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PSRR CONTROL LOOP WITH
CONFIGURABLE VOLTAGE FEED
FORWARD COMPENSATION

TECHNICAL FIELD

[0001] The present document relates to power converters.
In particular, the present document relates to the compensa-
tion of voltage variations within power converters.

BACKGROUND

[0002] Solid state light bulb assemblies, e.g. LED or OLED
lamps, make use of power converters to convert an input
voltage (e.g. derived from the mains supply) into an output
voltage for driving the solid state light source. The voltage
supply for the light source current control stage should be able
to cope with a wide range of voltages at the input. Conven-
tional control solutions suffer from a limited PSRR (power
supply rejection ratio) which limits the usable voltage range.

SUMMARY

[0003] In the present document, a power converter and a
driver circuit for a solid state light source are described which
allow extending the voltage limits substantially and which
improve current stability for the light sources. This allows the
use of smaller storage capacitors at the output of the power
converter and driver circuit and extends the range for stable
diming. According to an aspect, a driver circuit for a solid
state light source (e.g. an LED or OLED light source) is
described. The driver circuit may be configured to supply
energy taken from a mains supply to the light source. The
light source may e.g. be provided with a drive voltage and a
drive current generated by the driver circuit. The drive voltage
may e.g. correspond to an on-voltage of the solid state light
source. The drive current may be used to control the illumi-
nation level of the light source.

[0004] The driver circuit may comprise a switched-mode
power converter comprising a switch. The power converter
may comprise one or more of: a flyback converter, a buck
converter, a boost converter, a buck-boost converter, and a
single-ended primary-inductor converter. In more general
terms, the power converter may comprise or may be an induc-
tor-based power converter. The switch may comprise a tran-
sistor, e.g. a metal oxide semiconductor field effect transistor.
The switched-mode power converter may be configured to
convert an input voltage at an input of the switched-mode
power converter into an output voltage at an output of the
switched-mode power converter. The output voltage may e.g.
correspond to the drive voltage which is provided to the light
source.

[0005] The driver circuit may comprise current sensing
means which are configured to determine a sensed current
signal indicative of a current through the switch. The current
sensing means may comprise a current sensing resistor
arranged in series with the switch. As such a voltage drop at
the current sensing resistor may be proportional to the current
through the switch.

[0006] Furthermore, the driver circuit may comprise volt-
age sensing means configured to determine a sensed voltage
signal indicative of the input voltage. The voltage sensing
means may comprise a voltage divider arranged in parallel to
the input of the switched-mode power converter. The voltage
divider may e.g. comprise two resistors arranged in series.
The sensed voltage signal may correspond to the voltage drop
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at one of the resistors, such that the sensed voltage signal is
proportional to the input voltage. Alternatively or in addition,
the voltage sensing means may comprise an auxiliary wind-
ing of a transformer comprised within the switched-mode
power converter. As indicated above, the power converter
may comprise an inductor such as a transformer. The trans-
former may be provided with an auxiliary winding or an
auxiliary coil and the input voltage may be sensed using the
auxiliary winding.

[0007] The driver circuit may comprise a control unit con-
figured to determine a gate control signal for putting the
switch into an off-state. The gate control signal may be deter-
mined based on the sensed current signal and based on the
sensed voltage signal. In particular, the time instant for put-
ting the switch into an off-state may be determined based on
the sensed current signal and based on the sensed voltage
signal. By taking into account the sensed voltage signal in
addition to the sensed current signal, the driver circuit (and in
particular the control unit) may be configured to control the
switch such that a degree of modulations comprised within
the output voltage and/or a degree of modulations comprised
within a current (e.g. the drive current) provided at the output
of the switched-mode power converter (e.g. provided to the
light source) and/or a degree of modulations comprised
within a power provided at the output of the switched-mode
power converter is reduced with respect to a degree of modu-
lations comprised within the input voltage. In other words,
variations of the input voltage can be taken into account for
the control of the power converter, thereby allowing the
power converter to provide a stable/constant output voltage,
even when being provided with an input voltage which com-
prises variations/modulations (e.g. due to distortions induced
by a phase-cut dimmer). In yet other words, the control unit
may be configured to improve the power supply rejection
ratio (PSRR) of the power converter by taking into account
the sensed voltage signal when controlling the switch of the
power converter.

[0008] The control unit may be configured to compensate
for a delay between a first time instant when the sensed
current signal is determined and a second time instant when
the switch is put into the off-state, subject to the gate control
signal which corresponds to the sensed current signal at the
first time instant. In other words, the control unit may be
configured to take into account a delay within the control loop
(or regulation loop) comprising the current sensing means, a
controller or regulator, a driver for the switch and/or the
switch. The control unit may be configured to switch off the
switch at a time instant when the current through the switch
reaches a pre-determined peak current. The delay may lead to
the effect that the sensed current signal at the first time instant
does not clearly indicate the current through the switch at the
second time instant. In particular, this may be the case if a
current offset caused by the delay is not constant. As such, the
control unit may not be able to reliably determine the time
instant when the current through the switch reaches the pre-
determined peak current, based on the sensed current signal
alone.

