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High Speed LED Driver

The present invention relates to an electronic device for

driving a light emitting semiconductor device, and a

corresponding method.

Since light projecting systems and television devices become

more and more sophisticated, there is a general desire to

achieve a high power conversion efficiency. Therefore, light

emitting semiconductor devices such as, for example, light

emitting diodes (LED) are used as light sources. There are

various different ways to produce grey scale or color pictures

based on highly sophisticated and miniaturized optical light

guiding means that are electrically controlled. One example is

digital light processing (DLP®) using a digital micro mirror

device (DMD) for light projection. DMD based technologies, and

also other light projecting technologies, need very fast

switching light emitting semiconductor devices in order to

display pictures according to current quality standards.

However, conventional architectures and circuits used for

switching LEDs fail to provide sufficiently precise and quick

switching behavior.

It is an object of the present invention to provide an

electronic device for driving light emitting semiconductor

devices, which allows fast and precise switching of the light

emitting semiconductor devices with a relatively low power

consumption .

According to a first aspect of the invention, an electronic

device including circuitry for driving a light emitting

semiconductor device is provided. The circuitry includes a first

switch for being coupled with the light emitting semiconductor

device for switching a current through the light emitting

semiconductor device. There is a sensing means for sensing a



magnitude of the current and for outputting a respective sensing

signal. An error amplifier receives the sensing signal and a

preset target value relating to the desired current. The error

amplifier is adapted to provide a first control voltage based on

the deviation of the current's actually sensed magnitude of the

current and the preset target value. A lowpass filter is coupled

to the error amplifier for filtering the first control voltage

and for providing thereby a second control voltage. A voltage

follower is coupled to the lowpass filter and the first switch

for receiving the second control voltage and providing a third

control voltage for controlling the switching activity of the

first switch. Eventually, there is a second switch for switching

a supply current of the voltage follower for switching the

voltage follower on and off.

According to this first aspect of the invention, the first

switch is controlled in a rather indirect manner by switching a

voltage follower on and off, which in turn receives a specific

second control voltage at the input. The second control voltage

at the input of the voltage follower is buffered by a lowpass

filter, which means that the second control voltage varies only

slowly compared to the switching activity of the first switch

and the voltage follower. Accordingly, it is possible to switch

the first switch very quickly by switching the voltage follower

on and off, thereby achieving a very precise target value for

the third control voltage, as the third control voltage is

produced by the voltage follower on the basis of the second

control voltage, which is maintained during the switching

activity. The voltage follower can be dimensioned to settle

quickly and precisely. This allows the light emitting

semiconductor device to be controlled in a much more precise and

quick way compared with the prior art. The first switch in the

context of the present invention may advantageously be a

transistor. Therefore, the first switch is to be understood as a

switching means that can be gradually opened rather, than having



only two states. Therefore, it is particularly advantageous to

have a precise third control voltage level, which is applied to

a control input of the transistor (e.g. the gate of a MOSFET or

the base of a bipolar transistor) , so as to establish a

precisely determined amount of current through the switching

device .

Any architecture of a lowpass filter may be used.

Advantageously, the lowpass filter includes a buffering

capacitor for buffering the second control voltage at the input

of the voltage follower, and a third switch, which is coupled

between the output of the voltage generator and the first

buffering capacitor. The buffering capacitor serves to maintain

the second control voltage at the input of the voltage follower

and thereby provides a low pass filtering characteristic with

respect to fast changes of the voltage level at this node. In

order to decouple the input of the voltage follower from

undesired changes, a third switch is provided that can

disconnect the input of the buffered input voltage node of the

voltage follower from the error amplifier's output.

Further, the second switch and the third switch can be

arranged to be alternately switched on and off with respect to

each other, and such that the second control voltage on the

buffering capacitor is only coupled to the error amplifier when

the light emitting semiconductor device is on. The second

control voltage is controlled in such a way that a specific

behavior (e.g. a specific luminance or intensity of the emitted

light) of the light emitting semiconductor device is achieved.

The amount of current flowing through the light emitting

semiconductor device can be determined only while the

semiconductor device is turned on. This is the right moment to

update or to refresh the second control voltage on the buffering

capacitor through the error amplifier. However, when the light

emitting semiconductor device is switched off, i.e. the voltage
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follower is switched off, the voltage on the buffering capacitor

is substantially frozen and maintained. Thereby, a decoupled

second control voltage is provided that changes only rather

slowly.

