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(57) Abstract: A power converter comprising a DC input (26) connected to an inductive element (TR), a switch (T1) arranged to
interrupt the inductive current cyclically with a predetermined cycle period, a plurality of load circuits (31, 32, 33), and a multi-
plexer (36) having a plurality of parallel channels (M1, M2, M3) between first and second output terminals (34, 38) of the induc-
tive element (TR), wherein each channel includes one of the load circuits (31, 32, 33). and the multiplexer is adapted to make the
channels conductive sequentially and periodically, and the multiplexer has a switching period that is a multiple of the predeter-
mined cycle period of the switch (T1).
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POWER CONVERTER

The invention relates to a power converter comprising a DC input connected
to an inductive element, a switch arranged to interrupt the inductive current
cyclically with a predeterxﬁined cycle period, a plurality of load circuits, and
a multiplexer having a plurality of parallel channels between first and sec-
ond output terminals of the inductive element, wherein each channel in-
cludes one of the load circuits, and the multiplexer is adapted to make the

channels conductive sequentially and periodically.

More particularly, the invention relates to a power converter that can be used
as an LED driver, especially for high luminance LEDs for illumination pur-

poses.

LED illumination devices, e. g. devices that may be connected to the power
grid by being screwed into a socket like a conventional light bulb, may be
equipped with white LEDs or with combinations of colored LEDs, €. g. in the
basic colors red, green and blue (RGB). Combinations of colored LEDs are su-
perior to white LEDs in terms of life time and have the additional advantage
that, by individually controlling the intensity of the different colors, the color
temperature of the light source may be adapted as desired, and drifts in color
temperature that may be due to aging or different temperature characteristics
of the LEDs can easily be compensated. However, a drawback of colored LEDs
is that separate current-controlled power supplies must be provided for the

different colors.

It is possible of course to provide an individual power converter for each
color, i. e. for each group of LEDs that have the same color and may be con-
nected in series or in parallel. This solution, however, is relatively expensive,
because at least three power converters are needed for the at least three col-

ors that are necessary for obtaining white light.

Another approach is to provide a transformer with a plurality of secondary
windings, so that each load circuit (group of LEDs) may be connected to a dif-
ferent one of the secondary windings. In this case, however, the extra wind-
ings lead to an unfavorable transformer (size, cost, efficiency), and the neces-

sity to provide post-regulators further reduces the efficiency and increases
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the costs. Yet another alternative is to connect the load circuits in series in
the secondary circuit of the transformer. In this case, however, The LEDs
must be selected in accordance with a very strict classification (binning) in
terms of efficiency, color, and/or forward voltage, or additional circuitry is re-
quired in each load circuit for individually controlling each of the output pow-
ers, which adds to the complexity and costs of the converter as a whole and
makes it more difficult to galvanically isolate the output circuits from the po-

tentially harmful grid voltage.

US 2006-072252 A1 and WO 03/041254 disclose power converters of the type
indicated in the opening paragraph, wherein the multiplexer subdivides each
energy packet that is delivered by the switched inductive element into a num-

ber of fractions to be directed to different outputs.

It is an object of the invention to provide a power converter that has a rela-
tively low complexity, can be produced at low costs and nevertheless permits

an individual power control of a plurality of load circuits.

In order to achieve this object, a power converter according to the invention is
characterized in that the multiplexer has a switching period that is a multi-

ple of the predetermined cycle period of the switch.

Since the multiplexer permits the inductor current to flow through only one
of the load circuits at a time, the average power delivered to an individual
output circuit will depend on the number of cycle periods that the multi-
plexer connects this output circuit to the inductive element within each pe-
riod of the -multiplexer. This number corresponds to the number of energy
packets per time unit that are delivered to the pertinent output circuit. The
average power delivered to an individual output circuit will also depend
upon the energy content of the energy packets, and this energy content is in
turn determined by the "on"-time of the switch in the respective cycle. As a
consequence, it is possible to finely control the output power delivered to
each individual load circuit with a simple and low-cost circuitry, wherein the
inductive element and the switch are shared among the various load cir-
cuits. Since the inductive element is a custom-designed, hand-made ele-
ment, this component is expensive, especially when it also has to provide

safety isolation between the grid and the outputs. It is therefore a great ad-
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vantage in terms of costs and efficiency that only a single inductive element
needs to be used. The switch has to operate at line voltage level. Switching
relatively high peak high currents at a high frequency (in order to keep the
dimensions of the inductive element small) is also expensive. Moreover, the
switch must be controlled through drive electronics. The invention, which
permits to use only a (primary) switch thus achieves an appreciable cost re-
duction. Moreover, the fact that the multiplexer does not subdivide the indi-
vidual energy packets but only routes the entire packets to different output

circuits permits a high control accuracy and a reduction of switching losses.

