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The invention relates to a circuit arrangement suitable for high-frequency
operation of a discharge lamp, provided with

- input terminals for connection to a low-frequency supply voltage source,

- rectifying means coupled to the input terminals for rectifying a low-
frequency supply voltage supplied by the low-frequency supply voltage source,

- a first branch comprising first capacmve means and connected to the
rectifying means,

- a DC-AC converter coupled to the first capacitive means for generating
a high-frequency current from a direct voltage present across the m'madﬁve means,
and

- a further branch of which a first end is connected to a point of the DC-
AC converter at which a high-frequency voltage is present during lamp operation and of
which a further end is coupled to the rectifying means.

High-frequency operation of a discharge lamp in this connection is _
understood to mean operation at an operating frequency of approximately 10 kHz and
higher. A low-frequency supply voltage source is understood to mean, for example, 2
substantially sinusoidal mains voltage with a frequency of, for example, 50 or 60 Hz.

Such a circuit arrangement is known from US 4,782,268. The known
circuit arrangement comprises a DC-AC converter consisting of a bridge circuit. The
further branch comprises both inductive and capacitive means and in addition two
diodes. A first end of the further branch is connected to a junction point of two
switching elements forming part of the bridge circuit. A further end of the further
branch is connected to an output of the rectifying méans. It is achieved by means of the
further branch that the circuit arrangement behaves like an ohmic reslstance to a
considerable degree during lamp operation. As a result, the circuit arrangement causes
only a comparatively small amount of interference in the low-frequency supply voltage
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5 diodes in the further branch, for realising the favourable properties of the circuit

arrangement as regards mains interference and power factor.

The invention has for its object inter alia to provide a circuit arrangement
10 for the high-frequency operation of a discharge lamp with which a comparatively high
power factor and only a comparatively small amount of mains interference can be
realised during lamp operation, while the means by which these favourable properties
are achieved comprise only a comparatively small number of components.
According to the invention, a circuit arrangement as described in the
15 opening paragraph is for this purpose characterized in that the further branch is
conductive for AC current in both directions and the further end of the further branch is
connected to a first input terminal.
In a circuit arrangement according to the invention, the further branch is
conductive for AC current in both directions (i.e. from the first end to the further end
20 and vice versa) and contains no diodes. Since the further end of the further branch is
connected to an input terminal, the further branch couples a point of the DC-AC
converter at which a high-frequency voltage is present during lamp operation to an input
of the rectifying means. It is achieved thereby that the diodes in the rectifying means
not only rectify the low-frequency supply voltage but also perform a function which
25 corresponds to that of the diodes in the further branch in the known circuit. As a result,
| a circuit arrangement according to the invention has favourable properties as regards
| interference in the supply voltage source and power factor, while the circuit
arrangement can at the same time be realised with a coinpmtively small number of
components. Thanks to this comparatively small number of components, the circuit
30 arrangement is comparatively simple and therefore also comparatively easy to
manufacture. '
An advantageous embodiment of a circuit arrangemeht according to the
invention is characterized in that the further branch comprises-second capacitive means.
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bri dge circumstances, whereby cataphoretic effects could occur in the lamp. When the further

5 branch is connected to a further input terminal vig third capacitive means in this
advantageous embodiment of a circuit arrangement according to the invention, the
second capacitive means and the third capécitive means form a filter for suppressing
supply mains interference. The second capacitive means in such an embodiment of a
circuit arrangement according to the invention fulfil both the function of blocking direct

10 current and the function of filtering out interference in the supply voltage mains.

7 A further advantageous embodiment of a circuit arrangement according to
the invention is characterized in that the impedance of the further branch is substantially
zero. Since the further branch in a circuit arrangement according to the invention
contains no diodes, while it is not necessary in every embodiment to include second

15 capacitive means in the further branch, the further branch may be realised as a
conductive connection in this further advantageous embodiment, i.e. no components are
included in the said branch. As a result, this further advantageous embodiment of a
circuit arrangement according to the invention can be realised in a comparatively simple
manner and at a comparatively low pﬁce.

20 A further embodiment of a circuit arrangement according to the invention
is characterized in that the rectifying means comprise a voltage multiplier. When the

* amplitude of the low-frequency supply voltage is comparatively low compared with the
operating voltage of a lamp operated with the circuit arrangement, it may be
advantageous to cause the DC voltage present across the first capacitive means in the

25 first branch to be comparatively high.

Embodiments of the invention will be explained with reference to a
drawing.
30 In the drawing:
: Fig. 1 shows an embodiment of a circuit arrangement according to the
invention; ' .
Fig. 2 shows a further embodiment of a circuit arrangement accordihg to
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Fig. 3 shows an alternative embodiment of a circuit arrangement

according to the invention.

In Fig. 1, reference numberals 1 and 2 denote input terminals for
connection to a low-frequency supply voltage source. The rectifying means are formed
by a diode bridge G. The first capacitive means and the first branch in this embodiment
are formed by capacitor 16. The DC-AC converter is formed by switching elements 18

10 and 19, control circuit S, coil 24, capacitor 31, and capacitor 36. A discharge lamp 20

’ is connected to the DC-AC converter. The further branch, which in this embodiment
comprises capacitive means, is formed by capacitor 22. Capacitor 21 in this
embodiment forms third capacitive means.

Input terminals 1 and 2 are interconnected by capacitor 9. Input terminal 1

15 is also connected to a first end of coil 6. A further end of coil 6 is connected to input
terminal 2 through a series arrangement of capacitor 21 and capacitor 22. The further
end of coil 6 is also connected to a further input of the diode bridge G, and input

' terminal 2 is connected to a further input of diode bridge G. A first output of the diode
bridge G is connected to a further output of the diode bridge G viag capacitor 16.