[0009] It has been observed that the delay-induced current
offset may depend on the input voltage. As a consequence, by
providing information regarding the input voltage to the con-
trol unit, the control unit may be configured to correctly
estimate and compensate the delay-induced current offset. In
other words, the control unit may be configured to determine
an estimate of the current through the switch at the second
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time instant based on the sensed current signal at the first time
instant, and using the sensed voltage signal (e.g. at the first
time instant).

[0010] The switched-mode power converter may comprise
an inductor having an inductance L. The inductor may be
arranged in series with the switch. The inductor may e.g. be
partofatransformer (as is the case e.g. in a flyback converter).
The inductor may be used to store energy during an on-state
of the switch and to transfer the energy stored within the
inductor to the output of the power converter during an oft-
state of the switch. By way of example, the driver circuit of
the power converter may comprise an output capacitor (par-
allel to the output voltage) at the output of the switched-mode
power converter. The output capacitor may be configured to
store an electrical charge to be provided to the solid state light
source. The driver circuit (and in particular the power con-
verter) may be configured to transfer electrical energy from
the inductor of the switched-mode power converter to the
output capacitor during the off-state of the switch.

[0011] The control unit may be configured to compensate
for the delay also based on the inductance L. In other words,
the control unit may take into account the inductance L for
determining the gate control signal, notably for determining
the time instant for switching off the switch. In yet other
words, the inductance [ may be taken into account to estimate
and/or compensate the delay-induced current offset. In par-
ticular, the control unit may be configured to determine an
estimate of the current through the switch at the second time
instant based on the rule

VinxTd
Id =
L

[0012] wherein Vin is the input voltage, Td is the delay and
Id is the delay-induced current offset between the sensed
current signal at the first time instant and the estimate of the
current through the switch at the second time instant. In other
words, the control unit may be configured to compensate the
current offset Id based on the above mentioned rule.

[0013] The control unit may be configured to incorporate
the sensed voltage signal into the control loop in the analog
domain. By way of example, the control unit may comprise a
transistor arranged in series with a first resistor, wherein the
transistor is controlled using the sensed voltage signal,
thereby yielding a first signal. Furthermore, the control unit
may comprise a reference unit configured to offset the first
signal, thereby yielding a correction signal. The reference
unit may comprise a reference resistor and a reference current
source arranged in parallel to the transistor and the first resis-
tor. The reference resistor and/or the reference current source
may depend on the inductance L. In addition, the control unit
may comprise a comparator unit configured to compare the
sensed current signal with the correction signal to yield an
offset current signal. The gate control signal (and in particular
the time instant for switching off the switch) may then be
determined based on the offset current signal.

[0014] In addition, the control unit may comprise a fine
tuning unit configured to compensate for temperature varia-
tions and/or for component variations. Parameters of the fine
tuning unit may e.g. be determined during a calibration phase.
These parameters may be stored and may be provided to and
used by the control unit. Alternatively or in addition, typical
values for the parameters may be programmed and/or look-up
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tables which provide parameter values in a voltage/tempera-
ture dependent manner may be provided to the control unit.
[0015] It should be noted that the control unit may be con-
figured to perform regulation/control in the digital domain.
By way of example, the control unit may comprise a digital
controller. In particular, the control unit may comprise an
analog-to-digital converter for converting the sensed current
signal and the sensed voltage signal into respective digital
signals. Furthermore, the control unit may be configured to
determine the gate control signal in the digital domain based
on the digital signals. In addition, the control unit may take
into account temperature data provided by a temperature
sensor and/or calibration data indicative of component varia-
tions provided by a storage device (e.g. an OTP, one time
programmable memory). It should be noted that the PSRR
behavior is particularly impacted in case of regulation/control
in the digital domain, as in such cases the signal processing
may incur additional delays which should be compensated.
[0016] According to a further aspect, a light bulb assembly
is described. The light bulb assembly comprises a housing
and a solid state light emitting device, located within the
housing. Furthermore, the light bulb assembly may comprise
an electrical connection module, attached to the housing, and
adapted for connection to a mains supply. In addition, the
light bulb assembly may comprise a driver circuit according
to any of the aspects outlined in the present document, located
within the housing, connected to receive an electricity supply
signal from the electrical connection module, and operable to
supply an output voltage to the light emitting device.

