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(57) ABSTRACT

The present invention relates to an LED module (100),
comprising: an LED chip (102), which is embodied to emit
electromagnetic radiation, at least one phosphor (104),
which is suitable for converting the radiation from the LED
chip (102) into light, wherein an emission spectrum of the
LED module (100) contains a blue light component and a
green light component, wherein an intensity of the blue light
component is greater than a CIE intensity at the same color
temperature, and wherein an intensity of the green light
component is less than a CIE intensity at the same color
temperature.
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LED MODULE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is the U.S. national state
application of International Application PCT/EP2020/
057124 filed Mar. 16, 2020, which international application
was published on Sep. 24, 2020 as International Publication
WO 2020/187840 Al. The international application claims
priority to Austria Patent Application GM50038/2019 filed
Mar. 18, 2019; German Patent Application 10 2019 118
664.1 filed Jul. 10, 2019; and European Patent Application
19217282.3 filed Dec. 18, 2019.

FIELD OF THE INVENTION

[0002] The present invention relates to an LED module for
generating an emission spectrum, especially an LED module
or LED lamp emitting mixed-colored light or white light.

BACKGROUND OF THE INVENTION

[0003] LEDs whose emission spectrum is composed fol-
lowing a target compromise are known from the prior art.
This compromise consists in achieving the maximum light
output at a defined minimum color rendering level, e.g., >80,
>00, or even >97.

[0004] The maximum high color reproduction by defini-
tion for all conceivable test objects would have an emission
spectrum which corresponds to the reference light spectrum
at the same correlated color temperature and the same
luminous flux.

[0005] In this case, according to the CIE recommendation,
a Planckian emission spectrum is used as reference light
spectrum at correlated color temperatures (CCTs) of less
than 5000 K, or in the case of higher CCTs a CIE standard
daylight spectrum of the same CCT is however used.
[0006] The same methodology was used in the IES
TM-30-15 standard and division was also carried out at 5000
K. However, this was changed in the 2018 updated version
TM-30-18; a division at 4000 K is defined here (above it
daylight spectra, below it Planckian emission spectra).
[0007] For a maximum light output, ranges of the emis-
sion spectrum which are less important for the color fidelity
of the illuminated test colors (pastel tone defined in CRI 8)
are omitted in the emission. With this approach, emission
spectra are optimized for target color reproduction and
maximum efficiency. The resulting emission spectra are as a
rule generated by mixing the color emitted from a blue
component at approximately 450 nm with further color
components of longer wavelengths.

[0008] The said blue component emits predominantly in
the wavelength range in which the short-wavelength-sensi-
tive blue receptors of the human eye have approximately
their maximum sensitivity and is thus as a rule generated by
blue-emitting LED chips that have been optimized at a
wavelength of approximately 450 nm for maximum effi-
ciencies. One or more phosphors are also generally excited
by a part of this light from the LED chips to emit colors of
greater wavelengths from cyan to red.

[0009] The density of the phosphors in the light path in
front of the short-wavelength-emitting LED is set materially
in such a way that only a defined portion of short-wave-
length blue light and a defined portion of the other colors are
emitted in total or at least in a specific direction, and a light
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spectrum is thus generated which comes relatively close to
the target color-temperature reference light spectrum.
[0010] In this case, however, an azure-blue portion that is
important for non-visual effects on humans is typically
omitted because this portion cannot be generated highly
efficiently with current phosphors when excited by blue light
and which additionally would need a stronger orange-red
portion as a counterpole for the correct target color tem-
perature and the correct white target chromaticity point,
which orange-red portion, however, would reduce the lumi-
nous flux efficiency (the value of the photometric radiation
equivalent of the emission spectrum) and thus, as a result,
also the light output.

[0011] Moreover, artificial light spectra, which have dis-
tinct intensity deviations in the form of peaks in comparison
to light spectra of natural light sources, are to be critically
considered because with different individual cell sensitivi-
ties, could randomly have very different and possibly pre-
viously unresearched visual or non-visual effects via the
individual cells or individuals (humans) due to the position
of the peaks.

