that a dark background further 
improves the prevailing infinite depth perception with 
respect to a brighter one since the lower the average lumi 
nance value of these non - uniform structures is with respect 
to the main narrow angular peak , the lower the visibility of 
possible non - uniformities in the background luminance pro 
file is . In other terms , a non - uniformity in a dark background 
determines much weaker visual perception cue conflicts than 
a non - uniformity of an intense background , for the same 
relative amplitude of fluctuations with respect to the average 
value of the background , where dark or intense are to be 
intended with respect to the luminance of the narrow angular 
peak 30 . 
[ 0142 ] It is also noticed that the request of L direct ( x , y , 9 , 
0 ) being at the same time uniform in the ( x , y ) profile and 
peaked in the ( 9 , 0 ) profile is contradictory for the case of 
the embodiment in FIG . 29 , since uniformity in the ( x , y ) 
profile demands for a minimization of the collimators ' size 
down to the micro - optics regime , so that fluctuations 
become unperceivable , whilst the narrow peak in the ( 9 , 0 ) 
profile demands for a maximization of the collimators ' size , 
e . g . in order to remove the inherent divergence of the LED 
sources . 
[ 0143 ] The narrow angular peak 30 along the direct - light 
direction 32 ensures parallel shadows with a sharp penum 
bra . The diffused - light generator 10 ensures on one side that 
the embodiment represented in FIG . 2 illuminates an ambi 
ent as the natural sky and sun , by providing a higher CCT 
diffused light component which tinges shadows in a bluish 
color as it happens for natural light entering an actual 
window . On the other side , the diffused - light generator 10 
affects also the visual appearance of the device itself when 
directly looking at it . In fact , the diffused - light generator 10 
creates a diffuse luminous bluish background around the low 

CCT bright spot determined by the luminance of the direct 
light source . This luminous background , instead of spoiling 
the infinite depth perception as it would happen for a white 
or a gray luminous background , further supports the infinite 
depth perception because of the synergistic action between 
the aerial perspective visual cue and the other visual cues , 
already described , supported by the direct - light source 
alone . 
[ 0144 ] With respect to said synergistic action , i . e . with 
respect to the depth perceived by the observer when looking 
at the diffused - light generator 10 while also having the 
bright spot representing the sun on a side of the visual field , 
the inventors notice the key role played by the three con 
current effects of the narrow peak in the L divery angular 
profile , of the spatial uniformity and smooth angular depen 
dence of the diffused - light emitted from the second emitting 
surface 34 and of the high value of the diffused - light CCT 
( with respect to the direct light CCT ) . In fact , the spatial 
uniformity and smooth angular dependence of the diffused 
light alone would leave the perceived distance of the source 
of the diffused light as undetermined , i . e . it would be difficult 
for an observer to estimate the distance between him / her and 
the second emitting surface 34 except for the frames or 
similar portions where uniformity vanishes . Under such 
circumstances , the presence of any minor detail which 
directs the observer ' s attention to the diffused - light genera 
tor physical plane ( e . g . the presence of scratches onto the 
diffuser surface ) would create a prevailing depth perception 
focused onto the second emitting surface 34 . In contrast , the 
narrow peak in the L direct angular profile forces the eyes to 
converge at infinity . As a consequence , the plane from which 
the diffused light is perceived to be originated is dragged to 
infinity as well . This happens because when the observer 
looks at a uniform background , the distance of which is per 
se not defined , the convergence , accommodation and motion 
parallax visual perception cues remain settled by the single 
defined structure in the scene , represented in this case by the 
narrow angular peak 30 in the L direct . It has been found out 
that in the case of the embodiment shown in FIG . 2 this 
effect is substantially enhanced when the diffused light has 
the color and the luminance ( with respect to the ambient ) 
similar to that of the sky , as it occurs for a diffuser operating 
in Rayleigh scattering regime . In fact , in this case the 
observer ' s habit of perceiving the sky as a distant object 
enforces , from a psychological point of view , the infinite 
depth perception . In other terms , the aerial perspective 
further contributes in dragging the background to infinite 
distance . Finally it can be noticed that the outlined dragging 
of the bluish background to infinite distance was not 
observed for the embodiment in FIG . 29 , since in that case 
the perceivable pixelation drags the plane of emission of the 
diffused light onto the LED array plane . 
[ 0145 ] As it will turn out from the specific embodiments 
outlined below , the artificial illumination device 20 may be 
constructed so as to be " compact ” in the sense defined herein 
below : considering the smallest volume Q encompassing the 
direct - light source 12 , being T the length of the ( cylindrical ) 
projection of Q onto a line parallel to the direction 32 and 
being U the maximum distance between any two points on 
the first emitting surface 28 , the direct - light source 12 is 
configured so that the width of the narrow peak 30 in the 
L direct angular profile is much smaller than arctan ( U / 2 / T ) , 
i . e . 2 times , advantageously 4 times , more advantageously 6 
times smaller than 2 arctan ( U / 2 / T ) , which means that by no 
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means the narrow peak 30 can be obtained by simply 
positioning a light emitter far away from surface 28 . 
[ 0146 ] In a certain embodiment , the light illumination 
device is compact in the further sense that , as shown in FIG . 
3a , b , the direct - light source 12 may be accommodated 
within a cuboid , the area of the ground face 12a of which is 
equal to or greater than the area of the light - emitting surface 
and the height 126 of which is smaller than a maximum 
width of the first emitting surface 28 . The ground face 12a 
may comprise the first emitting surface 28 or may be placed 
parallel thereto with the first emitting surface 28 completely 
residing within the cuboid . Just in order to give examples , 
the area of the first emitting surface 28 may be greater than 
10 cmx10 cm . The area of the ground face 12a may be 
smaller than 1 . 1 times the area of the first emitting surface 
28 . The aforementioned maximum width may be defined as 
the minimum distance between any two points of the first 
emitting surface 28 . 
10147 ] In the case of the embodiments further outlined 
below , the diffused - light generator 10 does not accommo 
date much space . For example , the diffused - light generator 
10 may be arranged within a cuboid having its ground face 
10a in the same plane as the first emitting surface 28 and 
extending into the downstream direction 36 by a height 10b , 
as shown in FIG . 3a . The area of ground face 10a may be 
equal to or smaller than ground face 12a and the same 
applies to height 10b which may be smaller than or equal to 
height 12b . The top face 10c opposite to ground face 10a 
may comprise the second emitting surface 34 or the latter 
may be contained within the cuboid of the diffused - light 
generator 10 . The area of the second emitting surface 34 is 
approximately equal to the area of the first emitting surface 
28 such as , for example , + / - 10 % of the area of the first 
emitting surface 28 . As said before , the ground faces of the 
cuboids of generator 10 and source 12 may exceed the areas 
of the surfaces 34 and 28 . The height 10b may be smaller 
than 10 % of the aforementioned maximum width of first 
emitting surface 28 or smaller than 10 cm irrespective of the 
maximum of first emitting surface 28 . The downstream 
direction 36 may , for example , be defined to point into the 
direction 32 into which the direct light generated by direct 
light source 12 is emitted from the first emitting surface 28 . 
As said , this direction 32 may be parallel to the normal of 
first emitting surface 28 . FIG . 3b corresponds to the sequen 
tial arrangement between surfaces 28 and 34 of FIG . 2b . 
Here , the cuboid of generator 10 may be completely con 
tained within the direct - light source ' s cuboid . 
[ 0148 ] As a consequence of the direct - light source ability 
to produce the direct light such that same exits the first 
emitting surface 28 with a luminance profile L divert which is 
uniform across the first emitting surface 28 and has the 
narrow peak 30 around the direct - light direction 32 , it 
follows that : 1 ) the direct - light direction 32 is substantially 
constant all over the first emitting surface 28 , 2 ) the diver 
gence is small , and 3 ) the divergence is substantially con 
stant over all the first emitting surface 28 . As to what extent 
" small " and " substantial ” may be obeyed is explained in 
more detail herein below . In any case , with reference to FIG . 
4 , due to the direct light generated by the direct - light source 
12 obeying these constraints , an observer 38 who looks at 
the direct - light source and its first emitting surface 28 , 
respectively , sees a bright spot 40 under a narrow visual 
cone angle 42 , the spot being perceived at infinite distance 
with respect to binocular - convergence , accommodation and 

motion parallax depth cues . In other words , the observer 38 
sees , when looking towards the first emitting surface 28 , a 
bright spot 40 which , when the observer moves relative to 
the light - emitting surface , moves relative to the first emitting 
surface 28 as if the bright spot 40 stemmed from an object 
positioned at infinity . 
10149 ] In order to define the aforementioned constraints to 
be obeyed with respect to the aforementioned uniformity 
and the sharpness of the peak by the luminance profile of the 
light generated by the direct - light source 12 at the first 
emitting surface 28 , one could differentiate between the 
inner direct - light component on the one hand , which con 
tributes to the formation of the narrow peak , and the 
surrounding more divergent component on the other hand , 
which leads to the formation of a residual background , and 
between possible variations of the luminance profile within 
smaller areas and greater areas , i . e . almost the whole area of 
the first emitting surface 28 , relating to the binocular 
convergence and motion - parallax depth cues . The con 
straints are defined herein below . 
[ 0150 ] In particular , the direct - light source 12 emits light 
with uniform intensity across the first emitting surface 28 at 
single , given direction 32 with respect to the emitting 
surface ' s normal z , with very low , advantageously circular 
symmetric , divergence cone and low background outside 
such divergence cone , where both the divergence and the 
background are also uniform across the panel . In this regard , 
L ' direct ( x , y , 9 , 0 ) shall denote the luminance of the direct 
light as generated by the direct - light source at a dark 
environment , i . e . without any light originating or reflected 
from outside the direct - light source , where x , y , I and o are 
as defined before . It is submitted that in expressing the 
luminance in function of the spatial and angular coordinates 
one should account for the actual angular resolution of the 
detector and its distance from the source , which in turn 
determines the detectable spatial resolution . In the context of 
the present invention , it is assumed an angular resolution of 
0 . 07 " , which approximates the typical naked eye angular 
resolution , and a spatial resolution of 1 mm , which corre 
sponds to an observation distance of about 1 m . Therefore all 
the constraints concerning the luminance profiles described 
in the context of the present invention should be intended as 
referred to the above mentioned resolutions , in the sense that 
variations that eventually occur at higher angular or spatial 
frequencies ( i . e . which could be detected with higher angu 
lar resolution and / or at closer distance ) are not relevant for 
the purpose of the present invention . The constraints may be 
such that : 
[ 0151 ] far from direction 32 , i . e . for polar angles 9 > 3 
9 HWHM , where I uwum is the HWHM ( half width half 
maximum ) of a mean polar - angle distribution being an 
average over the luminance profile L direct over all positions 
( x , y ) in the light - emitting surface and all azimuthal direc 
tions o , the luminance profile direct drops below 10 % , 
advantageously below 1 % , most advantageously below 
0 . 1 % of an absolute maximum of L direct over all positions 
and angles , and 
close to direction 32 , i . e . for polar angle Ist HWHm the 
luminance profile L direct is weakly dependent from the 
azimuthal coordinate Q ; e . g . for each position ( x , y ) , the I , 
o region outside which L direct drops below 10 % of the 
maximum is substantially a cone with circular base , which 
allows the observer to perceive a round spot when looking 
at the source into direction 32 ; quantitatively , the difference 
between max and min polar angles of said region normalized 
to the half sum of the same quantities may be below 0 . 5 , 
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g ( Ldirect ( x , y ) 10 , 6 ) s j• ' ( Ldirect ( x , y ) lov ) , x , y x , y 

advantageously below 0 . 2 , most advantageously below 0 . 1 
for any position in the sample ; 
wherein 9 HwHM $ 2 . 5° , advantageously 9 HWHM $ 1 . 5° , more 
advantageously 9 HWHM50 . 5º . 
[ 0152 ] In formulas , this means : [ 0157 ] for ( x , y ) A10mm ( X , Y ) , VpE [ 0 ; 2 [ and V9 > 3 
Ldirect ( x , y , 0 , 0 ) < k . Lmax for ( x , y ) E A , WE [ 0 ; 28 [ and I > 30 HWAM 9 HWHM 

[ 0158 ] with j = 0 . 3 , advantageously j = 0 . 1 
and 

Imax ( x , y ) – I min ( x , y ) , sh for ye [ 0 ; 27 [ , ( x , y ) e A and I s OHWHM Imax ( x , y ) + Imin ( x , y ) - " O ( Ldirect ( x , y ) 10 , 6 ) 58 : M ( Ldirect ( x , y ) 10 , 6 ) , x , y x , y 

[ 0159 ] for ( x , y ) eA90 % , Voe [ 0 ; 2 ] [ and V9 > 39 HWHM 
[ 0160 ] with g = 0 . 4 , advantageously g = 0 . 3 , more advan 

tageously g = 0 . 2 . 

wherein 
[ 0153 ] A denotes the area of the first emitting surface 28 , 
9 HwHM 2 . 5° , advantageously 9 HwM = 1 . 5° , more advan 
tageously 9 HWHM50 . 5° , 
k = 0 . 1 , advantageously k = 0 . 01 , most advantageously k = 0 . 
001 , 
h = 0 . 5 , advantageously h = 0 . 2 , most advantageously h = 0 . 1 
and wherein the following definitions hold true : 

o ?arg max Ldirect ( 0 , 4 ) k . y . ) 0 . 2 . 0HWHM for ( x , y ) € Adiam ( X , Y ) , * , 

garg max Ldirect ( 9 , 6 ) 3 . v . ) < JHWHM for ( x , y ) e A90 % x , y 

Lmax = max ( Ldirect ( x , y , 2 , 4 ) ) x , y , 4 , 09 

Lmean polar angle distr ( 0 ) = Ldirect ( x , y , d , « ) dydxdy 
1J VE ( 0 : 27 [ J ( x , y ) EA 

wherein all ( X , Y ) 8A90 % 9 HWHM 2 . 5° , advantageously 
9 HWHM = 1 . 5° , most advantageously 9 HWHM50 . 5° , and with 
A90 % denoting a portion taking up 90 % of the whole area of 
the first emitting surface 28 which portion may be simply 
connected or not , A10mm denoting any circular area of 10 mm 
diameter at ( X ; Y ) within A , Adiam denoting a circular area at 
( X ; Y ) within A of 5 cm diameter , advantageously 10 cm 
diameter , more advantageously 20 cm diameter , 

9 HWNHWHM ( Lmem polar angl diso ( 4 ) 
9 min ( x , y ) = min { 4119 > 9 , 10 , direc ( x , y , I ' , ° ) 50 . 

1 . Lmax } 

denoting the standard deviation of the argument with respect 
to the spatial coordinates , 

Il 
x , y 

denoting the mean value of the argument with respect to 
spatial coordinates , and wherein the following definitions 
hold true : 

max ( x , y ) = max { I 1189 , 10 , 1 direc ( x , y , 2 : 0 ) 50 . 
1 . L max } 

[ 0154 ] Putting more focus on the uniformity of the 
residual direct - light background far from direction 32 , the 
request on L direct is to show minimal spatial amplitude 
fluctuations for polar angle o greater than 39 HWHM ; e . g . 
the ratio between a standard deviation of said luminance 
spatial fluctuations and the luminance average value may not 
exceed the value of 0 . 3 , advantageously not exceed the value 
of 0 . 1 , within any 10 mm diameter spatial circular areas and 
for at least 90 % of the light - emitting surface , and may not 
exceed the value of 0 . 4 , advantageously not exceed the value 
of 0 . 3 , more advantageously not exceed the value of 0 . 2 , 
within the entire at least 90 % of the light - emitting surface , 
for any fixed azimuthal angle o and for any fixed polar angle 
4 greater than 39 HWHM 
[ 0155 ] as far as direct - light uniformity close to direction 
32 is concerned , the request on L direct is of not exhibiting 
spatial fluctuations in a ( local ) polar angle leading to ( local ) 
maximum luminance with standard deviation larger than 
20 % of 9 HWHM within spatial areas of 5 cm diameter , 
advantageously 10 cm diameter , more advantageously 20 
cm diameter , and does not exhibit spatial fluctuations in the 
( local ) polar angle leading to ( local ) maximum luminance 
with standard deviation larger than 9 HWAM within the entire 
at least 90 % of the entire light - emitting surface , wherein 
9 HwHM52 . 5° , advantageously I HwM = 1 . 5° , most advan 
tageously 9 HWHM + 0 . 5º . 
[ 0156 ] Described in formulas , the just mentioned con 
straints could be formulated as 

Llocal max ( x , y = maxLdirect ( 2 , 4 ) X , Y 
( i . e . a maximum luminance at given position ) and 

arg max Ldirect ( , ) | x . , = { 0134 Ldirect ( 0 , ) , y = Local max | x , y } 

( i . e . a polar angle at which said maximum luminance at 
given position occurs ) 
and wherein 

L ' direc ( x , y ) | 9 " * = direc ( x , y , g ' ; " ) for I ' = 9 " , 0 = 0 , 
Ldirecek : 9 " , P ) \ xy = L directx " y ' , 39 " , p ) for x ' = x , y = y 

[ 0161 ] Summarizing , by the above constraints it is assured 
that for polar angles sufficiently spaced apart from the 
direct - light direction 32 , L direct is fairly weak and uniform , 
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while for polar angles close to direct - light direction 32 , 
L direct is weakly dependent on azimuthal coordinate , and is 
peaked at the same direction , i . e . J ' = 0 , for any ( x , y ) ?A , at 
least substantially , so that the appearance of a round spot 40 
is assured . As denoted above , by these constraints it is 
assured that the observer 38 will see only a bright and round 
spot 40 , with full - width angular size 42 equal to , or similar 
to , 2 . 4 HWHM , surrounded by a weak and uniform back 
ground . 
[ 0162 ] In a certain embodiment , the direct - light source is 
configured to ensure dark and uniform background also 
when it is operated inside a fairly luminous environment , i . e . 
it is configured so that ambient light is not reflected or back 
scattered in an amount which may spoil the appearance of 
the first emitting surface 28 in terms of background lumi 
nance level and uniformity . In fact , in use , the first emitting 
surface 28 not only emits but also may receive light from , for 
example , the diffused - light generator 10 ( if positioned 
downstream of it ) and / or from the ambient . For example , in 
the ideal case of the artificial illumination device 20 illumi 
nating a perfectly white room , the entire luminous flux 
generated by the direct - light source would return to the 
direct - light source itself . 
[ 0163 ] The request of above translates into a request for 
the first emitting surface 28 to have a dark and uniform 
appearance under diffuse external illumination when the 
direct - light source 12 is off . Specifically , in the present 
embodiment the direct - light source 12 is configured so that 
the first emitting surface 28 has a total reflectance ( average ) 
factor n , 50 . 4 , advantageously n , 50 . 2 , more advantageously 
n , 50 . 1 , even more advantageously n , 50 . 04 , wherein the 
total reflectance factor n , is defined as the ratio of the 
luminous flux , reflected at all angles within the hemisphere 
bounded by the plane of the specimen , to the flux reflected 
from a perfect reflecting diffuser under the same geometric 
and spectral conditions of measurement , e . g . under diffuse 
illumination by a D65 standard illuminant which provides 
uniform illuminance ( lux / m ) onto the sample . 
[ 0164 ] In a further embodiment , the request on the dark 
and uniform appearance of the first emitting surface 28 far 
from direction 32 is even more stringent , since it is neces 
sitated that reflected light is upper bounded by direct light 
both for what concerns the absolute luminance value and its 
fluctuations . More precisely , the embodiment ensures that 
the first emitting surface 28 preserves the same character 
istics in terms of the background light also as a passive 
optical element , i . e . with respect to light that it reflects and 
diffuses when it is made to operate inside a fairly luminous 
environment . In other terms , the direct - light source 12 
guarantees dark and uniform appearance for any polar angle 
of observation outside the emitting cone 30 also in the 
presence of strong ambient light . 
[ 0165 ] The request could be translated in saying that the 
direct - light source 12 should be configured such that , when 
the diffused - light generator 10 is removed from the artificial 
illumination device and the direct - light source 12 is off and 
the first emitting surface 28 is illuminated by an external 
diffused light which delivers onto the first emitting surface 
28 a constant illuminance equal to the average of the 
illuminance delivered by the direct - light source 12 itself 
onto the first emitting surface when it is on , the external 
diffused light is reflected or back - scattered by the light 
emitting surface producing a reflectance luminance profile 
Lr at the first emitting surface 28 which is weaker than 

