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LIGHT EMITTING DIODE BASED STRUCTURE AND LUMINAIRE INCORPORATING THE SAME FOR CONTINUOUS
DISINFECTION

FIELD OF INVENTION

The present invention relates to artificial lighting arrangements and methods used for
disinfection by light. In particular, the present invention relates to the field of
optoelectronics and white light emitting diodes (LEDs) providing bactericidal effects. The
present invention relates to the applications of an integrated LED structure and

continuously operating disinfection luminaire.

BACKGROUND ART

It is well known that ultra-violet (UV) sources have bactericidal and fungicidal effects,
well suited for disinfection. Deep UV (UVC) sources are known to effectively prevent
bacterial growth on surfaces and are widely used as germicidal sources. However, the
drawback of usage of UVC sources such as Mercury lamps is the fact that UVC light is
harmful for humans and thus prevents its use in presence of people. The mechanism behind
the deep UV disinfection is known to be the cracking of DNA molecules, which have

particularly strong absorption between 260 — 290 nm.

It is also known that longer wavelengths produce also bactericidal effects, although based
on different physical mechanism. UVA light at 365 nm is known to inhibit bacterial
growth and also blue/violet light produces similar growth blocking effects. Although the
bactericidal effect is less strong at blue/violet wavelengths it can be exploited in
continuously operating disinfection lights. The 405 nm light is well known to cause
reactive oxygen species (ROS) generation in cells. These negatively charged oxygen ions
in turn prevent cell metabolism and effectively suppress e.g. growth of bacterial colonies.
While the intensity of the disinfection light is of primary importance, it is the total dose,
expressed in terms of J/m’, accumulated on the surface or on the objects, which ultimately

define the disinfection power.

Any lower intensity source with suitable emission spectrum can be used for disinfection as

long as the exposure times are long enough but still of practical value. However, again the
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human presence sets boundaries for such lights. International regulations and safety
guidelines are defined by the International Commission on Non-lonizing Radiation
Protection (ICNIRP) and IEC standard IEC-62471. Again, the ICNIRP defines ultra-violet
wavelengths to be 100 — 400 nm.

If the radiation source has a short wavelength emission, say below 410 nm, and this short
wavelength emission is the dominating intensity or color, humans are commonly

experiencing discomfort.

Known growth lights for plant growth and photosynthesis comprise blue and red light
sources that are sometimes accompanied with white light sources. Hence they are not

addressing issues relating to antibacterial and fungicidal function.

A light source applying LEDs and UV germicidal lamp is disclosed in CN 104056289 A.
However, again such assembly is not suitable for general lighting due to detrimental effects

of UV light to humans.

A LED source with disinfection capability in closed environment is presented in EP
2554583 Al. Again such source emitting wavelengths below 300 nm is not suitable for

general lighting due to detrimental effects of UV light to humans.

According to our laboratory tests a combination of individual, spatially separated LEDs
with 405 nm emission and individual white light LEDs results in a light source that causes
discomfort. A light source based on individually packaged LEDs does not produce a
smooth and uniform light field. Particularly point sources with intensive short wavelength
emission are disturbing. It is necessary to provide a source in which the short wavelength
point sources are not distinctively visually appearing between the white light LEDs.
However, physical overlaying of the white light LEDs with 405 nm LEDs is not

straightforward or possible.

An example of spatially mixing the source is shown in US8398264. A diffuser plate is used
in conjunction with Fresnel type lens to provide uniform emissions and to avoid direct
visibility of individual short wavelength emitters in the source plane. The known diffuser

based constellation is complex and expensive.
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SUMMARY OF INVENTION

To solve above discussed problems it is an object of the present invention to provide a
method of white light illumination using an integrated light emitting diode structure with

an adjustable emission spectrum with disinfection capability.

It is an aspect of certain embodiments to provide an integrated LED structure functioning
as a white light source and comprising; a substrate, at least one or a plurality of emission

areas, and an electrical two or three wire control interface.

It is another objective to prevent the discomfort perceived by humans from radiation

source having a short wavelength emission, which is the dominating intensity or color.

The present invention is based on the concept of providing a LED structure comprised of
a substrate;
a light emitting area defined on the substrate as a cavity;
a first type of light emitting semiconductor source with bactericidal and germicidal
characteristics mounted in the cavity; and
a second type of light emitting semiconductor source mounted in the cavity with

ability to excite the wavelength conversion material to generate white light.

