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Stor 

Providing a control unit, a driver circuit comprising a 
single power switch, and a SSL device, where in the 

500 driver circuit is setting an illumination level of the SSL 
device in accordance to a setting of a phase-cut dimmer 

Measure phase-cut angle set by the phase-cut dimmer 
: 501 by using the single power Suitch. 

Translating measurement setting of the phase-cut dimmer 
into a drive voltage and a drive current driving the SSL, N-502 
device by using the single power Switch for power conversion. 

Sensing current through the power suitch to determine a 
feedback signal indicative of the lecel of the current 503 
through the power suitch in order to control the current 
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1. 

SOLID STATE LIGHTENING DRIVER WITH 
MIXED CONTROL OF POWER SWITCH 

TECHNICAL FIELD 

The present document relates to illumination systems. In 
particular, the present document relates to a method and sys 
tem for controlling the degree of dimming of Solid State 
lighting devices such as LED or OLED assemblies 

BACKGROUND 

For many decades GLS (General Lighting Service) or 
incandescent lamps have been the first choice for illumination 
in residential applications. These light sources could easily be 
dimmed using so called phase-cut dimmers. This has led to a 
large installed base of Such dimmers. These dimmers are 
designed to work on relatively large loads with a substantial 
effective power over apparent power. 
New types of light sources like CFL (Compact Fluorescent 

Lamp) or LED lamps offer very small loads (typical a factor 
of 10 less than the equivalent GLS lamp) in combination with 
a highly nonlinear behavior and a large capacitive impedance 
due to the presence of EMI (Electro-Magnetic Interference) 
filter networks. Due to these aspects, LED based lamp and 
CFL assemblies cannot be dimmed inherently using existing 
phase-cut dimmers. With advanced electronics it is possible 
to emulate dimming functionality. However, due to technical/ 
physical limitations, the dimming range as well as the range 
of Supported dimmers and configurations in terms of the 
number and mix of parallel lamps operated with a particular 
dimmer is limited. Furthermore, the additional circuits typi 
cally lead to increased costs and, in most cases, to additional 
power losses in the lamp assemblies. 
The present document addresses the above mentioned 

problems. In particular, the present document describes a 
method and system which allow for a reliable determination 
of the phase of a mains power Submitted to a phase-cut dim 
mer, thereby reliably and efficiently controlling the illumina 
tion of a Solid State Lightening (SSL) lamp 

SUMMARY OF THE DISCLOSURE 

A principal object of the present disclosure is to reliably 
and efficiently control illumination of a Solid State Lighten 
ing (SSL) lamp. 
A further principal object of the present disclosure is to 

reliably determine a phase of a mains power Submitted to a 
phase-cut dimmer. 
A further object of the disclosure is to achieve a control unit 

for a driver circuit which is configured to drive a SSL, e.g. an 
LED or an OLED. 
A further object of the disclosure is to generate a drive 

Voltage/current Subject to an input Voltage, which is derived 
from a mains Voltage using a phase-cut dimmer. . . . 
A further object of the disclosure is to use one or more 

power Switches of the power converter for charging the Sup 
ply Voltage capacitor. 
A further object of the disclosure is to have the control unit 

operable in a first mode, in which a transistor is alternating 
between an ON-state and an OFF-state at a commutation 
cycle rate, and a second mode the transistor is controlled so 
that it is traversed by a continuously controllable current, 
thereby providing a controlled load to the mains Voltage. 

In accordance with the objects of this disclosure control 
unit for a driver circuit which is configured to drive a solid 
state lightening, referred to as SSL device, Subject to an input 
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2 
Voltage derived from a mains Voltage using a phase-cut dim 
mer, wherein the driver circuit comprises a transistor operable 
in a first mode and in a second mode; and a power converter 
network has been disclosed. The control unit disclosed is 
configured to control the transistor to selectively operate in 
the first and second mode; wherein in the first mode, the 
transistor alternates between an on-state and an off-state at a 
commutation cycle rate, thereby providing a Switched-mode 
power converter in conjunction with the power converter 
network; wherein in the second mode, the transistor is con 
trolled so that it is traversed by a controlled current, thereby 
providing a controlled load to the mains Voltage 

In accordance with the objects of this disclosure a driver 
circuit for driving a solid state lightening, referred to as SSL, 
device. Subject to an input Voltage derived from a mains 
Voltage using a phase-cut dimmer. The driver circuit com 
prises a transistor operable in a first mode and in a second 
mode; wherein in the first mode, the transistor alternates 
between an on-state and an off-state at a commutation cycle 
rate; wherein in the second mode, the transistor is traversed by 
a current at a smoothly controllable level, a power converter 
network configured to provide a Switched-mode power con 
verter in conjunction with the transistor when operated in the 
first mode; wherein the power converter generates a drive 
voltage for the SSL device from the input voltage, and a 
control unit configured to control the transistor to selectively 
operate in the first and second mode; wherein in the first 
mode, the transistor alternates between an on-state and an 
off-state at a commutation cycle rate, thereby providing a 
Switched-mode power converter in conjunction with the 
power converter network; wherein in the second mode, the 
transistor is controlled so that it is traversed by a controlled 
current, thereby providing a controlled load to the mains 
Voltage. 

In accordance with the objects of this disclosure a light 
bulb assembly has been disclosed. The light bulb assembly 
firstly comprises an electrical connection module configured 
to electrically connect to a mains Voltage Submitted to a 
phase-cut dimmer, thereby providing an input Voltage and a 
driver circuit configured to provide a drive Voltage and a drive 
current in accordance to a setting of the phase-cut dimmer, 
based on the input Voltage, wherein the driver circuit com 
prises a transistor operable in a first mode and in a second 
mode; wherein in the first mode, the transistor alternates 
between an on-state and an off-state at a commutation cycle 
rate; wherein in the second mode, the transistor is traversed by 
a current at a smoothly controllable level, a power converter 
network configured to provide a Switched-mode power con 
verter in conjunction with the transistor when operated in the 
first mode; wherein the power converter generates a drive 
voltage for the SSL device from the input voltage, and a 
control unit wherein the control unit is configured to control 
the transistor to selectively operate in the first and second 
mode; wherein in the first mode, the transistor alternates 
between an on-state and an off-state at a commutation cycle 
rate, thereby providing a Switched-mode power converter in 
conjunction with the power converter network; wherein in the 
second mode, the transistoris controlled so that it is traversed 
by a controlled current, thereby providing a controlled load to 
the mains voltage. Furthermore the lightbulb assembly com 
prises a SSL device configured to provide light at an illumi 
nation level in accordance to the drive Voltage and drive 
Current. 

In accordance with the objects of this disclosure a method 
to allow a reliable determination of the phase of a mains 
power submitted to a phase-cut dimmer, thereby reliably and 
efficiently controlling the illumination of a Solid State Light 
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ening (SSL) lamp has been achieved. The method comprises 
the steps of providing a control unit, a driver circuit compris 
ing a single power Switch, and a SSL device, wherein the 
driver circuit is setting an illumination level of the SSL device 
in accordance to a setting of the phase-cut dimmer, measuring 
a phase-cut-angle set by the phase-cut dimmer by using the 
single power Switch, translating measured setting of the 
phase-cut dimmer into a drive Voltage and a drive current 
driving the SSL device by using the single switch for power 
conversion, and sensing current through the power Switch to 
determine a feedback signal indicative of the level of the 
current through the SSL in order to control the current. 

According to an aspect, a control unit for a driver circuit is 
described. The driver circuit may be configured to drive a 
solid state lightening (SSL), e.g. an LED and/or and OLED, 
device. For this purpose, the driver circuit may generate a 
drive voltage and/or a drive current for the SSL device. The 
drive Voltage and/or the drive current may be generated Sub 
ject to an input Voltage which is derived from a mains Voltage 
using a phase-cut dimmer. As such, the input Voltage to the 
driver circuit may correspond to a mains Voltage which has 
been modified by a phase-cut dimmer (e.g. a leading edge 
and/or a tailing edge phase-cut dimmer). 
The driver circuit for which the claimed control unit may 

be used typically comprises a Switch (e.g. a transistor) which 
is operable in a first mode and in a second mode. The Switch 
may be sequentially operated in the first mode and in the 
second mode. In particular, the switch may be operable either 
in the first mode or in the second mode. In the first mode, the 
Switch may alternate between an on-state and an off-state at a 
commutation cycle rate. In the second mode, the Switch may 
be controlled so that it is traversed by a current at a continu 
ously controllable level. In other words in the second mode, 
the level of the current through the switch may be controllable 
in a continuous and/or Smooth manner. In this context, the 
term “continuous’ should be understood in its mathematical 
meaning, thereby distinguishing the second mode from the 
discrete or discontinuous operation within the first mode. The 
Switch may comprise (or may be) a transistor, e.g. a MOS 
FET, a BJT or an IGBT. The first mode may be referred to as 
an on/off mode and the second mode may be referred to as a 
linear mode (because the switch may be operated within its 
linear region). 

