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' The invention relates to a circuit arrangement for operating a discharge

lamp, comprising a DC-AC converter provided with

- a branch A having ends suitable for being connected to a DC voltage source and
comprising a series circuit of two switching elements for generating a periodic
voltage by being conducting and non-conducting alternately with a frequency f,
each switching element being shunted by a diode,
a control circuit coupled to control electrodes of the switching elements for
rendering the switching elements conducting and non-conducting alternately
with the frequency f,
10 a load branch B which shunts one of the switching elements and which
comprises inductive means L and means for coupling the dlscharge lamp to the
load branch B,
means M for adjusting the power consumed by the discharge lamp.

Such a circuit is known from European Patent 323676. In this Patent,

both the frequency f of the DC-AC converter and the time interval Tt during which
each of the switching elements is conducting are presented as parameters by which it is

possible to adjust the power consumed by the lamp, It was found that the use of one of

15

these parameters renders it possible to adjust the luminous flux of the lamp over a wide
range by comparatively simple electronic auxiliary means. A disadvantage which may
arise when the frequency f is used as the parameter is that the relation between the
power consumed by the discharge lamp and the frequency f is not unequivocal over the

entire range of frequencies which can be set. Especially when the poweb consumed by

20

‘ the discharge lamp is comparatively low, each value of the frequency f in a certain
range of this frequency f can correspond to two lamp power values. This results in an
25 unstable burning of the lamp. It is found for very many discharge lamps in practice,

especially compact fluorescent lamps, that it is not possible for this reason to adjust

S

comparatively low values of the power consumed by the discharge lamp. In other

words, the range over which the discharge lamp can be dimmed is limited.

il
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5 as a parameter is that, depending on the dimensions of the discharge lamp, the power
consumed by the discharge lamp is a very steep function of the time interval Tt in a
certain range. This means in practice that additional control measures are necessary for
adjusting the power consumed by the discharge lamp by means of the time interval Tt in
this range. These additional control means also render the use of this parameter

10 comparatively complicated and expensive.

The invention has for its object inter alia to provide a circuit arrangement
with which the power consumed by a discharge lamp operated by means of the circuit
15 arrangement can be adjusted over a comparatively wide range by comparatively simple

means.

According to the invention, this object is achieved in that the means M

20 comprise
- means Mp for adjusting the value of the difference Tt-Td, in which Tt is a time

interval during which one of the switching elements is conducting during a half
cycle of the periodic voltage, and Td is a time interval during which a diode is
conducting during this same half cycle of the periodic voltage.

25 It was found for discharge lamps of various types that there is an
unequivocal relation between the parameter Tt-Td and the power consumed by the
discharge lamp. In addition, the power consumed by the discharge lamp is a function of
the parameter Tt-Td which is not excessively steep. As a result it is possible to adjust
the luminous flux of the discharge lamp over a comparatively wide range with the use

30 of Tt-Td.

An advantageous embodiment of a circuit arrangement according to the

invention is characterized in that the means Mp comprise

- means for generating a signal S1 which is a measure for Tt-Td,
-
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power gconsunmed by the di scharge |lanp and the frequency f is not unequivocal
over ghe*entire range of frequencies which can be set. Especially when the

power gconsuned by the discharge lanp is conparatively |ow, each val ue of
the ffequen®BN 1443 certain range of this3frequency f can correspdn®- W"'
two | pnp power values. This results in_an unstable burning of the |anp.

is fofnd for very™mFaRy %l%&?ﬁ?@%alsgﬂﬁksh\"’bﬁ?’héﬁ measuze e Jesired ke T‘
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lim td. In this advantageous embodiment of a circuit arrangement according to the
5 invention, the means Mp are realised in 2 comparatively simple manner.
A further advantageous embodiment of a circuit arrangement according to
the invention is characterized in that the means for generating the signal S2 comprise
- means for generating a signal P1 which is a measure for the power consumed
by the discharge lamp, and :
10 - means for generating a signal P2 which is a measure for a desired value of the
power consumed by the discharge lamp.
It is possible with this further advantageous embodiment of a circuit

IR VXYY

arrangement according to the invention to control the power consumed by the discharge
lamp at a substantially constant level, independently of ambient parameters such as, for

15 example, the ambient temperature.

PR

Embodiments of a circuit arrangement according to the invention will be

explained in more detail with reference to a drawing, in which
20 Fig. 1 is a diagram of a circuit arrangement according to the invention;

02 Al Ay PO

Fig. 2 shows a portion of the circuit arrangement of Fig. 1 in greater

detail;
Fig. 3 is a diagram of a further circuit arrangement according to the
invention;
25 Fig. 4 shows the time-dependent behaviour of currents and voltages
present in the circuit arrangement of Fig. | during lamp operation; and

Fig. 5 shows the power consumed by a compact fluorescent lamp as a

function of a parameter Tt-Td for a few temperatures. The compact fluorescent lamp

L T U VP

was operdted on a circuit arrangement as shown in Fig. 1 and the parameter Tt-Td was

30 used for adjusting this power.

In Fig. 1a, A denotes a branch provided with ends suitable for being
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2 I't phould be noted that European Patent 482705 describes a possible
solutfon'to this problem This solution, however, is conparatively
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powerg consumed by the discharge |'anp by neans of the time interval Tt in
conducting alternately with a frequency f, each switching element being shunted by a
diode D1, D2. The ends of branch A are connected to a voltage source DC. B is a load
5 branch which shunts the switching element Q2 and which comprises inductive means L

and means K1 and K2 for coupling the discharge lamp to the load branch B. A

.a very

discharge lamp La, shown as a compact fluorescent lamp, is coupled to the load branch
B through the means K1 and K2. The discharge lamp La is shunted by a capacitor C1.
The load branch B also comprises a capacitor C2 connected in series with the lamp.

