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(57) Abstract: A light-emitting arrangement (100) is disclosed, which is adapted to produce white output light enhancing the color
perception of e.g. food in retail environments. The light-emitting arrangement comprises at least one blue light-emitting element
(102) adapted to emit light having an emission peak in a first wavelength range of from 440 to 460 nm, and at least one deep blue
light-emitting element (101) adapted to emit light having an emission peak in a second wavelength range of from 400 to 440 nm.
Further, the light-emitting arrangement comprises at least one narrow band wavelength converting material (104) arranged to receive
light emitted by said deep blue light-emitting element, and at least one broadband wavelength converting material (105) arranged to
receive light emitted by at least one of said blue light-emitting element and said deep blue light-emitting element. A spotlight com -
prising such a light-emitting arrangement, and an illumination device comprising a plurality of the light-emitting arrangements, is
also disclosed.
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Light emitting arrangement with adapted output spectrum

FIELD OF THE INVENTION
The present invention relates to light-emitting arrangements adapted to
produce output spectra having desirable spectral composition, and an illumination device and

a spotlight comprising such light-emitting arrangements.

BACKGROUND OF THE INVENTION

Light sources or illumination devices consisting of light-emitting diodes
(LEDs) are increasingly used for replacing conventional light sources such as incandescent
lamps and fluorescent light sources. LEDs offer many advantages compared to conventional
light sources, especially when it comes to light conversion efficiency. However, one
disadvantage is that LEDs generate light in a relatively narrow spectral band.

In WO 2010/052640, an illumination device is disclosed wherein a blue LED,
a blue-to-green converting phosphor, and a red LED are combined to provide white light
producing high red saturation. Such device may e.g. be used for enhancing the color
perception of food in retail environments.

However, although the light is perceived as white light and has good color
rendering, there is still a need for providing a smaller light-emitting arrangement capable of
providing a desired saturation of red and/or green, and which is suitable for accent
illumination applications and illumination devices that can be mounted in relatively narrow

spaces.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a white light emitting
arrangement having a good rendition of red and/or green and which is capable of providing
an improved saturation of red and/or green.

It is also an object of the present invention to provide a light-emitting
arrangement which is relatively small so as to enable a relatively small beam angle suitable
for accent lighting e.g. in retail environments, and to enable an illumination device that can

be arranged in relatively small or narrow spaces.
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According to a first aspect of the invention, these and other objects are
achieved by a light-emitting arrangement adapted to produce output light, comprising at least
one blue light emitting element adapted to emit light having an emission peak in a first
wavelength range of from 440 to 460 nm, and at least one deep blue light-emitting element
adapted to emit light having an emission peak in a second wavelength range of from 400 to
440 nm. The light-emitting arrangement also comprises at least one narrow band wavelength
converting material which is arranged to receive light emitted by the deep blue light-emitting
element, and at least one broadband wavelength converting material which is arranged to
receive light emitted by at least one of the blue light-emitting element and the at least one
deep blue light-emitting element. The wavelength converting materials may also be referred
to as “phosphors”.

According to a second aspect, the above objects are achieved by an
illumination device comprising a plurality of light-emitting arrangements according to the
first aspect, wherein the plurality of light-emitting arrangements are consecutively arranged
along a length direction of the illumination device. Each of the light-emitting arrangements
comprises a deep blue light-emitting element, a blue light-emitting element, a narrow band
wavelength converting material, and a broadband wavelength converting material according
to the first aspect.

According to a third aspect, the above objects are achieved by a spotlight
comprising at least one light-emitting arrangement according to the first aspect.

As used herein, the term "light-emitting element" is used to define any device
or element that is capable of emitting radiation in for example the visible region, the infrared
region, and/or the ultraviolet region when activated e.g. by applying a potential difference
across it or passing a current through it. Each light-emitting element has at least one light
source. Examples of light sources include semiconductor, organic, or polymer/polymeric
light-emitting diodes (LEDs), laser diodes, or any other similar devices as would be readily
understood by a person skilled in the art. Furthermore, the term light-emitting element can be
used to define a combination of the specific light source that emits the radiation in
combination with a housing or package within which the specific light source or light sources
are placed. For example, the term light-emitting element may comprise a bare LED die
arranged within a housing, or an array of LED elements, which also may be referred to as a
LED package.