[0012] The aim is therefore to artificially generate a light
spectrum that is as continuous as possible, corresponding to
natural light sources. The azure-blue portion is now
increased in novel solutions with the direct emission of LED
chips at approximately 465-485 nm, which, however, rep-
resents an additional level of complexity and thus makes the
LED modules more expensive. In addition, a further peak to
be considered critically is generated in the emission spec-
trum.

[0013] Alternatively, solutions with very short-wave-
length chip emissions at 400-415 nm and corresponding blue
phosphors and long-wavelength phosphors are produced,
which however, due to the broad emission in the violet-blue
range, likewise again accordingly require a strong red por-
tion as counterbalance for the desired chromaticity point,
which significantly reduces the light output as described
above.

[0014] Due to the aforementioned target compromise,
optimization generally always aims at an optimally good
adaptation to the reference light spectra at the target color
temperature.

[0015] The problem in this case is to achieve good adap-
tations to the reference light spectra at the target color
temperature. Furthermore, the problem is that the light,
which has a naturally activating effect on humans during the
day, always has high color temperatures (starting from 5000
K upward to 16 000 K, scattered blue sky light in shadow),
but warmer color temperatures (up to 5000 K, rarely higher)
are usually used in indoor spaces for aesthetic reasons and
out of habit.

[0016] The short-wavelength portions and above all the
important azure-blue portions of natural light are thus sig-
nificantly reduced at the typical color temperatures used in
indoor lighting if, as was previously customary, the com-
parison is made at the same lighting values (lumens, can-
dela, lux). According to more recent findings, the azure-blue
portion, which is also referred to as a melanopic portion and
for which a standardized eye-sensitivity curve has recently
become available, has a significant effect on pupil diameter
and on chemical brightness adaptation in the eye and thus on
visual effects such as glare, contrast, visual clarity, etc.
[0017] As a result of this exceptional effect of the mel-
anopic portion, the assumption is made for the present
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invention that a comparison of emission spectra with the
same melanopic effect (“melanopic illuminance” or other)
should be made.

[0018] In light of the described prior art, it is an object of
the present invention to provide a novel emission spectrum
which has a normally low color temperature for interiors and
comes close to the daylight spectrum in wide ranges of the
emission-spectral profile. An improvement in LED lighting
is thus to be made possible.

[0019] These and other objects, which will be mentioned
during reading of the following description or which can be
recognized by a person skilled in the art, are achieved by the
subject-matter of the independent claims. The dependent
claims develop the central idea of the present invention in a
particularly advantageous manner.

SUMMARY OF THE INVENTION

[0020] According to a first aspect, the present invention
relates to an LED module, wherein the LED module com-
prises: an LED chip designed to emit a radiation, at least one
phosphor suitable for converting the radiation of the LED
chip into a light, wherein an emission spectrum of the LED
module contains a blue light portion and a green light
portion, wherein an intensity of the blue light portion is
greater than a CIE intensity of the same color temperature,
and wherein an intensity of the green light portion is less
than a CIE intensity of the same color temperature.

[0021] This emission spectrum of the LED module has the
advantage that it is optimized for visual and non-visual
effects.

[0022] Furthermore, this emission spectrum of the LED
module is similar to the daylight spectrum. The emitted
light/spectrum thus contains natural physiological proper-
ties. This emission spectrum of the LED module is prefer-
ably similar to the daylight spectrum with higher CCT in an
important spectral range.

[0023] Furthermore, the emission spectrum has a positive
effect on human health, is particularly suitable for children,
and meets current standards and regulations.

[0024] According to one embodiment, the at least one
phosphor is designed to at least partially absorb the radiation
of'the LED chip and in light to emit in a different, especially
greater, wavelength range than the radiation, wherein the
emission spectrum of the LED module is generated by
mixing the radiation of the LED chip and the light emitted
by the phosphor.