[0017] According to another aspect, a method for operating
a control unit and/or a driver circuit as outlined in the present
document is described. The method may comprise steps
which correspond to the features of the controller and/or
driver circuit described in the present document. In particular,
a method for operating a driver circuit is described. The
method may comprise controlling the switch of a switched-
mode power converter such that an input voltage at an input of
the switched-mode power converter is converted into an out-
put voltage at an output of the switched-mode power con-
verter. In addition, the method comprises determining a
sensed current signal indicative of a current through the
switch, and determining a sensed voltage signal indicative of
the input voltage. Furthermore, the method comprises deter-
mining a gate control signal for putting the switch into an
off-state, based on the sensed current signal and based on the
sensed voltage signal, such that a degree of modulations
comprised within the output voltage and/or a degree of modu-
lations comprised within a current provided at the output of
the switched-mode power converter is reduced with respect to
a degree of modulations comprised within the input voltage.
[0018] According to a further aspect, a software program is
described. The software program may be adapted for execu-
tion on a processor and for performing the method steps
outlined in the present document when carried out on the
processor.

[0019] According to another aspect, a storage medium is
described. The storage medium may comprise a software
program adapted for execution on a processor and for per-
forming the method steps outlined in the present document
when carried out on the processor.

[0020] According to a further aspect, a computer program
product is described. The computer program may comprise
executable instructions for performing the method steps out-
lined in the present document when executed on a computer.
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[0021] It should be noted that the methods and systems
including its preferred embodiments as outlined in the present
document may be used stand-alone or in combination with
the other methods and systems disclosed in this document. In
addition, the features outlined in the context of a system are
also applicable to a corresponding method. Furthermore, all
aspects of the methods and systems outlined in the present
document may be arbitrarily combined. In particular, the
features of the claims may be combined with one another in
an arbitrary manner.

[0022] In the present document, the term “couple” or
“coupled” refers to elements being in electrical communica-
tion with each other, whether directly connected e.g., via
wires, or in some other manner.

SHORT DESCRIPTION OF THE FIGURES

[0023] The invention is explained below in an exemplary
manner with reference to the accompanying drawings,
wherein

[0024] FIG. 1a illustrates a block diagram of an example
light bulb assembly;

[0025] FIG. 15 illustrates the impact of an example delay
on the sensed current of the switch of a switched-mode power
converter;

[0026] FIG. 2 illustrates a block diagram of an example
power converter;

[0027] FIG. 3 shows a circuit diagram of an example driver
circuit;

[0028] FIG. 4 illustrates example experimental results; and
[0029] FIG. 5 shows a flow chart of an example method for

operating a driver circuit.

DETAILED DESCRIPTION

[0030] In the present document, a light bulb “assembly”
includes all of the components required to replace a tradi-
tional incandescent filament-based light bulb, notably light
bulbs for connection to the standard electricity supply. In
British English (and in the present document), this electricity
supply is referred to as “mains” electricity, whilst in US
English, this supply is typically referred to as power line.
Other terms include AC power, line power, domestic power
and grid power. It is to be understood that these terms are
readily interchangeable, and carry the same meaning.

[0031] Typically, in Europe electricity is supplied at 230-
240 VAC, at 50 Hz (mains frequency) and in North America
at 110-120 VAC at 60 Hz (mains frequency). The principles
set out in the present document apply to any suitable electric-
ity supply, including the mains/power line mentioned, and a
DC power supply, and a rectified AC power supply.

[0032] FIG.1ais aschematic view ofa light bulb assembly.
The assembly 1 comprises a bulb housing 2 and an electrical
connection module 4. The electrical connection module 4 can
be of'a screw type or of a bayonet type, or of any other suitable
connection to a light bulb socket. Typical examples for an
electrical connection module 4 are the E 11, E14 and E27
screw types of Europe and the E12, E17 and E26 screw types
of North America. Furthermore, a light source 6 (also referred
to as an illuminant) is provided within the housing 2.
Examples for such light sources 6 are a CFL tube or a solid
state light source 6, such as a light emitting diode (LED) or an
organic light emitting diode (OLED) (the latter technology is
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referred to as solid state lighting, SSL). The light source 6
may be provided by a single light emitting device, or by a
plurality of LED:s.

[0033] Driver circuit 8 is located within the bulb housing 2,
and serves to convert supply electricity received through the
electrical connection module 4 into a controlled drive current
for the light source 6. In the case of a solid state light source
6, the driver circuit 8 is configured to provide a controlled
direct drive current to the light source 6.

[0034] The housing 2 provides a suitably robust enclosure
for the light source and drive components, and includes opti-
cal elements that may be required for providing the desired
output light from the assembly. The housing 2 may also
provide a heat-sink capability, since management of the tem-
perature of the light source may be important in maximising
light output and light source life. Accordingly, the housing is
typically designed to enable heat generated by the light
source to be conducted away from the light source, and out of
the assembly as a whole.