L direct at any position and any angle within at last 90 % of the 
first emitting surface 28 , and wherein Lr exhibits an ampli 
tude standard deviation within any 10 mm diameter spatial 
circular area that lower than the corresponding standard 
deviations of Ldirect within at last 90 % of the first emitting 
surface 28 . 
[ 0166 ] In formulas , the aforementioned constraints on the 
" weakness ” and “ uniformity ” of LR , read : 

Lp ( x , y , 2 , 0 ) < Ldirec ( x , y , 39 , 0 ) 
for all x , yeA90 % , all de [ 0 ; 2A [ and all 9 e [ 0 , ] 

XO ( LR ( x , y ) | 9 , 6 ) < x , 70 ( Ldirect ( x , y ) | 19 . p ) , 
for ( x , y ) EA10mm ( X , Y ) all Qe [ 0 ; 21 [ and all 9 € [ 0 , 1 ] 
wherein all ( X , Y ) A90 % 
with A90 % denoting a portion taking up 90 % of the whole 
area of the first emitting surface 28 which portion may be 
simply connected or not , A10mm denoting any circular area of 
10 mm diameter at ( X ; Y ) within A , x0 denoting the 
standard deviation of the argument with respect 
to the spatial coordinates , and wherein 

LR9xP ) xy = Lg ( x " , y ' , 8 , p ) for x ' = x , y ' = y 
[ 0167 ] In a different embodiment , the constraints on the 
spatial fluctuations in the direction and the width of the 
narrow peak 30 of light generated by the direct - light source 
12 at the first emitting surface 28 are formulated differently , 
namely the luminance profile L direct shows a range of a 
distribution of a local direction of a maximum value over the 
first emitting surface 28 , of less than 2° , and the mean value 
over the first emitting surface 28 of a HWHM of a local 
average polar angle profile of L direct averaged over all 
azimuthal angles is below 5º . Expressed in terms of formu 
las , this means : 

< 20 for all x , y E A 90 % max arg max L 
X , yo Ix , y ) max _ arg max Idies ( 0 , 99 | . ) s 20 for all x , ye Agon 
( uwum ( . Sepan adires ( 8 , 9 ) . , ( e ) < sº for all x , y € Asema U HWHM Ldirect ( 0 , < gº for all x , y E A 90 % 

2T JQE [ 0 : 27 Ix , y x , yl 

wherein 

Local mar 3 , = max Ldirect ( 0 , $ ) x , y 

( i . e . maximum luminance at given position ) and 

arg max Ldirect ( 8 , 9 ) , = { 013 • \ Ldirect ( 3 , 4 ) k , = Ltocat max | , y } 

( i . e . polar angle at which said maximum luminance at given 
position occurs ) 
and wherein 

L ' direct ( 0 , 0 ) \ x . y = Ldirectlx " y " , 9 , 0 ) for x ' = x , y ' = y 
[ 0168 ] Naturally , the distribution of the direction of the 
maximum value of the luminance profile should differ from 
a radially symmetric vector field so that shadows cast by 
objects in the direct light are not aligned along converging 
directions , as it would be the case in the device of FIG . 28 , 
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FIG . 30 and FIG . 31 . More precisely , the direct - light source 
is configured such that a plurality of elongated objects that 
are lit by the direct - light source and are oriented along 
direction 32 and parallel to each other cast onto an arbitrary 
plane a plurality of shadows that should not be featured by 
radially symmetric outwardly pointing behavior which is 
typical for illumination by a localized source at finite 
distance . To this end , the spatial fluctuations in the direction 
of the narrow peak 30 , which may occur within the limita 
tion of above , may be irregular or random . 
[ 0169 ] By combining the direct - light source 12 and the 
diffused - light generator 10 in any of the manners described 
above , the artificial illumination device 20 provides a lumi 
nous , advantageously bluish background that mimics the sky 
and stems from the diffused - light generator 10 , while light 
caused by the direct - light source 12 which leads to the bright 
spot 40 is warmer in CCT . When walking in front of the first 
emitting surface 28 , this spot 40 moves across it as the sun 
would across a real window . 
10170 ] Notably , once the direct light of the direct - light 
source 12 is seen by the observer 38 with both eyes , the 
observer 38 will perceive the bright spot 40 at infinite 
distance . In fact , the outlined features of the luminance 
profile L direct impose that the eyes are parallel in order to 
perceive equally positioned bright spots on the two retinas as 
depicted in FIG . 1 . This is the condition which guarantees 
the device 20 to provide large depth perception . These 
conditions will be ideally guaranteed if L direct is independent 
from x , y and ™ and virtually null for 9 > $ , and has a 
constant value for I < fo , where 8 , is , for example , 3° or 
more advantageously 1° or even more advantageously 0 . 5º . 
However , some discrepancy from this ideal regime is obvi 
ously acceptable as the above examples for possible con 
straints showed . The amount of acceptable discrepancy is 
mainly dictated by the need of guaranteeing the above 
mentioned large ( virtually infinite ) depth perception to occur 
in absence of visual perception conflicts , or at least in 
absence of conflicts which lead to a prevailing depth per 
ception at finite distance . This condition is ensured by the 
above examples for possible constraints . 
[ 0171 ] The visibility of the real image of direct - light 
source at finite distance translates into a given contribution 
to the luminance profile L direct , which therefore should be 
within some limit in order not to spoil the depth effect . In 
other terms , if the above listed ideal constraints on L direct are 
fulfilled , the direct - light source 12 is not visible , the only 
visible object being the bright spot 40 . In order to clarify the 
acceptable discrepancy , one should account that the observer 
38 easily perceives very weak spatial variations on the 
object luminance as well as color distribution , provided that 
the angular frequency is not larger than the limit imposed by 
the eye resolution , i . e . 0 . 07º . This means that assuming a 
minimum distance of the observer 38 from the device 20 of 
1 meter , for example , spatial variations of the direct - light 
source 12 are acceptable providing that they occur on a scale 
smaller than approximately 1 mm . The occurrence of lumi 
nance variation over large scale can be easily spotted by the 
eyes of the observer , at least if it occurs for 1 > 4 . , where 
the vision is not saturated . 
[ 0172 ] It is noticed that a background luminance of 10 % 
of the maximum is a very high figure , which might , how 
ever , be acceptable in certain conditions such as conditions 
aimed at reproducing the sky and sun illumination at the 

very sunrise or sunset , i . e . when the luminance of the sun is 
not as high with respect to the luminance of the sky as during 
day time . 
10173 ] . With any of the above outlined constraints , it is 
clear that these constraints are not fulfilled with the setup 
shown in FIG . 28 , as the light source 902 would have to be 
placed incredibly far away from panel 906 in order to ensure 
the spatial uniformity of L direct and prevent shadows to be 
featured by radially symmetric outwardly pointing behavior . 
Moreover , the setup of FIG . 29 , which represents an array of 
LEDs with dome concentrators , does not fulfill the con 
straints , both because the HWHM of the luminance is more 
than one order to magnitude larger than necessitated and 
because the resulting luminance shows strong spatial fluc 
tuations for angles larger than the HWHM cone emission 
angle due to the pitch of the LED array and on a scale by far 
larger than 1 mm . It is worth noting that the desired 
specifications can also not be achieved even if the LEDs of 
the setup of FIG . 29 would be coupled , e . g . with TIR optical 
concentrators , or more generally , by any among the standard 
concentrators used in the field of non - imaging optics such 
as , e . g . compound parabolic concentrators ( CPCs ) devices . 
In fact , the transverse size that these optical elements should 
have in order to ensure the desired low divergence is fairly 
large , namely several centimeters if one considers the mini 
mum size of currently available general lighting LED chips 
of about 1 mm and the need of coupling most of the LED 
general light to the optics . This means that , at least close to 
the light - emitting surface , i . e . for observers as close as 1 m 
away from the light - emitting surface , for example , the 
observer ' s eyes will see the bright spot 40 inside each single 
optics , i . e . the spot size is smaller than the optics size such 
as , for example , the spot is roughly 2 cm at 1 m distance for 
1° full divergence . The observer who looks at such low 
divergence non - imaging optics at a short distance from it 
( see above ) cannot perceive a true image of any round spot , 
and moreover cannot experience any infinite focal depth , 
because the luminance generated by such non - imaging 
optics is neither truly uniform ( i . e . shift invariant ) nor 
invariant with respect to the azimuthal angle . As a conse 
quence , the two eyes will capture two images which ( i ) are 
in general not round , even if the emitting source , e . g . a LED , 
coupled to the optic is round and are not equal . The fact that 
the two eyes perceive different images is very detrimental 
with respect to what forces the two eyes to be set in parallel 
directions . Under this circumstance , it is much easier for the 
two eyes to focus on what , in contrast , is really seen as equal 
by both , i . e . the direct - light source object at finite distance . 
This spoils not only the roundness of the sun appearance , but 
also the infinite depth perception . 
[ 0174 ] The just mentioned thoughts suggest that a further 
embodiment for the direct - light source 12 could even be 
construed in line with the structure of FIG . 29 , if the 
following constraints could be fulfilled by the LEDs : 
( i ) The size of each LED ( including the lens dome ) in the 
direction perpendicular to the emission direction would have 
to be substantially reduced , i . e . it should be reduced down to 
3 mm , advantageously 1 mm , most advantageously 0 . 5 mm . 
This would obey the uniformity constraint both in the on and 
off mode . 
( ii ) The ratio between the size of the LED emitter , i . e . the 
size of the phosphor or dye zone , i . e . its linear dimension 
which is typically about 1 mm for the smallest currently 
available general lighting LEDs , and the dome lens focal 
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length , should be about 1 / 10 to 1 / 50 in order to guarantee 
divergences in the range of 1° to 5º . By considering for 
example 1° divergence and assuming a focal length of 1 mm 
and a dome diameter comparable to the focal length as 
would be needed to ensure maximum throughput , one would 
end up with LED emitter sizes below 20 um . 
( iii ) Moreover , each LED emitter and its associated dome 
should be embedded into a micro dark box . This box should 
be covered by an absorber which substantially absorbs all 
the ambient light which crosses the dome lens apart from the 
ambient light which returns onto the LED emitter . In this 
case , the LED matrix would appear dark when lit by external 
light . Moreover , it should avoid scattered light from the 
surrounding of the LED ( e . g . from the LED board ) to be 
coupled with the lens dome . 
( iv ) The LED dome lenses could be antireflection coated in 
order to minimize reflection of ambient light back to the 
ambient . 
[ 0175 ] Summarizing the above , the direct - light source 12 
could be construed such that it comprises a 2 - dimensional 
array of LEDs of special structure set out in more detail 
herein below with respect to FIG . 5 . In particular , each of 
LEDs 44 comprise a light emitter 46 , such as a light emitting 
diode comprising phosphor and / or dye or the like and a 
collimator , e . g . a dome lens 48 , wherein the dome is 
positioned at a distance 49 from the light emitter 46 sub 
stantially equal to the dome focal length . The light emitters 
46 have a circular cross section in a plane perpendicular to 
direction 32 , in order to facilitate the achievement of a 
luminance distribution independent of the azimuthal coor 
dinate . All internal surfaces of domes 48 , but the windows 
52 at the upstream side thereof through which the light 
emitters 46 emit their light , and the downstream ends thereof 
where the light collimating lens surfaces 54 are formed , are 
covered by a light absorber so as to form micro dark boxes 
as indicated at 56 . As just described , surface 54 may be 
antireflection coated and the lateral dimension or width of 
the light emitting zones of the light emitters 46 , i . e . 58 , 
should be small enough so that the ratio between width 58 
on the one hand and length 49 on the other hand is smaller 
than 1 / 10 , advantageously smaller than 1 / 20 , most advan 
tageously smaller than 1 / 50 . Additionally , pitch 50 should be 
smaller than 3 mm , advantageously 1 mm , most advanta 
geously 0 . 5 mm . As mentioned before , the LEDs 44 may be 
packed closely such as in a hexagonal manner . The array of 
LEDs 44 would cover an area as wide as the first emitting 
surface 28 . 
[ 0176 ] Naturally , it is not necessitated to implement the 
first light - emitting device / collimator pairs of FIG . 1 into 
individual LED devices 44 as shown in FIGS . 5 and 6 . This 
is explained by way of the following embodiments . 
101771 . FIG . 7 , for example , shows the direct - light source 
12 as comprising a first light - emitting device 60 configured 
to emit primary light 62 and a collimator in the shape of a 
collimating lens 64 positioned downstream to , and at a focal 
distance 66 from , the first light - emitting device along an 
optical axis 68 which coincides with the direct - light direc 
tion 32 . Differently from standard lighting devices , e . g . the 
case of the LED dome lens featuring the embodiments of 
FIG . 28 , in the present embodiment the lens 64 may be an 
imaging optical component , in the sense that the lens quality 
with respect to the given optical lay out parameters ( i . e . the 
system numerical aperture , the distance between lens and 
emitting device , the ratio between focal length and trans 

verse size of the emitting device , etc . ) may be such as to 
ensure the lens to perform an image of the first light - emitting 
device 60 at infinity . 

[ 0178 ] In order to achieve lower fabrication costs and 
structural compactness , the collimating lens 64 may be a 
Fresnel lens . The first light - emitting device 60 , in turn , may 
be embodied as an LED . 
[ 0179 ] With regard to the description of FIG . 7 , it should 
be noted that the optical axis 68 may coincide with the 
optical axis of the collimating lens 64 or may be oblique 
thereto with the optical axis 68 then being defined by a line 
connecting the intersection 61 between the collimating lens ' 
64 principal plane ( in case of two principal planes , the one 
positioned nearer to the first light - emitting device 60 ) and 
the lens ’ 64 optical axis , with a barycenter of the first 
light - emitting device ' s 60 light emitting zone . In the case of 
Fresnel lens 64 , the Fresnel lens 64 may be oriented in 
parallel to the first emitting surface 28 or may lie within the 
same as further outlined below . In case of other collimating 
lenses 64 , the same may apply for the principal plane . In any 
case , the lens 64 aperture covers an area as wide as the first 
emitting surface 28 . 
[ 0180 ] The first light - emitting device 60 may have a 
circular aperture so as to result in a circular shape of the 
bright spot 40 , in the observer ' s eyes focused at infinity . 
[ 0181 ] As also shown in FIG . 7 , the direct - light source 12 
of FIG . 7 may additionally comprise an absorber forming a 
dark box 70 housing the first light - emitting device 60 and 
having an aperture where the collimating lens 64 is posi 
tioned , wherein an internal surface 72 of the dark box 70 is 
formed by a light absorbing material having an absorption 
coefficient for visible light greater than 70 % , advanta 
geously 90 % , more advantageously 95 % . This results in 
obeying the reflectance luminance angular profile con 
straints . 

[ 0182 ] It should be noted that FIG . 7 is illustrative with 
respect to many features and could be varied accordingly . 
For example , the collimating lens ' 64 aperture does not need 
to be circular as depicted in FIG . 7 . Alternatively , it may be 
rectangular , hexagonal or have some other polygonal shape . 
With respect to the shape of the dark box 70 and its internal 
surface 72 , it should be noted that same does not need to be 
cylindrical with a top face coinciding with the collimating 
lens ' 64 aperture and the first light - emitting device 60 being 
integrated into an aperture of the bottom face of the cylinder 
or positioned within the cylinder . Any other shape may also 
be valid as long as any direct light paths between the first 
light - emitting device 60 and the collimating lens ’ 64 aper 
ture is left unblocked . For example , the internal surface 72 
could extend between the cylinder shown in FIG . 7 and the 
frustum being non - concave , having minimum volume and 
extending between the light emitting zone of first light 
emitting device 60 on the one hand and the aperture of the 
collimating lens 64 on the other hand . 
[ 0183 ] In order to fulfill the above outlined possible con 
straints regarding the luminance profile L directs the ratio 
between the focal length 66 of collimating lens 64 on the one 
hand and the width 74 of the first light - emitting device ' s 60 
aperture may be greater than 10 and advantageously greater 
than 50 . The focal length 66 may , for example , be greater 
than 10 cm and advantageously greater than 20 cm . The area 
of the collimating lens ’ 64 aperture may , for example , be 