As used herein, “deep blue” or “short wavelength blue” denotes blue light

having an emission peak in the wavelength range of from 400 to 440 nm. Furthermore,
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“blue”, “regular blue”, “normal blue” or “standard blue” generally refers to light having a
peak wavelength in the range of from 440 to 460 nm.

The narrow band wavelength converting material used in the arrangement
according to the invention may be any wavelength converting material known in the art
having an absorption in the range of from 400 to 440 nm, preferably close to the emission
maximum of the deep blue light-emitting element, and a narrow emission spectrum with a
full width half maximum (FWHM) of less than 50 nm, such as less than 20 nm, and for
example about 15 nm.

The broadband wavelength material used in the arrangement according to the
invention may be any wavelength converting material known in the art having an emission
spectrum with a FWHM of 50 nm or more, for example about 90 nm. Hence, the terms
“narrow band” and “broadband” refers to the band width of the emission spectrum of the
wavelength converting materials.

The deep blue light-emitting elements, the standard blue light-emitting
elements, and the narrow band and broadband wavelength converting materials may be
arranged on a substrate using e.g. a chip on board technology. This is advantageous in that
the need for using a mixing chamber and/or remote phosphor may be eliminated, which
allows for a relatively small light-emitting arrangement. Such light-emitting arrangement
may e.g. be used for providing relatively small illumination devices and spotlights having a
relatively small beam angle.

Further, the standard blue light-emitting element and the deep blue light-
emitting element may both be electrically powered by a single, common channel driver. This
is advantageous over light-emitting arrangements using e.g. direct red LEDs requiring a
multichannel driver. Thereby the need for multichannel drivers may be eliminated, which
allows for a reduction of the manufacturing cost.

The relatively small size of the light-emitting arrangement also allows for
linear modules, i.e. illumination devices comprising a holder with a string of consecutively
arranged light-emitting arrangements, which can be mounted in relatively narrow spaces,
such as e.g. mullions, and freezers, coolers, and shelves e.g. in food retail environments
where color perception is of great interest. The light-emitting arrangement may also be
arranged relatively close to each other, which advantageously allows for a relatively
homogeneous emission of light.

The relatively small size of the light-emitting arrangement further enables for

a spotlight providing a relatively narrow beam spot lighting suitable for e.g. accent lighting.
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By combining a broadband wavelength converting material with a narrow
band wavelength converting material, the composition of the total output spectrum may be
varied so as to achieve a desired color temperature and rendering of light emitted by the light-
emitting arrangement. For example, the thickness of a layer of wavelength converting
material and/or the amount or portion of the emitted light that is received by the broadband
wavelength converting material and the narrow band wavelength converting material,
respectively, may be varied so as to adjust the total output spectrum, thereby producing light
having the desired color rendering and saturation.

In embodiments of the present invention, the at least one narrow band
wavelength converting material is a narrow band red phosphor which is adapted to emit light
having an emission peak in a red wavelength range.

In a study, the present inventors found that by combining blue light with a
certain amount of deep blue light partially converted by the narrow band red phosphor, an
excellent red rendition can be achieved. Thus, the present invention is based on a realization
that by adding a certain amount of short wavelength blue, which advantageously allows for
an efficient excitation of the narrow band red phosphor converting at least some of the short
wavelength blue into red, a white light output having an excellent red rendition can be
achieved. Thereby the present invention provides for a light-emitting arrangement which can
be used for displaying e.g. meat in a supermarket with a highly saturated red rendering.

Further, it has been established that an object appears whiter if it appears
slightly chromatic with a blue tint. Hence, a bluish color is perceived as whiter than a color
point that lies on the black body line (BBL). It is therefore possible to obtain “crisp” white
light by tuning the color point of a light source below the BBL by addition of deep blue. The
deep blue may be provided by letting a portion of the light emitted by the deep blue light-
emitting element pass by, or leak through, the narrow band red phosphor to form part of the
total output spectrum. Thereby an excellent white rendering, or “crisp” white, having a high
red saturation, is provided.

