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Description
FIELD OF THE INVENTION

[0001] This invention relates to noise detection and reduction when electronic converters/transformers or magnetic
transformers are used together with lamp dimmers.

BACKGROUND OF THE INVENTION

[0002] As is known lamp dimmers reduce the power fed to a lamp by reducing the average voltage applied to the
lamp. To this end, two types of dimmer are known: leading edge dimmers that switch the voltage on after the zero
crossing point in the AC cycle; and trailing edge dimmers that switch the voltage off before the zero crossing point in
the AC cycle. Typically, lamp dimmers employ very fast triacs or thyristors such that the rate of switch-on in a leading
edge dimmer and the rate of switch-off in a trailing edge dimmer is substantially instantaneous, typically 15-25us.
[0003] One of the known problems with dimmers, be they trailing or leading edge types, is that they may give rise
to acoustic noise, and this noise is exacerbated when the dimmer is used in conjunction with a transformer, particularly
magnetic transformers or electronic converters/transformers providing DC output. The noise may be at least partially
caused by the vibration of the ferromagnetic laminates forming the core of the choke/s (in dimmer and transformer)
and/or the vibration of certain capacitors. It is also known that the actual lamp filaments are caused to vibrate, and this
is the case particularly with DC output electronic converters/transformers, giving rise to an additional source of acoustic
noise or hum. This noise/hum is disturbing and unpleasant and itis obviously desirable to reduce it as much as possible.
[0004] There existboth magnetic and electronic transformers on the market. Electronic transformers (or "converters")
may be AC or DC (input and) output units. In the case of DC output transformers, a chopper is used to convert the DC
voltage to a pulsating voltage, which may then be transformed to a different voltage, and ultimately rectified and
smoothed. Regardless of the dimming technology used, there is always inherent noise associated with a dimmer/
transformer combination that cannot be avoided, and the problem is particularly acute with DC output transformers.
[0005] Prior art approaches require additional components to be installed in the dimmer itself in order to reduce
noise. Thus, in the case of leading-edge dimmers, the prior art uses a de-buzzing coil (choke), which is bulky, expensive,
reduces efficiency and must be tuned to the dimmer circuitry. Coil selection can be a time-consuming task.

[0006] For trailing edge dimmers, designed for use with electronic transformers/converters, the conventional noise
reduction solution is to add a large capacitor for reducing the rate of decline of the trailing edge. When used in con-
junction with an electronic transformer/converter, the capacitor may be placed before or after the diode bridge. However,
if such a modified transformer is used with a leading edge dimmer, itactually increases the noise. Thus, known electronic
lamp transformers/converters employing a capacitor as explained above are intended for use with trailing edge dimmers
only.

[0007] This means that it has not so far been possible to take a commercially available leading edge dimmer and
use it in conjunction with a lamp transformer without avoiding noise, unless a "debuzzing coil" is selected and used.
Conversely, common practice for noiseless dimming with the use of electronic transformers has been the use of elec-
tronic transformers incorporating a capacitor as described above, in conjunction with trailing edge dimmers.

[0008] JP 6089784 published March 29, 1994 describes a low noise dimmer that attempts to reduce noise by smooth-
ing a supply voltage waveform by controlling rise and fall curves of the lamp voltage. To this end, prior to the supply
voltage crossing to zero from the negative half cycle, a forward power switch element is turned on, and an output
voltage is detected. When an effective voltage approaches a target value, a microcomputer enters a fall motion and
gradually lowers the output voltage within a predetermined time to the zero line smoothly. Also, for the negative side
voltage, a reverse side power switch element and the microcomputer perform the same operation so that a rise motion
is smooth. Thereby, hum noise production is prevented without applying an electromagnetic surge to an incandescent
lamp.

{0009] This patent appears to relate to the known problem of switching a triac or thyristor during zero crossing of the
AC voltage, since triacs are known to stop conducting when the current is zero and require a trigger signal to initiate
conduction, such conduction being possible only if the anode voltage of the triac is larger than the cathode voltage
thereof. Therefore, two switching devices are employed and are controlled to conduct during opposite halves of the
AC cycle. The switching between the two thyristors itself causes noise and JP 6089784 appears to relate to a smoother
mechanism for effecting the required switching so as to reduce the acoustic noise.