[0025] This has the advantage that the radiation emitted by
the LED chip, which can be, for example, in a blue or violet
range, is converted into light (more) suitable for the human
eye.

[0026] According to one embodiment, the LED module
comprises a cover, especially a globe top, which contains the
at least one phosphor.

[0027] The globe top can especially have the at least one
phosphor added in and be arranged in the emission direction
of the LED chip.

[0028] According to one embodiment, the LED chip emits
the radiation in a violet wavelength range which in particular
has no UV portion.

[0029] According to a WHO definition, UV (ultraviolet) is
understood to mean the range just below 400 nm.

[0030] According to one embodiment, the emission spec-
trum of the LED module in a range from 460 nm to 550 nm,
especially in a blue range, shows no upward outlying peak.
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[0031] This means that at no wavelength will there be a
sudden increase in intensity in this range. The intensity
changes only moderately over this range. This has the
advantage that the wavelengths acting for the human disad-
vantageously for individual human sensitivities cannot be
dominant in the emission spectrum because their intensity is
low (no peak(s)).

[0032] According to one embodiment, the emission spec-
trum of the LED module at a color temperature of 4000 K
is, preferably in the crucially important spectral range of
460-550 nm, equal to a standardized daylight spectrum
according to CIE of a higher color temperature.

[0033] This has the advantage that the light artificially
generated by the LED module has a natural effect on humans
(similar to daylight).

[0034] Inthe case of a CCT thatis 1250 K to 1750 K lower
than that of the compared natural light, the deviation from
this natural emission spectrum in the emission spectral
intensity in the range of 460-550 nm is, according to one
example, at most +15% at individual wavelengths.

[0035] At a specific color temperature, preferably 4000 K,
the emission spectrum of the LED module 100 may be
substantially equal to, preferably within 10% of, preferably
within 5% of, a standardized daylight spectrum according to
CIE of a correlated color temperature at least 1250 kelvin
higher.

[0036] At the specific color temperature, the emission
spectrum of the LED module 100 may be substantially equal
to, preferably within 10% of, preferably within 5% of, a
standardized daylight spectrum according to CIE of a cor-
related color temperature no more than 1750 kelvin higher.
[0037] The color temperature of the standardized daylight
spectrum is preferably in the range of 5300 K to 6000 K,
especially preferably 5700 K.

[0038] The emission spectrum of the LED module 100 at
a color temperature of 4000 K according to an example is
substantially equal to a standardized daylight spectrum
according to CIE of a higher color temperature.

[0039] According to one embodiment, the emission spec-
trum of the LED module is in a green range, for example
from 530 nm to 550 nm, at a color temperature of 4000 K,
preferably close to the daylight spectrum at 5700 K.
[0040] According to one embodiment, an intensity of the
emission spectrum in this wavelength range is below an
intensity of the daylight spectrum at identical temperature,
for example 4000 K.

[0041] According to one embodiment, a color rendering
index (CRI) or Ra of the spectrum of the LED module is
above 90.

[0042] According to one embodiment, the emission spec-
trum of the LED module is generated by a dye-converted
LED containing the LED chip and the at least one phosphor.
[0043] A dye-converted LED thus comprises an LED chip
which emits electromagnetic radiation and at least one
phosphor which at least partially converts this radiation into
different electromagnetic radiation/light.

[0044] According to one embodiment, the emission spec-
trum of the LED module is generated by combining a
dye-converted LED, containing the LED chip and the at
least one phosphor, and the optical properties of a lamp.
[0045] For example, the optical properties of the lamp
reduce the violet portion of the LED chip or of the dye-
converted LED.
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[0046] According to one embodiment, an intensity of the
radiation of the LED chip can be changed by amplitude or
pulse-width modulation.

[0047] According to one embodiment, the wavelength of
the radiation of the LED chip can be changed via a forward
current or via its temperature.

[0048] According to one embodiment, a first emission
peak of the emission spectrum of the LED module, which
has a lower intensity than a second emission peak of the
emission spectrum at approximately 460 nm, lies within a
range from 410 nm to 430 nm.