US 2017 / 0350574 A1 Dec . 7 , 2017 

greater than 80 cm² and advantageously greater than 300 
cm² . The downstream face of collimating lens 64 may form 
the light - emitting surface . 
[ 0184 ] With respect to the values presented regarding the 
embodiments of FIGS . 5 to 7 , it should be noted that the 
values presented for these embodiments with regard to for 
example the ratio between the focal length and the light 
emitting aperture , do not need to result in a complete 
obedience of the previously outlined constraints regarding 
the luminance profile . Rather , the embodiments of FIGS . 5 
to 7 may be combined for example with subsequently 
described embodiments for micro - optics beam - homogenizer 
layer so as to fulfill the constraints . Accordingly , embodi 
ments of FIGS . 5 to 7 may also form merely a part of the 
direct - light source 12 , namely a collimated light source for 
generating pre - collimated light , e . g . a light beam with lim 
ited HWHM angular divergence ( for example with HWHM 
angular divergence smaller than 2 . 5º ) but featured by the 
presence of stray light at larger angles , as for example stray 
light leading to secondary peaks or spikes in the light - beam 
angular profile . 
[ 0185 ] In any case , for a typical size of the Fresnel lens 64 
of about 20 cm and for a typical distance between the lens 
64 and the observer of about 1 . 5 m the configuration of FIG . 
7 results in the angular divergence of the virtual image of the 
first light - emitting device 60 being smaller than the angular 
aperture with respect to the observer of the collimating lens 
64 , thereby ensuring that the image of the bright spot 40 , i . e . 
the image of the first light - emitting device 60 , appears as a 
luminous dot beyond the collimating lens ’ 64 aperture . That 
is , the image of the sun appears smaller than the aperture of 
lens 64 and the lens 64 itself is interpreted as a transparent 
window between the eye and the virtually distant object 40 . 
An advantage of using a Fresnel lens as lens 64 is the 
technical possibility of achieving smaller output divergence 
angles . As an example , typical divergence angles of com 
binations of LEDs plus TIR lenses , for example , are of the 
order or larger than 8° to 10° . One of the main limits is due 
to the focal distance of the optical element , i . e . the TIR lens , 
which is of the order or less than 1 to 5 cm . In the case of 
the Fresnel lens , the focal length of such a lens may be of the 
order of 20 to 30 cm , for example . The output angular 
divergence is thus given by the ratio between the spatial 
aperture 74 of the first light - emitting device 60 ( including or 
not including a primary optics element , such as an LED 
dome ) and the above mentioned focal length 66 . For a 1 to 
2 mm LED as an example for the first light - emitting device 
60 , and a focal length of 20 to 30 cm , the divergence is of 
the order or lower than 1° . 
10186 ) . A further advantage of the configuration of FIG . 7 . 
is the absence of pixelation of the sun image . In the case of 
FIG . 29 , the output divergence is likely to be larger than the 
angular aperture of the LEDs ' optics with respect to the final 
observer in the final setup for a viewing distance , for 
example , of the order of , or larger than , 1 m and an aperture 
of the primary optics , i . e . domes , of the order of 1 cm 
resulting in an angular aperture of 0 . 6° to be compared to the 
output divergence of 8° to 10° . This determines a pixelation 
of the image over the different lens elements . Such a 
pixelation features an angular period definitely larger than 
the limit period for which the eye is not able to distinguish 
each single element . This fact along with the additional 
sensitivity of the eye to contrasts spoils the image effect of 
the infinite distance source by enabling the observer to 

actually see each single lens element of the structure of FIG . 
29 . This does not happen in the case of FIG . 7 . 
[ 0187 ] As shown in FIG . 8 , pairs of first light - emitting 
devices 60 and lenses 64 may be combined together and 
positioned in juxtaposition so that the collimating lenses 64 
of the pairs abut each other so as to form a joined continuous 
surface . If the collimating lenses 64 are formed as Fresnel 
lenses as illustrated in FIG . 8 by circular lines within one of 
the lenses 64 , then the array of Fresnel lenses may be easily 
formed by one continuous monolithic object such as plastic 
or glass . As in the case of FIG . 6 , the pairs of first 
light - emitting devices 60 and collimating lenses 64 may be 
packed together along the 2 - dimensional array of pairs in a 
hexagonal manner . Accordingly , the apertures of the indi 
vidual collimating lenses 64 may be formed hexagonally . 
The optical axis 68 of the individual pairs of device 60 and 
lens 64 can be arranged to extend parallel to each other and 
the direct - light direction 32 , respectively . The downstream 
face of lenses 64 could form the first emitting surface 28 or 
have , at least , an area being as great as the surface 28 . 
[ 0188 ] That is , in the case of FIG . 8 , the direct - light source 
12 comprises a 2 - dimensional array of first light - emitting 
devices 60 which , as described above with respect to FIG . 7 , 
may comprise a circular aperture in order to provide for a 
circular appearance of spot 40 , a 2 - dimensional array of 
collimating lenses 64 , which are advantageously formed as 
Fresnel lenses , wherein the two arrays are registered to each 
other so that the optical axes 68 are parallel to each other and 
parallel to the direct - light direction 32 . As described with 
respect to FIG . 7 , the array of lenses and the array of first 
light - emitting devices may be displaced relative to each 
other such that the optical axes of the lenses 64 are offset 
from the positions of the first light - emitting devices so as to 
result in a direct - light direction 32 which is oblique relative 
to the plane within which the apertures of lenses 64 are 
positioned and distributed , respectively . 
[ 0189 ] As already described above , by placing each col 
limating lens 64 at a distance from the first light - emitting 
device 60 , which corresponds to , or is of the order of , the 
focal length of the collimating lenses 64 , it is possible to 
achieve the low divergence constraint previously formu 
lated . Since each collimating lens 64 is coupled to a single 
associated first light - emitting device , the first light - emitting 
device pitch is sizably increased relative to the configuration 
in accordance with FIG . 29 , which means that higher 
luminous flux per first light - emitting device 60 is needed in 
order to have the same lumen per unit area . Notably , the 
collimating lenses 64 make with the eye lens of the observer 
a telescope which forms the first light - emitting device and 
its aperture , respectively , onto the retina . This is the reason 
why each first light - emitting device should have a circular 
aperture in order to form a circular image in the observer ' s 
eye , i . e . form the roundness of spot 40 . 
[ 0190 ] So far , the embodiments for direct - light source 12 
showed the actual light emitting zone to be positioned 
downstream relative to some collimating lens along an 
optical axis coinciding with a direct - light direction . The 
embodiments outlined further below show that the direct 
light source 12 may comprise an edge - illuminated lightguide 
emitter panel comprising a wave guiding panel , operated via 
total internal reflection , one or more light source ( s ) coupled 
to an edge of the wave guiding panel , and a plurality of 
micro - optical elements such as microprisms , microlenses , 
etc . which contribute in extracting the light from the wave 
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guiding panel into the direct - light direction . Thus , while the 
embodiments of FIGS . 5 to 8 could be called “ back 
illuminated emitters ” , the embodiments further outlined 
with respect to the following figures are termed “ edge 
illuminated lightguide emitter panels ” . 
[ 0191 ] FIG . 9 shows an embodiment for an edge - illumi 
nated lightguide emitter panel as an example for the direct 
light source 12 according to which same comprises a wedge 
shaped lightguide layer 80 sandwiched between an absorber 
shaped as a light absorbing layer 82 and a light exit layer 84 
so that the wedge - shaped lightguide layer guides light by 
total internal reflection and so that the light absorbing layer 
82 is positioned upstream relative to the wedge shaped layer 
80 and the light exit layer 84 is positioned downstream 
relative to the wedge shaped lightguide layer 80 , wherein 
nz < n > < n , with n , being the refractive index of the wedge 
shaped lightguide layer 80 , and n , being the refractive index 
of the light exit layer 84 and n? being the refractive index of 
the light absorbing layer 82 . As to layers 80 and 84 , they may 
be made of glass or transparent plastics , while several 
possibilities exist to realize the light absorbing layer 82 . The 
wedge - shaped layer 80 may feature a wedge - slope below 1 
degree . As illustrated in FIG . 9 at 86 , the light absorbing 
layer 82 may actually be a light absorbing panel 88 separated 
from the wedge shaped lightguide layer 80 via a gap 90 
filled , for example , with air , vacuum or another low refrac 
tive index material , the refractive index of which is denoted 
by nz . Another possibility would be to form the light 
absorbing layer 82 by some coating , the coating being 
composed of material having the refractive index nz small 
enough in order to be lower than n , and n , , concurrently . The 
light - absorbing layer 82 may absorb at least 70 % , advanta 
geously 90 % , most advantageously 95 % of the visible light 
which impinges on the light - absorbing layer 82 . 
[ 0192 ] As shown in a magnified section 92 , the light exit 
layer 84 comprises a plurality of micro - reflectors 94 at an 
interface 96 between the light exit layer 84 and the wedge 
shaped lightguide layer 80 so as to redirect light rays 98 
having crossed the interface 96 between the wedge shaped 
lightguide layer 80 and the light exit layer 84 and propa 
gating at an angle with respect to a normal to an upper ( or 
external ) surface 118 of the exit layer which is lower than a 
limit angle for total internal reflection at said upper surface , 
wherein said upper surface is a surface of the exit layer 
facing away from the wedge layer , so that the light reflected 
by the micro - reflectors propagates out of the light - exit layer 
into the direct light direction 32 . 
[ 0193 ] To be more precise , FIG . 9 exemplarily shows a 
light ray propagating by internal reflection through the 
wedge shaped lightguide layer 80 along a guiding direction 
106 , i . e . the direction of gradient along which the wedge 
shaped lightguide layer 80 gets thinner , which intersects the 
interface 96 at a point 97 where the angle of the light ray 
with respect to the normal to the interface 96 is slightly less 
than the limit angle for total internal reflection . This allows 
a portion of the light to cross interface 96 and to propagate 
further at a small angle relative to interface 96 along guiding 
direction 106 , such as ray 98 . The micro - reflectors 94 
protrude from the interface 96 away from wedge shaped 
lightguide layer 80 and have reflective surfaces 102 oriented 
such that reflection of ray 98 points , after refraction from the 
upper surface 118 , into the direct - light direction 32 . Accord 
ingly , as shown in at 104 , the micro - reflectors 94 may be 
formed translatory invariant or longitudinally along a direc 

tion 99 laying in the plane of interface 96 and perpendicular 
to the direction of gradient 106 , with their face 102 facing 
upstream relative to this guiding direction 106 being ori 
ented for example at approximately 40° to 50° relative to 
interface 96 in order to achieve a direct - light direction 32 
nearby the normal direction of interface 96 . In particular , the 
micro - reflectors may , for example , be formed as grooves or 
voids in the material of the light exit layer 84 , at the face of 
this layer 84 forming the interface 96 with the wedge shaped 
lightguide layer 80 . However , other possibilities do exist , 
too . In other words , the edge illuminated lightguide emitter 
panel of FIG . 9 comprises a three - layer structure ( TLS ) . The 
central layer 80 has a wedge shape and is made of a 
transparent material of refractive index n? . The bottom layer 
has refractive index nz < n , and is made to absorb visible light 
which eventually enters the TLS structure from the upper 
surface 118 of layer 84 , e . g . ambient light or light backscat 
tered by the diffused - light generator 10 . The upper layer 84 
is transparent , has refractive index n , fulfilling nz < n > < n , and 
comprises micro - optical elements such as void microprisms 
for extraction of the light out of the TLS . 
[ 0194 ] The direct - light source 12 of FIG . 9 further com 
prises an edge illuminator 108 configured to couple light 
into the wedge shaped lightguide layer 80 from an edge 110 
thereof into the guiding direction 106 . The edge illuminator 
108 comprises a light concentrator 112 such as a reflective 
concentrator and a first light - emitting device in the shape of 
light source 114 . The combination of the concentrator 112 
and the light source 114 generates light collimated in a first 
plane determined by directions 106 and 99 and in a second 
plane containing guiding direction 106 and the normal to 
surface 118 . The collimation in the first plane may be 
stronger than the one in the second plane . Such a concen 
trating device may be shaped for example as a rectangular 
compound parabolic concentrator ( CPC ) , as depicted in FIG . 
9 , which comprises a rectangular input aperture IN that is 
coupled to the LED source and a rectangular output aperture 
OUT that faces the input facet of the lightguide 110 and 
comprises four parabolic mirror surfaces each of which is 
one - dimensionally curved and has a generator parabola 
lying either in the first or in the second plane , and with all 
the generating parabolas having their focus in the plane of 
the input aperture IN . For example , the input aperture IN is 
shaped as a thin rectangle elongated along the normal to the 
first plane . Light source 114 may be formed by a 1 - dimen 
sional array of first light - emitting devices 111 such as LEDs 
and the same applies for concentrator 112 in the sense that 
a 1 - dimensional array 109 of pairs of first light - emitting 
devices 111 and light concentrators 113 such as reflective 
ones , could be used as edge illuminator 108 . 
[ 0195 ] For what concerns the optical operating principles 
of the embodiment described in FIG . 9 , it is noticed that the 
collimation in the first plane being stronger than in the 
second plane is useful for guaranteeing the beam exiting the 
surface 118 to feature similar divergence in a third plane , 
containing the directions 32 and 106 , and in a fourth plane , 
containing the directions 32 and 99 . In fact , the light 
extraction mechanism here described may perform a sub 
stantial reduction of the beam divergence in the plane of 
incidence of light rays onto the interface 96 , but not in 
orthogonal planes . The combination of layers 80 and 84 
behaves as a collimator , which reduces the beam divergence 
in said plane of incidence of light rays onto the interface 96 , 
and therefore further contributes to the action of the colli 
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mating optics 112 to minimize the divergence of the output 
beam . When the collimating optics 112 couples the light 
generated by the primary source 114 , such as white light , 
into the wedge shaped lightguide layer 80 , the light rays 100 
strike and are initially reflected by total internal reflection by 
the lower surface 116 of layer 80 facing the light absorbing 
layer 82 and interface 96 facing layer 84 . 
[ 0196 ] The value ny / n , should be chosen large enough to 
guarantee the coupling for the chosen input light divergence 
as determined by the combination of primary source 114 and 
concentrator 112 . Owing to the wedge structure of the wedge 
shaped lightguide layer 80 , the light beam divergence 
increases with propagation inside the lightguide layer 80 
along propagation guiding direction 106 , leading to continu 
ous leakage from layer 80 to layer 84 when crossing 
interface 96 . Notably , for a proper selection of the refractive 
index values no leakage occurs at the interface between the 
central and the bottom zone , namely if n / n , < n / / nz . The light 
that has crossed the interface 96 between layer 80 and layer 
84 propagates in the light exit layer 84 almost parallel to 
interface 96 , i . e . at a small grazing angle which is , for 
example , lower than 5° with respect to interface 96 . This 
light could hit the upper surface 118 of layer 84 facing away 
from layer 80 , experience total internal reflection and then 
cross the interface 96 between layer 80 and layer 84 again . 
Alternatively , however , light 98 hits one of the micro 
reflectors 94 , thereby being reflected outside the TLS into 
direction 32 . The reflective surface facet of the micro 
reflectors 84 pointing into the direction of edge illuminator 
108 are oriented such that the normal direction of these 
reflection surfaces 102 are angled relative to the interface 96 
at an angle relative to interface 96 corresponding to half the 
angle which direction 32 encloses with interface 96 , plus the 
aforementioned grazing angle of rays 98 . In other words , the 
angle has to be chosen according to the desired output angle 
direction 32 . In fact , the micro reflectors 84 may be formed 
as microprisms , and in particular these prisms may be made 
as void prisms as already outlined above and illustrated at 
104 . Those void prisms would reflect the light via total 
internal reflection . Alternatively , the micro reflectors may be 
mirror coated indentations of the light exit layer 84 . All 
micro - reflectors 94 may be arranged in parallel to each other 
and may have the same apex angle in order to achieve a 
constant output direction 32 
[ 0197 ] The size and the number per unit area of the 
micro - reflectors 94 , i . e . their density , may change across the 
TSL , i . e . along the guiding direction 106 , in order to 
optimize the luminance uniformity , i . e . in order to obey the 
above outlined luminance uniformity request . 
[ 0198 ] The divergence of the light beam exiting the sur 
face 118 in the third plane decreases with decreasing input 
divergence of the edge illuminator 108 in the second plane 
on the one hand and the wedge slope on the other hand . For 
example , for ny / nz = 1 . 0076 , leading to a lightguide 80 that 
supports an internal mode of about 14 ' , and for a wedge 
slope of 0 . 5º , the output divergence of the light exiting the 
TLS in direction 32 in the just mentioned third plane is about 
2 . 25° HWHM . Alternatively , 1 . 001 < n , / n , < 1 . 1 may hold 
true , for example . For the embodiment described in FIG . 9 , 
the output divergence in the orthogonal plane , i . e . in the 
fourth plane , is basically identical to the input divergence in 
the first plane . Notably , the output divergences in the two 
just mentioned orthogonal planes are independent from each 
other , and the output angular spectrum or luminance angular 

profile L direct would likely show a rectangular peak into 
direction 32 . A square spectrum could be obtained by 
suitably choosing the ratio between the input divergence in 
the first and second plane . The desired roundness in the light 
source image appearance , i . e . a round appearance of spot 40 , 
may be achieved by adding a low - angle white - light diffuser 
such as a “ Lee filter 253 Hampshire Forst ” , or a “ Lee filter 
750 Durham Frost ” downstream the TLS shown in FIG . 9 , 
as it is described herein below . As it is known , a low - angle 
white - light diffuser is a diffuser which operates by perform 
ing the convolution of the angular spectrum of the impinging 
light with a given response function , which is here taken 
symmetric around a certain direction ( e . g . a normal to a 
surface of the low - angle white - light diffuser ) and having a 
HWHM divergence less than 10° , advantageously less than 
5° , more advantageously less than 2° . 
[ 0199 ] A solution alternative to the usage of the edge 
illuminator 108 for the purpose of obtaining a collimation in 
the first plane stronger than in the second plane may be also 
obtained by using an array of LEDs similar to those 
described in FIG . 6 but configured in such a way to deliver 
two different divergence values in two orthogonal planes 
containing direction 49 . For example , HWHM divergence of 
2 . 25° and 20° in the two planes may be obtained using 
rectangular LED emitters 46 of size 0 . 31 . 2 . 8 mm² and a lens 
dome with focal length 49 of about 4 mm . 
[ 0200 ] The fact that the light absorbing layer 82 of the 
TLS is light absorbing ensures the black appearance of the 
direct - light source 12 when the same is off , thereby fulfilling 
the above outlined constraints regarding the reflectance 
luminance profile , i . e . the low luminance value outside the 
emission cone . In fact , the light absorbing layer ' s interface 
to layer 80 behaves as a mirror only for the light guided 
inside the lightguide layer 80 , but is virtually transparent for 
the light coming from outside the TLS , i . e . such as the 
aforementioned diffused light entering the light - emitting 
surface of the direct - light source 12 from outside . Such light 
is then for example absorbed by the light absorbing panel 88 . 
[ 0201 ] FIG . 10 shows another example for an implemen 
tation of the direct - light source 12 in the form of an edge 
illuminated lightguide emitter . Here , the edge illuminated 
lightguide emitter panel comprises a light guide layer 120 
sandwiched between an absorber shaped as a light absorbing 
layer 122 and a light exit layer 124 so that the light absorbing 
layer 122 is positioned upstream relative to light guide layer 
120 and the light exit layer 124 is positioned downstream 
relative to the light guide layer 120 . With regard to possible 
implementations of layers 120 , 122 and 124 , reference is 
made to the description of FIG . 9 . However , there is a 
greater freedom in choosing the refractive indices of layers 
120 to 124 . In particular , nz < n , and n > < n , is sufficient with 
, being the refractive index of the light guide layer 120 , n , 

being the refractive index of the light exit layer 124 , and nz 
being the refractive index of the light absorbing layer 122 , 
which may comprise a transparent gap as described for the 
layer 82 of FIG . 9 . The light guide layer 120 comprises a 
plurality of micro - reflectors 126 at an interface 128 between 
the light absorbing layer 122 and the light guide layer 120 
so as to redirect light internally guided within the light guide 
layer 120 toward the light exit layer 124 at an angle with 
respect to the normal to the interface 134 between layer 120 
and 124 which is smaller than the limit angle for total 
internal reflection for the light guided within layer 120 . Each 
micro - reflector 126 is positioned at a focal point of a 