[0010] US Patent No. 5,319,301 issued June 7, 1994 to Callahan M. et al. discloses an inductor-less light dimmer
with semiconductor power devices coupled between an alternating current supply and a lamp load. Undesirable effects
of the high current demands of cold famp filaments are reduced by initially increasing the conductive portion of half-
cycles, relative to the proportion required to produce the desired amount of average power, while avoiding transitions
at phase angles that would produce excessive losses. A transition shape may be employed in this mode and in normal
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operation that maximizes audible lamp noise suppression for a given level of thermal losses.

[0011] WO 91/06047 published May 2, 1991 to Bayview Technology Group, Inc. and entitled "Reverse phase control
switching circuit and method without zero crossing detection” discloses a method and circuit, in a dimmer, for reverse
phase control of alternating current being delivered to a load wherein voltage-controlled semiconductor switches such
as MOSFET's and IGBT's are used as electronic switches to conduct voltage during the leading edge of the AC voltage
cycle and conduction is terminated when the desired phase angle of the current flow has been reached. The disclosed
method and circuit eliminate the need for zero crossing detection of the AC waveform and ensure that the voltage-
controlled switches are always turned on before the zero crossing thereby minimizing radiated interference and incan-
descent lamp hum.

[0012] Both US Patent No. 5,319,301 and WO 91/06047 appear to relate to leading edge dimmers only, to a noise
solution inside the dimmer itself only, and appear only to address problems associated with switching at zero crossing
of the AC voltage so as to reduce lamp hum.

[0013] It would therefore be desirable to provide a universal electronic lamp transformer that may be used with any
commercially available dimmer, be it a leading edge or a trailing edge type, without requiring modification to the dimmer
or the addition of external components in order to reduce noise, and also to provide a module, with the same dimming
noise reduction effect, that may be added to conventional magnetic transformers.

SUMMARY OF THE INVENTION

[0014] itis an object of the invention to provide a lamp transformer (or standalone module) and method that are
suitable for use with both leading and trailing edge dimmers so as to reduce lamp hum.

[0015] According to one aspect of the invention, there is provided a method for reducing acoustic noise produced
during use of a dimmer, the method comprising the steps of:

(a) detecting that a dimmer is present, and if so:

i) detecting whether the dimmer is a leading edge dimmer or a trailing edge dimmer,
i) if the dimmer is a leading edge dimmer, reducing the rate of rise of the leading edge, and
iii) if the dimmer is a trailing edge dimmer, reducing the rate of fall of the trailing edge.

[0016] According to a further aspect of the invention, there is provided a controller for reducing acoustic noise pro-
duced during use of a leading edge dimmer, the controller comprising:

a leading edge controller responsive to an input voltage fed thereto for producing a control signal upon detection
of a leading edge, and

a linear switch coupled to the leading edge controller and responsive to the control signal for linearly switching the
input voltage so that a rate of rise of the leading edge is decreased.

[0017] Preferably, such a controller is adapted for reducing acoustic noise produced during use of a trailing edge
electronic dimmer, and further comprises:

a leading-trailing edge detector responsive to an input voltage fed thereto for detecting whether the input voltage
results from a leading edge dimmer or a trailing edge dimmer, and

a trailing edge controller coupled to the leading-trailing edge detector and responsive to detection of a trailing edge
dimmer for disabling the leading edge controller and decreasing a rate of decline of the trailing edge of the input
voltage;

said leading edge controller being coupled to the leading-trailing edge detector and responsive to detection of a
leading edge dimmer for disabling the trailing edge controller.

BRIEF DESCRIPTION OF THE DRAWINGS

{0018] In order to understand the invention and to see how it may be carried out in practice, a preferred embodiment
will now be described, by way of non-limiting example only, with reference to the accompanying drawings, in which:

Fig. 1 is a block diagram showing a conventional prior art lamp transformer;

Figs. 2a, 2b, 2¢c and 2d show graphically typical voltage waveforms appearing at different stages in a conventional
prior art lamp transformer using a leading edge dimmer;

Figs. 3a, 3b, 3c and 3d show comesponding voltage waveforms when a trailing edge dimmer is used;
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Fig. 4 is a block diagram showing a modified lamp transformer in accordance with a first embodiment of the in-
vention for reducing noise in a leading edge dimmer;

Figs. 5a, 5b, 5c, 5d and 5e show voltage waveforms corresponding to those of Figs. 2 and 3 for the lamp trans-
former shown in Fig. 4;

Fig. 6 is a block diagram showing a modified lamp transformer in accordance with a second embodiment of the
invention for reducing noise in a feading or trailing edge dimmer;