[0049] According to one embodiment, a third emission
peak of the emission spectrum is at approximately 605 nm,
which third emission peak has a greater intensity than the
first emission peak of the emission spectrum.

[0050] According to one embodiment, a third emission
peak of the emission spectrum, which third emission peak
has a lower or a greater intensity than the second emission
peak of the emission spectrum, is at approximately 605 nm.
[0051] According to a second aspect, the present invention
relates to a method for an LED module, comprising the
following steps: emitting a radiation and converting (by
means of at least one phosphor) the radiation of an LED chip
of the LED module into a light, wherein an emission
spectrum of the LED module contains a blue light portion
and a green light portion, wherein an intensity of the blue
light portion is greater than a CIE intensity of the same color
temperature, and wherein an intensity of the green light
portion is less than a CIE intensity of the same color
temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] A detailed description of the figures is given below.
These show:
[0053] FIG. 1 a schematic representation of an LED

module according to one embodiment of the invention;
[0054] FIG. 2 various emission spectra at the same color
temperature and their difference according to one embodi-
ment of the invention;

[0055] FIG. 3 various emission spectra at the same color
temperature and their difference according to one embodi-
ment of the invention;

[0056] FIG. 4 various emission spectra at a different color
temperature and their difference according to one embodi-
ment of the invention;

[0057] FIG. 5 various emission spectra at a different color
temperature and their difference according to one embodi-
ment of the invention; and

[0058] FIG. 6 a method for an LED module according to
one embodiment of the invention.

[0059] FIG. 1 shows a schematic representation of an LED
module 100 according to one embodiment of the invention.

DETAILED DESCRIPTION

[0060] The LED module 100 comprises an LED chip 102
which is designed to emit a radiation. For example, this
radiation may comprise blue or violet light. The radiation
preferably does not comprise UV radiation. The LED mod-
ule 100 furthermore comprises at least one phosphor 104
which is suitable for converting the radiation of the LED
chip 102 into a light, i.e., visible radiation.

[0061] An emission spectrum of the LED module 100
contains a blue light portion and a green light portion,
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wherein an intensity of the blue light portion is greater than
a CRI intensity of the same color temperature, and wherein
an intensity of the green light portion is less than a CIE
intensity of the same color temperature. The emission spec-
trum of the LED module 100 can be generated by the
radiation of the LED chip 102 and the light emitted by the
at least one phosphor 104. The phosphor 104 can thus
partially convert the radiation of the LED chip 102. A
complete conversion of the radiation of the LED chip 102
into light is also conceivable.

[0062] The emission spectrum of the LED module 100 has
the advantage that a lower emission spectral intensity is
present in the short-wavelength range below 460 nm (which
is potentially more harmful to the eye) and a higher intensity
is present in the orange red wavelength range in comparison
to the natural emission spectra, wherein the most important
ranges in the comparison of the azure-blue to lime-green
wavelength ranges are, according to the invention, those
close to the natural emission spectrum.

[0063] Exemplary embodiments of the technical solutions
according to the invention (lamp including optics or LED
module 100 with/without optics) are based, for example, on
an LED chip 102 which has a chip emission peak of 420-425
nm (violet), and wherein the light is remitted proportionately
by a phosphor mixture or phosphor 104 by fluorescence
effects. The LED module 100 may also contain a plurality of
LED chips 102, and at least electromagnetic radiation from
one LED chip 102 up to all LED chips 102 is converted by
the at least one phosphor 104.

[0064] By means of an optical unit (e.g., reflector, lenses,
diffusers, transparent or translucent materials or combina-
tions of the like), a portion of the violet light of the LED chip
102 can, especially, be absorbed in order to achieve the
described emission spectrum of the LED module 100.
[0065] The quantitative composition and the distribution
of the phosphor 104 in the reception range of the violet light
of the LED chip 102 can be designed in such a way that a
light spectrum is generated overall which has the following
properties when compared to natural light spectra (Planck up
to 4800 K, above that CIE daylight spectra) on the basis of
the same melanopic effect:

[0066] In the case of a CCT which is 1250 K to 1750 K
lower than that of the compared natural light, the deviation
from this natural emission spectrum in the emission spectral
intensity in the range of 460-550 nm is at most +15% at
individual wavelengths.

