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(57) The present invention relates to a circuit for power-factor correction having a bridge rectifier (18) with a first and
a second 1nput connection (14, 16) 1n which case an AC voltage source (10) can be arranged between the first and the
second nput connection (14, 16), and having a first and a second output connection (30, 32), an actuation and load
circuit (24), at least one energy storage apparatus, (20; 20a; 20b), whose first connection 1s connected to a connection
(28) 1n the actuation and load circuit (24), in which case the signal” which can be tapped off at this connection (28) 1n
operation 1s at a considerably higher frequency than the output signal from the AC voltage source (10), and an energy
storage capacitor (CS), wherein the energy storage capacitor (CS) 1s arranged 1n parallel with the output connections
(30, 32) of the bridge rectifier (18), and the second connection of the at least one energy storage apparatus (20; 20a;
20b) 1s connected to one of the two mput connections (14; 16) of the bridge rectifier (18).
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Abstract

The present invention relates to a circuit for power-
factor correction having a bridge rectifier (18) with a
first and a second input connection (14, 16) in which
case an AC voltage source (1l0) can be arranged between
the first and the second input connection (14, 16), and
having a first and a second output connection (30, 32),
an actuation and load circuit (24), at least one energy
storage apparatus, (20; 20a; 20b), whose first
connection 1is connected to a connection (28) in the
actuation and 1load circuit (24), in which case the
signal’ which can be tapped off at this connection (28)
in operation is at a considerably higher frequency.than
the output signal from the AC voltage source (10), and
an energy storage capacitor (CS), wherein the energy.
storage capacitor (CS) is arranged in parallel with the
output connections (30, 32) of the bridge rectifier
(18), and the second connection o©of the at least one
energy storage apparatus (20; 20a; 20b) is connected to

one of the two input connections (14; 16) of the bridge
rectifier (18).

Figure 2
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Circuit for power-factor correction

The present invention relates to a circuit for .power-
factor correction, to be precise to a circuit having a
bridge rectifier with a first and a second input
connection in which case an AC voltage source can be
arranged between the first and the second input
connection, and having a first and a second output
connection, an.actuation and load circuit, at least one

enerqgy storage apparatus, whose first connection 1is
connected to a connection in the actuation and load
circuit, in which case the signal which can be tapped

off at this connection in operation is at a

considerably higher frequency than the output signal

from the AC voltage source, and an energy storage
capacitor.

Circuits for power-factor correction are also referred

to as charge pumps or pump circuits. They are used, for
example, to satisfy IEC Standard 1000-3-2, in which the

electricity supply organizations have defined the

acceptable mains current harmonics. It 1is therefore
undesirable to draw high-frequency enerqgy £from the
powé‘.j: supply network. The mains current which is drawn
from the mains is, optimally, proportional to the mains
voltage. Proportionality between the mains current and
the mains voltage allows the maximum power transfer for
any given cable size. Reactive currents which would
occur 1f the mains voltage and the mains cutrent were
not proportional would cause cable losses, which place

additional 1loads on the cables and thus leading to
interference with other loads.

Such circuits for power-factor correction are used,

inter alia, for ballasts for operation of gas-discharge
lamps.




10

15

20

25

30

35

CA 02308909 2000-05-19

The present invention is based on a prior art as is
known, for example, from EP-A-0 253 224, DE-A-38 41 227
or US-A-5,488,269. The prior art in these documents is
illustrated in the outline circuit in Figure 1. In this
circuit, an AC voltage source 10, in general the mains
voltage, 1s connected to the inputs 14 and 16 of a
rectifier 18 which comprises the four diodes
DG1l, DG2, DG3 and DG4. ' ,
First of all, reference will be made to the circuit
arrangement 1i1llustrated by solid 1lines: an energy
storage apparatus 20 is connected on the one hand to
the Jjunction point between two diodes DPl, DP2 and on
the other hand at the connection 28 to a high-frequency
voltage source 22, that is to say an AC voltage source
which, in operation, provides a signal at a
considerably higher frequency than the AC voltage
source 10. This AC voltage source 22 is part of the
actuation and load circuit 24, as is intended to be
expressed by the double arrow 26. Arranged in parallel
with the actuation and load circuit 24 is an energy
storage capacitor CS, which is used to store the energy
drawn from the AC voltage source 10 in order to supply
the actuation and load circuit 24.