n 
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respective lens 130 formed on an outer surface 132 of the 
light exit layer 124 facing away from the light guide layer 
120 . The combination of the micro - reflector 126 and lens 
130 arrays thus constitutes a collimator to reduce the diver 
gence of the output light . 
[ 0202 ] Other than the embodiment of FIG . 9 , the configu 
ration of the edge illuminated lightguide emitter panel of 
FIG . 10 is based on a rectangular light guide layer 120 , i . e . 
the light guide layer 120 has parallel interfaces to layers 122 
and 124 , respectively , namely interface 128 to light absorb 
ing layer 122 , and interface 134 to light exit layer 124 . The 
micro - reflectors 126 and the collimating lens formed at the 
outer surface of the light exit layer 124 are 2 - dimensionally 
distributed along the interface 128 and the outer surface 132 , 
respectively , and registered to each other so that the optical 
axis 135 extending through each micro - reflector 126 and the 
respective collimating lens 130 are parallel to each other and 
the direct - light direction 32 , respectively . Further , an edge 
illuminator 108 couples light into an edge 136 of the light 
guide layer 120 , wherein as shown in FIG . 10 this edge 
illuminator 108 may also be composed of a 1 - dimensional 
array of pairs of a first light - emitting device 138 and 
corresponding concentrator 140 extending 1 - dimensionally 
along the edge 136 just as illustrated in FIG . 9 . 
[ 0203 ] That is , each micro - reflector 126 faces a corre 
sponding one of the collimating lenses 130 , both being 
positioned at a focal distance from each other . The micro 
reflectors 126 have an elliptic mirror face oriented so as to 
mirror light coupled into the light guide layer 120 along a 
central propagation direction 142 ( i . e . the direction along 
which the lightguide is illuminated ) , into the direction 32 , 
i . e . along optical axis 135 . In particular , the shape of the 
micro - reflectors 126 may be that of a cylinder protruding 
from interface 128 and being cut at the just mentioned mirror 
angle , i . e . the angle necessitated in order to lead to a circular 
cross section when projected onto a plane orthogonal to 
direction 32 . This circumstance ensures circular output 
angular spectrum , and thus the visual appearance of a round 
source or spot 40 . The ratio between the lenses ' focal length 
and reflectors ' size / width measured in the just mentioned 
plane orthogonal to direction 32 , for example as indicated at 
144 in FIG . 10 for the case of direction 32 perpendicular to 
surface 134 , defines the output FWHM angular spectrum or 
luminance profile L dipers and therefore has , for example , a 
value in the range of 10 to 100 , depending on the desired 
divergence . For example , reflectors 126 with diameters 144 
of 100 micron and lenses of 3 mm focal length 146 , wherein 
the focal length is defined in the refractive layers 120 and 
124 , lead to about 1 . 5º divergence HWHM downstream the 
surface 132 , wherein refractive index of layers 120 and 124 
are assumed to have value about 1 . 5 and propagation in air 
is assumed downstream layer 124 . The size of the lenses 130 
is determined by the need of capturing the light reflected by 
the micro - reflectors . For example , it can be taken 1 . 5 times 
the product between the focal length 146 and 2 times the 
tangent of the internal lightguide mode half divergence , 
which means a lens diameter 148 of the order of one half of 
the focal length for a lightguide coupling 2x10° internal 
divergence mode . The lateral distribution or density of the 
2 - dimensional distribution of the reflector / lens - coupler pairs 
should be tailored in order to maximize luminance unifor 
mity , averaged over an area of few - lens diameter . The lenses 
130 may be formed on the material of layer 124 featuring a 
flat interface 134 with the lightguide layer 120 and a lower 

refractive index . In doing so , the lenses 130 do not interfere 
with the lightguide 120 and operate only on that light which 
is reflected by the micro - reflectors 126 so as to exit the first 
emitting surface 28 in direction 32 . 
[ 0204 ] FIG . 11 briefly shows another possibility of form 
ing the direct - light source 12 . In that case a primary light 
source such as a combination of a first light - emitting device 
comprising a light emitter and a concentrator , indicated at 
150 in FIG . 11 , lights the first emitting surface 28 of the 
direct - light source via a mirror system 156 which , exem 
plarily , merely consist of one mirror 152 in the case of FIG . 
11 . Light source 150 and mirror system 156 are arranged 
such that the light beam 154 generated by light source 150 
is collimated by the mirror system 156 and , thus collimated , 
impinges onto a rear face of the first emitting surface 28 so 
as to exit the first emitting surface 28 with a luminance 
angular profile L direct obeying any of the above mentioned 
constraints into the direct - light direction 32 . To this end , the 
mirror system 156 comprises , for example , a concavely 
curved mirror such as mirror 152 . In other words , the 
primary light source 150 is placed at a focal plane of mirror 
system 156 , which in turn acts as a collimator for light 
exiting the primary light source 150 , and images primary 
light source ' s 150 aperture into infinity along direction 32 
through first emitting surface 28 . In order to conform to the 
above identified constraints with respect to the reflectance 
luminance angular profile LR , light source 150 and mirror 
system 150 are housed within an absorber shaped as a dark 
box 158 fully covered by light absorbing material along the 
dark box ' s internal surface and comprising a window form 
ing the first emitting surface 28 . The mirror system 150 is 
configured such that no light beam emanating from first 
emitting surface 28 into the inner of dark box 158 , which hits 
that mirror 152 of mirror system 156 , which is positioned 
most downstream along the optical , bended light path 160 
leading from light source 150 to first emitting surface 28 , is 
reflected by this mirror system 156 back to first emitting 
surface 28 . 
102051 . It should be noted that the examples for direct - light 
sources presented with regard to FIGS . 5 to 10 are advan 
tageous over the embodiment of FIG . 11 in that same are 
more compact and that same are easier to be implemented 
such that the angle between the direct - light direction 32 on 
the one hand and the normal direction of the first emitting 
surface 28 on the other hand is , for example , smaller than 
10° or even smaller than 5º . 
[ 0206 ] Some of the embodiments for the direct - light 
source outlined above may suffer from strong spatial lumi 
nance modulation over the first emitting surface 28 . For 
example , in case of the embodiments of FIGS . 7 and 8 , the 
light illuminance over each collimating lens 64 is featured 
by such spatial modulation being , for example , a few times 
more intense at the center of the lens aperture than at the 
border of each lens 64 . However , this leads in the embodi 
ment depicted in FIG . 8 to an illuminance periodic modu 
lation which is a problem in the case of using a Rayleigh - like 
diffuser as the diffused - light generator 10 , which generates 
the diffused light by diffusing a portion of the direct light 
generated by the direct - light source at the light - emitting 
surface with a Rayleigh - like dependency of the diffuse 
efficiency on the wavelength , i . e . the diffusion efficiency 
being stronger for shorter wavelengths than for longer 
wavelengths within the visible region . In such case , the just 
mentioned illuminance periodic modulation of the collimat 
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ing lens 64 automatically translates into a periodic lumi 
nance modulation of the high CCT background of diffused 
light generated by the diffused - light generator 10 owing to 
the very high visual sensitivity to periodic luminance modu 
lation . Such effect is detrimental with respect to the quality 
of the natural illumination . 
[ 0207 ] A first solution to this problem is that of adding 
downstream to the outer emitting surface 37 a coffered 
ceiling structure , this structure having the same pitch , for 
example , as the collimating lenses 64 in case of the embodi 
ment of FIG . 8 or having a pitch which is an integer multiple 
or a unit fraction of the pitch of collimating lenses 64 . 
[ 0208 ] For example , the coffered ceiling structure com 
prises a network of cells , which are formed by void volumes 
separated by walls , wherein said walls have negligible total 
transmittance and wherein said cells have an input facet 
F _ IN lying in a plane parallel to the plane of outer emitting 
surface 37 and an output facet F _ OUT , and wherein F _ IN 
and F _ OUT may or may not have the same shape and the 
barycenter of F _ OUT may be offset relative to the projection 
of the barycenter of F _ IN onto F _ OUT along the direction 
32 and each cell faces a lens 64 , in the sense that F IN is 
inscribed in the projection of the lens 64 or lens ’ 64 aperture 
onto the plane containing F _ IN along the direction 32 . 
[ 0209 ] See , for example , FIG . 12 which shows such a 
coffered ceiling structure 170 positioned downstream to the 
diffused - light generator 10 which is , exemplarily , embodied 
as a Rayleigh diffuser panel with regard to which further 
details are described below using the direct - light source 12 
of FIG . 8 . As can be seen in FIG . 12 , the coffered ceiling 
structure 170 has a first periodicity 172 being identical to the 
periodicity 174 at which the collimating lenses 64 and their 
corresponding first light - emitting devices ( not shown in 
FIG . 12 ) are distributed along the emitting surface 28 which 
extends between diffused - light generator 10 and the plane of 
the collimating lenses 64 in the case of FIG . 12 . For sake of 
clarity , in the embodiment depicted in FIG . 12 the diffused 
light generator 10 is positioned downstream of the first 
emitting surface 28 and thus constitutes the outer emitting 
surface 37 . In general , the presence of the coffered ceiling 
structure 170 is not to be intended as limited to this case , but 
it applies also to the case in which the first emitting surface 
28 is positioned downstream of the diffused - light generator 
10 , and constitutes the outer emitting surface 37 , or to the 
case in which the first emitting surface 28 and the second 
emitting surface 34 of the diffused - light generator 10 coin 
cide to form the outer emitting surface 37 . 
[ 0210 ] Moreover , the direct - light direction 32 could be 
taken into account to increase the effect of distracting the 
observer from realizing the illuminance periodicity originat 
ing from the illuminance modulation of the collimating 
lenses 64 . For example , the walls or side surfaces of the 
coffered ceiling structure 170 could be oriented perpendicu 
lar to the outer emitting surface 37 , while the direct - light 
direction 32 is tilted or oblique with respect to a direction 
parallel to the normal of the outer emitting surface 37 . More 
generally , the direct - light direction 32 is tilted or oblique 
with respect to more than 90 % of the outer surface of the 
coffered ceiling structure . In this manner , the observer sees 
alternate lit ( low CCT ) side surfaces of the coffered ceiling 
structure 170 ( illustrated white in FIG . 12 ) , and shaded ( high 
CCT ) side surfaces of the coffered ceiling structure 170 
( illustrated with a shading in FIG . 12 ) . This setting creates 
a strong intensity and color luminance spatial modulation , 

which is fully compliant with a natural effect , which will 
dominate over the luminance modulation caused by the 
inhomogeneous illumination of the collimating lenses 64 . 
The same effect , however , may also be achieved by tilting 
the outer surfaces of the walls of the coffered ceiling 
structure 170 . For example , the coffered ceiling structure ' s 
outer surface could be oriented such that in a projection 
along the direct - light direction 32 at least 30 % of the outer 
surface of the coffered ceiling structure 170 is facing and at 
least 30 % of the outer surface of the coffered ceiling 
structure 170 is averted . The latter circumstance would even 
be possible by arranging the direct - light direction 32 to be 
parallel to the normal direction of the light - emitting surface . 
Although FIG . 12 shows the coffered ceiling structure in 
connection with the embodiment for the direct - light source 
12 in accordance with FIG . 8 , it should be mentioned that the 
coffered ceiling structure is combinable with any embodi 
ment of the direct - light source 12 including those described 
next . Moreover , periodicities such as periodicity 174 may 
also occur with other embodiments for the direct - light 
source and accordingly , the periodicity dependency could 
also be optionally applied to such other embodiments . 
Moreover , alternatively , the periodicity dependency could 
be selected such that the periodicity 172 is an integer 
multiple or a unit fraction of periodicity 174 . 
[ 0211 ] In order to clarify the coffered ceiling structure 
effect in more detail , reference is made to FIG . 13 . FIG . 13 
refers to the embodiment depicted in FIG . 12 , in which the 
second emitting surface 34 of the diffused - light generator 
constitutes the outer emitting surface 37 . The diffused - light 
generator 10 is again assumed to be a Rayleigh - like diffuser 
as will be outlined in more detail below . In particular , the 
coffered ceiling structure 170 overcomes the problem of 
intensity modulation of the artificial sky due to non - uniform 
illumination of the collimating lenses 64 . In fact , a non 
uniform illumination determines a non - uniform output light 
intensity along the spatial dimension of the lenses 64 them 
selves . Thus , non - uniform light impinging on the diffuser 
panel 10 determines a series of brighter and darker areas in 
the blue diffused light , i . e . brighter and darker zones in the 
“ sky " . Moreover , the array of collimating lenses in the 
exemplary case of FIG . 8 ) plus diffuser panel determines a 
periodicity of such intensity modulations , which is easily 
spotted by the eye of the observer . The coffered ceiling 
structure 170 consists of a series of barriers extending 
between the individual zones of diffuser panel 10 ( the 
second emitting surface 34 of which constitutes in this case 
the outer emitting surface 37 ) overlapping the individual 
lenses 64 , and elongate outside the outer emitting surface 37 , 
i . e . protrude therefrom . Since the direction of the collimated 
direct light component with lower CCT originating from the 
artificial sun , i . e . direction 32 , may be tilted with respect to 
the direction perpendicular to the outer emitting surface 37 , 
such direct light component can illuminate only one half of 
the side faces of the barrier structure 170 . When looking at 
the ceiling , an observer will see the sky and part of each 
barrier 170 . In particular , the observer will see between each 
high CCT zone of sky illumination either a part of the barrier 
170 lit by direct illumination and thus with lower CCT , 
which may be called “ white ” barriers , or a part of the barrier 
falling into the shadow zone ( thus partially illuminated by 
the diffused high CCT component , which may be called 
" dark " barriers ) . In both cases , the luminance of the barrier 
will be very different from the average luminance of the sky , 
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much higher for the “ white ” case and much lower for the 
" dark " case . This alternation between sky zones and barriers 
with very different luminance helps in masking the modu 
lation of the artificial sky , since the sky - to - “ white ” or 
sky - to - " dark ” modulation is much stronger than the internal 
modulations of the sky itself , which stem from the unin 
tended illumination modulations illustrated above . Such sky 
modulation then appears highly attenuated . The coffered 
ceiling structure 170 will then appear as a " white " and 
“ dark ” grid between the observer and an apparently uniform 
sky . 
[ 0212 ] With regard to FIGS . 12 and 13 , it should be 
mentioned that the term “ coffered ceiling structure ” as used 
herein so far should not be understood to restrict these 
embodiments to cases where the light - emitting surface is 
arranged horizontally to form , for example , an artificial 
illumination device on the ceiling of a room . Rather , the 
term shall merely be understood to structurally describe the 
structure 170 . 
10213 ] Finally , it should be noted that the coffered ceiling 
structure 170 is advantageous not only with respect to 
combinations of the direct - light source 12 with a Rayleigh 
diffuser as the diffused - light generator 10 , but also with 
respect to other embodiments where the diffused - light gen 
erator 10 is composed of a diffused - light source , embodi 
ments for which are described in more detail below . And 
again , the structure 170 is also combinable with any other 
source 12 , and also in the cases in which the diffused - light 
generator 10 is positioned upstream relative to the first 
emitting surface 28 , provided that the structure 170 is 
positioned downstream of the outer emitting surface 37 . 
[ 0214 ] With respect to the embodiments of FIGS . 7 and 8 
it should also be mentioned that the problem just described , 
namely the problem regarding the non - constant illumination 
across the collimating lens ' aperture , might also be 
addressed by the usage of primary lenses , such as freeform 
lenses , placed downstream the first light - emitting device 60 
between the first light - emitting device and the collimating 
lens 64 , advantageously nearer to the first light - emitting 
device 60 , in order to provide a homogeneous illumination 
of the collimating lens 64 across its aperture . In other terms , 
the freeform lens is configured to flatten the illuminance 
distribution of the primary light onto the collimating lens . 
[ 0215 ] Exemplarily , FIG . 14a shows a freeform lens 180 
positioned between the first light - emitting device 60 and its 
collimating lens 64 along optical axis 68 . Naturally , such 
freeform lenses 180 may also be used in the embodiment of 
FIG . 8 with respect to each pair of first light - emitting device 
60 and collimating lens 64 . 
[ 0216 ] In order to understand the issue of the freeform lens 
better , reference is made to FIG . 15 . The requirement of 
uniform illumination improves the final perception of the 
artificial illumination device by means of a uniform sky 
appearance as already described above with respect to FIGS . 
12 and 13 . However , due to the propagation of light between 
the first light - emitting device 60 on the one hand and the 
collimating lens 64 on the other hand , the illumination 
distribution over the input surface ( aperture ) of lens 64 is in 
general non - homogeneous . Moreover , in order to minimize 
loss of light , a further requirement for the light distribution 
at the input surface of the lens 64 is that the illuminance 
rapidly decreases outside the area of the aperture of lens 64 . 
10217 ] A second important point is the visual appearance 
of the source 60 in the observer ' s eye . Since a circular image 

of the artificial “ sun ” shall be obtained , a circular appearance 
of the first light - emitting device 60 is needed . 
[ 0218 ] Freeform lenses could achieve one or possibly 
most of the previous requirements . In particular , the require 
ment of uniform illumination may be tackled by using an 
optical element which redirects light propagating around the 
axial direction with low propagation angle towards the outer 
region of emission , as shown on the left hand side of FIG . 
15 . 
[ 0219 ] After a certain propagation distance , such intensity 
profiles achieves a sufficient uniformity on the target . 
[ 0220 ] In a particular embodiment , the freeform lens 180 
features a circular shape in order to facilitate the visual 
appearance of a round source of light when the freeform lens 
180 is imaged by the eye of the observer through the lens 64 . 
[ 0221 ] Finally , it should be mentioned that optical com 
ponents different from freeform lenses could also be used for 
the previous requirements . For example , reflective com 
pound parabolic concentrators CPCs may be used to achieve 
uniform illumination onto lens 64 . Analogously to the 
freeform lens case , the output aperture of such CPC ele 
ments may be circular in order to facilitate the visual 
appearance of a round source of light when the output 
aperture of the CPC is imaged by the eye of the observer 
through the lens 64 . 
[ 0222 ] For the sake of completeness , FIG . 145 shows the 
alternative of using such a reflective CPC 182 in front of , i . e . 
downstream , the first light - emitting device 60 . 
[ 0223 ] . In the cases of the embodiments shown in FIGS . 
14a , b and 15 the width 74 of the first light - emitting device 
60 and distance 66 between first light - emitting device 60 and 
lens 64 are corrected in order to account for the differences 
in construction , due to the presence of the freeform lens 180 
or CPC 182 . 
[ 0224 ] Notably , the embodiment of FIGS . 14a , b and 15 
are also combinable with the embodiment of FIG . 8 . Further , 
the embodiments of FIGS . 14a , b and 15 are also combinable 
with the embodiments of FIGS . 12 and 13 . 
0225 . The embodiments for the direct - light source 12 
provided so far may in some cases exhibit minor problems 
in achieving the above identified luminance angular profile 
constraints due to , for example , scattering problems or the 
like . In accordance with the embodiments further outlined 
below , these problems are addressed by using any of the 
above outlined embodiments for the direct - light source 12 , 
namely the ones described with respect to FIGS . 5 to 11 , 
14a , b and 15 , with any of the micro - optics beam - homog 
enizer layers described next in that the aforementioned 
embodiments for direct - light source 12 are used as a colli 
mated light source 190 for generating a pre - collimated light 
front with a micro - optics beam - homogenizer layer 192 
being positioned downstream the collimated light source 
190 and upstream the diffused - light generator 10 with the 
first emitting surface 28 being positioned between beam 
homogenizer layer 192 and diffused - light generator 10 , or 
positioned downstream of the diffused - light generator 10 . 
The micro - optics beam - homogenizer layer 192 thus posi 
tioned is able to transform a first collimated beam featured 
by the presence of stray light that impinges onto said 
homogenizer layer 192 from the collimated light source 190 
into a second collimated beam with divergence equal to or 
larger than the divergence of the first collimated beam and 
which is free from stray light . Such second collimated beam 
thus exit the first emitting surface 28 towards the diffused 
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light generator 10 as depicted in FIG . 16 . In a different 
embodiment , the first emitting surface 28 is positioned 
downstream of or coincides with the second emitting surface 
34 of the diffused - light generator 10 , thus this second 
collimated beam exiting the beam - homogenizer layer 192 
impinges onto the diffused - light generator 10 towards the 
first emitting surface 28 . 
[ 0226 ] Stray light as just described may for example stem 
from non - ideal behavior of some Fresnel lenses in the case 
of using Fresnel lenses in order to embody the collimating 
lens 64 . Owing to scattering from the groove tips of such 
Fresnel lenses 64 , multiple internal reflection , etc . , the 
Fresnel lens 64 lit by the first light - emitting device 60 may 
have a luminance profile which does not go to zero out of the 
narrow peak 30 . In contrast , it may be featured by a residual 
profile , which is also structured both in angle and in position , 
which finally might make the Fresnel lenses 64 a clearly 
visible and luminous object in embodiments of FIGS . 7 and 
8 , where in contrast a complete dark or uniform background 
would be needed . Problems like this may also occur with 
respect to the other embodiments for the direct - light source 
and collimated light source 190 , respectively , described so 
far . 
0227 Even if such luminance background is low , e . g . 

