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(57) ABSTRACT 

A control circuit for a power Supply having a controllable 
Switch for Switching a current through a first transformer 
winding and a Voltage providing circuit for providing an 
output Voltage based on a voltage generated in a second 
transformer winding has a comparing unit for generating a 
comparison signal. The control circuit has a threshold signal 
modulation circuit adapted to modulate the threshold signal 
that the comparison signal is activated as soon as the input 
signal crosses a first threshold value, if the current flowing 
through the switch exhibits a first current sloperate, and that 
the comparison signal is activated as soon as the input signal 
crosses a second threshold value, if the current flowing 
through the switch exhibits a second current slope rate 
smaller than the first rate. For a given voltage, the first 
threshold is smaller than the second threshold. 
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FIG 3A 
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FIG 7A 
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CONTROL CIRCUIT FOR ASWITCHING POWER 
SUPPLY., METHOD FOR CONTROLLING A 

SWITCHING POWER SUPPLY AND COMPUTER 
PROGRAM 

RELATED APPLICATION 

0001. This application claims priority from European 
Patent Application No. 06001879.3, which was filed on Jan. 
30, 2006, and is incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD 

0002 The present invention is generally related to a 
control circuit for a Switching power Supply, a method for 
controlling a Switching power Supply and a computer pro 
gram. In particular, the present invention is related to a 
circuit using a dynamic feedback Voltage to improve the 
performance for entering a burst mode in a Switching power 
Supply. 

BACKGROUND 

0003. In present applications a large number of require 
ments is set up for Switching power Supplies. For example, 
a power Supply needs to be capable of providing a large 
output power. Furthermore, it is required that a Switching 
power Supply comprises a low standby power consumption 
in case a load current provided to a circuit Supplied by the 
power supply is comparatively small. 
0004. It was found that a low standby power can be 
achieved by using an active burst mode, which will be 
described in more detail in the following. 
0005 FIG. 7 shows an example of a switching power 
supply offering an active burst mode. The circuit of FIG. 7 
is designated in its entirety with 700. The circuit 700 
receives an alternating Voltage at an input 710 and provides 
a converter DC output voltage at an output 712. A rectifying 
circuit 714 generates a DC voltage 716 which is buffered by 
a buffer capacitor 718. Further, a first winding 720 is 
connected in series with a drain-source-path of a MOS-field 
effect transistor 722 and a current sense resistor 724 between 
the DC voltage 716 and a reference potential GND, wherein 
the voltage over the current sense resistor 724 is a pulse 
voltage which is present at 772. Besides, a snubber 726 is 
connected in parallel with the first winding 720. A gate 
terminal of the MOS-field effect transistor 722 is controlled 
by an integrated circuit 730, which will be described in more 
detail in the following. 
0006. The first winding 720 is part of a transformer 740 
that further comprises a second winding 742 and a third, 
auxiliary winding 744. The second winding 742 is con 
nected, via a rectifying diode 746, to a filter network 748. 
The filter network 748 comprises two capacitors and an 
inductor in a H circuit configuration. An output voltage 
V is available at the output port of the filter network 748. 
0007. The circuit 700 further comprises a feedback cir 
cuit 750. The feedback circuit 750 comprises an optocoupler 
752. A current flowing through a light emitting diode of the 
optocoupler 752 is dependent on a Voltage at an input port 
of the filter network 748. The current through the light 
emitting diode of the optocoupler 752 is further dependent 
on a voltage present at the output 712 of the circuit 700. 
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Thus, the current through the light emitting diode of the 
optocoupler 752 increases with an increasing Voltage at the 
input of the filter network 748. An npn-photo-transistor of 
the optocoupler 752 is connected between the ground poten 
tial GND and a feedback input FB of the integrated circuit 
730. 

0008. It should be noted here that a collector terminal of 
the photo transistor of the optocoupler 752 is pulled to a 
voltage which is positive with respect to the reference 
potential GND over a resistor R within the integrated 
circuit 730. Thus, a feedback voltage at the feedback input 
terminal FB of the integrated circuit 730 decreases with an 
increasing photo current. In other words, if the Voltage at the 
input port of the filter network 748 increases, the voltage at 
the feedback terminal FB of the integrated circuit 730 
decreases and vice versa. 

0009. In the following section, details of the integrated 
circuit 730 will be described. However, for a full description 
of the operation of the circuit 700 reference should be taken 
for example to the datasheet titled “F3; ICE3AS02/ 
ICE3BS02, ICE3AS02G/ICE3BSO2G, Off-Line SMPS Cur 
rent Mode Controller with Integrated 500V Startup Cell, 
Version 1.2, dated Sep. 2, 2005, which is available from 
Infineon Technologies AG. 
0010. The integrated circuit 700 comprises a total of 
seven terminals. A soft start terminal 760 is connected over 
a capacitor 762 with the reference potential GND. The soft 
start pin combines the function of a soft start during a startup 
of the integrated circuit 730 and an error detection for an 
auto restart mode. These functions are implemented and can 
be adjusted by means of the external capacitor 762 con 
nected between the soft start pin 760 (also designated with 
SoftS). The capacitor also provides an adjustable blanking 
window for high load jumps before the integrated capacitor 
730 enters into the auto restart mode, which will be 
described below. 

0011. A feedback pin 764 (also designated with FB) 
receives an information about the regulation. The informa 
tion received over the feedback pin 764 is provided to an 
internal protection unit and to an external pulse width 
modulation comparator to control the duty cycle of the 
MOS-field effect transistor 722. The signal at the feedback 
pin 764 further controls the active burst mode of the inte 
grated circuit 730 in case of a light load at the output 712. 
0012. A high voltage pin 765 (also designated with HV) 

is connected to the rectified DC input voltage 716. The 
rectified DC voltage 716 is the input for a startup cell 
integrated in the integrated circuit 730. 
0013 A power supply pin 766 (also designated with 
VCC) is the positive supply of the integrated circuit 730. The 
voltage at the power supply pin 766 is derived from the third 
winding 744 of the transformer 740 over a one-way recti 
fication circuit. 

0014. The integrated circuit 730 provides a drive signal to 
an external MOS-field effect transistor 722 over a gate pin 
768. 

0.015 Besides, the integrated circuit 730 senses the volt 
age developed over the current sensing resistor 724 (the 
series resistor inserted in series with the drain-source-path of 
the MOS-field effect transistor 722 and the first winding 720 
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of transformer 740). A voltage proportional to the current 
through the current sensing resistor 724 (and the first wind 
ing 720, unless some current is flowing through the snubber 
circuit 726) is fed into a current limiting circuit 770 via a 
current sense pin 772 (also designated with CS). If the 
voltage at the current sense pin 772 reaches an internal 
threshold of a current limit comparator CIO included in the 
current limiting circuit 770, the MOS-field effect transistor 
722 is immediately switched off. Furthermore, the current 
information input into the integrated circuit over the current 
sense pin 772 is provided (in a scaled form) to a pulse width 
mode comparator C8 to realize a regulation. 

0016. The integrated circuit 730 consists of a number of 
blocks, which will be described in more detail in the 
following. A control unit 800 controls different states of the 
integrated circuit 730. Transitions between the operating 
modes, for example a soft start mode, an active burst mode, 
a current mode, and additional protection modes, are initi 
ated depending on a voltage at the soft start pin 760 and a 
voltage at the feedback pin 764. 

0017 For the understanding of the present invention, the 
current mode, which constitutes a normal operation mode of 
the switching power supply 700, and the active burst mode, 
which constitutes an energy saving operation mode of the 
switching power supply 700, are particularly relevant. 
Therefore, these modes will be described in detail in the 
following. 

0018. The integrated circuit 730 provides the active burst 
mode for low load conditions at the output 712. During the 
active burst mode, which is controlled only by the voltage at 
the feedback pin 764, the integrated circuit 730 is active and 
can therefore immediately respond to fast changes at the 
feedback pin 764. At the same time, a comparatively low 
(lower than in the normal mode) power consumption of the 
Switching power Supply is ensured. 

0019. If the voltage at the feedback pin 764, which is low 
pass filtered by a low pass filter network 802, falls below a 
level of 1.32 volt, a comparator C5 provides a signal to the 
AND-gate G6. If the respective condition (voltage at feed 
back pin 764 smaller than 1.32 volt) is maintained for a 
certain period of time, a delay circuit (consisting of the 
OR-gate G2, switch S1, a 4.4 volt Zener-diode, a 5 kS2 
resistor, capacitor 762 and comparator C3) indicates that the 
active burst mode should be entered. The respective signal 
to enter the active burst mode is output by AND-gate G6. In 
other words, a time window is generated by combining the 
signal at the feedback pin 764 and the voltage at the soft start 
pin 760 with the AND-gate G6, which prevents a sudden 
entering of the active burst mode due to a large load jump. 
The time window is adjusted by the external capacitor 762. 
After entering active burst mode, a burst flag is set. An active 
burst mode control circuit 804 acts to limit the current 
flowing through the first winding 720 when the integrated 
circuit 730 is in the active burst mode. For this purpose, a 
current limit is set using the comparator C12 and the 
AND-gate G10, as will be described in more detail below. 

0020. Due to the current limit imposed in the active burst 
mode, conduction losses are reduced and a generation of 
audible noise by the switching power supply 700 is avoided. 
The operation of the active burst mode is further controlled 
by the voltage at the feedback pin 764, wherein the outputs 
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of comparators C6a and C6b are used to decide whether to 
activate or deactivate the generation of current pulses in the 
first winding 720. 
0021. Upon entering the active burst mode, an internal 
bias of the integrated circuit 730 is switched off in order to 
reduce the current consumption of the integrated circuit 730. 
Under this condition, the MOS-field effect transistor 722 is 
not activated. After entering the active burst mode, the 
voltage at the feedback pin 764 rises, as a voltage at the 
output 712 of the filter network 748 begins to fall in the 
absence of current pulses in the first winding 720. Com 
parator C6a observes the voltage at the feedback pin 764. 
0022. If the voltage at the feedback pin 764 exceeds for 
example a level of 4V, the internal bias of the integrated 
circuit 730 is again activated. Thus, the integrated circuit 
730 drives the MOS-field effect transistor 722 to generate 
current pulses, wherein the current flowing through the first 
winding 720 of the transformer 740 is limited to a compara 
tively small value, as determined by comparator C12. Due to 
the reactivation of the generation of current pulses in the first 
winding 720, the voltage in the filter network 740 increases 
again. Consequently, the Voltage at the feedback pin 740 
decreases. 