An alternative embodiment is shown by dashed lines in
Figure 1. This comprises an energy storage apparatus
20" which 1is connected on the one hand to the
nigh-frequency voltage source 22 and on the other hand
to the junction point between two diodes DP1’, DP2’.
The diodes DP2 and DP2’ are used to prevent reactions
from the actuation and load circuit 24 on the enerqy
storage apparatus 20 or 20’ respectively. The diodes,
DPl, DPl’, which are in the form of so~called “fast
diodes” in comparison with the diodes DGl to DG4 in the

rectifier 18, are used to prevent energy from being
pumped into the AC voltage source 10.
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Taking account of the fact that such pump circuits are
used, for example, in ballasts for operation of gas

discharge lamps which are mass-produced items, the cost
aspect i1s of major importance.

The present invention is therefore based on the object
of providing a circuit for power-factor correction,
that 1s to say a pump circuit, which, as has already
been achieved by the prior art,' likewise ©prevents
reactions from the actuation and load circuit on the

enerqgy stOrage apparatus, as well as suppressing

pumping into the supplying power supply network, but
which can be produced at lower cost than the pump
circuits known from the prior art.

This object is achieved for a circuit of the type
mentioned initially in that the energy storage
capacitor 1is arranged in parallel with the output
connections of the bridge rectifier, and the second
connection of the at least one energy storage apparatus

is connected to one of the two input connections of the
bridge rectifier.

This circuit has the advantage that there is no need
for the diodes denoted by DPl1 and DP2, or DP1’ and DP2’
in the prior art. The omission of these diodes not only

avolds the material price for the diodes, but also the
assoclated assembly costs.

The solution according to the invention is based on the
ldea that the diodes DGl to DG4 (which are present in
any case) in the bridge rectifier can be used twice, to
be precise firstly in their known function in the

bridge rectifier and then, in addition, for the pumping
process.

The energy storage apparatus may comprise at least one
inductance and/or at least one capacitor. The actuation
part of the actuation and load circuit may comprise an
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inverter. The said connection in the actuation and load
circuit which, in operation, provides a signal at a
considerably higher frequency than the AC voltage

source, may be formed by the junction point between two
electrical switches in the inverter.

In one particularly advantageous development, the
circult has a first energy storage apparatus which is
connected to one of the two input connections of the
bridge rectifier, and a second energy storage apparatus
which is connected to the other input connection of the
bridge rectifier. In this case, a plurality of energy
storage apparatuses may be connected to the same
connection in the actuation and load circuit, but each

energy storage apparatus may also be connected to a
different connection in the actuation and load circuit.

One particularly advantageous embodiment provides for
the voltage at the at least one connection in the

actuation and load circuit to be clamped to the voltage
of the energy storage capacitor.

In a further advantageous embodiment, which applies the
teaching disclosed by the same inventors in DE 199 14
005.9 to the present invention, the energy storage
apparatus comprises an inductance and at least one
capacitor, in which case the first connection of each
capacitor is connected to the inductance, and its
second connection is connected to one of the two input
connections of the bridge rectifier, and the junction
point between the inductance and each capacitor is
connected via in each case one diode to the first and

the second output connection of the bridge rectifier.

It i1s advantageous to provide at least one filter, in
particular a low-pass filter, between the first and the
second input connection of the bridge rectifier, which

filter is arranged connected in series and/or parallel
with the AC voltage source.
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Further advantageous developments of the invention are

defined in the independent claims.

