EP 4 478 837 A1

(1 9) Européisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 4 478 837 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
18.12.2024 Bulletin 2024/51

(21) Application number: 23178865.4

(22) Date of filing: 13.06.2023

(51) International Patent Classification (IPC):

GO08B 17/107 (2006.01)
HO5B 45/37 (2020.01)

HO5B 45/36 (202007)
HO5B 45/50 (2022.01)

(52) Cooperative Patent Classification (CPC):

HO5B 45/37; G08B 17/107; HO5B 45/50

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILT LU LV MC ME MK MT NL

NO PL PT RO RS SE SI SK SM TR
Designated Extension States:

BA

Designated Validation States:

KH MA MD TN

(71) Applicant: Siemens Schweiz AG
8047 Ziirich (CH)

(72) Inventors:

¢ Xie, Xavier

92400 Courbevoie (FR)
¢ Clerivet, Pierre

78280 Guyancourt (FR)

(74) Representative: Siemens Patent Attorneys

Postfach 22 16 34
80506 Miinchen (DE)

(54) SYSTEM AND METHOD FOR SUPPRESSING AN LED CURRENT PEAK

(57)  The present invention concerns a method and
an electrical arrangement (100) for driving an LED (101),
said electrical arrangement (100) comprising:

- said LED (101);

- a switch S (102) connected in series to the LED (101)
and configured for controlling a duration of activation of
said LED, wherein said switch (102) comprises two
states, namely an "ON" state for switching on the LED
(101) and an "OFF" state for switching OFF said LED
(101);

- a transistor (103);
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- an operational amplifier (hereafter "OPA") (104) con-
nected in series to the transistor (103) for controlling a
current intensity passing through said LED (101);

the electrical arrangement (100) according to the inven-
tion further comprising a secondary electrical arrange-
ment (110) configured for controlling a voltage difference
between said positive terminal and said negative terminal
in function of said states of the switch S (102) in order to
suppress a current peak when turning ON said LED
(101).
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Description

[0001] The presentinvention falls within the field of fire
detection systems (hereafter "FDS"), and concerns in
particular smoke detectors.

[0002] Typically, an optical smoke detector comprises
an optical detection chamber equipped with a Light-Emit-
ting Diode (hereafter "LED") and a photoelectric detector
positioned in said chamber so as not to receive any direct
light from the LED. Indeed, the principle of operation of
the optical detector is based on the scattering of the LED
light by smoke particles present in said chamber. For
example, in case of fire, smoke particles will enter the
optical chamber through openings in the walls of the
chamber. The light beam emitted by the LED is then
configured to interact with these smoke particles so as
to diffuse into the optical chamber. The photoelectric
detector is configured and positioned to capture at least
a portion of this scattered or diffused light, wherein a
detection of such scattered light triggers an alarm within
the smoke detector or within a fire detection system
equipped with said smoke detector.

[0003] One problematic with respect to smoke detec-
tors is related to the aging of the LED. Indeed, with time,
the intensity of the light emitted by the LED decreases,
which means that the intensity of the scattered light
reaching the photoelectric detector will also decrease,
falling for instance below an intensity threshold config-
ured for triggering said alarm. This decrease of the in-
tensity of light emitted by the LED is difficult to predict. To
avoid any problemrelated to the aging of the LED, a usual
solution consists in replacing periodically the detectors.
However, such a solution is not adequate, since it often
happens that the LED of the replaced smoke detector is
still working perfectly.

[0004] This aging of the LED results notably from the
current pulse that is used for powering the smoke detec-
tor. The pulsed current provides on one side the advan-
tage of decreasing the energy consumed by the smoke
detector, but on the other side, it creates an LED peak
current that might be too high (i.e. out of an LED specified
range) and uncontrolled with respect to the LED working
characteristics. To better illustrate this problematic, a
known in the art LED driver circuit 10 configured for
controlling an LED 101 is presented in Fig. 1. A width
of said current pulse is controlled by switching between
states ON and OFF of a switch 102, wherein the state ON
of said switch 102 is configured for connecting in series a
cathode of the LED 101 to a drain terminal of a NMOS 13,
while the state OFF is configured for disconnecting said
LED cathode from said drain terminal, a change from the
state OFF to the state ON of said switch 102 being
controlled by a pulse width control signal (hereafter
"PWCS"). The anode of the LED 101 is typically con-
nected to a supply voltage terminal at supply voltage V..
The NMOS 13 is further connected to a first terminal of a
firstresistance R1 via its source terminal, and, via its gate
terminal, to an output terminal of an operational amplifier

15

20

25

30

35

40

45

50

55

(hereafter "OPA") 104 which thus controls the gain vol-
tage of the NMOS 13. A current value of said current
pulse is then controlled by a voltage signal V,, provided
by a digital to analog converter (DAC - not shown) to a
positive terminal of the OPA 104, while its negative
terminal is connected to said first terminal of the first
resistance R1, the other (i.e. second) terminal of said
first resistance R1 being typically connected to the
ground. The pulse width is usually small (a typical pulse
duration (i.e. LED turn-on time) Tp <100u.s). In particular,
the DAC converting and stabilizing time is sometimes
non-negligeable with respect to the pulse duration, or
even greater than the latter, which may impact the correct
working of the LED.

[0005] When the switch is in the OFF state, the voltage
signal V;, feeds the OPA positive terminal, while its
negative terminal is pulled down to the ground. In such
a case, the OPA 104 is in a saturated state with an output
voltage V up to V. (which is, in the example of Fig. 1,
taken as the supply voltage of the OPA) at its output
terminal and the NMOS 13 works then as a switch ON.
[0006] When the PWCS changes the state of the
switch 102 from the state OFF to the state ON, it gen-
erates a current peak which passes throughthe LED 101.
This is notably due to the time required by the OPA 104 to
pass from its saturated state at V.. to a "desaturated
state" wherein V is effectively controlled by V;,. The
current passing through the LED, notably its peak value
and its duration, when switching the switch 102 from its
OFF state to its ON state, is not controlled and usually
higher than current working ranges defined for the LED.
This is one of the main causes of aging (or early aging) of
said LED in optical smoke detectors.