In addition, the driver circuit for which the claimed control 
unit may be used typically comprises a power converter net 
work configured to provide a Switched mode power converter 
in conjunction with the switch when operated in the first 
mode. The power converter may generate the drive Voltage for 
the SSL device from the input voltage. In order to control the 
level of the drive voltage, the commutation cycle rate and/or 
a duty cycle of the switch may be controlled (e.g. by the 
control unit). 
The control unit may be configured to control the switch to 

selectively operate in the first and second mode. By way of 
example, the control unit may control the Switch to alternate 
between the first and the second mode. For this purpose, the 
control unit may comprise a mode selector configured to 
selectively couple the Switch to a first control signal genera 
tion unit generating a first control signal for operating the 
Switch in the first mode, and to a second control signal gen 
eration unit generating a second control signal for operating 
the switch in the second mode. 

The control unit may be configured to control the transistor 
to operate in the first mode. The control may be such that, in 
the first mode, the transistor alternates between an on-state 
and an off-state at a commutation cycle rate, thereby provid 
ing a Switched-mode power converter in conjunction with the 
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4 
power converter network. Furthermore, the control unit may 
be configured to control the transistor to operate in the second 
mode. The control may be such that, in the second mode, the 
transistor is controlled so that it is traversed by a controlled 
current, thereby providing a controlled load to the mains 
Voltage. In other words, the transistor may be controlled Such 
that the transistor has a controlled source-drain current as a 
controlled current level. The controlled current through the 
transistor may be a controlled load to the mains Voltage. In 
particular, the control unit may be configured to control the 
Switch to operate in the second mode at a first time instant 
(e.g. to change from the first mode to the second mode at the 
first time instant). Furthermore, the control unit may be con 
figured to determine that the input Voltage exceeds a pre 
determined input Voltage threshold at a second time instant, 
Subsequent to the first time instant. 
The control unit typically controls the switch to operate in 

the second mode in the time interval starting with the first 
time instant and ending with the second time instant. This 
time interval may be indicative of a phase-cut angle set by the 
phase-cut dimmer. In other words, the first and the second 
time instants may be indicative of the phase-cut angle set by 
the phase-cut dimmer. As a consequence, the control unit may 
be configured to control the drive current through the SSL 
device based on the first and second time instants, thereby 
controlling an illumination level of the SSL device. 

It should be noted that as a result of operating the single 
switch in at least two different modes (i.e. the first and second 
modes), the control unit typically comprises only a single pin 
for providing the control signal to the single Switch of the 
driver circuit. As a result, the number of pins of the control 
unit can be reduced compared to a control unit controlling at 
least two different switches which are operated in the at least 
two different modes, respectively. 
The driver circuit may further comprise current sensing 

means configured to determine a feedback signal indicative of 
the level of the current through the switch. By way of 
example, the current sensing means may comprise a sensing 
resistor which is arranged in series with the switch. The 
feedback signal may correspond to the Voltage drop across the 
sensing resistor, wherein the Voltage drop across the sensing 
resistor is typically proportional to the current through the 
Switch. The control unit may comprise a pin for receiving the 
feedback signal. Furthermore, the control unit may be con 
figured to control the level of the current through the switch, 
when in the second mode, based on the feedback signal. By 
controlling the current through the Switch, the control unit 
may provide overstress protection of the components of the 
driver circuit and/or of the control unit (by limiting the current 
through the Switch to a value below a maximum current). 
Furthermore, the control unit may ensure that the components 
of the driver circuit are discharged within a pre-determined 
discharging time interval (by ensuring that the current 
through the Switch exceeds a minimum current). In particular, 
it may be ensured that the components of the driver circuit are 
discharged prior to the second time instant (when the phase 
cut dimmer goes into its on-state). As a result, the re-increase 
of the input Voltage (due to the dimmer going into its on-state) 
can be reliably detected by the control unit. 
The control unit may be configured to determine that the 

input Voltage exceeds a pre-determined input Voltage thresh 
old (i.e. that the phase-cut dimmer goes into its on-state) by 
monitoring the input Voltage (or a Voltage derived from the 
input Voltage, or a Voltage derived from the mains Voltage). 
For this purpose, the control unit may comprise an input 
Voltage pin. The input Voltage pin may be linked to input 
Voltage measurement means of the driver circuit. The input 
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Voltage measurement means may e.g. be a Voltage divider 
configured to provide a Voltage derived from the input Voltage 
to the input Voltage pin of the control unit. The input Voltage 
measurement means may be coupled to a rectifier unit of the 
driver circuit, on one side, and to the input Voltage pin of the 
control unit on the other side. As such, the control unit may be 
configured to receive a Voltage derived from the input Voltage. 

Furthermore, the control unit may be configured to deter 
mine that the input voltage exceeds a pre-determined input 
voltage threshold by determining that the received voltage 
exceeds a respective pre-determined threshold— 
The control unit may be configured to determine an indi 

cator of a phase-cutangle set by the dimmer based on the time 
interval between the first and second time instants. In particu 
lar, the control unit may be configured to determine the illu 
mination level corresponding to the phase-cut angle (or cor 
responding to the time interval). The control unit may be 
configured to store data derived from the first and/or second 
time instants, wherein the data may be e.g. the time interval 
between the first and second time instants and/or the deter 
mined indicator of the phase-cut angle and/or the determined 
illumination level. Furthermore, the control unit may be con 
figured to control the drive current to the SSL device such that 
the determined illumination level is provided by the SSL 
device. The driver circuit may comprise a current source and 
the control unit may be configured to control the current 
source to provide the appropriate drive current for the deter 
mined illumination level. 
The mains Voltage may be an alternating Voltage at a mains 

frequency (e.g. at 50 or 60 Hz). The control unit may be 
configured to synchronize with the mains Voltage. If the 
phase-cut dimmer is a leading edge phase-cut dimmer, then 
the first time instant may correspond to a Zero-crossing of the 
mains Voltage. On the other hand, if the phase-cut dimmer is 
a tailing edge phase-cut dimmer, then the second time instant 
may correspond to a Zero-crossing of the mains Voltage. As 
Such, the control unit may be configured to select the first 
and/or second time instants based on the periodicity of the 
mains Voltage. 
The control unit may be configured, e.g. during a startup 

phase, to operate the Switch in the second mode for at least 
two half-waves of the mains voltage. Furthermore, the control 
unit may be configured to determine a time interval during 
which the input voltage is below the pre-determined input 
Voltage threshold (e.g. using the above mentioned schemes). 
In case there is a plurality of time intervals during which the 
input Voltage is below the pre-determined input Voltage 
threshold, then the control unit may be configured to deter 
mine the longest of the plurality of time intervals. An edge of 
the determined (longest) time interval may correspond to a 
Zero-crossing of the mains Voltage. By way of example, in 
case of a leading edge phase-cut dimmer, the earlier edge of 
the determined time interval may correspond to a Zero-cross 
ing of the mains Voltage; whereas in case of a tailing edge 
phase-cut dimmer, the later edge of the determined time inter 
Val may correspond to a Zero-crossing of the mains Voltage. 
By doing this, the control unit may synchronize with the 
mains Voltage. 

