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To eliminate the necessity for a saturated or air gap inductance to provide a feedback circuit for a self-exciting oscillator
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"To eliminate the necessity for a saturated or ailr
gap inductance to provide a feedback circuit for a self-
xciting oscillaﬁor including two active eleétronic switches
(Tl, T2), for example MOSFETs, an auxiliary winding (HWIL,
HW2,.....HW11l) 1is inductively coupled to the resonance
inductance (L2) present in the circuit for the discharge lamp
(LP) anyway; and a pulse shaping - phase shifting network ‘
(R3, C3; R4, C4....), devoid of inherent resomnance, coupling
the auxiliary winding to the active switching elements.
The pulse shaping - phase shifting network 1s formed of a
one or multiple-stage RC low-pass circuit, connected serially
between the auxiliary windiné and the control input,.fér
example the gate, of the active switching element. The RC
network can be c01§tructed with variable elements, for
example including PTC resistors, a varlstor or the like,
and may include a current source, protective circuits to
protect against voltage peaks including Zener diodes.

The 1ow-pass characteristics of the pulse shaping - phase

shifting network permits switching of the active semiconductor

switches after the maximum current flow.
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FLUORESCENT LAMP OPERATING CIRCUIT, PARTICULARLY

FOR A COMPACT FLUCRESCENT LAMP

Reference to related patents, the disclosures of
which are hereby incorporated by reference, assigned to the

5 assignee of the present application:
U.S. 4,710,682, Zuchtriegel

U.S. 5,008,596, Kastl et al

FIELD OF THE INVENTION

The present invention relates To a circuit to operate
10 a low pressure discharge lamp, such as a fluorescent lamp, and

especially to an operating circuit for a compact fluorescent

lamp.

BACKGROUND

Fluorescent lamps operate more efficiently at higher

15 frequencies than at power frequencies. Operating circuits for

circuits, having active switching elements, such as
transistors, which are supplied with a control signal or with
control energy to control the active switches to change state
20 at the desired operating frequency. Circuits to supply such
low pressure discharge lamps usually used a separate current
rransformer which was constructed either as a saturated current
rransformer or a transformer having an air gap. Such separate
current transformers were constructed to interrupt furnishing a
25 control signal after a predetermined voltage-time integral had
elapsed. In the gap between switching pulses, sufficient time
is available to clear the base or gate circuit of charge
carriers, to ensure that the switching elements are reliably

disconnected. Circuits of this type are described in the

1
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referenced Patents 5,008,596, Kastl et al; 4,710,682,

Zuchtriegel.

The publication by Siemens AG, “Elektronik-
schaltungen” (“Electronic Circuits”) Dby Walter Hirschmann,
chapter “Electronic Accessory Apparatus for New Fluorescent

Lamps”, pp. 147-151, is a general literature reference for the

circuits described.

circuits of these types require a current transformer
for control of the active switching elements. Such a current
rransformer or similar element is comparatively expensive since
it requires a separate winding or wound structure. Ferrite
cores are used for the transformer windings. Such ferrite
cores have manufacturing tolerances which undesirably and
substantially affect the operating parameters when used 1in

saturated transformers.

THE INVENTION

It is an object to provide a circuit of the well

known general type described in the referenced patents in

which,

02076940 2001-02-07
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however, a saturated transformer or a separate transformer
element need not be used. The circuit should be simple
so that it can be manufactured inexpensively.
Briefly; a self-excited oscillating circuit having
5 2+ least one active switching element, and preferably
rwo transistors, which may be field effect transistors,
is provided, connected to a feedback circuit. A resonance
circuit having at least one resonance inductance and at
Jeast one resonance capacitative element is provided, forming
3 part of the oscillating circuit. In accordance with a
feature of the present invention, the feedback circuit
controlliﬁg the self-excited oscillating circuit is formed
by at least one auxiliary winding inductively coupled to
+he resonance inductance, and further having a pulse
15 shaping and phase shifting network, devoid of inherent

resonance, coupling the auxiliary winding to the active

switching element. Preferably, the pulse shaping and
phase shifting network 1is formed by an RC low=-pass
circuit, which may be a one-stage Or multiple—-stage low-pass

20 circuit.