[0007] It is an objective of the present invention to
provide a solution to the previously described LED aging.
[0008] This objective is achieved according to the pre-
sentinvention by amethod and an electrical arrangement
for driving an LED of a smoke detector according to the
object of the independent claims. Dependent claims
present further advantages of the invention.

[0009] As explained hereafter, the electrical arrange-
ment and the method according to the invention enable to
drive the LED, i.e. to regulate the power to the LED, in a
manner free of said current peak that resulted in the early
aging of the LED.

[0010] The present invention concerns thus an elec-
trical arrangement for driving an LED, e.g. of an optical
smoke detector, said electrical arrangement comprising:

- said LED;

- aswitch S, for instance connected in series to the
LED, configured for controlling a duration of activa-
tion of said LED. Typically, said switch S is configured
for connecting said LED to a current path or discon-
necting said LED from said current path between a
supply voltage Vcc and a reference voltage Vef with
VO“‘J'f < Vcc. Said switch S comprises two states,
namely an "ON" state for switching on the LED
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(LED activated) and an "OFF" state for switching
OFF said LED (LED deactivated). According to the
presentinvention, the change of state of the switch S
is preferentially controlled by the PWCS. The latter is
for instance sent by a microcontroller or a pulse
generator or any appropriate electronic device com-
prised within the electrical arrangement according to
the invention and capable of generating and sending
to said switch S a pulsed signal configured for switch-
ing ON and OFF the switch S, said pulsed signal
comprising preferentially rectangular pulses of width
typically smaller or equal to 100s. Said switch can
be any known in the art electrical component capable
of connecting (switch ON) or disconnecting (switch
OFF) a conducting path between two terminals,
wherein the change between the states ON and
OFF of said switch is configured for being controlled
by said PWCS. It can be an electromechanical
switch, or an electronic switch, etc.;

- a transistor comprising a first terminal, a second
terminal, and a third terminal. Preferentially, the
second terminal is connected in series to the LED.
Said transistor is forinstance a MOSFET, orabipolar
junction transistor (e.g. a NPN or PNP), or a JFET.
Preferentially, said transistor is a MOSFET and the
first terminal is a source terminal of said MOSFET,
the second terminal is a drain terminal of said MOS-
FET, and the third terminal is a gate terminal of said
MOSFET;

- an operational amplifier (hereafter "OPA") compris-
ing a positive terminal, a negative terminal, and an
output terminal connected in series to the third term-
inal of the transistor for controlling, via said transistor,
a current intensity passing through said LED.

[0011] According to the present invention, said elec-
trical arrangement further comprises a secondary elec-
trical arrangement configured for controlling a voltage
difference between said positive terminal and said ne-
gative terminal in function of said states of the switch Sin
orderto generate a current null between said first terminal
and said second terminal before and preferentially at
least until, any switching ON of the LED.

[0012] In particular, said control of the voltage differ-
ence is configured for generating, at the output terminal of
the OPA, in other words, at said third terminal of the
transistor, an input voltage V5 (we have V3 = Vg with
V¢ being the output voltage at said output terminal of the
OPA) configured for generating said current null (i.e. 0A)
between said first terminal and said second terminal (i.e.
no flow of current between said first terminal and said
second terminal), at least as long as said switch Sisin its
OFF state, and wherein at the same time as, or at a time
T_O1 after, the switch S changes its state from OFF to
ON, said secondary electrical arrangement is configured
for generating, at said third terminal, an input voltage V3’
configured for generating a non-zero current between
said first terminal and said second terminal (current being
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therefore allowed to flow between said first terminal and
said second terminal) in order to feed the LED at least
until the switch S switches back from its ON state to its
OFF state, wherein atthe same time as, oratatime T_0O2
after, the switch S switches back its state from the ON
state to the OFF state, said secondary electrical arrange-
ment is configured for generating, at said third terminal,
an input voltage V3" configured for generating again said
current null between said first terminal and said second
terminal, with T_01 and T_02 being both smaller than
respectively the time T1 during which the switch Sisinits
ON state and the time T2 during which the switch Sisinits
OFF state, and preferentially, V3 = V3".

[0013] The presentinvention concerns also a method
for driving an LED of an optical smoke detector by means
of said electrical arrangement comprising the LED, the
switch S, the transistor, the OPA, and said secondary
electrical arrangement, said method comprising control-
ling, by means of said secondary electrical arrangement,
a voltage difference between said positive terminal and
said negative terminal of the OPA in function of said
states of the switch S in order to generate a current null
between said first terminal and said second terminal
before and preferentially at least until, any switching
ON ofthe LED. In particular, said controlling of the voltage
difference comprises successively:

- generating, at said third terminal, a third terminal
input voltage V4 configured for generating a current
null (OA) between said first terminal and said second
terminal at least as long as said switch Sis in its OFF
state;

- at the same time as, or at a time T_O1 after, the
switch S changes its state from OFF to ON, generat-
ing, by means of said secondary electrical arrange-
ment and at said third terminal, a third terminal input
voltage V3’ configured for generating a non-zero
current between said first terminal and said second
terminal in order to feed the LED at least until the
switch S switches back from its ON state to its OFF
state;

- at the same time as, or at a time T_O2 after, the
switch S switches back its state from the ON state to
the OFF state, generating, by means of said sec-
ondary electrical arrangement, a third terminal input
voltage V3" configured for generating again said
current null

between said first terminal and said second terminal;
wherein T_01 and T_02 are both smaller than respec-
tively the time T1 during which the switch S is in its ON
state and the time T2 during which the switch S is in its
OFF state.