Typically, there is wavelength conversion material layer formed on top of the light
emitting semiconductor sources, and an electrical circuit layer for connecting the light

emitting semiconductor sources to clectrical control interface.

The present invention also provides a lighting fixture facilitating white light illumination
and continuous disinfection functionality comprising at least one integrated LED source
having a first emission, which is non-perceptible to human eye, in the range of 360 to 430
nm and a full width half maximum of less than 30 nm, and a second emission peak, which
is perceptible to human eye as a white light, with maximum emission in the range of 430 to
700 nm. In preferred embodiments the emitters are of two different types and have

emission peaks near or at wavelength of 405 nm and near or at wavelength of 450 nm.



WO 2017/009534 PCT/F12016/050518

10

15

20

25

30

More specifically the present invention is characterized by what is stated in the

characterizing parts of the independent claims.

Considerable advantages are obtained.

Thus, the present invention provides an integrated LED structure and a luminaire which

achieve a continuous disinfection process.

The invention enables disinfection by a lighting source or a luminaire visibly apparent to
human as a white light source that is neither harmful to humans nor creates discomfort.
This aim is achieved by overlaying the short wavelength emission with white light
emission. Such a white light source or a luminaire is suitable for the general illumination
purposes while simultaneously providing means to disinfect exposed surfaces and objects.
The said emission area typically comprises one or several LED semiconductor diodes,
which are technically reliable and economically viable, as light emitters to provide the light

emission.

The use of clectromagnetic radiation at wavelength of 405 nm as disclosed in this
invention is safe. The new type of LED sources disclosed avoids the disturbing effect of

the short wavelength visible light.

In specific embodiments, the invention also achiecves a light source that provides for
disinfection of an object and also simulated photosynthesis of plants. Thus, the present
integrated LED structure can be incorporated into white light sources for providing
disinfection with bactericidal and fungicidal, anti-viral (germicidal), and photosynthesis

effects.

The present invention provides disinfection functionality for general lighting and

photosynthesis lighting enabled by the disclosed integrated LED structure and luminaire.

Spatial integration gives an integrated LED structure which has both 405 nm emission
source and a 450 nm blue emission source buried under a wavelength conversion layer, in
very near vicinity of each other. In a preferred embodiment, independent control of the two

emissions, namely the 405 nm radiation and the white light emission, are provided for.
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This allows for the control of intensity of 405 nm radiation so that in situations where no
white light is necessarily needed, only 405 nm radiation can be used and with maximum
intensity, while white light radiation can be turned off. And conversely when ¢.g. humans,
or in some applications animals, are present the radiation intensity of 405 nm can be turned

low, or completely off, while maintaining suitable level of white light illumination.

With the integrated LED structure the white light quality parameters, such as CRI and
CCT, remain constant as the 405 nm emission has negligible contribution to the luminous

flux or illuminance.

The integrated structure provides means for spatially mounting the emitter with
bactericidal and germicidal effect in close vicinity of the white light source, and in some
embodiment even to combine them. When the intensity of the bactericidal short
wavelength is appropriately chosen with respect to the white light intensity, the source
appears as a normal white light source to human eye. Furthermore the spatial arrangement
guarantees that the emission of 405 nm is not distinguishable for humans due to overlaying

white light emission.

BRIEF DESCRIPTION OF DRAWINGS

The invention will now be further described, by way of non-limiting examples, with

reference to the accompanying diagrammatic drawings. In the drawings:

Figure 1 Is a graph presenting spectral weighting function of blue-hazard light

Figure 2 Is a graph presenting spectral weighting function of blue-hazard light with
typical emission spectrum of light emitting diode at 405 nm and a typical
emission spectrum of a laser diode at 405 nm.

Figure 3 Is a photo of LED source for continuous disinfection luminaire with spatially
combined white light emitter and low wavelength emitter in one LED source
and the spectrum is spatially combined.

Figure 4 Is a schematic top side view of an integrated LED structure according to an
embodiment of the present invention.

Figure 5 Is a schematic view of the cross-section of an integrated LED structure

according to an embodiment of the present invention.
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Figure 6 Is a graph representing a typical emission spectrum of an integrated LED
structure according to an embodiment of the present invention.