In order to further improve the switching behavior, a constant

current source can be coupled to the first switch. This is

particularly useful if the first switch is a transistor, for

example, a MOSFET. The constant current source may then be used

to rapidly discharge the gate of the MOSFET transistor in order

to increase the switching speed. The voltage follower can

include a MOSFET transistor, i.e. it can, for example, be

implemented by use of a single MOSFET. In this situation the

supply current, which is switched in order to turn the voltage

follower on and off, can be the drain current through the MOSFET

transistor. The electronic device can then include a

programmable current source coupled to the MOSFET transistor in

order to flexibly adjust the drain current. This configuration

allows the rise and fall times, i.e. the switching speed of the

voltage follower, to be adjusted flexibly, for example by using

configuration commands.

The light emitting semiconductor device can further be coupled

to a regulated voltage supply, which could be for example any

switch mode power converter, as for example a boost converter

or a buck converter. In this case, a tracking stage can be

provided, which is coupled to the input of the voltage follower,

i.e. to the second control voltage, in order to determine the

voltage level of the second control voltage. The tracking stage

can then be adapted to adjust the supply voltage level of the

regulated voltage supply for the light emitting semiconductor

device through a modulation control signal (e.g. a voltage

level) so as to minimize a voltage drop across the first switch

in an ON-phase of the light emitting semiconductor device. This

configuration ensures that the first switch is opened far enough



in order to provide sufficient current through the light

emitting semiconductor device with a minimum voltage drop cross

the switch. This aspect of the invention takes account of power

losses in the switch, which are to be minimized.

According to an aspect of the invention, the electronic device

may include several times the circuitry for driving a light

emitting semiconductor device, so as to drive a plurality of

light emitting semiconductor devices. Each such driving stage

can then be coupled through the same or several tracking stages

to a regulated power supply for tracking the supply voltage for

each of the plurality of semiconductor devices. This is

particularly useful for a plurality of light emitting

semiconductor devices, such as for example a red, a green, and a

blue LED, if the light emitting devices are only switched

alternately or consecutively, such that never two of them are

switched on at the same time. This allows the supply voltage

level to be adapted to a plurality of devices by use of the same

mechanism.

The tracking stage can further comprise a window comparator

for comparing whether or not the second control voltage lies

within a target window of a maximum voltage level and a minimum

voltage level and for providing a comparator output voltage in

accordance with the comparison result. The comparator output

voltage can be sampled during an ON-phase of the light emitting

semiconductor device (i.e. a period of time during which the

light emitting semiconductor device emits light) on a sampling

capacitor. The sampled comparator output voltage can then be

used for refreshing the modulation control voltage. Further, the

tracking stage can be adapted such that the modulation control

voltage is only refreshed during an OFF-phase of the light

emitting semiconductor device. Advantageously, the period of

time for sampling comparator output voltage on the sampling

capacitor and the period of time for refreshing the modulation



control voltage are non-overlapping clock periods. This allows a

smooth and stepwise adjustment of the modulation control signal,

which in turn controls the supply voltage level to an optimum

level. Further, the updating of the modulation control signal

occurs only during the OFF-phase of the light emitting

semiconductor device, which prevents disturbances.

The present invention also relates to a method for driving a

light emitting semiconductor device. A current through the light

emitting semiconductor device is switched and sensed. Then a

deviation of the sensed current from a preset target value is

determined and a first control voltage for adjusting the current

in accordance with the determined deviation is provided. The

first control voltage is filtered with a lowpass filtering

means, so as to provide a smoothed second control voltage. The

second control voltage is then buffered with a voltage follower

so as to provide a third control voltage, which serves for

controlling the first switch. Eventually, the voltage follower

is turned on and off, so as to apply or not to apply the third

control voltage to the switch thereby switching the first switch

on and off. The second control voltage is updated by use of the

first control voltage, but only when the light emitting

semiconductor is switched on.

The light emitting semiconductor device is preferably a light

emitting diode (LED) , but the above-described aspects of the

present invention can also be advantageously applied to other

light emitting semiconductor devices, which are to be switched

rapidly, such as, for example, a laser.

Further details of the present invention will ensue from the

description herein below of the preferred embodiments with

reference to the accompanying drawings, in which:

-Figure 1 shows a simplified circuit diagram of a first

embodiment according to the present invention,



-Figure 2 shows a simplified circuit diagram of an embodiment

of the present invention, and

-Figure 3 shows a simplified circuit diagram of an aspect of

the present invention.