[0014] Preferentially, the secondary electrical arrange-
ment is configured for connecting a first supply voltage
terminal T_V,, to said positive terminal and a second
supply voltage terminal T_V 4 to the negative terminal
and to said first terminal of the transistor. Further, accord-
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ing to a preferred embodiment, the secondary electrical
arrangement comprises a secondary switch NS that can
switch between an activated state (ON state) and a
deactivated state (OFF state), and said control of the
voltage difference between said positive terminal and
said negative terminal in function of said states of the
switch is realized by means of said secondary switch NS,
wherein in particular each change of state of the switch S
triggers a change of state of the switch NS. Preferentially,
the electrical arrangement according to the invention is
configured for putting the secondary switch NS in its ON
state at least as long as said switch S is in its OFF state,
and wherein at the same time as, or at the time T_O1
after, the switch S changes its state from OFF to ON, said
secondary switch is configured for changingits state from
ON to OFF, remaining in its OFF state at least until the
switch S switches back from its ON state to its OFF state,
and wherein at the same time as, or at the time T_O2
after, the switch S switches back its state from the ON
state to the OFF state, said secondary switch NS is
configured for switching its state from the ON state back
to the OFF state. Preferentially, said PWCS is configured
for also controlling the change of state of the secondary
switch NS. In such a case, only the PWCS is effectively
generated by the electrical arrangement according to the
invention, and used on one hand for controlling the state
of the switch S, and, on the other hand, as input to a
tertiary electrical arrangement configured for outputting,
from said PWCS received as input, an output signal
configured for controlling the secondary switch NS. For
instance, said tertiary electrical arrangement comprises
an inverter, wherein said PWCS passes through said
inverter before reaching the secondary switch NS. Alter-
natively, another PWCS is generated by the electrical
arrangement according to the invention and configured
for controlling said change of state of the secondary
switch NS. Preferentially, the PWCS and said another
PWCS are generated and sent by the same electronic
device that is capable of generating pulsed signals, e.g.
by the same microcontroller or pulse generator of the
electrical arrangement according to the invention.
[0015] For a more complete understanding of the pre-
sent invention, and the advantages thereof, reference is
now made to the following description taken in conjunc-
tion with the accompanying drawings, wherein like num-
bers designate like objects, and in which:

Figure 1 schematically illustrates an electrical ar-
rangement for driving an LED according to prior
techniques;

Figure 2 schematically illustrates a preferred embo-
diment of an electrical arrangement for driving an
LED according to the invention;

Figure 3 schematically illustrates a flowchart de-
scribing a preferred embodiment of a method ac-
cording to the invention;
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Figures 4 schematically illustrate a phase delay be-
tween the switch S and the secondary switch NS;

Figures 5 schematically illustrate a first preferred
embodiment of a secondary electrical arrangement
according to the invention;

Figure 6 schematically illustrates a second preferred
embodiment of a secondary electrical arrangement
according to the invention.

Figure 7 schematically illustrates a third preferred
embodiment of a secondary electrical arrangement
according to the invention.

Figure 8 schematically illustrates a fourth preferred
embodiment of a secondary electrical arrangement
according to the invention.

FIGURES 1 through 8, discussed below, and the
various embodiments used to describe the principles
of the present disclosure in this patent document are
by way of illustration only and should not be con-
strued in any way to limit the scope of the disclosure.
Those skilled in the art will understand that the
principles of the present disclosure may be imple-
mented in any suitably arranged electrical circuit
comprising the essential features of the invention.
The numerous innovative teachings of the present
application will be described with reference to ex-
emplary non-limiting embodiments.

[0016] As mentioned in the introduction to the present
invention, Figure 1 describes an electrical arrangement
10 for driving an LED 101 according to a prior art tech-
nique. One technical problem with respect to the elec-
trical arrangement illustrated in Fig. 1 is a current peak
generated when turning on the LED 101. Figure 2 illus-
trates a preferred embodiment of an electrical arrange-
ment 100 for driving an LED 101 according to the inven-
tion. The electrical arrangement 100 of Figure 2 solves
the above-mentioned problem. Compared to Fig. 1, the
electrical arrangement 100 additionally comprises a sec-
ondary electrical arrangement 110 configured for con-
trolling a voltage difference between the positive terminal
and the negative terminal of the OPA 104 in function of the
states, ON, OFF, of a switch S 102. Through this control,
the electrical arrangement 100 according to the invention
is able to suppress said current peak.

[0017] More precisely, the electrical arrangement 100
according to the invention comprises at least:

- said LED 101;

- the switch S 102;

- atransistor 103;

- the OPA 104; and

- said secondary electrical arrangement 110.
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[0018] The switch S 102 is connected to the LED 101
for controlling a duration of activation of the latter. As
known in the art, when the switch S is in its ON state, the
LED is turned ON and emits light. When the switchis iniits
OFF state, the LED is turned OFF and does not emit light.
The state of the switch S is preferentially controlled by the
PWCS. As showninFig. 2, as wellin Fig. 5-8, the switch S
is connected to the cathode of the LED 102. However, the
skilled person will understand that it might be as well
connected to the anode of the LED 102 instead to the
cathode.