10 Control electrodes of swiiching elements Q1 and Q2 are coupled to control circuit I for
rendering the switching elements alternately conducting with the frequency f. An input
of control circuit I is coupled to an output TO of means Mp for adjusting the value of
the difference Tt-Td, in which Ttis a time interval during which one of the switching
elements is conducting during a half cycle of the periodic voltage and Td is a time

15 interval during which a diode is conducting during the same half cycle of the periodic
voltage. The means Mp are built up from circuit portions II and ITI, an ohmic resistor
R1 and an variable resistor R2. Ohmic resistor R1 and variable resistor R2 together
form means for generating a signal S2 which is a measure for a desired value of Tt-Td.
Circuit portion III forms means for generating a signal S1 which is a measure for Tt-

20 Td. Circuit portion II forms means for rendering the signals S1 and S2 substantially

i equal to one another. A series circuit of ohmic resistor R1 and variable resistor R2

shunts branch A. A common junction point of ohmic resistor R1 and variable resistor
R2 is connected to an input TS of circuit portion II. Respective inputs T7a and T7b of
circuit portion III are interconnected by ohmic resistor RL which is connected in series
25 with the inductive means L of the load branch B. An output of circuit portion III is
connected to a further input T6 of circuit portion II. The said output TO of the means
Mp is also an output of circuit portion II. Output TO of circuit portion II is connected to

an input T8 of circuit portion III. .
The operation of the circuit arrangement shown in Fig. la is as follows.

30 The control circuit I renders the switching elements QI and Q2 conducting and non-
conducting alternately with a frequency f during lamp operation. As a result, a
substantially square-wave voltage with frequency f is present at the junction point HB of

the two switching elements. This substantially square-wave voltage causes a current Ib
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inductive impedance at the frequency f. The result is that there will be a phase shift
between the substantially square-wave voltage and the current Ib. This means that
during each half cycle of the substantially square-wave voltage the current Ib first flows
through one of the diodes of branch A during a time interval Td and then through the
switching element shunted by the diode during 2 time interval Tt. It is true for this case
that the sum of the time intervals Tt and Td is equal to a half cycle of the substantially
square-wave voltage (1/2f). The current Ip changes polarity at the end of the time
interval Td.

A direct current flows through the series arrangement of ohmic resistor
R1 and variable resistor R2 during lamp operation. As a result of this, a substantially
constant DC voltage is present at input TS of circuit portion II, the value of which
depends on the setting of variable resistor R2. This substantially constant DC voltage
forms the signal S2 which is a measure for a desired value of Tt-Td. A signal S1 which
is a measure for Tt-Td and which is generated by circuit portion III is applied to input
T6 of circuit portion II. The moment the signal S1 is equal to the signal S2, the circuit
portion II generates a voltage pulse at the output TQ. As a result of this voltage pulse,
the control circuit I renders the switching element which is conducting at that moment
non-conducting. The fact that a switching element of branch A becomes non-conducting
coincides substantially in time with a rising or falling edge of the substantially square-
wave voltage, so also with the end of a half cycle and the beginning of the next half
cycle of the substantially square-wave voltage. It is assured in this way that Tt-Td is
equal to the desired value of Tt-Td during each half cycle of the substantially square-
wave voltage. It is possible to adjust the luminous flux of the discharge lamp La over a
comparatively wide range by adjusting this desired value by means of the variable

resistor R2.
&

Fig. 2 shows more details of the circuit portions II and III. Circuit portion
III is built up from an amplifier A and a sawtooth generator B. Inputs T7a and T7b of
amplifier A are coupled to ends of ohmic resistor RL. An output of amplifier A is
coupled to an input T9 of sawtooth generator B. A further input of sawtooth generator
B is T8. Circuit portion II is formed by amplifier C. An output of sawtooth generator B

T
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5 The operation of the circuit components shown in Fig. 2 is as follows. A
voltage pulse is present at output TO at the beginning of every half cycle of the
substantially square-wave voltage. This voltage pulse is used, through input T8 of
sawtooth generator B, for rendering the amplitude of the sawtooth-shaped voltage
generated by sawtooth generator B substantially equal to zero. Then the amplitude of

10 the sawtooth-shaped voltage decreases linearly as a function of time during the time
interval Td. At the end of the time interval Td, the current Ib changes polarity. This
polarity change is accompanied by a polarity change of the voltage across ohmic resistor
RL. This polarity change, which marks the beginning of Tt, is passed on to input T9 of
sawtooth generator B through amplifier A. After this polarity change, the amplitude of

15 the sawtooth-shaped voltage rises linearly during the time interval Tt. Thus the
amplitude of the sawtooth-shaped voltage is a measure for Tt-Td and forms the signal
S1 which is present at input T6 of amplifier C. Signal S2 is present at input T5 of
ampliﬁer C. When the amplitude of signal S1 becomes equal to the amplitude of signal
S2, the output TO of amplifier C changes from low to high. As described above, this

20 renders the amplitude of the sawtooth-shaped voltage substantially equal to zero. The
amplitude of signal S2 is now higher again than that of signal S1, and the output TO of

amplifier C changes from high to low.
Fig. 3 shows a circuit arrangement which differs from the circuit

arrangement shown in Fig. 1 only in the construction of the means for generating the

25 signal S2. These means in the circuit arrangement shown in Fig. 3 are formed by circuit
portions IV, V and VI. Circuit portion V forms means for generating a signal P1 which
is a measure for the power consumed by the discharge lamp La. Circuit portion VI
forms means for generating a signal P2 which is a measure for a desired value of the
power consumed by the discharge lamp La. Circuit portion 1V forms means for