It should be noted that the control unit may be configured to 
synchronize with the mains Voltage based on the Voltage 
provided at an input Voltage pin of the control unit. As out 
lined above, the Voltage provided at the input Voltage pin of 
the control unit may be derived from the input Voltage using 
input voltage measurement means. 
As indicated above, the mains Voltage may be an alternat 

ing Voltage at a mains frequency. The control unit may be 
configured to periodically put the Switch in the second mode 
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6 
at a measurement frequency. The measurement frequency 
may be selected to be smaller than the mains frequency. As a 
result of reducing the measurement frequency, losses of the 
driver circuit incurred when operating the Switch in the sec 
ond mode may be reduced. By way of example, the measure 
ment frequency may be at or below /10 or /100 of the mains 
frequency. 
As indicated above, the Switch may comprise a transistor, 

e.g. a MOSFET, a BJT or an IGBT. Furthermore, the control 
unit may be configured to generate a control 20 signal to 
operate the switchin the first and/or second mode. The control 
signal may be gate Voltage applied to a gate of the Switch/ 
transistor. 

According to another aspect, a driver circuit is described. 
The driver circuit may be configured for driving a solid state 
lightening (SSL) device, Subject to an input Voltage derived 
from a mains Voltage using a phase-cut dimmer. As indicated 
above, the driver circuit may comprise a Switch operable in a 
first mode and in a second mode. In the first mode, the switch 
may alternate between an on-state and an off-state at a com 
mutation cycle rate. In the second mode, the Switch may be 
traversed by a current at a smoothly controllable level. Fur 
thermore, the driver circuit may comprise a power converter 
network configured to provide a Switched-mode power con 
verter in combination with the Switch when the switch is 
operated in the first mode. The power converter may generate 
a drive voltage for the SSL device from the input voltage. In 
addition, the driver circuit may comprise a control unit com 
prising any one or more of the features described in the 
present document. 
The power converter network may comprise a flyback net 

work, a buck network and/or a SEPIC network. The drive 
Voltage provided by the power converter may be maintained 
at least at an on-voltage of the SSL device. In particular, the 
control unit may be configured to control the switch in the first 
mode such that the power converter maintains the drive volt 
age at least at the on-voltage of the SSL device. Furthermore, 
the driver circuit may comprise a current source arranged in 
series with the SSL device and coupled to the SSL device. The 
current source may be configured to provide the drive current 
for setting an illumination level of the SSL device, subject to 
the control of the control unit. 
The driver circuit may further comprise a rectifier unit (e.g. 

comprising a half wave or full-wave rectifier) configured to 
rectify the input voltage. Furthermore, the driver circuit may 
comprise a stabilizing capacitor configured to stabilize the 
rectified input Voltage to yield a Voltage at an input of the 
power converter network. The switch may be configured to 
discharge the stabilizing capacitor when operated in the sec 
ond mode. The discharging speed may be controlled by the 
level of the current through the Switch, i.e. the discharging 
speed may be controlled by the control unit using the control 
signal, based on the feedback signal. 

According to a further aspect, a light bulb assembly is 
described. The light bulb assembly comprises an electrical 
connection module configured to electrically connect to 
mains Voltage Submitted to a phase-cut dimmer, thereby pro 
viding an input Voltage. Furthermore, the lightbulb assembly 
comprises a driver circuit comprising any one or more of the 
features described in the present document. The driver circuit 
is configured to provide a drive Voltage and a drive current in 
accordance to a setting of the phase-cut dimmer, based on the 
input voltage. The setting of the phase-cut dimmer may cor 
respond to a phase-cut angle set by the phase-cut dimmer. In 
addition, the light bulb assembly may comprise an SSL 
device (e.g. a plurality of LEDs or OLEDs) configured to 
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provide light at an illumination level in accordance to the 
drive voltage and drive current. 

According to another aspect, a method for controlling a 
driver circuit is described. The driver circuit may be config 
ured to drive a solid state lightening (SSL) device, subject, to 
an input Voltage derived from a mains Voltage using a phase 
cut dimmer. As indicated above, the driver circuit may com 
prise a Switch operable in a first mode and in a second mode. 
In the first mode, the switch may alternate between an on 
state and an off-state at a commutation cycle rate. In the 
second mode, the switch may be controlled so that it is tra 
versed by a current at a continuously controllable level. Fur 
thermore, the driver circuit may comprise a power converter 
network configured to provide a Switched-mode power con 
verter in conjunction with the switch when operated in the 
first mode. The power converter may be configured to gener 
ate a drive voltage for the SSL device from the input voltage. 
The method may comprise controlling the Switch to selec 

tively operate in the first and second mode. Furthermore, the 
method may comprise controlling the Switch to change from 
the first mode to the second mode at a first time instant. The 
method may proceed in determining that the input Voltage 
exceeds a predetermined input Voltage threshold at a second 
time instant, Subsequent to the first time instant (e.g. while the 
switch is still operated in the second mode). In addition, the 
method may comprise controlling a drive current through the 
SSL device based on the first and second time instants, 
thereby controlling an illumination level of the SSL device. 
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. 

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. 

According to a further aspect, a computer program product 
is described. The computer program may comprise execut 
able instructions for performing the method steps outlined in 
the present document when executed on a computer. 

It should be noted that the methods and systems including 
its preferred embodiments as outlined in the present docu 
ment may be used stand-alone or in combination with the 
other methods and systems disclosed in this document. Fur 
thermore, all aspects of the methods and systems outlined in 
the present document may be arbitrarily combined. In par 
ticular, the features of the claims may be combined with one 
another in an arbitrary manner. 

In the present document, the term “couple' or “coupled 
refers to elements being in electrical communication with 
each other, whether directly connected e.g., via wires, or in 
Some other manner. 

SHORT DESCRIPTION OF THE FIGURES 

The disclosure is explained below in an exemplary manner 
with reference to the accompanying drawings, wherein 

FIG. 1 illustrates a block diagram of an example lightbulb. 
FIG.2a illustrates example power Supply arrangements for 

an LED lamp: 
FIGS.2b, 2c and 2d illustrate example input voltage wave 

forms; 
FIG. 3a shows a block diagram of an example system for 

operating SSL lamps using phase-cut dimmers; 
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8 
FIG.3b shows a block diagram of an example driver circuit 

for an SSL lamp: 
FIG.3c shows block diagrams of example control units of 

a driver circuit for a 5 SSL lamp: 
FIGS. 4a, 4b and 4c illustrate example input voltage wave 

forms for the example driver circuit of FIG. 3b; and. 
FIG. 5 shows a flowchart of a method allowing a reliable 

determination of the phase of a mains power Submitted to a 
phase-cut dimmer, thereby reliably and efficiently controlling 
the illumination of a Solid State Lightening (SSL) lamp. 

DETAILED DESCRIPTION 

In the present document, a lightbulb “assembly' includes 
all of the components required to replace a traditional incan 
descent 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. 

Typically, in Europe electricity is supplied at 230-240 
VAC, at 50 Hz and in North 20 America at 110-120VAC at 60 
HZ. The principles set out in the present document apply to 
any Suitable electricity Supply, including the mains/power 
line mentioned, and a DC power Supply, and a rectified AC 
power Supply. 

FIG. 1 is a schematic view of a 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 E11, 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) oran 
organic light emitting diode (OLED) (the latter technology is 
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 LEDs. 

Driver circuit 8 (also referred to as power supply arrange 
ment in the present document) 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. 
The housing 2 provides a suitably robust enclosure for the 

light source and drive components, and includes optical ele 
ments 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 temperature of 
the light Source may be important in maximizing 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 assem 
bly as a whole. 

In order to make an SSL based lamp compatible with 
phase-cut dimmers, the power Supply arrangement 8 for Such 
an SSL based lamp 1 may provide e.g. the following func 
tions: 
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1. Take energy from the mains Voltage set by the dimmer. 
2. Filter any Voltage fluctuation at the mains Supply in order 

to keep the light output free offlicker. 
3. Adjust the SSL lamp current/power (and by consequence 

the intensity of the emitted light) to the requested dim 
level. 

The present document describes methods and systems 
which allow for the implementation of one or more of the 
above mentioned functions. In the following, Such methods 
and systems will be described in the context of LED lamps. It 
should be noted, however, that the methods and systems 
described herein are equally applicable to controlling the 
power provided to other types of illumination technologies 
such as other types of SSL based lamps (e.g. OLEDs). 

FIG. 2a illustrates a block diagram of a power Supply 
arrangement 100 which may be used to control the power for 
illuminating the LED 104 based on the power provided by the 
mains power Supply. The power Supply arrangement 100 
receives an input power 111 from the mains Supply. The input 
power 111 may have been adjusted using a dimmer. Various 
types of dimmers exist, but the most frequently used type of 
dimmer is a so-called thyristor dimmer or phase-cut dimmer. 

