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ELECTRONICS NV" A circuit drives an LED array and controls the brightness of 
EINDHOVEN (NL) the LED array by regulating the current ?owing through the 

array. The LED array is driven by a pulse-shaped current of 
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the following types of modulation: frequency modulation, 
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SWITCHING DEVICE FOR DRIVING LED 
ARRAY BY PULSE-SHAPED CURRENT 

MODULATION 

[0001] This application is a continuation of Us. patent 
application Ser. No. 10/504, 1 39 ?led onAug. 10, 2004, Which 
is a national stage application under 35 U.S.C. §37l of Inter 
national Application No. PCT/IB2003/004l 8 ?led on Feb. 6, 
2003, Which claims priority to European Application No. 
020756276, ?led on Feb. 14, 2002, all of Which are hereby 
incorporated herein by reference. 
[0002] The invention relates to a switching device for driv 
ing a LED array. 
[0003] WQ 0020691 has disclosed a LED array serving as 
road marking. The brightness of the relevant road marking as 
perceived by the traf?c participant is considerably in?uenced 
by the local circumstances such as, for example, the time of 
day and prevailing Weather conditions. On the one hand, the 
perceived brightness is to be suf?ciently great for a proper 
observance of the marking and, on the other hand, this bright 
ness should remain limited to avoid a tra?ic participant’s 
attention being distracted too much from other observations 
Which are of importance for safe traf?c handling, or to avoid 
daZZling. 
[0004] The invention provides a solution to the problem 
thus arisen. According to the invention, a sWitching device for 
driving a LED array is characterized in that the sWitching 
device comprises means for driving a LED array With a pulse 
shaped current of mean strength and for regulating the mean 
strength of the current ?oWing through the LED array by 
means of at least one of the folloWing types of modulation: 
frequency modulation, pulse Width modulation, and ampli 
tude modulation of the pulse-shaped current. Regulation is 
preferably effected With a combination of tWo types of modu 
lation of the pulse-shaped current. 
[0005] Since light generation of a LED is dependent on the 
current strength through the LED, pulse-shaped current regu 
lation is highly advantageous because pulse-shaped regula 
tion can be realiZed by modern electronic poWer supply cir 
cuits in a relatively simple Way. By combining at least tWo 
kinds of modulation of the current ?oWing through the LED, 
an extraordinarily Wide control range for the mean current 
strength is realiZed. In consequence, the brightness of the 
marking formed by the LED array can be adapted Well to the 
locally prevailing circumstances, Which circumstances may 
be subject to major changes. The control range may be advan 
tageously increased by a combination of the three types of 
modulation. 
[0006] A suitable form of controlling the brightness 
through regulation of the average or mean current (having a 
strength or level referred to as Inom) ?oWing through the LED 
array is based on a regulation by means of pulse-Width modu 
lation for a current strength in a range betWeen the mean 
nominal current level Inom and 0.05 Inom, With amplitude 
modulation superimposed thereon so as to regulate the mean 
current strength Inom in a range from 0.05 Inom to 0.05 *10‘3 
Inom. 
[0007] The invention Will be further explained With refer 
ence to a draWing of an embodiment of a sWitching device 
according to the invention. 
[0008] The sWitching device as shoWn in FIG. 1 has an 
input J P1 for connection to a supply source. The general 
property of LEDs that there is only a small forWard voltage 
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across the LED in operating condition means that a loW 
voltage supply source may be used. An output JP2 is suitable 
for connecting the LED array to be operated. For a simple 
veri?cation of the operation of the sWitching device, a series 
combination of a LED D2 and a resistor R9 is connected in 
parallel to the output. 
[0009] A semiconductor sWitching element Q3 in parallel 
to the output and the series combination is present, a main 
electrode EQ3 of Which element is connected to a main elec 
trode EQ2 of a semiconductor sWitch Q2 Which is connected 
betWeen input and output. A control electrode GQ2 of semi 
conductor sWitch Q2 is connected to a control electrode GQ3 
of the semiconductor sWitching element Q3 and to a shared 
control circuit. 
[0010] The control electrodes GQ2 and GQ3 are connected 
to a center tap 2 of a potentiometer RIO, Which is connected 
in series With a transistor QI. The position of the center tap 2 
of the potentiometer RIO determines the degree of current 
conduction through the semiconductor sWitch Q2 and the 
semiconductor sWitching element Q3. 
[0011] The series combination of potentiometer RIO and 
transistor QI constitutes an output of a pulse-Width modulator 
formed around an opamp U2B. An output 7 of opamp U2B is 
connected to a base of transistor QI. Input 5 of the opamp U2B 
is connected to a capacitor C5 as part of an oscillator, and 
input 6 of opamp U2B is connected to a variable voltage 
divider R7, R6, R5. The time per cycle of the oscillator 
frequency during Which the signal at output 7 turns transistor 
QI on or off respectively, can be varied by means of the 30 
variable voltage divider, so that the pulse Width of the current 
pulse is varied by the semiconductor sWitch Q2. 
[0012] Capacitor C5, opamp U2A, and opamp U2B form 
part of an oscillation circuit in Which the capacitor C5 
together With impedances R4 and R12 constitutes a voltage 
divider circuit. R4 is herein an adjustable resistor, Which 
achieves that the frequency generated by the oscillation cir 
cuit can be adjusted and can therefore be varied. In conse 
quence, the current pulse frequency Will vary accordingly. 
[0013] In a practical realiZation, the opamps U2A and U2B 
are constituted by a single integrated circuit (IC) of the type 
TS393CN. Transistor QI is of the type BC548C, semiconduc 
tor sWitch Q2 of the type BC639, and semiconductor sWitch 
ing element Q3 of the type BC640. The oscillator circuit has 
a default frequency of 200 HZ. Potentiometer RIO has a 
strength of 4.7 k? and has a 100% control range. The sWitch 
ing device is intended to be connected to a 15V DC supply 
source. The sWitching device drives a LED array for road 
marking, Which LED array comprises a total of 400 LEDs of 
the type Nichia NSPW300BS. In nominal condition the sup 
ply is effected such that the mean current ?oWing through 
each LED of the array is 20 mA. Brightness control doWn to 
a level corresponding to a mean current through each LED of 
1 mA takes place exclusively by varying the voltage divider 
R7, R6, R5. The pulse Width is then modulated to a 2% duty 
cycle. For further reduction of the brightness, the setting of 
the potentiometer RIO is varied. When the complete control 
range of the potentiometer RIO is utiliZed, the mean current 
?oWing through each LED can be reduced to 1 [1A. 