The 1nvention will be described in more detail in the

following exemplary embodiments with reference to the
attached drawings, in which:

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

1

2

shows a circuit from the prior art in order
to illustrate the pump circuit principle;

shows an outline circuit to illustrate the

pump clrcuit ©principle according to the
invention;

shows a first embodiment of a circuit
according to the invention having an energy

storage apparatus;

shows an embodiment whose conhection in the
actuation and load circuit is modified. from
that in the embodiment in Figure 3;

shows an embodiment modified from that in

Figure 3, in which two energy storage
apparatuses are provided;

shows an embodiment whose connection in the

actuation and load circuit is modified from
that in Figure 5;

shows an embodiment having two energy storage
apparatuses, which are each connected to
different points in the actuation and load

circuit and to different inputs of the bridge
rectifier. .

shows an embodiment with two additional

diodes for clamping the connection in the
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actuation and load circuit to the voltage of

the energy storage capacitor;

Figure 9 shows an embodiment, which is modified from
the embodiment shown in Figure 8, having two

energy storage apparatuses;

Figure 10 shows an embodiment of the invention in which

the energy storage apparatus comprises a
capacitor and a coil;

Figure 11 shows an embodiment in which the energy
storage apparatus likewise <comprises an
inductance and a capacitor, but in which two
diodes are additionally provided; and

Figure 12 shows an embodiment which is expanded
from that in Figure 11 by having a second
capacitor, with the additional capacitor

being connected to the other input of the
bridge rectifier.

Figure 2 shows an outline circuit of a pump circuit
according to the invention. In this case, components
and assemblies which are the same as those in Figure 1
are denoted by identical reference symbols. The
embodiment illustrated by solid lines will  Dbe
considered first of all: in contrast to the pump
circult shown in Figure 1, the second connection of the
energy storage apparatus 20 is now connected to the
input connection 16 of the bridge rectifier 18, and the
energy storage capacitor CS 1is connected in parallel
with the output connections 30, 32 of the bridge
rectifier 18. In the circuitry which is shown by dashed
lines, which may be implemented additionally or as an
alternative to the circuitry shown by solid lines, an
energy storage apparatus 20’ is connected to the other
input connection 14 of the bridge rectifier 18. Those

connections of the energy storage apparatuses 20, 207
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which are in each case not connected to the bridge
rectifier can, as shown, be connected to the same
high-frequency voltage source 22. However, they may
also be connected (not shown) to in each case one other
high-frequency voltage source. In this context, that is
to say 1in the field of pump circuits, the term
high-frequency voltage source should be understood as
meaning a connection point in a circuit at which a
signal can be tapped off at a frequency which is

considerably higher than that of the AC voltage source
10.

The following assumptions are made for the following
analyses, in order to simplify understanding:

- only the wvariant with the solid 1lines is
considered.

- Owing to the major difference in the frequencies
of the voltage Uy provided by the AC voltage
source 10 and the voltage Uy provided by the AC
voltage source 22, it is assumed for the sake of
simplicity that Uy is constant. Any change in Uy
may be taken into account by the case distinction
Uy < 0 or Uy > 0 that is used in the following
text. The following analysis thus investigates one
period of Uy, in which case it is assumed, as the

initial point for the respective phase 1, Uy is
just starting to fall.

= The energy storage apparatus 20 is assumed to be a
capacitor.

- The voltage dropped across the energy storage

apparatus 20, that is to say the capacitor, is
assumed to be Ugs.

- The voltage dropped across the energy storage
capacitor CS is assumed to be U,.
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Considering first of all Case A, for which it is
assumed that Uy < O:

5 Phase 1: Ugs + Uyr < = Uy

A current 1is produced here which flows in the

following network, AC voltage source 10,
capacitor 20, high-frequency voltage source 22,
10 diode DG3. Since Ugs assumes the difference voltage

in the «circuit directly, the capacitor 20 1is
charged when Uyr becomes less. In this case, enerqy
flows from Uy and Uz to the capacitor 20. This
charging process continues until Uyr has fallen to
15 1ts minimum. When Uy is at its minimum Ugs = Uy.

When Uyr rises after passing through the minimum,
the condition for Phase 1 is no longer satisfied,
that is to say the diode DG3 is reverse-biased.