Thyristor dimmers Switch on at an adjustable time (phase 
angle) after the start of each alternating current half-cycle, 
thereby altering the Voltage waveform applied to lamps and so 
changing its root mean squared (RMS) effective Voltage 
value. Because thyristor dimmers switch part of the voltage 
supplied (instead of absorbing it), there is very little wasted 
power at the dimmer. Dimming can be performed almost 
instantaneous and is easily controlled by remote electronics. 
Typically, TRIACs (Triode for Alternating Current) are used 
as thyristors within the dimmers in domestic lightening appli 
cation. Variants of dimmers are leading edge phase-cut dim 
mers, tailing edge phase-cut dimmers or intelligent dimmers 
configured to Switch between leading edge and tailing edge 
phase-cut. The methods and systems described herein are 
applicable to any of the above mentioned variants of dim 
CS. 

AS Such, phase-cut dimmers are typically configured to 
remove a particular phase of the sinusoidal mains Voltage. 
This leads to a reduction of the RMS voltage supplied to 
conventional incandescent lamp, thereby reducing the inten 
sity of the light emitted by the incandescent lamp. On the 
other hand, energy efficient illumination technologies such as 
LED or OLED require a pre-determined level of direct cur 
rent (DC) voltage, such that the modifications to the sinusoi 
dal mains Voltage performed by the dimmer cannot be 
directly used for modifying the intensity of the emitted light. 
Consequently, power Supply arrangements or driver circuits 
for Such energy efficient lamps typically comprise means for 
converting the phase-cut input Voltage into an appropriately 
reduced power for the illuminant (e.g. the LED or OLED). 

Returning now to the example power Supply arrangements 
or driver circuit 100 of FIG. 2a. The example power supply 
arrangement 100 comprises a phase-cut angle detection unit 
102 which senses the input voltage 112 and which estimates 
the angle at which the original sinusoidal mains Voltage has 
been cut by the dimmer. The estimated angle 113 indicates a 
desired dim level and is passed to an LED control unit 103 
which controls the LED power supply 101 via a control signal 
114 to provide an output power 115 to the LED 104 (referred 
to as light source 6 in FIG. 1) which drives the LED 104 to 
provide light 116 at the desired dim level. 

FIGS. 2b, 2c and 2d illustrate example waveforms 201, 
202, 203 of input voltage waveforms 112. The illustrated 
waveforms 201, 202, 203 are typical voltage waveforms for 
incandescent light bulbs when used with a leading edge 
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10 
phase-cut dimmer. The respective “conduction angles' 211, 
212, 213 of the dimmer are a function of the potentiometer 
turn angle which controls the average power delivered to the 
incandescent lightbulbs. Due to a large power load of typical 
incandescent lightbulbs, the dimmer fires within every mains 
period. The phase-cut angle 211 (also referred to as the “con 
duction angle because it indicates the angle at which the 
phase-cut dimmer goes to an on-state, i.e. starts conducting) 
indicates a 100% angle setting with a maximum amount of 
power delivered to the light bulb, the phase-cut angle 212 
indicates a 50% angle setting with a medium amount of power 
delivered to the light bulb and the phase-cut angle 213 indi 
cates a 0% angle setting with a minimum amount of power 
delivered to the light bulb. 

This is different when using low power loads such as SSL 
light bulb assemblies. Typical phase-cut dimmers only per 
form correctly when having a resistive load connected to 
them, which consumes a pre-determined minimum amount of 
power (as e.g. a conventional incandescent lamp of at least 40 
W). When being used for dimming energy efficient LED 
lamps (at power levels in the range of 2 to 10 W), the input 
Voltage waveform 112 generated by typical phase-cut dim 
mers may be significantly distorted. Distortions to the input 
Voltage waveform may be due to effects such as multi firing, 
capacitive phase shift, and discontinuous operation of the 
dimmers. Example waveforms 401, 402, 403 of input volt 
ages to a driver circuit are illustrated in FIGS. 4a, 4b and 4c. 
The waveform 401 corresponds to a 100% angle setting for 
which a maximum amount of power is to be delivered to the 
light source 6, 104, the waveform 402 corresponds to a 50% 
angle setting for which a medium amount of power is to be 
delivered to the light source 6, 104 and the waveform 403 
corresponds to a 0% angle setting for which a minimum 
amount of power is to be delivered to the light source 6, 104. 
It can be seen that at the 100% angle setting, the dimmer 
performs multi-firing, that at the 50% angle setting, the dim 
mer is firing randomly and that at the 0% angle setting, the 
dimmer may not operate at all. 
As a consequence, the settings of a phase-cut dimmer (and 

the corresponding desired illumination level) may not be 
easily derivable from the waveforms 401, 402, 403 of the 
input voltage to a drive circuit of a low load SSL device 104. 
The present document therefore addresses the technical prob 
lem of efficiently and reliably determining the phase-cut 
angle (i.e. the “conduction angles' 211, 212, 213) from the 
input voltage waveforms shown in FIGS. 4a, 4b and 4c. In 
particular, the present document describes a method and 
apparatus which make use of a discharge of capacitive Voltage 
levels at a mains terminal, thereby resetting the input Voltage 
in phases where a phase-cut dimmer is in off-mode. The 
discharge of the capacitive Voltage levels may be used to 
determine the phase-cut angle, and the determined phase-cut 
angle may be used to set the degree of illumination of the light 
source 6, 104 (e.g. of the SSL device 104). 
As outlined above, SSL based light bulb assemblies 1 

which are compatible with phase-cut dimmers should e.g. be 
configured to 

maintain a defined and reliable mode of operation of the 
dimmer, 

filter any Voltage fluctuations at the mains Supply, in order 
to keep the light output 116 of the lightbulb assembly 1 
free of any flicker; and 

detect the momentary phase-cut angle and to adjust the 
light level according to the detected phase-cut angle. 

The present document deals with the problem of detecting 
the phase-cut angle under various conditions of the lightbulb 
assembly. In order to measure the actual dimming phase-cut 
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angle, it is proposed to make use of a discharge current to reset 
the Voltage across the mains input terminal of the light bulb 
assembly 1 (i.e. the input Voltage) to Zero in phases where the 
dimmer switching element (e.g. the TRIAC) is in its off-state. 
If no reset current is drawn, the Voltage at the mains Voltage 
terminal of the light bulb assembly discharges at a slow rate 
and no instantaneous Voltage change is visible at the input. As 
a consequence, phase-cut angles are typically difficult to 
detect. 
The discharge current may be selected to be large enough 

to ensure a proper discharge within a limited time window. In 
particular, the discharging should be terminated prior to the 
time instant when the dimmer Switches on, thereby enabling 
the detection of the phase-cut angle. Furthermore, the dis 
charge current should not contribute to the energy intake of 
the power converter from the mains Supply, in order to avoid 
any light output modulation or excess Voltage increase in the 
power converter. In other words, the energy intake of the 
power converter may be decoupled from the discharge cur 
rent, thereby avoiding modulations of the drive current and/or 
drive voltage supplied to the light source 6,104. Furthermore, 
the discharge current may be limited to a maximum value in 
order to avoid an overstress of components within the light 
bulb assembly 1 and in particular within the driver circuit of 
the light bulb assembly. 