In embodiments of the present invention, the at least one narrow band
wavelength converting material is a narrow band green phosphor which is adapted to emit
light having an emission peak in a green wavelength range. The narrow band green phosphor
may provide a relatively low emission in the yellow wavelength range, which has shown to
improve the perception of highly saturated green. By adding a portion of deep blue to the
total output spectrum as described above, a “crisp” white having high green saturation is

provided.
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In embodiments of the present invention, the at least one broadband
wavelength converting material is a broadband green phosphor adapted to emit light having
an emission peak in a green wavelength range, a broadband green-yellow or yellow phosphor
adapted to emit light having an emission peak in a green-yellow or yellow wavelength range,
or a broadband red phosphor adapted to emit light having an emission peak in a red
wavelength range.

The broadband green or yellow phosphor may e.g. be combined with the
narrow band red phosphor so as to provide white output light having good rendition of
saturated red and/or green. Alternatively, the broadband red phosphor may be combined with
the narrow band green phosphor in order to achieve white light having good red and/or green
rendition. The portion of blue light and deep blue light converted by the phosphors may be
varied to as to adjust the total output spectrum, and thereby produce light having the desired
color rendering and saturation.

According to an embodiment of the present invention, at least a portion of the
light emitted by at least one of the at least one deep blue light-emitting element and the at
least one blue light-emitting element is not converted by the narrow band wavelength
converting material and/or the broadband wavelength converting material. Instead, this light
may form part of the total output spectrum, whose composition advantageously may be
varied and tuned so as to achieve the desired output light. The total output spectrum may be
tuned by e.g. varying the ratio of the amount of deep blue light that is converted by the
narrow band wavelength converting material and the amount of deep blue light not being
converted. Similarly, the ratio between the amount of standard blue light being converted by
the broadband wavelength converting material and the amount of standard blue light not
being converted may be varied so as to adjust the composition of the total output spectrum.

In embodiments of the present invention, at least a portion of the at least one
narrow band wavelength converting material is provided on the at least one deep blue light-
emitting element. Additionally, or alternatively, at least a portion of the broadband
wavelength converting material is provided on the at least one blue and/or the at least one
deep blue light-emitting element. The narrow band and/or the broadband wavelength
converting material may typically be provided as a layer covering at least a portion of a light-
emitting element. Alternatively, the narrow band and/or the broadband wavelength
converting material may be contained in an encapsulant surrounding the light-emitting

element.
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According to an embodiment, at least one of the at least one narrow band and
the at least one broadband wavelength converting materials is arranged remotely from the at
least one deep blue light-emitting element.

In embodiments of the present invention, the narrow band red phosphor
comprises the elements Mg, O, Ge, and optionally Mn as a dopant. For example, the narrow
band red phosphor may be an MGM phosphor. In other embodiments, the narrow band green
phosphor may comprise the elements Si, Al, O, and N.

A broad band green or yellow phosphor may comprise at least some of the
elements Lu, Y, Al and O, and typically also Ce as a dopant. For example, the broadband
green or yellow phosphor may be LuAG:Ce or YAG:Ce.

It is noted that the invention relates to all possible combinations of features

recited in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

This and other aspects of the present invention will now be described in more
detail, with reference to the appended drawings showing embodiment(s) of the invention.

Fig. 1 is a schematic side view of a light-emitting arrangement according to
embodiments of the invention.

Fig. 2 is a schematic side view of a light-emitting arrangement according to
another embodiment of the invention.

Fig. 3 is a schematic top view of a light-emitting arrangement according to
another embodiment of the invention.

Fig. 4 is a schematic side view of a light-emitting arrangement according to
another embodiment of the invention.

Fig. 5 1s a schematic perspective view of an illumination device according to
embodiments of the present invention.

Figs. 6 and 7 are graphs illustrating the emission spectrum recorded for a light-
emitting arrangement according to embodiments of the invention.