One of the consequences of multiplexing is that the output power is deliv-
ered to the various load circuits more discontinuously, i. €. in the form of
pulses with a periodicity corresponding to the multiplex period. The corre-
sponding output voltages will be pulsed or periodic DC voltages that may
however be smoothened depending on the presence of parallel capacitances
in the respective load circuits. Moreover, when the power converter is used
as an LED driver, the multiplex period may be selected so high that sub-
stantially no flicker would be visible to the human eye even when the ripples

of the output voltages were not smoothened-out.

More specific optional features of the invention are indicated in the depend-
ent claims. These features relate to a simple power supply for the control
circuitry of the power converter itself, the further reduction of flicker and an

improvement of power quality on the side of the grid.

Preferred embodiments of the invention will now be explained in conjunction

with the drawings, wherein:

Fig. 1 is a simplified circuit diagram of a power converter

according to a first embodiment of the invention;

Fig. 2 is a time chart illustrating wave forms of various

signals occurring in the circuit shown in Fig. 1;

Figs. 3 and 4 are time charts illustrating different multiplex

schemes;
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Fig. 5 is a time chart illustrating another possible opera-

tion mode of the converter;

Fig. 6 is a more detailed diagram of an AC/DC converter

forming part of the converter shown in Fig. 1;

Figs. 7 and 8 are time charts illustrating wave forms of input
voltages and output currents for different configu-

rations of the AC/DC converter shown in Fig. 6;

Fig. 9 illustrate a modification of the circuit shown in Fig.
1; and
Figs. 10 and 11 are circuit diagrams illustrating further embodi-

ments of the invention.

Fig. 1 illustrates an LED driver serving as a power supply for three LEDs 10,
12 , 14 in the colors red (R), green (G) and blue (B). While only a single LED
per color has been shown in the drawing, each of these single LEDs may be
replaced by a network comprising a series and/or parallel connection of sev-

eral LEDs of the same color.

The LED driver comprises an AC/DC converter 16 and a DC/DC power con-
verter 18. The AC/DC converter 16 has an input side connected to terminals
20, 22 of a 230 V / 50 Hz power grid, for example, via a manually operated
switch 24, and it further comprises an output side connected to a DC input
26 of the DC/DC converter 18.

The DC input 26 of the DC/DC converter 18 is connected to a first primary
terminal 28 of an inductive element, in this case a transformer TR, and a
second primary terminal 30 of that transformer is grounded via a switch T1,
which, when closed, closes the primary circuit of the transformer. The

switch T1 may for example be an N-channel MOS-FET.
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The DC/DC converter 18 has three individually controlled power outputs
formed by load circuits 31, 32 and 33 each of which serves as a power sup-
ply with a voltage of 9 V, for example, for one of the LEDs 10, 12, 14. The
load circuits 31, 32, 33 are connected in parallel to a first secondary termi-
nal 34 of the transformer TR, via respective diodes D1, D2 and D3, and are
further connected to a multiplexer 36 which selectively connects one of the
load circuits to ground and, therewith, to a grounded second secondary ter-
minal 38 of the transformer TR. Thus each load circuit is included in one of

three parallel channels M1, M2, M3 of the multiplexer 36.

The switch T1 and the multiplexer 36, via control lines 41, are controlled by

a control circuit which, in this case, is formed by a microcontroller 40.

In the present example, it shall be assumed that the DC input 26 receives
from the AC/DC converter 16 an essentially constant voltage Up (of approxi-
mately 310 V). Under the control of the microcontroller 40, the switch T1
opens and closes the primary circuit of the transformer TR with a frequency
of €. g. 25 kKHz (corresponding to a cycle period P of 40 ps) and with a con-
trollable duty cycle D, as has been shown in Fig. 2. Whenever the switch T1
is closed, the primary current I, of the transformer starts to increase from
zero at a rate that is proportional to the input voltage Up. When the switch
T1 is opened again, an amount of energy corresponding to the time integral
of (Up * Ip) over the duty cycle (pulse width) has been stored in the magnetic
field of the transformer. This time integral can easily be calculated in an or-

dinary microcontroller.

