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Method and electrical circuit for automatically adjusting the light-colour of light emitting diodes.

®®

The invention relates to a method for automatically adjusting the light-colour of light emitting diodes
(LEDS), collectively emitting light at a predefined light-intensity, wherein at least a first LED having a first
light-colour is applied in combination with at least a second LED having a second light-colour, wherein the
first light-colour differs from the second light-colour and wherein the first LED and the second LED receive
a first current and second current respectively, wherein the level of said first current and/or said current is
selected depending on the level of said light-intensity.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Method and electrical circuit for automatically adjusting the

light-colour of light emitting diodes

The invention relates to a method and circuit for auto-
matically adjusting the light-colour of light emitting diodes
that collectively emit light at a predefined light-intensity.

The invention further relates to an electrical circuit
connected of connectable to a current source and comprising
light emitting diodes (LEDS) that in use collectively emit light
at a predefined variable light-intensity depending on the level
of a feeding-current supplied by the current source.

A known problem with light that stems from light emit-
ting diodes is that when the light-intensity of the light emit-
ted by the LEDS is diminished by reason that the level of the
current that flows through the LEDS is lowered, the colour of
the light does not shift to red in the light-spectrum as occurs
with the lowering of conventional light sources such as light
bulbs. Due to the fact that the light-colour of such dimmed LEDS
remains at its original level the light from dimmed LEDS is ex-
perienced as being unnatural or even unpleasant.

It is an object of the invention to improve the natu-
ral feeling experienced when illumination is performed by LEDS,
particularly by LEDS that are reduced in their level of light-
intensity, such that the light that originates from such light
emitting diodes shifts then to warmer colours.

To realise the above-mentioned objective the method and
electrical circuit of the invention is characterized by one or
more of the appended claims.

In a first aspect of the invention the method for auto-
matically adjusting the light-colour of light emitting diodes
that collectively emit light, is characterized in that at least
a first LED having a first light-colour is applied in combina-
tion with at least a second LED having a second light-colour,
wherein the first light-colour differs from the second light-
colour and that the first LED and the second LED receive a first
current and second current respectively, wherein the level of
said first current and/or said second current is selected de-
pending on the level of said light-intensity. By a proper choice
of the light colours of the at least one first LED and the at
least one second LED it is then possible to obtain a mixture of

the light stemming from such LEDS that is consistent with what
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the human eye experiences as a natural shift in colour when the
light-intensity of the LEDS is changed.

The method of the invention is advantageously realised
by the application of an electrical circuit that is connected or
connectable to a current source and which circuit comprises
light emitting diodes that in use collectively emit light at a
light-intensity that depends on the level of the feeding-current
that is supplied by the current source. In accordance with the
invention this electrical circuit comprises at least one first
LED having a first light-colour and at least one second LED hav-
ing a second light-colour, wherein the first light-colour dif-
fers from the second light-colour, and that it is arranged to
distribute the feeding-current from the current source into a
first current for the at least one first LED and a second cur-
rent for the at least one second LED, and that the level of said
first current and/or said second current depends on the level of
the feeding-current.

A for its simplicity preferred option to implement the
method of the invention is that the level of the first current
is kept constant whilst the level of the second current is var-
ied depending on the level of the light-intensity.

A first preferred embodiment of the electrical circuit
of the invention has the feature that the at least one first LED
and the at least one second LED are electrically in a parallel
arrangement, and that the at least one first LED is connected to
a control circuit for stabilizing the first current through said
at least one first LED. In this way it is substantially only the
second current trough the at least one second LED that follows
the variation of the feeding-current supplied by the current
source. In that situation it is preferable that the at least one
first LED has a light-colour which is closer tc red in the
light-spectrum thar the first colour of the at least one second
LED. Thus when the feeding current is lowered, the at least one
first LED having the warmer light-colour becomes relatively more
important in its contribution to the total light that is emitted
by the LEDS collectively, than the light that stems from the at
least one second LED that is more distant in the spectrum from
the red area.

A second preferred embodiment of the electrical circuit
of the invention has the feature that the at least one first LED

and the at least one second LED are electrically in a series ar-—



10

15

20

25

30

35

40

3

rangement, and that it comprises a control circuit for increas-
ing the share of the first current through the at least one
first LED and/or decreasing the share of the second current
through the at least one second LED when the level of the feed-
ing-current is decreased and vice versa.