20 Phase 2: Uz > Upg + 'UHF > = Uy

When the voltages that occur satisfy this
condition, all the diodes are reverse-biased, that

is to say no current flow takes place. Further
25 increase in the voltage Uy leads to

Phase 3: U, < Ugg + Unr

This leads to the diode DG2 becoming
30 forward-biased, that is to say a current flows in
| the network -Ugs, DG2, Uz, -Uyxr. In consequence, the
capacitor 20 is discharged. The energy in this
case flows from the capacitor 20 and Ugr tO the

énergy storage capacitor CS (for this analysis, CS
35 may be assumed to be infinitely large).

Ugr continues to rise to its maximum. The circuit
then enters
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Phase 4: Ug > Ugs + Uyp > - Un

Beyond the maximum of Uyr, the diode DG2 starts to
become reverse-biased once again. All the diodes

are thus reverse-biased in this stage, and no
current flow takes place. '

Usr then once again falls until Phase 1 starts
again, see above.

In the following Case B, it is assumed that
UN > 0:

Phase 1: | Ugs + Uyrp < O

A current flows in the network Ugs, Uyr, DG4 since,
in this case, and in contrast to Case A, see
above, the diode DG4 has started to become
forward-biased first of all owing to the polarity
of Uyxy. The capacitor 20 is in consequence charged
from the high-frequency voltage source Uy, that is
to say energy flows from Uyxr to the capacitor 20.

Usr falls further to its minimum. The circuit is
then in

Phase 2: Uz = Uy > Ugs + Uyr > 0

In this stage, all the diodes are reverse-biased,
and no current flow takes place.

Usr then rises. The circuit changes to

Phase 3: Uz - Uy < Ugs + Uyr

Owing to the potential relationships at the
annodes of DGl and DG2, the diode DG] becomes
forward-biased more quickly. A current starts to
flow in the network Ugg, -Un, DGl, Uz, -Uygr. In
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consequence, the capacitor 20 is discharged. Since
Uz remains virtually unchanged owing to the large
energy storage capacity CS, Ugs falls as Uy rises.
In this case, energy flows from Uy, Uy, Ugs to U,.

Usr then rises to its maximum. After passing
through the maximum, the circuit is in

Phase 4: Uz = Uy > Ugg + Uyr > 0O

In this stage, all the diodes are reverse-biased,
and no current flow takes place.

Usr then falls further until the circuit enters
Phase 1, see above. The diode DG4 then starts to

become forward-biased once again, when Uyr becomes
greater than the voltage Ugs.

It is obvious to a person skilled in the art that the
variant shown'by dashed lines in Figure 2, in which the
second connection of an energy storage apparatus 20’ is
connected to the input connection 14 of the bridge

rectifier 18, operates in a corresponding way.

With regard to the outline circuit shown in Figure 2,
the following text describes embodiments which, all
relate to the application of the circuit principle
according to the invention in the case of ballasts for
gas discharge lamps. As is obvious to a person skilled
in the art, the circuit principle according to the
invention may, however, also be applied in many other
fields, so that the following embodiments cannot be
regarded as representing any limitation.

Figure 3 shows an embodiment in which the actuation and
load circuit 24 comprises an inverter with two
transistors T1, T2 whose actuation is indicated only
schematically, as well as two freewheeling diodes DF1,
DFZ2 connected back-to-back with them. An inductance - L
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two transistors T1l, T2 and the two freewheeling diodes
DFl, DF2. The other connection of the lamp circuit LK
1s connected to the junction point between two coupling
capacitors CKl, CK2, which are connected in parallel
with the energy storage capacitor CS. The enerqgy
storage apparatus 20 is in the form of a capacitor. The
AC voltage source 22 which is represented as a
high-frequency voltage source Uy in the outline circuit
in Figure 2, is formed by the junction point 28 between
the two transistors T1l, T2 in the actuation and 1load
circuit 24. The operating frequency of the two
electrical switches T1, T2, which are operated in
antiphase, is at a high frequency in comparison with
the frequency of the AC voltage source 10, for example
00 kHz 1in comparison with 50 Hz, that is to say the two
transistors are switched on alternately for

approximately 10 ps in each case. That connection of
the capacitor 20 which is not connected to the

connectlion 28 is connected to the input connection 16
of the bridge rectifier 18.