below 1 % of the peak luminance value , due to its inhomo 
geneity and due to the transparency of the diffused - light 
generator 10 , such luminance background may be visible 
thus spoiling the quality of the natural sky . In order to solve 
such a problem , a micro - optics beam - homogenizer layer 192 
may be used , for which specific embodiments are described 
further below . 
[ 0228 ] A first embodiment for the micro - optics beam 
homogenizer layer 192 is described with respect to FIG . 
17a - c . FIG . 17a - c shows exemplarily a combination of a 
light emitter and a collimator such as a first light - emitting 
device 60 and a Fresnel lens 64 as an example for the 
collimated light source 190 , but as already stated in the 
preceding paragraph , the beam - homogenizer layer 192 
exemplified in FIG . 17a - c is combinable with any of the 
embodiments for the direct - light source 12 described so far 
above in order to result in further embodiments for the 
direct - light source 12 comprising a combination of colli 
mated light source 190 and beam - homogenizer layer 192 . 
[ 0229 ] The micro - optics beam - homogenizer layer 192 of 
FIG . 17a - c comprises a 2 - dimensional array of microlenses 
194 and an absorber shaped as an absorbing layer 202 
perforated by a 2 - dimensional array of pinholes 196 posi 
tioned and extending downstream the 2 - dimensional array of 
microlenses 194 so that each microlens 194 has a pinhole 
196 associated therewith . The embodiment of FIG . 17a 
exemplarily refers to the case in which the direct - light 
direction 32 is perpendicular to the plane containing the 
2 - dimensional array of microlenses 194 . Each pinhole 196 is 
positioned at a distance to the respective microlens 194 
corresponding to a focal length 198 of the respective micro 
lens and at a direction coincident with a direct - light direction 
32 . For reasons set out in more detail below , the microlenses 
194 advantageously have a circular aperture with a diameter 
Dm . The diameter Dm is smaller than 5 mm , more advanta 
geously smaller than 3 mm , even more advantageously 
smaller than 1 . 5 mm . The microlenses 194 are packed 
together into the 2 - dimensional array as closely as possible , 
i . e . at the highest possible density , and accordingly the 
number of microlenses 194 facing one collimating lens 64 in 

accordance with any of the embodiments of FIGS . 7 and 8 
as a collimated light source 190 will very likely be higher 
than illustratively shown in FIG . 17a - c . For example , the 
pitch at which microlenses 194 and pinholes 196 , respec 
tively , are arranged within their 2 - dimensional arrays , may 
be equal to diameter Dm or at least smaller than 1 . 5xDm . 
[ 0230 ] Further , the focal length fm 198 of the microlenses 
194 may be chosen so as to obey Dm / fm < 2 . tan ( 7 . 5° ) , advan 
tageously < 2 . tan ( 59 ) , most advantageously < 2 . tan ( 2 . 5° ) . The 
diameter of the pinholes 196 , which exemplarily may also be 
of circular shape , is chosen in accordance to the HWHM 
divergence 9 in of the collimated light impinging onto the 
beam - homogenizer layer 192 from the collimated light 
source 190 , e . g . dm may obey dm22f tan ( 9 in ) . 
[ 0231 ] Using these constraints , the above constraints put 
onto the luminance profile L direct could be achieved at the 
downstream side of the beam - homogenizer layer 192 which 
would , in accordance with the embodiment of FIG . 17a - c , 
form the first emitting surface 28 . In a different embodiment , 
as described below , the first emitting surface 28 may be 
positioned downstream of the beam - homogenizer layer 192 , 
so that the constraints on the luminance profile L direct would 
be achieved only at this surface . In case of the shape of the 
pinholes 196 being non - circular , d , may denote the diameter 
of a circle having the same area as the pinholes 196 . 
[ 0232 ] As also shown in FIG . 17a - c , the micro - optics 
beam - homogenizer layer 192 may further comprise an 
absorber shaped as channel separation structure 200 config 
ured to reduce crosstalk between neighboring pairs of micro 
lenses 194 and pinholes 196 . In particular , the channel 
separation structure 200 may be formed by tubes , each 
extending along direction 32 with one of the microlenses 
194 positioned at an upstream side of the respective tube and 
one of the pinholes 196 positioned at a downstream side 
thereof . Advantageously , the channel separation structure 
200 absorbs light in the visible region and has , for example , 
in the visible an absorbance of higher than 70 % , advanta 
geously 90 % , more advantageously 95 % for light impinging 
onto the channel separation structure 200 . The channel 
separation structure 200 may also fill space 204 between the 
microlenses 194 as shown in FIG . 17b . 
[ 0233 ] The embodiment of the beam - homogenizer layer 
192 thus employs the use of a layer of lenses 194 facing the 
inbound collimated light front emitted from the collimated 
light source 190 , followed by an absorbing mask 202 placed 
in the focal plane of these lenses 194 with a series of 
pinholes 196 . The center or very center of each pinhole 196 
corresponds to the center or very center of a lens 194 of the 
lens array under direction 32 , i . e . the lens 194 and pinhole 
196 arrays are registered one with respect to the other . By 
means of this configuration , the output angular profile L divert 
exhibits a flat - top distribution featuring the same shape of 
the aperture of lenses 194 , i . e . it is a square flat - top if square 
type lens apertures were used or hexagonal if hexagonal 
apertures were used for lenses 194 . In order to have a 
circular image of spot 40 in the observer ' s eyes , it is thus 
necessitated to have lenses 194 with circular aperture . The 
space between the apertures , i . e . space 204 , should be light 
absorbing such as blackened with an absorbing layer . The 
divergence as measured , for example by 9 HWAM , of the 
output beam is related to the focal length fm and the full 
diameter D . m of the lenses 194 as I hWhy arctan ( Dm / ( 2fm ) ) . 
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[ 0234 ] The divergence of the beam impinging from the 
collimated light source 190 onto the array of lenses 194 
affects the output divergence 9 HWHM by introducing a blur 
of the flat - top distribution , thus smoothing the sharp order of 
the circular image . The diameter of the pinholes 196 also 
affects the sharpness of the output angular distribution 
L direct : smaller pinholes 196 imply a sharper image ; how 
ever , smaller pinholes 196 with a concurrently relatively 
large divergence before the array of lenses 194 also mean 
higher losses at the absorbing mask 202 . 
[ 0235 ] The beam - homogenizer layer 192 of FIG . 17a - c 
has the advantage that the last layer , i . e . the one arranged at 
the downstream end of the beam - homogenizer , is a black 
( absorbing ) layer perforated by a 2 - dimensional array of 
pinholes , which masks the presence of the array of lenses 
194 to the observer ' s eyes . Therefore the embodiment of 
FIG . 17a - c ensures optimal performance with respect to the 
goal of minimizing the reflected luminance , i . e . of ensuring 
the black appearance of the direct - light source 12 when the 
device is off . 
[ 0236 ] However , in order to avoid the pixelation of the 
image in correspondence of the pinholes layer 202 due to the 
alternation of transmitting and absorbing zones , a low - angle 
white - light diffuser 230 may be positioned downstream the 
pinholes layer 202 , as described also below , in order to blur 
the image of the pinholes 196 and ensure uniform luminance 
at the low - angle white - light diffuser 230 plane , which would 
then coincide with the first emitting surface 28 . In order to 
prevent excessive blurring in the narrow peak 30 of the 
luminance profile , the white - light diffuser 230 is taken with 
HWHM response function s10° , advantageously s5° , more 
advantageously s2° . In order to ensure luminance unifor 
mity , the white - light diffuser 230 is placed sufficiently apart 
from the plane of pinholes layer 202 , e . g . at a distance from 
1 to 3 times the fm . However , the usage of white - light 
diffuser 230 is not necessitated , e . g . it may be not necessi 
tated when the observer is supposed to observe the illumi 
nation device from a large distance ( for example , from a 3 - 5 
m distance ) and it is not necessitated when the diameter D 
of lenses 194 is taken as sufficiently small for the foreseen 
distance of observation , e . g . smaller than 1 mm , advanta 
geously smaller than 0 . 5 mm . 
[ 0237 ] It is worth noting that the problem of registering 
the array of lenses 194 and the array of pinholes 196 is 
solved by directly manufacturing the array of pinholes 196 
by means of the array of lenses 194 itself . For example , a 
high intensity laser focused by lenses 194 onto the absorbing 
layer 202 which is at the beginning of the fabrication process 
a continuous layer , i . e . without any holes / pinholes 196 , 
etches the pinholes 196 into layer 202 . By controlling the 
power and the divergence of such a laser beam , the pinhole 
dimension , i . e . the pinhole diameter dm , is set as appropriate . 
[ 0238 ] As an example , 1 . 5 mm apertures for the lenses 194 
and focal length of the order of 1 . 7 cm results in a half 
angular output divergence of 2 . 5º , approaching the desired 
divergence of the direct light as described above . 
[ 0239 ] The use of the described channel separation struc 
ture 200 , the use of which is , though , optional , is to prevent 
crosstalk effects between neighbor pairs of lens 194 and 
pinhole 196 . These crosstalk effects may manifest into a 
series of ghosts replicas of the sun image around the central 
high intensity one . These might occur in presence of intense 
stray light in the light beam impinging onto the beam - 
homogenizer layer 192 at sufficiently large propagation 

angles , for example larger than ( Dm / fm ) - ( dm ) ( 2 fm ) ) radians , 
as illustrated by ray 206 in FIG . 17a . In this case , such 
intense stray light 206 propagating at large angle could be 
focused by one lens 194 into a pinhole 106 associated with 
a neighboring lens 194 . 
[ 0240 ] The channel separation structure , as explained 
above and shown in FIG . 17a - c , may be formed by an array 
of tubes of absorbing material , i . e . one tube per pair of lens 
194 and pinhole 196 , these tubes constituting a third array of 
elements positioned between the array of lenses 194 and the 
array of pinholes 196 . Light impinging onto the array of 
lenses 194 at a large angle and which would , without the 
channel separation structure 200 , be focused onto neighbor 
ing pinholes , i . e . pinholes belonging to neighboring lenses 
194 , is then absorbed by the channel separation structure 
200 , thus eliminating the crosstalk . The output pinholes 
layer 200 may also be eliminated in the latter case since 
these would be substituted by the apertures of the tubes of 
the channel separation structure 200 itself , at the cost of 
adding angular blur to the output luminance distribution . 
[ 0241 ] Therefore , a further embodiment for the micro 
optics beam - homogenizer layer 192 , as shown in FIG . 18 , 
comprises a 2 - dimensional array of microlenses 194 and an 
absorber shaped as a channel separation structure of a 
2 - dimensional array of micro tubes 200 extending down 
stream the 2 - dimensional array of microlenses 194 so that 
each microlens 194 has a micro tube associated therewith 
which extends from the respective microlens 194 into the 
direct - light direction 32 , just as it was the case with the 
embodiment of FIG . 17a - c . For what concerns the diameter 
Dm of the microlenses 194 and the focal length fm of the 
microlenses 194 reference is made to the description of the 
embodiment of FIG . 17a - c . For what concerns the length 1 
of the micro tubes 200 marked as 211 in FIG . 18 , such length 
1 may not necessarily be equal to fm , but it may vary in the 
range 0 . 5 fm < / < 1 . 2 fm . 
[ 0242 ] FIG . 19 shows a further embodiment for a micro 
optics beam - homogenizer layer 192 . Just as it was the case 
with respective FIGS . 17a - c and 18 , the micro - optics beam 
homogenizer layer 192 is shown in combination with the 
collimated light source 190 so as to form a further embodi 
ment for a direct - light source 12 , but although the collimated 
light source 190 , comprising an emitter and a collimator , is 
exemplarily shown to comprise a combination of a Fresnel 
lens 64 and a first light - emitting device 60 as it was the case 
in the example of FIG . 7 , any of the previously described 
examples of FIGS . 5 to 11 , 14 and 15 could be used for 
implementing the collimated light source 190 . 
[ 0243 ] The micro - optics beam - homogenizer layer 192 of 
FIG . 19 comprises a first 2 - dimensional array of microlenses 
210 of focal length fm , a second 2 - dimensional array of 
microlenses 212 of focal length fm2 , and an absorber shaped 
as an absorbing layer 220 perforated by an array of pinholes 
214 arranged between the first and second arrays of micro 
lenses 210 , 212 so as to form an array of telescopes 216 
distributed laterally in an array - like manner such as hexago 
nally packed or the like , and having the telescope axes 
parallel to each other and parallel to the direct - light direction 
32 . In each telescope 216 , the respective pinhole 214 , the 
respective microlens 210 of the first 2 - dimensional array and 
the respective microlens 212 of the second 2 - dimensional 
array are arranged along the telescope axis with a distance 
between the respective pinhole 214 and the respective 
microlens 210 of the first 2 - dimensional array being fmi and 
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a distance between the respective pinhole 214 and the 
respective microlens 212 of the second 2 - dimensional array 
be fm2 , wherein fm2 < y . fm1 , with y < 1 , advantageously ys0 . 9 , 
most advantageously ys0 . 85 . A downstream facing outer 
surface 218 of the array of telescopes 216 may comprise an 
antireflection coating . 
[ 0244 ] In the embodiment of FIG . 19 , the beam - homog 
enizer layer 192 is thus composed of two arrays of lenses 
210 , 212 and a central array of pinholes 214 . The pinholes 
214 , placed in the focal plane of both lenses 210 and 212 , 
may be cut out of a thin layer of optical absorbing material . 
Accordingly , the construction of FIG . 19 is similar to the 
micro - optics beam - homogenizer systems shown in FIGS . 
17a - c and 18 , but with an additional array of lenses 212 . The 
aperture of each lens 210 corresponds to the aperture of a 
lens 212 in the downstream array , and to a pinhole 214 
centered on the axis 217 between the two lenses 210 and 
212 . The beam - homogenizer layer 192 thus forms an array 
of optical telescopic filters . The absorbing layer 220 within 
which the pinholes 214 are formed eliminate all spatial 
components , i . e . propagation angles , which in the focal 
plane fall outside the pinholes 214 . The output divergence of 
this beam - homogenizer layer is , measured in full width , the 
lowest value between : fmi / fm2 times the input half width 
divergence of the light impinging onto the beam - homog 
enizer 192 , and A9 zarctan ( d . , / 2 . fm2 ) , with dm being the 
pinhole diameter of pinholes 214 . The image which is 
formed on the eye of the observer is the image of the focal 
plane of one single lens 212 of the downstream array . 
Accordingly , a circular image is given by a circular shape of 
pinholes 214 . Moreover , in case of the presence of the 
collimating lens 64 , the presence of same with the lenses 210 
images the primary light source 60 onto the central pinholes 
214 . Accordingly , similar to the bare collimating lens case as 
shown in FIGS . 7 and 8 , in the eye of an observer the 
direct - light source 12 of FIG . 19 images the primary light 
source 60 , which might be clipped by the pinhole aperture 
214 . Since the light impinging onto the array of lenses 210 
from the collimated light source 190 exhibits an initial 
divergence such as for example at the exit of the collimating 
lens 64 , the focal length fy and fm should not be the same . 
A 1 : 1 telescope 216 indeed , given an input divergence of the 
light impinging on a lens of the first array 210 , leads to the 
generation of a spot onto the plane of the second array 212 
which is larger than the full aperture of the corresponding 
lens belonging to such array 212 . This case thus leads to the 
undesired illumination of the neighbor lenses around such 
corresponding output lens . From geometrical considerations 
for given input divergence a shorter focal length fm2 of the 
downstream array determines a full illumination of the 
output aperture of a single lens of array 212 without such 
effect . 
[ 0245 ] In order to reduce the loss of light at the absorbing 
layer 220 , the pinhole diameter dm could favorably be 
chosen according to the divergence of the beam inbound 
from the collimated light source 190 . If the primary source 
60 , for example , does not exhibit a circular shape there could 
be loses in correspondence of the pinholes 214 . Contrary to 
the case of the beam - homogenizer layer 192 of FIGS . 17 and 
18 , the example of FIG . 19 does not necessitate the apertures 
of lenses 210 to be circular , nor does it necessitate black 
ening of portions of its input surface . That is , the apertures 
of lenses 210 may abut each other so as to continuously 
phase and overlap with the lateral extension of the light front 