[0019] The transistor 103 according to the invention
might be any known in the art transistor capable of con-
trolling a flow of current configured for feeding the circuit
comprising the LED 101 and the switch S 102, so that said
circuit be fed by a current capable of powering the LED
during a first period of time, said current being cut off
during a second period of time, the successive alterna-
tion of said first and second period of times giving rise
thus to a periodic feeding of said current to said circuit
comprising the LED and the switch S, thatis made, as we
will explained afterwards, in function the state of the
switch S in order to prevent said current peak at the origin
ofthe LED aging. Said transistor 103 comprises notably a
first terminal, a second terminal, and a third terminal,
wherein the third terminal is configured for being con-
nected to an output terminal 105 of the OPA 104 that is
configured for providing a voltage Vg to said third term-
inal, wherein the second terminal is configured for being
connected to said circuit comprising the LED and the
switch S connected in series, and the first terminal is
preferentially connected to a first resistance R1. In the
examples of Fig. 5 and 6, said transistor 103 is a NMOS
13 as in Fig. 1, while in Fig. 7 and 8, said transistor is a
PMOS 14. As already pointed out, other types of tran-
sistors might of course be used.

[0020] The LED 101, the switch S 102, the transistor
103, and preferentially said first resistance R1 are con-
nected in series between a supply voltage terminal
T_Vcc 106 at supply voltage Vcc and a reference voltage
terminal T_V,"ef 107 at voltage V"ef with Vyef < Vce. As
shown in Fig. 5-8, the order according to which said LED,
switch S, transistor, and preferentially or optionally first
resistance R1 are connected in series depends notably
on the type of transistor 103 that is used within the
electrical arrangement 100 according to the invention.
[0021] The OPA 104 is configured for outputting a
voltage Vg atits outputterminal 105, wherein said voltage
Vg is controlled by the secondary electrical arrangement
110 according to the invention. As known in the art, the
OPA 104 comprises a first OPA power supply terminal
powered by a voltage V,OPA and a second OPA power
supply terminal powered by a voltage V,0PA, with V/{OPA
> V,0PA_ Preferentially, the second OPA power supply
terminal is connected to the ground, and/or, the first OPA
power supply terminal is connected to the supply voltage
terminal T_Vcc at supply voltage Vcc, as shown in Fig. 1.
[0022] The secondary electrical arrangement 110 is
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configured for connecting a first supply voltage terminal
T_V_in 111 of said electrical arrangement to said positive
terminal of the OPA 104, and a second supply voltage
terminal T_Vref 112 of the electrical arrangement 100 to
the negative terminal of said OPA and as well, and pre-
ferentially, to said first terminal of the transistor 103. The
secondary electrical arrangement 110 further comprises
preferentially a secondary switch NS 113 configured for
working essentially in "phase opposition" with the switch
S 102. Said phase opposition is illustrated by Figure 4
and will be described hereafterin more detail. The control
of said secondary switch NS 113 by the electrical ar-
rangement according to the invention is configured for
ensuring that the OPA 104 delivers an output voltage Vs
at its output terminal 105 that makes the transistor 103
generating a current null between its first and second
terminals until the LED will be turned ON. This ensures
that no current peak is created when turning on the LED.
Said control of the switch NS 113 is realized by means of
said PWCS or another PWCS that is correlated to the
PWCS or defined in function of the latter.

[0023] Figure 4 shows a comparison between the
states ON and OFF of the switch S 102 and the switch
NS 113 in function of the time. As it can been seen from
the graphic, the switches S and NS work essentially in
opposition phase, that is each time the switch S passes
from the state ON to the state OFF, the switch NS passes
from the state OFF to the state ON. This change of state
for both switches can be done at the same time or with a
delay as illustrated in Fig. 4. Indeed, and preferentially,
the switch S and NS are controlled by the electrical
arrangement 100 according to the invention so that when
the switch S passes from the state OFF to the state ON at
agiventime T1, then the switch NS passes from the state
ON to the state OFF at a time T1 + T_01. And similarly,
when the switch S passes from the state ON to the state
OFF at a time T2, then the switch NS passes from the
state OFF to the state ON at a time T2 + T_02. Prefer-
entially, T_01=T_02. Inotherwords, thetimes T_ONand
T_OFF during which the switch S is respectively inits ON
state and OFF state are respectively equal to the times
TorF and Ty during which the switch NS is respectively
inits OFF state and ON state. Asiillustrated in Fig. 4, T_01
and T_02 are both smaller than respectively the time
T_ON during which the switch S 102 "ON" and the time
T_OFF during which the switch S 102 "OFF".

[0024] The conceptdescribed above mightbe general-
ized to a transistor 103 driving not only one LED 101 as
shown in Fig. 2, but driving one or several additional
LEDs mounted in parallel with LED 101 of Fig. 2. In other
words, the transistor 103 would be connected to a set of
LEDs mounted in parallel, wherein each LED of said setis
connected to a respective switch configured for switching
ON and OFF the concerned LED. In such a case, the
electrical arrangement according to the invention is con-
figured for successively switching ON for a given period
of time each LED of said set, so that only one LED is
switched ON at a time. In order to implement said suc-
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cessive activation of the LEDs, a microcontroller may
generate for each switch in charge of the activation/deac-
tivation of one of the LEDs of the set a PWCS that will
activate temporarily "its" LED, wherein the periods of
activation of the LEDs are shifted with respect to one
another to ensure an activation of a single LED of the set
at a time. The secondary electrical arrangement is then
configured for controlling the secondary switch NS in
function of the PWCS generated for the respective
switches of the LEDs so that a current null be generated
between the first and second terminal of the transistor
103 before any switching ON of a LED of said set, letting
only current pass between said first and second terminal
at the same time as, or at said time T_01 after, the switch
of the concerned LED (i.e. configured for activating the
concerned LED) be turned ON, as already illustrated in
Fig. 4, whose concept applies here mutatis mutandis.
[0025] The method according to the invention will be
now explained in connection with Fig. 3, together with Fig.
2. The description of said method enables to better
understand the working principle of the electrical ar-
rangement 100 according to the invention. In order to
drive the LED 101 in a manner free of a generation of a
current peak when turning ON said LED, the present
method proposes to control the voltage difference be-
tween the positive terminal and the negative terminal of
the OPA in function of the states of the switch 102, said
control comprising the successive following steps:

At step 301, the switch S 102 is in its OFF state and the
LED 101 is therefore turned OFF. At said step 301, the
secondary electrical arrangement 110 is configured for
generating, at the third terminal of the transistor 103, an
input voltage V5 configured for making the transistor 103
generate a current null (OA) between the first terminal and
the second terminal at least as long as said switch S 102
is in its OFF state. For this purpose, the secondary
electrical arrangement 110 is configured for maintaining
the secondary switch NS 113 in its ON state at least as
long as said switch S 102 is in said OFF state.

[0026] At step 302, at the same time as, or at the time
T_O1 after, the switch S 102 changes its state from OFF
to ON, the secondary electrical arrangement 110 is con-
figured for generating, at said third terminal, an input
voltage V3’ configured for making the transistor 103
generate a non-zero current flowing between said first
terminal and said second terminal at least until the switch
S 102 switches back from its ON state to its OFF state.
For this purpose, the secondary electrical arrangement is
configured for automatically switching the secondary
switch 113 from its ON state to its OFF state at said same
time as, or at said time T_O1 after, the switch S 102
changes its state from OFF to ON, and said secondary
switch 113 being kept in its OFF state by the secondary
electrical arrangement at least until the switch S 102
switches back from its ON state to its OFF state. Pre-
ferentially, the PWCS used for switching the state of the
switch S from OFF to ON is configured for automatically
switching (at said same time or with a time delay equal to
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T_01) the secondary switch NS from ON to OFF.
[0027] At step 303, at the same time as, or at a time
T_02 after, the switch S 102 switches back its state from
the ON state to the OFF state, the secondary electrical
arrangement 110 is configured for generating, at said
third terminal, an input voltage V5" configured for making
the transistor generate again a current null between said
first terminal and the second terminal. For this purpose,
the secondary electrical arrangement is configured for
automatically switching the secondary switch NS 113
from its OFF state to its ON state at said same time as,
or at said time T_O2 after, the switch S 102 changes its
state from ON to OFF, said secondary switch NS 113
being kept in its ON state by the secondary electrical
arrangement at least until the switch S 102 switches back
again from its OFF state to its ON state, starting the loop
again at step 301. Preferentially, the PWCS used for
switching the state of the switch S from ON to OFF is
configured for automatically switching (at said same time
or with a time delay equal to T_02) the secondary switch
NS from OFF to ON.

[0028] Preferred embodiments of the secondary elec-
trical arrangement 110 of Fig. 2 will be illustrated by Fig.
5-8. In the latter, the transistor 103 is preferentially a
MOSFET, wherein the first terminal is a source terminal
of said MOSFET, the second terminal is a drain terminal
of said MOSFET, and the third terminal is a gate terminal
of said MOSFET. In particular, Figures 5 and 6 illustrate
the case wherein the transistor 103 is a NMOS 13, and
Figures 7 and 8 illustrate the case wherein the transistor
103 is a PMOS 14.

[0029] According to the Figures 5 and 6, the LED 101
comprises an anode connected to the supply voltage
terminal T_Vcc 106, a cathode connected to the drain
terminal. The switch S 102 can be either connected in
series between the supply voltage terminal T_Vcc and
the anode, or between the cathode and the drain term-
inal. The electrical arrangement 100 further comprises
said first resistance R1 which is connected in series with
the NMOS. Typically, said first resistance R1 comprises
two resistance terminals, namely T1g and T2g4, where-
in T1R4 is connected to the source terminal and wherein
T2R, is connected to a reference voltage terminal
T_V,'®f, e.g. aground. The secondary electrical arrange-
ment 110 further comprises preferentially a second re-
sistance R2 with resistance terminals T1g, and T2g,, a
third resistance R3 with resistance terminals T1g4 and
T2R3, and a fourth resistance R4 with resistance term-
inals T1g4 and T2g,, wherein the second supply voltage
terminal T_Vref 112 is connected to T2z3, wherein T1g,
is connected to T2z, and to the negative terminal of the
OPA 104, wherein T2, is connected to T1g4, and where-
in the first supply voltage terminal T_Vin 111 is connected
to T1r4, and wherein T2z, is connected to the positive
terminal of the OPA 104. However, according to the
electrical configuration of the secondary electrical ar-
rangement illustrated in Fig. 6, the fourth resistance R4
might also be optional, i.e. the first supply voltage term-
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inal T_Vin 111 might be directly connected to the positive
terminal of the OPA 104. The electrical arrangement 100
is configured for delivering a strictly negative input vol-
tage at the gate terminal when, or atleast until, the switch
S 102 switches from its OFF state to its ON state, so that
the NMOS works as a switch OFF.

