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(57) Un circuit permettant le fonctionnement a haute
fréequence d’une lampe a deécharge basse pression (1)
comprend un redresseur de secteur (10), un filtre
antiparasite (12) reli¢ au redresseur de secteur (10), un
inverseur HE (14) munmi de deux transistors (17, T»)

commutant altemativement et raccordé a une sortie de
courant continu du redresseur de secteur (10), une
inductance (L), un circuit d’excitation et une prise

centrale (M), montee entre les deux transistors (11, T»).

Un condensateur de filtrage (Cg) est connecte en

parallele aux trajets de commutation des deux transistors
(T1, To)de I'inverseur HE (14). Un circuit accepteur (16)

l*l Industrie Canada  Industry Canada

(57) A circuit arrangement for high-frequency operation
of a low-pressure discharge lamp (18) includes a mains
rectifier (10), a radio interference suppression filter (12)
connected to the mains rectifier (10), an RF inverter (14),
connected to the direct current output of the mains
rectifier (10) and having two alternatingly switching
transistors (11, T») along with an inductance (Ly), a

trigger circuit and a center tap (M), which 1s between the
two transistors (17, Tp). A filter capacitor (Cg) 1s

connected parallel to the switching paths of the two
transistors (Tq, To) of the RIF mnverter (14). A series

resonant circuit (16) 1s assigned to the low-pressure
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associ¢ a la lampe a decharge basse pression (18), se
compose d’une 1nductance a resonance (L.3), d’un

condensateur de couplage (C3) et d’une capacite a

resonance parallele a la lampe. Les lignes de
raccordement de la lampe a decharge basse pression (18)
partent d une part d’une premiere €lectrode (1) jusqu’a

la prise centrale (M) en passant par 1'inductance a
resonance (L.3) et d’autre part d’une seconde ¢lectrode

(E9) jusqu’au pole positit ou negatif du redresseur de

secteur (10) en passant par la prise centrale d un montage
en serie de diodes connecte en serie avec le condensateur
de filtrage (Cq) dans le sens avant du courant continu et

compos¢ d'une premicre et d'une seconde diode
(D1, D9). La capacite parallele a la lampe du circuit

accepteur (16) de la lampe de décharge basse pression
(18) se compose de deux condensateurs (Cr1, Cro)

montes en parallele, I'un (Crp) des condensateurs
(CRr1, Cro) paralleles a la lampe ¢tant reli€¢ directement
au pole positif ou négatif du condensateur de filtrage

(C).
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discharge lamp (18), and comprises a resonant
inductance (L.3), a coupling capacitor (C3), and a

resonant capacitance parallel to the lamp. The
connection lines for the low-pressure discharge lamp
(18) lead on the one hand from a first electrode (E1) via

the resonant inductance (L.3) to the center tap (M) and on
the other from a second electrode (I£9) via the center tap

of a diode series circuit, connected 1n the direct current
forward direction 1n series with the filter capacitor (Cg)

and comprising a first and a second diode (D1, D), to the

positive and negative terminal, respectively, of the mains
rectifier (10). The capacitance parallel to the lamp of the
series resonant circuit (16) assigned to the low-pressure
discharge lamp (18) comprises two parallel-connected
capacitors (Cr1, Crp):. one (Crp) of the capacitors

(Cr1. Cro) parallel to the lamp 1s connected directly to
the positive or negative terminal of the filter capacitor

(CY).
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ABSTRACT:
CIRCUIT ARRANGEMENT FOR OPERATING LOW-PRESSURE DISCHARGE LAMPS