FIG.3a shows a block diagram of an example system 300 
for controlling the dim 30 state of an SSL device 104. The 
system 300 comprises an AC voltage source 3081, e.g. the 
mains voltage. The AC voltage provided by the AC voltage 
source 308-1 is modified by a dimmer (e.g. a phase-cut dim 
mer) 308-2 to provide a phase-cut AC voltage (as illustrated in 
FIGS. 2 c, d and e and in FIGS. 4 a, b, and c). The phase-cut 
AC voltage is referred herein as the input voltage 341. Fur 
thermore, the system 300 comprises a driver circuit 30, 
wherein the driver circuit 350 comprises an LRC network or 
power converter network 331. 
The power converter network 331 is used (in conjunction 

with a power switch 304) to convert the input voltage 341 into 
a drive voltage 342. The power converter network 331 may 
e.g. be a flyback, buck or SEPIC power converter network. 
The drive voltage 342 is typically controlled to be a constant 
DC voltage which corresponds to (or exceeds) the on-voltage 
of the SSL device 104. Furthermore, the driver circuit 350 
typically comprises a current source (not shown) to provide a 
drive current to the SSL device 104. The drive current is 
typically a DC current which may be maintained at a prede 
termined constant level, wherein the predetermined constant 
level corresponds to a predetermined illumination level of the 
SSL device 104. By increasing the constant level of the drive 
current, the illumination level of the SSL device 104 may be 
increased and vice versa. The current source may e.g. com 
prise a transistor (e.g. a FET) operated in a linear mode. 
The power converter network 331 may be controlled using 

a power switch 304 (e.g. a transistor such as a field effect 
transistor, FET, a MOSFET (Metal Oxide Semiconductor 
FET), a PBJT (P-type Bipolarjunction transistor) or an IGBT 
(Insulated gate bipolar transistor)). The power switch 304 
may be operated according to at least two different modes. In 
a first mode (e.g. a Switched mode or an on/off mode), the 
power switch 304 may control a voltage conversion ratio of 
the power converter network 331. In a second mode (e.g. a 
linear mode), the power switch 304 may be used to determine 
the phase-cut angle of the input voltage 341, thereby deter 
mining the desired illumination level of the SSL device 104. 
A control unit 320 may be used to control the mode of the 
power switch 304 via a control signal 343. Furthermore, the 
control unit 320 may receive a feedback signal 344 from the 
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12 
power switch 304, wherein the feedback signal 344 may be 
used to determine the phase-cut angle. 

In other words, the gate control signal 343 may be used 
during a first time interval to operate the power switch 304 in 
a first mode by turning the power switch 304 on/off at a 
relatively high switching rate (e.g. in the range of 100 kHz). 
As a result, the power converter network 331 operates in an 
energy transfer mode. Furthermore, the gate control signal 
343 may be used during a second time interval (different from 
the first time interval) to operate the power switch 304 in a 
linear mode, in order to allow for the determination of the 
phase-cut angle. When operated in the linear mode, the power 
switch 304 may provide a discharge current at the input 
terminals of the driver circuit 350 to reset any capacitive 
Voltage. The discharge current acts as a load to the dimmer 
308-2, thereby allowing for a stable operation of the dimmer 
308-2. The stable operation of the dimmer 308-2 allows for a 
reliable determination of the phase-cut angle. 
Once the phase-cut angle has been determined, a current 

source (not shown) of the system 300 may be controlled (e.g. 
by the control unit 320) to inject a constant drive current into 
the SSL device 104, wherein the constant drive current 
depends on the determined phase-cut angle. Typically, the 
drive current is decreased if the phase-cut angle increases and 
vice versa. As a result, the illumination level of the SSL 
device 104 decreases as the phase-cut angle increases and 
Vice versa. The current source is typically arranged in series to 
the SSL device 104, thereby allowing for a direct control of 
the current through the SSL device 104. 

Overall, the system 300 may comprise a constant AC volt 
age power source 308-1, a phase-cut dimmer 308-2, an LRC 
network 331, which typically depends on the used power 
topology, and a switch 304. The switch 304 may implement— 
in combination with the LRC network 331—a switched 
mode power Supply converter stage. Furthermore, the system 
300 may comprise a gate control signal generation unit 320 
which is configured to generate a gate control signal 343 for 
controlling an operating mode of the Switch 304. In addition, 
the system 300 comprises an electrical load 104, e.g. an SSL 
device. The gate control signal 343 may be set to turn the 
switch 304 on/off at a commutation cycle rate, in order to 
convert mains power from the source 308-1 into power suit 
able for the electrical load 104. At selected time intervals, the 
control unit 320 may set the gate control signal 343 to a 
controlled level such that a defined current through the switch 
304 is established. This current through the switch 304 may 
be used to reset the input voltage 341 during a phase of the 
input voltage 341, where the dimmer 308-2 is turned off. The 
resetting of the input voltage 341 allows for a reliable detec 
tion of the actual phase-cut angle from the input Voltage 341. 

During the first mode (e.g. during the Switching mode), the 
switch 304 may be turned on/offat relatively high frequencies 
(in the range of 100 kHz) and/or at a selected duty cycle, 
thereby providing a desired voltage conversion ratio. When 
operated in the first mode, the power converter network 331 
may be configured to continuously transfer power to the load 
104. 
At the selected time intervals, the gate control signal 343 

may be set to a level which is suitable for establishing a 
defined current through the switch 304, in order to reset the 
input voltage 341. The current through the switch 304 may be 
set to an absolute and/or constant value by the use of an 
absolute and/or constant value of the gate control signal 343. 
By use of the above mentioned gate control signal 343, the 
switch 304 is operated in the second mode (e.g. in the linear 
mode). The switch 304 may be kept in an on-state until it is 
detected that the input voltage 341 exceeds a pre-determined 
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input voltage threshold. The increase of the input voltage 341 
is typically due to the dimmer 308-2 turning on its phase. 

Hence, the substantial increase of the input voltage 341 is 
an indication of the phase-cut angle. As a result of the detec 
tion of a substantial increase of the input voltage 341, the 
control unit 320 may generate a control signal 343 to operate 
the switch 304 in its first mode. In more general term, the 
control signal 343 may be determined based on the input 
voltage 341. 
The driver circuit 300 may comprise input voltage mea 

Surement means (not shown) which are configured to deter 
mine a voltage derived from the input voltage 341. By way of 
example, the input Voltage measurement means may com 
prise a voltage divider which couples the input voltage 341 to 
the control unit 320. The control unit 320 may comprise an 
input Voltage pin (not shown) for receiving the Voltage 
derived from the input voltage 341. As such, the control unit 
320 may be configured to detect that the input voltage 341 
exceeds a predetermined input Voltage threshold, based on 
the received voltage. 
As outlined above, the switch 304 may be operated in the 

second mode (i.e. in the linear mode) when it is detected that 
the input voltage 341 is below the pre-determined input volt 
age threshold. Furthermore, the switch 304 may be operated 
in the first mode (i.e. in the on/off mode or in the pulse width 
modulated mode), when it is detected that the input voltage 
341 is above the pre-determined input voltage. By way of 
example, the pre-determined input Voltage threshold may be 
in the range of 20V (for a mains voltage in the range of 220V). 
In an embodiment, the pre-determined input Voltage thresh 
old is in the range of 10% of the mains voltage. 
The phase-cut angle may be determined by measuring the 

time interval during which the input voltage 341 was detected 
to be low. The measured time interval may be stored, e.g. 
within the control unit 320. The measured time interval cor 
responds to the phase-cut angle. In particular, the phase-cut 
angle may be proportional to the measured time interval, 
wherein the proportionality factor depends on the mains fre 
quency (e.g. 50 Hz or 60 Hz). In an embodiment, the phase 
cut angle is determined as a 180°T*f, wherein T is the 
measured time interval (in seconds), fis the mains frequency 
(in 1/second) and a is the phase-cut angle (measured in 
degrees). As such, the measured time interval may be taken as 
an indicator for the phase-cut angle. An intended dim level 
may be calculated based on the measured time interval and 
the power in the light source 104 may be set according to the 
calculated dim level. In particular, the current provided by a 
current source of the driver circuit 350 may be set in accor 
dance to the calculated dim level. 

Overall, it should be noted that the system 300 only makes 
use of a single switch 304 to provide at least two functions, i.e. 
a power conversion function and a phase-cut angle measure 
ment function. The at least two functions of the single switch 
304 may be implemented by sequentially operating the 
switch 304 in at least two different modes, wherein the Switch 
304 provides a power conversion function when operated in 
the first mode and wherein the switch 304 provides a phase 
cut angle measurement function when operated in the second 
mode. Furthermore, it should be noted that the control unit 
320 only comprises a single pin for the control of the single 
switch 304. In addition, the control unit 320 may comprise a 
pin for receiving the feedback signal 344. As a consequence, 
the number of pins of the control unit 320 can be reduced 
compared to a control unit 320 which controls a plurality of 
Switches. In an embodiment, the control unit only comprises 
two pins (for the control signal 343 and for the feedback 
signal 344, respectively). As a result of using only a single 
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14 
switch 304 and/or of reducing the number of pins, the cost of 
the driver circuit 300 and/or of the control unit 320 can be 
reduced. 