[0030] Inthe preferred embodimentof Figure 5, T2z, is
connected, in addition to the connection to said positive
terminal of the OPA, further to said secondary switch NS
113, the latter being configured for connecting, T2z, to a
reference voltage terminal T_V,"¢f 108 (which might be in
particular T_Vf, forinstance the ground) whenitis inits
ON state, and for disconnecting, when it is in its OFF
state, T2, from said reference voltage terminal T_V,"ef
108. The reference voltage terminal T_V,¢f 108 is con-
figured for delivering a voltage V,"¢fwhose value ensures
that the voltage difference between the positive and
negative terminals of the OPA 104 results in a generation
of a current null between the first and second terminals of
the transistor 103, inthe present case, aNMOS, when the
secondary switch NS is ON. In other words, according to
the preferred embodiment of Fig. 4, an offset is added on
the negative terminal of the OPA 104 with resistance R2,
R3, and V >V,,. And a pull-down switch, that is said
secondary switch NS, which works complementary to the
switch S 102, is connected to the positive terminal of the
OPA 104. When the PWCS arrives on the switch S, the
positive terminal of the OPA 104 is pulled down and the
negative terminal is at a voltage equal to

R1+R2

e/ R1+R2+R3  The NMOS 13 works then in a
switch OFF state and the current peak is suppressed.
[0031] According to Fig. 6, the secondary switch NS
113 is connected to T1g5 and T2g5 in parallel with the
third resistance R3 to pull up the negative terminal to Vref.
In said case, we have Vref>Vin. When the PWCS
reaches the switch S to turn it ON, the positive terminal
of the OPA is at the voltage Vin and the negative terminal
of the OPA 104 is pulled up to Vref. The NMOS 13 works
then in a switch OFF state, suppressing the current peak.
Alternatively, the secondary switch NS 113 might be
configured for connecting T1g5 to a reference voltage
terminal T_Vref.

[0032] According to the embodiments illustrated by
Fig. 5 and 6, the voltage difference between the positive
terminal and the negative terminal is kept strictly nega-
tive, e.g. at a first voltage value, at least as long as said
switch S 102 is in its OFF state, and wherein at the same
time as, or at said time T_O1 after, the switch S 102
changesiits state from OFF to ON, said voltage difference
becomes positive and remains positive, and preferen-
tially equal to a constant value, at least until the switch S
102 switches back from its ON state to its OFF state.
Then, atthe same time as, or at said time T_O2 after, the
switch S 102 switches back its state from the ON state to
the OFF state, said voltage difference changes for be-
coming again strictly negative, and preferentially equal to
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said first voltage value.

[0033] Figures 7 and 8 apply the same solution to the
case of a PMOS. Indeed, in said Figures 7 and 8, the
MOSFET is a PMOS 14. In this case, the LED 101
comprises an anode connected to the drain terminal of
the PMOS 14, a cathode connected to a reference vol-
tage terminal T_V,ref 107, e.g. a ground, wherein said
switch S 102 is either connected in series between the
reference voltage terminal T_Vofef 107 and the cathode,
or between the anode and the drain terminal. The elec-
trical arrangement 100 further comprises the first resis-
tance R1, connected in series with the PMOS, said first
resistance R1 comprising two resistance terminals,
namely T1g4 and T2g4, wherein T1z, is connected to
the source terminal of the PMOS and wherein T2y, is
connected to a supply voltage terminal T_Vcc 106. The
secondary electrical arrangement 110 comprises prefer-
entially a second resistance R2 with resistance terminals
T1r, and T2g,, a third resistance R3 with resistance
terminals T1g5 and T2g4, and a fourth resistance R4 with
resistance terminals T1g4 and T2g,, wherein the second
supply voltage terminal T_Vref 112 is connected to T2,
wherein T1g3 is connected to T2z, and to the negative
terminal of the OPA 104, wherein T2y, is connected to
T1r4, and wherein the first supply voltage terminal T_Vin
111 is connected to T1r,4, and wherein T2, is connected
to the positive terminal. However, according to the elec-
trical configuration of the secondary electrical arrange-
ment illustrated in Fig. 8, the fourth resistance R4 might
also be optional, i.e. the first supply voltage terminal
T_Vin 111 might be directly connected to the positive
terminal of the OPA 104. According to said embodiment,
the gate terminal input voltage is strictly positive when, or
atleast until, the switch S 102 switches from its OFF state
to its ON state so that the PMOS works as a switch OFF.
[0034] According to the preferred embodiment of Fig.
7,T2R,is connected, in addition to the connection to said
positive terminal, further to said secondary switch NS
113, the latter being configured for connecting, T2z, to a
reference voltage terminal T_V,"ef 108 when itis in its ON
state, and for disconnecting T2z, from said reference
voltage terminal T_V,¢f 108 when it is in its OFF state.
The reference voltage terminal T_V,"ef 108 is configured
for delivering a voltage V,"f whose value ensures that
the voltage difference between the positive and negative
terminals of the OPA 104 results in a generation of a
current null between the first and second terminals of the
transistor 103, in the present case, a PMOS, when the
secondary switch NS is ON. According to the alternative
preferred embodimentillustrated by Fig. 8, the secondary
switch 113 is connected to T1g5 and T2z, in parallel with
the third resistance R3. Alternatively, the secondary
switch NS (113) might be configured for connecting
T1Rs to a reference voltage terminal T_V,"ef.

[0035] According to the embodiments of Fig. 7 and 8,
the voltage difference between the positive terminal and
negative terminal is kept strictly positive, e.g. at another
first voltage value, at least as long as said switch S 102 is
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in its OFF state. Then, at the same time as, or at said time
T_O1 after, the switch S 102 changes its state from OFF
to ON, said voltage difference becomes negative and
remains negative, and preferentially equal to a constant
value, at least until the switch S 102 switches back from
its ON state to its OFF state, wherein at the same time as,
oratsaid time T_O2 after, the switch S 102 switches back
its state from the ON state to the OFF state, said voltage
difference changes for becoming again strictly positive,
and preferentially equal to said another first voltage
value.

[0036] The skilled person will understand that in the
case of the electrical arrangements described in Fig. 5 to
8, the second resistance R2 might be optional, i.e. the
described electrical arrangement 100 would also work
without R2 (e.g. R2 =0 Q).