A clircuit arrangement for high-frequency operation of a low-
pressure discharge lamp (18) includes a mains rectifier (10), a
radio interference suppression filter (12) connected to the mains
rectifier (10), an RF inverter (14), connected to the direct
current output of the mains rectifier (10) and having two
alternatingly switching transistors (T,, T,) along with an
inductance (L), a trigger circuit and a center tap (M), which is
between the two transistors (T,, T,). A filter capacitor (C.) is
connected parallel to the switching paths of the two transistors
(T,, T,) of the RF inverter (14). A series resonant circuit (16)
is assigned to the low-pressure discharge lamp (18), and comprises
a resonant 1inductance (L;), a coupling capacitor (C;), and a
resonant capacitance parallel to the lamp. The connection lines
for the low-pressure discharge lamp (18) lead on the one hand from
a first electrode (E,) via the resonant inductance (Ly) to the
center tap (M) and on the other from a second electrode (E,) via
the center tap of a diode series circuit, connected in the direct
current forward direction in series with the filter capacitor (C,)
and comprising a first and a second diode (D,, D,), to the positive
and negative terminal, respectively, of the mains rectifier (10).
The capacitance parallel to the lamp of the series resonant circuit

(16) assigned to the low-pressure discharge lamp (18) comprises two

parallel-connected capacitors (C Cpn) 7 one (C.,) of the capacitors

R1 7
(Ceqr Co,) parallel to the lamp is connected directly to the positive

or negative terminal of the filter capacitor (Cs) -
Fig. 2

13
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CIRCUIT ARRANGEMENT FOR OPERATING LOW-PRESSURE DISCHARGE LAMPS

The invention relates to a circuit arrangement for
high-frequency operation of one or more parallel- or serially-
connected low-pressure discharge lamps.

One such circuit arrangement 1s known from European
Patent Application 0 395 776. However, it has the disadvantage,
first, that higher costs and a greater space requirement are
created as a result of additional limiter diodes at the lamp base
point, along with a necessarily fast bridge rectifier and an
expensive radio interference suppressor filter on the alternating
voltage side. Secondly, the circuit is also less suiltable for
relatively low mains voltages combined with high lamp burning and
igniting voltages, since the full resonant capacitance 1is
parallel to the lamp and consequently the converted idle output -
which is necessary to generate the high burning and igniting
voltages - undergoes a very major modulation as a function of the
instantaneous value of the rectified mains voltage.

It is therefore the object of the present invention to
disclose a circuit arrangement of the type described at the
outset, which with technically simple means, without increased
interfering radiation and at low additional power losses, assures
both an increase in the power factor of the circuit arrangement
and reliable operation without a protective circuit.

In accordance with an aspect of the present invention,

there is provided a circuit arrangement for high-frequency

27813-32
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operation of one or more low-pressure discharge lamps (18)
connected to one another in parallel or in series having

a mains rectifier (10);

a radio interference suppression filter (12) connected to
the mains rectifier (10);

an RF inverter (14), connected to the direct current out put
of the mains rectifier (10) and having two alternatingly
switching transistors (T, and T,), an inductance (Lyg), & trigger
circuit and a center tap (M) between the two transistors (Ty,
To);

a filter capacitor (Cg) parallel to the switching paths of
the two transistors (T,, T,) of the REF inverter (14);

one or more series resonant circuits (16), each assigned to
one low-pressure discharge lamp (18), comprising a coupling
capacitor (Cg5), a resonant inductance (Lg3), and a resonant
capacitance parallel to the lamp;

a series diode circuit comprising first and second diodes
(D, Do) connected in direct current forward direction, and
defining a center point (W;,) therebetween, and having one input
connected to said filter capacitor (Cg);

connecting lines for the low-pressure discharge lamp or
lamps (18), in which a first line of the first electrodes (E;) of
the low-pressure discharge lamp or lamps (18) 1s connected to the
center tap (M) via the resonant inductance (Lg3), and one further
line, connected to each of the second electrode or electrodes
(ko) of the low-pressure discharge lamp or lamps (18) 1s further

2

27813-32
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connected to the positive or negative terminal of the mains
rectifier (10), via the center point (Wqq) of the diode series
circuit;

characterized in that the resonant capacitance of the series
resonant circuit (16) assigned to each low-pressure discharge
lamp (18) is divided into a plurality of resonance capacitors
(Crq, Cro), each having one terminal connected together, one
(CRq) of the resonance capacitors (Cgrp, Cgry) 1s effectively
connected across the electrodes of the lamp or lamps, and the
other (Cg,) of the resonance capacitors (Cgr;, Cgry) has its other
terminal connected directly to the positive or negative terminal
of the filter capacitor (Cg).