Figure 7 Is a graph representing a typical emission spectrum of an integrated LED
structure according to an embodiment of the present invention.

Figure 8 Is a schematic top side view of an integrated LED structure according to an
embodiment of the present invention.

Figure 9 Is a schematic view of the cross-section of an integrated LED structure
according to an embodiment of the present invention.

Figure 10  Is a graph representing a typical emission spectrum of an integrated LED

structure according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

The following descriptions are merely non-limiting examples and it will be appreciated by
one skilled in the art that specific details of the examples may be changed without

departing from the spirit of the invention.

The present technology provides an integrated LED structure and a luminaire for enabling,

for example, a continuous disinfection process.

In one embodiment, disinfection is achieved by a lighting source or a luminaire visibly
apparent to human as a white light source that is firstly not harmful to a human and
secondly is not creating discomfort. Such a white light source or a luminaire is suitable for
the general illumination purposes while simultaneously providing means to disinfect

exposed surfaces and objects.

The present technology also achieves a light source that provides for disinfection of objects
and also simulated photosynthesis of plants. The disclosed integrated LED structure can be
incorporated into white light source for providing disinfection with bactericidal and

fungicidal, anti-viral (germicidal), anti-viral and photosynthesis effects.

Thus, disinfection functionality can be achieved for general lighting and photosynthesis

lighting, enabled by the disclosed integrated LED structure and luminaire.
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In an embodiment, the emission area comprises wavelength conversion material to provide
means for white light emission. Emission area comprises in some preferred embodiment
more than one type of wavelength conversion materials. The materials can be layered
vertically upon each other, or horizontally with different materials adjacent to each other,
or in mixed material layers, to achieve high efficiency or high color rendering index (CRI),

or wanted color correction temperature (CCT).

The light emitters are in some cases electrically connected in series or parallel to enable a
common current drive scheme. The control interface has then at least one wire for
providing the common drive current and least one ground wire to close the current path
back to power supply. However, in some cases the emitters are not connected electrically
enabling independent intensity control. The control interface has then at least three wires
for providing the drive current independently, and at least one ground wire to close the

current path back to power supply.

In an embodiment, the integrated LED component or package has two different types of
semiconductor emitters, which can be also in independent in terms of electrical circuits. In
a nominal operation point the current is adjusted for both emitters are simultancously,
however, electrical circuitry being independent current is adjusted separately and the
emission appears as white light in both cases, but with the emission spectrum having a
spectroscopically observable double peak structure with blue emission at or near 450 nm

and violet emission at or near 405 nm.

If the intensity of the 405 nm emission is A and the intensity of the 450 nm emission is B,
the ratio A/B can be now freely adjusted with the two independent drive currents. In
nominal situation the ratio is adjusted so that the emission of 405 nm is distinguishable for
human and is within the safety limits as discussed earlier. The source is emitting white
light and same time giving low intensity emission at 405 nm to provide continuous

disinfection functionality.

In an embodiment, the intensity control is exploited dynamically depending of the human
presence. In the first case of no human presence the ratio A/B can be maximized. In the
second case of human presence the intensity A can be adjusted to a low value, and to

comply with the safety standards. Thus there are at lcast two set points of operation in
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typical case. In the first set point of operation, the drive current is tuned up to e.g. 350 mA
for the 405 nm emitter, while the drive current for the 450 nm emitter can be tuned down
to 0 mA. In the second set point the drive current is tuned down to ¢.g. 50 mA for the 405
nm emitter, and the drive current for the 450 nm emitter is tuned to e.g. 350 mA. Thus
while still maintaining the white light emission, the LED is providing illumination with
bactericidal and germicidal effect. Such intensity tuning is beneficial for ensuring safety in

presence of humans, and to avoid exposure to high intensity radiation at 405 nm.

In some preferred mode of use, the dynamic intensity tuning can be exploited to adjust the
emission of 405 nm after a certain total radiation dose has accumulated on the target
surface. This can be detected by integrating the specific wavelength signal with a detector
circuit and providing the necessary feedback to control appropriately the output of the
integrated LED structure. This is beneficial for reducing energy consumption and to

lengthen the life time of the LED by avoiding unnecessary use of the 405 nm emitter.