Figs. 7a, 7b, 7c, 7d and 7e show voltage waveforms corresponding to those of Fig. 5 for the lamp transformer
shown in Fig. 6;

Fig. 8 is a schematic circuit diagram of a leading/trailer edge controller that may be incorporated in a conventional
prior art lamp transformer for reducing noise;

Figs. 9a, 9b and 9¢ show typical voltage waveforms associated with the lamp transformer according to the inven-
tion when used with a trailing edge dimmer; and

Figs. 10a, 10b and 10c show typical voltage waveforms associated with the lamp transformer according to the
invention when used with a leading edge dimmer.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Fig. 1is a block diagram showing a conventional prior art DC output lamp transformer 10 comprising an input
11 for coupling to a mains electricity supply, typically 120 or 230 VAC. Connected to the input 11 is a dimmer 12 for
reducing the RMS voltage. The dimmer 12 may be a leading edge or a trailing edge dimmer whose output is connected
to an RFI filter 13 coupled to a bridge rectifier 14, producing a rectified AC voltage that is fed to an inverter 15. The
inverter 15 includes an output transformer and optionally also a rectifier for rectifying the output voltage. Neither of
these components is shown in the figure. The output of the inverter is thus AC (or DC) voltage typically in the range
0-30 V, suitable for powering low voltage tungsten halogen lamps and the like.

[0020] Figs. 2a shows graphically the sinusoidal input voltage waveform. Fig. 2b shows graphically the voltage ap-
pearing at the output of the dimmer 12 when a leading edge dimmer is used, it being noted that the leading edges in
both positive and negative half cycles are chopped. Fig. 2c shows graphically the voltage appearing at the output of
the bridge rectifier 14 and Fig. 2d shows graphically the voltage appearing at the output of the inverter 15. Figs. 3a,
3b, 3c and 3d show corresponding voltage waveforms when the dimmer 12 is a trailing edge dimmer.

[0021] Fig. 4 is a block diagram showing a modified lamp transformer 20 in accordance with a first embodiment of
the invention for reducing noise in a leading edge dimmer. An input 21 is coupled to a mains electricity supply, typically
120 or 230 VAC. Connected to the input 21 is a leading edge dimmer 22 whose output is connected to an RFI filter 23.
The RFI filter 23 is connected to a bridge rectifier 24, producing a rectified AC voltage that is fed via a leading edge
controller 25 to a linear switch 26 connected to an inverter 27. The output of the inverter is a DC voltage typically in
the range 0-30 V DC, suitable for powering low voltage tungsten halogen lamps and the like.

[0022] Figs. 5a shows graphically the sinusoidal input voltage waveform. Fig. 5b shows graphically the voltage ap-
pearing at the output of the dimmer 22. Again, it will be noted that the leading edges in both positive and negative half
cycles are chopped. Fig. 5¢ shows graphically the voltage appearing at the output of the bridge rectifier 14. Figs. 5d
and 5e show graphically the voltages appearing at the output of the linear switch 26 and the inverter 27, respectively.
In particular, it will noted from the output of the inverter 27 that the leading edge climbs much more slowly than that of
the conventional transformer, as depicted by the waveform shown in Fig. 2d.

[0023] Fig. 6 is a block diagram showing a modified lamp transformer 30 in accordance with a second embodiment
of the invention for reducing noise in a leading or trailing edge dimmer. An input 31 is coupled to a mains electricity
supply, typically 110 or 220 VAC. Connected to the input 31 is a dimmer 32 whose output is connected to an RF| filter
33. The dimmer 32 may be leading edge or a trailing edge device and, as will now be explained, suitable control circuitry
is employed to control the leading edge and trailing edge, as required. The RFI filter 33 is connected to a bridge rectifier
34, producing a rectified AC voltage that is fed via a leading edge controller 35 to a linear switch 36 connected to an
inverter 37 via a switch capacitor 38. The output of the inverter is a DC voltage typically in the range 0-30 V DC, suitable
for powering low-voltage tungsten halogen lamps and the like. The output of the bridge rectifier 34 is also coupled via
a leading-trailing edge detector 39 to a switch capacitor controller 40.

[0024] The leading edge controller 35 is responsive to a leading edge being detected by the edge detector 39 for
operating in conjunction with the linear switch 36 as shown in Fig. 4 for slowing down the rate of rise of the leading
edge as shown in the voltage waveforms depicted in Figs. 5d and 5e. When the edge detector 39 detects a trailing
edge, the switch capacitor controller 40 operates in conjunction with the switch capacitor 38 for slowing down the rate
of decline of the trailing edge.