[0067] The emission spectrum of the LED module 100 at
a specific color temperature, preferably 4000 K, is substan-
tially equal to, preferably within 10% of, preferably within
5% of, a standardized daylight spectrum according to CIE of
a correlated color temperature at least 1250 kelvin higher.
[0068] The emission spectrum of the LED module 100 at
the specific color temperature is substantially equal to,
preferably within 10% of, preferably within 5% of, a stan-
dardized daylight spectrum according to CIE of a correlated
color temperature no more than 1750 kelvin higher.

[0069] The color temperature of the standardized daylight
spectrum is preferably in the range of 5300 K to 6000 K it
is particularly preferably 5700 K.

[0070] The emission spectrum of the LED module 100 at
a color temperature of 4000 K is substantially equal to a
standardized daylight spectrum according to CIE of a higher
color temperature.
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[0071] The profile of the compared emission spectra of
different CCT here is almost parallel in this wavelength
range of 460-550 nm, except for possible slight ripples. The
emission spectral profile achieves a color rendering level of
CRI>=90 and an R9 of approximately 50 or slightly higher.
In addition, the photometric radiation equivalent of the
emission spectrum of the LED module 100 at 4000 K
exceeds a value of 290 Im/Wrad.

[0072] In this way, a light source (LED module 100) is
advantageously generated which comes closer in the non-
visual effect and surprisingly also in the visual effect of the
daylight equivalent of higher color temperature.

[0073] FIG. 2 shows various emission spectra at the same
color temperature and their difference according to one
preferred embodiment of the invention.

[0074] An exemplary embodiment of an emission spec-
trum of an LED module 100 according to the invention is
shown in FIG. 2. In FIG. 2, the profile of the reference
emission spectrum of the CIE (“D65”) and the emission
spectrum (“zg spectrum”) of an LED module 100 according
to the invention according to one preferred exemplary
embodiment are shown.

[0075] The reference emission spectrum of the CIE is
illustrated in FIG. 2 by way of example with reference to the
D65 profile for a light color of 6500 K. Instead of the D65
reference emission spectrum of the CIE, the invention can
also be used for all other reference emission spectra of the
CIE.

[0076] The emission spectrum of an LED module 100
according to the invention according to the example in FIG.
2 is characterized in that it has almost no emission in the
range below a wavelength of 405 nm. In the range from 420
to 425, there is a first emission peak, but this first emission
peak has a lower intensity than the second emission peak at
approximately 460 nm and the third and emission peak at
approximately 605 nm.

[0077] Inthe range between the emission at approximately
530 nm and the third emission peak at approximately 605
nm, the emission spectrum preferably has almost the same
intensity as the value of the emission at approximately 530
nm.

[0078] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range from 450 nm to 525
nm is above the profile of the D65 reference emission
spectrum, i.e., there is an excessive intensity increase in this
range in comparison to the D65 reference emission spec-
trum.

[0079] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range from 525 nm to 580
nm is below the profile of the D65 reference emission
spectrum, i.e., there is an intensity reduction in this range in
comparison to the D65 reference emission spectrum.
[0080] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range from 580 nm to 630
nm is above the profile of the D65 reference emission
spectrum, i.e., there is an excessive intensity increase in this
range in comparison to the D65 reference emission spec-
trum.

[0081] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range of over 630 nm is
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below the profile of the D65 reference emission spectrum,
i.e., there is an intensity reduction in this range in compari-
son to the D65 reference emission spectrum.

[0082] FIG. 3 shows various emission spectra at the same
color temperature and their difference according to one
preferred embodiment of the invention;

[0083] An exemplary embodiment of an emission spec-
trum of an LED module 100 according to the invention is
shown in FIG. 3. In FIG. 3, the profile of the reference
emission spectrum of the CIE (“D40”) and the emission
spectrum (“ZG spectrum”) of an LED module 100 according
to the invention according to one preferred exemplary
embodiment are shown.