[0035] FIG. 2 illustrates a block diagram of an example
switched-mode power converter 200. In the illustrated
example, the power converter 200 is a flyback converter com-
prising a transformer 201. Other examples for switched-mode
power converters are buck converters, boost converters, buck-
boost converters or Single-ended primary-inductor convert-
ers (SEPIC). The switched-mode power converter 200 is con-
figured to convert an input voltage 230 into an output voltage
231 for a light source 6 (not illustrated). The power converter
200 comprises a switch 202 (e.g. a transistor such as a metal
oxide semiconductor, MOS, field effect transistor, FET). The
switch 202 is controlled via a gate control signal 232 (e.g. a
gate voltage) which is configured to put the switch 202 into an
on-state and an off-state in an alternating rate at a commuta-
tion cycle rate (e.g. 100 kHz) and with a particular duty cycle
(wherein the duty cycle indicates the duration of an on-state
relative to the duration of a commutation cycle). Furthermore,
the power converter 200 comprises a diode 204 which is
configured to prevent a reverse energy flow from the output of
the power converter 200 to the input of the power converter
200 during an off-state of the switch 202.

[0036] The power converter 200 (in particular the switch
202) may be controlled using a regulator 206. The regulator
206 may receive a regulator input signal 235 which is derived
from a current Is through the switch 202 (i.e. a current through
the primary side P1 of the transformer 201 which is arranged
in series to the switch 202). The current Is through the switch
202 may be determined using current sensing means 203. In
the illustrated example, the current sensing means 203 com-
prise a shunt resistor arranged in series with the switch 202,
thereby providing a sensed current signal 233 (which corre-
sponds to the voltage drop across the shunt resistor 203, i.e.
which is proportional to the current through the switch 202).
[0037] The regulator 206 may be configured to generate the
gate control signal 232 based on the regulator input signal 235
which may be derived from the current Is through the switch
202. By way of example, the regulator 206 may be configured
to turn off the switch 202 once the current Is through the
switch 202 has received a pre-determined peak current Ip.
Typically, the control loop from the current sensing means
203 via the regulator 206 to the gate of the switch 202 com-
prises an overall delay Td which may be in the range of e.g.
200 ns or 250 ns. As a result of such a delay Td, the gate
control signal 232 ata time instant T which is generated based
onasensed current signal 233 at the time instant T-Td may not
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ensure that the switch 202 is put to the off-state at the time
instant when the current Is through the switch 202 reaches the
pre-determined peak current Ip.

[0038] Furthermore, it should be noted that the input volt-
age 230 of FIG. 2 of the power converter 200 may comprise
modulations which may be due to various sources, e.g. due to
a rectifier comprised within the driver circuit 8 of the light
bulb assembly 1, and/or due to distortions comprised within
the mains supply which may be due to the use of a phase-cut
dimmer. These modulations of the input voltage 230 may lead
to modulations of the output voltage 231 and modulations of
the current provided to the light source 6, which could cause
undesirable flickering effects at the light source 6. This is
illustrated in FIG. 4, where it can be seen how a modulation
400 of the input voltage 230 leads to a modulation 401 of the
output voltage 231.

[0039] As such, it is desirable to enable a regulation of the
power converter 200 of FIG. 2 (using the regulator 206) which
allows compensating such modulations of the input voltage
230. As indicated above, the switch 202 should be regulated
such that the switch 202 is turned off as soon as the current Is
through the switch 202 reaches the pre-determined peak cur-
rent Ip. For this purpose, a sensed current signal 233 is deter-
mined. The regulator 206 may be configured to take into
account the (fixed) delay Td of the regulation loop when
generating the gate control signal 232 (e.g. the gate voltage)
for controlling the state of the switch 202. This delay Td may
be used to determine an estimate of the current Is through the
switch 202 at a time instant T, when the sensed current signal
233 at the time instant T-Td is known.

[0040] This is illustrated in FIG. 14. The current through
the switch 202 ramps up according to a ramp 101 which
depends on the inductance L. of the transformer 201. The
regulator 206 may make use of the ramp 101 to determine an
estimate 111 of the current Is through the switch 202 at time
instant T based on a sensed current signal 112, 233 at time
instant T-Td, with Td being illustrated by reference numeral
103. As such, under the assumption of a stable input voltage
230, the regulator 206 may compensate the delay Td 103
using the ramp 101.

[0041] However, as indicated above, the input voltage 230
cannot typically be regarded as being stable. The input volt-
age 230 typically comprises modulations, notably in cases
where the mains supply has been submitted to a phase-cut
dimmer. As a result, the ramp 101 of FIG. 16 may vary. This
may be seen when analyzing the circuit diagram of FIG. 2.
When the switch 202 is in on-state, the current Is through the
switch 202 is given by

[0042] wherein the voltage V may be approximated by the
input voltage Vin 230. As such, the current Is through the
switch 202 is given by