As illustrated in the figures, the sizes of layers and regions are exaggerated for
illustrative purposes and, thus, are provided to illustrate the general structures of
embodiments of the present invention. Like reference numerals refer to like elements

throughout.

DETAILED DESCRIPTION
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The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which currently preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided for thoroughness and completeness, and fully convey the scope of
the invention to the skilled person.

Figure 1 illustrates an embodiment of the present invention in the form of a
light-emitting arrangement 100 which may form part of e.g. an illumination device or a
spotlight. The illumination device and the spotlight may also be equipped with driving
electronics etc, as appreciated by a skilled person. The light-emitting arrangement 100
comprises a blue light-emitting element 102 and a deep blue light-emitting element 101
arranged on a substrate 103. The blue light-emitting element 102, here a first light-emitting
diode (LED), is adapted to emit light in the standard blue wavelength range, in particular
from 440 to 460 nm, whereas the deep blue light-emitting element 101, here a second LED,
is adapted to emit light in the deep blue wavelength range, 1.e. from 400 to 440 nm. A narrow
band wavelength converting material 104, such as a narrow band red phosphor, is arranged
on the second, deep blue LED 101, and a broadband wavelength converting material 105,
such as e.g. a broadband green phosphor, is arranged on the blue light-emitting element 102.
It will however be appreciated that the narrow band wavelength converting material 104 may
be a narrow band green phosphor, and that the broadband wavelength converting material
105 may be a broadband red phosphor.

The narrow band red phosphor 104 is adapted to convert at least part of the
light emitted by the deep blue LED 101 into light of longer wavelengths, typically of the red
spectral range within the range of from e.g. 600 to 700 nm, and with a maximum of e.g. 660
nm. Furthermore, the broadband green phosphor 105 converts at least part of the light emitted
by the standard blue LED 102 into light of e.g. the green spectral range. During operation,
light emitted from the deep blue and/or blue LEDs 101, 102 will be at least partially
converted by the narrow band red and/or broadband green phosphor 104, 105 to yield a
resulting combination that is perceived as white. Light emitted by the deep blue LED 101
will be at least partially converted by the narrow band red phosphor 104 and thus provide a
spectral contribution to the total light output from the light-emitting arrangement in the form
of an emission peak in the wavelength range of from 600 nm to 700 nm, such as about 660
nm. Hence, the light-emitting arrangement 100 may yield white output light having an

additional emission peak about e.g. 660 nm. Further, at least some of the deep blue light
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emitted by the deep blue LED 101 may pass the narrow band red phosphor 104, or leak, such
that a portion of the deep blue light, which is not converted by the narrow band red phosphor
104, forms part of the total output spectrum.

The substrate 103 may be or form part of any suitable physical and/or
functional support structure, including a printed circuit board (PCB). The substrate 103 may
carry means for electrical connection required for the light-emitting elements 101, 102, such
as a channel driver. Optionally, parts of the substrate 103 may be reflective.

The narrow band red phosphor 104 may comprise the elements Mg, O, and
Mn, also referred to as MGM. Typically, an MGM material comprises the compounds MgO,
GeO,, and MnO. Additionally, the MGM material may comprise additional elements, such as
Ge, F and/or Sn. One example of a narrow band red phosphor material is MgyGeOs sF:Mn.
Another example, in which the fluorine is not present, is MgsGeOs:Mn. However, the
stoichiometric ratios between the elements differ between MGM materials provided by
different manufacturers.

In case of the narrow band wavelength converting material 104 being a narrow
band green phosphor, it may comprise the elements Si, Al, O, and N, forming e.g. beta-
sialon.

The broadband wavelength converting material 105 may e.g. be a green
phosphor comprising the elements Lu, Al, and O, and optionally Ce and/or Y as a dopant. For
example, the broadband green phosphor may be LuAG:Ce or LuYAG:Ce, wherein part of the
Lu ions is replaced by Ce and/or Y, respectively.