[0084] The reference emission spectrum of the CIE is
illustrated in FIG. 3 by way of example with reference to the
D40 profile for a light color of 4000 K. Instead of the D40
reference emission spectrum of the CIE, the invention can
also be used for all other reference emission spectra of the
CIE.

[0085] The emission spectrum of an LED module 100
according to the invention according to the example in FIG.
3 is characterized in that it has almost no emission in the
range below a wavelength of 405 nm. In the range from 420
to 425, there is a first emission peak, but this first emission
peak has a lower intensity than the second emission peak at
approximately 470 nm, and the third and emission peak at
approximately 605 nm.

[0086] The emission spectrum in the range between the
second emission peak at approximately 470 nm and the
emission at approximately 555 nm preferably has almost a
stable emission close to the value of the second emission
peak at approximately 470 nm.

[0087] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range from 450 nm to 515
nm is above the profile of the D40 reference emission
spectrum, i.e., there is an excessive intensity increase in this
range in comparison to the D40 reference emission spec-
trum.

[0088] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range from 515 nm to 570
nm is below the profile of the D40 reference emission
spectrum, i.e., there is an intensity reduction in this range in
comparison to the D40 reference emission spectrum.
[0089] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range from 570 nm to 630
nm is above the profile of the D40 reference emission
spectrum, i.e., there is an excessive intensity increase in this
range in comparison to the D40 reference emission spec-
trum.

[0090] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module
according to the invention in the range of over 630 nm is
below the profile of the D40 reference emission spectrum,
i.e., there is an intensity reduction in this range in compari-
son to the D40 reference emission spectrum.

[0091] FIG. 4 shows various emission spectra at different
color temperatures and their difference according to one
preferred embodiment of the invention.

[0092] An exemplary embodiment of an emission spec-
trum of an LED module 100 according to the invention is
shown in FIG. 4. In FIG. 4, the profile of the reference
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emission spectrum of the CIE (“D80”) and the emission
spectrum (“zg spectrum”) of an LED module 100 according
to the invention according to one preferred exemplary
embodiment are shown.

[0093] The reference emission spectrum of the CIE is
illustrated in FIG. 5 by way of example with reference to the
D8O profile for a light color of 8000 K. Instead of the D80
reference emission spectrum of the CIE, the invention can
also be used for other reference emission spectra of the CIE
in the range of CCTs that are 1250 K to 1750 K higher.
[0094] The emission spectrum of an LED module 100
according to the invention according to the example in FIG.
5 is characterized in that it has almost no emission in the
range below a wavelength of 400 nm. In the range from 420
to 425, there is a first emission peak, but this first emission
peak has a lower intensity than the second emission peak at
approximately 460 nm and the third and emission peak at
approximately 605 nm.

[0095] In the present comparison of the emission spectra,
the melanopic, i.e., non-visual, effects of the two spectra are
used as a basis of comparison instead of the luminous flux.
[0096] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range from 380 nm to 450
nm is below the profile of the D8O reference emission
spectrum, i.e., there is an intensity reduction in this range in
comparison to the D80 reference emission spectrum.
[0097] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module
according to the invention in the range from 450 nm to 525
nm is above the profile of the D8O reference emission
spectrum, i.e., there is an excessive intensity increase in this
range in comparison to the D80 reference emission spec-
trum.

[0098] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range from 525 nm to 555
nm is below the profile of the D8O reference emission
spectrum, i.e., there is an intensity reduction in this range in
comparison to the D80 reference emission spectrum.
[0099] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range from 555 nm to 640
nm is above the profile of the D8O reference emission
spectrum, i.e., there is an excessive intensity increase in this
range in comparison to the D80 reference emission spec-
trum.