20 Capacitor 16 is shunted by a series arrangement of the two switching elements 18 and
19. A control electrode of switching element 18 and a control electrode of switching

1 ~ element 19 are connected to respective outputs of control circuit S. A junction point of
switching element 18 and switching element 19 is connected to a first end of coil 24. A
further end of coil 24 is connected to a first electrode of the discharge lamp 20. A

25 further electrode of the discharge lamp 20 is connected to a first side of capacitor 36. A
further side of capacitor 36 is connected to a side of capacitor 16. The discharge lamp
20 is shunted by capacitor 31. A junction point of the discharge lamp 20 and capacitor
36 in this embodiment forms the first end of the further branch. The further end of the
further branch is input terminal 2. '

30 The operation of the circuit arrangement shown in Fig. 1 is as follows.

When the input terminals 1 and 2 are connected to a supply voltage source
wh1ch supplies a low-frequency supply voltage, this low-frequency supply voltage is
rectified by the diode bridge G, whereby a DC voltage approximately equal to the
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conducting and non-conducting with high frequency. As a result of this, a high-
frequency current flows through the branch formed by coil 24, discharge lamp 20,

5 capacitor 31 and capacitor 36, and a high-frequency voltage is present at a common
junction point of capacitor 36 and discharge lamp 20. The fact that this common
junction point is connected to input terminal 2 through the further branch formed by
capacitor 22 achieves that the low-frequency supply voltage source supplies current
during time intervals in which the instantaneous amplitude of the low-frequency supply

10 voltage is lower than the voltage across the capacitor 16. This means that the amount of

L interference (conducted interference) caused by the circuit arrangement is considerably
less than if the circuit arrangement were not provided with the further branch formed by
capacitor 22. Capacitor 9 and coil 6 together form an input filter for suppressing high-
frequency interference. In the present embodiment, the series arrangement of capacitor

15 21 and capacitor 22 also serve as a filter for suppressing interference.

In the circuit arrangement shown in Fig. 2, components corresponding to
components of the circuit arrangement shown in Fig. 1 are given the same reference
letters or numerals. The circuit arrangement shown in Fig. 2 differs from that shown in
Fig. 1 in that the series arrangement of capacitor 21 and capacitor 22 is replaced by

20 capacitor 10, and in that a capacitor 37 is included between a common junction point of
the switching elements and the first end of coil 24. In addition, the circuit arrangement
shown in Fig. 2 differs from that shown in Fig. 1 in that the further branch of the -
circuit arrangement shown in Fig. 2 comprises no capacitor, but is formed by a
conductive connection whose impedance is substantially zero between input terminal 2

25 and the junction point of the discharge lamp 20 and the capacitor 36.

The operation of the circuit arrangement shown in Fig. 2 is similar to the
operation of the circuit arrangement shown in Fig. 1.

When the input terminals 1 and 2 are connected to a supply voltage source
which supplies a low-frequency supply voltage, this low-frequency supply voltage is

30 rectified by diode bridge G so that a DC voltage is present across capacitor 16, and the

" control circuit S renders the two switching elements alterhately conducting and non-
; conducting with high frequency. As a result of this, a high-frequency current flows
through the branch formed by capacitor 37, coil 24, discharge lamp 20, capacitor 31
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5 voltage across capacitor 16. This means, as it does for the circuit arrangement shown in
Fig. 1, that the amount of interference (conducted interference) caused by the circuit
arrangement is considerably less than if the circuit arrangement were not provided with
the further branch. Capacitor 9 and coil 6 together form an input filter for suppressing
high-frequency interference also in this embodiment. Capacitor 10 again serves as a
10 filter for suppressing interference. Capacitor 37 prevents a direct current from flowing
through the further branch.

In the alternative embodiment of a circuit arrangement according to the

sing a capacitor coupl MWmetwmenm¢Plﬁi the load circuit to the input
Its t[‘

invention shown in Fig. 3, components corresponding to the components of the circuit
arrangement shown in Fig. 1 are given the same reference letters or numerals. The
15 circuit arrangement shown in Fig. 3 differs from that shown in Fig. 1 in that the series
arrangement of capacitor 21 and capacitor 22 is replaced by capacitor 10 and in that the
rectifying bridge G is replaced by a voltage doubler G’ built up from diodes D1 and D2
and capacitors 32 and 33. The circuit arrangement shown in Fig. 3 also differs from
that shown in Fig. 1 in that the further branch of the circuit arrangement shown in Fig.
20 3 is formed by capacitor 23 which interconnects input terminal 2 and the common
junction point of the discharge lamp 20 and the capacitor 36.
The operation of the circuit arrangement shown in Fig. 3 is similar to the

operation of the circuit arrangements shown in Figs. 1 and 2 and is accordingly not
described in detail. Since the diode bridge G is replaced by the voitage doubler G, the

25 voltage across capacitor 16 is approximately twice as high during stationary lamp
operation. This may be desirable when the maximum amplitude of the low-frequency
supply voltage is comparatively low. It was also found for the circuit arrangement
shown in Fig. 3 that the further branch achieves a considerable interference
suppression.

30 For practical embodiments of the circuit arrangements shown in Figs. 1

~ and 2, with which a low-pressure mercury discharge lamp with a rated power of

approximately 18 W was operated and which were supplied with a sﬁbstantially .
sinusoidal supply voltage with a frequency of approximately 50 Hz, it was found that
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1. A circuit arrangement suitable for high-frequency operation of a discharge
lamp, provided with
- input terminals for connection to a low-frequency supply voitage source,
- rectifying means coupled to the input terminals for rectifying a low-
5 frequency supply voltage supplied by the low-frequency supply voltage source,
- a first branch comprising first capacitive means and connected to the

rectifying means,
- a DC-AC converter coupled to the first capacitive means for generating
a high-frequency current from a direct voltage present across the first capacitive means,
10 and '
| - a further branch of which a first end is connected to a point of the DC-
AC converter at which a high-frequency voltage is present during lamp operation and of
which a further end is coupled to the rectifying means,
characterized in that the further branch is conductive for AC current in both directions
15 and the further end of the further branch is connected to a first input terminal.

2. A circuit arrangement as claimed in Claim 1, characterized in that the
further branch comprises second capacitive means.
3. A circuit arrangement as claimed in Claim 2, characterized in that the
further branch is connected to a further input terminal vig third capacitive means.

20 4. A circuit arrangement as claimed in Claim 1, characterized in that the
impedance of the further branch is substantially zero.
5. A circuit arrangement as claimed in one or several of the preceding

Claims, characterized in that the rectifying means comprise a voltage multiplier.