This can suitably be arranged by having the control
circuit connected or connectable to the current source for re-
ceiving a current-part of the feeding-current, and an outlet of
the control circuit connected at an interconnecting point of the
at least one first LED and the at least one second LED, wherein
the at least one first LED is connected to earth and wherein the
at least one second LED is electrically connected or ccnnectable
to the current source for receiving the remainder of the feed-
ing-current.

The invention will hereinafter be further elucidated
with reference to some exemplary embodiments of the electrical
circuit of the invention and with reference to the drawing.

In the drawing:

- Fig. 1 shows a first preferred embodiment of the
electrical circuit of the invention, and

- Fig. 2 shows a second preferred embodiment of the
electrical circuit of the invention.

With reference to both Fig. 1 and Fig. 2 an electrical
circuit is shown that is connected or connectable to a current
source at its connecting points 1 and 2. The circuit comprises
light-emitting diodes LD1-LD8 in Fig. 1 and LD1-LD5 in Fig. 2,
which LEDS when the electrical circuit is in operation, collec-
tively emit light at a predefined light-intensity that depends
on the level of a feeding current supplied by the current source
that is connected (or connectable) to the points 1 and 2.

Fig. 1 shows a first embodiment of the electrical cir-
cuit of the invention having a series of first LEDS, i.e. at
least one LED, indicated with LD1, LD2, LD3 and LD4 that have a
first light colour, for instance red. Furthermore, there is a
series of second LEDS, LD5, LD6, LD7, LDB or at least one of
those LEDS which has a second light colour, for instance white.

Both series of LEDS are fed by a current originating
from a feeding current It, that is supplied by the current
source at the points 1 and 2. The feeding current It is distrib-
uted into a first current Ir, which flows through the series of
first LEDS LD1-LD4 and into a second current Iw that flows
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through the series of second LEDS LD5-LDS8.

The series of first LEDS LD1-LD4 is connected to a con-
trol circuit R16-U2, which is arranged to stabilize the current
Ir though the series of first LEDS LD1-1D4, such that when the
feeding current It is varied, the first current Ir through the
series of first LEDS LD1-LD4 is maintained at its original
level, whereas the variation of the feeding current It directly
translates into a corresponding variation of the second current
Iw through the series of second LEDS LD5-LDS8.

Thus, when the level of the feeding current It dimin-
ishes the comparative contribution of the series of first LEDS
ILD1-LD4 in the aggregated amount of light that is emitted by the
LEDS LD1-LD8 increases, and the light-colour of the aggregated
light thus emitted, shifts to the red part of the light spec-
trum. This pleases the human eye and is experienced as a natural
light behaviour when the light-intensity of the aggregated light
emitted by the LEDS LD1-LD8 is reduced.

With reference now to Fig. 2 a second embodiment of the
electrical circuit of the invention is shown in which at least
one first LED LD5 with a first light colour, for instance amber,
is placed in series with at least one second LED, in the shown
case four LEDS, 1D1, LD2, LD3, LD4, having a second light-
colour, in particular white. In this second embodiment there is
a control circuit A for increasing the share of the first cur-
rent Ir through the at least one first LED LD5 and/or decreasing
the share of the second current Iw through the at least one sec-
ond LED LD1-LD4, when the level of the feeding current It is de-
creased or vice versa.

To realise the just-mentioned objective, the control
circuit A secures in the case that the feeding current It is at
its maximum value that at the interconnecting point 3 at which
the at least one first LED LD5 is electrically connected with
the at least one second LED, LD1-LD4, no current adds up to the
second current Iw that flows through the series of second LEDS,
LD1-1LD4. This is realized by the application of the Zener-diode
D8, which induces that with the maximum feeding current It pre-
sent and consequently a maximum voltage present at the points 1,
2, transistor Q2 will entertain a current in its emitter and
collector lines causing that transistor Q3 is blocked, so that
no current will flow in its collector line.