30 generating signal S2, which is a measure for a desired value of Tt-Td, in dependence on
signal Pl and signal P2. Input T1 of circuit portion V is so coupled to the discharge
lamp La (in a manner not shown) that a signal is present at input T1 during lamp

operation which is a measure for the lamp current. Input T2 of circuit portion V is so
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input T2 during lamp operation which is a measure for lamp voltage. An output of
circuit portion V is connected to an input T3 of circuit portion IV. An output of circuit
portion VI is connected to a further input T4 of circuit portion IV. An output of circuit
5 portion IV is connected to input TS of circuit portion II.
The operation of the circuit arrangement shown in Fig. 3 is as follows.
During lamp operation, circuit portion V generates a signal P1 which is a measure for
the power consumed by the discharge lamp La. This signal P1 is applied to input T3 of
circuit portion IV, Simultaneously, the further input T4 of circuit portion IV receives a
10 signal P2 generated by circuit portion VI which is a measure for a desired value of the
power consumed by the discharge lamp La. Using signal P1 and signal P2, circuit
portion IV generates a signal S2 which is a measure for a desired value of Tt-Td. The
amplitude of signal S2 is such that the power consumed by the discharge lamp is
substantially equal to the desired power consumed by the discharge lamp La. It is thus
15 ensured that the power consumed by the discharge lamp La is controlled at a desired
value. If the desired value of the power consumed by the discharge lamp La is
adjustable, it is possible to adjust the luminous flux of the discharge lamp La over a
very wide range as desired. Owing to the unequivocal relation between the parameter
Tt-Td and the power consumed by the discharge lamp La, it is possible to have the
20 discharge lamp operate in a stable manner even at a comparatively low desired value of
the consumed power. The operation of the further portions of the circuit arrangement
shown in Fig. 3 is similar to the operation of corresponding portions of the circuit
arrangement shown in Fig. 1.
In Fig. 4, Vhb is the substantially square-wave voltage which is present at
25 the junction point of the two switching elements QI and Q2 during lamp operation. Ib is
the current which flows in the load branch as a result of this voltage. The time intervals
Td and Tt are also shown in the first half cycle of Vhb. Below this, the signal shapes of
S1 and S2 are shown against to the same time base. The signals Stl and St2 are control
signals by which the switching elements Q! and Q2 are rendered conducting and non-
30 conducting. The relevant switching element is conducting when Stl or St2 is not equal
to zero. It is visible that the action of rendering a switching element non-conducting
(falling edge of Stl or St2) substantially coincides with the moment signal S1 is equal to

'signal S2 and with a rising or falling edge of Vhb. Each switching element is made

This Sheet Has Been Re

M




A furtper advantageous enbodi ment of a circuit arrangenent according to the
I nventj on is characterized in that the neans for generating the signal S2

conprifse - {20r generating a signal Pl which is a neasure fgr
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t he pgqwer consuned by_i he di scharge | anp at a substantially constant |evel,
i ndepdndent |y of anbi EW pHioRisdhe pewerednsumed by a dischasgeclammia depsndance on

tenpefat ur €the parameter Tt-Td and for a number of ambient temperatures. The discharge lamp is a

S compact fluorescent lamp of the PL type. It is first of all apparent that there is an
unequivocal relation between the parameter Tt-Td and the power consumed by the
discharge lamp La, in particular also at low power levels. It is also evident that the
ambient temperature has only a slight influence on the relation between the parameter

Tt-Td and the consumed power.
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1. A circuit arrangement for operating a discharge lamp, comprising a DC-
AC converter provided with
- a branch A having ends suitable for being connected to a DC voltage source and

comprising a series circuit of two switching elements for generating a periodic

5 voltage by being conducting and non-conducting alternately with a frequency f,
each switching element being shunted by a diode,
- a control circuit coupled to control electrodes of the switching elements for
rendering the switching elements conducting and non-conducting alternately
with the frequency f,
10 - a load branch B which shunts one of the switching elements and which
comprises inductive means L and means for coupling the discharge lamp to the
load branch B,
- means M for adjusting the power consumed by the discharge lamp,
characterized in that the means M comprise
15 - means Mp for adjusting the value of the difference Tt-Td, in which Tt is a time
interval during which one of the switching elements is conducting during a half
cycle of the periodic voltage, and Td is a time interval during which a diode is
conducting during this same half cycle of the periodic voltage.
2. A circuit arrangement as claimed in Claim I, characterized in that the
20 means Mp comprise
- means for generating a signal S1 which is a measure for Tt-Td,
- | means for generating a signal S2 which is a measure for a desired value of Tt-
Td,
- means for rendering the signal S1 substantially equal to the signal S2.
25 3. A circuit arrangement as claimed in Claim 2, characterized in that the
means for generating the signal S2 comprises
- means for generating a signal P1 which is a measure for the power consumed
by the discharge lamp, and
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func§ion of a parameter Tt-Td for a few tenperatures. The conpact
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condugting alternately with a frequency f, each switching el enent being Sj
shunt ¢d by a diode D1, D2. The ends of branch A are connected to a voltage
sourcé DC. i ad branch which shunts the swi tching el enent

whi ch} conpr gibﬁﬁ%gctive means L and neaﬁ% K1 and K2 for coupliné¥@ﬁg%94
di schar ge hggg 1e | oad branch B. A discharge lanp La, shown as a
conpagt fl gL ‘lanp, is coupled to the load branch B through the neans
Kl anfl K2. Jheiithesdp@ngat.! anp La is shunted by a capacitor . The | oad
branch B al so conprises a capacitor C2 connected in series with the |anp.
Contrpl electrodes of switching elements QL and @ are coupled to control
circuft | for rendering the switching elenents alternately conducting with
the ffequency f. An input of control circuit | is coupled to an output TO
of nmejans Mo for adjusting the val ue of