0023) If the voltage at the feedback pin 764 reaches for 
example a level of 3.4 volt, comparator C6b provides a 
signal to deactivate again an internal bias of the integrated 
circuit 730. As a consequence, a generation of current pulses 
in the first winding 720 is interrupted, until the voltage at the 
feedback pin 734 again reaches the above described thresh 
old of e.g. 4.0V. 
0024 Consequently, the above-described sequence is 
repeated, deactivating the internal bias of the integrated 
circuit 730. The integrated circuit 730 remains in the active 
burst mode, until the load at the output 712 of the switching 
power circuit 700 is changed (increased). If a sufficiently 
high load connected to the output 712 of the switching 
power supply 700 is activated, the voltage at the feedback 
pin 764 increases. Such an increase is detected by the 
comparator C4. Thus, if C4 detects that the voltage at the 
feedback pin 764 exceeds a threshold value of for example 
4.8 volt, the active burst mode is left. The output of 
comparator C12 is blocked upon a leaving the active burst 
mode, so that the current limitation imposed by the com 
parator C12 is no longer effective. So, after leaving the 
active burst mode, a maximum current can be provided 
(within the limits of the current limitation introduced by the 
comparator C10) to stabilize the Voltage V present at the 
output 712 of the switching power supply 700. 

0025 To summarize the above, the voltage at the feed 
back pin 764 is used to control the operation of an energy 
saving mode designated as active burst mode. When the 
voltage of the feedback pin 764 falls below a certain first 
threshold (e.g. 1.32 V) indicating a small load condition at 
the output 712 of the switching power supply, the active 
burst mode is entered, which results in a deactivation of the 
current pulses in the first winding 720 of the transformer 
740. Only when the voltage at the feedback pin 764 exceeds 
a second threshold level (e.g. 4.0 volt), current pulses in the 
first winding are re-activated. As long as the integrated 
circuit 730 is in the active burst mode, a current limitation 
is imposed on the current pulses in the first winding 720, 
which is lower than a maximum current which is allowable 
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when the active burst mode is inactive. If the integrated 
circuit 730 is in the active burst mode and current pulses are 
enabled, current pulses are generated in the first winding 720 
until the voltage at the feedback pin 734 reaches another 
third threshold value (e.g. 3.4 volt). As soon as the feedback 
voltage reaches the third threshold value, the generation of 
current pulses in the first winding 720 is deactivated. Con 
sequently, the voltage at the feedback pin 764 reaches the 
second threshold value (e.g. 4.0 Volt) again, and the cycle is 
repeated. Thus, a hysteresis is achieved, as the generation of 
current pulses in the first winding is activated when the 
voltage at the feedback pin 764 reaches the second threshold 
value, and is deactivated when the voltage at the feedback 
pin reaches the third threshold value. Besides, the active 
burst mode is left when the voltage at the feedback pin 764 
reaches a fourth threshold level (e.g. 4.8 volt). 

0026. It should be noted here, that the threshold levels 
described above will be referred to in the following as active 
burst mode threshold values. 

0027. In the following, the generation of a drive signal 
810 for the MOS field effect transistor 722 will be described 
in detail. The drive signal 810 is generated in a pulse width 
modulation section 820. The pulse width modulation section 
820 comprises an oscillator 822. The oscillator 822 gener 
ates two clock signals 824, 826 having the same frequency 
but different duty cycles. However, for the switching power 
supply 700 the rising edges of the first clock signal 824 and 
the second clock signal 826 coincide. The second clock 
signal 826 produces a short pulse to set a flip flop FF1. 
Provided the first clock signal 824 is active and a gate G8 
does not provide an inhibiting signal, the setting of the flip 
flop FF1 results in a switching-on of the MOS-field effect 
transistor 722. On the other hand, as soon as the first clock 
signal 824 gets inactive or any of the inputs of gate G8 is 
activated, the MOS-field effect transistor 722 is switched off 
to interrupt the current through the first winding 720 of the 
transformer 740. 

0028. In other words, the MOS-field effect transistor 722 
is activated upon a rising edge of the clock signals 824, 826 
and is deactivate if either the first clock signal 824 gets 
inactive or any of the inputs of the gate G8 are activated. In 
the switching power supply 700 of FIG. 7 there are, apart 
from the deactivation of the first clock signal 824, four 
mechanisms that result in a deactivation of the MOS-field 
effect transistor 722. 

0029 All these mechanisms are based on a determination 
of the current flowing through the first winding 720 or the 
drain-source-path of the MOS-field effect transistor 720, 
respectively. The described current is sensed by the current 
sensing resistor 724, and a Voltage proportional to the 
current flowing through the drain-source-path of the MOS 
field effect transistor 722 is therefore provided at the current 
sense pin 772 of the integrated circuit 730. An input filtering 
is applied to the voltage at the current sense 772 of the 
integrated circuit 730 by a filter and input protection circuit 
828. Further, a leading edge of the voltage at the current 
sense pin 772 is suppressed in a leading edge blanking 
circuit 830. A current describing signal 832, which is derived 
from the voltage at the current sense pin 772 and describes 
the current through the drain-source-path of the MOS-field 
effect transistor 722 (with the exception of leading edges, 
which are Suppressed in the leading edge blanking circuit 
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830) is fed as an input signal into comparators C10 and C12. 
Comparator C10 compares the signal 832 with a threshold 
signal describing a maximum allowable current. If the 
current describing signal 832 exceeds the threshold signal 
applied to comparator C10, the comparator C10 sends an 
active signal to gate G8, which results in a deactivation of 
the MOS-field effect transistor 722. In other words, as soon 
as the current through the drain-source-path of the MOS 
field effect transistor 722 exceeds a predetermined level, the 
MOS-field effect transistor 722 is switched off, so that a 
further increase of the current is avoided. So, comparator 
C10 provides a current limitation in the normal operation 
mode (non-energy saving operation mode). 
0030 Besides, when the integrated circuit 730 is in the 
active burst mode, the output of comparator C12, which 
compares the signal 830 to a predetermined current thresh 
old signal (Smaller than the current threshold signal provided 
to comparator C10), is coupled to the input of gate G8 over 
the AND-gate G10. In other words, in the active burst mode 
the MOS-field effect transistor 722 is deactivated as soon as 
the current describing signal 832 exceeds the value of the 
current reference signal applied to comparator C12. 
0031. The current describing signal 832 is further scaled 
to provide a scaled current describing signal 834 derived 
from the current flowing through the drain-source-path of 
the MOS-field effect transistor 722. The scaled signal 834 is 
compared with a low pass filtered feedback signal 840 
derived from the signal present at the feedback pin 764 of 
the integrated circuit 730 in a pulse width modulation 
comparator C8. If the scaled signal crosses a threshold level 
defined by the (low pass filtered) feedback signal 840, the 
output of the pulse width modulation comparator C8, which 
is coupled to an input of the gate G8, is activated. Thus, in 
response to an activation of the output of the pulse width 
modulation comparator C8, the MOS-field effect transistor 
722 is Switched off. 

0032. Furthermore, during the startup of the integrated 
circuit 730, a signal provided by a soft start circuit 850 is 
effective to the Switch of the MOS-field effect transistor 722. 

0033. In the following, in order to facilitate the under 
standing of the circuit 700, the (normal, current mode) 
operation of the circuit 700 will be described, based on the 
assumption that the integrated circuit 730 is neither in a soft 
start condition nor in an active burst mode condition, and 
that further the current limiting comparator C10 is inactive. 
0034. In this case, a duty cycle of the drive signal 810 for 
the MOS-field effect transistor 722 is determined by a 
regulation loop, wherein the voltage at the feedback pin 764 
is derived from the voltage present in an output circuit of the 
Switching power Supply (the output circuit consisting of the 
second winding 742, the rectifying diode 746 and the filter 
network 748). The feedback signal 840 serves a reference 
signal for the pulse width modulation comparator C8. As 
soon as the scaled signal 834 descriptive of the current 
flowing through the MOS-field effect transistor 722 crosses 
a level defined by the feedback signal 840, the output of the 
comparator C8 is activated. In the response to the activation 
of the output of the pulse width modulation comparator C8, 
the MOS-field effect transistor 722 is deactivated after a 
delay time. If the voltage in the output circuit 742, 746, 748 
of the switching power supply 700 is comparatively high, 
the feedback signal 840 has a comparatively low value. 
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Thus, the output of the pulse width modulation comparator 
C8 is activated at a comparatively small value of the current 
flowing through the MOS-field effect transistor 722. Con 
sequently, the duty cycle of the current flowing through the 
first winding 720 of the transformer 740 is comparatively 
low, which results in a reduction of the voltage in the output 
circuit of the switching power supply 700. In contrast, if the 
voltage in the output circuit 742, 746, 748 of the switching 
power supply 700 is comparatively low, the feedback signal 
840 is comparatively high, which results in a comparatively 
high duty cycle of the current flowing through the first 
winding 720 of the transformer 740. This results in an 
increase of the Voltage present in the output circuit of the 
switching power supply 700. 

0035 However, it was found that for example for a small 
load present at the output 712 of the switching power supply 
700, the voltage of the feedback signal 840 (in an equilib 
rium state) varies significantly with changes of the DC 
Voltage 716, which brings along significant problems when 
controlling activation and/or deactivation of power saving 
modes (like the active burst mode) on the basis of the 
feedback signal 840. 

SUMMARY 

0036) A control circuit for a switching power supply, a 
method for controlling a Switching power Supply and a 
respective computer program can be provided which can be 
applied to reduce a sensitivity of the Switching power Supply 
to changes of the Voltage available for generating a current 
flow in the transformer. 

0037 According to an embodiment, a control circuit for 
a Switching power Supply may have a controllable Switch for 
Switching a current flowing through a first winding of the 
transformer and a voltage providing circuit for providing an 
output Voltage based on a voltage generated in a second 
winding of the transformer. The control circuit may com 
prise a comparing circuit for obtaining a comparison signal 
based on a comparison between an input signal derived from 
a current through the Switch or through the first winding and 
a threshold signal dependent on a Voltage present in the 
Voltage providing circuit. According to an embodiment, the 
control circuit further may comprise a threshold signal 
modulation circuit adapted to modulate the threshold signal 
in Such a way that the comparison signal is activated as soon 
as the input signal derived from the current flowing through 
the switch crosses a first threshold value, if the current 
flowing through the Switch or through the first winding 
exhibits a first current slope rate, and that the comparison 
signal is activated as soon as the input signal derived from 
the current flowing through the Switch crosses a second 
threshold value, if the current flowing through the switch or 
through the first winding exhibits a second current sloperate 
Smaller than the first slope rate. For a given Voltage present 
in the Voltage providing circuit, the first threshold value can 
be smaller than the second threshold value. The control 
circuit further comprises a switch driver for closing the 
Switch periodically, and for opening the Switch in response 
to an activation of the comparison signal provided by the 
comparing circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0038 Preferred embodiments will subsequently be 
described with reference to enclosed Figs., in which: 
0039 FIG. 1 shows a block schematic diagram of a 
control circuit for a Switching power Supply according to a 
first embodiment; 
0040 FIG. 2a shows idealized waveforms for different 
slope rates of a current flowing through the Switch within a 
regulation circuit of a Switching power Supply: 
0041 FIG. 2b shows real waveforms for different slope 
rates of a current flowing through the switch within a 
regulation circuit of a Switching power Supply: 

0042 FIGS. 3a and 3b a detailed block schematic dia 
gram of a control circuit for a Switching power Supply 
according to a second embodiment; 
0043 FIG. 4a a circuit schematic of a feedback voltage 
modulator block for usage in the control circuit; 
0044 FIG. 4b a graphical representation of waveforms 
for a feedback Voltage, a clock signal and a dynamic 
feedback voltage in a circuit as shown in FIG. 4a, 
0045 FIG. 5 shows a first graphical representation of 
waveforms for different slope rates of the current flowing 
through the Switch present in a Switching power Supply 
having a control circuit; 
0046 FIG. 6 shows a second graphical representation of 
waveforms for different slope rates of the current flowing 
through the Switch present in a Switching power Supply 
having a control circuit; and 
0047 FIGS. 7a and 7b shows a detailed block schematic 
diagram of a known Switching power Supply. 