FIG. 3b illustrates an example system 300 for controlling 
the illumination level of an SSL device 104 based on a dim 
mer controlled input voltage 341 in more detail. The input 
Voltage 341 is provided by a mains Voltage power Supply in 
combination with a dimmer (combined reference numeral 
308). A driver circuit 350 is used to generate a drive voltage 
342 and a drive current 345. The drive voltage 242 is typically 
a Substantially constant Voltage corresponding to the onVolt 
age of the SSL device 104. 
The drive current 345 is typically a substantially constant 

current set in accordance to an intended illumination level of 
the SSL device 104. The driver circuit 350 may comprise a 
rectifier unit 306 configured to provide a rectified version of 
the input voltage 341. The rectifier unit 306 may comprise a 
half-wave or a full-wave rectifier. Furthermore, the rectifier 
unit 306 may comprise EMI (electromagnetic interference) 
filter components. Typically, the rectifier unit 306 is used in 
conjunction with a stabilizing capacitor 307 which is used to 
Smooth the rectified input Voltage. 

Furthermore, the driver circuit 350 typically comprises a 
power converter network 331. In the illustrated example, the 
power converter network 331 is a SEPIC (Single-Ended Pri 
mary-Inductor Converter) network comprising the coils 332, 
the capacitors 333,335 and the diode/switch 334. The power 
converter network331 may implement in combination with 
the switch 304—a switched-mode power converter config 
ured to transfer energy from the input voltage 341 to the load 
104. In particular, the power converter 331, 304 may be 
operated such that the rectified input voltage is converted into 
a substantially constant drive voltage 342 for the SSL device 
104. 
As outlined above, the switch 304 may be operated in a first 

mode (also referred to as the on/off mode) where the switch 
304 is alternated between its on-state and its off-state at a 
predetermined commutation cycle rate and at a predeter 
mined duty cycle (wherein the duty cycle defines the fraction 
of the on-state within a commutation cycle). The commuta 
tion cycle rate and the duty cycle may be used to control the 
conversion ratio of the power converter 331, 304. Further 
more, the switch 304 may be operated in a second mode (also 
referred to as the linear mode) where the switch 304 is con 
trolled to allow for a predetermined drain-source current 
through the switch 304. The current through the switch 304 
may be used, to reset the (rectified) input voltage 341. In 
particular, the current through the switch 304 may be used to 
discharge the stabilizing capacitor 307, thereby enabling 
access to the “unsmoothed' (rectified) input voltage 341 and 
thereby enabling a reliable measurement of the phase-cut 
angle. 
The first and second mode of the switch 304 may be con 

trolled via the gate control signal 343 generated by the control 
unit 320. The control unit 320 may comprise a mode selector 
321 which is configured to switch between a first control 
signal generation unit 325 configured to generated the gate 
control signal 343 for the first mode of the switch 304 and a 
second control signal generation unit 322 configured togen 
erate the gate control signal 343 for the second mode of the 
switch 304. A control logic 324 may be used to control the 
mode selector 321 based on the feedback signal 344, wherein 
the feedback signal 344 may be indicative of the current 
through the switch 304. By way of example, the current 
through the switch 304 may be sensed by a sensing resistor 
305, thereby providing a voltage drop at the sensing resistor 
305 which is proportional to the current through the switch 
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304. In the illustrated example, the feedback signal 344 cor 
responds to the voltage drop across the sensing resistor 305 
and is therefore proportional to the current through the switch 
304. 

In order to operate the switch 304 in the first mode, the 5 
control logic 324 sets the mode selector 321 such that the gate 
of the switch 304 is coupled to the first control signal genera 
tion unit 325 which comprises e.g. an operational amplifier. 
Furthermore, the control logic 324 may be configured to 
provide a pulse width modulated signal which is converted by 10 
the first control signal generation unit 325 into a gate control 
signal 343 which puts the switch 304 into alternating on/off 
states at the pre-determined commutation cycle rate and at the 
pre-determined duty cycle. 

In order to operate the switch 304 in the second mode, the 15 
control logic 324 sets the mode selector 321 such that the gate 
of the switch 304 is coupled to the second control signal 
generation unit 322 which comprises e.g. a comparator. The 
comparator may be used to implement a feedback loop using 
the feedback signal 344, thereby determining the gate control 20 
signal 343 such that the feedback signal 344 corresponds to a 
pre-determined reference signal 326. In particular, the gate 
control signal 343 may be determined such that the current 
through the switch 304 corresponds to a pre-determined dis 
charge current. The pre-determined discharge current may be 25 
selected such that the components of the driver circuit 350 
(notably of the power converter network 331 and of the rec 
tifier 306) are protected from overstress and/or that the dis 
charging is performed within a pre-determined discharge 
time interval. Typically, the pre-determined discharge current 30 
will be determined based on a compromise between over 
stress protection and discharge time interval. By way of 
example, the pre-determined discharge current may be in the 
range of 10 mA or 100 mA. 
The control unit 320 may further comprise a feedback 35 

processing module 323 configured to analyze the feedback 
signal 344. The feedback processing module 323 may be 
configured to determine that the feedback signal 344 exceeds 
a predetermined feedback threshold. This situation may be 
indicative of the fact that the dimmer 308-1 goes into on-state, 40 
thereby providing an input Voltage 341 with a magnitude 
greater than a pre-determined input Voltage threshold (e.g. 
Zero). In other words, this situation may be indicative of a 
phase-cut angle within the input voltage 341. The feedback 
processing module 323 may indicate this situation to the 45 
control logic 324. 
The control logic 324 may determine a phase-cut time 

interval indicative of the phase-cut angle. The phase-cut time 
interval may correspond to the time interval between the time 
instant when the switch 304 was put into the second mode and 50 
the time instant when the feedback processing module 323 
detected the feedback signal 344 exceeding the pre-deter 
mined feedback threshold (i.e. the time instant when the 
dimmer 308-2 switches on). Furthermore, the control logic 
324 may control the switch 304 to be operated in the first 55 
mode, subject to the feedback processing module 323 detect 
ing that the feedback signal 344 exceeds the predetermined 
feedback threshold. In other words, if it is detected that the 
dimmer 308-2 switches on, the control logic 324 may control 
the mode selector 321 to put the switch 304 into the first 60 
mode. 

Furthermore, the driver circuit 300 of FIG. 3b may com 
prise input Voltage measurement means 390 (e.g. a Voltage 
divider). The input voltage measurement means 390 may be 
configured to provide a voltage 392 derived from the input 65 
voltage 341 to the control unit 320. The control unit 320 may 
comprise a pin to receive the voltage 392. 

16 
FIG.3c illustrates block diagrams of example control units 

320, 380 for a driver circuit 300. The control unit 320 of FIG. 
3c corresponds to the control unit 320 shown in FIG. 3b. 
Furthermore, the control unit 320 of FIG. 3c comprises a 
switch 372 configured to provide the pulse width modulated 
control signal to the switch 304, for operating the switch 304 
in an on/off mode. In addition, control unit 320 of FIG. 3c 
comprises a transistor 371 configured to control the gate 
control signal 343 of the switch 304, thereby controlling the 
current through the switch 304. 

FIG. 3c (right hand side) shows a block diagram of an 
example control unit 380 which may be used in conjunction 
with a source-controlled switch 304. In this case, the Switch 
304 may have the function of a level shifter which is con 
trolled via its source. The switch 304 of FIG. 3c (right hand 
side) is coupled to a supply voltage Vcc (e.g. Vcc-12V). The 
control unit 380 comprises a first branch comprising a PWM 
driver 381 and a PWM control switch 382 operated in an 
on/off mode. Furthermore, the control unit 380 comprises a 
second branch comprising a Switch 383 and a current source 
384. The first branch may be used to operate the switch 304 in 
the first mode (i.e. in the on/off mode). The second branch 
may be used to operate the switch 304 in the second mode (i.e. 
in the linear mode). The current through the switch 304 may 
be fixed using the current source 384. When operated in the 
second mode, the switch 382 of the first branch may be kept 
in an off state. On the other hand, when operated in the first 
mode, the switch 383 may be kept in an off state. The control 
unit 380 may be advantageous as it does not comprise a 
control loop, and/or as it makes use of a reduced number of 
p1.ns. 