Vin Vinx T
Is= | —dit=
L L

[0043] wherein T represents a time interval. It should be
noted that there may be other factors, which have an influence
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of the delay and behavior of the control loop. The above
mentioned equation typically shows the most dominant fac-
tor. A fine tuning of the control loop, which takes into account
other factors may e.g. be performed during printed circuit
board (PCB) calibration of the driver circuit and/or during
calibration of the assembled light bulb. During calibration,
the second order effects can be adjusted. Hence, the current s
through the switch 202 also depends on the input voltage Vin
230 and variations of the input voltage Vin 230 lead to varia-
tions of the ramp 101. This is illustrated in FIG. 15 where a
second ramp 102 is illustrated, wherein the input voltage 230
for ramp 102 is higher than the input voltage 230 for ramp
101. It can be seen that due to the higher input voltage 230
(and the resulting higher slope of ramp 102), the current offset
1d1 between the current Is through the switch 202 at time
instant T and the sensed current signal 233 at time instant
T-Td differs from the current offset 1d2 for the lower input
voltage 230 (corresponding to ramp 101). The current offset
1d for the delay Td may be expressed as

Vinx Td
Id =
L

[0044] As a consequence, the regulator 206 cannot cor-
rectly compensate the delay Td 103 if only the sensed current
signal 233 is known, because the current offset Id also
depends on the input voltage 230. In view of this, it is pro-
posed to make the regulation of the switch 202 (notably for
the determination of the switch-off time instants for the
switch 202) also dependent on the input voltage 230. For this
purpose, input voltage sensing means 207 may be provided
which are configured to determine a sensed voltage signal 234
which is indicative of (e.g. proportional to) the input voltage
230. In the illustrated example of FIG. 2, the input voltage
sensing means 207 comprise a voltage divider with the resis-
tors 208, 209. Furthermore, the input voltage sensing means
207 may comprise a current source 210 which is configured to
offset the sensed voltage signal 234 (e.g. for tuning purposes).
In addition, the input voltage sensing means 207 may com-
prise an operational amplifier 211 for amplifying/offsetting
the sensed voltage signal 234.

[0045] As such, the gate control signal 232 may be deter-
mined based on the sensed current signal 233 and based onthe
sensed voltage signal 234. By doing this, it can be ensured
that during regulation the correct offset Id is taken into
account when compensating for the delay Td of the regulation
loop (also referred to as control loop). The regulation may be
performed in an analog manner (as illustrated e.g. in FIG. 2)
or in a digital manner (as illustrated e.g. in FIG. 3).

[0046] FIG. 2 illustrates an example regulation loop which
is configured to compensate the voltage dependence of the
offset current Id in the analog domain. The sensed voltage
signal 234 (which is indicative of the input voltage 230) may
be used to control a transistor 212 which is used in its linear
region, i.e. which is used as a current source. By doing this, a
correction signal 236 may be generated which is used to offset
the sensed current signal 233, thereby yielding the offset
current signal 235 as an input to the regulator 206. A com-
parator unit 205 (e.g. an operational amplifier) may be used to
determined the offset current signal 235 by offsetting the
sensed current signal 233 with the correction signal 236.
[0047] The effect of the correction signal 236 is illustrated
in FIG. 15. If it is assumed that the sensed current signal 233
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corresponds to the current 112, the offset current signal 235
may be such that in case of a first input voltage 230 (corre-
sponding to ramp 101), the offset current signal 235 corre-
sponds to current 111; and that in case of a second input
voltage 230 (corresponding to ramp 102), the offset current
signal 235 corresponds to current 110. As a result, the regu-
lator 206 may determine the gate control signal 232 based on
the offset current signal 235, wherein the offset current signal
235 takes into account variations of the input voltage 230.
This leads to a control of the switch 202 which allows com-
pensating for variations of the input voltage 230. This is
illustrated in FIG. 4 which shows the output voltage 402
obtained when taking into account the input voltage 230 for
controlling the switch 202. It can be seen that the modulations
of' the input voltage 230 can be compensated by the regulator
206, thereby yielding a stable output voltage 402 in FIG. 4
and 231 in FIG. 2.

[0048] The generation of the correction signal 236 may
make use of various tuning components. In particular, an
operational point of the correction signal 236 may be set using
the reference circuitry 214, 215. The reference circuitry 214,
215 comprises a resistor 214 and a voltage source 215. The
reference circuitry 214, 215 is configured to offset the signal
provided by the current source 212, thereby offsetting the
correction signal 236 by a pre-determined amount. Hence, the
sensed voltage signal 234 may control the current source 212
via the operational amplifier 211 such that the sensed voltage
signal 234 is converted into a current which may offset a
reference current provided by the reference circuitry 214,
215, thereby yielding the correction signal 236.

[0049] Furthermore, fine tuning circuitry 216 may be used
to fine tune the correction signal 236. The fine tuning circuitry
216 may be adjusted during a calibration phase of the light
bulb assembly 1. The fine tuning circuitry 216 comprises e.g.
a sample-and-hold unit 220, 218 which is configured to
sample the sensed current signal 233 at a particular time
instant. The sampled signal may be compared (using a com-
paring unit 217) to the signal provided by the voltage source
215, and the difference signal may be used to control an
adjustable resistor 213 (using the control unit 220), thereby
adjusting the correction signal 236. FIG. 2 shows an example
analog implementation for fine tuning. Typically such a cir-
cuit is not able to make a 100% calibration, because the fine
tuning circuitry 216 does not have direct access to the delay of
the external switch 202. The delay caused by the external
switch 202 can e.g. be eliminated by system calibration or by
an additional compensation, which can be programmable.