Controlling the electronic active switchés frdm an
auxiliary windiﬁg on'the resonance and current limiting
inductance - which is necessary 1in the circuit anyway -
in combination‘with a pulse shaping and phase shifting

25 network which 1is so constructed that it is devoid of
inherent resonance thus makes it possible to eliminate a

separate current transformer. The pulse forming and phase

shifting network does not. have an individual pole
point, that is, it does not form inherent, self-resonating

30 . effects. The control of the active switching element or,

CA 02076940 2001-02-07
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preferably, two active switching elements, is obtained by
oscillation of the load circuit, the inherent frequency
of which 1is Qetermined in part by the resonance inductance
or a resonance choke, and resulting capacitances.

5 The active switching portion of the circuit can utilize
any type of self-oscillating switched-mode power supplies, such
as single transistor flyback or forward converters, push-pull

converters, symmetrical or asymmetrical half-Dbridge converters

or full-bridge converters. In accordance

10 with a preferred feature of the invention, the oscillating
circuit uses one or more voltage controlled semiconductors,

such as MOSFETs, or IGBTs. If such

voltage control switching elements are used, the pulse
" shaping and phase shifting network is formed by a single-

15 stage or multiple-stage RC low-pass circuit,. The RC low-pass
circuit is connected in series between the auxiliary winding
and the gate or base of the respective active switching
element. | |

The phase shifting por;ion'in the pulse shaping and

20 ~ phase shifting network can be a variable phase shifting
portion or it can be formed as an active phase shifting
circuit, so constructed that an increased or elevated
frequency is available to preheat the filaments of the
low-pressure discharge lamp. To obtain suitable pulse

25 shaping, additional éircuit'elementsfsuch as resistors,
dio&es or a varistor may be used.

In some ciruits it 1is desirable to utilize an active
or a passive chafgaé:?é'fgaring network, utilizing for example

an auxiliary transistor connected between the phase shifter

30 ‘ and the respective switching element. This results in

CA 02076940 2001-02-07



RS M e

10

15

20

25

CA 02076940 2001-05-24

27813~-12

g

sccelerated turn-off of the active switch, or the active

switches. Protective elements, for example Zener diodes, can
protect the gate or base, respectively, of the active switching

element, or elements.

Some circuits have an integrated isolating or

economizing transformer. In such circuits, the resonance

inductance can be integrated with the transformer, coupled
thereto by stray or leakage inductance. The auxiliary winding

can then be coupled to the secondary of the transformer.

In accordance with the present invention there 1is
provided for combination with a low-pressure discharge lamp
(LP), an operating circuit for high frequency operation of the

lamp, said operating circuit comprising a power network

rectifier (GL) including a filter (Cl) for providing d-c output
electrical energy, and connected thereto; a self-excited
oscillator circuit having at least one active switching element
(T1, T2) and feedback circuit means; a resonance cilircuilt having
at least one resonance inductance (L2) and at least one
capacitive element (C8, C9), wherein, in accordance with the
invention the feedback circuit means comprises at least one
auxiliary winding (HW1, HW2, ....HW1l) inductively coupled to
the resonance inductance (L2); and a pulse shaping - phase
shifting network (R3, C3; R4, C4; R10, C10; R11l, Cl1l; R1l2Z2, Cl2)
devoid of inherent resonance, coupling the auxiliary winding to

the active switching element.