Figure 1 shows a light emitting semiconductor device, i.e. a

light emitting diode LED, which is coupled to a regulated supply

voltage VLED . The regulated voltage supply could be any switch

mode power supply, however only as an example a buck converter

is shown in Fig. 1 . The other side of the LED is coupled to an

NMOS transistor NM5 which is in series with a sense resistor

R SENS The NMOS transistor NM5 is used as a switch in order to

switch the current ILED through the LED. Further, a resistive

divider Rl, R2 is used to monitor the supply voltage VLED and to

provide a monitoring voltage VM, which is fed to an error

amplifier AMPl that generates an output signal for a control

stage CNTL. The control stage CNTL provides control signals to

NMOS transistors NMl and NM2 in order to control the voltage

conversion from the primary supply voltage VBAT and the LED

supply voltage VLED . Transistors NMl, NM2, the CNTL stage, as

well as the inductor L and the capacitor CO constitute a

regulated voltage supply. They are configured as a buck

converter, but a boost converter or a buck/boost converter

architectures may also be used. In order to provide a fast on

and off switching behavior of the LED, a stage TOP-DRV is

provided. The current through the LED is set by a value ISET,

which indicates the current ILED through the LED, if the LED is

switched on. In order to provide sufficiently quick switching

and low power consumption, the control stage TOP-DRV is

implemented as shown in Figure 2 .

Figure 2 shows a simplified circuit diagram of an embodiment

of the present invention. The NMOS transistor NM5 is used as the

switch for switching the current ILED through the LED. A third

control voltage VG3 at the gate of NM5 is controlled through a



voltage follower, which is built with NMOS transistor NM3 . The

second control voltage VG2 is generated by an error amplifier

AMP2, which receives a positive input voltage ISET at its

positive input and a sensing voltage level SEN at its negative

input. The input voltage ISET is chosen so as to achieve a

target value for the current ILED through the LED, during the ON-

phase of the LED. The current ILED can be determined based on

the luminance or brightness that the LED should provide. The

error amplifier compares the sensed voltage drop SEN across the

sense resistor R SENS with the target voltage level ISET and

outputs a corresponding first control voltage VGl . A switch TGl

(i.e. in this case a transfer gate) is coupled between the

output of the error amplifier AMP2 and the input of the NMOS

transistor NM3 . The transfer gate TGl serves to decouple the

error amplifier output from the voltage follower NM3 input (i.e.

the gate of NM3) . The gate voltage of NM3 is buffered by a

buffering capacitor Cl, which provides in combination with the

switched transfer gate TGl a smoothing and lowpass function.

However, other implementations having a lowpass characteristic

may be used. A programmable current source Il is coupled to NM3

through a PMOS transistor PMl. Also, a NMOS transistor NM4 is

coupled between the source of NM3 and ground.

During operation, the transistors PMl and NM4 are used to

switch the current through transistor NM3 on and off. There are

control signals LEDON and LEDOFF coupled to the transfer gate

TGl and to the switching transistors PMl, NM4 . If the control

signal LEDON is logic high, the transfer gate TGl opens and VG2

is updated by the output voltage VGl of the error amplifier

AMP2 . Thus the sensing signal SEN is only compared to the preset

target value ISET while current is flowing through transistor

NM5 and resistor R SENS The second control voltage VG2 is then fed

to transistor NM3, which is dimensioned and biased so as to

provide an appropriate third control voltage at its source, when

the control signal LEDOFF is low, i.e. during an ON-phase of the



LED. Also, PMl and the programmable current source Il are

dimensioned so as to achieve the appropriate voltage levels and

short rise times. If the control signal LEDOFF is high, i.e. the

LED should be off, NM4 is open and pulls down the gate of NM5 .

The pulling down effect can be supported by the constant current

source 12, coupled to node VG3 . Advantageously, the constant

current source 12 sinks less current than provided through the

programmable current source II, i.e. the magnitude of that sunk

by the constant current source 12 is smaller than the magnitude

of the supply current IDs3 of the transistor NM3 . Therefore, if

PMl is open, i.e. the control signal LEDOFF is low, the control

voltage VG3 is immediately pulled up, to a level basically

determined by VG2 . Since the second control voltage VG2 is

maintained during the OFF-period of the LED, the voltage

follower can almost immediately settle. A constant and precise

third control voltage level VG3 is then applied to the gate of

NM5 . By increasing IDS3 the rise time can be increased.

The control loop reaching from NM5, through R SENS AMP2, TGl,

Cl, and NM3 must be dimensioned so as to be stable. Self

excitation or oscillations have to be avoided and an appropriate

settling behavior should be provided. As example only, the

components can have the following properties. The amplifier AMP2

can have a limited transconductance of 10 µS. Further, the

capacitor Cl can have a capacitance of 100 pF, the current from

the constant current source 12 can amount to 10 µA , and the

programmable current source Il can be set to 50 µA . The sense

resistor R SENSE can have a resistance of 50 mΩ. This can allow a

maximum LED current ILED of about 2 A with a maximum voltage drop

across the sense resistor R SENS of 100 mV. If the buffering

capacitor Cl is chosen to be sufficiently large, the output of

the low pass filter keeps the voltage level of the second

control voltage basically constant while the LED is switched

off. Accordingly, the next activation of the switch (switching



transistor NM5 on) can be very fast. The turn on time is only

limited by the programmable current source II.