[0025] Figs. 7a shows graphically the sinusoidal input voltage waveform. Fig. 7b shows graphically the voltage ap-
pearing at the output of the dimmer 32. Again, it will be noted that the leading edges in both positive and negative half
cycles are chopped. Fig. 7c shows graphically the voltage appearing at the output of the bridge rectifier 14. Figs. 7d
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and 7e show graphically the voltages appearing at the output of the linear switch 36 and the inverter 37, respectively.
In particular, it will noted from the output of the inverter 37 that the trailing edge declines much more slowly than that
of the conventional transformer, as depicted by the waveform shown in Fig. 3d.

[0026] Fig. 8 is a schematic circuit diagram of a leading/trailer edge controller 50 that may be incorporated in a
conventional prior art lamp transformer 51 for reducing noise. Thus, the lamp transformer 51 comprises an input 52
for coupling to a mains electricity supply, typically 120 or 230 VAC. Connected to the input 52 is a dimmer 53 for reducing
the average voltage. The dimmer 53 may be a leading edge or a trailing edge dimmer whose output is connected to
an RFI filter 54 coupled to a bridge rectifier 55, producing a rectified AC voltage that is fed to an inverter 56 via the
controller 50. The output of the inverter 56 is a DC voltage typically in the range 0-30 V DC, suitable for powering low-
voltage tungsten halogen lamps and the like.

[0027] The controller 50 comprises an inductor (choke) 60 connected at one end to the output of the bridge rectifier
55 and connected at its opposite end to the drain of a first N-channel-type MOSFET 61 whose gate is connected via
a resistor 62 to the positive terminal of a DC voitage source 63. The junction of the gate of the MOSFET 61 and the
resistor 62 is connected to the anode of a first rectifier diode 64 whose cathode is connected to the anode of a second
rectifier diode 65 whose cathode is connected to the positive terminal of the DC voltage source 63. The junction between
the rectifier diodes 64 and 65 is connected to a first end of a capacitor 66 whose second end is connected to the anode
of a zener diode 67 in parallel with a resistor 68. The cathode of the zener diode 67 is connected to GND. The second
end of the capacitor 66 is also connected to the cathode of a rectifier diode 69 whose anode is connected via a resistor
70 to the input of a voltage divider comprising a first resistor 71 coupled to GND and a second resistor 72, and across
which is connected a DC voltage source 73 whose negative terminal is connected to GND. The junction of the voltage
divider resistors 71 and 72 is connected to the base of an NPN bipolar junction transistor 74 whose emitter is connected
to GND and whose collector is connected via a resistor 75 to the positive terminal of the DC voltage source 73. A
decoupling capacitor 76 is connected between the collector and the emitter of the bipolar junction transistor 74.
[0028] The junction between the anode of the rectifier diode 69 and the resistor 70 is connected via a capacitor 77
to GND. The collector of the bipolar junction transistor 74 is connected to the gate of a second N-channel-type MOSFET
78 whose source is connected to GND and whose drain is connected to a first end of a capacitor 79 (corresponding
to the switch capacitor 38 in Fig. 6) whose second end is connected to the source of the first N-channel-type MOSFET
61 and constitutes also an output 80 of the controlier 50 thatis connected to the inverter 56. A capacitor 81 is connected
across the output 80 and GND.

[0029] Operation of the circuit is as follows. When a leading edge dimmer is detected, the MOSFET 61, resistor 62,
voltage source 63, rectifier diode 64 and capacitor 66 function as the linear switch 36 (in Fig. 6). Whenever there is a
positive change in the output voltage of the dimmer, the linear switch brings the output voltage linearly up to its peak
value in about 500 psec. The MOSFET 61 operates as a voltage follower and the voltage source 63 follows the gate
voltage of the MOSFET 61, which changes linearly since a constant current flows through the resistor 62 and the
rectifier diode 64 for charging the capacitor 66, thus forcing the voltage across the capacitor 66 to rise linearly. The
current magnitude is determined by the values of the resistor 62, the voltage source 63 and the threshold voltage of
the MOSFET 61. The rectifier diode 65 serves to discharge the capacitor 66 at the end of each cycle.