DRAWINGS::

Fig. 1 is a schematic circuilt diagram of the
operating circuit in which the oscillator portion 1is
constructed as a half bridge converter having MOSFET

transistors;
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Fig. 2 is a fragmentary circuit diagram illustrating

one embodiment of the pulse forming and phase shifting circuit;

Fig. 3 illustrates another embodiment of the pulse

forming and phase shifting circuit;

Fig. 4 illustrates a circuit with a variable phase

shifter;

Fig. 5 illustrates another embodiment of a circuit

with a variable phase shifter;

Fig. 6 illustrates a circuit with an active phase

shifter;

Fig. 7 illustrates one embodiment of the circuit with

an additional pulse forming network;

Fig. 8 illustrates another embodiment of the circuit

according to the invention
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Fig. 11 illustrates a circuit in accordance with the

present invention with an integrated isolating transformer.
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DETAILED DESCRIPTION,

Fig. 1 is a circuit diagram of a circuit having a
push-pull half-bridge oscillator to operate a compact
fluor&scent lamp LP, for example having a rating of 20 W.

' A rectifier GL 1is connected through a fuse SI
to terminals of a power network, for example 120 V, 60 Hz.
The output from the rectifier GL is connected to a smoothing
capacitor Cl and an interference suppression choke L1
to.the positive terminal of the supply circuit. The
negative terminal of the capacitor is connected directly to
the negative terminal of the supply circuit., A capacitor C2
is connected across the positive and negative terminals,
and parallel to the smoothing capacitor Cl,

The self-oscillating circuit has two active switching
elements formed by MOSFET transistors Tl, T2. Return flow
diodes D1, D2 bridge across the source-drain terminals of
the FET transistors Tl, T2. A start-up c¢ircuit is provided
having resistors R1l, R5, capacitor C5, diode D3, and a
diac DC. One terminal of the first electrode of the 1load
formed by the lamp LP 1s connected through a capacitor C7
and a.rgsonance inductance L2 with the center terminal
between the two transistors Tl, T2. One terminal of the
second electrode 1is connected to the positive terminal of the
circuic, that is, the output from the rectifier GL.

A series resonance circult fofmed'by a resonance inductance L2,
a coupling capacitor C7 and two resonaﬁce capacitors C8,
C9 is provided. The two resonance Capacitors C8, C9 are

serially connected in the heating circuit of the filaments

of the lamp LP. A positive temperature coefficient (PTC)

‘conductor KL1 is connected across the capacitor C9. To

CA 02076940 2001-02-07
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decrease loading on the transistors, a series circuit formed
by a resistor R2 and a capacitor C6é is connected in parallel
to the switching path of the transistor T2.

In accordance with a feature of the present invention,
the tramsistors Tl, TZ are controlled into oscillation by
auxiliary or helping'windings AWl, HW2. These windings HWI1,
HW2 are applied on the resonance inductance, or choke L2,
that is, wound on the same core. In addition, the gate or
base connectilions to the active switches, that is, the
transistors Tl, T2, is coupled to the respective windings
HW1l, HW2 through a pulse shaping and phase shifting

network in form of an RC low~pass circuit having, respectively,

the resistor-capacitor combination R3, C3 and R4, C4,

Operation:
The circuit is triggered into oscillation over the

diac DC. The transistor Tt
will become. conductive, and will receive control voltage

over the appropriately poled auxiliary winding HWI, wound

~on the core of the resonance choke L2, A sinusoidally

20

rising current will flow thrOugh the choke L2 and the

group of capacitors C7 to C9, and lamp L? coupled thereto,

" The voltage across the choke L2, and thus also across the

23

30

auxiliary winding HW1l, decreases in accordance with the
relationship ' |
u(t) =-L x di/dt e B

The voltage reaches the zero cross-over at the sine-~maximum

of the choke current.