L U D T



realised during |anp operation, while the neans by which these favourable
properties are achieved conprise onl y:a-conparatively small nunber of
components. According to the invention, a circuit arrangenent
as described PHN I269eni ng paragraph is fog this purpose charact ehgzfdidsi
that the further branch is conductive for AC current in both directions and -
the further epfstefert he further branch is connected to a first input

term nal . L. In a circuit arrangenent according to the

i nvention, theireuit arrangameabch i s cmosheattavBeeh Beplad@ current in both
directions (i.e. fromthe first en _ r end and vice versa) and
contains no diodes. Since the furtq further branch is
connected to an input term nal the her” branch couples a point of the
DC- AC iconverter at which a high-frequency voltage is present during | anp '
operatijon to an input of the recitifying nmeans. It is achieved thereby that

the dijodes in the rectifyl ;A0 X6 Wates to a circuit arrangement suitable for high-frequency

operation of a discharge lamp, provided with
- input terminals (1, 2) for connection to a low-frequency supply voltage
source, |
5 - rectifying means (G) coupled to the input terminals for rectifying a low-
frequency supply voltage supplied by the low-frequency supply voltage source,
- a DC-AC converter,
- a branch (22) of which a first end is connected to a point of the DC-AC
converter at which a high-frequency voltage is present during lamp operation and of
10 which a further end is coupled to the rectifying means.
According to the invention, the further branch is conducting at least for
alternating current in both directions, and the further end of the branch is connected to a
first input terminal.
It is achieved thereby that the amount of interference caused by the circuit
15 arrangement is considerably reduced, while the circuit arrangement can be realised with

j a comparatively small number of components.

? Fig. 1.
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LOW HARMONIC POWER SUPPLY FOR A DISCHARGE LAMP

The invention relates to a circuit arrangement suitable for high-frequency
operation of a discharge lamp, provided with |

- input terminals for connection to a low-frequency supply voltage source,

- rectifying means coﬁpled to the input terminals for rectifying a low-
frequency supply voltage supplied by the low-frequency supply voltage source,

- a first bran;:h comprising first capacitive means and connected to the
rectifying means,

- a DC-AC converter coupled to the first capacitive means for generating
a high-frequency current from a direct voltage present across the first capacitive means,
and

- a further branch of which a first end is connected to a point of the DC-
AC converter at which a high-frequency voltage is present during lamp operation and of
which a further end is coupled to the rectifying means.

High-frequency operation of a discharge lamp in this connection is
understood to mean operation at an operating frequency of approximatety 10 kHz and
higher. A low-frequency supply voltage source is understood to mean, for example, a
substantially sinusoidal mains voltage with a frequency of, for example, 50 or 60 Hz.

Such a circuit arrangement is known from US 4,782,268, The known
circuit arrangement comprises a DC-AC converter consisting of a bridge circuit. The
further branch comprises both inductive and capacitive means and in addition two
diodes. A first end of the further branch is connected to a junction point of two
switching elements forming part of the bridge circuit. A further end of the further
branch is connected to an output of the rectifying means. It is achieved by means of the
further branch that the circuit arrangement behaves. like an ohmic resistance to a

considerable degree during lamp operation. As a result, the circuit arrangement causes

only a comparatively _Smll_gm_ﬁlm_nf_imezfe:ence in the low-frequenc
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arrangement as regards mains interference and power factor.

The invention has for its object inter alia to provide a circuit arrangement
for the high-frequency operation of a discharge lamp with which a comparatively high
power factor and only a compafaﬁvely small amount of mains interference can be
realised during lamp operation, while the means by which these favourable properties
are achieved comprise only a comparatively small number of components.

According to the invention, a circuit arrangement as described in the
opening paragraph is for this purpose characterized in that the further branch is
conductive for AC curreat in both directions and the further end of the further branch is
connected to a first input terminal,

In a circuit arrangement according to the invention, the further branch is
conductive for AC current in both directions (i.e. from the first end to the further end
and vice versa) and contains no diodes. Since the further end of the further branch is
connected to an input terminal, the further branch couples a point of the DC-AC
converter at which a high-frequency voltage is present during lamp operation to an input
of the rectifying means. It is achieved thereby that the diodes in the rectifying means
not only rectify the low-frequency supply voltagé but also perform a function which
corresponds to that of the diodes in the further branch in the known circuit. As a result,
a circuit arrangement according to the invention has favourable properties as regards
interference in the supply voltage source and power factor, while the circuit
arrangement can at the same time be realised with a comparatively small number of
components. Thanks to this comparatively small number of components, the circuit
arrangement is comparatively simple and therefore also comparatively easy to
manufacture.

An advantageous embodiment of a circuit arrangement according to the

invention is characterized in that the further branch comprises second capacitive means.

L



i ncl uded i n the 9S8k ShddiHuEBEen acad result, this further adva %‘gﬂ M!E

embodi nent of a ci | nt according to the inventior"r:a'rr-'-bMe]:--51-\’»'1-1-ﬂﬂiﬁT
realised in a coﬂma"m&rgﬂ | e manner and at a conparatijvgly |O\'N pri ce.

A further enbodime t arrangement according to tlhd ifventdoi s
characterized in that the rectifying neans3 conprise a voltagelmultipljer.
When the anplitude of the | owfrequency supply voltage is c¢nparatively | ow
conpar ed w tThetdapacitivs fieanytin\he fingRr @taneh|peqenopdiraéteshrsent fr -t
arrangenment, it pay be advant agq%ous to cause the DC vol tage, present across

‘the first capeusli h8raneh. If dhase capacHiva faeans wese absah & 4ischaeseylampgh.

operated by means of the circuit arrangement might pass a direct current under certain

circumstances, whereby cataphoretic effects could occur in the lamp. When the further
branch is connected to a further input terminal via third capacitive means in this
advantageous embodiment of a circuit arrangement according to the invention, the
second capacitive means and the third capacitive means form a filter for suppressing
supply mains interference. The second capacitive means in such an embodiment of a
circuit arrangement according to the invention fulfil both the function of blocking direct
current and the function of filtering out interference in the supply voltage mains.