While the magnetic field is being built up. the diodes D1 - D3 and another
diode D4 (to be described later) prevent a current from flowing in the secon-
dary circuit of the transformer. However, as soon as the switch T1 is opened
again and one of the load circuits, e. g. the load circuit 31, is grounded via
the multiplexer 36, the magnetic field of the transformer will decay, and a
current I; starts to flow through the diode D1, the load circuit 31 and the
multiplexer 36.

The load circuit 31 further includes a capacitor C1 connected in parallel to
the load, i. e. to the LED 10. Consequently, the current flowing trough the

load circuit 31 will first be used for loading the capacitor C1, and the cur-
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rent through the LED 10 will increase in proportion to the increase of the
voltage drop across the capacitor C1l. In this way, provided that the corre-
sponding channel of the multiplexer 36 remains conductive, the entire en-
ergy packet that had been stored in the transformer during the "closed"
pulse of the switch T1 will be conferred to the load circuit 31, and the part
of the energy packet that is not consumed by the LED 10 will be stored in
the capacitor C1. This process will be repeated for every cycle of the switch
T1, and the voltage drop across the capacitor C1, which determines the cur-
rent flowing through the LED 10, will reach an equilibrium that is deter-
mined by the pulse width of the switch T1.

The process described above will also apply to each of the load circuits 32,
33, which include respective capacitors C2 and C3. In the period in which
the multiplex channel of, €. g., the load circuit 31 is open, i. e. the load cir-
cuit is disconnected from the terminal 38, the capacitor C1 will be dis-
charged via the LED 10, and it will be reloaded again as soon as the multi-
plex channel is closed again. Thus, provided that the capacitance of the ca-
pacitor C1 is sufficiently large, the LED 10 will be supplied with an essen-
tially constant voltage in spite of the cyclic operation of the multiplexer 36.
The average current flowing through the LED and, consequently, the light
intensity of the LED 10 will be determined by the pulse width of the switch
T1 and by the duration of the channel-closed period of the multiplexer which
can both be controlled with the microcontrolier 40. Of course, the same ap-
plies to the load circuits 32, 33 and the LEDs 12, 14.

In most practical applications, the (average) output voltages and currents
supplied to the LEDs 10, 12 and 14 will have to be different from one an-
other in order to obtain the correct mixture of colors, i. e. the desired color
temperature of the light source. A first way of controlling the output powers
for the three LEDs 10, 12, 14 separately from one another will now be de-

scribed by reference to Fig. 3.

A first wave form 42 shown in Fig. 3 is that of the signal that is output by
the microcontroller 40 and controls the switch T1. The other three wave
forms 44, 46 and 48 in Fig. 2 show the sequence of "open" and "closed"
states of the three channels M1, M2 and M3 of the multiplexer 36.
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For illustration purposes, each of these wave forms 44 - 48 is shown to have
a period of 360 ps, corresponding to 9 cycles of the wave form 42 and one
complete switching period of the multiplexer. The first channel M1 that is
associated with the load circuit 31 and the LED 10 is closed (conductive) for
the first three periods of the wave form 42 and open for the remaining six
periods. The channel M2 is closed for the subsequent (fourth to sixth) three
switch periods, i. e. its "closed" period is equal in duration to that of the
channel of M1. Consequently, the load circuits 31 and 32 receive the same
average energy, and the red and green LEDs 10 and 12 will in this example
be driven with an identical power (and hence an identical average current,
provided that the LEDs have the same forward voltage), as is indicated by
constant curves 50, 52 in Fig. 2. In contrast, the third channel M3 of the
multiplexer is closed only for two periods (the seventh and the eighth) in the
360 ps interval, and consequently the average current applied to the blue
LED 14 will be only two thirds of that applied to the LEDs 10 and 12. This

average current is indicated by the constant curve 54 in Fig. 3.

Thus, in this example, each period of the multiplexer will include the se-
quence: "RRRGGGBBO", wherein R, G, and B stand for energy packets deliv-
ered to the red, green and blue LED, respectively. and "0" stands for a

packet that is not delivered at all.

As another example, Fig. 4 shows modified wave forms 44' - 48' for the
channels M1 - M3, which wave forms would achieve the same relative inten-
sities of the LEDs as in Fig. 3. The difference is that, in Fig. 4, each period
of the multiplexer will include the sequence: "RGBRGBRGO". This pattern, in
which the energy packages are spread equally over the multiplex period, will
produce a much smaller and more high-frequent (thus cheaper to filter) rip-

ple in the outputs.