[0030] The resistor 68, rectifier diode 69 and capacitor 77 function as the trailing edge detector 39 (in Fig. 8). The
voltage across the capacitor 77 is proportional to the negative slope of the dimmer: the higher the slope, the higher is
the magnitude of the negative voltage. The resistors 70, 71, 72 and 75, the bipolar junction transistor 74, the capacitor
76, the MOSFET 78 and the DC voltage source 73 serve as a controller to the switch capacitor 79. When the voltage
across the capacitor 77 is sufficiently negative, the bipolar junction transistor 74 cuts off and the MOSFET 78 starts to
conduct. When no dimmer is present, the MOSFET 78 is cutoff. The MOSFET 78 thus serves as a switch capacitor
contro! switch for switching the switch capacitor 79 on and off. When the switch capacitor 79 is switched on, the negative
slope is decreased since the discharge time is longer.

[0031] In an actual embodiment of the controller reduced to practice, values and types of the components were as
follows:

Component TypelValue |} Component Type/Value
60 2mH 69 D1N4148
61 IRF740 70,72 300kQ
62 2kQ 71 33kQ
63 15v DC 73 10 vDC
64,65 D1N4148 74,76, 77,79 1uF
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(continued)

Component Type/Value | Component Type/Value
66 6nF 75 100kQ
67 D1N750 78 IRF470
68 10kQ 81 220nF

Figs. 9a, 9b and 9c depict typical voltage waveforms associated with the lamp transformer according to the

invention when used with a trailing edge dimmer. Fig. 9a shows the voltages at the input to the controller 50, referenced
V)y in Fig. 8 and the source voltage of the MOSFET 61, referenced Vg in Fig. 8. Thus, it is seen that where the input
voltage falls abruptly, the source voltage of the MOSFET 61 declines much less sharply, taking about 500us before
reaching zero.

[0033] Fig. 9b shows the output voltage of the inverter 56 and follows the source voltage of the MOSFET 61.
[0034] Fig. 9c depicts the voltage Veap across the switch capacitor 79 when the MOSFET 78 is conducting, which
it does only when a trailing edge dimmer is detected. When either no dimmer or a leading edge dimmer is detected,
the MOSFET 78 is "OFF" and the switch capacitor 79 is disconnected.

[0035] Figs. 10a, 10b and 10c depict typical voltage waveforms associated with the lamp transformer according to
the invention when used with a leading edge dimmer. Fig. 10a shows the voltages at the input to the controller 50,
referenced V,y in Fig. 8 and the source voltage of the MOSFET 61, referenced Vgin Fig. 8. Thus, itis seen that where
the input voltage climbs abruptly, the source voltage of the MOSFET 61 climbs much less sharply, taking about 500us
before reaching its maximum value.

[0036] Fig. 10b shows the output voltage of the inverter 56 and follows the source voltage of the MOSFET 61.
[0037] Fig. 10c depicts the difference between the gate valtage Vg and the source voltage Vg of the MOSFET 61
when a leading edge dimmer is detected. Vg - Vg remains constant until the leading edge is detected, whereupon it
falls to the threshold voltage V1 of the MOSFET (typically about 3.5V). This corresponds to the linear region of the
MOSFET, which thus operates as a linear switch as explained above.

[0038] It will be appreciated that the circuit described above and the specimen and component values as tabulated
are by way of illustration only and are not intended to limit the scope of the attached claims.

[0039] It will also be appreciated that while the invention has been described with particular reference to a controller
that may be used with any off-the-shelf electronic transformer as described, the invention also contemplates within its
scope an electronic transformer having the controller integral therewith.

Claims

1. A method for reducing acoustic noise produced during use of a lamp dimmer (22), the method comprising the
steps of:

(a) detecting that a dimmer (22) is present, and if so:

i) detecting whether the dimmer (22) is a leading edge dimmer or a trailing edge dimmer (22),
i) if the dimmer (22) is a leading edge dimmer (22), reducing the rate of rise of the leading edge, and
iif}) if the dimmer (22) is a trailing edge dimmer (22), reducing the rate of fall of the trailing edge.

2. The method according to Claim 1 being carried out within an electronic transformer coupled to a lamp for reducing
acoustic noise produced by a dimmer when present.

3. A controller (50) for reducing acoustic noise produced during use of a leading edge dimmer, the controller com-
prising:

a leading edge controller (25, 35) responsive to an input voltage fed thereto for producing a control signal
upon detection of a leading edge, and

a linear switch (26, 36) coupled to the leading edge controller and responsive to the control signal for linearly
switching the input voltage so that a rate of rise of the leading edge is decreased.