The invention relates to a circuit arrangement for operating a discharge
lamp, comprising a DC-AC converter provided with
- a branch A having ends suitable for being connected to a DC voltage source and
comprising a series circuit of two switching elements for generating a periodic
5 voltage by being conducting and non-conducting alternately with a frequency f,
each switching element being shunted by a diode,
- a control circuit coupled to control electrodes of the switching elements for
rendering the switching elements conducting and non-conducting alternately
with the frequency f,
10 - a load branch B which shunts one of the switching elements and which
comprises inductive means L and means for coupling the discharge lamp to the
load branch B,
- means M for adjusting the power consumed by the discharge lamp.
According to the fnvention, the means M comprise means Mp for
15 adjusting the value of the difference Tt-Td, in which Tt is a time interval during which
one of the switching elements is conducting during a half cycle of the periodic voltage,
and Td is a time interval during which a diode is conducting during this same half cycle
of the periodic voltage.
It is achieved by this that the discharge lamp burns in a stable manner

20 over a wide range of the adjustable power.

Fig. 1.
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R2 is§fconnected to an input T5 of circuit portion Il. Respective inputs T7a

and b-of circuit portion Ill are interconnected by ohmc resistor RL

whi ch I's connected in series with the inductive neans L of the |oad branch
B. Anjoutput of circuit portion IIl is connected to a further input T6 of
circuft portion Il. The said output TO of the neans M is als gn out put of
circuft portion Il. Qutput TO of circuit portion Il is connec to an

i nput{ T8 of circuit portion IIl. The operation of the circuit arrangenent

shownjin Fig. la is as follows. The control circuit | renders the sw tching

el ene

vol t

nts QL and 2 conducting and non- conducting alternately with a

e with frequency f is present at the junction point HB of

frqugncy f during lanp operation. As a result, a substantially square-wave
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the t switching elenents. This substantially square-wave voltage causes a
currenf.1b 5toflowin the |load branch B, the polarity of which changes
with the frequency f. To prevent a conparatively high power dissipation in
the swtching el enents, the dinensions-ef the switching arrangenent are so
chosenjthat the | oad branch forns an inductive inpedance at the3zl,equency

f. Thelresult is that there will be a phase shift between the substantially
squar efwave vol tage and [The _QufTent 16, TATS Teans that — | '
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Avir0,~ 5 TPOS
forms the signal S2 which is a nmeasure for a desired value of Tt-Td. A
Si gnal “S1 which is a neasure for Tt-Td and whi ¢h | BEeACEHERNT SYEETS cuisG |
portion IIl is applied to input T6 of circuit omcﬂaﬂpiwn Tmadnnﬁntpggbg ,,,,,
signal S1 is equal to the signal S2, the ci rciﬂ/@mmfmbn 1 paggéres ot Sped . o
vol tage pulse at the output TO. As a resulit of jt#i mv@];g!@)gepaw&s%notged Jg
control circuit | renders the swtching el enent higdrats congdegt iing e&hﬁt
nonent non-conducting. The fact that a sw tchipg el enent of branch
becomes non-conducting coincides substantiallyjifa -
falling edPp@WBR CONTRODLSORNAN AINYVERTER' POR WA VE f“’-!'- Nt
end of a half cycle and the beginning of the next ha1'r cycTe of the
substantially square-wave voltage. It is assured in this way that Tt-Td is
equal to the desired value of Tt-Td during each half cycle of the

substantially square-

The invention relates to a circuit arrangement for operating a discharge
lamp, comprising a DC-AC converter provided with
- a branch A having ends suitable for being connected to a DC voltage source and

comprising a series circuit of two switching elements for generating a periodic
voltage by being conducting and non-conducting alternately with a frequency f,
each switching element being shunted by a diode,

- a control circuit coupled to control electrodes of the switching elements for
rendering the switching elements conducting and non-conducting alternately
with the frequency f,

- a load branch B which shunts one of the switching elements and which
comprises inductive means L and means for coupling the discharge lamp to the
load branch B, '

- means M for adjusting the power consumed by the discharge lamp.

Such a circuit is known from European Patent 323676. In this Patent,
both the frequency f of the DC-AC converter and the time interval Tt during which
each of the switching elements is conducting are presented as parameters by which it is
possible to adjust the power consumed by the lamp. It was found that the use of one of
these parameters renders it possible to adjust the luminous flux of the lamp over a wide
range by comparatively simple electronic auxiliary means. A disadvantage which may
arise when the frequency f is used as the parameter is that the relation between the
power consumed by the discharge lamp and the frequency f is not unequivocal over the
entire range of frequencies which can be set. Especially when the power consumed by
the discharge lamp is comparatively low, each value of the frequency f in a certain
range of this frequency f can correspond to two lamp power values. This results in an
unstable burning of the lamp. It is found for very many discharge lamps in practice,
especially compact fluorescent lamps, that it is not possible for this reason to adjust
comparatively low values of the power consumed by the discharge lamp. In other
words, the range over which the discharge lamp can be dimmed is limited.
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wave' voltage. It is possible to adjust the [ um nous flux of the discharge
lanp La over a conparatively wi de range by adjusting this desired val ue by
means of the variable resistor R2. Fig. 2 shows nore details of the circuit
portions Il and Il1l. Crcuit portion Ill is built up froman anplifier A
and a sawt ooth generator B. Inputs T7a angl T7b of anplifier A are coupled
to ends of ohmc resistor RL. An output o anplifier Ais coupled to an

Pyt T9 of sawk 00t iy ARBAAfo A uhk EUFAET hilitkgplogsaubanish pRaplat or B

is T8. Circuit portion orrre n out put of sawt oot h
gener at or Eplution to this problem. This solution, however, is comparanvely complicated and

expensive.
An important disadvantage connected with the use of the time interval Tt

as a parameter is that, depending on the dimensions of the discharge lamp, the power
consumed by the discharge lamp is a very steep function of the time interval Tt in a
certain range. This means in practice that additional control measures are necessary for
adjusting the power consumed by the discharge lamp by means of the time interval Tt in
this range. These additional control means also render the use of this parameter

comparatively complicated and expensive.