As is illustrated by these simplified examples, the brightness of the red,
green and blue LEDs 10, 12, 14 can be controlled individually by determin-
ing the number of pulses of the switch T1 for which the corresponding chan-
nels M1, M2, M3 of the multiplexer 36 are closed. In general, the period of
the multiplexer is n times the cycle period of the switch T1 (n being an inte-
ger). In a practical embodiment, the period of the multiplexer 36 will be con-

siderably larger than 360 ps (9 pulses) and may for example be 40 ms, cor-
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responding to 1000 pulses of the switch T1. Then, of course, the power dis-
tribution among the three outputs can be varied in very fine steps, i. e.
quasi-continuously. Yet, the multiplex period of 40 ms corresponds to a re-
peat frequency of 25 Hz, which is still high enough to prevent any flicker of
the LEDs to become visible to the human eye, even when the output voltages

(voitage drops at the capacitors C1 - C3) are not exactly constant.

It will be noticed that the repeat cycle of the multiplexer 36 may include
some pulses where none of the three channels M1 - M3 is closed. In the ex-
ample shown in Fig. 3, this is the case for the ninth and last pulse of the
360 us period. During - or rather subsequent to - this cycle, the secondary
current of the transformer TR flows through the diode D4 and loads a ca-
pacitor C4 connected in series therewith. Thus, by providing a sufficient
number of pulses where all multiplex channels are open, the capacitor C4,
whose capacity will be small in comparison to that of the capacitors C1 - C3,
may be kept in a loaded state, in spite of a load circuit 56 being connected

in parallel thereto.

The microcontroller 40 has a monitor input M connected to the plus side of
the capacitor C4, and is programmed to control the number of pulses where
all of the channels of the multiplexer are open to be large enough to hold the
voltage at a point between the diode D4 and the capacitor C4 at at least 10
V. The load circuit 56 is in this case a known voltage divider circuit, which
may include a Zener diode or the like and is used to convert the voltage of
10 V into a stabilized voltage of 5 V serving as power supply for the micro-
controller 40. Thus, the power converter according to the invention provides
not only three separately controllable DC voltage outputs but provides also a

DC power supply for its own control circuitry.

As is further shown in Fig. 1, an oscillation circuit 58 is connected to the
DC input 26 and has its output connected, e. g. via a DiAc (not shown), to
the gate of the switch of T1. Immediately after the manually operable switch
24 has been closed, the microcontroller 40 lacks power supply and is not
operating. Then, the oscillator circuit 58 will provide pulses for controlling
the switch T1 (with non-controlled duty cycle). Since the microcontroller
does not operate, all channels of the multiplexer 36 are open and the entire

output power is used to load the capacitor C4. As soon as the latter has
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reached the necessary voltage of 10 V, the microcontroller 40 starts to oper-
ate and overrules the oscillator 58 so as to control the switch T1 with a de-

fined duty cycle and also to control the multiplexer 36.

As is further shown in Fig. 1, a diode D5 is connected between the cathodes
of the diodes D4 and D1. During the normal operation of the power con-
verter, this diode D5 will be blocked, because the voltage of the capacitor C4
(10 V) will be larger than the voltage of any of the capacitors C1, C2 and C3.
However, when the manually operated switch 24 is opened and the voltage
at the DC input 26 falls off rapidly, the capacitor C4 will discharge via the
voltage divider 56, and as soon as its voltage drops below that of the capaci-
tor C1, a current flows through the diode D5 and the further discharge of
the capacitor C4 is retarded until the capacitor C1 has also been dis-

charged.

As a result, the microcontroller 40 is still capable of operating for one or two
seconds after the switch 24 has been opened. This function may be used, for
example, for sending instructions to the microcontroller 40 by shortly open-
ing the switch 24 and than closing it again before the microcontroller stops
operating. The microcontroller 40 can be programmed to detect (via input M)
this brief cut-off in the power supply and to interpret this as a control signal
causing it to switch to a different operating mode, e. g. another dimming
mode for the LEDs 10, 12, 14. If the switch 24 remains open for a longer pe-
riod of time, the microcontroller 40 stops operating, and when a new start-
up is performed by means of the oscillator circuit 58, the microcontroller

will start again in its default mode.

The monitor input M of the microcontroller can also be used for detecting a
condition in which one of the output circuits is open, e. g. due to a missing
or defective LED, and to switch off the converter in order to protect the ca-
pacitors against damage. When such a condition occurs, the voltage drop at
the corresponding capacitor C1, C2 or C3 will increase, because the capaci-
tor can no longer be discharged. As a result, the voltage at the input M will
also increase, and when it exceeds +10V by a certain amount, this can be

taken as an indication that an output circuit is interrupted.
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Another possible mode of operation of the power converter shown in Fig. 1

will now be explained by reference to Fig. 5.