DETAILED DESCRIPTION 

0048. According to different embodiments, a dependence 
on a current slope rate of the current flowing through the 
controllable switch is introduced into the feedback loop of a 
Switching power Supply and consequently through the pri 
mary (first) winding of the transformer of the switching 
power Supply. It was recognized that such a dependence on 
the sloperate of the current flowing through the switch can 
be introduced in an advantageous way by modulating a 
threshold signal descriptive of a voltage in the Voltage 
providing circuit of the Switching power Supply in Such a 
way, that a threshold value defining at which level of the 
input signal derived from the current flowing through the 
Switch the comparison signal is activated is dependent on the 
slope rate of the current switch. 
0049 Furthermore, it has been found that the threshold 
signal has to be modulated in Such a way, that the threshold 
value is smaller when the current flowing through the switch 
exhibits a comparatively large slope rate, and that the 
threshold level is larger when the current flowing through 
the switch exhibits a comparatively small slope rate. 
0050. The described modulation of the threshold signal 
applied to the comparing circuit allows for a compensation 
of an overshoot, which occurs due to a delay between the 
activation of the comparison signal and the actual opening of 
the switch. In other words, the current through the switch (or 
through the first winding) increases at the current slope rate 
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between the point of time when the comparing circuit 
activates the comparison signal, indicating that the input 
signal derived from the current flowing through the switch 
crosses the level defined by the threshold signal, and the 
point in time when the Switch is actually opened. It was 
found, that at the actual point in time of opening the Switch 
similar maximum currents can be reached for current dif 
ferent sloperates, if the threshold signal is modulated in the 
way according to different embodiments. 
0051. Thus, according to different embodiments, a steady 
state condition of the Switching power Supply is yield which 
is substantially independent on the sloperate of the current 
flowing through the switch (or through the first winding) by 
providing to a pulse width modulator comparing circuit a 
threshold signal, which by means of an appropriate modu 
lation combines the functionality of a feedback signal for the 
pulse width modulation and a slope rate compensation 
signal. 

0.052 Thus, by using a modulated threshold signal, both 
feedback and slope rate compensation can be performed by 
the comparing circuit. 
0053 According to different embodiments, a number of 
additional advantages are achieved which will be described 
in the following. A Switching power Supply comprising a 
control circuit exhibits a simple circuit topology. A sloperate 
of the current through the switch (or through the first 
winding) is used to modulate a threshold Voltage of the 
comparing circuit, which is used to determine by means of 
the comparison signal at which point in time the Switch is 
opened. In dependence on the current slope rate, the timing 
of the control circuit is automatically adjusted merely by the 
modulation of the threshold signal present at the input of the 
comparing circuit. Thus, there is no need for adjusting any 
additional timing parameters (like delay times) of the circuit 
stages in dependence of the slope rate of the current through 
the switch. So, the pulse-width-modulation comparator 
(comparing circuit) can be reused for the current slope rate 
compensation. 

0054 Besides, it can be reached that the voltage present 
in the Voltage providing circuit (the output circuit of the 
Switching power Supply connected with the second, second 
ary winding of the transformer) is independent or only 
weakly dependent on the slope rate of the current flowing 
through the switch or the first winding. In other words, the 
Voltage present in the Voltage providing circuit comprises a 
weaker dependence on the Voltage available to generate the 
current flow through the first winding of the transformer 
when compared to known Switching power Supplies. Thus, 
a change of the AC or Dc Supply voltage, from which the 
Switching power Supply is powered, has a weaker impact on 
the Voltage present in the Voltage providing circuit and on 
the output Voltage of power Supply when compared to 
conventional Switching power Supplies. 

0055 For the above-described reason, the feedback volt 
age available to the control circuit, which is directly derived 
from the Voltage present in the Voltage providing circuit (e.g. 
the output Voltage of the power Supply) does not exhibit a 
strong dependence on the Supply Voltage available for the 
Switching power Supply. Thus, the feedback voltage, from 
which the modulated threshold signal is derived, and which 
is a measure for the Voltage in the Voltage providing circuit, 
is also a good measure for the load condition of the Switch 
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ing power Supply. Consequently, according to an embodi 
ment, the feedback voltage available to the control circuit, 
which is typically a non-linear function of the output Voltage 
of the Switching power Supply, can be used to make a 
reliable decision about entering an energy conserving mode 
of the Switching power Supply according to an embodiment. 
0056. In an embodiment, the threshold signal modulation 
circuit is adapted to receive a signal derived from the Voltage 
present in the Voltage providing circuit and to generate a 
time varying modulated threshold signal on the basis of the 
received signal descriptive of the Voltage present in the 
Voltage providing circuit, Such that the modulated threshold 
signal exhibits a time variation even if the received signal is 
constant. The received signal has an influence on a Voltage 
level of the modulated threshold signal. The threshold signal 
modulation circuit is further adapted Such that a temporal 
modulation of the threshold signal is time-synchronized at 
least with an opening of the Switch or a closing of the Switch. 
0057 Thus, in the described embodiment the threshold 
signal modulation circuit generates a time varying threshold 
signal synchronized with the opening or closing of the 
switch, wherein the level of the threshold signal is dependent 
on the Voltage present in the Voltage providing circuit. The 
time variation of the threshold signal results in a time 
varying threshold level of the comparing circuit, wherein the 
time variation of the threshold value is time-synchronized 
with an opening or closing of the Switch. Neglecting para 
sitic effects, the current flowing through the Switch increases 
monotonically, at the current slope rate, with time after 
closing the Switch, and the threshold level of the comparing 
circuit also increases with time after closing the switch. The 
level at which the comparing circuit activates the compari 
son signal is dependent on the slope rate of the current 
flowing through the Switch. Consequently, it is not necessary 
to explicitly determine the slope rate of the current flowing 
through the switch in order to achieve the effect that the level 
of the input signal describing the current flowing through the 
Switch, at which the comparison signal is activated, is 
dependent on the slope rate of the current flowing through 
the Switch. In contrast, the modulated, time varying thresh 
old signal which is time-synchronized with the opening 
and/or the closing of the Switch automatically results in a 
dependence of the Switching level of the comparing circuit 
on the sloperate of the signal describing the current flowing 
through the switch. 
0058. In another preferred embodiment, the control cir 
cuit comprises a clock circuit adapted to generate a clock 
signal. The switch driver is adapted to close the switch in 
response to a transition of the clock signal from a first state 
to a second state. For this embodiment, the threshold signal 
modulation circuit is adapted to pull the threshold signal to 
a first value while the clock is in the first state, and to 
monotonically vary the threshold signal while the clock 
signal is the second state, such that the threshold signal 
defines a threshold level increasing with time while the 
clock signal is in second state. Such an arrangement results 
in a monotonic increase of the threshold level defined by the 
threshold signal when the switch is closed. If the current 
flowing through the Switch exhibits a large slope rate, the 
input signal of the comparing circuit describing the current 
flowing through the switch crosses the level of the threshold 
signal when a first period time has elapsed after the closing 
of the switch. At this point in time, the threshold signal 
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defines a first threshold level. If the current flowing through 
the switch exhibits a small sloperate, the input signal of the 
comparing circuit describing the current flowing through the 
switch crosses the level of the threshold signal when a 
second period of time has elapsed after the closing of the 
Switch. At this point in time, the threshold signal defines a 
second threshold level. The second threshold level is higher 
than the first threshold level, as required according to an 
embodiment. Thus, the described circuit concept is particu 
larly advantageous in order to realize the idea with minimal 
effort. 

0059. In another preferred embodiment, the threshold 
signal modulation circuit comprises a capacitor and is 
adapted to provide the Voltage at the capacitor as the 
modulated threshold signal or to derive the modulated 
threshold signal from the Voltage at the capacitor. The 
threshold signal modulation circuit is further adapted to 
charge the capacitor to a first voltage over a first resistor in 
the first state of the clock signal and to charge the capacitor 
to a second Voltage over a second resistor in the second State 
of the clock signal. The first voltage is preferably smaller 
than the second voltage, and the first resistor is preferably 
Smaller than the second resistor. By using a capacitor which 
is charged over an impedance, respective steady state values 
of the threshold signal, which are reached after a long period 
of time has elapsed, and respective time constants required 
to approximate the steady State value can be defined. Fur 
thermore, by charging and discharging a capacitor, an expo 
nential type time variation of the threshold signal can be 
reached. 

0060. It has been found, that the exponential type time 
variation brings along a good compromise with respect to a 
final maximum value of the current flowing through the 
switch reached at the time when the switch is actually 
switched off, and the complexity for the implementation of 
the circuit for generating the threshold signal. The resistors 
may be chosen appropriately in order to adapt the time 
constant of the threshold signal modulation circuit to the 
delay time of the switch driver and the switch. Besides, the 
first voltage and the second Voltage, to which the capacitor 
is charged in dependence on the state of the clock signal, 
may be chosen to be dependent on the Voltage present in the 
Voltage providing circuit, so that the comparing circuit in 
combination with the threshold signal modulation circuit can 
fulfill the task of providing a threshold voltage for a pulse 
width modulation of the current flowing through the first 
winding of the transformer dependent on the Voltage present 
in the Voltage providing circuit. 
0061. A method for controlling a switching power supply 
may implement the concept described with respect to the 
control circuit. Besides, a computer program product can be 
adapted to execute the method. 