The invention may be further characterized in that the

coupling capacitor is connected according to one of;

between the resonant inductance and the junction points of
the other capacitor parallel to the lamp and the resonant
inductance, or

between the junction point of the resonant inductance with
the other capacitor parallel to the lamp and the junction point
of the first capacitor parallel to the lamp and the first
electrode or

between the junction point of the first and second diode and
the one capacitor parallel to the lamp and the second electrode,
or

between the resonant inductance and the junction point of

the center tap and the further resistor.

2a
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According to a preferred and advantageous embodiment,
the modulation of the lamp current and the generation of the
harmonics is reduced further in that a capacitor 1is located
parallel to the second diode of the diode series circuit.

Further radio interference suppression is achieved by

means of a further capacitor, which 1s connected parallel to the

first diode.

Preferably, the capacitance of the series resonant

circuit assigned to each low-pressure discharge lamp 1s formed by

two parallel-connected capacitors; the following inequality 1is
favorable for the ratio between the capacitances of the two
capacitors Cry and Cgr, (connected to the filter capacitor):

0.5 <« CRl/CR2 < 2

In a further embodiment, the one of the two capacitors
connected effectively parallel to the electrodes can be replaced
by modified preheating capacitors which incorporate the
capacitance of said one capacitor.

The version according to the invention involves a pump
circuit, in which the positive terminal of the rectified
alternating mains voltage, on the output side of a radio
interference suppression filter, is connected to the base point
of the lamp via a first fast diode polarized in the forward
direction. This point is connected to the positive terminal of

the filter capacitor via a second diode polarized 1in the forward

direction.

This brings about a current takeup from the mains

during one-half of a period of the RF inverter and charging

2b
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(pumping) of the filter capacitor during the other half period.

By placing a choke before the first diode and connecting a

capacitor parallel to the second diode, it is assured that at the

times when the mains voltage drops below half the filter
capacitor voltage, the charglng process will not be interrupted.
Overpumplng or a voltage overload especially during ignition 1s
prevented in this circult arrangement by attenuation of the pump

process, by providing that the resonant capacitance parallel to

the lamp 1is split into at least two

2C
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capacitors, and one of the at least two capacitors is connected
directly to the positive or negative terminal of the filter
capacitor. This not only prevents an overvoltage at this capacitor
but also reduces the modulation of the lamp current, without also
markedly worsening the ignitability of the circuit.

A further improvement is obtained by connecting a capacitor
parallel to the first diode. The current across this first diode
is very rich in harmonics and causes major radio interference,
especlally in the range above 1 MHz. The capacitor having a
capacitance of approximately 1 to 5 nF brings about a pronounced
reduction in harmonics of the operating frequency (50 kHz) and thus
a drastic reduction in radio interference.

Further advantages and characteristics of the invention will
become apparent from the ensuing description of various embodiments
and from the drawings, to which reference 1s made. Shown are:

Fig. 1, a block circuit diagram of the circuilt arrangement
in a first embodiment;

Fig. 2, a circuit diagram of the circuit arrangement of Fig.
1;

Fig. 3, a block circuit diagram of a further embodiment of
the circuit arrangement for operating a plurality of parallel-
connected low-pressure discharge lamps with a common pump branch;

Fig. 4, a block circuit diagram of a further embodiment of
the circuit arrangement for operating a plurality of parallel-
connected low-pressure discharge lamps with separate pump branches;

Fig. 5, a block circuit diagram of a further embodiment of
the circuit arrangement for operating a plurality of serially-
connected low-pressure discharge lamps with a common pump branch.

In the block circuit diagram shown 1in Fig. 1, a high-
frequency filter or radio interference suppression filter 12 1is

connected to the outputs of a mains rectifier 10, or vice versa,
and that filter 1is followed by an RF i1inverter 14 with two

alternatingly switching transistors T, and T, and a trigger circuit
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with a center tap M (Fig. 2) between the two transistors T, and T,.
A low-pressure discharge lamp 18 is connected via a series resonant
circuit, marked 16 in Fig. 2, between the center tap M of the two
transistors or switching transistors T, and T, and the positive
terminal of the radio interference suppression filter 12. A filter

capacitor C. connected between the two inputs of the RF inverter 14

1s connected by its negative terminal to the negative terminal of
the i1nterference filter 12.