1. A sWitching device for driving an LED array, the sWitch 
ing device comprising a drive generator con?gured to modu 
late a mean strength of a current provided to the LED array by 
a ?rst modulation type, a second modulation type, and a third 
modulation type. 
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2. The switching device of claim 1, wherein the ?rst modu 
lation type is pulse-width modulation, the second modulation 
type is amplitude modulation, and the third modulation type 
is frequency modulation. 

3. The switching device of claim 1, wherein the ?rst modu 
lation type is con?gured to reduce the mean strength from 
lnom to 0.05 lnom, the second modulation type is con?gured 
to reduce the mean strength to less than 0.05 lnom, and the 
third modulation type is con?gured to reduce the mean 
strength to 0.05 *10'3 lnom. 

4. The switching device of claim 3, wherein the ?rst modu 
lation type is pulse-width modulation, the second modulation 
type is amplitude modulation, and the third modulation type 
is frequency modulation. 
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5 . A switching device for driving an LED array, wherein the 
switching device comprises a drive generator con?gured to 
provide a current havin a mean strength which is reducible 
from lnom to 0.05* 10' lnom using three different types of 
modulation. 

6. The switching device of claim 5, wherein the three 
different types of modulation include pulse-width modula 
tion, amplitude modulation, and frequency modulation. 

7. The switching device of claim 6, wherein the pulse 
width modulation is con?gured to reduce the mean strength 
from lnom to 0.05 lnom, the amplitude modulation is con?g 
ured to reduce the mean strength to less than 0.05 lnom, and 
the frequency modulation is con?gured to reduce the mean 
strength to 0.05"‘10'3 lnom. 

* * * * * 