A further advantageous embodiment of a circuit arrangement according to
the invention is characterized in that the impedance of the further branch is substantially
zero. Since the further branch in a circuit arrangement according to the invention
contains no diodes, while it is not necessary in every embodiment to include second
capacitive means in the further branch, the further branch may be realised as a
conductive connection in this further advantageous embodiment, i.e. no components are
included in the said branch. As a result, this further advantageous embodiment of a
circuit arrangement according to the invention can be realised in a comparatively simple
manner and at a comparatively low price.

A further embodiment of a circuit arrangement according to the invention
is characterized in that the rectifying means comprise a voltage multiplier. When the
amplitude of the low-frequency supply voltage is comparatively low compared with the
operating voltage of a lamp operated with the circuit arrangement, it may be
advantageous to cause the DC voltage present across the first capacitive means in the

first branch to be comparatively high.

Embodiments of the invention will be explained with reference to a
drawing. '

In the drawing:

Fig. 1 shows an embodiment of a circuit arrangement according to the
invention; ' '

Fig. 2 shows a further embodiment of a circuit arrangement according to
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the invention; and

Fig. 3 shows an alternative embodiment of a circuit arrangement

according to the invention.

In Fig. 1, reference numberals 1 and 2 denote input terminals for
connection to a low-frequency supply voltage source. The rectifying means are formed
by a diode bridge G. The first capacitive means and the first branch in this embodiment
are formed by capacitor 16. The DC-AC converter is formed by switching elements 18
and 19, control circuit S, coil 24, capacitor 31, and capacitor 36. A discharge lamp 20
is connected to the DC-AC converter. The further branch, which in this embodiment
comprises capacitive means, is formed by capacitor 22. Capacitor 21 in this
embodiment forms third capacitive means.

Input terminals 1 and 2 are interconnected by capacitor 9. Input terminal 1
is also connected to a first end of coil 6. A further end of coil 6 is connected to input
terminal 2 through a series arrangement of capacitor 21 and capacitor 22. The further
end of coil 6 is also connected to a further input of the diode bridge G, and input
terminal 2 is connected to a further input of diode-bridge G. A first output of the diode
bridge G is connected to a further output of the diode bridge G via capacitor 16.
Capacitor 16 is shunted by a series arrangement of the two switching elements 18 and
19. A control electrode of switching element 18 and a control electrode of switching
element 19 are connected to respective outputs of control circuit S. A junction point of |
switching element 18 and switching element 19 is connected to a first end of coil 24. A
further end of coil 24 is connected to a first electrode of the discharge lamp 20. A
further electrode of the discharge lamp 20 is connected to a first side of capacitor 36. A
further side of capacitor 36 is connected to a side of capacitor 16. The discharge lamp
20 is shunted by capacitor 31. A junction point of the discharge lamp 20 and capacitor
36 in this embodiment forms the first end of the further branch. The further end of the
further branch is input terminal 2.

The operation of the circuit arrangement shown in Fig. I is as follows.

When the input terminals 1 and 2 are connected to a supply voltage source
which supplies a low-frequency supply voltage, this low-frequency supply voltage is
rectified by the diode bridge G, whereby a DC voltage approximately equal to the
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maximum amplitude of the low-frequency supply voltage is present across capacitor 16. -
At the same time, the control circuit S renders the two switching elements alternately
conducting and non-conducting with high frequency. As a result of this, a high-
frequency current flows through the branch formed by coil 24, discharge lamp 20,
capacitor 31 and capacitor 36, and a high-frequency voltage is present at a common
junction point of capacitor 36 and discharge lamp 20. The fact that this common
junction point is connected to input terminal 2 through the further branch formed by
capacitor 22 achieves that the low-frequency supply voltage source supplies current
during time intervals in which the instantaneous amplitude of the low-frequency supply
voltage is lower than the voltage across the capacitor 16. This means that the amount of
interference (conducted interference) caused by the circuit arrangement is considerably
less than if the circuit arrangement were not provided with the further branch formed by
capacitor 22. Capacitor 9 and coil 6 togeiher form an input filter for suppressing high-
frequency interference. In the present embodiment, the series arrangement of capacitor
21 and capacitor 22 also serve as a filter for suppressing interference.

In the circuit arrangement shown in Fig. 2, components corresponding to
components of the circuit arrangement shown in Fig. 1 are given the same reference
letters or numerals. The circuit arrangement shown in Fig. 2 differs from that shown in
Fig. 1 in that the series arrangement of capacitor 21 and capacitor 22 is replaced by
capacitor 10, and in that a capacitor 37 is included between a common junction point of
the switching elements and the first end of coil 24. In addition, the circuit arrangement
shown in Fig. 2 differs from that shown in Fig. I in that the further branch of the
circuit arrangement shown in Fig. 2 comprises no capacitor, but is formed by a
conductive connection whose impedance is substantially zero between input terminal 2
and the junction point of the discharge lamp 20 and the capacitor 36.

The operation of the circuit arrangement shown in Fig. 2 is similar to the

~ operation of the circuit arrangement shown in Fig. 1.

When the input terminals 1 and 2 are connected to a supply voltage source
which supplies a low-frequency supply voltage, this low-frequency supply voltage is
rectified by diode bridge G so that a DC voltage is present across capacitor 16, and the

~ control circuit S renders the two switching elements alternately conducting and non-
conducting with high frequency. As a result of this, a high-frequency' current flows
through the branch formed by capacitor 37, coil 24, discharge lamp 20, capacitor 31
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Fig. 1, that the amount of interference (conducted interference) caused by the circuit

arrangement is considerably less than if the circuit arrangement were not provided with
the further branch. Capacitor 9 and coil 6 together form an input filter for suppressing
high-frequency interference also in this embodiment. Capacitor 10 again serves as a
filter for suppressing interference. Capacitor 37 prevents a direct current from flowing
through the further branch.

In the alternative embodiment of a circuit arrangement according to the
invéntion shown in Fig. 3, components corresponding to the components of the circuit
‘arrangement shown in Fig. 1 are given the same reference letters or numerals. The
circuit arrangement shown in Fig. 3 differs from that shown in Fig. 1 in that the series
arrangement of capacitor 21 and capacitor 22 is replaced by capacitor 10 and in that the
rectifying bridge G is replaced by a voltage doubler G’ built up from diodes D1 and D2
and capacitors 32 and 33. The circuit arrangement shown in Fig. 3 also differs from
that shown in Fig. 1 in that the further branch of the circuit arrangement shown in Fig.
3 is formed by capacitor 23 which interconnects input terminal 2 and the common
junction point of the discharge lamp 20 and the capacitor 36.