0062 FIG. 1 shows a block schematic diagram of a 
Switching power Supply having an control circuit according 
to an embodiment. The switching power supply of FIG. 1 is 
designated in its entirety with 100. The power supply 100 
comprises a transformer 110 having at least a first, primary 
winding 112 and a second, secondary winding 114. The 
power supply 100 further comprises a controllable switch 
116 which is connected in series with the first winding 112 
between a (typically positive) Supply potential V and a 
reference potential GND. The switching power supply 116 
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further comprises a current sensing circuit 120 which is 
adapted to derive from a current flowing through the first 
winding 112 or through the Switch 116 a current sense signal 
122 describing the current flowing through either the first 
winding 112 or through the controllable switch 116. The 
switching power supply 100 further comprises a voltage 
providing circuit 130 connected to the second, secondary 
winding 114 of transformer 110 and adapted to provide an 
output voltage V based on a voltage generated in the 
second winding 114 of the transformer 110. The voltage 
providing circuit 130 is further adapted to provide a feed 
back signal 132 which is dependent on a Voltage present in 
the voltage providing circuit 130. 

0063 A control circuit 150 of the switching power supply 
100 receives the current sense signal 122 and the feedback 
signal 132 and provides a drive signal 152 for the control 
lable switch 116. The control circuit 150 comprises a switch 
driver 160. The switch driver 160 provides the drive signal 
152 for the controllable switch 116, and is adapted to close 
the Switch periodically, and to open the Switch in response 
to an activation of a comparison signal 162 provided by a 
comparing circuit 164. The comparing circuit 164 generates 
the comparison signal 162 based on a comparison between 
the current sense signal 122 derived from a current flowing 
through the first winding 112 or through the controllable 
switch 116 and a threshold signal 166. The threshold signal 
166 is generated by a threshold signal modulation circuit 
170 using the feedback signal 132. 

0064. The threshold modulation circuit 170 modulates 
the threshold signal 166 in such a way that the comparison 
signal 162 is activated as soon as the current sense signal 
122 crosses a first threshold value, if the current flowing 
through the first winding or through the switch exhibits a 
first current flow rate, and that the comparison signal 162 is 
activated as soon as the current sense signal 122 crosses a 
second threshold value, if the current flowing through the 
first winding 112 or through the controllable switch 116 
exhibits a second current slope rate smaller than the first 
current sloperate, wherein, for a given Voltage present in the 
voltage providing circuit 130, the first threshold value is 
smaller than the second threshold value. 

0065 Thus, the threshold signal modulation circuit 170 
receives the feedback signal 132 and generates, on the basis 
of the feedback signal, the modulated threshold signal 166 
such that the threshold for the activation of the comparison 
signal 162 is dependent on the slope rate of the current 
flowing through the switch 116 or through the first winding 
112 of the transformer 110. The dependency of the threshold 
value for the activation of the comparison signal 162 is such 
that the comparison signal 162 is activated when the current 
flowing through the switch 116 or through the first winding 
112 reaches a first, comparatively smaller value if the current 
exhibits a comparatively large slope rate, and that the 
comparison signal 162 is activated when the current flowing 
through the switch 116 or through the first winding 112 
reaches a second, comparatively larger value if the current 
flowing through the switch 116 or through the first winding 
112 exhibits a comparatively smaller slope rate. 

0066. The described functionality of the control circuit 
150 brings along the significant advantage that the Voltages 
present in the voltage providing circuit 130 and the feedback 
signal 132 exhibit a reduced dependence on the actual value 
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of the Supply Voltage V when compared to known Switch 
ing power Supplies. Using the concept according to an 
embodiment, the feedback signal 132 is mainly dependent 
on a load condition of the switching power supply 100 and 
is therefore a good indicator of when the Switching power 
Supply 100 should enter an energy conserving mode. Thus, 
in contrast to conventional Switching power Supplies, the 
entering of a power conserving operation mode can be 
reliably controlled by the feedback signal 132. 
0067. In order to provide an improved understanding 
according to different embodiments, an analysis of a known 
circuit approach will be given in the following. 

0068 Reference is taken to the description of the known 
switching power supply as described in FIG. 7. In order to 
provide a good understanding, FIG. 2a shows a graphical 
representation of idealized waveforms present in the switch 
ing power supply 700 of FIG. 7. The graphical representa 
tion of FIG. 2a is designated in its entirety with 200. The 
graphical representation 200 shows the temporal course of 
four signals present within the switching power supply 700. 
In the first row 210, a temporal course of the gate drive 
signal 810 for the MOS field effect transistor 722 is shown. 
A low gate voltage of a first voltage level 212 indicates that 
the MOS field effect transistor 722 is switched off, while a 
high voltage level 214 indicates that the MOS field effect 
transistor 722 is switched on. 

0069. In a second row 220, the temporal course of the 
scaled current describing signal 834 describing the current 
through the drain-source-path of the MOS field effect tran 
sistor 722 is depicted. 

0070). In a third row 230 the temporal course of a current 
sense signal present at the current sense pin 772 is visual 
ized. Under idealizing assumptions, the current sense signal 
at the current sense pin 772 exhibits a sawtooth character 
istic and increases from an ideal value of 0 to a maximum 
value designated with IMA. The scaled signal 834 shown in 
the second row 220 is derived from the current sense signal 
shown in the third row 230. If the current sense signal is 
designated with Vs and the scaled signal 834 is designated 
with pwmrmp, the following relation is true except for a 
certain period of time related to the switching-on of the 
MOS-field effect transistor 722 current: 

0071. When the MOS-field effect transistor 722 is 
Switched on, the scaled signal 834 (i.e., the signal pmmrmp) 
is set to a value of about OV for a predetermined time 
interval (e.g. 220 ns, cf. leading edge blanking 830) in order 
to blank leading edges occurring when MOS-field effect 
transistor 722 is switched on. In this way, interfering spikes 
are Suppressed in the scaled signal 834. 

0072 Thus, the second column 220 shows the temporal 
course of the scaled signal 834, which takes a value of about 
0 volt when MOS-field effect transistor 722 is just switched 
from the off-state to the on-state. Subsequently, the scaled 
signal increases up to a maximum value pWmrmp Ak. The 
maximum value pwmrmp is in the ideal case identical 
to the voltage level V of the feedback signal 840. 

0073. In the ideal case, the scaled signal 834 shown in the 
second row 220 drops from the ideal value pwmrmp A. 
down to about 0.85V as soon as the scaled signal 834 
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reaches the level of the feedback signal 840. As an ideali 
zation, it is assumed that the MOS-field effect transistor 722 
is immediately switched off as soon as the PWM-comparator 
C8 detects that the scaled signal 834 has reached the level of 
the feedback signal 840. 

0074 For reference purposes, a fourth row 240 shows the 
temporal course of the first clock signal 824, wherein a first 
state of the first clock signal 824 is designated with 242, and 
a second state is designated with 244. A transition of the first 
clock signal 824 from the first state 242 to the second state 
244 results in an activation of the MOS-field effect transistor 
722, as can be seen from a comparison of the first row 210 
and the fourth row 240. Besides, the MOS-field effect 
transistor 722 is immediately switched off as soon as the 
scaled signal 834 reaches the level defined by the feedback 
signal 840. 

0075). It should further be noted that in a first column 250, 
the above-described signals are shown for a comparatively 
high slope rate of the current flowing through the drain 
source-path of the MOS-field effect transistor 722 (and 
consequently for a higher sloperate of the Voltage present at 
the current sense pin 772 of the integrated circuit 730). 
Besides in a second column 752 corresponding signals are 
shown for a comparatively low slope rate of the current 
flowing through the drain-source-path of MOS field effect 
transistor 722 (and the voltage present at the current sense 
pin 772 of the integrated circuit 730). A comparison of the 
idealized signals shown in the first column 250 and the 
second column 252 indicates that the maximum values 
reached by the scaled signal 834 are identical for both cases 
in the idealized graphical representation 200. 

0076. It should be noted here, that the signal designated 
with VE reflects an output voltage information (describing 
the output Voltage Vor present at the output 712 of the 
switching power supply 700) which is available for the 
internal chip of the indicated circuit 730. The transition of 
the internal clock signal shown in the fourth column 240 sets 
the gate signal (shown in the first row 210) to be high. The 
power MOS-field effect transistor 722 is turned on by the 
gate signal 810. Then, current through the power-MOS field 
effect transistor 722 rises starting from approximately 0. The 
rising current flowing through the drain-source-path of the 
power MOS-field effect transistor 722 flows through the 
current sensing resistor 724 and therefore produces a rising 
current sense signal present at the current sense pin 772 of 
the integrated circuit 730. The current sense signal (also 
designated with CS) is imposed to the internal scaled signal 
834 (also designated as pwmrmp), such that pwmrmp=0.85 
V+3.7xVs. Vs is the Voltage present at the current sense 
pin 772. The integrated circuit 730 comprises a comparator 
which is used to compare the feedback signal V and the 
pwmrmp signal. When the scaled signal 834 (pwmrmp) is 
higher than the feedback signal V, the gate signal 810 of 
the power MOS-field effect transistor 722 is reset to low, and 
the power MOS-field effect transistor 722 is turned off. The 
voltage at the current sense pin 772 goes to a low value 
immediately. Consequently, the scaled signal 834 (pwmrmp) 
also goes to a low value (e.g. 0.85 volt) immediately. 

0077. In the ideal case described with reference to the 
graphical representation 200, when the scaled signal 834 
(pwmrmp) is just higher than the feedback signal 840 (VEB), 
the power-MOS field effect transistor 722 should be 
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Switched off immediately, and the current sense signal 
present at the current sense pin 772 should return back to 0 
volt. 

0078 However, the above description only describes an 
ideal case. In reality, the switch-off of the external power 
MOS field effect transistor 722 is delayed due to a propa 
gation delay of the circuit (e.g. gate G8, flip flop FF1, gate 
G9 and the power-MOS field effect transistor 722 itself). In 
other words, the current flowing through the drain-source 
path of the power-MOS field effect transistor 722 is switched 
off delayed by the propagation delay when compared to the 
point in time when the scaled signal 834 crosses the thresh 
old level defined by the feedback signal 840. 
0079 FIG. 2b shows a graphical representation of real 
signals present in a Switching power circuit 700. The graphi 
cal representation of FIG. 2b is designated in its entirety 
with 260. It should be noted here that the graphical repre 
sentation 260 is similar to the graphical representation 200. 
Therefore, corresponding signals and levels are designated 
with same reference numerals. For details regarding corre 
sponding elements, reference is taken to the description of 
FIG. 2a. 