[0100] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module
according to the invention in the range of over 640 nm is
below the profile of the D80 reference emission spectrum,
i.e., there is an intensity reduction in this range in compari-
son to the D80 reference emission spectrum.

[0101] A preferred embodiment has a very small deviation
(preferably within 15%) of the two spectra in the range 460
nm to 550 nm because this range is of particular importance
for the non-visual effects.

[0102] FIG. 5 shows various emission spectra at different
color temperatures and their difference according to one
preferred embodiment of the invention.

[0103] An exemplary embodiment for an emission spec-
trum of an LED module 100 according to the invention is
shown in FIG. 5. In FIG. 5, the profile of the reference
emission spectrum of the CIE (“Daylight”) and the emission
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spectrum (“zg spectrum”) of an LED module 100 according
to the invention according to one preferred exemplary
embodiment are shown.

[0104] The reference emission spectrum of the CIE is
illustrated in FIG. 5 by way of example with reference to the
“Daylight” profile for a light color of 5700 K. Instead of the
reference emission spectrum of the CIE, the invention can
also be used for all other reference emission spectra of the
CIE.

[0105] The emission spectrum “zg spectrum” of an LED
module 100 according to the invention according to the
example in FIG. 5 is characterized in that it has almost no
emission in the range below a wavelength of 405 nm. In the
range from 420 to 425, there is a first emission peak, but this
first emission peak has a lower intensity than the second
emission peak at approximately 470 nm, and the third and
emission peak at approximately 605 nm.

[0106] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module
according to the invention in the range from 380 nm to 460
nm is below the profile of the reference emission spectrum,
i.e., there is an intensity reduction in this range in compari-
son to the reference emission spectrum.

[0107] Preferably, the emission spectrum has almost a
stable emission close to the value of the first emission peak
in the range between the second emission peak at approxi-
mately 470 nm and 555 nm.

[0108] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range from 460 nm to 655
nm is above the profile of the reference emission spectrum,
i.e., there is an excessive intensity increase in this range in
comparison to the reference emission spectrum.

[0109] According to an especially preferred variant, the
intensity of the emission spectrum of the LED module 100
according to the invention in the range of over 655 nm is
below the profile of the reference emission spectrum, i.e.,
there is an intensity reduction in this range in comparison to
the reference emission spectrum.

[0110] A preferred embodiment has a very small deviation
(preferably within 15%) of the two spectra in the range 460
nm to 550 nm because this range is of particular importance
for the non-visual effects.

[0111] FIG. 6 shows a method 700 for an LED module 100
according to one preferred embodiment of the invention.

[0112] The method 700 for an LED module 100 comprises
the following steps:

[0113] Emitting 702 a radiation (by means of an LED chip
102);
[0114] Converting 704 the radiation of the LED chip 102

into a light (through at least one phosphor), wherein an
emission spectrum of the LED module 100 contains a blue
light portion and a green light portion, wherein an intensity
of the blue light portion is greater than a CIE intensity of the
same color temperature, and wherein an intensity of the
green light portion is less than a CIE intensity of the same
color temperature.

[0115] On the one hand, this emission spectrum of the
LED module 100 can be generated directly by a dye-
converted LED chip 102.

[0116] On the other hand, the desired emission spectrum
can be not only the result of a dye-converted LED chip 102
itself but also the result of the interaction of this light source



US 2022/0059731 Al

(LED chip 102 and phosphor(s)) with the optical properties
of'a lamp, which can, for example, reduce the violet portion
of the primary excitation.

1. An LED module (100) comprising:

at least one LED chip (102) which is designed to emit

electromagnetic radiation;

at least one phosphor (104) which is suitable for convert-

ing the radiation of the LED chip (102) into a light,
wherein

an emission spectrum of the LED module (100) contains

a blue light portion and a green light portion, wherein
an intensity of the blue light portion is greater than a CIE
intensity of the same color temperature, and wherein
an intensity of the green light portion is less than a CIE
intensity of the same color temperature.