The complete emission of the white light source is formed of as a sum of the emission of
the 405 nm emitter and of the emission of the 450 nm emitter, and the emission from the

wavelength conversion material, which is excited by the emission of the 450 nm emitter.

In some embodiments the integrated LED structure comprises only one type of light
emitter, preferably having a short wavelength emission below wavelength of 410 nm, and a

wavelength conversion material layer formed on top of the emitter.

In some preferred embodiments the complete white light source emission the light
emission spectrum is formed of as a sum of emission from the 405 nm emitter and the

emission from the wavelength conversion material, excited by the emission at 405 nm.

In preferred embodiments the wavelength conversion material is a phosphor based e.g. in
YAG:Ce materials providing white light emission spectrum with CRI and CCT
characteristics suitable for general lighting applications. The wavelength conversion
material has in this case a relatively low extinction coefficient at the wavelength range of

360 to 410 nm to avoid excessive absorption of the emission below 410 nm.
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The said emission areas can be formed as buried shallow cavity on the top surface of the
said substrate. In some preferred embodiments the LED structure can comprise several

emission areas in buried cavities of different heights.

In some embodiments the short wavelength emitter has an emission wavelength that has
bactericidal, germicidal or fungicidal effects. In preferred embodiments the short
wavelength emission or intensity has no or negligible detrimental effects to human skin,

human eyes, or human health in general.

In some embodiments the short wavelength emitter has an emission wavelength that has
bactericidal, germicidal or fungicidal effects and the emitter is also emitting at wavelengths

to support, enhance and propagate photosynthesis in plants.

Turning now to the embodiments shown in the drawings, it can be noted that in one
embodiment (yellow phosphor), the LED structure is comprised of a substrate 100, an
emission area inside the cavity wall 101, wavelength conversion material layer 102, an
emitter with main emission centered around 405 nm wavelength 103, an emitter with main

emission centered around 450 nm wavelength 104, and a three wire control interface 105.

The emission area comprises the first type of LED semiconductor chip 203 emitting at
between 385 nm and 430 nm, and having a full width half maximum (FWHM) emission of
5 to 20 nm. The emission arca comprises also a second type of LED semiconductor chip
204 emitting at between 430nm and 500 nm, and wavelength conversion material 202
having its peak emission at between 500 nm and 700 nm and having a full width half

maximum emission of about 100 nm.

The control interface is having a three wire structure and is to enable independent control

of the said two semiconductor chips.

The LED structure emits a spectrum as shown in Figure 5. By controlling the current of the
first semiconductor chip emitting at 405 nm, the spectrum can be tuned dynamically as
shown in the figure 6 (dotted and dashed lines). Or by changing the wavelength conversion

material as shown in the figure 6 (solid line).
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In another embodiment (UV phosphor), the LED structure is comprised of a substrate 300,
an emission arca inside the cavity wall 301, wavelength conversion material 302, two
emitters with main emission centered around 365 and 430nm nm wavelength 303, and a

two wire control interface 305.

The emission arca comprises a single type of LED semiconductor chips 403 emitting at
405 nm, and having a full width half maximum (FWHM) emission of about 14 nm. The
emission area also comprises of wavelength conversion material layer 402 having its
relatively high extinction coefficient at 405 nm and peak emission between 500 to 700 nm
and having a full width half maximum (FWHM) emission is normally more than 30 nm.

The control interface is having a two wire structure and is to enable electrical control of the

said emitter chips.

The LED structure emits a spectrum as shown in Figure 10.

It is to be understood that the embodiments of the invention disclosed are not limited to the
particular structures, process steps, or materials disclosed herein, but are extended to
equivalents thereof as would be recognized by those ordinarily skilled in the relevant arts.
It should also be understood that terminology employed herein is used for the purpose of

describing particular embodiments only and is not intended to be limiting.

Reference throughout this specification to “one embodiment” or “an embodiment” means
that a particular feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the present invention. Thus,
appearances of the phrases “in one embodiment” or “in an embodiment” in various places

throughout this specification are not necessarily all referring to the same embodiment.

As used herein, a plurality of items, structural elements, compositional elements, and/or
materials may be presented in a common list for convenience. However, these lists should
be construed as though each member of the list is individually identified as a separate and
unique member. Thus, no individual member of such list should be construed as a de facto
equivalent of any other member of the same list solely based on their presentation in a
common group without indications to the contrary. In addition, various embodiments and

example of the present invention may be referred to herein along with alternatives for the
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various components thereof. It is understood that such embodiments, examples, and
alternatives are not to be construed as de facto equivalents of one another, but are to be

considered as separate and autonomous representations of the present invention.