Its positive terminal is connected to the positive terminal
of the 1interference filter 12, via a diode circuit comprising D,
and D, connected 1n series and 1in the direct current forward
direction. An inductance L, is located between the first diode D,
and the positive terminal of the interference filter 12. It serves
to charge the filter capacitor C,, if the mains voltage drops below
half the C voltage, while the first diode D, and the second diode
D, serve to provide that in one half-period of the RF
inverter 14 the filter capacitor C. is charged, and in the other
half period current is taken from the mains. A capacilitor C,
connected parallel to the diode D, makes the backswing of the RF
inverter 14 easier and improves the ignitability of the circuit.
An additional capacitor C., connected parallel to the first diode
D,, provides radio interference suppression. While a first
electrode E, of the low-pressure discharge lamp 18 1is connected to
the center tap M of the RF inverter via the 1nductance L; and a

capacitor C;, the second electrode E, of the low-pressure discharge
lamp 18 1s connected to a tap or base point W,,, which is located
between the first diode D, and the second diode D,. An ignition
circuit 20 1s connected to the respective other outputs of the

electrodes ]:."1 and EZ.

The resonant capacitance parallel to the lamp comprises two
capacitors C,, and C,,, where the first capacitor C,, via the base
point W,,, connects the two electrodes E, and E, of the low- pressure

charge lamp 18 to one another, and the second capacitor C., is
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located parallel to the first capacitor Crqy but on the output
side of the second diode D,.

In Fig. 2, a physical embodiment of the version of Fig.
1 is8 shown. In this circuit diagram of the circuit arrangement,
the interference filter 12 1is connected to the positive or
negative terminal of the mains rectifier 10; this filter
comprises two capacitors Cmy and Cnn,, each with a capacitance of

150 nF, and an inductance Ln of 680 uH, which connects the two

capacitors Cry and Cro

The negative terminal of the filter capacitor Cg 1s
connected via the interference filter 12 to the negative terminal
of the mains rectifier 10, while the positive terminal of the
filter capacitor Cg 1is connected, via the second diode D, and the
capacitor Cg connected parallel to 1t, to the second electrode E,
of the low-pressure discharge lamp 18, and via a fourth diode Dy
to the interference filter 12. The second diode D, connects the
filter capacitor Cg to the positive terminal of the mains
rectifier 10, via the first diode D; and the choke Lg having an
inductance of 470 uH, via the interference filter 12. The
capacitor Cp connected parallel to the first diode D; has a
capacitance of approximately 1 to 5 nF. The RF inverter 14 1s on
the one hand connected between the second diode D, and the
positive terminal of the filter capacitor Cg and on the other 1s

connected to the negative terminal of the mains rectifier 10 via

the interference filter 12. The center tap M of the push-pull

27813~-32
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frequency generator 14 is connected to the first electrode E, of
the low-pressure discharge lamp 18, via an inductance L5 and a
capacitor C5. Together with the capacitors Cry and Cps parallel
to the lamp, the inductance L5 and the capacitor C5 form the

series resonant circuit 16 associated with the low-pressure

discharge lamp 18.

The ignition circuit 20 connected to the other Two
terminals of the electrodes k; and kE, has, parallel to the

electrodes El and

5a
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E,, two series-connected capacitors C, and C;; a temperature-
dependent resistor R, is provided parallel to the one capacitor C,.
The series circuit comprising the capacitors C, and C. contributes
to the total resonant capacitance comprising C,, and C,,.

Figs. 3-5 show circuit arrangements with which two and more
low-pressure discharge lamps 18, 18n can be operated.

In Fig. 3, a circuit arrangement is shown for operating two
and more parallel-connected low-pressure discharge lamps 18 and
18n, all of which are operated with a common pump branch. One
ignition circuilt 20n each, one additional capacitor C,. and C.,
which 1s connected parallel to the first capacitor C,, and C.,,
respectively, and one lamp choke L, each and one coupling capacitor
C, each are provided for each further further 1low- pressure
discharge lamp 18n.