[0050] As indicated above, the voltage-dependent control
of the switch 202 may alternatively or in addition be per-
formed in the digital domain. This is illustrated in FIG. 3.
FIG. 3 shows a circuit diagram of an example driver circuit
300, 8 of a light bulb assembly 1. The driver circuit 300
comprises an electromagnetic interference (EMI) filter unit
301 and a rectifier 302, in order to generate a rectified voltage
from the main supply 330. Furthermore, the driver circuit 300
comprises a controller 306 which is configured to control a
two-stage power converter. The controller 306 may be started
using the start-up resistor 305. In the illustrated example, the
driver circuit 300 comprises a two-state power converter with
the first stage being a Boost converter 304 and the second
stage being a flyback converter as shown e.g. in FIG. 2. The
flyback converter of FIG. 3 comprises a transformer 307
having an additional auxiliary coil for measurement pur-
poses. The auxiliary winding may be used to provide infor-
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mation to the controller 306 regarding the output voltage 231
of the driver circuit 300. Furthermore, the driver circuit 300
comprises an output capacitor (or storage capacitor) 308
which stores the energy to be provided to the light source 6,
309.

[0051] Ina similar manner to FIG. 2, the input voltage 230
(which in FIG. 3 is the input voltage to the second converter
stage) is sensed using input voltage sensing means 208, 209,
thereby providing the sensed voltage signal 234. Further-
more, the sensed current signal 233 is determined using cur-
rent sensing means 203. The controller 306 may be config-
ured to determine a gate control signal 232 for putting the
switch 202 of the second converter stage into an off-state once
the current Is through the switch 202 reaches a pre-deter-
mined peak current Ip. For this purpose, the controller 306
may make use of the sensed current signal 233 and of the
sensed voltage signal 234, thereby ensuring that variations of
the input voltage 230 can be compensated and corresponding
variations of the output voltage 231 may be reduced or
avoided, thereby reducing or preventing a flickering effect of
the light source 309.

[0052] Asoutlined above, in the present document, a power
converter and a driver circuit for solid state light sources are
described. Furthermore, control schemes for controlling the
one or more switches comprised within the power converter/
driver circuit are described.

[0053] Due to safety isolation requirements which have to
be met by light bulb assemblies 1, the current through the light
source 6, 309 cannot typically be sensed and regulated
directly. For this so called “primary side control” techniques
may be used which regulate the current through the light
source 6, 309 indirectly using signal processing.

[0054] As outlined above, the current Is through the power
converter switch 202 may be used to regulator the current
through the light source 6. 309. These indirect methods are
limited in accuracy and dynamic range. In particular, the
chain of propagation delays between turn-on of the power
switch 202 and the sensing of the respective current Is may
cause a substantial impact of the input voltage 230 onto the
current provided to the light source 6, 309. As a consequence,
the light-output may be subject to flicker and inaccuracies. To
overcome these limits it is proposed to introduce a feedfor-
ward compensation path. The feedforward compensation
path may make use of a sensed voltage signal 234 which is
indicative of the input voltage 230, thereby maintaining the
current through the light source 6, 309 virtually constant for a
wide range of input voltages 230. Furthermore, the feedfor-
ward compensation path may use calibration data for main-
taining the current through the light source 6, 309 virtually
constant for a wide range of input voltages 230.

[0055] Notably when using digital regulators 206,306 dead
times or delays Td may occur. The dead times produce an
incorrect measurement of the current through the light source
6, 309 by only measuring the primary side transformer cur-
rent Is. As outlined above, a compensation of the dead times
may be used to obtain an accurate estimate of the current at
the primary side.