The invention has for its object inzer alia to provide a circuit arrangement
with which the power consumed by a discharge lamp operated by means of the circuit
arrangement can be adjusted over a comparatively wide range by comparatively simple

means.

According to the invention, this object is achieved in that the means M
comprise
- means Mp for adjusting the value of the difference Tt-Td, in which Tt is a time

interval during which one of the switching elements is conducting during 2 half
cycle of the periodic voltage, and Td is a time interval during which a diode is
conducting during this same half cycle of the periodic voltage.

It was found for discharge lamps of various types that there is an
unequivocal relation between the parameter Tt-Td and the power consumed by the
discharge lamp. In addition, the power consumed by the discharge lamp is a function of
the parameter Tt-Td which is not excessivély steep. As a result it is possible to adjust
the luminous flux of the discharge lamp over a comparatively wide range with the use
of Tt-Td.

An advantageous embodiment of a circuit arrangement according to the
invention is characterized in that the means Mp comprise

means for generating a signal S1 which is a measure for Tt-Td,
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6 is connected to an input T6 of anplifier C. T5 is a further input of
‘anplifier Cto which the signal S2 is applied during | anp operation. An
output TO of anplifier Cis connected to input T8 of saw ooth generator B.
As is shown in Fig. 1, output TOis also connected to an input -of control
circuit |I. The operation of the circuit c?rrponents shown in Fig. 2 is as
follows. A voltage pulse is present at oufput TO at the begi nning of every

Lo Yo saon | PRCRORKIAL SIS 1S, ok e RS MR 2
of the sawt oot h-¥Haped vol t age
- means for rendering the signal S1 substantially equal to the signal S2.
In this'advantageous embodiment of a circuit arrangement according to the
invention, the means Mp are realised in a comparatively simple manner.
A further advantageous embodiment of a circuit arrangement according to
the invention is characterized in that the means for generating the signal S2 comprise
- means for genefating a signal P1 which is a measure for the power consumed
by the discharge lamp, and
- means for generating a signal P2 which is a measure for a desired value of the
power consumed by the discharge lamp.
It is possible with this further advantageous embodiment of a circuit
arrangement according to the invention to control the power consumed by the discharge
lamp at a substantially constant level, independently of ambient parameters such as, for

example, the ambient temperature.

Embodiments of a circuit afrangement according to the invention will be
explained in more detail with reference to a drawing, in which

Fig. 1 is a diagram of a circuit arrangement according to the invention;

Fig. 2 shows a portion of the circuit arrangement of Fig. 1 in greater
detail; '

Fig. 3 is a diagram of a further circuit arrangement according to the
invention;

Fig. 4 shows the time-dependent behaviour of currents and voltages
present in the circuit arrangement of Fig. | during lamp operation; and

Fig. 5 shows the power consumed by a compact fluorescent lamp as a
function of a parameter Tt-Td for a few temperatures. The compact fluorescent lamp
was operated on a circuit arrangement as shown in Fig. 1 and the parameter Tt-Td was

used for adjusting this power.

In Fig. la, A denotes a branch provided with ends suitable for being
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generated by sawtooth generator B substantially equal to zero. Then the
‘anpl i tude of the saw oot h-shaped vol tage decreases linearly as a function
of time during the tine interval Td. At the end of the tinme interval Td,
the current Ib changes polarity. This polarity change is acconpanied by a
pol arity change of the voltage across ohmyc resistor RL. This polarity
change, which marks the beginning of Tt, is passed on to input T9 of

sawm oot h g ﬁﬁgf r e fl t he

anpl i tude o‘#&gb savﬁHt; -S ag‘ggw“' a:"t é’é’?‘ prﬁlgisIF 1 élrtrygzcru]mh%rt?’%gsg{?ﬁﬁg‘?l

i nterval Tteleriéms Qlh&2afqrigenerdinph pehed&amitaga by demgemdndottinggand mona measur e
pres ut, T6 of I|f|er