0080 From the graphical representation 260 of FIG.2b, 
which shows real signals under the assumption that the 
switching of the external power-MOS field effect transistor 
722 is delayed due to the propagation delay of the circuit, it 
can be seen that there is some overshoot of the scaled 
voltage 834 (pwmrmp) over the feedback voltage V. The 
overshoot is caused by a propagation delay in the circuit 
(gate G8, flip-flop FF1, gate G9, comparator C8 and power 
MOS field effect transistor 722) of around 120 nanoseconds. 
Due to the propagation delay, the switch-off of the power 
MOS field-effect transistor 722 is delayed by approximately 
the propagation delay (120 nanoseconds) after the scaled 
voltage 834 (pwmrmp) is higher than the feedback voltage 
V. It can be seen from FIG.2b that for a higher sloperate 
of the current sense signal at the current sense pin 772, there 
is a higher overshoot than for the case of a lower slope rate 
of the current sense signal at the current sense pin 772. In 
case the current sense signal exhibits a high slope rate, the 
scaled signal 834 reaches a first maximum value (pwmrm 
pMA-confer first column 250), while scaled signal 834 
reaches a second maximum value (pwmrmp Aka) for the 
case of a lower sloperate of the current sense signal (confer 
second column 252). The first maximum value pwmrmp 
MA for the case of a high slope rate of the current sense 
signal is larger than the second maximum value pwmrmp 
MA for the case of low slope rate of the current sense 
signal. 

0081. It should be noted here that a higher maximum 
value of the scaled signal 834 corresponds to a higher 
maximum value of the current flowing through the first 
winding 720 or through the drain-source-path of the power 
MOS field-effect transistor 722. 

0082 For a given level of the feedback signal 840 (also 
designated with V) in the case of a higher sloperate of the 
current sense signal, more power is delivered to the second 
ary side of the Switching power Supply (i.e. to the second 
winding 742 and the filter network 748) than in the case of 
a lower slope rate of the current sense signal. Moreover, a 
higher slope rate of the current sense signal corresponds to 
a higher AC input voltage VA present at the input 710 of the 
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switching power supply 100. In other words, the slope rate 
of the current sense signal increases with the increasing AC 
input Voltage VA. If the AC input voltage VA is higher, the 
slope rate of the current flowing through the first winding 
720 or through the MOS field effect transistor 722 is higher 
than if the AC input voltage V is lower. Thus, for a given 
level of the feedback signal 840 (V), more power is 
delivered to the secondary side (the second winding 742 and 
the filter network 748) for the case of a higher AC input 
Voltage VA (when compared to the case of a lower AC input 
voltage). Vice-versa, when the AC input voltage V is 
lower, the slope rate of the current flowing through the first 
winding 720 or through the MOS field-effect transistor 722 
is lower. In this case, for the given level of the feedback 
signal 840 (VB), less power is delivered to the secondary 
side. 

0083. For example, if the AC input voltage V has a 
value of 265 Volts, the current sense signal exhibits higher 
slope rate when compared to an AC input voltage of 85 
Volts. Thus, for the AC input voltage of 265 Volts, the scaled 
signal 834 (pwmrmp) has more overshoot (compared to an 
AC input voltage of 85 Volts) and the system delivers more 
power to the secondary side. For the AC input voltage of 265 
Volts and for a light load, the output voltage Vor will go 
higher than for an AC input voltage of 85 Volts. For an AC 
input voltage of 265 Volt, the feedback voltage 84.0 (V) 
goes lower than for the case of an AC input voltage of 85 
Volts. Thus, if the condition for entering the active burst 
mode as described above is defined in that the active burst 
mode is entered when the feedback signal 840 crosses the 
threshold of 1.32 Volt, the chip will reliably (or definitely) 
go into active burst mode operation if the AC input voltage 
has a value of 265 Volts and a light load condition is present 
at the output 712 of the switching power supply (wherein a 
light load condition is defined by the fact that the power 
consumption of a load circuit connected to the output 712 of 
the switching power supply 700 is smaller than a given 
power consumption). 

0084. If the AC input voltage V is 85 Volts, the current 
sense signal exhibits a Smaller sloperate (when compared to 
an AC input voltage of 265 Volts) and the scaled signal 834 
(pwmrmp) exhibits less overshoot. Thus, at an AC input 
voltage of 85 Volts, the system delivers less power to the 
secondary side when compared to an AC input voltage of 
265 Volts. Therefore, for a light load at the output 712 of the 
Switching power Supply 700, the output Voltage Vor will 
be lower than for a higher AC input voltage. The feedback 
voltage 84.0 (V) is higher if the AC input voltage is 85 
Volts when compared to the case of an AC input voltage of 
265 Volts. Thus, if the AC input voltage is low (e.g. only 85 
Volts), the chip will not reliably (or definitely) go into the 
active burst mode operation in the case of a light load 
condition at the output 712 of the switching power supply 
700. 

0085 To summarize the above, due to the described 
overshoot of the current caused by the propagation delay of 
the circuitry driving the gate of the power MOS field-effect 
transistor 722 and the power MOS field-effect transistor 722 
itself, the feedback voltage V generated under a given load 
condition varies with the AC input Voltage VA. Thus, for a 
known Switching power Supply the feedback Voltage V is 
not a reliable indicator of the load condition of the power 
Supply. Therefore, in a known Switching power Supply it is 
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not easily possible to use the feedback signal to control the 
transition of the Switching power Supply in the power 
conserving mode. 

0.086 FIG. 3 shows a detailed block schematic diagram 
of a Switching power Supply comprising an control circuit 
according to an embodiment. The Switching power Supply of 
FIG. 3 is designated at its entirety with 300. As the switching 
power supply 300 is similar to the switching power supply 
700 described with reference to FIG. 7, identical means and 
signals are designated with the same reference signs. There 
fore, the means and signals which have already been 
explained with reference to FIG. 7 will not be explained 
again here. The readers attention is therefore directed to the 
description of FIG. 7. 

0087 However, the integrated circuit designated with 
730 in FIG. 7 is amended in order to obtain a new control 
circuit according to an embodiment. The amended inte 
grated circuit, which is used in the Switching power Supply 
300 of FIG. 3, is therefore designated with 310. The inte 
grated circuit 310 comprises an additional threshold signal 
modulator circuit 320 when compared to the conventional 
integrated circuit 730. The threshold signal modulator cir 
cuit 320 (also designated as feedback modulator) receives 
the feedback signal 840 and generates a modulated threshold 
signal (also designated as modulated feedback signal 330) 
on the basis of the feedback signal 840. In the circuit 300 
according to an embodiment, the pulse width modulator C8 
of the integrated circuit 310 receives the scaled signal 834 
(describing the current flowing through the drain-source 
path of the MOS field-effect transistor 722) and compares it 
to the modulated threshold signal 330. 
0088. Thus, the integrated circuit 310 is modified, when 
compared to the integrated circuit 730, in that the pulse 
width modulation comparator C8 of integrated circuit 310 
receives the modulated threshold signal 330 generated by 
threshold signal modulator 320 rather than in the feedback 
signal 840. 

0089. In the following, the function of the threshold 
signal modulation circuit 320 (feedback modulator) accord 
ing to an embodiment will be described as a basis for the 
understanding of the control circuit according to an embodi 
ment. 

0090 FIG. 4a shows a schematic diagram of an exem 
plary embodiment of an according to an embodiment thresh 
old signal modulation circuit, which can be used in an 
control circuit according to an embodiment for a Switching 
power supply. The circuit of FIG. 4a is designated in its 
entirety with 400. The threshold signal modulation circuit 
400 receives as an input signal the feedback signal 840 (also 
designated as V). Circuit 400 further receives a clock 
signal 824', which may be the inverse of the first clock signal 
824. Furthermore, the circuit 400 provides the modulated 
threshold signal 330 as an output signal. 

0.091 The feedback signal 840 is input to the non 
inverting input of an operational amplifier 410. The output 
of the operational amplifier 410 is connected to the inverting 
input of the operational amplifier 410, so that the operational 
amplifier 410 acts as a voltage follower. Thus, the voltage at 
the output of the operational amplifier 410 follows the 
voltage of the feedback signal 840, wherein the input and the 
output of the operational amplifier are strongly decoupled. 
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The circuit 400 further comprises a capacitor 414. In the 
circuit 400, a first electrode of the capacitor 414 is connected 
to reference potential or ground potential GND. A second 
electrode of the capacitor 414 is connected to a capacitor 
node 418. The capacitor node 418 is further coupled to the 
output of the operational amplifier 410 over a series con 
nection of a first controllable switch 420 and a first resistor 
422. Furthermore, a resistive Voltage divider comprising a 
second resistor 430 and a third resistor 432 is coupled 
between the output of the operational amplifier 410 and the 
reference potential GND (or the first electrode of capacitor 
414). An inner node 440 of the voltage divider, between 
resistors 430 and 432, is coupled over a second controllable 
switch 442 with capacitor node 418. Furthermore, the modu 
lated threshold signal is available at the capacitor node 418. 
0092. The first controllable switch 420 and the second 
controllable switch 442 controlled to be closed mutually, so 
that the first controllable switch 420 is open when the second 
controllable switch 442 is closed and vice-versa. For this 
purpose, over an inverter 444, a control input of the first 
controllable switch 420 receives a control signal, which is 
inverse to the control signal provided to the second control 
lable switch 442. It should be noted here that the control 
signal provided to the first switch is equivalent to the inverse 
of the clock signal 824' and thus is in an active state when 
the first clock signal 824 is in an active state. On the other 
hand, the second controllable switch 442 receives the clock 
signal 824'. So, the first controllable switch 440 is closed, 
when the first clock signal 824 is in an active state, and the 
second controllable switch 442 is closed when the first clock 
signal 824 is in an inactive state. 
0093. In the following, the operation of the threshold 
signal modulation circuit 400 will be described with refer 
ence to FIG. 4b, wherein FIG. 4b shows a graphical repre 
sentation of the relevant signals present in the threshold 
signal modulation circuit 400. For the following discussion, 
it is assumed that the feedback Voltage V 840 is constant 
with time to facilitate the understanding. When the clock 
signal 824' changes from an inactive state 452 to an active 
state 454, the second controllable switch 442 is closed. The 
capacitor 414 is thus connected with the inner node 440 of 
the voltage divider comprising resistors 430, 432. The 
capacitor 414 is charged (or pulled) to a Voltage which is 
determined by the voltage at the output of the operational 
amplifier in combination with the voltage divider compris 
ing resistors 430, 432. To be more specific, the steady-state 
voltage of capacitor 414 when the second controllable 
switch 442 is closed is identical to the voltage present at the 
inner node 440 of the resistive voltage divider if the resistive 
voltage divider is not loaded (controllable switch 442 open). 
The capacitor 414 is pulled to voltage, which is lower than 
the voltage at the output of the operational amplifier 410. 
Further, the time constant, which is relevant for pulling 
capacitor 414 to the respective steady-state Voltage is deter 
mined by resistors 430, 432. As can be seen from the 
graphical representation of FIG. 4b, the voltage at the 
capacitor 414, which is also designated as "dynamic feed 
back voltage” reaches a value of Yorv during the period of 
time when the second controllable switch 442 is closed. 