2. The LED module (100) according to claim 1,

wherein the at least one phosphor (104) is designed to at

least partially absorb the electromagnetic radiation of
the LED chip (102) and to emit in light in a different,
especially broader, wavelength range than the electro-
magnetic radiation, wherein the emission spectrum of
the LED module (100) is generated by mixing the
radiation of the LED chip (102) and the light emitted by
the phosphor (104).

3. The LED module (100) according to claim 1, wherein
the LED module (100) comprises a translucent material for
protecting the LED chip, where said translucent cover is a
globe top and contains the at least one phosphor (104).

4. The LED module (100) according to claim 1,

wherein the LED chip (102) emits the electromagnetic

radiation in a violet wavelength range, and has no UV
portion.

5. The LED module (100) according to claim 1,

wherein the emission spectrum of the LED module (100)

shows no upwardly outlying peak in a range from 460
nm to 550 nm.

6. The LED module (100) according to claim 1,

wherein the emission spectrum of the LED module (100)

at a specific color temperature of 4000 K is substan-
tially equal to, or within 10% of, a standardized day-
light spectrum according to CIE of a correlated color
temperature at least 1250 K higher.

7. The LED module (100) according to claim 6,

wherein the emission spectrum of the LED module (100)

at the specific color temperature is substantially equal
to a standardized daylight spectrum according to CIE of
a correlated color temperature no more than 1750
kelvin higher.

8. The LED module (100) according to claim 1,

wherein the color temperature of the standardized day-

light spectrum is 5700 K.
9. The LED module (100) according to claim 1,
wherein the emission spectrum of the LED module (100)
at a color temperature of 4000 K is substantially equal
to a standardized daylight spectrum according to CIE of
a higher color temperature.

10. The LED module (100) according to claim 1,

wherein the emission spectrum of the LED module (100)

is close to the daylight spectrum at 5700 K and in an
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azure-blue to green range, namely from 460 nm to 550
nm, at a color temperature of 4000 K.

11. The LED module (100) according to claim 1

wherein an intensity of the emission spectrum is below an
intensity of the daylight spectrum at identical color
temperature.

12. The LED module (100) according to claim 1,

wherein a color rendering index CRI of the LED module
(100) is above 90.

13. The LED module (100) according to claim 1,

wherein the emission spectrum of the LED module (100)
is generated by a dye-converted LED containing the
LED chip and the at least one phosphor (104).

14. The LED module (100) according to claim 1,

wherein the emission spectrum of the LED module (100)
is generated by combining a dye-converted LED, con-
taining the LED chip (102) and the at least one phos-
phor, and optical properties of a lamp.

15. The LED module (100) according to claim 1,

wherein an intensity of the electromagnetic radiation of
the LED chip (102) can be changed by amplitude or
pulse-width modulation.

16. The LED module (100) according to claim 1,

wherein the wavelength of the electromagnetic radiation
of the LED chip (102) can be changed via a forward
current.

17. The LED module (100) according to claim 1,

wherein a first emission peak of the emission spectrum of
the LED module, which has a lower intensity than a
second emission peak of the emission spectrum at
approximately 460 nm, is in a range from 410 nm to
430 nm.

18. The LED module (100) according to claim 17,

wherein a third emission peak of the emission spectrum,
which has a greater intensity than the first emission
peak of the emission spectrum, is at approximately 605
nm.

19. The LED module (100) according to claim 17,

wherein a third emission peak of the emission spectrum,
which has a lesser or a greater intensity than the second
emission peak of the emission spectrum, is at approxi-
mately 605 nm.

20. A method (700) for an LED module (100), compris-

ing:

emitting (702) electromagnetic radiation with an LED
chip (102);

converting (704) the electromagnetic radiation of the LED
chip (102) into a light, wherein an emission spectrum
of the LED module (100) contains a blue light portion
and a green light portion, wherein an intensity of the
blue light portion is greater than an intensity of the
comparable CRI (color rendering) reference spectrum
according to CIE recommendation at the same color
temperature, and wherein an intensity of the green light
portion is less than a CIE intensity of the same color
temperature.