C s gnal gentuctppedimidy Wi Fostensy tarat PHBRE oment boiee Sk

signal Sl Qﬁ'&&r@i BAYge leRd{ BELANBY Al 4dCaihettd AL voltage source DC. B is a 1oad
branch which shunts the switching element Q2 and which comprises inductive means L
and means K1 and K2 for coupling the discharge lamp to the load branch B. A
discharge lamp La, shown as a compact fluorescent lamp, is coupled to the load branch
B through the means K1 and K2. The discharge lamp La is shunted by a capacitor C1.
The load branch B also comprises a capacitor C2 connected in series with the lamp.
Control electrodes of swifching elements Q1 and Q2 are coupled to control circuit I for
rendering the switching elements alternately conducting with the frequency f. An input
of control circuit I is coupled to an output TO of means Mp for adjusting the value of
the difference Tt-Td, in which Tt is a time interval during which one of the switching
elements is conducting during a half cycle of the periodic voltage and Td is a time
interval during which a diode is conducting during the same half cycle of the periodic
voltage. The means Mp are built up from circuit portions II and III, an ohmic resistor
R1 and an variable resistor R2. Ohmic resistor R1 and variable resistor R2 together
form means for generating a signal S2 which is a measure for a desired value of Tt-Td.
Circuit portion III forms means for generating a signal S1 which is a measure for Tt-
Td. Circuit portion II forms means for rendering the signals S1 and S2 substantially
equal to one another. A series circuit of ohmic resistor R1 and variable resistor R2
shunts branch A. A common junction point of ohmic resistor R1 and variable resistor
R2 is connected to an input T5 of circuit portion II. Respective inputs T7a and T7b of
circuit portion I are interconnected by ohmic resistor RL which is connected in series
with the inductive means L of the load branch B. An output of circuit portion III is
connected to a further input T6 of circuit portion II. The said output TO of the means
Mp is also an output of circuit portion II. Output TO of circuit portion II is connected to
an input T8 of circuit portion III.

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

The control circuit I renders the switching elements Q1 and Q2 conducting and non-
conducting alternately with a frequency f during lamp operation. As a result, a
substantially square-wave voltage with frequency f is present at the junction point HB of

the two switching elements. This substantially square-wave voltage causes a current Ib
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S2, the output TO of anplifier C changes fromlow to high. As described
above, this renders the anplitude of the saw ooth-shaped voltage
substantially equal to zero. The anplitude of signal S2 is now higher again
than that of signal S1, and the output TO of anplifier C changes from high
to low Fig. 3 shows a circuit arrangenent which differs fromthe circuit
arrangenent shown in Fig. 1 only in the cénstruction of the nmeans for

generating the signal S2. These nmeans in the circuit arrangenent sho in
Fig. 3 are tbdiewdn B lead bmnch Fothe palariwof vhtﬁhoFbamsesomﬁ#q gﬁ%‘ﬁﬂ%&- }@Q’f or s

by the di siaras s Apirahelfhigboet tsipRid) IPES Schie dpfeRGlE S0 e,
si gnal P2 wdiinehsibss of teasichingarrangetasitrare sy ahosenathatt the load branch forms an

inductive impedance at the frequency f. The result is that there will be a phase shift
between the substantially square-wave voltage and the current Ib. This means that
during each half cycle of the substantially square-wave voltage the current Ib first flows
through one of the diodes of branch A during a time interval Td and then through the
switching element shunted by the diode during a time interval Tt. It is true for this case
that the sum of the time intervals Tt and Td is equal to a half cycle of the substantially
square-wave voltage (1/2f). The current Ip changes polarity at the end of the time
interval Td.

A direct current flows through the series arrangement of ohmic resistor
R1 and variable resistor R2 during lamp operation. As a result of this, a substantially
constant DC voltage is present at input TS of circuit portion II, the value of which
depends on the setting of variable resistor R2. This substantially constant DC voltage
forms the signal S2 which is a measure for a desired value of Tt-Td. A signal S1 which
is a measure for Tt-Td and which is generated by circuit portion III is applied to input
T6 of circuit portion II. The moment the signal S! is equal to the signal S2, the circuit
portion II generates a voltage pulse at the output TO. As a result of this voltage pulse,
the control circuit T renders the switching element which is conducting at that moment
non-conducting. The fact that a switching element of branch A becomes non-conducting
coincides substantially in time with a rising or falling edge of the substantially square-
wave voltage, so also with the end of a half cycle and the beginning of the next half
cycle of the substantially square-wave voltage. It is assured in this way that Tt-Td is
equal to the desired value of Tt-Td during each half cycle of the substantially square-
wave voltage. It is possible to adjust the luminous flux of the discharge lamp La over a
comparatively wide range by adjusting this desired value by means of the variable
resistor R2.

Fig. 2 shows more details of the circuit portions II and HI. Circuit portion
II is built up from an amplifier A and a sawtooth generator B. Inputs T7a and T7b of
amplifier A are coupled to ends of ohmic resistor RL. An output of amplifier A is
coupled to an input T9 of sawtooth generator B, A further input of sawtooth generator

B is T8. Circuit portion II is formed by amplifier C. An output of sawtooth generator B
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power consuned by the discharge lanmp La. Circuit portion IV forns neans for
generating signal S2, which is a neasure for a desired value of Tt-Td, in
dependence on signal Pl and signal P2. Input Tl of circuit portion Vis so
coupled to the discharge lanp La (in a manner not shown) that a signal is
present at input T1 during |anp operationgwhich is a neasure for the | anp
current. Input T2 of circuit portion Vis so 7 coupled to the discharge

lamp La (15 &,/Re0BE o ARinfiMYdr difiad &/ 953 alfirRéSABR of¥dmplifier C to which
the signal S2 is applied during lamp operation. An output TO of amplifier C is
connected to input T8 of sawtooth generator B. As is shown in Fig. 1, output TO is also
connected to an input of control circuit I.

The operation of the circuit components shown in Fig. 2 is as follows. A
voltage pulse is present at output TO at the beginning of every half cycle of the
substantially square-wave voltage. This voltage pulse is used, through input T8 of
sawtooth generator B, for rendering the amplitude of the sawtooth-shaped voltage
generated by sawtooth generator B substantially equal to zero. Then the amplitude of
the sawtooth-shaped voltage decreases linearly as a function of time during the time
interval Td. At the end of the time interval Td, the current Ib changes polarity. This
polarity change is accompanied by a polarity change of the voltage across ohmic resistor
RL. This polarity change, which marks the beginning of Tt, is passed on to input T9 of
sawtooth generator B through amplifier A. After this polarity change, the amplitude of
thie sawtooth-shaped voltage rises linearly during the time interval Tt. Thus the
amplitude of the sawtooth-shaped voltage is a measure for Tt-Td and forms the signal
S1 which is present at input T6 of amplifier C. Signal S2 is present at input TS of
ampliﬁer C. When the amplitude of signal S1 becomes equal to the amplitude of signal
S2, the output TO of amplifier C changes from low to high. As described above, this
renders the amplitude of the sawtooth-shaped voltage substantially equal to zero. The
amplitude of signal S2 is now higher again than that of signal S1, and the output TO of
amplifier C changes from high to low.