A wave form 60 in Fig. 5 indicates the state of the switch T1. The period of
the multiplexer 36 is assumed to be 400 ps for illustration purposes, i. e. it
covers ten cycles of the wave form 60. As is shown by wave forms 62, 64 and
66. each of the channels M1, M2 and M3 is closed for an interval of the
same length, each covering three periods of the switch T1. Thus, in this em-
bodiment, each of the output circuits 31, 32, and 33 receives a like number
of energy packets. However, when the channel M3 for the blue LED 14 is
closed, the microcontroller 40 operates the switch T1 with a shorter duty cy-
cle, with t'he result that the energy packets delivered to the output circuit 33
are smaller, and this results in different average output currents for the
LEDs 10 and 12 on the one hand and the LED 14 on the other hand.

Of course the concepts illustrated in Figs. 3, 4 and 5 may be combined with

one another in order to finely control the output voltages of the converter.

The capability of the microcontroller 40 to vary the duty cycle of the switch
T1 may also be utilized for another purpose. To illustrate this, Fig. 6 shows
a circuit diagram of a typical AC/DC converter which may used as the con-
verter 16 in Fig. 1. This converter includes an input capacitor C6, a (fusible)
resistor R6, a diode bridge 68 and an output capacitor C7. If the capacitor
C7 has a high capacitance, it will largely smoothen the output voltage deliv-
ered to the DC input 26, i. e. the capacitor C7 will retain an essentially con-

stant charge level.

Thus, in order for a charge current to flow through the diode bridge 68, the
voltage drop between either terminal 20 or terminal 22 and the ground level
of the device (negative electrode of capacitor C7) must be larger than the es-
sentially constant voltage drop across the capacitor C7. For the input side of
the AC/DC converter 16 and hence for the power grid connected to it, this
results in a current wave form 70 with the general shape shown by the up-
per graph in Fig. 7. The lower graph in Fig. 7 shows the corresponding wave
form of the voltage U at the DC input 26. It can be seen that the wave form

72 of this voltage U is essentially constant and shows only minor ripples 74.
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However, the current wave form 70 shown in Fig. 7 is very unfavorable in
terms of power quality of the grid, because it makes it difficult for the pro-
vider to maintain an essentially sinusoidal wave form of the grid voltage.
This is why power companies have established standards which apply to all
devices having a power consumption of more than a certain limit and which
forbid wave forms of the type shown by the wave form 70. Moreover, when a
standard TRIAC-type dimmer would be used for dimming an LED light
source that is driven by this power converter, wave forms of this type would

involve the risk of destroying the dimmer.

In order to avoid these problems, it is possible in the power converter ac-
cording to the invention to use a capacitor with a relatively low capacitance
as the output capacitor C7. Then, this capacitor will discharge almost com-
pletely during each half cycle of the power grid voltage. The resulting cur-
rent wave form 76 is shown in the top part of Fig. 8. It can be seen that this
wave form is more similar to a sine curve and therefore fulfills the pertinent
reglementations. On the other hand, however, the corresponding wave form
78 of the output voltage U is far from being constant, as is shown in the

lower part of Fig. 8.

When a voltage with the wave form 78 is supplied to the DC input 26 of the
AC/DC converter 18, and the switch T1 is operated with a constant duty cy-
cle (as in Fig. 3), then the content of the energy packets supplied to the load
circuits 31, 32, 33 would depend upon the momentaneous value of the voit-
age U, and the average brightness of the corresponding LED could vary long-
periodically in accordance with the phase relation between the oscillations of

the wave form 78 and the multiplex cycle.

This undesired effect can be avoided by varying the duty cycle of the switch
T1 synchronously with the fluctuations of the voltage U (as indicated by the

wave form 78).

As is shown in Fig. 1, a synchronizing circuit 80 is provided for synchroniz-
ing the microcontroller 40 with the AC/DC converter 16. This is particularly
easy, for example, when the multiplex period (40 ms in a practical embodi-
ment)} is equal to or an integer multiple of the grid voltage period (20 ms).

Then. for each control pulse which the microcontroller 40 delivers to the
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switch T1, the momentanous value of the voltage U is known, and the accu-
mulation of energy in the transformer can be calculated as a function of
time. From this, a variable duty cycle and multiplex pattern (all line syn-
chronized) can be pre-determined such that the transformer receives the
same amount of energy in every pulse, irrespective of the momentanous
value of the voltage U. In other words, the microcontroller 40 is used for

compensating for fluctuations in the voltage applied to the DC input 26.