0094. When the clock signal 824' is deactivated, the first 
controllable switch 420 is closed and the second controllable 
Switch 424 is opened. Consequently, capacitor 414 is 
charged (or pulled) to a Voltage present at the output of 
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operational amplifier 410. A time constant of the charging of 
the capacitor 414 is, in this case, determined by the resistor 
422. In a steady state (which would be reached after a very 
long period of time), the Voltage of the capacitor 414 would 
reach the Voltage present at the output of the operational 
amplifier 410, i.e. in a voltage of the feedback signal 840. 
0.095 Independence on the clock signal 824', the capaci 
tor 414 is periodically charged or pulled to the voltage of the 
feedback signal 840 present at the output of the operational 
amplifier 410 and to a smaller Voltage, the open circuit 
Voltage of the resistive Voltage divider comprising resistors 
430, 432, which is also dependent on the voltage of the 
feedback signal 840. In other words, for a constant feedback 
signal 840, the modulated feedback signal 330 periodically 
varies between two voltage levels both dependent on the 
voltage of the feedback signal 840. 
0.096 FIG. 5 shows a schematic representation of wave 
forms for different sloperates of the current flowing through 
the first winding 720 or the MOS field effect transistor 722, 
for the switching power supply 300 comprising the control 
circuit according to an embodiment. The graphical repre 
sentation of FIG. 5 is designated in its entirety with 500. It 
should be noted here that the signals described in FIG. 5 
correspond to the signals described in the graphical repre 
sentation 200 of FIG. 2a. Therefore, any element in the 
graphical representation 500 corresponding to an element 
described with reference to the graphical representation 200 
is designated in the graphical representation 500 with a 
reference numeral, which differs only by the first digit when 
compared to the reference numerals of the corresponding 
element described with respect to the graphical representa 
tion 200. Thus, the description of such analog elements will 
be omitted here, and reference should be made to the 
graphical representation 200. 
0097. It should be noted that in contrast to the graphical 
representations 200, 260 of FIGS. 2a and 2b, the dynamic 
threshold signal 330 (also designated as dynamic feedback) 
is present in the control circuit according to an embodiment. 
Thus, the scaled signal descriptive of the current flowing 
through the drain-source-path of the MOS field effect tran 
sistor 722 is compared by the pulse width modulation 
comparator C8 with the modulated threshold signal 330, 
rather than with the non-modulated feedback signal V (see 
FIGS. 2a and 2b). It should further be noted that the 
modulation of the modulated threshold signal 330 is time 
synchronized with the clock signal 828. 
0098. During the time when the clock signal 824 is in the 
inactive state 542, the modulated threshold signal 330 is 
monotonically falling. At the time, when the clock signal 
824 transitions from the inactive state 542 to the active state 
544, the MOS field effect transistor 722 is switched on 
(confer gate drive signal 810). At the same time, when the 
first clock signal 824 transitions from the inactive state 542 
to the active state 544, the modulated threshold signal 
concurrently starts to increase monotonically until the first 
clock signal 824 is reset back to the inactive state 542. Thus, 
the threshold level for the pulse width modulation compara 
tor C8 increases monotonically with time during the period 
in which the first clock signal 824 allows the MOS field 
effect transistor 720 to be switched on. 

0099 FIG. 6 shows a more detailed graphical represen 
tation of a scaled signal 834 and the modulated threshold 
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signal 330. The graphical representation of FIG. 6 is desig 
nated in its entirety with 560. The scaled signal 834 is 
depicted within the same Fig. for two different slope rates. 
The scaled signal 834 obtained for a high AC input voltage 
of the switching power supply 300 is drawn using a solid 
line and is designated with 570. The scaled signal 834 
obtained for a lower AC input voltage of the switching 
power supply 300 is drawn using a dashed line and is 
designated with 574. The signal 574 exhibits a smaller slope 
than the signal 570, as can be seen from FIG. 6. It is further 
assumed that for both cases described in FIG. 6, the feed 
back voltage 84.0 (V) is identical. Consequently, the 
waveform of the modulated threshold signal 330 is identical 
for both cases. It can be seen from FIG. 6 that for a given 
feedback voltage V, there is a lower feedback threshold 
Voltage if the current sense signal has a higher slope rate 
(and, consequently, the scaled signal 834 has a higher slope 
rate). If the current sense signal has a lower sloperate (and, 
consequently, the scaled signal 834 has a lower slope rate), 
there is a higher threshold Voltage. After the comparison (in 
the pulse width modulation comparator C8), the current 
sense signal and its imposed signal pwmrmp (or the scaled 
signal 834) stop at the same point (or level). 

0100. In other words, if the current flowing through the 
first winding 720 of the transformer 740 or through the 
drain-source-path of the field effect transistor 722 has a 
comparatively high slope, the corresponding scaled signal 
834, i.e. the signal referenced with 570, has a comparatively 
high slope. Thus, the scale signal 570 reaches the time 
variant modulated threshold signal 330 at a point in time 
designated with t1. Consequently, the comparison signal 
output by the pulse width modulator C8 is activated at time 
t1. Thus, the output of the pulse width modulation compara 
tor C8 is activated when the scale signal 570 reaches the first 
threshold level designated with V. Due to the delay of the 
circuit between the pulse width modulation comparator C8 
and the gate terminal of the MOS field effect transistor 722 
and due to the delay of the MOS field effect transistor 722 
itself, the current flowing through the drain-source-path of 
the MOS field effect transistor 722 is deactivated after a time 
period At. During time period At, the signal flowing through 
a drain-source-path of the MOS field effect transistor 722 
increases by a certain first overshoot current, which is 
represented by a corresponding increase Vos of the scaled 
signal 570. 

0101 For a smaller slope rate of the current flowing 
through the drain-source-path of the MOS field effect tran 
sistor 722, the slope rate of the corresponding scaled signal 
834 is Smaller, as can be seen from the signal designated 
with 574. Thus, for a smaller slope rate of the current 
flowing through the drain-source-path of the MOS field 
effect transistor 722, the output signal of the pulse width 
modulation comparator C8 is only activated when the scaled 
signal 574 reaches the second threshold level designated 
with VTE. An overshoot of the current flowing through the 
drain-source-path of MOS field effect transistors 722 occurs, 
which is reflected in the scaled signal 574. After the time 
period At, the scaled signal 574 reaches the second threshold 
level V. However, for the case of a smaller slope rate of 
the current, the overshoot is Smaller (confer Vs). By 
means of the time variant threshold signal 330 it can be 
reached that the maximum value VMA of the scaled Voltage 
834 is, at least approximately, identical for the case of small 
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or large slope rates of the current flowing through the 
drain-source-path of the MOS field effect transistor 722. 

0102) It should be noted that the control circuit according 
to different embodiments as described with reference to 
FIGS. 1 to 6 can be modified in various ways without 
departing from the spirit of the invention. As mentioned 
above, according to different embodiments the threshold 
level of the pulse width modulation comparator is shifted in 
dependence on the slope rate of the current flowing through 
the first winding 720 or the MOS field effect transistor 722. 
As described above, the threshold can be shifted in an 
advantageous way by generating a time varying threshold 
signal using the threshold signal modulation circuit, wherein 
the level of the modulated threshold signal is dependent on 
the feedback voltage derived from the output circuit (the 
Voltage providing a circuit) of the Switching power Supply. 

0103). However, instead of generating a time varying 
threshold signal, it is sufficient in another embodiment to 
produce the modulated threshold signal by shifting (modu 
lating) the level of the feedback signal in dependence on the 
slope of the current flowing through the MOS field effect 
transistor 722 or the first winding 720. For this purpose, it is, 
for example, possible to derive a signal indicative of the 
slope rate of the current. For example, the signal present at 
the current sense pin 772, the leading edge blanked current 
describing signal 832 or the scaled current describing signal 
834 can be evaluated for this purpose. The signal describing 
the slope rate of the current could then be entered into the 
threshold signal modulation circuit in order to statically shift 
the modulated threshold signal with respect to the feedback 
signal, such that the modulated threshold signal is Substan 
tially time constant, provided the feedback signal 840 is 
constant and the slope rate of the current exhibits a constant 
value. The slope rate dependent modulation (shift) of the 
modulated threshold signal may either be determined by the 
slope rate of the current at a certain point in time when the 
slope rate of the current is sampled, or may depend in a 
dynamic way on the present slope of the current, so that the 
modulated threshold signal varies (instantaneously) with the 
present slope rate. 

0104 Apart from the above, it should be noted that the 
slope of the current typically depends on the Supply Voltage 
716. Thus, it is possible to directly derive a slope rate 
estimation signal from the supply voltage 716, wherein the 
slope rate estimation signal gives information about the 
expected slope rate of the current flowing through the first 
winding 720 or through the MOS field effect transistor 722. 
The slope rate estimation signal may be input to the thresh 
old signal modulation circuit to determine a value by which 
the modulated threshold signal is shifted with respect to the 
feedback signal. 

0105. In a further embodiment, the scaled current 
describing signal 834 rather than the feedback signal 840 
may be modulated. In this case, the threshold signal modu 
lation circuit (feedback modulator 320) may be cancelled 
and replaced by a scaled signal modulation circuit inserted 
into a signal path providing the input signal to the non 
inverting (+) input of the pulse width modulation compara 
tor C8. In other words, a modulation may be applied to either 
the scaled current describing signal 834 or the current 
describing signal 832. It should be noted that modulating the 
scaled current describing signal 834, which is input to the 
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non-inverted (+) input of the pulse width modulation com 
parator C8 is equivalent to modulating the feedback signal 
840, which is input to the inverting (-) input of the pulse 
width modulation comparator C8. 
0106 Besides, the threshold signal modulation circuit 
400 shown in FIG. 4a may be modified as long as it is 
ensured that a capacitor is alternatively charged (or pulled) 
to two different voltages, at least one of which is dependent 
on the feedback signal 840. Preferably, both voltages to 
which the capacitor is alternatively pulled are dependent on 
the feedback signal 840. In particular, the network for 
charging the capacitor on the basis of the feedback signal 
840 may comprise non-linear elements to adapt the temporal 
course of the charging (or discharging) of the capacitor in 
such a way that the maximum current through the MOS field 
effect transistor 722 or the first winding 720 at the point in 
time when the MOS field effect transistor 722 is Switched off 
is approximately independent on the slope rate of the 
Current. 