Further, a tracking stage TRK is coupled to the node VG2 and

outputting a control voltage VREFMOD, the functionality and

implementation of which will be described hereinbelow with

respect to Figure 3 . Figure 3 shows a simplified circuit diagram

of a tracking stage according to the present invention. A window

comparator consisting of amplifiers AMP3, AMP4 determines

whether or not the second control voltage VG2 is within the

voltage range defined by LEDCMAX and LEDCMIN. The amplifiers

AMP3, AMP4 are preferably transconductance amplifiers. The

output of the window comparator is coupled to a closed loop

configuration where a sampling capacitor Cs is enclosed by two

switches (or transfer gates) TG2 and TG3, which are alternately

activated. The control signals ON, ONZ, OFF, OFFZ are non-

overlapping clock signals, which can be derived from LEDON and

LEDOFF (which have been explained with respect to Fig. 2 ) . So,

ON is high during an ON-period of the LED, i.e. when the LED

emits light. OFF is high during an OFF-period of the LED, i.e.

while the LED is switched off. The character Z indicates the

complementary signal. The amplifier AMP5 is connected as a

voltage follower. LEDCMAX and LEDCMIN are typically set to

voltage levels close to VLED, which is the internal supply

voltage for the LED. For example, LEDCMAX = VLED -0,5 V and

LEDCMIN = VLED -1 V . The amplifiers are AMP3 and AMP4 can have a

limited transconductance of 100 µS and a maximum current drive

capability of 10 µA . R3 may be 25 kΩ.

When VG2 is below LEDCMIN, both (e.g. transconductance)

amplifiers AMP3 and AMP4 sink current, which results in a

voltage drop across R3 from the output of AMP5 to VCOMP. When

VG2 is above LEDCMIN and below LEDCMAX, AMP4 drives current into

node VCOMP while AMP3 still sinks current from node VCOMP which

results in no voltage drop across R3 since both currents cancel



each other. When VG2 is above LEDCMAX, both amplifiers AMP3,

AMP4 drive current into the output of AMP5, which results in a

negative voltage drop across R5 from the output of AMP5 to

VCOMP .

While the LED is on, the sampled voltage on buffering

capacitor Cl (i.e. VG2 shown in Figure 2 ) is compared with a

voltage window defined by LEDCMIN and LEDCMAX. As long as this

second control voltage VG2 is lower then LEDCMIN, the switch

impedance (while switched on) is not yet as low as possible.

When the second control voltage VG2 reaches the lower level of

the voltage window LEDCMIN, the impedance of transistor NM5

(shown in Figure 2 ) in the ON-state is correct and no further

optimization is required. If the second control voltage VG2

raises above LEDCMAX the switch NM5 has reached the lowest

possible impedance, which means that the current regulation is

close to or at its limit. In this case, the DC-DC converter

(buck converter shown in Figure 1 ) is prompted to increase the

LED supply voltage VLED by raising the control voltage VREFMOD.

If the second control voltage VG2 is lower than LEDCMIN, VREFMOD

is lowered until the second control voltage VG2 reaches the

required minimum level LEDCMIN. The general approach involves

charging the sampling capacitor C3 with a lower voltage than the

actual voltage level of VREFMOD. As long as the second control

voltage remains within the voltage window defined by LEDCMIN and

LEDCMAX, the capacitor Cs is charged with the actual value of the

control voltage VREFMOD. When the LED is switched off, the small

capacitor Cs is connected to a larger capacitance Cx storing the

actual value of the control voltage VREFMOD. Connecting

capacitors Cs and Cx entails a charge redistribution between the

two capacitors and VREFMOD is increased. This allows a stepwise

modification of the control voltage VREFMOD. Within the voltage

window defined by LEDCMIN and LEDCMAX, and the control voltage

VREFMOD remains stable.