4, The controller according to Claim 3 being further adapted for reducing acoustic noise produced during use of a
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trailing edge dimmer, and further comprising:

a leading-trailing edge detector (39) responsive to an input voltage fed thereto for detecting whether the input
voltage results from a leading edge dimmer or a trailing edge dimmer, and

a trailing edge controller (40) coupled to the leading-trailing edge detector and responsive to detection of a
trailing edge dimmer for disabling the leading edge controller and decreasing a rate of decline of the trailing
edge of the input voltage;

said leading edge controller being coupled to the leading-trailing edge detector and responsive to detection
of a leading edge dimmer for disabling the trailing edge controller.

5. The controller according to Claim 3 or 4, wherein the linear switch (36) comprises a MOSFET (61).

6. The controller according to any one of Claims 3 to 5, wherein the trailing edge controller (40) comprises a switch
capacitor control switch (40, 78) for coupling a switch capacitor (3 8, 79) to an output of the controller.

7. The controller according to Claim 6, wherein the leading-trailing edge detector includes a trailing edge detector
(39) comprising a resistor (68), rectifier diode (69) and capacitor (77) whose voltage is proportional to the negative
slope of the trailing edge.

8. The controller according to Claim 7, wherein the trailing edge controller (40) comprises:

a DC voltage source (63) for charging a capacitor (76) coupled to the switch capacitor control switch (78), and
a switch (74) connected across the capacitor;

whereby when the voltage of the trailing edge is sufficiently negative, the switch (74) is open circuit and the
voltage across the capacitor causes the switch capacitor control switch to conduct.

9. The controller according to Claim 8, wherein the switch is a bipolar junction transistor (74).

10. The controller according to any one of Claims 6 to 9, wherein the switch capacitor control switch is a MOSFET (78).

11. The controller according to any one of Claims 3 to 10, being integral with an electronic transformer (20, 30, 51).

12. An electronic transformer (20, 30, 51) including as an integral component thereof the controller according to any
one of Claims 3 to 10.

Patentanspriiche

1. Verfahren zur Verringerung akustischen Rauschens, das wahrend des Gebrauchs eines Lampendimmers (22)
erzeugt wird, wobei das Verfahren die Schritte umfasst:

(a) Erfassen, dass ein Dimmer (22) vorhanden ist, und wenn:
1} Erfassen, ob der Dimmer (22) ein Vorderflankendimmer oder ein Hinterflankendimmer (22) ist,
i) wenn der Dimmer (22) ein Vorderflankendimmer (22) ist, Verringerung der Anstiegsrate der Vorderflan-
ke, und
{Il) wenn der Dimmer (22) ein Hinterflankendimmer (22) ist, Verringerung der Abfallrate der Hinterflanke.

2. Verfahren nach Anspruch 1, das in einem mit einer Lampe gekoppelten, elektronischen Transformator ausgefuhrt
wird, um akustisches Rauschen zu verringern, das durch einen Dimmer erzeugt wird, wenn er vorhanden ist.

3. Regler (50) zur Verringerung des akustischen Rauschens, das wahrend des Gebrauchs eines Vorderflankendim-

mers erzeugt wird, wobei der Regler umfasst:

einen Vorderflanken-Regler (25, 35), der auf eine darin eingespeiste Eingangsspannung reagiert, um beim
Erfassen einer Vorderflanke ein Steuersignal zu erzeugen, und

einen linearen Schalter (26, 36), der mit dem Vorderflanken-Regler gekoppelt ist und auf das Steuersignal
reagiert, um die Eingangsspannung linear umzuschalten, so dass eine Anstiegsrate der Vorderflanke vermin-
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dert wird.

Regler nach Anspruch 3, der des Weiteren zur Verringerung akustischen Rauschens geeignet ist, das wahrend
des Gebrauchs eines Hinterflankendimmers erzeugt wird und ferner umfasst:

eine Vorderflanken-Hinterflanken-Erfassungsvorrichtung (39), die auf eine darin eingespeiste Eingangsspan-
nung reagiert, um zu erfassen, ob die Eingangsspannung von einem Vorderflankendimmer oder einem Hin-
terflankendimmer kommt, und

einen Hinterflanken-Regler (40), der mit der Vorderflanken-Hinterflanken-Erfassungsvorrichtung gekoppelt ist
und auf das Erfassen eines Hinterflankendimmers reagiert, um den Vorderflanken-Regler zu sperren und die
Neigungsrate der Hinterflanke der Eingangsspannung zu vermindern;

wobei der Vorderflanken-Regler mit der Vorderflanken-Hinterflanken-Erfassungsvorrichtung gekoppelt ist
und auf das Erfassen eines Vorderflankendimmers reagiert, um den Hinterflanken-Regler zu sperren.