It should be noted that in the case of the example control 
unit 380 of FIG.3c (right hand side) an indication of the input 
voltage 341 may be measured at the pin of the control unit 
380, i.e. at the source of the switch 304. In particular, it may 
be measured that the voltage at the drain of the switch 304 
drops below the supply voltage Vcc. Furthermore, it may be 
measured that the current source 384 is saturated. As such, the 
cycle of the mains voltage may be detected at the pin of the 
control unit 380. 

FIGS. 4a, 4b, and 4c illustrate typically waveforms of the 
input voltage 341 in the system 300 of FIG.3b. As indicated 
above, phase-cut dimmers 308-2 are typically not designed to 
work with power converters 304,331 which attempt to regu 
late a constant power (i.e. a constant drive Voltage 342 and a 
constant drive current 345) to a relatively low load, indepen 
dent of the phase angle and input Voltage. In order to imple 
ment a dimmable power converter for an SSL device 104, it is 
proposed to sense the conduction phase angle of the input 
voltage 341. FIGS. 4a, 4b and 4c show the waveforms 401, 
402,403 of the input voltage 341 in the system300 of FIG.3b. 
The waveform 401 corresponds to a 100% angle setting, the 
waveform 402 corresponds to a 50% angle setting and the 
waveform 403 corresponds to a 0% angle setting. It can be 
seen that during power conversion operation (when the Switch 
304 is operated in the first mode), the waveform 401, 402,403 
of the input voltage 341 is significantly distorted due to multi 
firing, random firing and/or non-firing of the dimmer 308-2. 
As outlined above, the unstable behavior of the dimmer 308-2 
is typically due to the low load provided by the SSL device 
104. 
On the other hand, it can be seen that phase-angles can be 

reliably detected, when applying the discharge current in the 
phase where the dimmer is in off-state. FIGS. 4a, 4b, and 4c 
identify respective time intervals 411, 412, 413 where the 
switch 304 is operated in the second (e.g. linear) mode to 
provide a discharge current. The discharge current represents 
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a load to the dimmer 308-2, thereby allowing for a reliable 
operation of the dimmer 308-2. In particular, the operation of 
the Switch 304 in the second mode allows for a reliable 
operation of the dimmer 308-2 in the off-state and a reliable 
transition from the off-state of the dimmer 308-2 to the on 
state of the dimmer 308-2. Hence, the phase-cut angle can be 
reliably detected within the driver circuit 350, e.g. within the 
control unit 320. In particular, the phase-cut angle may be 
determined based on the feedback signal 344. 
The waveforms 401, 402, 403 of the input voltage 341 

during the time intervals 411, 412, 413 may also be used to 
reliably measure and synchronize with the mains period. In 
case of a leading edge phase-cut dimmer 308-2, the transition 
from an on-state of the dimmer 308-2 to an off-state (possibly 
in combination with the condition that a length of the off-state 
exceeds a pre-determined minimum length) may be a reliable 
indication of the beginning of a new (half) cycle of the mains 
power Supply (i.e. of a Zero-crossing of the mains power 
supply). Consequently, the time intervals 411, 412,413 dur 
ing which the switch 304 is operated in the second mode may 
be used to synchronize the driver circuit 350 with the cycle of 
the mains Supply. By doing this, it can be ensured that the 
selection of the first and second modes of the Switch 304 is 
synchronized with the mains Supply. In particular, it can be 
ensured that the second mode is activated while the dimmer 
308-2 is (supposed to be) in off-state (e.g. at the beginning of 
a cycle of the mains Supply). 
As indicated above, the current through the switch 304, 

when operated in the second mode, represents a load to the 
dimmer 308-2. As such, the driver circuit 350 may incur 
power losses when the switch 304 is operated in the second 
mode. In other words, the determination of the phase-cut 
angle may be linked to power losses. In order to reduce Such 
power losses, the measurement of the phase-cut angle may be 
performed at a measurement rate which is lower than the 
cycle rate of the mains supply, e.g. by a factor of 10 or 100. 
The power converter network 331 and the current source 

360 may be configured 30 such that time intervals during 
which the switch 304 is operated in the second mode can be 
bridged without impacting the (constant) drive Voltage 342 
and the (constant) drive current 345. This can be achieved e.g. 
by using appropriate capacitors 335 at the output of the power 
converter network 331 in order to supply the (constant) drive 
Voltage 342 and by appropriately controlling the current 
Source 360 (e.g. by controlling the gate Voltage of a transistor 
comprised within the current source 360). 

FIG. 5 shows a flowchart of a method allowing a reliable 
determination of the phase of a mains power Submitted to a 
phase-cut dimmer, thereby reliably and efficiently controlling 
the illumination of a Solid State Lightening (SSL) lamp. A 
first step 500 depicts a provision of a control unit, a driver 
circuit comprising a single power Switch, and a SSL device, 
wherein the driver circuit is setting an illumination level of the 
SSL device in accordance to a setting of the phase-cut dim 
mer. The next step 501 shows measuring a phase-cut-angle set 
by the phase-cut dimmer by using the single power Switch. 
Step 502 illustrates translating measured setting of the phase 
cut dimmer into a drive Voltage and a drive current driving the 
SSL device by using the single switch for power conversion. 
Finally step 503 depicts sensing current through the power 
switch to determine a feedback signal indicative of the level 
of the current through the SSL in order to control the current. 

In the present document, a driver circuit for an SSL device 
has been described which is configured to set an illumination 
level of the SSL device in accordance to a setting of a phase 
cut dimmer. For this purpose, the driver circuit makes use of 
a power switch which is operated in at least two different 
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modes, in order to allow for power conversion and for a 
reliable measurement of the setting of the phase-cut dimmer, 
respectively. The measured setting of the phase-cut dimmer is 
translated by the driver circuit into a drive voltage and a drive 
current which provide a flicker-free illumination level of the 
SSL device, in accordance to the setting of the phase-cut 
dimmer. The use of a single Switch for implementing a power 
conversion function and a measurement function leads to an 
efficient and cost effective driver circuit for SSL devices. 

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 disclosure and are 
included within its spirit and scope. Furthermore, all 
examples and embodiment outlined 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 methods and systems. Furthermore, all state 
ments herein providing principles, aspects, and embodiments 
of the disclosure, as well as specific examples thereof, are 
intended to encompass equivalents thereof. 

The invention claimed is: 
1. A control unit for a driver circuit which is configured to 

drive a solid state lightening, referred to as SSL device, sub 
ject to an input Voltage derived from a mains Voltage using a 
phase-cut dimmer, wherein the driver circuit comprises a 
transistor operable in a first mode and in a second mode; and 
a power converter network; wherein the driver circuit further 
comprises current sensing means configured to determine a 
feedback signal indicative of the level of the current through 
the transistor, and wherein the control unit is configured to 

control the transistor to selectively operate in the first and 
second mode; wherein in the first mode, the transistor 
alternates between an on-state and an off-state at a com 
mutation cycle rate, thereby providing a Switched-mode 
power converter in conjunction with the power converter 
network; wherein in the second mode, the transistor is 
controlled via a gate control signal applied to the gate of 
the transistor so that it is traversed by a controlled cur 
rent, thereby providing a controlled load to the mains 
Voltage; and 

control the level of the current through the transistor, when 
in the second mode, by determining the gate control 
signal based on the feedback signal. 

2. The control unit of claim 1, wherein the control unit is 
configured to 

control the transistor to change from the first mode to the 
second mode at a first time instant; 

determine that the input Voltage exceeds a pre-determined 
input Voltage threshold at a second time instant, Subse 
quent to the first time instant; and 

control a drive current through the SSL device based on the 
first and second time instants, thereby controlling an 
illumination level of the SSL device. 

3. The control unit of claim 2, wherein the control unit is 
configured to receive a Voltage derived from the input Voltage; 
and wherein the control unit is configured to determine that 
the input Voltage exceeds a pre-determined input Voltage 
threshold by determining that the received voltage exceeds a 
pre-determined threshold. 