Similarly, the microcontroller may be used to detect and compensate for
fluctuations of the DC voltage that result from fluctuations in the AC voltage
at the terminals 20, 22.

The synchronization between the AC/DC converter and the microcontroller
40 is useful also when the voltage applied to the DC input 26 is essentially
constant, as in Fig. 7, and shows only the minor ripples 74. Then, the syn-
chronization prevents these ripples 74 from interfering with the periodicity

of the multiplexer 36.

In the example shown in Fig. 1, the converter is an isolated power converter
in which an input ground Gi on the primary side of the transformer TR is
isolated from an output ground Go on the secondary side. In this case, the
transformer TR is an isolated transformer, and the synchronizing circuit 80
is a high-ohmic differential synchronizer. Further, the microcontroller 40

controls the switch T1 via an isolated driver 82.

The multiplexer 36 is preferably formed by N-channel MOS-FET switches
which can be controlled by the microcontroller 40 via single-ended signals,
so that no level-shifting and no differential amplifiers (high-side drivers) are
required. In this context, it is also an important feature of the invention
that, for each of the output circuits, the diode (e.g. D1), the output circuit
(e.g. 31) and the multiplexer 36 are arranged in that order as seen in the di-

rection of the current flow determined by the diode.

Since a parallel-multiplex principle is employed, it is possible to connect
parallel capacitances such as the capacitors C1, C2 and C3 in the load cir-
cuits 31 - 33. These parallel capacitances result in an almost pure DC cur-

rent through the LED despite the disrecte energy packages.
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In the example illustrated in Fig. 2, the converter is operated in a discon-
tinuous mode, which means that, in each cycle P of the switch T1, the sec-
ondary current Is has time enough to drop to zero before the next pulse oc-
curs. In comparison to a continuous mode, this has the advantage that the
secondary current I; takes the form of distinct pulses or energy packets each
of which has a well defined energy content and which are separated by zero-
current time intervals. Preferably, as is shown in Fig. 3, for example, the
channels of the multiplexer are switched on and off in those intervals in
which the switch T1 is closed. As can be seen in Fig. 2, these intervals cor-
respond to intervals in which the secondary current Is is zero. As a conse-
quence, switching losses can be minimized and the exact switch timings of
the multiplexer channels are not critical, as long as they are located in said

zero-current interval.

The lowest diagram in Fig. 2 shows the voltage drop Ut across the switch T1,
including voltage peaks and oscillations that are caused by stray induc-

tances and capacitances in the circuit.

‘In particular, a voltage oscillation is produced at the time when the secon-

dary current Is reaches zero-level again. A very efficient reduction of switch-
ing losses is possible by adopting the so-called valley-switching principle,
which means that the switch T1 is closed at the very instant in which the
voltage oscillation has a minimum, i.e. at the times t1 in Fig. 2 (this princi-

ple has however not been used in the example shown in Fig. 2).

On the other hand, if it is necessary to obtain a precisely defined energy
content of each output current pulse or energy packet, it is advisable to
close the switch T1 at a time when the oscillation of the voltage Ut has prac-
tically decayed to zero, so that the rise of the current I; in the next pulse
will not be affected by any voltage fluctuations. This principle, which has
been used in the example shown in Fig. 2, is particularly appropriate when
the intensity of the LEDs is to be controlled directly, and no feedback-con-
trol is provided. The dampening of the oscillations of the voltage Ut may be
accelerated by connecting an appropriate dampening circuit, e.g. an R-C-

network, in parallel to the switch T1 (active or passive snubbering).
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Fig. 9 illustrates a possible supplement to the circuit that has been shown
in Fig. 1, for implementing the function of a smart fan drive for a fan 84 that
may serve to cool the LEDs 10, 12, 14. The positive power supply terminal of
the fan 84 is connected to the first secondary terminal 34 of the transistor
via a diode D6 and a resistor R1, in parallel to the diodes D1 - D3 and the
load circuits 31, 32, 33. The negative terminal of the fan 84 is connected to
the negative terminals of each of the LEDs 10, 12, 14 via respective diodes

D7, D8 and D9, and a capacitor C8 is connected in parallel to the fan 84.

Thus, in a certain sense, the circuit including the fan 84 forms another load
circuit of the converter, with the particular feature that the minus side of
this circuit is not connected directly to the multiplexer but to the minus ter-
minals of the LEDs. This has the effect that the voltage drop across the ca-
pacitor C8 and, accordingly, the drive power for the fan 84, is proportional
to the maximum of the average of the voltage drops across each of the LEDs
10. 12, 14. Consequently, the cooling power of the fan varies in proportion
to the heat generated by the LED that is driven with the highest power.