Conversely when the voltage at the points 1, 2 is de-
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creased and consequently the feeding current It is decreased
that feeds the series of LEDS LD1-LD5, this will result in a
gradual increase of the current flowing through the emitter and
collector line of transistor Q3. Consequently an increasing cur-
rent will thus flow through the resistor R22 to the intercon-
necting point 3 that electrically connects to the first LED LD3
with the first colour. A relatively larger amount of the feeding
current It will then flow through the resistor R22 to the first
LED LD5, which is at the cost of the current Iw that flows
through the series of second LEDS LD1-LD4. The relative part of
the light emitted by the first LED LD5 then increases as com-
pared to the part that stems from the series of second LEDS LD1-
1D4, and the light colour of the aggregated light that stems
from all LEDS LD1-LD5, thus shifts to the red part of the light

spectrum.
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CONCLUSIES

1. Werkwijze voor het automatisch aanpassen van de
lichtkleur van lichtemitterende diodes (LEDS), die gezamenlijk
licht uitstralen met een vooraf bepaalde lichtintensiteit, met
het kenmerk, dat ten minste een eerste LED met sen eerste licht-
kleur in combinatie wordt gebruikt met ten minste een tweede LED
met een tweede lichtkleur, waarbij de eerste lichtkleur afwijkt
van de tweede lichtkleur, en dat de eerste LED en de tweede LED
een eerste stroom respectievelijk een tweede stroom ontvangen
waarin het niveau van genoemde eecrste stroom en/of tweede stroom
gekozen is afhankelijk van het niveau van de lichtintensiteit.

2, Werkwijze volgens conclusie 1, met het kenmerk, dat
het niveau van de eerste stroom constant wordt gehouden, terwijl
het niveau van de tweede stroom gevarieerd wordt in afhankelijk-
heid van het niveau van de lichtintensiteit.

3. Schakeling verbonden of verbindbaar met een stroom-
bron en voorzien van lichtemitterende diodes (LEDS) die tijdens
gebruik gezamenliik licht uitstralen op een vooraf bepaalde va-
riabele lichtintensiteit die afhankelijk is wvan het niveau van
een voedingsstroom die verschaft wordt door de stroombron, met
het kenmerk, dat deze ten minste een eerste LED met een eerste
lichtkleur en ten minste een tweede LED met een tweede licht-
kleur bezit, waarbij de eerste lichtkleur afwijkt van de tweede
lichtkleur, en dat deze is ingericht om de voedingsstroom van de
stroombron te verdelen in een eerste stroom voor de ten minste
ene tweede LED en dat het niveau van genoemde eerste stroom
en/of tweede stroom afhankelijk is van het niveau van de voe-
dingsstroomn.

4. Schakeling volgens conclusie 3, met het kenmerk,
dat de ten minste ene eerste LED en de ten minste ene tweede LED
elektrisch parallel geschakeld zijn en dat de ten minste ene
eerste LED verbonden is met een regelschakeling vocr het stabi-
liseren van de eerste stroom door genoemde ten minste ene eerste
LED.

5. Schakeling volgens conclusie 3, met het kenmerk, dat
de ten minste ene eerste LED en de ten minste ene tweede LED
elektrisch in serie zijn geschakeld, en dat deze een regelscha-

keling omvat voor het verhogen van het aandeel van de eerste
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stroom door de ten minste ene cerste LED en/of verlagen van het
aandeel van de tweede stroom door de ten minste ene tweede LED
wanneer het niveau van de voedingsstroom verlaagd wordt, en vice
versa.

6. Schakeling voclgens ccnclusie 5, met het kenmerk,
dat de regelschakeling verbonden is of verbindbaar is met de
stroombron voor het ontvangen van een stroomdeel van de voe-
dingsstroom, en dat een uitgang van gencemde regelschakeling
verbonden is met een verbindingspunt van de ten minste ene eer-
ste LED en de ten minste ene tweede LED, waarbi® de ten minste
ene eerste LED verbonden i1s met aarde en waarbi de ten minste
ene tweede LED elektrisch verbonden of verbindbaar is met de
stroombron voor het ontvangen van het overblijvende deel van de
voedingsstroom.

7. Schakeling volgens een der conclusies 4-6, met het
kenmerk, dat de ten minste ene eerste LED een lichtkleur heeft,
welke in het lichtspectrum dichter bij rood ligt dan de licht-

kleur van de ten minste ene tweede LED.
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Box No.! Basis of this opinion

1.
2.