Examples phosphors materials which emit red light may include, but are not
limited to, ECAS (Ca;xAlSiNj3:Euy, wherein 0<x<1; preferably 0<x<0.2, and wherein the
dopant additionally may comprise Sr) and BSSN (Ba,...,M\Si5.;AlyNg_,Oy:Eu, wherein M
represents Sr or Ca, 0<x<1, 0<y<4, and 0.0005<z<0.05 and preferably 0<x<0.2).

Figure 2 shows an embodiment of the invention, wherein a light-emitting
arrangement 100 comprises a deep blue light-emitting element, here a deep blue LED 101,
and a standard blue light-emitting element, here a standard blue LED 102. The deep blue
LED 101 is adapted to emit deep blue light of the wavelength range of from 400 to 440 nm.
The standard blue LED 102 is adapted to emit light of the wavelength range of from 440 to
460 nm. According to this embodiment, the broadband wavelength converting material 105,
e.g. a green phosphor, is arranged on the blue light-emitting element 102 so as to receive and
convert at least part of the light emitted be the standard blue LED. In contrast to the

embodiment described above with reference to figure 1, the narrow band wavelength
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converting material 104 is arranged remotely from both LEDs 101, 102. The wavelength
converting material 104 may be referred to as a “remote phosphor” or as being in “remote
configuration”. The narrow band wavelength converting material 104 may be self-supporting
and may be provided on the form of a film, a sheet, a plate, o disc, or the like. Although not
shown in figure 2, the narrow band wavelength converting material 104 may be supported by
one or more side walls surrounding the light-emitting elements 101, 102 such that the narrow
band wavelength converting material 104 may form a lid or a window. It will be appreciated
that other configurations also are possible, wherein e.g. the broadband wavelength converting
material 105 is a remote phosphor, whereas the narrow band wavelength converting material
104 is arranged on the deep blue LED 101. Additionally, or alternatively, the narrow band
wavelength converting material and the broadband wavelength converting material 104, 105
may both be in remote configuration, optionally mixed or contained in a single layer of
wavelength converting element so as to form a common remote phosphor element 104. A
wavelength converting material 104, 105 being arranged in a remote configuration does not
necessarily exclude the same phosphor from at the same time also being arranged on e.g. on
the blue light-emitting element 102 and/or the deep blue light-emitting element 101.

Typically, the narrow band red phosphor 104 is adapted to convert at least a
part of the deep blue light into light of longer wavelengths, such as light having an emission
peak within the range of from 600 to 700 nm, for example about 660 nm. Accordingly, the
broadband green phosphor 105 is adapted to convert at least a part of the standard blue light
into light of a green spectral range so that the resulting combination of blue light, green light
and red light is perceived as white. Thus, light emitted by the deep blue LED 101 is received
by the narrow band red phosphor 104 and is partially converted, whereas light emitted by the
standard blue LED 102 is at least partially converted by the green phosphor 105 and then
substantially transmitted by the narrow band red phosphor 104. At least some of the deep
blue light and/or standard blue light emitted by the light-emitting element(s) 101, 102 may
form part of the resulting output light without being converted by the narrow band and/or
broadband wavelength converting material(s) 104, 105.

With reference to figure 3, there is shown a top view of a light-emitting
arrangement 100 comprising a plurality of light-emitting diodes 101, 102, here 20 individual
LEDs, arranged on a substrate or support 103. The arrangement comprises a plurality of
standard blue LEDs 102 adapted to emit light having an emission peak in a first wavelength
range of from 440 to 460 nm, and a plurality of deep blue LEDs 101 adapted to emit light

having an emission peak in a second wavelength range of from 400 to 440 nm. A narrow
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band wavelength converting material, such as a narrow band red phosphor (not shown) may
be arranged so as to at least partly cover one or several of the deep blue LEDs 101, whereas a
broadband wavelength converting material, such as a broadband green phosphor (not shown),
may be covering at least a part of at least one of the standard blue LEDs 102. Alternatively,
or additionally, a layer comprising the broadband green phosphor and/or the narrow band red
phosphor may be arranged so as to cover the arrangement 100, i.e. covering both the LEDs
101, 102 and the substrate 103. The broadband green phosphor and/or the narrow band red
phosphor may be arranged directly on the LEDs 101, 102, i.e. applied in direct contact with
the LEDs 101, 102, or in remote configuration.