The power converter that has been described above is particularly suited for
use as an LED driver and permits individual control of the intensities of the
different LED colors. Of course, its use is not limited to three LED colors.
The converter might have four or more outputs for controlling LEDs in more
than three colors, e. g. RBGA (A = amber), so as to enrich the light spec-
trum. Individual feedback control of each output may easily implemented so
as to automatically compensate for drifts in intensity, color temperature or
the like, that may be caused by aging of the LEDs or by environmental influ-
ences, in particular the temperature of the LEDs. On the other hand, even
when no feedback control is provided, the possibility to precisely adjust the
intensities of the LEDs 10, 12, 14 relative to one another permits to signifi-
cantly reduce the accuracy requirements and hence the costs for "binning"

the LEDs.

However, the power converter is not limited to this application but may be
used for other purposes, €. g. as a power supply for PCs and other electronic
devices. Moreover, the converter need not necessarily be combined with the
AC/DC converter 16, as in the shown embodiment, but it might also be a

stand-alone DC/DC converter.
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It will be noticed that the converter that has been shown in Fig. 1 has the
topology of a fly-back converter. Practically all design modifications that are
known for fly-back converters are also applicable to the converter according
to the invention. Moreover, the invention is not limited to the fly-back topol-
ogy and may analogously be applied to other converter topologies. Fig. 10 il-
lustrates an example of DC/DC converter wherein all the load circuits have

a common minus pole.

Whereas, in the embodiments shown in Figs. 1 and 9, the average voltages
of the minus terminals of the LEDs are "floating” independently of one an-
other, Fig. 10 shows an embodiment of a DC/DC-converter in which the par-
allel load circuits have a common pole. This has the advantage that the out-
put voltages can easily be measured (and feedback-controlled) without the

need of a differential amplifier.

The converter shown in Fig. 10 converts an input voltage of, e.g., 12 Volit
into independently controlled output voltages of, e.g., O - 24 Volt across the
load circuits 31, 32, 33. The DC input 26 is in this case formed by the plus
pole of a battery 86, and all the load circuits, which comprise a load (repre-
sented by a resistor) and a parallel capacitance, have one end connected di-
rectly to the plus pole of the battery 86. The inductive element is in this
case formed by a single inductance (coil) L1 that has its first (input and out-
put) terminal 34 connected to the diodes D1 - D3 and, via the switch T1, to
the minus pole of the battery 86, whereas the second (input and output) ter-
minal 38 is connected to the plus pole of the battery and hence to the com-

mon pole of the load circuits 31 - 33.

Each channel of the multiplexer 36 comprises a P-channel MOS-FET P1, P2,
P3 connected between one of the diodes D1 - D3 and one of the load circuits.
The gate of each of the P-channel MOS-FETs is controlled by resistors R7,
R8 and an N-channel MOS-FET N1, N2, N3 that is directly controlled by the
microcontroller 40. Thus, in this case, level shifting is employed for control-

ling the multiplexer.

The design shown in Fig. 10 utilizes a relatively cheap single inductive ele-
ment rather than a transformer and permits to control the output voltage

below the input voltage. No differential amplifiers are needed.
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Fig. 11 illustrates an example of a converter wherein some of the output cir-
cuits provide a positive output voltage and others provide a negative output

voltage relative to a common ground.

In this case, the inductive element is again a transformer TR', which, how-
ever, has a central tap in the secondary winding. This central tap forms the
second output terminal 38 and serves as a common ground for all the load
circuits which, in Fig. 11, have been represented by only two load circuits
31, 32. The load circuit 31 (and several additional load circuits that have
not been shown) provide a positive output voltage and are located in a posi-
tive branch of the converter, whereas the load circuit 32 (and several other
load circuits which have not been shown) provide a negative output voltage

and are arranged in a negative branch of the converter.