In the embodiment shown in Figure 4, the capacitor 20
1s connected on the one hand to the input connection 16
of the bridge rectifier 18 and on the other hand to the
connection 28 which, in this embodiment, was chosen to

load circuit 24.

Figure 5 shows an embodiment having two energy storage
apparatuses 20a, 20b, by way of example each in the
form of a capacitor, in which case the one enerqgy
storage apparatus 20a is connected to the one input
connection 16, and the other energy storage apparatus
20b is connected to the other input connection 14, of

the bridge rectifier 18. The respective other
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connection of each of the two enerqgy storagé
apparatuses 1s connected to a connection 28, which acts
as a high-frequency voltage source.

Figure 6 shows a variation of the embodiment
illustrated in Figure 5, in which the two energy
storage apparatuses 20a, 20b are connected to another

high-frequency voltage source in the actuation and load
circuit 24.

Figure 7 shows a further modification, in this case,
the first energy storage apparatus 20a is connected to
a connection 28a, which acts as a high-frequency
voltage source, and the second energy storage apparatus
20b 1is connected to a connection 28b, which acts as a
high-frequency voltage source. The respective other
connection of the energy storage apparatuses 20a, 20b
is connected to the input connection 16 or the input

connection 14, respectively, of the bridge rectifier
18.

Figure 8 shows an embodiment which has been extended by
the addition of two diodes DL1, DL2 in comparison with
the embodiment shown in Figure 4. This means that the
high-frequency voltage of the connection 28 is clamped
to the energy storage capacitor CS, thus precluding
reactions from the load and maintaining a voltage at

the connection 28 whose high-frequency amplitude is
constant.

The variation illustrated in Figure 9 of the embodiment
shown 1in Figure 8 once again has two energy storage

apparatuses 20a, 20b, one connection of each of which

the connection 28, and whose respective other
connection is connected on the one hand to the input

connection 16, and on the other hand to the input
connection 14, of the bridge rectifier.
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Figure 10 shows an embodiment in which the energy

storage apparatus 20 comprises a series circuit formed
by a capacitor CES and a coil LES.

Figure 11 shows an embodiment in which, in comparison
with the embodiment illustrated in Figure 10, two
diodes, DSla, DSlb are connected to the junction point
between the capacitor CES and the coil LES of the
energy storage apparatus 20, the second connectidn of
each of which diode is connected to the output
connections 30, 32 of the bridge rectifier. This

the same inventors in DE 199 14 505.9 with the idea of
the present invention. The statements in

DE 199 14 505.9 are hereby also included by reference
to the present disclosure.

Since,. in comparison with the embodiments in
DE 199 14'505.9, the energy storage apparatus according
Lo the present invention is directly connected to one
of the input connections of the bridge rectifier 18,
two diodes DSla, DSlb are required in this case owing
to the variation of the current flow direction through
the coil LES. In the same way as illustrated in Figure
3 of DE 199 14 505.9, the idea of the present invention
can be extended to the situation where two enerqgy
storage apparatuses are used:

In Figure 12, the energy storage apparatus comprises
two capacitors CESa, CESb, which are each connected to
a coll Lgs which, for its part, 1s connected by its
other connection to a connection 28 that acts as a
high-frequency voltage source. The one capacitor CESa
is connected by its connection facing away from the
coil LES to the input connection 16, and the other
capacitor CESb is connected by its connection facing
away from the coil LES to the input connection 14 of
the bridge rectifier 18. The junction point between the
two capacitors CESa, CESb is connected by means of the
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coil LES and via two diodes DSla, DS1b to the two
output connections 30, 32 of the bridge rectifier 18.