Fig. 3 shows a circuit arrangement which differs from the circuit
arrangement shown in Fig. 1 only in the construction of the means for generating the
signal S2. These means in the circuit arrangement shown in Fig. 3 are formed by circuit
portions IV, V and VI. Circuit portion V forms means for generating 2 signal P1 which
is a measure for the power consumed by the discharge lamp La. Circuit portion VI
forms means for generating a signal P2 which is a measure for a desired value of the
power consumed by the discharge lamp La. Circuit portion IV forms means for

_ generating signal S2, which is a measure for a desired value of Tt-Td, in dependence on
signal P1 and signal P2. Input T1 of circuit portion V is so coupled to the discharge
lamp La (in a manner not shown) that a signal is present at input T1 during lamp

operation which is a measure for the lamp current. Input T2 of circuit portion V is so
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i nput’ T2 during |anp operation which is a measure for |anp voltage. An
output of circuit portion Vis connected to an input T3 of circuit portion
V. An output of circuit portion VI is connected to a further input T4 of
circuit portion IV. An output of circuit portion IV is connected to input
T5 of circuit portion Il. The operation of7the circuit arrangenent shown in
Fig. 3is as follows. During |anp operation, circuit portion V generates a
si gnal Pl whbuphed to theniischange Ifmp Itah¢n ROMEInee 006 stiozeh) fiatt hsigalsis ipagsget dtanp

S mul taneoutlby: TERu e RRRoPErRn WHCbs & meeuT (o REFOIASe, dadiuga of

Val e of -t e pora comeuna e RS e iSO Rpubr R

si gnal P2, Poieni¥! is connected to a further input T4 of circuit portion IV. An output of circuit
portion IV is connected to input TS of circuit portion II.

The operation of the circuit arrangement shown in Fig. 3 is as follows.
During lamp operation, circuit portion V generates a signal P1 which is a measure for
the power consumed by the discharge lamp La. This signal Pl is applied to input T3 of
circuit portion IV. Simultaneously, the further input T4 of circuit portion IV receives a
signal P2 generated by circuit portion VI which is a measure for a desired value of the
power consumed by the discharge lamp La. Using signal Pl and signal P2, circuit
portion IV generates a signal S2 which is a measure for a desired value of Tt-Td. The
amplitude of signal S2 is such that the power consumed by the discharge lamp is
substantially equal to the desired power consumed by the discharge lamp La. It is thus
ensured that the power consumed by the discharge lamp La is controlled at a desired
value. If the desired value of the power consumed by the discharge lamp La is
adjustable, it is possible to adjust the luminous flux of the discharge lamp La over a
very wide range as desired. Owing to the unequivocal relation between the parameter
Tt-Td and the power consumed by the discharge lamp La, it is possible to have the
discharge lamp operate in a stable manner even at a comparatively low desired value of
the consumed power. The operation of the further portions of the circuit arrangement
shown in Fig. 3 is similar to the operation of corresponding portions of the circuit
arrangement shown in Fig, 1,

In Fig. 4, Vhb is the substantially square-wave voltage which is present at
the junction point of the two switching elements Q1 and Q2 during lamp operation. Ib is
the current which flows in the load branch as a result of this voltage. The time intervals
Td and Tt are also shown in the first half cycle of Vhb. Below this, the signal shapes of
S1 and S2 are shown against to the same time base. The signals St1 and St2 are control
signals by which the switching elements Q1 and Q2 are rendered conducting and non-
conducting. The relevant switching element is conducting when Stl or St2 is not equal
to zero. It is visible that the action of rendering a switching element non-conducting
(falling que of Stl or St2) substantially coincides with the moment signal S! is equal to
signal 52 and with a rising or falling edge of Vhb. Each switching element is made
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portion IV generates a signal S2 which is a nmeasure for a desired val ue of
Tt-Td. The anplitude of signal S2 is such that the power consuned by the

di scharge lanp is substantially equal to the desired power consuned by the
di scharge lanp La. It is thus ensured that the power consumed by the

di scharge lanp La is controlled at a desired value. If the desired val ue of
t he power consuned by the discharge lanp La is adjustable, it is possible
to adjust the lum nous flux of the dischaBge |anp La over a very wi de range
as desired. OM ng to the unequivocal relation between the paranmeter Tt-Td
and the powendusging whilt e dide shustirgthgeswimhinglelement is én Presednduetingostiigve t he

desi o val G T8l ReR BB HIE Sper at on of he furthel portions
of the circuit arranggrenihows the power consumed by a discharge lamp in dependence on
the parameter Tt-Td and for a number of ambient temperatures. The discharge lamp is a
compact fluorescent lamp of the PL type. It is first of all apparent that there is an
unequivocal relation between the parameter Tt-Td and the power consumed by the
discharge lamp La, in particular also at low power levels. It is also evident that the
ambient temperature has only a slight influence on the relation between the parameter

Tt-Td and the consumed power.
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showh in Frg-—3-is-stml.ar. to the operation of correspondi ng portions of

thecirc nt showmn in Fig. 1. In Fig. 4, Vhb is the
subst ant muﬂw&jﬁ vol tage which is present at the junction point of
the two sw sQlandQZduringIarrp operation. Ib is the
current which flows in the load branch asga result of this voltage. The
time intervals Td and Tt are also shown in the first half cycle of Vhb.