Furthermore, the described features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments. In the following description, numerous
specific details are provided, such as examples of lengths, widths, shapes, etc., to provide a
thorough understanding of embodiments of the invention. One skilled in the relevant art
will recognize, however, that the invention can be practiced without one or more of the
specific details, or with other methods, components, materials, etc. In other instances,
well-known structures, materials, or operations are not shown or described in detail to

avoid obscuring aspects of the invention.

While the forgoing examples are illustrative of the principles of the present invention in
one or more particular applications, it will be apparent to those of ordinary skill in the art
that numerous modifications in form, usage and details of implementation can be made
without the exercise of inventive faculty, and without departing from the principles and
concepts of the invention. Accordingly, it is not intended that the invention be limited,

except as by the claims set forth below.

INDUSTRIAL APPLICABILITY

The disclosed integrated LED structure has applications for example but not limited to in
food production and processing sites, airplanes and hospitals. The ability to have white
light illumination and simultancously having disinfection functionality can greatly reduce
infection diseases. Particularly interesting applications are refrigerators at domestic use. In
such closed environments low-cost, energy efficient integrated LED structure can be
applied in very efficient manner. While the refrigerator’s door is closed the emission of
short wavelength disinfection emission can be tuned to high intensity and white light can
be turned off. Again during anyone opening the door the emission of the short wavelength

can be turned off and the white light emission can be turned on.

Another application for continuous disinfection with white light is found with fruit,

vegetable, fish and meat desks in grocery stores. Use of continuous disinfection white light
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in such places would reduce risks of spreading infections while improving the shelf life of

fresh products.

In operating rooms in hospitals, as well as in patient rooms and airplanes white lights with

disinfection functionality can be applied to reduce risk for infections.

Another use in greenhouses and food factories to provided photosynthesis (so call growth)

for plants and simultaneously provide germicidal or fungicidal effects for the plants.

REFERENCE SIGNS LIST

100 substrate
101 cavity wall
102 wavelength conversion material layer

103, 104 emitter

105 control interface

200 substrate

201 cavity wall

202 wavelength conversion material layer

203, 204 semiconductor chip

300 substrate

301 cavity wall

302 wavelength conversion material layer
303 emitter

305 control interface

400 substrate

401 cavity wall

402 wavelength conversion material layer
403 semiconductor chip
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CLAIMS

1. A method of providing general white light illumination with a a light source comprising
a LED structure comprised of
a substrate;
a light emitting area defined on the substrate as a cavity;
a first type of light emitting semiconductor source with bactericidal and germicidal
characteristics mounted in the cavity;
a second type of light emitting semiconductor source mounted in the cavity with
ability to excite the wavelength conversion material to generate white light; and
a wavelength conversion material layer formed on top of the light emitting
semiconductor sources, or
a lighting fixture facilitating white light illumination and continuous disinfection
functionality, comprising at least one integrated LED source having
a first emission, being non-perceptible to human eye, in the range of 360 to 430 nm and
a full width half maximum of less than 30 nm, with
an additional emission peak being perceptible to human eye as a white light with maximum
emission in the range of 430 to 700 nm or
a lighting fixture facilitating white light illumination and continuous disinfection
functionality comprising at least one integrated source having
a first emission, being non-perceptible to human eye, in the range of 395 to 408 nm and
a full width half maximum of less than 5 nm; and
a second emission being perceptible to human eye as a white light with maximum
emission in the range of 450 to 700 nm,
wherein
— in a first set point of operation, the light source is adjusted to provide white light
illumination with a bactericidal and optionally germicidal low-intensity emission in
the background of the white light emission, non-perceptible to human eye; and
— 1in asecond set point of operation, the white light illumination is tuned down, while

the bactericidal and optionally germicidal emission is maximized.

2. The method according to claim 1, wherein the first set point of operation is carried out in

the presence of humans.
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3. The method according to claim 1 or 2, wherein the second set point of operation is

carried out in a situation with no humans present.

4. The method according to any of claims 1 to 3, wherein in the second point of operation,

the white light illumination is turned off.