Regler nach Anspruch 3 oder 4, wobei der lineare Schalter (36) einen MOSFET (61) umfasst.

Regler nach einem der Anspriiche 3 bis 5, wobei der Hinterflanken-Regler (40) einen Schaltkondensator-Steuer-
schalter (40, 78) umfasst, um einen Schaltkondensator (38, 79) mit einem Ausgang des Reglers zu koppeln.

Regler nach Anspruch 6, wobei die Vorderflanken-Hinterflanken-Erfassungsvorrichtung eine Vorderflanken-Erfas-
sungsvorrichtung (39) mit einem Widerstand (68), einer Gleichrichterdiode (69) und einem Kondensator (77) auf-
weist, dessen Spannung zum negativen Gefélle der Hinterflanke proportional ist.

Regler nach Anspruch 7, wobei der Hinterflanken-Regler (40) umfasst:

eine Gleichspannungsquelle (63), um einen mit dem Schaltkondensator-Steuerschalter (78) gekoppelten Kon-
densator (76) zu laden, und

einen Schalter (74), der Uber den Kondensator geschaltet ist;

wodurch, wenn die Spannung der Hinterflanke ausreichend negativ ist, der Schalter (74) eine offene Schaltung
ist und die Spannung Uber den Kondensator bewirkt, dass der Schaltkondensator-Steuerschalter als Leiter
wirkt.

Regler nach Anspruch 8, wobei der Schalter ein bipolarer Sperrschichttransistor (74) ist.
Regler nach einem der Anspriiche 6 bis 9, wobei der Schaltkondensator-Steuerschalter ein MOSFET (78) ist.

Regler nach einem der Anspriiche 3 bis 10, der mit einem elektronischen Transformator (20, 30, 51) eine Einheit
bildet.

Elektronischer Transformator (20, 30, 51), der als dessen integrierte Komponente den Regler nach einem der
Anspriche 3 bis 10 aufweist.

Revendications

1.

2,

Procédé pour réduire un bruit acoustique produit pendant l'utilisation d'un gradateur de lampe (22), le procédé
comprenant les étapes de :

(a) détection qu'un gradateur (22) est présent, et si oui:

i) détection si le gradateur (22) est un gradateur & front montant ou un gradateur a front descendant (22)
ii) si le gradateur (22) est un gradateur & front montant (22) réduction de la vitesse de montée du front
montant, et

iii) si le gradateur (22) est un gradateur a front descendant (22), réduction de la vitesse de descente du
front descendant.

Procédé selon la revendication 1 réalisé dans le transformateur électronique couplé & une lampe pour réduire le
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bruit acoustique produit par un gradateur lorsqu'il est présent.

Dispositif de commande (50) pour réduire un bruit acoustique produit pendant I'utilisation d'un gradateur & front
montant, le dispositif de commande comprenant :

un dispositif de commande de front montant (25, 35) sensible & une tension d'entrée appliquée a celui-ci pour
produire un signal de commande lors de la détection d'un front montant, et

un commutateur linéaire (26, 36) couplé au dispositif de commande de front montant et sensible au signal de
commande pour commuter linéairement la tension d'entrée pour qu'une vitesse de montée du front montant
soit diminuée.

Dispositif de commande selon la revendication 3 étant en outre adapté pour réduire le bruit acoustique produit
pendant l'utilisation d'un gradateur de front descendant, et comprenant en outre ;

un détecteur de front montant-descendant (39) sensible a la tension d'entrée appliquée a celui-ci pour détecter
si la tension d'entrée résulte d'un gradateur de front montant ou d'un gradateur de front descendant, et

un dispositif de commande de front descendant (40) couplé au détecteur de front montant-descendant et
sensible 3 la détection d'un gradateur de front montant pour invalider le dispositif de commande de front
montant et diminuer une vitesse de déclin du front descendant de la tension d'entrée ;

ledit dispositif de commande de front montant étant couplé au détecteur de front montant-descendant et sen-
sible a la détection d'un gradateur de front montant pour désactiver le dispositif de commande de front des-
cendant.