In Figures 3 to 12, the AC voltage source 10 is in each
case connected 1n series with a filter 12. The object
of this filter 12 is, on the one hand, to prevent
high-frequency energy being drawn from the AC voltage
source 10 and, on the other hand, to prevent
high-frequency signals from being fed into the AC
voltage source. In one simple embodiment, the filter
may be, for example, an inductor. As an alternative to
this, or additionally, a filter may also be arranged in
parallel with the AC voltage source 10, in which case
it 1s possible to use a capacitor, for simplicity. Such
a filter has no effect on the pumping principle of the

pump circulits according to the invention.

It 1s obvious to a person skilled in the art that
features of the individual embodiments can be combined
to form further embodiments. It has been found to be

particularly advantageous, at least, for the diodes DGL1
and DG2 to be so-called “fast diodes”.
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Patent Claims

A circuit for power-factor correction having

- a bridge rectifier (18) with a first and a
second input connection (14, 16) in which case
an AC voltage source (10) can be arranged
between the first and the second input
connection (14, 16), and having a first and a
second output connection (30, 32),

- an actuation and load circuit (24),

- at least one enerqgy storage apparatus,
(20; 20a; 20b), whose first connection is
connected to a connection (28) in the actuation
‘and load circuit (24), in which case the signal
which can be tapped off at this connection (28)
in operation 1is at a considerably higher

frequency than the output signal from the AC
voltage source (10), and

- an energy storage capacitor (Cs),

wherein

- the energy storage capacitor (C.) is arranged
in parallel with the output connections
(30, 32) of the bridge rectifier (18), and

- the second connection of the at 1least one
energy storage apparatus (20; 20a; 20b) is
connected to one of the two input connections
(14; 16) of the bridge rectifier (18).

The circuit as claimed in claim l, wherein the

energy storage apparatus (20; 20a; 20b) comprises
at least one inductance (LES) and/or at least one
capacitor (CES, CESa, CESb).

The circuit as claimed in claim 1 or 2, wherein

the actuation part of the actuation and load
circuit (24) comprises an inverter (T1 T2).
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The circuit as claimed in claim 3, wherein the
connection (28) in the actuation and load circuit
(24) is formed by the junction point between two
electrical switches (Tl T2) in the inverter.

The circuit as claimed in one of the precdding
claims, wherein the circuit has a first enerqgy
storage apparatus (20a) which is connected to one
of the two input connections (14; 16) of the
bridge rectifier (18), and a second energy storage
apparatus (20b) which is connected to the other

input connection (16; 14) of the bridge rectifier
(18) .

The circuit as claimed in one of the preceding
claims, wherein a plurality of energy storage
apparatuses (20a 20b) are connected to the same

connection (28) in the actuation and load circuit
(24) .

The circuit as claimed in one of claims 1 fo 5,
wherein each energy storage apparatus (20a, 20b)
1s connected to a different connection (28a, 28Db)
in the actuation and load circuit (24).

The circuit as claimed in one of the preceding
claims, wherein the voltage at the at least one
connection (28) in the actuation and load circuit

(24) 1is clamped to the voltage of the enerqgy
storage capacitor (CS). '

The circuit as claimed in one of the preceding
claims, wherein the energy storage apparatus
comprises an inductance (LES) and at 1least one
capacitor (CESa, CESb), in which case the first
connection of each capacitor (CS, CESa, CESB) 1is
connected to the inductance (LES), and its second
connection is connected to one of the two input

connections (14; 16) of the bridge rectifier (18),
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and the Jjunction point between the inductance
(LES) and each capacitor (CS, CESa, CESb) is
connected via in each case one diode (DSla, DS1b)

to the first and the second output connection
(30, 32) of the bridge rectifier (18).

10. The circuit as claimed in one of the preceding
claims, wherein at least one filter (12) , 1in
particular a low-pass filter, is arranged,
connected 1n series and/or parallel with the AC
voltage source (10), between the first and the

second 1input connection (14, 16) of the b}idge
rectifier (18).

11. The circuit as claimed in one of the preceding
claims, wherein the circuit is part of a ballast

for operation of gas—-discharge lamps.

Ottawg, Canada
P atent Agents
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