Fig. 4 shows a circuit arrangement for two and more
parallel-connected low-pressure discharge lamps 18n with separate
pump branches. The difference from the embodiment of Fig. 3 1is
that the further capacitor C,, 1s connected to a further pump
branch. The further pump branch is connected parallel to the first
pump branch and comprises the further inductance L, , a further
diode series circuit D, and D, , and the respective parallel-
connected further capacitors C,_ and C_.

One example of two and more low-pressure discharge lamps 18,
18n connected in series 1s shown 1in Fig. 5. All the series-
connected low-pressure discharge lamps 18 and 18n have a single
shared ignition circuit 20. The difference from the embodiment of
Fig. 1 is that the first electrode E1 of the first low-pressure
discharge lamp 18 is connected 1n seriles wlith the second electrode
E, of the further low-pressure discharge lamp 18n and 1s connected

to a galvanically separate preheater, which comprises an additional
coil L, , on the lamp choke L;.

The following component list shows the circult elements used

for a circuit arrangement for operating a 20 W compact fluorescent



10

15

2149327

lamp connected to 120 V alternating voltage:

C; = 100 nF R, = 330 kQ
C, = 2.2 nF R, = 10 Q
C; = 150 nF R, = 470 kQ
C, = 2.2 nF

C; = 6.8 nF

Cr, = Cr, = 150 nF

CR, = 4.7 nF

CR, = 3.3 nF Lm = 680 uH
C, = 47 pF/33uF L, = 330 pH
C. = 3.3 nF L, = 1.4 mH
C, = 15 nF

D, = BA 157 T, = T, = IRF 224
D, = BA 157

D, = 1N4004

D, = 1N4004

-~
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A circuit arrangement for high-frequency operation of
one or more low-pressure discharge lamps (18) connected to one
another in parallel or in series having

a mains rectifier (10);

a radio interference suppression filter (12) connected to
the mains rectifier (10);

an RF inverter (14), connected to the direct current output
of the mains rectifier (10) and having two alternatingly
switching transistors (T and T,), an inductance (Lg), a trigger
circuit and a center tap (M) between the two transistors (Tq,
To);

a filter capacitor (Cg) parallel to the switching paths of
the two transistors (T, T,) of the RF inverter (14);

one or more series resonant circuits (16), each assigned to
one low-pressure discharge lamp (18), comprising a coupling
capacitor (C3), a resonant inductance (L3), and a resonant
capacitance parallel to the lamp;

a series diode circuit comprising first and second diodes
(D1, Dy) connected in direct current forward direction, and
defining a center point (W;,) therebetween, and having one input

connected to said filter capacitor (Cg) ;

27813-32
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connecting lines for the low-pressure discharge lamp or
lamps (18), in which a first line of the first electrodes (E;) of
the low-pressure discharge lamp or lamps (18) 1s connected to the
center tap (M) via the resonant inductance (L3), and one further
line, connected to each of the second electrode or electrodes
(E5) of the low-pressure discharge lamp or lamps (18) is further
connected to the positive or negative terminal of the mains
rectifier (10), via the center point (W;45) of the diode series
circuit;

characterized in that the resonant capacitance of the series
resonant circuit (16) assigned to each low-pressure discharge
lamp (18) is divided into a plurality of resonance capacitors
(Cr1, Cgra), each having one terminal connected together, one
(CRy) of the resonance capacitors (Cgrji, Cgrp) 1s effectively
connected across the electrodes of the lamp or lamps, and the
other (Cr,) of the resonance capacitors (Cgy, Cgrp) has its other
terminal connected directly to the positive or negative terminal

of the filter capacitor (Cg).

2. The circuit arrangement of claim 1 characterized in
that one capacitor (Cg) is connected parallel to the second diode

(D,) of the diode series circuit.

3. The circuit arrangement of claim 1, characterized in

that one capacitor (Cp) is connected parallel to the first diode

27813-32
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(D7) of the diode series circuilt.