4. The control unit of claim 2, wherein the control unit is 
configured to 

determine an indicator of a phase-cut angle set by the 
dimmer based on the time interval between the first and 
second time instants; 
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determine the illumination level corresponding to the 
phase-cut angle; and 

control the drive current providing the illumination level. 
5. The control unit of claim 2, wherein 
the mains Voltage is an alternating Voltage at a mains fre 

quency: 
the control unit is configured to synchronize with the mains 

Voltage; 
the phase-cut dimmer is a leading edge phase-cut dimmer; 

and 
the first time instant corresponds to a Zero-crossing of the 

mains Voltage. 
6. The control unit of claim 2, wherein 
during a startup phase, the control unit is configured to 

operate the transistor in the second mode for at least two 
half-waves of the mains Voltage; 

the control unit is configured to determine a time interval 
during which the input voltage is below the pre-deter 
mined input Voltage threshold; and 

an edge of the time interval corresponds to a Zero-crossing 
of the mains Voltage. 

7. The control unit of claim 2, wherein the control unit is 
configured to store data derived from the first and/or second 
time instants. 

8. The control unit of claim 1, wherein 
the mains Voltage is an alternating Voltage at a mains fre 

quency: 
the control unit is configured to periodically put the tran 

sistor in the second mode at a measurement frequency; 
and 

the measurement frequency is Smaller than the mains fre 
quency. 

9. The control unit of claim 1, wherein the control unit is 
configured to control the commutation cycle rate and/or a 
duty cycle of the transistor, when in the first mode. 

10. A driver circuit for driving a solid state lightening, 
referred to as SSL, device, subject to an input voltage derived 
from a mains Voltage using a phase-cut dimmer, the driver 
circuit comprising 

a transistor operable in a first mode and in a second mode; 
wherein in the first mode, the transistor alternates 
between an on-state and an off-state at a commutation 
cycle rate; wherein in the second mode, the transistor is 
controlled via a gate control signal applied to the gate of 
the transistor so that it is traversed by a current at a 
smoothly controllable level; 

a power converter network configured to provide a 
Switched-mode power converter in conjunction with the 
transistor when operated in the first mode; wherein the 
power converter generates a drive voltage for the SSL 
device from the input voltage; 

current sensing means configured to determine a feedback 
signal indicative of the level of the current through the 
transistor, and 

a control unit configured to 
control the transistor to selectively operate in the first 

and second mode; wherein in the first mode, the tran 
sistor alternates between an on-state and an off-state 
at a commutation cycle rate, thereby providing a 
Switched-mode power converter in conjunction with 
the power converter network; wherein in the second 
mode, the transistor is controlled so that it is traversed 
by a controlled current, thereby providing a controlled 
load to the mains Voltage; and 

control the level of the current through the transistor, 
when in the second mode, by determining the gate 
control signal based on the feedback signal. 
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11. The driver circuit of claim 10, wherein 
the power converter network comprises a flyback network, 

a buck network and/or a SEPIC network; and/or 
the drive voltage provided by the power converter is main 

tained at least at an on-voltage of the SSL device. 
12. The driver circuit of claim 10, further comprising a 

current source arranged in series to the SSL device and con 
figured to provide a drive current for the SSL device subject to 
the control of the control unit. 

13. The driver circuit of claim 10, further comprising 
a rectifier unit configured to rectify the input Voltage; 
input voltage sensing means configured to sense a Voltage 

derived from the input Voltage and configured to provide 
the sensed Voltage to the control unit; and 

a stabilizing capacitor configured to stabilize the rectified 
input voltage to yield a Voltage at an input of the power 
converter network. 

14. The driver circuit of claim 10, wherein the control unit 
is configured to 

control the transistor to change from the first mode to the 
second mode at a first time instant; 

determine that the input Voltage exceeds a pre-determined 
input Voltage threshold at a second time instant, Subse 
quent to the first time instant; and 

control a drive current through the SSL device based on the 
first and second time instants, thereby controlling an 
illumination level of the SSL device. 

15. The driver circuit of claim 14, wherein the control unit 
is configured to receive a Voltage derived from the input 
Voltage; and wherein the control unit is configured to deter 
mine that the input voltage exceeds a pre-determined input 
voltage threshold by determining that the received voltage 
exceeds a pre-determined threshold. 

16. The driver circuit of claim 14, wherein the control unit 
is configured to 

determine an indicator of a phase-cut angle set by the 
dimmer based on the time interval between the first and 
second time instants; 

determine the illumination level corresponding to the 
phase-cut angle; and 

control the drive current providing the illumination level. 
17. The driver circuit of claim 14, wherein 
the mains Voltage is an alternating Voltage at a mains fre 

quency: 
the control unit is configured to synchronize with the mains 

Voltage; 
the phase-cut dimmer is a leading edge phase-cut dimmer; 

and 
the first time instant corresponds to a Zero-crossing of the 

mains Voltage. 
18. The driver circuit of claim 14, wherein 
during a startup phase, the control unit is configured to 

operate the transistor in the second mode for at least two 
half-waves of the mains Voltage; 

the control unit is configured to determine a time interval 
during which the input voltage is below the pre-deter 
mined input Voltage threshold; and 

an edge of the time interval corresponds to a Zero-crossing 
of the mains Voltage. 

19. The driver circuit of claim 14, wherein the control unit 
is configured to store data derived from the first and/or second 
time instants. 

20. The driver circuit of claim 10, wherein 
the mains Voltage is an alternating Voltage at a mains fre 

quency: 
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the control unit is configured to periodically put the tran 
sistor in the second mode at a measurement frequency; 
and 

the measurement frequency is smaller than the mains fre 
quency. 

21. The driver circuit of claim 10, wherein the control unit 
is configured to control the commutation cycle rate and/or a 
duty cycle of the transistor, when in the first mode. 

22. A lightbulb assembly comprising 
an electrical connection module configured to electrically 

connect to a mains Voltage submitted to a phase-cut 
dimmer, thereby providing an input voltage; 

a driver circuit configured to provide a drive voltage and a 
drive current in accordance to a setting of the phase-cut 
dimmer, based on the input voltage the driver circuit 
comprising 
a transistor operable in a first mode and in a second 

mode; wherein in the first mode, the transistor alter 
nates between an on-state and an off-state at a com 
mutation cycle rate; wherein in the second mode, the 
transistor is controlled via a gate control signal 
applied to the gate of the transistor so that it is tra 
versed by a current at a smoothly controllable level; 

a power converter network configured to provide a 
Switched-mode power converter in conjunction with 
the transistor when operated in the first mode: 
wherein the power converter generates a drive voltage 
for the SSL device from the input voltage; 

current sensing means configured to determine a feed 
back signal indicative of the level of the current 
through the transistor; and 

a control unit wherein the control unit is configured to 
control the transistor to selectively operate in the first 
and second mode; wherein in the first mode, the tran 
sistor alternates between an on-state and an off-state 
at a commutation cycle rate, thereby providing a 
Switched-mode power converter in conjunction with 
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the power converter network; wherein in the second 
mode, the transistoris controlled so that it is traversed 
by a controlled current, thereby providing a controlled 
load to the mains Voltage; wherein the control unit is 
further configured to control the level of the current 
through the transistor, when in the second mode, by 
determining the gate control signal based on the feed 
back signal; and 

a SSL device configured to provide light at an illumination 
level in accordance to the drive voltage and drive cur 
rent. 

23. The lightbulb assembly of claim 22, wherein the power 
converter network comprises a flyback network, a buck net 
work and/or a SEPIC network, and/or the drive voltage pro 
Vided by the power converter is maintained at least at an 
on-voltage of the SSL device. 

24. The lightbulb assembly of claim 22 wherein the driver 
circuit further comprises a current source arranged in series to 
the SSL device and configured to provide a drive current for 
the SSL device subject to the control of the control unit. 

25. The lightbulb assembly of claim 22, wherein the con 
trol unit is configured to 

control the transistor to change from the first mode to the 
second mode at a first time instant; 

determine that the input voltage exceeds a pre-determined 
input Voltage threshold at a second time instant, subse 
quent to the first time instant; and 

control a drive current through the SSL device based on the 
first and second time instants, thereby controlling an 
illumination level of the SSL device. 

26. The lightbulb assembly of claim 22, wherein the con 
trol unit is configured to receive a voltage derived from the 
input Voltage; and wherein the control unit is configured to 
determine that the input voltage exceeds a pre-determined 
input voltage threshold by determining that the received volt 
age exceeds a pre-determined threshold. 

ck ck ck ck ck 