The operation of the circuit arrangement shown in Fig. 3 is similar to the
operation of the circuit arrangements shown in Figs. 1 and 2 and is accordingly not
described in detail. Since the diode bridge G is replaced by the voltage doubler G’, the
voltage across capacitor 16 is approximately twice as high during stationary lamp
operation. This may be desirable when the maximum amplitude of the low-frequency
supply voltage is comparatively low. It was also found for the circuit arrangement |
shown in Fig. 3 that the further branch achieves a considerable interference
suppression.

For practical embodiments of the circuit arrangements shown in Figs. 1
and 2, with which a low-pressure mercury discharge lamp with a rated power of
approximately 18 W was operated and which were supplied with a sﬁbstantially
sinusoidal supply voltage with a frequency of approximately 50 Hz, it was found that
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L. A circuit arrangement suitable for high-frequency operation of a discharge
lamp, provided with

- input terminals for connection to a low-frequency supply voltage source,

- rectifying means coupled to the input terminals for rectifying a low-
frequency supply voltage supplied by the low-frequency supply voltage source,

- a first branch comprising first capacitive means and connected to the
rectifying means,

- a DC-AC converter coupled to the first capacitive means for generating
a high-frequency current from a direct voltage present across the first capacitive means,
and - -

- a further branch of which a first end is connected to a point of the DC-
AC converter at which a high-frequency voltage is present during lamp operation and of
which a further end is coupled to the rectifying means,
characterized in that the further branch is conductive for AC current in both directions
and the further end of the further branch is connected to a first input terminal.

2. A circuit arrangement as claimed in Claim 1, characterized in that the
further branch comprises second capacitive means.

3. A circuit arrangement as claimed in Claim 2, characterized in that the
further branch is connected to a further input terminal vig third capacitive means.

4. A circuit arrangement as claimed in Claim 1, characterized in that the
impedance of the further branch is substantiallj zero.

3. A circuit arrangement as claimed in one or several of the 'preceding

Claims, characterized in that the rectifying means comprise a voltage multiplier.
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The invention relates to a circuit arrangement suitable for high-frequency
operation of a discharge lamp, provided with

- input terminals (1, 2) for connection to a low-frequency supply voltage
source, |

- rectifying means (G) coupled to the input terminals for rectifying a low-
frequency supply voltage supplied by the low-frequency supply voltage source,

| - a DC-AC converter,

- a branch (22) of which a first end is connected to a point of the DC-AC
converter at which a high-frequency voltage is present during lamp operation and of
which a further end is coupled to the rectifying means.

According to the invention, the further branch is conducting at least for
alternating current in both directions, and the further end of the branch is connected to a
first input terminal. |

, It is achieved thereby that the amount of interference caused by the circuit
arrangement is considerably reduced, while the circuit é.rrangement can be realised with
a comparatively small number of components.

Fig. 1.
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capaciior 36. - The operation of the #ircuit:ar ement, - SHOWL".
in Fig- 2 is sinmlar to the operation of the'circuit ' ‘!,ShQ"‘;g o
Fig. 1. When the input termgnals 1 and 2 are cofinected T8 %
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The invent tes (g a cxrcuxt amnwcmcnt suitable for

operation of a discharge lamp, pravided with

igh-frequency

input terminals for connection to a low-frequency supply voltage source,
rectifying means coupled to the input cermi;lals for rectifying a low-frequency
éupply voltage supplied by the law-frequency supply voltage source,,

a first branch comprising first capacitive means and connected to the rectifying
a DC-AC-~converter coupled to the first capacitive means for generating a high-
frequency current from’a direct voltage present acrass the first capacidve
means, said DC-AC-converter being pravided with a load circuit comprising a
series arrangement of an inductive element, lamp connectibn terminals and
further capacitve means (36), and |

2 further branch of which a first end is canne;:.ted to a terminal of the DC-AC-
canverter at which 3 high-frequency voltage is present during lamp operauon
and of which a second end is coupled tothe recnfymc means. '

Hxvh frequency opera:xon of a discharge lamp in this connection is
' unde.rs*ood to mean operanon at an operating frequency of approximately 10 kHz and
higher. A low—;requency supply voltage is understood to mean, for example, 2
substarnally smusordal mains voltage with a frequency of, for example, 50 or 60 Hz.

Such a cxrcutt arrangement is known from the “Conference record of the
1990 IEEE Indusery Apphcatxons Society Annual Meeting, Part II, pages 1289 - 1294".
The Di2-AC-~converter of the circuit arrangement disclosed in that document is a bridge
circuit and the further branch connects a terminal between the switching elements
~ comprised in the bridge circuit with one of the input terminals. Such a circuit arrange-
ment i also known from WO-A-9204808. In the circuitry disclased in that dacument

the DC-AC-converter also is a bridge circuit and the further branch (being identical to
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7 and capagitor 36, and a high-frequency voltage is present at a comon
junctien point of capacitor 36 and discharge |anp 20. The presence of the
further branch achieves that the | owfrequency supply voltage source _
supplies current during time intervals.in which the instantaneous anplitude -
of the | ow frequeacy supply voltage is |owgr than the voltage across
capacitor 16. This neans, as it does for the circuit arrangenent shown in,

the load circuit) connects a terminal between the switching elements comprised' in the
bridge: circuit with an output terminal of the rectifying means. EP-A-0444428 discloses
a circit armngimem' comprising a bridge circuit. The circuit arrangement is further
equipped with a load circuit and a further branch, said load circuit comprising a series
arrangement of inductive means and a load and connecting a terminal between the
- switching elements of the bridge wit an input terminal,and. said. further branch compri-

sing a capacitor coupling a terminal of the load cireuit to the input terminal. The circuit
arrangement further compﬁses a Lransformer equipped with three windings to suppress
high rodulation Frequency noises. A third circuit arrangement that fits the descnpnon

' ,'ljm the opemnc paravraph is dxsclosed m US 4,782,268. ’l'hat cn-cuu arrangement also

- . comprises a DC-AC convemer consisting of a bndge circuit.