inbound from the collimated light source 190 , such as the 
lateral dimension of collimating lens 64 or the array of such 
lenses 64 in the case of FIG . 8 . 
[ 0246 ] The pinholes 214 in the central absorbing layer 220 
may be written by use of a high intensity laser beam focused 
by the first array of lenses 210 similar to the description of 
the fabrication process described above with respect to FIG . 
17a - c . 
[ 0247 ] That is , laser printing could be used to form the 
pinholes of the above micro - optics beam homogenizer lay 
ers which relies upon a first realization of a component 
identical to the disclosed homogenizers apart from the fact 
that a continuous obscurant layer is deposited on the surface 
where the pinholes have to be positioned , followed by laser 
micro fabrication of the pinholes obtained by illuminating 
the above mentioned component by a suitably collimated 
laser beam trough the upstream microlens layer , so that the 
micro - lenses will focus the laser beam at the exact position 
where the pinholes have to be fabricated , and regulating the 
exposure time and the beam divergence so that the desired 
diameter of the pinholes is obtained . 
[ 0248 ] The considerations about pixelation of the output 
layer of the beam - homogenizer layer of FIGS . 17a - c and 18 
also apply in the case of FIG . 19 . Accordingly , the aperture 
of lenses 212 may be smaller than 5 mm , advantageously 
smaller than 3 mm , most advantageously smaller than 1 . 5 
mm . However , since the final divergence is not related to the 
ratio between the lens aperture of lenses 210 and 212 on the 
one hand and the focal length fmi and fm2 on the other hand , 
the focal length fmi and fm2 of lenses 210 and 212 , respec 
tively , can be of the order of the aperture of the lenses 210 
and 212 , i . e . much shorter than for the case of the embodi 
ments in FIGS . 17 and 18 . 
10249 ] . It is noted that in presence of intense stray light in 
the light beam impinging onto the beam - homogenizer layer 
192 at sufficiently large propagation angles , for example 
larger than ( Dm / fm1 ) - ( d ) / ( 2 fm1 ) ) radians , where Dm and dm 
are the diameters of the lenses 210 and the pinholes 214 , 
respectively , crosstalk might occur also in the embodiment 
of FIG . 19 as described for embodiments of FIG . 17 . Said 
crosstalk , originated from light 222 focused by one lens 210 
into a pinhole belonging to a neighboring lens 210 , may lead 
to faint replicas of the desired output spot at large propa 
gation angles , which depend on the lens aperture of lenses 
210 , the focal length fm2 and the pinhole diameter dm . The 
angles at which said faint replicas of the desired output spot 
might be visible is by far larger for the embodiment of FIG . 
19 than FIG . 17 , e . g . of the order or 45° , the reason being the 
much larger value of the ratio between pitch and focal length 
and thus the much larger angle under which neighboring 
pinholes are seen by the lens 210 with respect to the lens 
194 . For the case of the embodiment of FIG . 19 and , for 
example , for the case of first - order crosstalk , the secondary 
telescope trough which said crosstalk is preformed ( i . e . the 
telescope formed by an input lens 210 and an output lens 
which is the second neighbor to the lens 210 positioned in 
front of the input lens 210 ) is not able to transmit collimated 
light . In fact , being the axis of said secondary telescope 
strongly tilted with respect to direction 32 ( e . g . of about 45° , 
for a typical case of Dmfmi ) , the distance between pinhole 
214 and output lens 212 of said secondary telescope is much 
larger than fm2 ( e . g . about V2 times larger ) , whilst the actual 
focal length of lens 212 in the direction of the secondary 
telescope axis is substantially shorter than the nominal value 
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fm2 due to the astigmatism caused by the large operating 
angle . In this circumstance , rays which might eventually exit 
lens 212 along parallel direction are blocked by the pinhole 
214 since said pinhole is far from the actual focus of lens 212 
in the direction of the secondary telescope axis . The fact that 
the secondary telescope is unable to transmit parallel rays 
prevents the crosstalk form leading to secondary narrow 
peaks in the luminance profile , i . e . to peaks of comparable 
width of the peak 30 . In other terms , the secondary spot 
which might be formed due to crosstalk is much more 
blurred , and therefore much less visible , than primary spot , 
even in the case of non - collimated light impinging onto the 
beam - homogenizer layer 192 . Higher order cross talk leads 
to an even larger blurring effect , due to larger telescope - axis 
angles with respect to direction 32 . Therefore the embodi 
ment in FIG . 19 has the advantage of generating a much 
weaker crosstalk with respect to the embodiment of FIG . 17 
as long as the embodiment of FIG . 17 is operated without 
channel separation structure 200 , the price to be played 
being related to the need of registering the array of lenses 
212 with respect to the lenses 210 . 
[ 0250 ] In a further embodiment , an array of absorbing 
tubes , i . e . an absorbing channel separation structure 224 , 
with one absorbing tube per telescope 216 , is positioned 
downstream the array of lenses 210 . As for the case of 
channel separation structure 200 the case of the embodi 
ments of FIGS . 17a - c and 18 , said absorbing channel 
separation structure 224 has the function of stopping cross 
talk 222 , which however is here much less detrimental than 
for the previous cases , as just described . The barriers of this 
absorbing channel separation structure 224 may form a grid 
in direct contact with lenses 210 . Since the ratio between 
lens diameter and focal length may be much larger for the 
case of lens 210 in the embodiment in FIG . 19 than for the 
case of lens 194 in the embodiments in FIGS . 17a and 18 , 
e . g . 3 - 30 times larger , the aspect ratio of the absorbing 
channel separation structure 224 , i . e . tube length 226 
divided by aperture 228 of lenses 210 , of the individual 
tubes of the absorbing channel separation structure 224 
could be much lower than in the case of FIGS . 17 and 18 , 
e . g . in the range 0 . 5 - 3 , thus leading to a much less demand 
ing technological effort . 
[ 0251 ] It is noted that tube length 226 shorter than fmi , e . g . 
25 % shorter than fm , are sufficient for the cross talk removal , 
as evident from geometrical consideration ( see FIG . 19 ) . 
[ 0252 ] For what concerns the characteristics of the light 
emitted by the outer surface 218 formed by the array of 
lenses 212 in the embodiment of FIG . 19 , and particularly 
for what concerns the potential problem related to luminance 
modulation with spatial periodicity equal to the lens 212 
pitch , the inventors realized that high uniformity is guaran 
teed providing that input lenses 210 are uniformly illumi 
nated by the collimated light source 190 and that the ratio 
fmi / fm2 is chosen for properly matching the collimated light 
source 190 beam divergence , i . e . for achieving light spot 
onto the lens 212 which matches the lens size . In this case , 
in fact , the telescopes 216 reproduce onto the surface 218 the 
( axially reverted ) luminance profile featuring the inner sur 
face of lenses 210 but deprived from the large angular 
component , i . e . do not add a major luminance modulation at 
the lens pitch . This to say that , even if pitch values less than 
5 mm are recommended , higher pitch values are also pos 
sible providing that telescopes 216 are suitably designed to 
match the features of collimated source 190 . 

( 0253 ] For what concerns the appearance of the surface 
218 formed by the array of lenses 212 when the collimated 
source 190 is off , i . e . under external illumination , the inven 
tors noticed that owing to the presence of the absorbing layer 
220 and the possible absorbing channel separation structure 
224 light rays crossing lenses 212 in the upstream direction 
are absorbed but those connected to the first light - emitting 
device 60 . This circumstance ensures that light rays crossing 
lenses 212 in the upstream direction do not produce reflected 
luminance except for a minor contribution which might arise 
from reflection by the source 60 , which however falls within 
the narrow peak 30 and therefore does not produce any 
disturbance . A contribution to reflected luminance may arise 
from direct reflection by lenses 212 . To this end , if large lens 
212 aperture is chosen , i . e . larger than 1 - 3 mm , antireflection 
coating may be implemented onto the lenses 214 in order to 
avoid the risk of the occurrence of periodic modulation in 
the reflected luminance that the eye is able to spot . 
[ 0254 ] All of the above described embodiments for the 
direct - light source 12 may be extended by additionally 
providing the direct - light source 12 of the artificial illumi 
nation device 20 with a low - angle white - light diffuser 230 
which is , as shown in FIGS . 20 and 21 , positioned either 
upstream or downstream of the diffused - light generator 10 . 
In case of positioning the low - angle white - light diffuser 230 
upstream the diffused - light generator 10 , the latter is exter 
nal and downstream the direct - light source 12 as shown in 
FIG . 20 . In the other case , i . e . if the low - angle white - light 
diffuser 230 is positioned downstream the diffused - light 
generator 10 , then the low - angle white - light diffuser 230 
represents a device residing within , and positioned within 
the internal light path of the direct - light source 12 . In both 
cases , the first emitting surface 28 of the direct - light source 
12 is formed at the low - angle white - light diffuser 230 , 
namely its outer face . In case of FIG . 21 , however , L direct ( x , 
y , 9 , 0 ) is intended to denote the luminance measurable at 
the low - angle white - light diffuser 230 outer surface ( i . e . the 
surface 28 facing in the opposite direction with respect to 
diffused - light generator 10 ) when the diffused - light genera 
tor 10 is physically removed from the illumination device 
20 . In FIG . 21 , the reference sign 12 ' has been used to 
identify the portion of the direct - light source 12 positioned 
upstream relative to the diffuse - light generator 10 . Both 
parts 12 ' and 230 belong to the direct - light source 12 as 
indicated by the brace in FIG . 21 . As far as the reflectance 
luminance profile LR is concerned , same may be defined 
with the diffused - light generator 10 remaining within the 
direct - light source 12 in case of FIG . 21 . For example , the 
low - angle white - light diffuser 230 is configured so as to 
cause a blurring of the narrow peak 30 in Livost . Such 
blurring occurs both when the white - light diffuser 230 is 
positioned upstream and downstream of the diffused - light 
generator 10 . 
[ 0255 ] The low - angle white - light diffuser 230 may com 
prise , for example , a random distribution of micro - refrac 
tors , e . g . micro - lenses , micro - voids , micro - prisms , micro 
scratches , or a combination of these , formed in an outer 
surface of a transparent layer material , or a dispersion of 
transparent microparticles in a transparent bulk material 
where particles and bulk material experience suitable refrac 
tive - index mismatch . That is , in the case of the dispersion of 
transparent microparticles in a transparent bulk material , a 
refractive - index mismatch between the transparent 
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microparticles and the transparent bulk material may apply . 
However , several other embodiments for the white - light 
diffuser are also possible . 
[ 0256 ] Note that , since light rays impinging onto the 
low - angle white - light diffuser may experience only small 
angle deviation ( e . g . smaller than 2 . 5º ) , a small - angle white 
light diffuser is typically a virtually transparent element 
according to the definition of transparency taken in the 
context of the present invention ( an element is considered as 
transparent if light rays crosses the element without expe 
riencing angular deviation larger than 2 . 5º ; see below for 
details ) . Accordingly , rays that cross the diffuser suffering a 
small angle deviation are here considered as transmitted rays 
( see below for details ) . However , according to the needed 
functionality , the small - angle white - light diffuser that is here 
considered should typically ensure that most of the trans 
mitted rays ( e . g . at least 50 % , advantageously 70 % , most 
advantageously more than 95 % ) experience at least some 
angular deviation ( e . g . a deviation of at least 0 . 59 ) . In other 
terms , the diffuser should ensure low regular transmittance 
( e . g . a regular transmittance lower than 50 % , advanta 
geously lower than 30 % , most advantageously lower than 
5 % ) . 
[ 0257 ] The low - angle white - light diffuser 230 may have 
the following positive effects onto the direct - light luminance 
profile L direct . In particular , a scattering cross section of this 
white - light diffuser 230 may be set to 2° to 10° . A first scope 
is to blur any sharp angular peak in direct profile , i . e . a peak 
featured by HWHM less than 1 . 50 - 10° , which might occur 
outside the narrow peak 30 . The scope is here therefore to 
reduce the visibility of sharp secondary angular peaks in 
L direct . To this end the diffuser may be positioned at any 
plane downstream the plane where said luminance angular 
peaks are originated . A second scope is to blur and so reduce 
both luminance value and its spatial derivative caused by 
bright , spatially localized , spots , and improve spatial uni 
formity in the luminance profile . To this end the low - angle 
white - light diffuser should be positioned at a certain distance 
from the plane where said luminance spots occurs , e . g . the 
plane of the pinholes 196 in the embodiment of FIG . 17a , in 
order to allow each localized spot to lead to a sufficiently 
large and so sufficiently weak blurred spot onto the plane . In 
so doing , the low - angle white - light diffuser causes a blur in 
the spatial luminance profile wherein ( in the case of negli 
gible regular transmittance ) a point is blurred into a blurred 
spot with radius approximately equal to the product of the 
tangent of the diffuser angular response and the distance 
between the original - luminance plane and the diffuser . Natu 
rally , the new blurred luminance profile occurs at the diffuser 
plane . For example , an observer sees a localized spot of 
original size ds under a luminance reduced by a factor of < a ? 
if a 2 . 5° HWHM white - light diffuser 230 is positioned 
downstream said spot at a distance of - 10a . ds , wherein a 
proportionally larger distance is necessitated for white - light 
diffusers featured by narrow angular response . 
[ 0258 ] Up to now , the various embodiments of the artifi 
cial illumination device 20 that have been presented con 
cerned variations in the implementation of the direct - light 
source 12 . Next , possible variations in the implementation of 
the diffused - light generator 10 are described . The descrip 
tion provided next is combinable with any of the embodi 
ments described above . 
[ 0259 ] FIG . 22a shows one of the possible general relative 
arrangements of direct - light source 12 and diffused - light 

generator 10 . The diffused - light generator 10 is arranged 
downstream relative to the direct - light source 12 in this 
figure . Possible other relative configurations of these ele 
ments have already been described before and will be further 
discussed in the following . In FIG . 22a the backside of the 
diffused - light generator 10 is lit by the direct light 236 
generated by the direct - light source 12 and the first emitting 
surface 28 . As the diffused - light generator 10 , as described 
above , is at least partially transparent to the direct light 236 
or any intermediate light evolving from the primary light 
and resulting in the direct light 236 , a transmitted light 
portion 238 results at the front face / outer emitting surface 37 
of diffused - light generator 10 . 
[ 0260 ] Besides this , the diffused - light generator 10 gen 
erates diffused light 242 . As outlined in more detail below , 
the diffused - light generator 10 may be configured to gener 
ate the diffused light 242 by way of diffusing a portion of an 
incident light , such as direct light 236 or an intermediate 
light evolving from the primary light and resulting in the 
direct light 236 , and / or by additionally emitting diffused 
light as an additional contribution . As already described 
above , the diffused - light generator 10 may be embodied as 
a panel , as a layer or layer stack deposited onto , for example , 
the first emitting surface 28 or some other transparent 
substrate , but other implementations would also be feasible . 
[ 0261 ] Advantageously , the direct light 236 emitted by 
direct - light source 12 covers the visible region of the spec 
trum , that is wavelengths between 400 nm and 700 nm . 
Advantageously , the spectrum of the direct light 236 has a 
spectral width An , which is larger than 100 nm , more 
advantageously larger than 200 nm , where the spectral width 
42 may be defined as the standard deviation of the spectrum 
of the direct light 236 . The spectrum of the direct light 236 
thus features an associated CCT value which is called 
CCT direct in the following . 
[ 0262 ] It is advantageous if the diffused - light generator 10 
is configured such that same does not increase the CCT of 
the transmitted light 238 , i . e . CCTtrans SCCT direct , but devia 
tions could also be feasible . As far as the diffused light 242 
is concerned , same has a spectrum shifted towards smaller 
wavelengths and accordingly has a higher CCT compared to 
the direct light 236 , and in any case a higher CCT than 
compared to the CCT of the transmitted light 238 , i . e . 
CCT diffuse > CCT direct and CCT diffuse > CCT trans . It is advanta 
geous if light 236 and 238 are collimated , i . e . have narrow 
angular distribution , and if spectra of direct light 236 , 242 
and 238 are substantially independent from the angular 
direction ( when the spectra are normalized to their peak 
value ) . In this case , the definition of CCT five , CCT Jiffuse 
and CCT frame is straightforward . However , to be more pre 
cise and in the general case , CCT direct could be defined as the 
CCT relative to the mean spectrum of light generated by the 
illumination device 20 within the narrow peak 30 , i . e . 
within , for example , 9 HWHM , when the diffused - light gen 
erator 10 is not physically installed into the device 20 ; 
CCT could be defined as the CCT relative to the mean 
spectrum of light generated by the illumination device 20 
within the narrow peak 30 , i . e . within , for example , 4 HWHM , 
when the diffused - light generator 10 is physically made to 
operate into the device 20 ; CCT diffuse could be defined as the 
CCT relative to the mean spectrum of light generated by the 
illumination device 20 at directions far from direction 32 , 
e . g . for angles 9 > 39 HWHM , when both direct - light source 
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[ 0269 ] The nanoparticles 254 may be mono - dispersed . 
The nanoparticles 254 may be round shaped or shaped 
otherwise . The effective diameter D for definition in non 
round cases see below — may be within the range [ 5 nm - 350 
nm ) , advantageously [ 10 nm - 250 nm ) , more advantageously 
[ 40 nm - 180 nm ) , still more advantageously [ 60 nm - 150 nm ) , 
where D is given by the diameter of nanoparticles 254 times 
the first material ’ s refractive index . 
[ 0270 ] Moreover , nanoparticles 254 may be distributed 
inside the diffuser 250 so that their number per square meter 
N , i . e . the number of such particles within a panel volume 
element delimited by a portion of surface S orthogonal to the 
direction of light propagation and with a 1 m² area , satisfies 
the condition Nmin SN , where : 

10 - 29 . m² + 212 Kamberimiz [ Number / m² with D expressed in m ] Nmin = - 06 . 

12 and diffused - light generator 10 are made to operate into 
the illumination device 20 ; all means are preformed over all 
spatial and azimuthal coordinates . 
[ 0263 ] As already described above , the diffused - light gen 
erator 10 could be embodied or could at least comprise a 
diffuser panel configured to diffuse the incident light more 
efficiently for shorter wavelengths within the visible region , 
i . e . within 400 to 700 nm , than compared to longer wave 
lengths , thereby behaving similarly to the Rayleigh scatter 
ing of the sunlight by the real sky . For example , the diffuser 
is configured such that the luminous flux of the portion 
diffused / scattered by same within the interval of 400 nm to 
550 nm is at least 1 . 1 times , advantageously 1 . 2 times , more 
advantageously 1 . 3 times larger than the luminous flux of 
the portion of incident light within the wavelength interval 
within 550 nm to 700 nm , in the case of a D65 standard 
illuminant . 
[ 0264 ] CCT diffuse is , for example , at least 1 . 2 times greater 
than CCT trans , advantageously more than 1 . 3 times greater , 
more advantageously more than 1 . 4 times greater . Compar 
ing CCT diffuse with CCT direct , CCT diffuse may be 1 . 2 times 
greater than CCT direct or advantageously more than 1 . 3 
times greater or more advantageously more than 1 . 4 times 
greater . 
[ 0265 ] In case of the just mentioned Rayleigh - like dif 
fuser , the diffuser may also decrease the CCT trong relative to 
CCT direct , as the transmitted light 238 represents the residual 
component of the incident light not having been scattered / 
diffused , not belonging to diffused light 242 . 
[ 0266 ] The diffused - light generator 10 , irrespective of 
same being a diffuser and / or a diffused - light source , does not 
absorb significant portion of the incident light . The diffused 
light generator 10 absorbs less than 20 % of the luminous 
flux of the incident light and more advantageously less than 
10 % . In this regard however , it should be mentioned that 
some of the incident light is scattered or reflected back into 
the direction pointing away from the input surface 33 in the 
upstream direction . When comparing the portion of incident 
light scattered back ion the one hand and the portion of 
incident light scattered into the forward direction , i . e . away 
from the second emitting surface 34 in the downstream 
direction , then the transmitted diffused light portion 242 
should be greater such as , measured in luminous flux , at least 
1 . 1 times greater or advantageously 1 . 3 times greater or even 
more advantageously 1 . 5 or even 2 times greater than the 
back - scattered portion . 
[ 0267 ] As far as the sum of the reflected and back 
scattered portion is concerned , i . e . the portion of incident 
light reflected back or scattered back by diffused - light 
generator 10 , same should be lower than 40 % of the lumi 
nous flux of the incident light and lower than 25 % or even 
lower than 10 % or even lower than 5 % of the luminous flux 
of the incident light . 
[ 0268 ] FIG . 23 shows an embodiment where the diffused 
light generator 10 is configured as a diffuser 250 comprising 
a solid matrix of a first material , wherein nanoparticles 254 
of a second material are dispersed within the solid matrix 
252 . The refractive index of the nanoparticles material is 
different from the refractive index of the material of solid 
matrix 252 . Both materials basically should not absorb 
electromagnetic radiation in the visible wavelength range . 
For example , the first material may be a transparent resin . 
For example , the second material may be an inorganic oxide 
such as ZnO , TiO2 , ZrO2 , SiO2 , Al2O3 . 