[0056] It is proposed to compensate the delay Td in the
regulation loop (e.g. caused by the operational amplifier 205
in FIG. 2, by the driver of the FET switch 202 and/or by the
regulator 206). The delay Td is typically a constant value,
without considering variations caused by the manufacturing
process and the temperature. As outlined in conjunction with
FIG. 15, the current at the shunt resistor 203 typically depends
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on the input voltage Vin 230 and on the time constant L. of the
coil of the transformer 201. A reference (i.e. the correction
signal 236) of the comparator 205 may be modulated in
respect of the input voltage 230 and thereby generates an
offset current signal 235, which may be used for a stable
regulation of the switch 202.
[0057] The optional circuit 216 may allow for a fine tuning
for manufacturing process variations and/or for temperature
drifts. Additionally or alternatively, a fine tuning can be per-
formed during a circuit test and/or a calibration of the light
bulb assembly 1. In other words, fine tuning can also be done
with OTP (one time programmable) or Flash EEPROM or
other programming storage calibration.
[0058] FIG.5 shows a flow chart of an example method 500
for operating a driver circuit 300. The method 500 comprises
the step of controlling 501 a switch 202 of a switched-mode
power converter 200, such that an input voltage 230 at an
input of the switched-mode power converter 200 is converted
into an output voltage 231 at an output of the switched-mode
power converter 200. Furthermore, the method 500 com-
prises the step of determining 502 a sensed current signal 233
indicative of a current through the switch 202, and the step of
determining 503 a sensed voltage signal 234 indicative of the
input voltage 230. In addition, the method comprises the step
of determining 504 a gate control signal 232 for putting the
switch 202 into an off-state, based on the sensed current
signal 233 and based on the sensed voltage signal 234, such
that a degree of modulations comprised within the output
voltage 231 and/or a degree of modulations comprised within
a current provided at the output of the switched-mode power
converter 200 is reduced with respect to a degree of modula-
tions comprised within the input voltage 230.
[0059] It should be noted that the description and drawings
merely illustrate the principles of the proposed methods and
systems. Those skilled in the art will be able to implement
various arrangements that, although not explicitly described
or shown herein, embody the principles of the invention and
are included within its spirit and scope.
[0060] Furthermore, all examples and embodiment out-
lined in the present document are principally intended
expressly to be only for explanatory purposes to help the
reader in understanding the principles of the proposed meth-
ods and systems. Furthermore, all statements herein provid-
ing principles, aspects, and embodiments of the invention, as
well as specific examples thereof, are intended to encompass
equivalents thereof.
What is claimed is:
1. A driver circuit for a solid state light source, wherein the
driver circuit comprises
a switched-mode power converter comprising a switch;
wherein the switched-mode power converter is config-
ured to convert an input voltage at an input of the
switched-mode power converter into an output voltage
at an output of the switched-mode power converter;
a current sensing circuit configured to determine a sensed
current signal indicative of a current through the switch;
a voltage sensing circuit configured to determine a sensed
voltage signal indicative of the input voltage; and
a control unit configured to determine a gate control signal
for putting the switch into an off-state, based on the
sensed current signal and based on the sensed voltage
signal , such that a degree of modulations comprised
within the output voltage and/or a degree of modulations
comprised within a current provided at the output of the
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switched-mode power converter is reduced with respect
to a degree of modulations comprised within the input
voltage.

2. The driver circuit of claim 1, wherein the control unit is
configured to compensate for a delay between a first time
instant when the sensed current signal is determined and a
second time instant when the switch is put into the off-state,
subject to the gate control signal which corresponds to the
sensed current signal at the first time instant.

3. The driver circuit of claim 2, wherein the control unit is
configured to determine an estimate of the current through the
switch at the second time instant based on the sensed current
signal at the first time instant, using the sensed voltage signal.

4. The driver circuit of claim 1, wherein

the switched-mode power converter comprises an inductor

having an inductance L, arranged in series with the
switch; and

the control unit is configured to compensate for the delay

also based on the inductance L.

5. The driver circuit of claim 4, wherein the control unit is
configured to determine an estimate of the current through the
switch at the second time instant based on the rule

Id=VinxTd/L

wherein Vin is the input voltage, Td is the delay and Id is an
offset between the sensed current signal at the first time
instant and the estimate of the current through the witch at the
second time instant.

6. The driver circuit of claim 1, wherein the control unit
comprises

a transistor arranged in series with a first resistor, wherein

the transistor is controlled using the sensed voltage sig-
nal, thereby yielding a first signal;

areference unit configured to offset the first signal, thereby

yielding a correction signal; and

a comparator unit configured to compare the sensed current

signal with the correction signal to yield an offset current
signal; wherein the gate control signal is determined
based on the offset current signal.

7. The driver circuit of claim 6, wherein

the reference unit comprises a reference resistor and a

reference current source arranged in parallel to the tran-
sistor and the first resistor; and

the reference resistor and/or the reference current source

depend on the inductance L.

8. The driver circuit of claim 6, wherein the control unit
comprises a fine tuning unit configured to compensate for
temperature variations and/or for component variations.

9. The driver circuit of claim 1, wherein

the control unit comprises an analog-to-digital converter

for converting the sensed current signal and the sensed
voltage signal into respective digital signals; and

the control unit is configured to determine the gate control

signal in the digital domain based on the digital signals.

10. The driver circuit of claim 1, wherein the current sens-
ing circuit comprise a current sensing resistor arranged in
series to the switch.

11. The driver circuit of claim 1, wherein the voltage sens-
ing circuit comprise

a voltage divider arranged in parallel to the input of the

switched-mode power converter; and/or

an auxiliary winding of a transformer comprised within the

switched-mode power converter.
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12. The driver circuit of claim 1, wherein the switched-
mode power converter comprises one or more of: a flyback
converter, a buck converter, a boost converter, a buck-boost
converter, and a single-ended primary-inductor converter.