The ﬁmher branch compnses both mducuve and mnacmve means and i in addition two-
diodes. A first end of the further branch is connected to a junction point of two
- swi chmg elements formmg part of the bridge circuit. A further end of the further
| _branch 1s connected to an.output of the rectifying means.. I: is achieved by mans of the
- further branch that the circuit arrangement behaves liks an ohmic resistance toa .
considerable degree during lamp operation. As a result, the circuit arrangement causes
onl a comparatively small amount of interference in the -low-fr_equenéy supply voltage
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Fig. 1, that the anmount of interference (conducted interference) caused by
the civcuit arrangenent is considerably less than if the circuit _
arrangement were not provided with the further branch. Capacitor 9 and coi
6 together forman input filter for suppressing high-frequency i nterference
also in this enbodi nent. Capacitor 10 agaif serves as a filter for'

suppr essi ng interference. Capacitor 37 prevents a direct current from

f1 owi'ng t hr o8y Ard & highipowep fagtethis realised by the circuiy arringement duting lamp

enbodi ment o§ﬁ§a§ J.cuit arrangement according to the invention shown in
Fig. 3, conp S ‘corresponding to the conponents of the circuit

arrangenent shown in ﬁkmsadvaﬁ@egif\tﬁé"h&é\@n%&&ﬁt aiRacCisl thit &f addifion to the
nuneral s. The_ci rcwt arran ement shown in Fi Iffers fromthat shown

in Fig. 1 indiodes formingsparnt ektherreetifyimgemeans dms* arzInegAA s hfe theowop 2

by ool s age ASERERE kbR, R SRR I B ool ekt P! 200

arrangement as regards mains interference and power factor.

_ The invention has for its object inter alia to prov1de a circuit arrangement
: .for the hxgh-frequency operation of a dxscharge lamp with wfuch a comparatively high
~ power factor and only a comparanvely small amount of mains interference can be
. 'mhsed during lamp operanon, while the means by which these favourable properties
o are achieved comprise only a comparanvely small number of components.
- o Accordmg to the invention, a circuit arrangement as described in the
1opmungpmmgmph1sfbrﬂuspuquecmuamznzuluxﬂuutheﬁnﬂuxtnamﬂtu
 conductive for AC current in both dxrecuons and the further end of the further branch is
'f@mnmumuiu:aﬁnnnumtuxmumL o |
L Inacxrcmtamngementaccordmgtomemvenuon,meﬁmherbmchu L
- .conducuve for AC current in both directions (i.e. from the first end to the ﬁxrtherend
_and vice versa) and contains no dxoda Since the further end of the further branch is
‘ connected to an input _tzrmm_al, :he_further branch coupla a point of the DC-AC
_ converter at which a high-frequency voltage is present during lamp operation to an input
of the rectifying means. It is achieved thereby that the diodes in the rectifying means
‘not only rectify the low-fraquency supply voltage but also perform a function which
corresponds to that of the diodes in the further branch in the known circuit. As a result,
a circuit arrangement according tq' the invention has favourable properties as regards
interference in the supply voltage source and power factor, while the circuit
arrangement can at the same time be realised with a comparatively small number of
components. Thanks to this comparatively small number of components, the circuit
arrangement is comparatively simple and therefore also comparatively easy to
"manuﬁmnne.
An advantageous embodiment of a circuit arrangement according to the
invention is characterized in that the further branch comprises second capacitive means.
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and’ capamtors 32 and 33. The circuit arrangenment shown in Fig. 3 also
differs fromthat shown in Fig. 1 in that the further branch of the circuit
arrangenent shown in Fig. 3 is forned by capacitor 23 which interconnects.
_input termnal 2-and the conmon junction point of the.discharge 1anp 20
and, the capacitor 36. The #peration of the circuit
arrangenment shown in Fig. 3 is sim:lar to the operation of the circuit

ar rangenent Theleapatitive hezps i fheafacther Baadch pre&makdi'r&gbyrrmtfrdnibmﬂged in
detail. Since the dipde bridge Is repl.aced by the voltaedoubl

vol t age acré‘k‘gughﬂ’&cff?‘%‘?" I!EE“q g SAPAEHIXE wereAbsent gg ?

of tho | ow. PPamans AR i &*?%“SE%*@’? AR RN Pet i trdes B ’?@*‘Was aﬁ%i"'féﬂﬁﬁ

for the cir cucﬁmmmmgw]mﬂhy sdiaphorstic dffegts @uldhadeur rethielampeWhen aivec further
ACNIEVEs 2 §omeh IS Coected % & further iput titainal wa diléd capacitive means in this
| advantageous embodiment of a circuit arrangement according to the invention, the
second capacitive means and the third capacitive means form a filter for suppressing
supply mains interference. The second capacitive means in such an embodiment of a
circuit arrangement a@rding to the invention fulfil both the function of blocking direct
current and the funcnon of filtering out mterference in the supply voltage mains. _
A further advantageous embodxment of a circuit arrangement according to
) the invention is characterized in that the impedance of the further branch i is substantially
* zero. Since the further branch in a circuit arrangement according to the invention
~ contains no diodes, while it is not necessary in every embodiment to include second j
- capéciﬁve means in the further branch, the further branch. may berealised asa
conductive connection in this further a.dvantageous embodxment, ie. no components are
included in the said branch As a result, this further advantageous embodxment of a o _.
" circuit arrangement according to the invention can be realised in 2 compmnvely sxmple'-’: .
" ‘manner and at a comparatively low price. _ : : |
| A further embodiment of a circuit arrangement accordmg to the invention _
 is characterized in that the rectifying means comprise a voltage multiplier, When the -
- amplitude of the ldw—frequency supply voltage is comparatively low compared with the
.. operating voltage of a lamp operated with the circuit arrangement, it may be
advantageous to cause the DC voltage present écross the first capacitive means in the
first branch to be comparatively high.