[0037] In conclusion, the present invention proposes
an electrical arrangement for driving an LED that com-
prises a secondary electrical arrangement equipped with
a secondary switch NS whose working is correlated to the
working of a switch S controlling the activation and de-
activation of the LED, wherein said secondary switch
enables to control the tension difference applied to the
OPA sothatany current peakis suppressed when turning
ON said LED by means of said switch S.

Claims

1. An electrical arrangement (100) for driving an LED
(101), said electrical arrangement (100) comprising:

- said LED (101);

- a switch S (102) connected to the LED (101)
and configured for controlling a duration of acti-
vation of said LED, wherein said switch (102)
comprises two states, namely an "ON" state for
switching on the LED (101) and an "OFF" state
for switching OFF said LED (101);

- a transistor (103) comprising a first terminal, a
second terminal, and a third terminal;

- an operational amplifier, hereafter "OPA", (104)
comprising a positive terminal, a negative term-
inal, and an output terminal connected in series
to the third terminal of the transistor (103) for
controlling a current intensity passing through
said LED (101);

the electrical arrangement (100) according to the
invention being further characterized in that it com-
prises:

- a secondary electrical arrangement (110) con-
figured for controlling a voltage difference be-
tween said positive terminal and said negative
terminal in function of said states of the switch S
(102) in order to generate a current null between
said first terminal and said second terminal be-
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fore any switching ON of the LED 101.

Electrical arrangement (100) according to claim 1,
wherein said secondary electrical arrangement
(110) is configured for generating, at said third term-
inal, an input voltage V5 configured for generating
said current null between said first terminal and said
second terminal at least as long as said switch S
(102) is in its OFF state, and wherein at the same
time as, or at a time T_01 after, the switch S (102)
changes its state from OFF to ON, said secondary
electrical arrangement (110) is configured for gen-
erating, at said third terminal, an input voltage V5’
configured for generating a non-zero current be-
tween said first terminal and said second terminal
in order to feed the LED at least until the switch S
(102) switches back from its ON state to its OFF
state, wherein at the same time as, orata time T_02
after, the switch S (102) switches back its state from
the ON state to the OFF state, said secondary elec-
trical arrangement (110) is configured for generating
a third terminal input voltage V" configured for gen-
erating again said current null between said first
terminal and said second terminal, with T_01 and
T_02 being both smaller than respectively the time
T_ON during which the switch S (102) is in its ON
state and the time T_OFF during which the switch S
(102) is in its OFF state.

Electrical arrangement (100) according to claim 1 or
2, wherein said secondary electrical arrangement is
configured for connecting a first supply voltage term-
inal T_V_in (111) to said positive terminal and a
second supply voltage terminal T_Vref (112) to the
negative terminal and to said first terminal of the
transistor (103).

Electrical arrangement (100) according to one of the
claims 1 to 3, wherein said secondary electrical
arrangement (110) comprises a secondary switch
NS (113), and wherein said control of the voltage
difference between said positive terminal and said
negative terminal in function of said states of the
switch (102) is realized by means of said secondary
switch NS(113), wherein each change of state of the
switch S (102) triggers a change of state of the switch
NS (113).

Electrical arrangement (100) according to claim 3
and 4, wherein said transistor (103) is a NMOS (13),
wherein the first terminal is a source terminal of said
NMOS, the second terminalis a drain terminal of said
NMOS, and the third terminal is a gate terminal of
said NMOS, and wherein the LED (101) comprises
an anode connected to a supply voltage terminal
T_Vcc (106), a cathode connected to the drain term-
inal, wherein said switch S (102) is either connected
in series between the supply voltage terminal T_Vcc
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(106) and the anode, or between the cathode and the
drain terminal, wherein said electrical arrangement
(100) further comprises a first resistance R1 com-
prising two resistance terminals, namely T1g4 and
T2, wherein T1r4 is connected to the source term-
inal and wherein T2z, is connected to a reference
voltage terminal T_V,"ef (107), and wherein the sec-
ondary electrical arrangement (110) comprises a
second resistance R2 with resistance terminals
T1g, and T2y,, a third resistance R3 with resistance
terminals T1r3 and T2g5, and a fourth resistance R4
with resistance terminals T1z, and T2g,, wherein
the second supply voltage terminal T_Vref (112) is
connected to T2z, wherein T1g5 is connected to
T2R, and to the negative terminal, wherein T2, is
connected to T1gr4, and wherein the first supply
voltage terminal T_Vin (111) is connected to T1g,,
and wherein T2z, is connected to the positive term-
inal.

Electrical arrangement (100) according to claim 5,
wherein T2z, is connected to said secondary switch
NS (113), the latter being configured for connecting
T2g,4 to a reference voltage terminal T_V,ref (108)
whenitisinits ON state, and for disconnecting, when
itisinits OFF state, T2, from said reference voltage
terminal T_V,ref (107).

Electrical arrangement (100) according to claim 5,
wherein said secondary switch NS (113) is con-
nected to T1g3 and T2g5 in parallel with the third
resistance R3, or wherein said secondary switch NS
(113) is configured for connecting T1g5 to a refer-
ence voltage terminal T_V,ef,

Electrical arrangement (100) according to one of the
claims 5 to 7, configured for keeping said voltage
difference between the positive terminal and nega-
tive terminal strictly negative at least as long as said
switch S (102) is in its OFF state, and wherein at the
sametime as, oratsaidtime T_O1 after, the switch S
(102) changes its state from OFF to ON, said elec-
trical arrangement (100) is configured for making
said voltage difference becoming positive and re-
maining positive at least until the switch S (102)
switches back from its ON state to its OFF state,
wherein at the same time as, or at said time T_02
after, the switch S (102) switches back its state from
the ON state to the OFF state, said electrical ar-
rangement (100) is configured for changing said
voltage difference to make it again strictly negative.