0107. In the following, it will be described as to how far 
the usage according to different embodiments brings along 
significant advantages for entering energy conserving 
modes. Using an integrated circuit 310, 730, a lowest 
standby power can be achieved by using an active burst 
mode. In the active burst mode, the generation of current 
pulses is periodically interrupted in order to save energy. 
Details of the active burst mode have already described 
above. The active burst mode operation profile is as follows: 
(a) Entering active burst mode: 
0.108 when the feedback voltage V is smaller than 1.32 
Volt and this condition takes a sufficiently long time 
(wherein the time constant is determined by the time 
required for charging the external soft start capacitor 762 by 
a resistor of 50 kS2 from 4.4 Volts to 5.4 Volts), the integrated 
circuit 310, 730 enters the active burst mode. 
(b) Working during an active burst mode: 
0.109 a generation of current pulses is controlled in such 
a way that the feedback Voltage V. Swings from 3.4 Volts 
to 4.0 Volts. When the feedback voltage V is larger than 
4.0 Volts, the chip is switched on. A current limitation is 
imposed by means of comparator C12, wherein the maxi 
mum allowable current flowing through the drain source 
path of the MOS field effect transistor 722 is determined by 
a reference voltage of 0.25 Volt. When the feedback voltage 
V is smaller than 3.4 Volts, the chip is switched off and the 
chip current consumption is greatly reduced. 
(c) Leaving active burst mode: 
0110 when the feedback voltage V is larger than 4.0 
Volts, the chip immediately leaves the burst mode operation 
and works as normal. 

0.111 However, for example for the conventional switch 
ing power supply 700 of FIG. 7 it was found that there are 
still some problems regarding entering the burst mode. 

0112 Under certain light load conditions (when a power 
consumption of a load connected to the output 712 of the 
switching power supply 700 is smaller than a given value), 
the integrated circuit 730 can go into a burst mode operation 
for the case of a high input voltage VA (for example, for an 
input voltage of 260 Volts AC), but not for the case of a 
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lower input Voltage VA (for example, for an input voltage 
of 85 Volts AC) It would be possible to improve perfor 
mance for entering the burst mode by increasing the thresh 
old for the feedback voltage for entering the burst mode (i.e. 
the reference voltage input to the comparator C5) from 1.32 
Volt to 1.50 Volt. Besides, it would be possible to improve 
the performance for entering the burst mode by increasing 
the voltage input to comparator C12 from 0.25 Volt to 0.35 
Volt during burst mode, which means increasing the current 
limiting threshold during burst mode. Considering the above 
described improvements regarding the entering burst mode 
threshold and the current limiting threshold, the integrated 
circuit 730 could go into a burst mode operation for a wide 
range of the input voltage VA. However, the described 
amendments (increasing entering the burst mode threshold 
from 1.32 Volt to 1.50 Volt and increasing the current 
limiting threshold from 0.25 Volt to 0.35 Volt during the 
burst mode) bring along the problem that the entering burst 
mode load condition is increased and that the leaving burst 
mode load condition is increased. Moreover, the described 
modifications increase the risk that audible noise is gener 
ated by the Switching power Supply when the load increases 
slightly, until the burst mode is left. The higher the power to 
be provided by a Switching power Supply, the more serious 
are the drawbacks of the above-described approaches. 
0113. In other words, in known switching power Sup 
plies, the only way of ensuring that the integrated circuit 730 
can enter into a burst mode operation for a wide range of 
input Voltages VA has been increasing the threshold Voltage 
for entering the burst mode. However, such a conventional 
Solution brings along the problem that audible noise is 
generated under Some load conditions. Other solutions for 
improving the performance when entering the active burst 
mode are not known from known Switching power Supplies. 
Thus, the known Switching power Supply concept is notable 
to satisfy the requirements for entering the active burst 
mode. 

0114. In order to solve the above-mentioned problem 
when entering the active burst mode, it was investigated 
what is the root cause for the described problems. After 
investigation, it was found that the root cause of the prob 
lems related to the active burst mode is the current overshoot 
problem occurring in known Switching power Supplies. The 
problem of current overshoot has been described with ref 
erence to FIGS. 2a and 2b. In order to achieve an improved 
behavior of the integrated circuit 730 when entering into the 
burst mode operation, the threshold signal modulation cir 
cuit (also designated as feedback modulator) is inserted into 
the known integrated circuit 730 to obtain the integrated 
circuit 310 according to an embodiment. By means of this 
modification, the entering of the burst mode issue known 
from known Switching power Supplies is solved. The thresh 
old signal modulation circuit (feedback modulator block) 
according to an embodiment comprises only one operational 
amplifier 410, one low pass filter (comprising the capacitor 
414 and the first resistor 422), some resistors (resistor 430 
and 432) and two switches 422, 442, as can be seen from 
FIG. 4a. Using the reference signal modulation circuit 400 
of FIG. 4a, a time-constant feedback Voltage V is changed 
into a dynamic threshold voltage 330. It can be seen from the 
waveforms shown in the graphical representation of FIG. 4b 
how the threshold signal modulation circuit 410 of FIG. 4a 
actually works. It can also be seen from the graphical 
representation of FIG. 4b that the feedback voltage V is 
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imposed to one dynamic signal, which is used for compari 
son with the scaled current-describing signal 840 (pwmrmp) 
to obtain a regulation of the output voltage Vor Of the 
Switching power Supply. 

0115 Regarding to entering the burst mode, the threshold 
voltage for the feedback voltage V for entering the burst 
mode may be set to 1.32 Volt or less when using the concept 
according to an embodiment. In other words, if the feedback 
voltage gets smaller than 1.32 Volt, the active burst mode is 
entered. The concept according to an embodiment of using 
a modulated threshold signal (or dynamic feedback Voltage) 
brings along the advantage that there is no current sense 
signal overshoot issue for high AC input voltages V. 
Consequently, a Switching power Supply (also designated as 
system) according to different embodiments delivers the 
same power to the secondary side for a given feedback 
Voltage independent of the AC input voltage VA. Thus, the 
conditions for entering the burst mode operation are the 
same for high AC input voltage and low AC input Voltage 
VAc. 
0116. In other words, the entering burst mode issue 
observed in conventional Switching power Supplies can be 
Solved by using a dynamic feedback Voltage as a threshold 
voltage for the pulse width modulation regulation. There 
fore, the solution according to different embodiments 
improves the entering burst mode performance. The new 
Solution comprises the following characteristics: 
0117 (a) The feedback voltage for (reliably) entering 
burst mode can be set to a comparatively low value when 
compared to known solutions, and 
0118 (b) a Switching power supply comprising an control 
circuit according to an embodiment in the chip 330 (reliably) 
enters into a burst mode for a wide range of input voltages 
(e.g. between 85 Volts AC and 265 Volts AC). 
0119) The present invention further comprises a method 
for controlling a Switching power Supply. It is assumed that 
the Switching power Supply comprises a controllable Switch 
for Switching a current flowing through a first winding of a 
transformer and a voltage providing circuit for providing an 
output Voltage based on a Voltage generated a second 
winding of a transformer. Furthermore, it is assumed that the 
power Supply comprises a Switch driver for periodically 
closing the Switch, and for opening the Switch in response to 
the occurrence of a condition to open the switch, wherein the 
condition to open the Switch is based on a comparison 
between a modulated threshold signal and a signal derived 
from a current through the controllable switch or through the 
first winding of the transformer. The method according to an 
embodiment comprises the step of modulating the threshold 
signal dependent on a Voltage present in the Voltage pro 
viding circuit in Such a way that a comparison between the 
modulated threshold signal and the signal derived from the 
current through the controllable switch or through the first 
winding of the transformer yields a condition to open the 
Switch as soon as the signal derived from the current through 
the controllable switch or through the first winding crosses 
a first threshold value if the current through the switch or the 
first winding exhibits a first sloperate and that the compari 
son between the modulated threshold signal and a signal 
derived from a current through the controllable switch or the 
first winding of the transformer yields the condition to open 
the Switch as soon as the signal derived from the current 
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through the controllable switch or through the first winding 
crosses a second threshold value, if the current through the 
Switch or through the first winding exhibits a second slope 
rate Smaller than the first slope rate, wherein, for a given 
Voltage present in the Voltage providing circuit, the first 
threshold value is smaller than the second threshold value. 

0120) The method according to an embodiment can be 
supplemented by any of the steps performed by the above 
described control circuit according to an embodiment. 
0121 Furthermore, the present invention comprises a 
computer program product for executing the above-de 
scribed method. Depending on certain implementation 
requirements of the method according to an embodiment, 
the method according to an embodiment can be imple 
mented in hardware or in Software. The implementation can 
be performed using a digital storage medium, for example a 
disk, DVD, CD, ROM, PROM, EPROM, EEPROM or 
FLASH, having electronically readable control signals 
stored thereon, which cooperate with a programmable com 
puter system such that the methods according to different 
embodiments are performed. Generally, the present inven 
tion is, therefore, a computer program product with a 
program code stored on a machine readable carrier, the 
program code being operative for performing the methods 
according to an embodiment when the computer program 
product runs on a computer. In other words, the method 
according to an embodiment is, therefore, a computer pro 
gram having a program code for performing the method 
according to an embodiment when the computer program 
runs on a computer. 

0122) It should further be noted that FIG. 7 shows an 
Infineon technologies Coolset F3 controller 730, which is a 
chip used for AC/DC controllers with the lowest standby 
power. In other words, FIG. 7 shows a block diagram of the 
Infineon Coolset F3 controller 730, along with a minimum 
of peripheral components necessary in order to yield a 
functional Switching power Supply. Accordingly, FIGS. 2a 
and 2b show waveforms present in the Coolset F3 controller 
performing a current mode regulation for different slope 
rates of the current flowing through the MOS field effect 
transistor 722. FIG. 2a describes idealized waveforms for 
different slope rates of Coolset F3 regulation, and FIG. 2b 
shows real waveforms for different sloperates of Coolset F3 
regulation. 

0123. As can be seen from FIG. 3, according to an 
embodiment an additional block, the feedback modulator 
320, is inserted into the block diagram of the known Coolset 
F3 controller 730. Thus, FIG. 3 shows an modified version 
according to an embodiment of the Coolset F3 controller, 
and FIG. 5 shows regulation waveforms occurring in the 
modified Coolset F3 controller for different sloperates of the 
Current. 