13. The driver circuit of claim 1, further comprising

an output capacitor at the output of the switched-mode

power converter, configured to store an electrical charge
to be provided to the solid state light source; wherein the
driver circuit is configured to transfer electrical energy
from an inductor of the switched-mode power converter
to the output capacitor during the off-state of the switch.

14. A light bulb assembly comprising:

a housing;

a solid state light source, located within the housing;

an electrical connection module, attached to the housing,

and adapted for connection to a mains supply; and

a driver circuit , located within the housing, connected to

receive an electricity supply signal from the electrical
connection module, and operable to supply an output
voltage to the light source, wherein the driver circuit
comprises

a switched-mode power converter comprising a switch;

wherein the switched-mode power converter is config-
ured to convert an input voltage at an input of the
switched-mode power converter into an output voltage
at an output of the switched-mode power converter;

a current sensing circuit configured to determine a sensed

current signal indicative of a current through the switch;

a voltage sensing circuit configured to determine a sensed

voltage signal indicative of the input voltage; and
a control unit configured to determine a gate control signal
for putting the switch into an off-state, based on the
sensed current signal and based on the sensed voltage
signal , such that a degree of modulations comprised
within the output voltage and/or a degree of modulations
comprised within a current provided at the output of the
switched-mode power converter is reduced with respect
to a degree of modulations comprised within the input
voltage.
15. A method for operating a driver circuit, the method
comprising
controlling a switch of a switched-mode power converter
such that an input voltage at an input of the switched-
mode power converter is converted into an output volt-
age at an output of the switched-mode power converter;

determining a sensed current signal indicative of a current
through the switch;

determining a sensed voltage signal indicative of the input

voltage; and

determining a gate control signal for putting the switch into

an off-state, based on the sensed current signal and based
on the sensed voltage signal, such that a degree of modu-
lations comprised within the output voltage and/or a
degree of modulations comprised within a current pro-
vided at the output of the switched-mode power con-
verter is reduced with respect to a degree of modulations
comprised within the input voltage.

16. The method for operating a driver circuit of claim 15,
wherein the control unit compensates for a delay between a
first time instant when the sensed current signal is determined
and a second time instant when the switch is put into the
off-state, subject to the gate control signal which corresponds
to the sensed current signal at the first time instant.
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17. The method for operating a driver circuit of claim 16,
wherein the control unit determines an estimate of the current
through the switch at the second time instant based on the
sensed current signal at the first time instant, using the sensed
voltage signal.

18. The method for operating a driver circuit of claim 15,
wherein

the switched-mode power converter comprises an inductor

having an inductance L, arranged in series with the
switch; and

the control unit compensates for the delay also based on the

inductance L.

19. The method for operating a driver circuit of claim 18,
wherein the control unit determines an estimate of the current
through the switch at the second time instant based on the rule

Vinx Td
Id =
L

wherein Vin is the input voltage, Td is the delay and Id is an
offset between the sensed current signal at the first time
instant and the estimate of the current through the switch at
the second time instant.

20. The method for operating a driver circuit of claim 15,
wherein the control unit comprises

a transistor arranged in series with a first resistor, wherein

the transistor is controlled using the sensed voltage sig-
nal, thereby yielding a first signal;

areference unit which offsets the first signal, thereby yield-

ing a correction signal; and

a comparator unit which compares the sensed current sig-

nal with the correction signal to yield an offset current
signal; wherein the gate control signal is determined
based on the offset current signal.

21. The method for operating a driver circuit of claim 20,
wherein

the reference unit comprises a reference resistor and a

reference current source arranged in parallel to the tran-
sistor and the first resistor; and

the reference resistor and/or the reference current source

depend on the inductance L.

22. The method for operating a driver circuit of claim 20,
wherein the control unit comprises a fine tuning unit which
compensates for temperature variations and/or for compo-
nent variations.

23. The method for operating a driver circuit of claim 15,
wherein

the control unit comprises an analog-to-digital converter

for converting the sensed current signal and the sensed
voltage signal into respective digital signals; and

the control unit determines the gate control signal in the

digital domain based on the digital signals.

24. The method for operating a driver circuit of claim 15,
wherein the current sensing circuit comprise a current sensing
resistor arranged in series to the switch.

25. The method for operating a driver circuit of claim 15,
wherein the voltage sensing circuit comprise

a voltage divider arranged in parallel to the input of the

switched-mode power converter; and/or

an auxiliary winding of a transformer comprised within the

switched-mode power converter.

26. The method for operating a driver circuit of claim 15,
wherein the switched-mode power converter comprises one
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or more of: a flyback converter, a buck converter, a boost
converter, a buck-boost converter, and a single-ended pri-
mary-inductor converter.

27. The method for operating a driver circuit of claim 15,
further comprising an output capacitor at the output of the
switched-mode power converter, to store an electrical charge
to be provided to the solid state light source; wherein the
driver circuit transfers electrical energy from an inductor of
the switched-mode power converter to the output capacitor
during the off-state of the switch.
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