It will be appreciated that the narrow band wavelength converting material
may be a narrow band green or yellow phosphor, and the broadband wavelength converting
material a broadband red phosphor.

Figure 4 illustrates another embodiment of a light-emitting arrangement 100
comprising a printed circuit board (PCB) 103 onto which a plurality of deep blue light-
emitting elements 101 are arranged closely together with a number of standard blue light-
emitting elements 102. A narrow band phosphor 104, e.g. a narrow band green phosphor, is
arranged on the deep blue light-emitting elements 101 so as to convert at least part of the
light emitted by the deep blue light-emitting elements 101 into light having a peak
wavelength e.g. in the green range. Further, a composition comprising a broadband phosphor
105, e.g. a broadband red phosphor, is arranged such that it at least partly covers the PCB 103
of the light-emitting arrangement 100, and at least partly encloses the deep blue light-
emitting elements 101 and the standard blue light-emitting elements 102 so as to a convert at
least a portion of the emitted standard blue light into light having a peak wavelength e.g. in
the red range. The composition comprising the broadband phosphor 105 may e.g. be applied
by molding. At least some of the standard blue light and/or the deep blue light emitted by
light-emitting elements 101, 102 may be output, or leaked, from the light-emitting
arrangement 100 without being converted, and may thereby form part of the output light
which e.g. may be used for illumination of e.g. food. In embodiments of the invention, the
composition comprising the broadband phosphor 105 may optionally also comprise the
narrow band phosphor 104, in which case it is not necessary to arrange a separate layer of
narrow band phosphor directly on the deep blue light-emitting elements 101, as long as light
emitted by the deep blue light-emitting elements 101 can be received by the narrow band

phosphor 104.
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Figure 5 illustrates an illumination device 120 comprising a plurality of light-
emitting arrangements 100 according to any one of the embodiments described with
reference to figures 1 to 4. The light-emitting arrangements 100 are consecutively arranged
along a length direction of a holder 110 of the illumination device, and wherein each of the
light-emitting arrangements 100 comprises the deep blue light-emitting element 101, the blue
light-emitting element 102, the narrow band wavelength converting material 104, and the
broadband wavelength converting material 105.

The inventors have found that the spectral composition of the output spectra,
which e.g. may be determined by the ratio of light emitted by the standard blue light-emitting
element(s) and light emitted by the deep blue light-emitting element(s), the ratio of the area
covered by the broadband green and/or red phosphor and the area covered by the narrow
band red and/or green phosphor 104, 105, and the thickness of the respective phosphors, may
be adjusted so as to achieve a desired illumination of e.g. food. According to an example, the
output light produced by the light-emitting arrangement may be tuned to a correlated color
temperature (CCT) within the range of from 6500 to 8000 K, which has shown to enhance
the perception of illuminated meat. In another example, the output light may be provided
with a (CCT) within the range of from 2500 to 4500 K, which may enhance the perception
fresh fruit being illuminated with the light-emitting arrangement.

Figure 6 illustrates an example of a white spectrum from a study wherein the
visual appearance of displayed meat, illuminated with a light-emitting arrangement according
to an embodiment of the invention, was evaluated. In this example, the overall correlated
color temperature (CCT) was tuned to 7500 K. During the test, it was found that the best
visual result was achieved by a high red saturation, represented by a peak at about 660 nm in
the spectrum of figure 6, with an excellent white rendition. The color point was tuned below
the black body line (BBL).