Bel ow t hi sclxtﬁgm §i gnal shapes of SI and S2 are shown against to the sane
time base e signals Stl1 and St2 are control signals by which the
switching elenents Q and 2 are rendered conducting and non- conducti ng.
The relevant switching elenent is conducting when St1 or St2 is not equal
to zero. It is visible that the action of rendering a switching el enent
non- conduct i ng

1. A circuit arrangement for operating a discharge lamp, comprising a DC-

AC converter provided with

- a branch A having ends suitable for being connected to a DC voltage source and
comprising a series circuit of two switching elements for generating a periodic
voltage by being conducting and non-conducting alternately with a frequency f,
each switching element being shunted by a diode,

- a control circuit coupled to controi electrodes of the switching elements for
rendering the switching elements conducting and non-conducting alternately
with the frequency f,

- a load branch B which shunts one of the switching elements and which
comprises inductive means L and means for coupling the discharge lamp to the
load branch B,

- means M for adjusting the power consumed by the discharge lamp,

characterized in that the means M comprise

- means Mp for adjusting the value of the difference Tt-Td, in which Tt is a time
interval during which one of the switching elements is conducting during a haif
cycle of the periodic voltage, and Td is a time interval during which a diode is
conducting during this same half cycle of the periodic voltage.

2. A circuit arrangement as claimed in Claim 1, characterized in that the

means Mp comprise

- means for generating a signal S1 which is a measure for Tt-Td,

- means for generating a signal S2 which is a measure for a desired value of Tt-
Td,

- means for rendering the signal S1 substantially equal to the signal S2.

3. A circuit arrangement as claimed in Claim 2, characterized in that the

means for generating the signal S2 comprises

- means for generating a signal P{ which is a measure for the power consumed

by the discharge lamp, and
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(faI ling edge of--St1l .or.St2) substantially coincides with the nonent signal
nal S2 and wiwth a rising or falling edge of Vhb. Each

to Si
SW tchlﬁgmu gﬂ"ﬂ,ﬁm 8 conducting while the diode shunting the
SW t chi the conducting state (during Td). This is shown
hat ched in Fig. |g 5 shows the power consuned by a discharge lanp in
dependence on the paraneter Tt-Td and for a nunmber of anbient tenperatures.
The discharge lanp is a 10
- means for generating a signal P2 which is a measure for a desired value of the

power consumed by the discharge lamp.
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conpact fluorescent lamp of the PL type, It is first of all apparent that
there is an unequi vocal relation between the paraneter Tt-Td and the power
consuned by the discharge lanp La, in particular also at |ow power |evels.
It is also evident that the anbient tenperature has only a slight influence
on the relation between the paraneter Tt-Td and the consunmed power.

CLAI M5: 1. A circuit arrangenent r operating a discharge | anp,

conpri si ng EB%ACT'

POWER CONTROL OF AN INVERTER FOR A DISCHARGE LAMP

The invention relates to a circuit arrangement for operating a discharge
lamp, comprising a DC-AC converter provided with | |
- a branch A having ends suitable for being connected to a DC voltage source and
comprising a series circuit of two switching elements for generating a periodic
voltage by being conducting and non-conducting alternately with a frequency f,
each switching element being shunted by a diode,

- a control circuit coupled to control electrodes of the switching elements for
rendering the switching elements conducting and non-conducting alternately
with the frequency f,

- a load branch B which shunts one of the switching elements and which
comprises inductive means L and means for coupling the discharge lamp to the
load branch B,

- means M for adjusting the power consumed by the discharge lamp.

According to the invention, the means M comprise means Mp for
adjusting the value of the difference Tt-Td, in which Tt is a time interval during which
one of the switching elements is conducting during a half cycle of the periodic voltage,
and Td is a time interval during which a diode is conducting during this same half cycle
of the periodic voltage.

It is achieved by this that the discharge lamp burns in a stable manner

over a wide range of the adjustable power.

Fig. 1.
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AC converter provided with - a branch A having ends suitable for being
connected to a DC voltage source and conprising a series circuit of two
switching el enments for generating a periodic-voltage by being conducting
and non-conducting alternately with a frequency f, each sw tching el enent

bei ng shunted by a di ode, - a control -circuit coupled to control
el ectrodes of the switching elenents for rendering the switching el enents
conducti ng and non-conducting alternately with the frequency f, - a

| oad branch B which shunts one of the switching el enents and which
conprises inductive neans L and neans for coupling the discharge lanp to
t he
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| oad” branch B, - means M for adjusting the power consuned by the

di scharge | anp, characterized in that the means M conprise - means Mo
for adjusting the value of the difference Tt-Td, in which Tt is a tine
interval during which one of the switching elenments is conducting during a
hal f cycle of the periodic voltage, and Bd-is a tine interval during which
a diode is conducting during this sanme half cycle of the periodic voltage.
2. A circuit arrangenent as claimed in Claim1, characterized in
that the nmeans M conprise - means for generating a signal S1 which is
a measure for Tt-Td, :
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- * nmeans for generating a signal S2 which is a neasure for a desired

value of Tt- Td, - means for rendering the signal S| substantially
equal to the signal S2. 3. A circuit arrangenent as clained in
Claim2, characterized in that the nmeans for generating the signal S2

conprises - means for generating & gighal Pl which is a neasure for

t he power consuned by the discharge |anp, and
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10 neans for generating a signal P2 which is a neasure for a desired val ue
of the power consuned by the discharge | anp.
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