The multiplexer channel M1 in the positive branch includes a P-channel
MOS-FET P11 between the diode D1 and the load circuit 31. The gate is con-
trolled via resistors R9, R10 and an N-channel MOS-FET N11 that is directly
controlled by the microcontroller 40. In contrast, the multiplexer channel
M2 in the negative branch includes an N-channel MOS-FET N12 between the
load circuit 32 and the diode D2. The gate of this MOS-FET is controlled via
a P-channel MOS-FET P12 and resistors R11, R12. The gate of the MOS-FET
P12 is controlled directly by an output of the microcontroller 40, and the
source is connected to a constant positive voltage V+, e.g. the drive voltage
for the microcontroller 40, so that the P-channel MOS-FET P12 becomes

conductive when a zero voltage is output from the microcontroller.
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CLAIMS

1. A power converter comprising a DC input (26) connected to an induc-
tive element (TR; L1), a switch (T1) arranged to interrupt the inductive cur-
rent cyclically with a predetermined cycle period, a plurality of load circuits
(31, 32, 33), and a multiplexer (36) having a plurality of parallel channels
(M1, M2, M3) between first and second output terminals (34, 38) of the in-
ductive element (TR), wherein each channel includes one of the load circuits
(31, 32, 33}, and the multiplexer is adapted to make the channels conduc-
tive sequentially and periodically, characterized in that the multiplexer has
a switching period that is a multiple of the predetermined cycle period of the
switch (T1).

2. The power converter according to claim 1, wherein the inductive ele-
ment is a transformer (TR: TR') having the switch (T1) on the primary side

and the output circuits (31, 32, 33) on the secondary side.

3. The power converter according to claim 2, wherein the transformer (TR)

is isolated.

4. The power converter according to any of the preceding claims, compris-
ing a controller (40) controlling the multiplexer (36) for controlling the out-
put power of the load circuits (31, 32, 33) by determining the numbers of cy-
cle periods of the switch (T1) for which the channels (M1, M2, M3) of the
multiplexer that are associated with the individual load circuits are conduc-

tive in each multiplex period.

5. The power converter according to claim 4, wherein the controller (40) is
adapted to control the switch (T1) to operate the converter in a discontinu-
ous mode, and to control the multiplexer (36) to switch from one channel to

another in time intervals where the inductor current is zero.

6. The power converter according to claim 4 or 5, wherein the controller
(40) is adapted to control the multiplexer (36) to switch to another channel

after each cycle period of the switch (T1).
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7. The power converter according to any of the preceding claims, compris-
ing a controller (40) controlling the multiplexer (36) and the switch (T1) and
adapted to vary the duty cycle (D) of the switch (T1) in accordance with the
identity of the load circuit (31, 32, 33) for which the multiplexer channel
(M1, M2, M3) is conductive.

8. The power converter according to any of the claims 4 to 6, comprising
an AC/DC converter (16) converting an AC voltage into a DC voltage to be
applied to the DC input (26), and further comprising a synchronization cir-
cuit (80) synchronizing the controller (40) with the AC voltage.

9. The power converter according to claim 8, wherein the controiller (40) is
adapted to vary the duty cycle (D) of the switch (T1) so as to compensate for

fluctuations of the DC voltage.

10. The power converter according to claim 9, wherein the AC/DC con-
verter (16) is adapted to supply a periodically fluctuating DC voltage to the
DC input (26), and the controller (40) is adapted to vary the duty cycle (D) of
the switch (T1) periodically.

11. The power converter according to any of the preceding claims, compris-
ing control circuitry (40) for controlling the switch (T1) and the multiplexer
(36), and an additional load circuit {56) connected in parallel with the other
load circuits (31, 32, 33) but connected directly to the second output termi-
nal (38) of the inductive element and providing an operating voltage for the

control circuitry (40).

12. The power converter according to claim 11, comprising an oscillator
(58) adapted to control the switch (T1) during a start-up phase of the con-
verter, until the additional load circuit (56) provides a sufficient operating

voltage for the control circuitry (40).

13. The power converter according to claim 11 or 12, wherein at least one
of the load circuits (31, 32, 33) that are connected to the multiplexer (36) in-
cludes an LED (10) as the load and a capacitor (C1) connected in parallel to
the LED. and said capacitor (C1) is connected to the additional load circuit

(566) via a diode (D5), so that the capacitor (C1) may discharge and keep the
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control circuitry (40) operating for a certain time when the voltage at the DC
input (26) falls off.

14. The power converter according to any of the claims 11 - 13, wherein
the control circuitry (40) is adapted to monitor the voltage supplied to the
additional load circuit (56), thereby to detect a condition in which at least

one of the load circuits (31, 32, 33) is interrupted.

15. The power converter according to any of the preceding claims, wherein
one of the load circuits includes, as the load, a fan (84) that is connected to
the multiplexer (36) in common with a floating terminal of at least one of the
other output circuits (31, 32, 33), so that the power of the fan (84) is de-

pendent on the power consumption of said at least one other output circuit.
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