“—

Embodiments of the invention will be explained with reference to a
drawing. |

In the drawing:

Fig. | shows an embodiment of a circuit arrangement according to the
invention; h

» Fig. 2 shows a further embodiment of a circuit arrangement according to
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For practlcal enbodi nents of the circuit arrangenents shown in Figs. 1 and
2, wth which a |owpressure nercury discharge lanp with a rated povver of
approximately 18 Wwas operated and which were supplied with a
substantially sinusoidal supply voltage with a frequency of dpproxi mat el y
50 Hz, it was found that 'S5 _

the. invention; and

Fig. 3 shows an alternative embodiment of a circuit arrangement
according to the invention.

In Fig. 1, reference numberals 1 and 2 denote input terminals for
~ connection to 2 low-frequency supply voitage source. 'The-recti.fying means are formed
by a diode bridge G. The first capacitive means and the first branch in this embodiment
are formed by capacitor 16. The DC-AC converter is formed by switching elements 18
and 19, control circuit S, coil 24, capacitor 31, and capacitor 36. A discharge lamp 20
U is connected to'the DC-AC converter. The further branch which in this embodiment
_ compnses capacmve means, is formed by wpacnor 22, Capacxtor 21 in this
embodxment forms third upacmve means.
Inputtr.rmmals 13nd22remterconnectedbyapamtor9 Inputtemunall
| 'xsalsoconnected toa.ﬁrstendofcoxl6 Aﬁmherendofcodﬁxsconnected to input
- terminal 2 through a series a.n'angement ofapacxtor 21 and apacuor 22 The further :
end of coil 6 is also connected to a further input of the diode bridge G, andinput '_ |
o 'mmazmmmmmammmputofmodebndgec A ﬁrstoutputofﬂxedxode
- bndgeG is connected to a further output of the diode bndge G via capacxtor i6."
Capacitor 16 is shunted by a series arrangement of the two switching elements 18and
19. A control electrode of switching element; 18 and a control electrode of switching
\;, * element 19 are connected to respective outputs of controi circuit S. A junction point of
switching element 18 and switching element 19 is connected to a first end of coil 24. A
further end of coil 24 is connected to a first electrode of the discharge lamp 20. A
 further electrode of the discharge lamp 20 is connected to a first side of capacitor 36. A
further side of capacitor 36 is connected to a side of capacitor 16. The discharge lamp
20 is shunted by capacitor 31. A junction point of the discharge lamp 20 and capacitor
36 in this embodiment forms the first end of the further branch. The further end of the
further branch is input terminal 2.
The operation of the circuit arrangement shown in Fig. 1 is as follows.
When the input terminals 1 and 2 are connected to a supply. voitage source
which supplies a low-frequency supply voltage, this lbw-frequency supply voltage is
rectified by the diode bridge G, whereby a DC voltage approximately equal to the
REPLACEMENT SHEET
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8 ' the anmount of interference caused in the supply vol tage source was
-consi derably | ower - than the anount allowed by | EC/552, part I1I.

.'."5_

maximum amplitude of the low-frequency supply voltage is pre_sent across capacitor 16. -
. At the same time, the control circuit S renders the two switching elements alternatsly
~ conducting and non-conducdng with. high frequency. As a result of this, a high-
frequency current flows.through the branch formed by coil 24, discharge lamp 20,
capacitor 31 and capacitor 36, and a high-frequency voltage is present at a common
junction point of capacitor 36 and discharge lamp 20. The fact that this common
junction point is connected. to input terminal 2 through the further branch formed by
_ capacrtor 22 achieves that the low-frequency supply voltage source supplies current
- during time intervals in which the xnstantaneous amplitude of the Iow-frequency supply
voltage is lower than the voitage across. the capacitor 16. This means that the amount of
< _interferenCe (conducted interference) caused by the circuit' érrangement' is considerably
 less than if the circuit armngement were not provrded wrth the further branch formed by -
'capar.:rtor 22. Capacitor 9 and coil 6 together form an input filter for suppressing high-
| | frequency mterference In the present embodiment, the series arrangement of mpacrtor
_ 21 and capacitor 22 also serve as a filter for suppressing mterfereme_. '
o In the circuit arrangement shown in Fig. 2, components correspondmg to
| components of the circuit arrangement shown in Fig. | are given the same reference -
o letters or numerals. The crrcmt arrangement shown in Prg 2 drffers from that shown i in’
Fig. 1 in that the series arrangement of capacitor 21 and capacitor 22 is replaeed by
capacitor 10, and in that a capacitor 37 is included between a common junction point of
the switching elements and the first end of coil 24. In addition, the circuit arrangement
.. shownin Fig. 2 differs from that shown in Fig. 1 in that the further branch of the
circuit arrangement shown in Fig. 2 comprises no capacitor, but is formed by a
conductive connection whose impedance is substantially zero between input terminal 2
and the junction point of the discharge lamp 20 and the capacitor 36.

The operation of the circuit arrangement shown in Fig. 2 is similar to the
operation of the circuit arrangement shotwn in Fig. 1.

When the input terminals 1 and 2 are connected to a supply voltage source
which supplies a low-frequency supply voltage, this low-frequency supply voltage is
rectified by diode bridge G so that a DC voltage is present across capacitor 16, and the
control circuit S renders the two sviritching elements alternately conducting and non-
conducting with high frequency. As a result of this, a high-frequency current flows

through the branch formed by capacitor 37, coil 24, discharge lamp 20, capacitor 31 .
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1. . A circuit arrangement sui tabl e for hi gh-frequency operation of
a di scharge - _

7
and capacitor 36, and a high-frequency voltage is present at a common junction point of
apacitorBG and discharge lamp 20. The presence of the further branch achieves that
the Tow—frequency supply voltige source supplies current during time intervals in which
the instantaneous amplitude of the low-frequency supply voltage is lower than the
voltage across capacitor 16. This means, as it does for the circuit arrangement shown in
Fig. 1, that the amount of interference (conducted interferesnce) caused by the circuit
arrangement is cons:derably less than if the circuit arrangement were not provxded with
 the further branch. Capacxtor 9 and- coxl 6 together form an mput filter for suppressmg
hxgh-frequency interference also i in this embodxment. Capacitor 10 again serves as a
filter for suppressing xnterference Capacxtor 37 prevents a direct current from flowing
R through the further branch. _
- In the altemanve embodxment of a circuit arrangement according to the
- mvennon shown in Fig. 3, components correspondmg to the eomponents of the cxrcmt
- arrangement shown in Fig. 1 are given the same reference letters or numemls The
' cxrcmt arrangement shown in Fig. 3 differs from that shown in Fig. 1 i m that the series
‘atrangement of capacitor 21 and capacitor 22 is replaced by capacitor 10 and in that the
rectifying bridge G is replaced by a voltage doubler G’ built up from diodes D1 and D2 .
' .'_._a.nd capacitors 32 and 33. The circuit an:angement shown in Fig. 3 also dxffets ﬁ'om - '_ _
- that shown in Fig. 1 in that the further bmneh of the circuit arrangement shown in Pig
3 is formed by capacitor 23 which intecconnects input nexmmal 2 and the common

junction point of the discharge lamp 20 and,the capacitor 36.