where the effective diameter D has to be expressed in meters 
( dimensional terms are comprised in the constant ) and where 
m is equal to the ratio of the second material ' s refractive 
index to the first material ' s refractive index . 
[ 0271 ] Advantageously , the nanoparticles 254 are distrib 
uted homogenously , at least as far as the areal density is 
concerned . The areal density varies , for example , by less 
than 5 % or the mean areal density . Alternatively , the areal 
density may vary intentionally in order to compensate for an 
illumination variance over the panel 250 as lit the incident 
light . For example , the areal density N ( x , y ) at point ( x , y ) 
within the second emitting surface 34 may be related to the 
illuminance I ( x , y ) produced by the source 2 at point ( x , y ) via 
N ( x , y ) = NQIQI ( x , y ) + - 5 % , where N and I are the aver 
aged illuminance and areal density over the panel area . 
[ 0272 ] In the limit of small D and small volume fractions 
( i . e . thick panels ) an areal density NaNmin is expected to 
produce scattering efficiency of about 5 % . As the number of 
nanoparticles per unit area gets larger , the scattering effi 
ciency is expected to grow proportionally to N , as long as 
multiple scattering or interferences ( in case of high volume 
fraction ) occur , which might compromise color quality . The 
choice of the number of nanoparticles is thus biased by the 
search for a compromise between scattering efficiency and 
desired color , as described in detail in patent application 
EP2304478 . Furthermore , as the size of nanoparticles gets 
larger , the ratio n of the luminous flux of the forward 
scattered light 242 divided by the luminous flux of the 
back - scattered light grows , such ratio being equal to one in 
the Rayleigh limit . Moreover , as n grows , the aperture of the 
forward scattering cone gets smaller . Therefore , the choice 
of n is biased by the search for a compromise between 
having light scattered at large angles and minimizing the flux 
of backward scattered light . However , in a way known by 
itself , an antireflective layer can be deposited on the input 
and second emitting surface 33 and 34 , respectively , with the 
aim of minimizing reflection ; by doing so , the luminous 
efficiency of the device is raised and the visibility of the 
diffuser panel 250 to an observer due to ambient reflection 
on the panel surfaces is diminished . 
[ 0273 ] Embodiments are however possible where nano 
particles 254 do not have spherical shape : in such case , the 
effective diameter D may be defined to be equal to the 
effective diameter of the equivalent spherical particles , 
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namely to the effective diameter of spherical particles hav 
ing the same volume as the aforementioned nanoparticles . 
[ 0274 ] Furthermore , embodiments are possible where 
nanoparticles 254 are polydispersed , i . e . their effective 
diameters are characterized by a distribution N ( D ) . Such 
distribution describes the number of nanoparticles per sur 
face unit and unit interval of effective diameter in a neigh 
borhood of the effective diameter D ( that is , the number of 
particles per surface unit with diameter between D , and D2 
is equal to No1 - D2 = SD , P ? N ( D ) dD ) . Said effective diameters 
may be in the range [ 5 nm - 350 nm ) , i . e . the distribution may 
be different from zero within that interval . In this case , 
considering that scattering efficiency grows approximately , 
i . e . in the limit of small particles , with the sixth power of the 
nanoparticle ' s diameter , the polydisperse distribution , with 
the aim of evaluating the minimum number per square meter 
of nanoparticles , behaves approximately as monodisperse 
with a representative diameter D ' or defined by : 

De = $ xD ] D?ap ) 
where 

N = { ND } AD 
D ' e # may be selected to lie within any of the above intervals , 
i . e . within the range [ 5 nm - 350 nm ) , advantageously [ 10 
nm - 250 nm ) , more advantageously [ 40 nm - 180 nm ) , still 
more advantageously 60 nm - 150 nm ) . 
[ 0275 ] However , alternatively , it is possible that the dif 
fused - light generator 10 is constituted by or comprises a 
diffused - light source 260 in addition to the diffuser panel 
250 of FIG . 23 as shown in FIGS . 24a and 24b , or indi 
vidually as shown in FIG . 25 . Differently from the diffuser 
panel 250 , the diffused - light source 260 might emit diffused 
light independently from the direct - light source 12 , since it 
comprises a second light - emitting device 266 which differs 
from the first light - emitting device of the direct - light source . 
[ 0276 ] As shown in FIGS . 24a and 24b the diffused - light 
source 260 may be placed downstream or upstream relative 
to the diffuser panel 250 . As described herein below , the 
diffused - light source 260 may be panel - shaped , shaped like 
a layer or be embodied as a layer stack . When combining 
any of the embodiments of FIGS . 24a and 24b with the 
embodiment of FIGS . 20 and 21 , it should be noted that the 
low - angle white - light diffuser 230 may be positioned down 
stream or upstream both diffuser 250 and diffused - light 
source 260 or between them . Moreover , the functionality of 
the white - light diffuser 230 may be incorporated into the 
diffuser 250 and / or the diffused - light source 260 . The dif 
fused - light source 260 is capable of emitting light which is 
diffuse . Moreover , the diffused - light source is essentially 
transparent to the direct light 236 or an intermediate light 
evolving from the primary light and resulting in the direct 
light 236 . As shown in FIGS . 24a and 24b , the diffused - light 
source 260 can be positioned parallel to panel 250 and be 
virtually in contact with it . 
[ 0277 ] The diffused - light source 260 can be realized using 
a diffuser panel 264 shaped as a light guide edge - lit by the 
second light - emitting device 266 shaped as , e . g . a linear 
stripe of LEDs or a fluorescent tube lamp , so that light 
emitted by second light - emitting device 266 propagates in 

guided - mode inside the diffuser panel 264 , which diffuses it 
homogeneously . Such panel 264 can be , for example , a 
commercial diffuser suitable for side - lighting as , e . g . : 
“ Acrylite® LED ” or “ Plexiglas® LED EndLighten ” . More 
over , as shown in FIG . 26 , the thickness along axis H of the 
diffuser panel 264 is negligible compared to thickness along 
direction K perpendicular to panel normal direction H . 
[ 0278 ] In a particular configuration , the diffuser panel 264 
is formed by a material , e . g . , polymethylmethacrylate , 
wherein microparticles of a material such as zinc oxide , are 
dispersed ; such materials do not absorb light with wave 
lengths in the visible range . In particular , the diameters of 
microparticles range from 2 um to 20 um . 
[ 0279 ] When in use , part of the radiation guided by the 
diffuser panel 264 exits the diffuser panel 264 while propa 
gating along the diffuser panel 264 , e . g . due to diffusion by 
microparticles embedded into the diffuser panel 264 . Since 
the diffuser panel 264 has negligible thickness along a 
direction H orthogonal to the panel major surfaces compared 
to edge - illumination direction K , the panel 264 is basically 
transparent to radiation propagating along direction H but 
works as diffuser for radiation propagating along direction 
K . 
[ 0280 ] Moreover , assuming that the diffuser panel 264 is 
delimited on the upper and the lower side by a surface S , 
S , , respectively , at least one out of such surfaces S , S , can 
be surface - finished to introduce roughness . Such roughness 
contributes in the diffusion by the diffuser panel 264 of the 
light generated by the second light - emitting device 266 , the 
diffusion process being virtually homogeneous along any 
direction parallel to direction K . In a way known by itself , 
roughness can be designed so that great part of the light 
generated by the second light - emitting device 266 is scat 
tered mainly through one between surfaces S , S . , and in 
particular towards downstream direction 32 . In the case in 
which at least one between surfaces S1 , S2 features rough 
ness , no microparticles may need to be dispersed in the 
diffuser panel 264 . In any case , roughness may be present on 
both the surface S1 , S2 of the diffuser panel 264 . 
[ 0281 ] In a different configuration , the diffused - light 
source 260 is not side - lit but comprises a second light 
emitting device shaped as a substantially transparent and 
emitting layer obtained by means of an OLED film . Simi 
larly to the side - lit panel source , the OLED film is also 
capable to generate diffused light with controlled color and 
intensity , being at the same time transparent to the light that 
crosses it along a direction perpendicular to its surface . 
[ 0282 ] The diffused - light source 260 allows for changing 
the color and intensity of the diffused - light component 242 , 
basically without changing the color and intensity of the 
transmitted component . For this aim , it is possible to act on 
the color and intensity of the light emitted by the second 
light - emitting device 266 . 
[ 0283 ] For example , aiming at reproducing the character 
istics of late afternoon light , an incident light with low CCT , 
e . g . 2500 K , can be used ; in this way , the color of the 
transmitted component 238 is similar to the color of sunlight 
before sunset when using a diffuser panel 250 . Without the 
diffused - light source 260 , the color of the component scat 
tered by just the diffuser panel 250 would be remarkably 
different from the color of the corresponding natural com 
ponent . As a matter of fact , what happens in nature is that the 
sky above the observer is lit by white sunlight , i . e . by 
sunlight that has not crossed the atmosphere yet , with CCT 
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approximately equal to 6000 K , a much higher value than 
the lamp ' s CCT . As a consequence , the CCT of light 
scattered by the sky above the observer in the late afternoon 
hours is significantly higher than the CCT of light scattered 
by the diffuser panel 250 , in the case in which the incident 
light has low CCT . However , if diffused - light source 260 is 
used , and particularly if the diffuser panel 250 is used 
together with the second light - emitting device 266 , and this 
latter is made of an ensemble of red , green , blue LED 
emitters ( “ RGB " ) , it is possible to adjust the luminous flux 
of each of such three elements : this allows panel 264 to 
generate a scattered component with color and intensity such 
that the overall component that exits the diffused - light 
source 260 has the desired color . In other words , the dif 
fused - light source 260 allows to uncouple the color of the 
transmitted component from the color of the scattered com 
ponent . Moreover , if a lamp with adjustable CCT is used as 
source 260 , the variation of natural lighting at different times 
of the day can be reproduced . 
[ 0284 ] Panels 250 and 260 need not to be physically 
separated as depicted for ease of understanding . This applies 
also for the components drawn as being separated in other 
figures . 
[ 0285 ] When the source 260 is used in the absence of the 
diffuser panel 250 , the diffused - light generator 10 emits 
diffused light with higher CCT than the CCT of direct light 
236 as long as source 260 is appropriately designed . Such 
diffused - light generator is , at least partially , light - transpar 
ent . In this context , the term “ transparency ” with reference 
to an optical element is used for indicating the so called “ see 
through ” property , i . e . the property of an optical element of 
transmitting image - forming light , i . e . of transmitting light 
rays which crosses the optical element without experiencing 
angular deviation or being deviated just by a small angle , 
e . g . by an angle smaller than 2 . 5° . In this context , therefore , 
the term “ transmitted light ” refers to the portion of the 
impinging light crossing the optical sample without experi 
encing relevant angular deviation , e . g . without experiencing 
angular deviation larger than 2 . 5º . Note that the present 
definition does not rely upon the concept of “ regular trans 
mittance ” , which in contrast accounts only for the light 
which is transmitted without any angular deviation . 
[ 0286 ] More precisely , given a standard illuminant ( e . g . a 
D65 source ) which emits light uniformly from a circular 
emitting surface Ss , and given a standard observer O , who 
sees the emitting surface S , under a conical HWHM solid 
angle of 2 . 5° , advantageously 1 . 5° , most advantageously 
0 . 5° , the diffused - light generator 10 is here defined as 
partially transparent if a luminance of the D65 emitting 
surface S , as perceived by the standard observer 0 , when the 
diffused - light generator 10 is interposed between the 
observer O , and the surface S , with its major surface oriented 
orthogonally to the line connecting the eye of the observer 
with the barycenter the surface Ss , is at least 50 % , advan 
tageously at least 70 % , more advantageously at least 85 % of 
a luminance perceived by the observer O , when the diffused 
light generator 10 is not interposed between the observer O . 
and the surface Ss . 
[ 0287 ] Summarizing , the diffused - light generator 10 may 
be embodied as a diffuser panel 250 and / or a diffused - light 
source 260 , i . e . a light source that emits diffused light from 
a thin panel . In the case of using just the diffused - light 
source 260 , the diffused - light source 260 does not operate 
for correcting the color of the diffused light as produced by 

the diffuser panel 250 , but for generating the entire diffused 
component 242 — with or without adjustability of the dif 
fused light CCT . Here , the advantage is that of having one , 
instead of two , diffusing elements , and therefore less losses . 
A first disadvantage may stem from the difficulty of obtain 
ing sufficiently large luminance from source 260 , due to the 
limit of side illumination in case of FIG . 26 , for example . 
Moreover , the fact that the diffusing mechanism in the 
diffuser panel is identical to the mechanism taking place in 
the real sky might result in a luminance spatial and angular 
distribution of the diffuser 250 being more similar to the 
natural than compared with the source 260 . 
[ 0288 ] In accordance with many of the above described 
embodiments , the artificial illumination device further com 
prises an absorber made of light - absorbing material arranged 
so that the first emitting surface 28 shows a total reflectance 
factor n , < 0 . 4 . 
[ 0289 ] Examples for such absorbers were shown with 
reference signs 58 , 72 , 82 , 122 , 158 , 200 and 224 . The 
absorber may be made of light - absorbing material . This 
light - absorbing material may , although not mentioned every 
time in the above description , have an absorption coefficient 
for visible light greater than 95 % , although 80 % may also 
suffice . The light - absorbing material may be positioned 
downstream of the direct - light source ' s 12 first light - emit 
ting device , i . e . 14 , 46 , 60 , 114 , 138 , 150 , where the term 
" downstream ” is then defined to follow the light propagation 
direction including light - bending at reflectors such as in the 
case of FIGS . 9 , 10 and 11 . On the other hand , the light 
absorbing material is positioned upstream of the first emit 
ting surface 28 as well as upstream the diffused - light gen 
erator 10 and the low - angle white - light diffuser 230 ( if 
present ) if they are positioned upstream of the first emitting 
surface 28 . To be more precise , thus positioned , the light 
absorbing material is configured to substantially absorb light 
rays which cross the direct - light source ' s first emitting 
surface 28 in an upstream direction and which in the absence 
of the absorber would not be directed toward the direct - light 
source ' s first light - emitting device . In many of the above 
described embodiments , for example , the artificial illumi 
nation device comprises a light collimator being an optical 
element positioned downstream the first light - emitting 
device of the direct - light source and configured to reduce the 
divergence of the primary light generated by the first light 
emitting device . In the above embodiments , the light colli 
mator was embodied , for example , as a lens 14 , 48 , 64 , 13 
( such as dome lens , Fresnel lens , or microlens ) , a concavely 
curved mirror 152 , a wedge - shaped lightguide 80 coupled to 
light exit layer 84 , a light concentrator ( 112 , 113 , 140 ) , but 
in general the light collimator may be any refractive , reflec 
tive ( including total internal reflective ) , diffractive optical 
component or any system comprising a plurality of such 
optical components . In that case , the absorber has its light 
absorbing material positioned such that the absorber sub 
stantially absorbs light rays which cross the direct - light 
sources first emitting surface 28 in the upstream / reverse 
direction and are redirected by the light collimator toward 
somewhere else than the first emitting device of the direct 
light source , where the term “ substantially ” may mean that 
at least 70 % , advantageously 90 % , or more advantageously 
95 % of such light rays may be absorbed . In this circum 
stance , the absorber substantially contributes in reducing the 
amount of stray light in the direct light 236 , i . e . the amount 
of light generated by the direct - light source 12 out of the 
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narrow peak 30 . In fact , it is noticed that such an embodi 
ment guarantees for the direct - light source 12 a black 
appearance when off for observation directions departing 
from direction 32 of an angle larger than the angle width of 
the narrow peak 30 . In other terms , the embodiment ensures 
that , under external illumination and when the direct - light 
source 12 is off , the first emitting surface 28 may re - emit 
light only from those directions under which the bright spot 
is seen when the direct - light source 12 is on . Moreover , such 
an embodiment ensures that light rays originated by the 
emitter which are scattered or reflected by the collimator or 
by other components of the device 20 positioned down 
stream the emitter and which in the absence of the absorber 
would not be ascribable to the collimated light beam exiting 
the first emitting surface 28 are absorbed . 
[ 0290 ] Summarizing the above , specific embodiments 
have been described as well as the thoughts underlying the 
same . In particular , FIGS . 5 to 11 and 14a to 21 concentrated 
on different exemplary implementations for the direct - light 
source 12 . These embodiments have in common that the 
direct - light source 12 comprises , as schematically shown in 
FIG . 27a , a first light - emitting device which is embodied in 
element 14 , 46 , 60 , 114 , 138 , 150 , respectively . This first 
light emitting device is configured to emit , i . e . actively 
generate , primary light 62 . It might be an LED , an incan 
descent lamp , a fluorescent lamp , or a metal halide lamp or 
some other light source . Further , the direct - light source 12 
comprises a first emitting surface 28 positioned downstream 
the light - emitting device . As far as the direct - light source ' s 
12 ability to generate direct light 236 at the first emitting 
surface 28 is concerned , the diffused - light generator ' s 10 
influence was left off by specifying the direct light 236 at the 
first emitting surface 28 in a state where the diffused - light 
generator 10 is removed . The removal has effects at least if 
the generator 10 is positioned upstream the first emitting 
surface 28 . In the other case the diffused - light generator 10 
does not influence the direct light generation from the 
primary light 62 anyway . In particular , as described above , 
the direct - light source 12 produces from the primary light 62 
the direct light 236 such that the latter exits the first emitting 
surface 28 with a luminance profile which is uniform across 
the first emitting surface 28 and has a narrow peak 30 in the 
angular distribution around the direct - light direction 32 . 
[ 0291 ] The above figures FIGS . 20 to 26 concentrated on 
possible implementations for the diffused - light generator 10 
and its relative position with respect to the direct - light 
source 12 and its individual components . The CCT of 
different light components occurring in the artificial illumi 
nation device was also considered . In general , the diffused 
light generator 10 , as shown in FIGS . 276 and 27c , is 
positioned downstream of the first light - emitting device of 
the direct - light source 12 and is at least partially light 
transparent . For example , generator lets , for example , more 
than 50 % of the primary light 62 , the direct light 236 or any 
intermediate light evolving from the primary light and 
resulting in the direct light 236 , which hits the generator , 
pass without being substantially deviated , where substan 
tially means that deviation might occur over small angles 
only , e . g . Over HWHM angles smaller than 2 . 50 . The 
hatched box 302 in FIGS . 27b and 27c indicates that the 
diffused - light generator 10 may have its own second emit - 
ting device . One possible instantiation thereof is shown in 
FIG . 26 at 266 . Another is formed by using an OLED as the 
diffused - light source 260 . Alternatively or additionally , the 