Dispositif de commande selon la revendication 3 ou 4, dans lequel le commutateur linéaire (36) comprend un
MOSFET (61).

Dispositif de commande selon I'une quelconque des revendications 3 & 5, dans lequel le dispositif de commande
de front descendant (40) comprend un commutateur de commande de condensateur de commutation (40, 78)
pour coupler un condensateur de commutation (38, 79) a une sortie du dispositif de commande.

Dispositif de commande selon la revendication 6, dans lequel le détecteur de front montant-descendant comprend
un détecteur de front montant (39) comprenant une résistance (68), une diode de redressement (69) et un con-
densateur (77) dont la tension est proportionnelle a la pente négative du front descendant.

Dispositif de commande selon la revendication 7, dans lequel le dispositif de commande de front descendant (40)
comprend :

une source de tension continue (63) pour charger un condensateur (76) couplé au commutateur de commande
de condensateur de commutation (78), et

un commutateur (74) raccordé a travers le condensateur ;

de sorte que lorsque la tension du front descendant est suffisamment négative, le commutateur (74) est un
circuit ouvert et la tension a travers le condensateur oblige le commutateur de commande de condensateur
de commutation a conduire.

Dispositif de commande selon la revendication 8, dans lequel le commutateur est un transistor a jonction bipolaire
(74). '

Dispositif de commande selon I'une quelconque des revendications 6 a 8, dans lequel le commutateur de com-
mande de condensateur de commutation est un MOSFET (78).

Dispositif de commande selon I'une quelconque des revendications 3 a 10, étant intégré a un transformateur
électronique (20, 30, 51).

Transformateur électronique (20, 30, 51) comprenant comme un composant intégré a celui-ci, le dispositif de
commande selon 'une quelconque des revendications 3 a 10.



EP 1 466 400 B1

de old J€ Ol g€ old V€ Ol

el Ve Ve eVl

az ‘ol 0Z Ol gz ‘Ol VZ 'Ol
/
NN N\ 1\;_»

LYV ¥owd) | "9|4

\lmw \.m_‘
2a A0g-0) d3141L03Y NIRRT OV A(L£2-001)
‘\el,l YILHIANI 39048 " .
g/ 10dino 10dNI o 17dNI ‘/:

T zl
OT\ yl |

10



EP 1 466 400 B1

35 Old

as 'old

NN

\..NN

36 Old

HITIOHLNOD
3903
ONIav3T

Cez

2a Alog-0)

1Ndino

H3LHIANI

o

HOLIMS

HYINN

mow

431411039
300id
LNdNI

g4s 'Old

7 Old

\\mw

¥3Ld

Cre

i3

VS Old

OV A(LL2-001)

indn )
74

44

1



EP 1 466 400 B1

3/ Old al o4 34 Old d/ "Old V. "Old

RV AV AVS vV U
6¢
HITIONLINOD mmwmmwzoo ~
MOLIOVdYD | =903
HOLIMS ONIQV3T
Cor
HITIONLNOD :
ONIGVI
Cee
oV AlL22-001)
2a Alog-0) ,
RN HOLIOVdYD | Houns el Il N=TOH)
LNdNO - HOLIMS HY3NIT LN 4 LNdNI
I {
Cae Coe Coe €8 2 g

om\

12



EP 1 466 400 B1

8 Ol

aNo
“l lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll -3
| |
m 1
]
0 \._ . N\ t.n\.ﬁ |
|
_ vl vy | va “
m == T 0. 69 .“
t = I
| J |
i i
g ] mw , €L7 | ¢Lgg B«“w m
! 4 | !
“ QWU\/IM\ L |
! . 99T ! 6
!
! T | | \
6. 1
! < y = |
S et o mﬁ. !
i 1
1 | . !
ETYA 3 oA van.\w ....................... J
] |
i | oV AOVC
v Rl vt R .
| ] tnaw 3 Lndni )
| “ C 2

95~

13



EP 1 466 400 B1

(sw) 3wiL 06 '9ld
09 55 05 G

114 Ge o€

86666

(sw) 3IL

(sw) 3y

1NdLNOp

14



EP 1 466 400 B1

(sw) 3L 201 ©I4

- 09 GG 0S 14 ov Ge o€
ﬁ \\ \‘ NS E=1A
; T oL
.................................................................. o T oat0Z
(sw) 3L a0l 'Ol SA= A
— . .
e e et e N J
S&:o>_
(su) 3nis VoL Ol

JOVITI0A

15