4, The circuit arrangement of claim 1, characterized 1in
that the capacitance parallel to the lamp of the series resonant
circuit (16) assigned to each low-pressure discharge lamp (18)

comprises two parallel-connected resonance capacitors (Cgry and

Cr2) -

5. The circuit arrangement of claim 4, characterized 1in
that the following inequality applies to the ratio of the
capacitances of the one and another resonance capacitors Cgrq and
Cro parallel to the lamp;

0.5 < CRl/CRz < 2.

6. The circuit arrangement of claim 5, characterized in

that

the interference filter (12) is located following the mains
rectifier (10);

the inductance (Lg), the first diode (D) and the second
diode (D,) as well as the filter capacitor (Cg) are connected 1in
series between the outputs of the interference filter (12);

the RF inverter (14) is located between the terminal point
between the second diode (D,) and the filter capacitor (Cg) and

one output of the interference filter (12);

10
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a resistor (R,) and a capacitor (C;) are located 1in series
between the terminal point between the second diode (D,) and the
filter capacitor (Cg) and one output of the interference filter
(12) ;

a bidirectional thyristor diode (DIAC) is connected 1n
series between a terminal point, present between the resistor
(R1) and the capacitor (C;), and the gate of the second
transistor (T5);

the one resonance capacitor (Cgrq) of the series resonant
circuit (16) 1s connected in parallel to the lamp between the
center tap (M) and between the center point (W1ll) between the
first diode (D) and the second diode (D5), and the other
resonance capacitor (Cg,) 1is connected to a point located between
the second diode (D,) and the filter capacitor (Cgqg);

a capacitor (Cg) is connected parallel to the second diode
(Do) ;

the low-pressure discharge lamp or lamps (18) are connected
parallel to the first resonance capacitor (Crq);

a further resistor (R3) 1s connected between the second
diode (D,) and the filter capacitor (Cg) and the center tap (M);

a resistor (R,) and a further capacitor (C;) are connected
in series and parallel with the further resistor (R3);

a preheating circuit including two preheating capacitors
(C4, Cg), connected in series, is connected in parallel to the

low-pressure discharge lamp (18), and a continuously self-

11

27813-32
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adjusting ohmic resistor (R,) whose resilstance change 1s
dependent on its temperature is connected to the first preheating
capacitor (C,);

a third diode (D3) is connected in series between the first
resistor (Rq) and the first capacitor (Cq) and the center tap
(M) : and that

the positive terminal of the filter capacitor (Cg) 1is

connected to the interference filter (12) via a fourth diode

(Dy) .

7. The circuit arrangement of claim 1 or claim 6
characterized in that the radio interference suppression filter
(12) comprises two capacitors (Cmq) and (Cwm,) connected to the
positive or negative terminal of the mains rectifier (10) and an

inductance (Lw) connecting the two capacitors (Cwq) and (Cm,).

8. The circuit arrangement of claim 7, characterized in

that the following components have the listed values or

dimensions
First capacitor Cq = 100 nF
Cr = 2.2 nF
Coupling capacitor Cy = 150 nF
Preheater circuit capacitors Cy = 2.2 nF
CS = 6.8 nF
C1r1 and C7T2 = 150 nF
Resonance capacitor CRy = 4.7 nF
Resonance capacitor CRy = 3.3 nF
Filter capacitor Cg = 47 uF
CF = 3.3 nF
Capacitor Cx = 15 nF

12
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First diode D; = BA 157
Second diode D, = BA 157
Third diode D = 1N4004
Fourth diode Dy = 1N4004
DIAC = N413
First Resistor Rqi = 330 kQ
Reslistor Ry = 10 Q
Further resistor Ry = 470 kQ
Lm = 680 uH
Inductance Ly = 330 pH
Resonant inductance Ly = 1.4 mH
Switching transistors
Tl and T2,
Type IRF 224.
U
9. The circuit arrangement of claim 6, characterized in

that the capacitance of sald one resonance capacitor (Cpq) of the
two resonance capacitors (Cgq, Cgrp)., connected effectively
parallel to the electrodes (E;, Ej) is formed by said preheating

capacitors (C4, Cg).

FETHERSTONHAUGH & CO.

OTTAWA, CANADA

PATENT AGENTS

13
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