Electrical arrangement (100) according to claims 3
and 4, wherein said transistor (103) is a PMOS (14),
wherein the first terminal is a source terminal of said
PMOS, the second terminal is a drain terminal of said
PMOS, and the third terminal is a gate terminal of
said PMOS, the LED (101) comprising an anode
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10.

1.

12.

13.

connected to the drain terminal, a cathode con-
nected to a reference voltage terminal T_V,ref
(107), wherein said switch S (102) is either con-
nected in series between the reference voltage term-
inal T_Vyf (107) and the cathode, or between the
anode and the drain terminal, wherein said electrical
arrangement (100) further comprises a first resis-
tance R1 comprising two resistance terminals,
namely T1g4 and T2g4, wherein T1g, is connected
to the source terminal and wherein T2z, is con-
nected to a supply voltage terminal T_Vcc (106),
and wherein the secondary electrical arrangement
(110) comprises a second resistance R2 with resis-
tance terminals T1g, and T2g,, a third resistance R3
with resistance terminals T1g; and T2gs, and a
fourth resistance R4 with resistance terminals
T1r4 and T2g,, wherein the second supply voltage
terminal T_Vrefis connected to T2, wherein T1g4
is connected to T2z, and to the negative terminal,
wherein T2y, is connected to T1g4, and wherein the
first supply voltage terminal T_Vin (111) is connected
to T1r4, and wherein T2y, is connected to the po-
sitive terminal of the OPA (104).

Electrical arrangement (100) according to claim 9,
wherein T2, is connected to said secondary switch
NS (113), the latter being configured for connecting
T2g,4 to a reference voltage terminal T_V,¢f (108)
when itis in its ON state, and for disconnecting T2,
from said reference voltage terminal T_V,ef (108)
when it is in its OFF state.

Electrical arrangement (100) according to claim 9,
wherein said secondary switch NS (113) is con-
nected to T1g3 and T2z in parallel with the third
resistance R3, or wherein said secondary switch NS
(113) is configured for connecting T1r5 to a refer-
ence voltage terminal T_V,f,

Electrical arrangement (100) according to one of the
claims 9 to 11, configured for keeping said voltage
difference between the positive terminal and nega-
tive terminal strictly positive at least as long as said
switch S (102) is in its OFF state, and wherein at the
same time as, oratsaidtime T_O1 after, the switch S
(102) changes its state from OFF to ON, said elec-
trical arrangement (100) is configured for making
said voltage difference becoming negative and re-
maining negative at least until the switch S (102)
switches back from its ON state to its OFF state,
wherein at the same time as, or at said time T_0O2
after, the switch S (102) switches back its state from
the ON state to the OFF state, said electrical ar-
rangement (100) is configured for changing said
voltage difference to make it again strictly positive.

A method for driving an LED (101) of an optical
smoke detector by means of an electrical arrange-
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ment (100), said electrical arrangement comprising:

- said LED (101);
-aswitch S (102) connected in series to the LED

order to generate a current null between said
first terminal and said second terminal before
any switching ON of the LED 101.

which the switch S (102) is in its OFF state.

15. The method according to claim 13 or 14, wherein the
secondary electrical arrangement (110) comprises a

(101) and configured for controlling a duration of 5 secondary switch NS (113), and wherein said con-
activation of said LED, wherein said switch (102) trolling of the voltage difference between said posi-
comprises two states, namely an "ON" state for tive terminal and said negative terminal in function of
switching on the LED (101) and an "OFF" state said states of the switch (102) comprises:
for switching OFF said LED (101);
- a transistor (103) comprising a first terminal, a 70 - keeping said secondary switch NS (113) in its
second terminal, and a third terminal; ON state atleast as long as said switch S (102)is
- an operational amplifier, hereafter "OPA", (104) in its OFF state;
comprising a positive terminal, a negative term- - at the same time as, or at the time T_O1 after,
inal, and an output terminal connected in series the switch S (102) changes its state from OFF to
to the third terminal of the transistor (103) for 15 ON, changing the state of said secondary switch
controlling a current intensity passing through NS (113) from its ON state to its OFF state, and
said LED (101); keeping said secondary switch NS (113) in its
OFF state at least until the switch S (102)
said method comprising the following steps: switches back from its ON state to its OFF state;
20 and
- controlling, by means of a secondary electrical - at the same time as, or at the time T_O2 after,
arrangement (110) of said electrical arrange- the switch S (102) switches back its state from
ment (100), a voltage difference between said the ON state to the OFF state, switching the
positive terminal and said negative terminal in state of said secondary switch NS (113) from
function of said states of the switch S (102) in 25 its ON state back to its OFF state.

14. The method according to claim 13, wherein said 30
controlling comprises successively the following
steps:

- generating (301), at said third terminal, an input
voltage V5 configured for generating a current
null between said first terminal and said second
terminal at least as long as said switch S (102) is
in its OFF state;

-atthe sametime as, oratatime T_O1 after, the
switch S (102) changesiits state from OFF to ON,
generating (302), by means of said secondary
electrical arrangement (110) and at said third
terminal, an input voltage V3’ configured for
generating a non-zero current between said first
terminal and said second terminal in order to
feed the LED at least until the switch S (102)
switches back from its ON state to its OFF state;
- atthe sametime as, oratatime T_O2 after, the
switch S (102) switches back its state from the
ON state to the OFF state, generating (303), by
means of said secondary electrical arrangement
(110), an input voltage V3" configured for gen-
erating again said current null between said first
terminal and said second terminal;
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wherein T_01 and T_02 are both smaller than re-
spectively the time T_ON during which the switch S
(102) is in its ON state and the time T_OFF during
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