0.124. To summarize the above, the present invention 
creates an improved control circuit for a Switching power 
Supply, by means of which the accuracy of the regulation of 
the output voltage can be improved for a wide range of AC 
input voltages. Thus, a dependency of a Voltage occurring in 
the secondary Voltage providing circuit of the Switching 
power Supply on the AC input Voltage can be reduced. Such 
that the feedback signal fed back from the voltage providing 
circuit to a pulse width modulation circuit is a good indi 
cation of the load of the switching power supply. For this 

Aug. 23, 2007 

reason, the feedback Voltage available in a Switching power 
Supply using the present invention is a good measure to 
decide whether to enter an energy conserving mode or not. 
0.125 While this invention has been described in terms of 
several preferred embodiments, there are alterations, per 
mutations, and equivalents which fall within the scope of 
this invention. It should also be noted that there are many 
alternative ways of implementing the methods and compo 
sitions of the present invention. It is therefore intended that 
the following appended claims be interpreted as including 
all such alterations, permutations, and equivalents as fall 
within the true spirit and scope of the present invention. 

What is claimed is: 
1. A control circuit for a Switching power Supply com 

prising a controllable Switch for Switching a current flowing 
through a first winding of a transformer and a Voltage 
providing circuit for providing an output Voltage based on a 
Voltage generated in the second winding of the transformer, 
the control circuit comprising: 

a comparing circuit for getting a comparison signal based 
on a comparison between an input signal derived from 
a current through the switch or through the first wind 
ing and a threshold signal derived from a Voltage 
present in the Voltage providing circuit; 

a threshold signal modulation circuit adapted to modulate 
the threshold signal in Such a way that the comparison 
signal is activated as soon as the input signal derived 
from the current flowing through the switch or through 
the first winding crosses a first threshold value, if the 
current flowing through the switch or through the first 
winding exhibits a first current slope rate, and that the 
comparison signal is activated as soon as the input 
signal of the comparing circuit describing the current 
flowing through the Switch or through the first winding 
crosses a second threshold value, if the current flowing 
through the switch or through the first winding exhibits 
a second current sloperate Smaller than the first current 
slope rate, 

wherein, for a given voltage present in the Voltage pro 
viding circuit, the first threshold value is smaller than 
the second threshold value; and 

a switch driver for closing the switch periodically, and for 
opening the Switch in response to an activation of the 
comparison signal provided by the comparing circuit. 

2. The control circuit of claim 1, wherein the threshold 
signal modulation circuit is adapted to modulate the thresh 
old signal in Such a way that the comparison signal is 
activated when the current flowing through the switch or 
through the first winding exhibits a first current magnitude, 
if the current flowing through the switch or through the first 
winding exhibits a first current slope rate, and that the 
comparison signal is activated when the current flowing 
through the switch or through the first winding exhibits a 
second current magnitude, if the current flowing through the 
switch or through the first winding exhibits a second current 
slope rate Smaller than the first current slope rate, 

wherein the first current magnitude is smaller than the 
second current magnitude. 

3. The control circuit of claim 2, wherein the switch driver 
comprises a propagation delay so that the Switch is opened 
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in response to the activation of the comparison signal 
delayed by the propagation delay; 

wherein an increase of the current flowing through the 
Switch or through the first winding occurring during the 
propagation delay is dependent on the sloperate of the 
current; and 

wherein the threshold signal modulation circuit is adapted 
to modulate the threshold signal in Such a way that the 
slope-rate-dependent increase of the current during the 
propagation delay time is at least partially compensated 
for by the modulation of the threshold signal. 

4. The control circuit of claim 1, wherein the comparing 
circuit is a comparator adapted to receive the input signal 
derived from the current flowing through the switch or 
through the first winding and the threshold signal, and to 
activate the comparison signal if the input signal derived 
from the current indicates that the current flowing through 
the Switch or through the first winding is larger than a 
threshold specified by the threshold signal. 

5. The control circuit of claim 1, wherein the threshold 
signal modulation circuit is adapted to provide the modu 
lated threshold signal in Such a way that the modulated 
threshold signal decreases with an increasing Voltage present 
in the Voltage providing circuit. 

6. The control circuit of claim 1, wherein the comparing 
circuit and the threshold modulation circuit are part of a 
feedback loop to adjust a duty cycle of the switch in 
dependence on the Voltage present in the Voltage providing 
circuit; and 

wherein the comparing circuit is adapted Such that for a 
given slope rate of the current flowing through the 
switch or through the first winding, the duty cycle of 
the Switch decreases with an increasing voltage present 
in the Voltage providing circuit. 

7. The control circuit of claim 1, wherein the threshold 
signal modulation circuit is adapted to receive the signal 
descriptive of a Voltage present in the Voltage providing 
circuit, and to generate the threshold signal as a time-varying 
modulated threshold signal on the basis of the received 
signal descriptive of the Voltage present in the Voltage 
providing circuit, such that the threshold signal exhibits a 
time variation even if the received signal is constant, 

wherein the received signal has an influence on a voltage 
level of the threshold signal; and 

wherein the threshold signal modulation circuit is adapted 
Such that a temporal modulation of the threshold signal 
is time-synchronized at least with an opening of the 
Switch or a closing of the Switch. 

8. The control circuit of claim 1, wherein the control 
circuit is adapted to derive the input signal of the comparing 
circuit derived from the current flowing through the switch 
or through the first winding Such that the derived input signal 
is linearly dependent on the current flowing through the 
switch or through the first winding in a first time interval, 
and to set the derived signal to a fixed value in a second time 
interval. 

9. The control circuit of claim 1, wherein the control 
circuit further comprises a clock circuit adapted to generate 
a clock signal; 

wherein the switch driver is adapted to close the switch in 
response to a transition of the clock signal from a first 
state to a second state; and 
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wherein the threshold signal modulation circuit is adapted 
to pull the threshold signal to a first value when the 
clock is in the first state, and to monotonically vary the 
threshold signal when the clock is in the second state, 
such that the threshold signal defines a threshold level 
increasing with time when the clock is in the second 
State. 

10. The control circuit of claim 9, wherein the control 
circuit is adapted to set the signal derived from the current 
flowing through the Switch or through the first winding to a 
predetermined value when the clock signal is in the first 
State. 

11. The control circuit of claim 9, wherein the threshold 
signal modulation circuit comprises a capacitor and is 
adapted to provide the Voltage at the capacitor as the 
threshold signal or to derive the threshold signal from the 
Voltage and the capacitor, 

wherein the threshold signal modulation circuit is further 
adapted to charge the capacitor to a first voltage over a 
first resistor when the clock signal is in the first state, 
and to charge the capacitor to a second Voltage over a 
second resistor when the clock signal is in the second 
State. 

12. The control circuit of claim 11, wherein the threshold 
signal modulation circuit comprises a Voltage source 
adapted to provide a first open circuit Voltage with a pre 
determined first output impedance and to provide a second 
open circuit Voltage with a predetermined second output 
impedance, 

wherein the first open circuit Voltage and/or the second 
open circuit Voltage are dependent on the Voltage 
present in the Voltage providing circuit; 

wherein the second open circuit Voltage is Smaller than 
the first open circuit Voltage; and 

wherein the threshold signal modulation circuit further 
comprises a first Switch to charge the capacitor to the 
first open circuit voltage when the first switch is closed, 
and a second Switch to charge the capacitor to the 
second open circuit Voltage when the second Switch is 
closed. 

13. The control circuit of claim 12, wherein the threshold 
signal modulation circuit comprises a Voltage providing 
node, at which a Voltage dependent on the Voltage present in 
the Voltage providing circuit is present; 

wherein the Voltage providing node is connected to the 
capacitor over a series connection of the first Switch 
and the first resistor, and 

wherein an inner node of a voltage divider network 
connected between the Voltage providing node and the 
reference potential is connected to the capacitor over 
the second switch. 

14. The control circuit of claim 1, wherein the threshold 
signal modulation circuit is adapted to derive an information 
about the sloperate of the current flowing through the switch 
or through the first winding from the input signal derived 
from the current flowing through the switch or through the 
first winding, and to modulate the threshold signal in depen 
dence on the information about the slope rate. 

15. The control circuit of claim 1, wherein the current 
slope rate is dependent on a Supply Voltage Supplying a 
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series connection of the controllable switch and the first 
winding of the transformer; and 

wherein the threshold signal modulation circuit is adapted 
to derive an information about the slope rate of the 
current flowing through the switch or through the first 
winding from the Supply Voltage, and to modulate the 
threshold signal in dependence on the information 
about the slope rate. 

16. The control circuit of claim 1, wherein the control 
circuit is further adapted to control a transition between a 
normal mode of operation and an energy conserving mode 
of operation on the basis of the Voltage present in the Voltage 
providing circuit. 

17. A method for controlling a Switching power Supply 
comprising a controllable Switch for Switching a current 
flowing through a first winding of a transformer, a Voltage 
providing circuit for providing an output Voltage based on a 
Voltage generated in a second winding of the transformer 
and a switch driver for periodically closing the switch and 
for opening the Switch in response to an occurrence of a 
condition to open the Switch, the method comprising: 

modulating a threshold signal dependent on a voltage 
present in the Voltage providing circuit in Such a way 
that a comparison between the threshold signal and a 
signal derived from a current flowing through the 
controllable switch or through the first winding yields 
a condition to open the Switch as soon as the signal 
derived from the current through the controllable 
Switch reaches a first threshold value, if a current 
through the switch or through the first winding exhibits 
a first slope rate, and that the comparison between the 
threshold signal and the signal derived from the current 
through the controllable switch or through the first 
winding yields a condition to open the Switch as soon 
as the signal derived from the current through the 
controllable switch or through the first winding reaches 
a second threshold value, if the current through the 
switch or the first winding exhibits a second sloperate 
smaller than the first slope rate, 
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wherein, for a given voltage present in the Voltage pro 
viding circuit, the first threshold value is smaller than 
the second threshold value. 

18. A computer program product comprising a program 
code stored on a computer readable medium, wherein the 
program code when executed on a computer performs a 
method for controlling a Switching power Supply comprising 
a controllable Switch for Switching a current flowing through 
a first winding of a transformer, a Voltage providing circuit 
for providing an output Voltage based on a Voltage generated 
in a second winding of the transformer and a Switch driver 
for periodically closing the Switch and for opening the 
Switch in response to an occurrence of a condition to open 
the Switch, the method comprising: 

modulating a threshold signal dependent on a Voltage 
present in the Voltage providing circuit in Such a way 
that a comparison between the threshold signal and a 
signal derived from a current flowing through the 
controllable switch or through the first winding yields 
a condition to open the Switch as soon as the signal 
derived from the current through the controllable 
Switch reaches a first threshold value, if a current 
through the switch or through the first winding exhibits 
a first slope rate, and that the comparison between the 
threshold signal and the signal derived from the current 
through the controllable switch or through the first 
winding yields a condition to open the Switch as soon 
as the signal derived from the current through the 
controllable switch or through the first winding reaches 
a second threshold value, if the current through the 
switch or the first winding exhibits a second sloperate 
Smaller than the first slope rate, wherein, for a given 
Voltage present in the Voltage providing circuit, the first 
threshold value is smaller than the second threshold 
value. 