Claims

1 . An electronic device comprising circuitry for driving a

light emitting semiconductor device (LED) , the circuitry

comprising: a first switch (NM5) for being coupled with the

light emitting semiconductor device (LED) for switching a

current (ID) through the light emitting semiconductor device

(LED) , a sensing means (RS) for sensing a magnitude of the

current (ID) and outputting a respective sensing signal (SEN);

an error amplifier (AMP2) for receiving the sensing signal (SEN)

and a preset target value (ISET) of the current (ID) for

providing a first control voltage (VGl) based on the deviation

of the sensed magnitude of the current (ID) and the preset

target value (ISET); a lowpass filter coupled to the error

amplifier (AMP2) for filtering the first control voltage (VGl)

and thereby providing a second control voltage (VG2), a voltage

follower (NM3) coupled to the lowpass filter and the first

switch for receiving the second control voltage (VG2) and

configured to provide a third control voltage (VG3) for

controlling a switching activity of the first switch (NM5) and a

second switch (PMl, NM4) for switching a supply current (IDS3)

of the voltage follower (NM3) for switching the voltage follower

(NM3) on and off.

2 . The electronic device according to claim 1 , wherein the

lowpass filter comprises a buffering capacitor (Cl) for

buffering the second control voltage (VG2) at the input of the

voltage follower (NM3) , and a third switch (TGl) coupled between

the output of the error amplifier (AMP2) and the first buffering

capacitor (Cl) .

3 . The electronic device according to claim 2 , wherein the

second switch (PMl, NM4) and the third switch (TGl) are arranged

to be alternately switched on and off with respect to each

other, such that the second control voltage (VG2) on the



buffering capacitor (Cl) is only coupled to the error amplifier

(AMP2) when the light emitting semiconductor device (LED) is on.

4 . The electronic device according to any previous claim,

wherein the first switch (NM5) is a MOSFET transistor, and a

constant current source (12) is coupled to the gate of the

MOSFET transistor.

5 . The electronic device according to any previous claim,

wherein the voltage follower (NM3) comprises a MOSFET transistor

and the supply current (IDS3) is a drain current through the

MOSFET transistor and the electronic device further comprises a

programmable current source (II) coupled to the MOSFET

transistor configured to flexibly adjust the drain current.

6 . The electronic device according to any previous claim,

further comprising a tracking stage (TRK) coupled to the input

of the voltage follower (NM3) for tracking the second control

voltage (VG2) and for controlling a supply voltage level (VLED)

of a regulated voltage supply for the light emitting

semiconductor device (LED) through a modulation control voltage

(VREFMOD) so as to minimize a voltage drop across the first

switch (NM5) in an ON-phase of the light emitting semiconductor

device (LED) .

7 . The electronic device according to claim 6 , wherein the

tracking stage comprises a window comparator for comparing

whether or not the second control voltage (VG2) lies within a

target window of a maximum voltage level (LEDCMAX) and a minimum

voltage level (LEDCMIN) for providing a comparator output

voltage (VCOMP) in accordance with the comparison result,

wherein the comparator output voltage (VCOMP) is sampled during

an ON-phase of the light emitting semiconductor device on a

sampling capacitor (Cs) , and the sampled comparator output

voltage (Cs) is used for refreshing the modulation control

voltage (VREFMOD) .



8 . The electronic device according to claim 7 , wherein the

tracking stage is further adapted such that the modulation

control voltage (VREFMOD) is only refreshed during an OFF-phase

of the light emitting semiconductor device (LED) .

9 . The electronic device according to claim 8 , wherein the

tracking stage is further adapted such that the period of time

for sampling the comparator output voltage (VCOMP) on the

sampling capacitor and the period of time for refreshing the

modulation control voltage (VREFMOD) are non overlapping.

10. The electronic device according to claims 6 to 9 , further

comprising several times the circuitry for driving the light

emitting semiconductor device, so as to drive a plurality of

light emitting semiconductor devices, wherein each such driving

stage is then coupled through the tracking stage to a regulated

power supply for tracking the supply voltage for each of the

plurality of semiconductor devices.

11. A method for driving a light emitting semiconductor device,

the method comprising: switching a current through the light

emitting semiconductor device (LED), sensing a current (ID)

through the light emitting semiconductor device (LED) ,

determining a deviation of the sensed current (ID) from a preset

target value, providing a first control voltage (VGl) for

adjusting the current (ID) in accordance with the determined

deviation, filtering the first control voltage (VGl) with a

lowpass filtering means, so as to provide a smoothed second

control voltage (VG2), buffering the second control voltage

(VG2) with a voltage follower so as to provide a third control

voltage, using the third control voltage for controlling the

first switch (NM5) , and switching the voltage follower (NM3) on

and off, so as to apply or not to apply the third control

voltage (VG3) to the switch thereby switching the first switch

on and off.



12. The method according to claim 11, further comprising the

step of updating the second control voltage (VG2) by use of the

first control voltage (VGl) only when the light emitting

semiconductor is on.
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