Figure 7 illustrates an example of a white spectrum from a study similar to the
study described with reference to figure 6; however, the visual appearance of fresh fruit being
illuminated by the test arrangement was evaluated. In this example, the CCT of the light
output by the test arrangement was tuned to 3000 K. The intensity of the red and green light
output by the respective narrow band red phosphor 104 and the broadband green phosphor
105 was combined with blue light into the spectrum of figure 7, which was found to represent
the visually most attractive result. The peak at 660 nm of the graph represents the

contribution by the light converted by the narrow band red phosphor 104.
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Hence, the white light-emitting arrangement according to the present invention
provides excellent rendition of red and/or green, with improved saturation of red and/or
green. Furthermore, the light-emitting arrangement is relatively small and hence suitable for
accent lighting of e.g. food, and for illumination devices that can be arranged in relatively
small or narrow spaces.

The person skilled in the art realizes that the present invention by no means is
limited to the preferred embodiments described above. On the contrary, many modifications
and variations are possible within the scope of the appended claims.

Additionally, variations to the disclosed embodiments can be understood and
effected by the skilled person in practicing the claimed invention, from a study of the
drawings, the disclosure, and the appended claims. In the claims, the word "comprising" does
not exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a

plurality. The mere fact that certain measures are recited in mutually different dependent

claims does not indicate that a combination of these measured cannot be used to advantage.
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CLAIMS:
1. A light-emitting arrangement (100) adapted to produce output light,
comprising:

at least one blue light-emitting element (102) adapted to emit light having an
emission peak in a first wavelength range of from 440 to 460 nm;

at least one deep blue light-emitting element (101) adapted to emit light
having an emission peak in a second wavelength range of from 400 to 440 nm;

at least one narrow band wavelength converting material (104) arranged to
receive light emitted by said deep blue light-emitting element; and

at least one broadband wavelength converting material (105) arranged to
receive light emitted by at least one of said blue light-emitting element and said deep blue

light-emitting element.

2. A light-emitting arrangement according to claim 1, wherein said at least one
narrow band wavelength converting material is a narrow band red phosphor adapted to emit

light having an emission peak in a red wavelength range.

3. A light-emitting arrangement according to claim 1, wherein said at least one
narrow band wavelength converting material is a narrow band green phosphor adapted to

emit light having an emission peak in a green wavelength range.

4. A light-emitting arrangement according to claim 2, wherein the at least one
broadband wavelength converting material is a broadband green or yellow phosphor adapted

to emit light having an emission peak in a green or yellow wavelength range.

5. A light-emitting arrangement according to claim 3, wherein the at least one
broadband wavelength converting material is a broadband red phosphor adapted to emit light

having an emission peak in a red wavelength range.
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6. A light-emitting arrangement according to claim 1, wherein the narrow band

wavelength converting material is adapted to emit light with a full width half maximum

(FWHM) of less than 50 nm.

7. A light-emitting arrangement according to claim 1, wherein the broadband
wavelength converting material is adapted to emit light with a full width half maximum

(FWHM) of 50 nm or more.

8. A light-emitting arrangement according to claim 2, wherein the narrow band

red phosphor comprises the elements Mg, O, Ge and optionally Mn as a dopant.

0. A light-emitting arrangement according to claim 3, wherein the narrow band

green phosphor comprises the elements Si, Al, O, and N.

10. A light-emitting arrangement according to claim 1, wherein at least a portion
of the light emitted by the at least one deep blue light-emitting element forms part of the total
output light.

11. A light-emitting arrangement according to claim 1, wherein at least a portion
of the at least one narrow band wavelength converting material is provided on said at least

one deep blue light-emitting element.

12. A light-emitting arrangement according to claim 1, wherein at least a portion
of the broadband wavelength converting material is provided on said at least one blue and/or

said at least one deep blue light-emitting element.

13. A light-emitting arrangement according to claim 1, wherein at least one of the
narrow band wavelength converting material and the broadband wavelength converting

material is arranged remotely from said at least one deep blue light-emitting element.

14. An illumination device (120), comprising a plurality of light-emitting
arrangements according to claim 1, wherein the plurality of light-emitting arrangements are

consecutively arranged along a length direction of the illumination device and wherein each
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comprises the deep blue light-emitting element, the blue light-emitting element, the narrow

band wavelength converting material, and the broadband wavelength converting material.

15. A spotlight comprising at least one light-emitting arrangement according to

claim 1.
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