light - diffuse generator 10 may be of passive nature which 
co - uses the first light - emitting device of the direct - light 
source . In other words , it may have a diffuser . Reference is 
made to FIGS . 23 to 25 for details regarding the possible 
alternatives . In case of the diffuser , same is positioned so as 
to be lit by the direct - light , the primary light or light 
corresponding to an intermediate version of the primary 
light on the way to its conversion into the direct light . 
Irrespective of the diffused - light generator 10 being of the 
passive and / or active type , same may be positioned 
upstream or downstream relative to the first emitting surface 
28 of the direct - light source 12 and is configured to cause 
diffused light 242 at the second emitting surface 34 of the 
diffused - light generator 10 . Again , the diffused - light gen 
erator 10 may or may not have its own light source 302 . If 
the diffused - light generator 10 is positioned downstream 
relative to the first emitting surface 28 of the direct - light 
source 12 , then the direct light 236 is available and its 
requirements imposed onto the direct - light source 12 are 
measurable without removing the diffused - light generator 
10 . 
0292 ) As also became clear from the above embodiments , 
one of the emitting surfaces 28 and 34 is positioned down 
stream with respect to the other . In the case of FIG . 27b , for 
example , the first emitting surface 28 of the direct - light 
source 12 is positioned downstream relative to the second 
emitting surface 34 of diffused - light generator 10 and forms , 
accordingly , the outer emitting surface 37 of the artificial 
illumination device , while in FIG . 27c it is the second 
emitting surface 34 of the diffused - light generator 10 which 
is positioned more downstream and forms the outer emitting 
surface 37 . FIG . 27d shows , for the sake of completeness , a 
further alternative according to which the direct - light 
source ' s 12 and the diffused - light generator ' s 10 emitting 
surfaces 28 and 34 coincide so as to commonly form the 
outer emitting surface 37 of the artificial illumination 
device . Imagine , for example , that the particles of the 
diffused - light generator 10 in accordance with the embodi 
ment of FIG . 23 would be interspersed within the material 
of a Fresnel lens 64 of any of the respective embodiments 
having the Fresnel lens . In that case , the lens 64 of the 
direct - light source 12 would concurrently act as the dif 
fused - light generator 10 . To be even more precise , the 
particles 254 interspersed within the Fresnel lens ' material 
would form the diffused - light generator 10 and would have 
to be ( fictively ) removed in order to determine the lumi 
nance characteristic of the direct light produced by the 
direct - light source 12 . In practice , such a Fresnel lens having 
particles 254 interspersed therewith could be replaced by an 
identical Fresnel lens without these particles 254 . Accord 
ingly , what is visible from FIGS . 27b and 27d is that 
wherever the diffused - light generator 10 is positioned 
upstream the first emitting surface 28 of the direct - light 
source 12 , the direct light 236 obeying the luminance 
constraints explained above is not directly accessible in the 
situation where the artificial illumination device is built 
together . Rather , as just explained , the diffused - light gen 
erator 10 would have to be removed . 
[ 0293 ] FIGS . 27e and 27f concentrate on the outer light 
239 which is formed at the outer emitting surface 37 by the 
cooperation of the direct - light source 12 and the diffused 
light generator 10 for the cases of FIGS . 27b and 27c . In 
FIG . 27e , where the diffused - light generator 10 is positioned 
upstream relative to the first emitting surface 28 of the 
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direct - light source 12 , thereby forming the outer emitting 
surface 37 , the direct light 236 of the direct - light source 12 
obeying the just - mentioned constraints may not directly 
occur at the first emitting surface 28 . Rather , a transmitted 
variant thereof , having been passed by the diffused - light 
generator 10 , occurs at the first emitting surface 28 wherein 
the transmitted variant may differ from the direct light as a 
consequence of the fact that the diffused - light generator 10 
may be only partially transparent to the impinging light , e . g . 
to the primary light 62 . For example , in the case where the 
diffused - light generator 10 is embodied as a diffused - light 
source 260 ( see FIG . 26 ) based on a side - lit diffuser panel 
264 featured by high regular transmittance along the H 
direction , the transmitted variant may be virtually identical 
to the direct light but being slightly weaker ( for example , 
10 % weaker ) , mainly because of the reflection losses at the 
diffuser air - panel interfaces . In the case where diffused - light 
generator 10 is embodied as a diffused - light source 260 
embodied as an OLED film , the transmitted variant may be 
substantially weaker than the direct light ( for example , 40 % 
weaker ) . In the case where diffused - light generator 10 is 
embodied as a passive diffuser panel 250 which scatters the 
impinging light in the Rayleigh regime , the transmitted 
variant may differ from the direct light just for the lower 
CCT , as explained below with respect to FIG . 22a . Finally , 
in the case where diffused - light generator 10 causes a slight 
deviation ( i . e . deviation smaller than 2 . 5° ) in the impinging 
light rays which pass through the generator , i . e . if it incor 
porates the function of the low - angle white - light diffuser 
230 , the transmitted variant may differ from the direct light 
also in the angular spectrum , which might be the convolu 
tion of the direct light angular spectrum with the low - angle 
white - light diffuser angular impulse - response function . 
[ 0294 ] In the case of FIG . 27e , the outer light 239 at the 
outer emitting surface 37 is the result of the just mentioned 
transmitted variant of the direct light and the diffused light 
242 emitted by the diffused - light generator 10 . In an angular 
sense , the outer light 239 comprises a first light component 
241 which propagates along directions contained within the 
narrow peak 30 such as within the aforementioned 9 HWHM 
and a second light component 243 which propagates along 
directions based apart from the narrow peak 30 , with a first 
light component 241 having a CCT which is lower than the 
CCT of the second light component 243 such as into 
directions greater than 39 HWHM 
[ 0295 ] A comparison of FIG . 27d and FIG . 27b makes it 
clear that both cases merely differ in that the diffused light 
generated by the diffused - light generator 10 in the case of 
FIG . 27d is not directly accessible or separable from the 
direct light caused by the direct - light source 12 , as the 
transmitted variant of the direct light and the diffused light 
both irreversibly fuse together to form the outer light 239 at 
the resulting outer emitting surface 37 . 
102961 . FIG . 27f depicts the situation of the outer light as 
resulting from the case of FIG . 27c . As the diffused - light 
generator 10 is positioned downstream the surface 28 , the 
direct light 236 is accessible and its transmitted variant 
having CCT trans as shown in FIG . 22a contributes to the 
outer light 239 at the light emitting surface 37 formed by the 
second emitting surface 34 of the diffused - light generator 
10 . A composition of the outer light 239 in the angular sense 
is as shown in FIG . 27e . 
[ 0297 ] With regard to FIG . 27e , FIGS . 22b and 22c are to 
show two alternatives of positioning a diffused - light gen 

erator upstream relative to the first emitting surface 28 of the 
direct - light source 12 . FIG . 22b illustrates the case of having 
a diffused - light generator 10 of the active type which is 
exemplarily almost completely transparent for the light 
impinging onto the input surface 33 , e . g . for the primary 
light 62 , so that the direct light would substantially directly 
contribute to the outer light 239 at the emitting surfaces 28 
and 37 , respectively . Nevertheless , however , it should be 
noted that the first angular light component 241 differs from 
the direct light in that the first angular light component 241 
also comprises a contribution of the diffused light of the 
diffused - light generator 10 . The latter contribution is , how 
ever , very small due to the small angular fragment covered 
by the narrow peak 30 , and accordingly , all CCT relations 
relating the CCT of direct light 236 or CCT of transmitted 
light to the CTT of the diffused light 242 mentioned above 
shall insofar also apply to the first light component . 
[ 0298 ] . Moreover , the first angular light component 241 
has a narrow angular support , being formed only by light 
rays propagating along directions within the narrow peak 30 
( i . e . directions supporting the peak in the luminance profile ) . 
In contrast , the direct light 236 might feature the presence of 
background light at any angle . 
[ 0299 ] FIG . 22c shows the case of the diffused - light 
generator 10 comprising a diffuser of wavelength selective 
diffusing efficiency as outlined above with , for example , a 
blur filter being placed between generator 10 and the outer 
emitting - surface formed by the emitting surface 28 . In this 
case , merely the just mentioned transmitted variant of the 
direct light results at surfaces 28 and 37 , respectively , and 
contributes to the outer light . Again , the angular light 
component 241 of the outer light 239 within the narrow peak 
30 differs from the just mentioned transmitted variant of the 
direct light in that the light component 241 also comprises 
the respective angular fragment of the diffused light as 
generated by the diffused - light generator 10 . 
[ 0300 ] While this invention has been described in terms of 
several advantageous embodiments , there are alterations , 
permutations , and equivalents which fall within the scope of 
this invention . It should also be noted that there are many 
alternative ways of implementing the methods and compo 
sitions of the present invention . It is therefore intended that 
the following appended claims be interpreted as including 
all such alterations , permutations , and equivalents as fall 
within the true spirit and scope of the present invention . 

1 . ( canceled ) 
2 . An artificial illumination device for generating natural 

light similar to that from the sun and the sky , the artificial 
illumination device comprising : 

a direct - light source that comprises a first light - emitting 
device configured to emit a primary light , and a first 
emitting surface positioned downstream the first light 
emitting device ; wherein 
the first light - emitting device comprises a 2 - dimen 

sional array of light emitting diode ( LED ) devices , 
each of the LED devices comprising a light emitting 
diode and a collimator ; and 

each light emitting diode and its associated collimator 
are embedded into a micro dark box ; and 

a diffused - light generator that is at least partially light 
transparent and is positioned downstream of the first 
light - emitting device and comprises a second emitting 
surface and is configured to cause diffused light at the 
second emitting surface ; 

17 Ans 



US 2017 / 0350574 A1 Dec . 7 , 2017 
34 

wherein the direct - light source is configured so that , with 
the diffused - light generator being removed if posi 
tioned upstream of the first emitting surface , the direct 
light source produces from the primary light a direct 
light that exits the first emitting surface with a lumi 
nance profile that is uniform across the first emitting 
surface and has a narrow peak in the angular distribu 
tion around a direct - light direction ; 

wherein the artificial illumination device is configured 
such that the direct - light source and the diffused - light 
generator co - operate to form outer light at the outer 
emitting surface , wherein the outer light comprises a 
first light component that propagates along directions 
contained within the narrow peak and a second light 
component that propagates along directions spaced 
apart from the narrow peak ; and 

wherein the first light component has a correlated color 
temperature ( CCT ) that is lower than a CCT of the 
second light component . 

3 . The artificial illumination device of claim 2 , wherein 
the collimator of the first light - emitting device is a dome 

lens ; and 
wherein the micro dark box is covered by an absorber that 

substantially absorbs all the ambient light that crosses 
the dome lens apart from the ambient light , which 
returns onto the light emitting diode . 

4 . The artificial illumination device of claim 3 , wherein 
the dome lens is positioned at a distance from the light 

emitting diode , wherein the distance is substantially 
equal to a dome lens focal length ; and / or 

all surfaces of the dome lenses , except the windows at the 
upstream side thereof through which the light emitting 
diodes emit their light and the downstream ends thereof 
where light collimating lens surfaces are formed , are 
covered by the absorber . 

5 . The artificial illumination device of claim 4 , wherein 
a width of light emitting zones of the light emitting diodes 

is configured such that the ratio between the width and 
the dome lens focal length is smaller than 1 / 10 , pref 
erably smaller than 1 / 20 , most preferably smaller than 
1 / 50 . 

6 . The artificial illumination device of claim 3 , wherein : 
the absorber is made of light - absorbing material arranged 

so that the first emitting surface has a total reflectance 
factor n , s0 . 4 ; and / or 

the absorber is made of light - absorbing material posi 
tioned downstream the first light - emitting device and 
upstream the first emitting surface and configured to 
substantially absorb light rays which cross the first 
emitting surface in an upstream direction and which , in 
the absence of the absorber would not be directed 
toward the first light - emitting device ; and / or 

each micro dark box houses the respective light emitting 
diode and has an aperture where the collimator is 
positioned , wherein the internal surface of the mini 
dark box is in particular formed by a light - absorbing 
material and the light - absorbing material has an absorp 
tion coefficient for visible light greater than 90 % . 

7 . The artificial illumination device of claim 2 , wherein 
the light emitting diode comprises phosphor and / or dye or 

the like ; and / or 
the light emitting diode comprises a circular cross section 

in a plane perpendicular to a direct light direction , in 

order to facilitate the achievement of a luminance 
distribution independent of the azimuthal coordinate ; 
and / or 

wherein the first light - emitting device has a circular 
aperture . 

8 . The artificial illumination device of claim 2 , wherein 
the 2 - dimensional array of LED devices is configured to 

appear dark when lit by external light and / or to avoid 
scattered light from the surrounding of the light emit 
ting diode , and in particular from an LED board , to be 
coupled with the dome lens . 

9 . The artificial illumination device of claim 2 , wherein 
the LED devices are based on LED emitter sizes that are 

selected to guarantee divergences in the range of 1° to 
5° and / or 

wherein a pitch between LED devices in the direction 
perpendicular to the emission direction is smaller than 
3 mm , preferably 1 mm , most preferably 0 . 5 mm and / or 

wherein the LED devices are packed closely such as in a 
hexagonal manner . 

10 . The artificial illumination device of claim 2 , wherein 
the shape of the micro dark box and its internal surface is 

cylindrical with a top face coinciding with an aperture 
of the collimator and the light emitting diode being 
integrated into an aperture of a bottom face of the 
cylindrical shape or positioned within the cylindrical 
shape and 

wherein in particular the micro dark box is configured 
such that any direct light paths between the light 
emitting diode and the aperture of the collimator are 
left unblocked . 

11 . The artificial illumination device of claim 2 , wherein 
one of the first emitting surface and the second emitting 

surface is positioned downstream with respect to the 
other and forms an outer emitting surface of the arti 
ficial illumination device or both the first emitting 
surface and the second emitting surface coincide to 
form the outer emitting surface of the artificial illumi 
nation device and / or 

wherein the pairs of light emitting diodes and collimators 
are positioned in juxtaposition with the collimators of 
the pairs abutting each other so that the collimators 
form a joint surface . 

12 . The artificial illumination device of claim 2 , wherein 
the diffused - light generator further comprises a diffused 
light source that comprises a second light - emitting device , 
wherein the diffused - light source is configured to emit the 
diffused light independently from the direct - light source . 

13 . The artificial illumination device of claim 12 , wherein 
the diffused - light source comprises an edge - illuminated 

scattering diffuser or an OLED . 
14 . The artificial illumination device of claim 2 , wherein 
the diffused - light generator comprises a diffuser posi 

tioned so as to be lit by the direct light or the primary 
light or an intermediate light evolving from the primary 
light and resulting in the direct light , and configured to 
scatter the direct light or the primary light or the 
intermediate light by which the diffuser is lit , with a 
scattering efficiency which is higher for shorter wave 
lengths within the visible wavelength region than com 
pared to longer wavelengths . 

15 . The artificial illumination device of claim 2 , wherein 
the direct - light source is configured such that an observer 

looking at the direct - light source sees a bright spot 
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under a narrow visual cone angle , the bright spot being 
perceived at infinite distance both with respect to 
binocular - convergence and motion - parallax depth cues . 

16 . The artificial illumination device of claim 2 , wherein 
the direct - light source is configured such that the lumi 
nance profile drops below 10 % of a maximum value of 
the luminance profile for polar angles 9 > 39 HWAM 
where 9 HWHM is the half width at half maximum 
( HWHM ) of a mean polar - angle distribution being an 
average over the luminance profile over all the first 
emitting surface and all azimuthal directions , and 
wherein the luminance profile for polar angles Is 
9 HWhy is virtually independent on the azimuthal angle 
, wherein the polar angles and the azimuthal angles are 

measured in an angular coordinate system assigning 
9 = 0 to the direct light direction corresponding to an 
average of the directions of the maximum value of the 
luminance profile , averaged over all the first emitting 
surface and / or 

the direct - light source is configured such that the ratio 
between a standard deviation of the luminance spatial 
fluctuations and a luminance average value may not 
exceed the value of 0 . 3 within any 10 mm diameter 
spatial circular areas and for at least 90 % of the first 
emitting surface , and may not exceed the value of 0 . 4 
within the entire at least 90 % of the first emitting 
surface , for any fixed azimuthal angle Q and for any 
fixed polar angle greater than 39 HWAM 

17 . The artificial illumination device of claim 2 , wherein 
the artificial illumination device is configured such that , 
when the direct - light source is off and the diffused - light 
generator is removed and the first emitting surface of 
the direct - light source is lit by external diffused light , 
which delivers onto the first emitting surface a constant 
illuminance equal to the average of an illuminance 
delivered by the direct - light source itself when it is on , 
then : 
the external diffused light reflected or back - scattered at 

first emitting surface by the direct - light source pro 
duces a reflectance luminance profile LR at the first 
emitting surface that is lower than the luminance 
profile of the direct light source at any position 
within at least 90 % of the first emitting surface , and 
any angle relative to the first emitting surface , and 

the reflectance luminance profile exhibits an amplitude 
standard deviation within any 10 mm diameter spa 
tial area , which is smaller than an amplitude standard 
deviation of the luminance profile within the at least 
90 % of the first emitting surface , for any angle 
relative to the first emitting surface . 

18 . The artificial illumination device of claim 2 , wherein 
the direct - light source is configured such that the lumi 
nance profile shows a range of a distribution of a 
direction of a maximum value of the luminance profile , 
relating to at least 90 % of the first emitting surface , of 
less than 2 degrees , with the distribution of the direc 
tion of the maximum value of the luminance profile 
differing from a radially symmetric vector field , and 

the mean value of a distribution of a HWHM of a local 
average polar angle profile of the narrow peak of the 
luminance profile , averaged over all azimuthal angles , 
over the first emitting surface , of below 5 degrees . 

19 . The artificial illumination device of claim 2 , wherein 
a freeform lens is positioned between the light emitting 

diode and the collimator , the freeform lens being con 
figured to flatten an illuminance distribution of the 
primary light onto the collimating lens . 

20 . The artificial illumination device of claim 2 , wherein 
the direct - light source comprises a collimated light source 

for generating pre - collimated light and including the 
first light - emitting device , and a micro - optics beam 
homogenizer layer positioned downstream the colli 
mated light source , wherein the micro - optics beam 
homogenizer layer is configured to reduce a stray light 
component of the pre - collimated light . 

21 . The artificial illumination device of claim 20 , wherein 
the micro - optics beam - homogenizer layer comprises a 

2 - dimensional array of microlenses and a light - absorb 
ing layer perforated by a 2 - dimensional array of pin 
holes positioned and extending downstream the 2 - di 
mensional array of microlenses so that each microlens 
has a pinhole associated therewith which is positioned 
at a distance to the respective microlens corresponding 
to a focal length of the respective microlens and at a 
direction coincident with the direct light direction . 

22 . The artificial illumination device of claim 21 , wherein 
the ratio between a diameter Dm and a focal length fm of 

the microlenses is Dm / fon < 2 tan ( 7 . 5° ) , and the diameter 
is D . , < 5 mm . 

23 . The artificial illumination device of claim 21 , wherein 
the micro - optics beam - homogenizer layer further com 

prises a channel separation structure configured to 
reduce cross - talk between neighboring pairs of micro 
lenses and the associated pinholes and / or 

space between the microlenses comprises a material 
which absorbs light impinging onto the space between 
the lenses . 

24 . The artificial illumination device of claim 2 , further 
comprising 

a low - angle white - light diffuser configured to subject an 
angular characteristic of the luminance profile to blur 
filtering with a filter impulse response HWHM of lower 
than 10° degrees . 

25 . The artificial illumination device of claim 24 , wherein 
the low - angle white - light diffuser comprises a random 

distribution of micro - refractors formed in an outer 
surface of a transparent - layer material , or a dispersion 
of transparent micro - particles in a transparent bulk 
material with a refractive - index mismatch between the 
transparent micro particles and the transparent bulk 
material . 

26 . A direct - light source for an artificial illumination 
device for generating natural light similar to that from the 
sun and the sky , the direct - light source comprising 

a 2 - dimensional array of LED devices , each of the LED 
devices comprising : 
a light emitting diode and a dome lens positioned at a 

distance from the light emitting diode , wherein the 
distance is substantially equal to a dome lens focal 
length ; and 

a micro dark box into which the light emitting diode 
and its associated dome lens are embedded , wherein 
the micro dark box substantially absorbs all the 
ambient light that crosses the dome lens apart from 
the ambient light , which returns onto the light emit 
ting diode ; 
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wherein the direct - light source is configured to produce a 
direct light that exits a first emitting surface with a 
luminance profile that is uniform across the first emit 
ting surface and has a narrow peak in the angular 
distribution around a direct - light direction . 

* * * * 