" ' The operation of the circuit arrangement shown in Fig. 3 is similar to the
operation of the circuit arrangements shown in Figs. 1 and 2 and is accordingly not
described in detail. Since the diode bridge G is replaced by the voltage doubler G, the
voltage across capacitor 16 is approximately twice as high during stationary lamp
operation. This may be desirable when the maximum amplitude of the low-frequency
supply voltage is comparatively low. It.was also found for the circuit arrangement
shown in Fig. 3 that the further branch achieves a considerable interference

" suppression.

_ For practical embodiments of the circuit arrangements shown in Figs. 1
and 2, with which a low-pressure mercury discharge lamp with a rated power of
approximately 18 W was operated and which were supplied with a substantially
sinusoidal supply voltage with a frequency of approximately 50 Hz, it was found that
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| anp (20), provided with input termnals (1,2) for connection to a
I-ow-frequency supply voltage source, _ rectifying means (G G) '
coupled to the input termnals for rectifying a | ow - frequency
supply valtage supplied by the Iowfrequency supply vol.t age .source,

a first branch conprising first capacitige means (16) and connected to the

rectifying neans, a DC- AC-converter coupled to the first
capacitive nmeans for generating a high- . = frequency current froma
direct voltage present across the first capacitive . neans, sai d

DC- AC-converter being provided with a load circuit conprising a

series arranjeamouniodf inerfersiioe chused & &!E&dilbp y2/bltagé s6URcs Was eeisidefadle 1oWeral S
and further capacitive_neans and a further” branch

(22; 23, 6) BAn e Emeugt allowed %E@sﬁﬁoﬁk‘é red to a termnal of




‘the DC-AC—converter at which a high-frequency voltage is present duri ng
banp operation and of which a second end is coupled to the _
rectifying mean,” characteri-zed—in _that the further branch is conductive for

AC-currents in b n that the first end of the further branch
i s connected to gtmm,rmmgmaﬂﬂw a lanp connection terminal and the
further capacitive ngans a at tﬁ;&ond end of the furtier branch
is directly connected to an input terntna 2 Acircuit
arrangenent a clained in daim1, characterized in that the further branch

conprises second capacitive neans (22, 23). 3. Acircuit
arrangenment as claimed in Gaim2, characterized | n that the further branch

| s connect e to a fura Betuit chhﬁﬁmﬁﬁblevfo?hfulﬂ' &W blérh%ar ac%gi?‘cl

é)er cuit arrangenent as claimed in
that t he m%@ﬂa(ﬁ repvidecb Wit t her branch i s substantially zero.

input terminals (1,2) for connection to a low-frequency supply voltage source,
rectifying means (G, G") coupled to the input terminals for recufymv a low-
frequency supply voltage supplied by the low-ﬁ-equency supply voltage source,

a first branch comprising first capacitive means (16) and connected to the -
rectifying means, '

I n

a DC-AC-canverter coupled ta the Tirst capacmve means for °eneraun° a high-

N : frequency current from a direct voltage present across the first capacitive
‘means, said DC-AC—ccnverter being provided with a Joad circuit comprising a
series arrangement of an mducnve element (24-), larnp connecnon termmals and
further czpathve means (36), and _ ' .
2 further branch (22; 23, 6) of whxch a first end is connected o a termmal of
the DC-AC-converter at whxch 2 h:vh-frequency voltage is present dunng Iamp |
o : opera.uon and of which 3 second end is coupled to the rectzfymv mans, S '
":f'chanctenzed in that the further branch i is conducuve for AC-currents in. both dneénons, U
* in that the first end of the further branch is connected to a terminal between 2 lamp h
comection terminal and the further mpacmve means and in that the second end of the
furtaer branch is d:rectly connected to an mput terminal.
S~ 2. A circuit arrangement a claimed in Claim 1, characterized in that the
further branch comprises second capacitive means (22, 23).
) 3 . A circuit arrangement as claimed in Claim 2, characterized in that the
further branch is connected to a further input terminal vig third capacitive means (21).
4, A circuit arrangement as claimed in Claim 1 characterized in that the
impedance of the further branch is substanti#lly zera.

5. . . . . )
_ A circuit arrangement as claimed in any of the preceding Claims, characterized.

in that the fcctiﬁ/ing means comprise a voltage multiplier (32, 33, D1 D2).




A ci r'-cui t .arrangement as clained in any of t he precedi ng d ai ns,
characterized in that the rectifying neans corrprl se a vol tage rmltl plier

(32, 33, D D2).
10

Abstract

LOW HARMONIC POWER SUPPLY FOR A DISCHARGE LAMP

The invention relates to a circuit arrangement suitable for high-frequency
- operation of a discharge lamp, provided with
- input terminals (1, 2) for connection to a low-frequency supply voltage
source, .
- rectifying means (G) coupled to the input termma.ls for rectifying a low-
frequency supply voltage supplied by the low-frequency supply voltage source,
- a DC-AC converter,
- a branch (22) of which a first end is connected to a point of the DC-AC
converter at which a high-frequency voltage is present during lamp operation and of
which a further end is coupled to the rectifying means. S
According to the invention, the further branch is conducting at least for
alternating current in both directions, and the further end of the branch is connected to.a
‘first input terminal. | | "
It is achieved thereby that the amount of interference caused by the circuit
arrangement ie.eonsiduably reduced, while the circuit arrangement can be realised with
@ a comparatively small number of components.

Fig. 1.
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