This opinion has been established on the basis of the latest set of claims filed before the start of the search.

With regard to any nucleotide and/or amino acid sequence disclosed in the application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material:
-0 asequence listing
(] table(s) related to the sequence listing
b. format of material:
O on paper |
0O in electronic form
c. time of filingfurnishing:
[J contained in the application as filed.
O filed together with the application in electronic form.
O furnished subsequently for the purposes of search.
O In addition, in the case that more than one version or copy of a sequence listing andior table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

Additional comments:

Box No.V  Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement )

. Statement
Novelty Yes: Claims 5,6
No: Claims 1-4,7
Inventive step Yes: Claims
No: Claims 1-7
Industrial applicability | Yes: Claims 1-7

No: Claims

Citations and explanations

see separate sheet
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ReltemV
Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1 Reference is made to the following document:
D1: US 2008/224631 A1 (MELANSON JOHN L [US]) 18 September 2008 (2008-09-
18) '

2 GLARITY OF THE APPLICATION

2.1 Claim 1 does not meet the requirement of clarity because the matter for which
protection is sought is not clearly defined. The functional statement "is afhankelijk van
het niveau van de lichtintensiteit" does not enable the skilled person to determine
which technical features are necessary to perform the stated function. In particular
how the "lichtintensiteit" is measured. A better and well defined statement would be
the one used in claim 3 "is afhankelijk van het niveau van de voedingsstroom".

3 INDEPENDENT CLAIM 1

3.1 The present application does not meet the criteria of patentability, because the
subject-matter of claim 1 is not new.

The document D1 discloses "Werkwijze voor het automatisch aanpassen van de
lichtkleur van lichtemitterende diodes (704,702) (D1: Abstract), die gezamenlijk licht
uitstralen met een vooraf bepaalde lichtintensiteit, waarbei dat ten minste een eerste
LED met een eerste lichtkleur in combinatie wordt gebruikt met ten minste een
tweede LED met een tweede lichtkleur (702,704), waarbij de eerste lichtkleur afwijkt
van de tweede lichtkleur, en dat de eerste bED en de tweede LED een eerste stroom
respectievelijk een tweede stroom ontvangen waarin het niveau van genoemde
eerste stroom en/of tweede stroom gekozen is afhankelijk van het niveau van de
lichtintensiteit (D1: [0028]{0029); Fig. 7) ."

Therefore the subject-matter of independent claim 1 is not new.
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4  INDEPENDENT CLAIM 3

4.1 The present application does not meet the criteria of patentability, because the
subject-matter of claim 3 is not new.

4.2 The document D1 discloses "Schakeling verbonden of verbindbaar met een
stroombron en voorzien van lichteniitterende diode die tijdens gebruik gezamenlijk
licht uitstralen op een vooraf bepaalde variabele lichtintensiteit die afhankelijk is van
het niveau van een voedingsstroom die verschaft wordt door de stroombron (D1:
Abstract), waarbei dat deze ten minste een eerste LED met een eerste lichtkleur
(408) en ten minste een tweede LED met een tweede lichtkleur bezit (406) (D1: Fig.
5), waarbei de eerste lichtkleur afwijkt van de tweede lichtkleur, en dat deze is
ingericht om de voedingsstroom van de stroornbron te verdelen in een eerste stroom
voor de tenminste ene tweede LED en dat het niveau van genoemde eerste stroom
en/of tweede stroom afhankelijk is van het niveau van de voedingsstroom.(D1:
[0028][0029]; Fig. 7)"

Therefore the subject-matter of independent claim 3 is not new.

5 DEPENDENT CLAIMS 5and 6 -

5.1 ltis generally known to the person skilled in the art that the feature of having the
different coloured LEDs in series is an equivalent to the feature of having the LEDs in
paralle! of document D1 and can be interchanged with that feature where
circumstances make it desirable. In particular see the documents cited in the search
report as being relevant to the subject-matter of claims 5 and 6.

Therefore the subject-mater of dependent claims 5 and 6 is not inventive.

6 DEPENDENT CLAIMS 2,4 and 7

Dependent claims 2,4 and 7 do not contain any features which, in combination with
the features of any claim to which they refer, meet the requirements of novelty and/or
inventive step, see documents and the corresponding passages cited in the search
report.
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