" Let us first consider the operation without phase

shifting, that is, without the RC circuits'RB, C3, R4,~CA:

The control voltage of the transistor Tl will drop.below the

‘-
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threshold voltage of the transistor Tl before the choke

current has reached the sine maximum, to then disconnect
the transistor Tl., The current in the choke L2 will cause
the voltage across the choke L2 to reverse since the

5 tfansiStor Tl 1is blocked, and will} flow over the free—wheeling
or parallel diode D2. The diodes D1, D2 can be integrated
ln the respective transistors, and diode D? can be integrated
in transistor T2. This current will flow through the
capacitors C7 to C9, connected in parallel to the load,

10 until the stored energy is used up, and passes through null 

transistor Tl-is blocked or controlled to OFF by the negative
gate voltage, and the transistor T2 is controlled ON
15 during the operation of its parallel or free-wheeling
diode D2. Current in the choke L2, after passing through
- Z2er0o, will further oscillate after'passing through zero
into the negative region (through T2, positive) until the
control 'voltage over the'auxiliary winding HW2 passes
20 below the threshold voltage of the transistor TZ,-
shortly before the sine maximum, so that the transistor T?
again is disconnected. The now again reversing voltage*

through the choke L2 and the auxlliary windings HW1 and HW?

25 Currént.can continue to flow through its parallel diode D1

30 | 'This, however, does not make it possible to obtain a
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sufficiently high ignition voltage and/or to supply a sulitable
elevated operating voltage - with respect to the half-wave

bridge voltage-to the load, that 1is, the lamp.

Tn accordance with a feature of the invention, thus,
the RC low-pass circuit R3, C3 and R4, C4 1s connected between
the auxiliary windings HW1 and HW2, and the gate input to the
transistors Tl1, T2, respectively. The function and effect of
these circuits is that the control voltage on the gate will be
phase-shifted and the turn-off threshold will be reached only
after the maximum of the current in the resonance choke L2.
Consequently, the control voltage also delays turning the
respective transistor ON. That, however, is not
disadvantageous since, as described above, the current,

initially, flows through the parallel connected respective

diode.

In addition to this phase shifting, the RC network
protects the gate of the transistors with respect to voltage
peaks which arise in the resonance choke L2 during switching.

The low-pass circuits, and the inherently resulting phase
shift, also shifts the operating frequency downwardly 1n the

direction of the inherent frequency of the resonance circuit.

The result will be effective triggering of the
inherent resonance for ignition. Even high resistance loads

can be operated without excessive resonance effects.

The RC circuits should be so dimensioned that the
turn OFF instant of the transistors Tl1l, T2 1s set, for
ignition, at a determined phase angle of the throttle or choke
current, so that the resonance maximum 1is precisely met,
resulting in high ignition voltages. Even 1f the current

supply network

10

CA 02076940 2001-02-07




e “'b'ﬂmw:wmm“
MMWM e R T

27813-12

should be below rated level, for example by dimming with
small lamp currents in 2 high resistance lamp, the
operation will-be stable due to the defined resonance

elevation. At normal operation, or at excessive voltage in

5 the network, and with higher lamp currents in a low resistance

lamp, the compact fluorescent lamp LP connected in parallel

to the resonance capacitors C8, C9, results in slow decay of

the current in the resonance choke L2. Consequently, any

- eéxcess resonance effect is highly damped, that is, the overall

10 quality of the circuit is decreased, resulting in an effective

shift of the inherent frequency to a lower level, There

is variation in power output which is under-proportional to

the variation in supply voltage.

A typilcal circuit for a 20 W compact fluorescent lamp,

15 connected to a 120 V, 60 Hz a-c network, has the following

components:

SI e 1.6 A, M

GL B 250 C 800 DM

Cl . ‘ | 47 uF, 200 V

L1 | 150 pH

cz, ¢7 220 nF, 250 V

R1, RS - 220 koL

C3 0.1 uF

R3, R4 | 1 kL

C3, C4 ' 6.8 nF

T1, T2 (with D1, D2) BSS 297

D3 1 N 4004

DC | NEC N 413 M
-11-
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R2 22 L

C6o 1 nF

L2 - 1.2 mH: 200.5 windings
core EF 16

WW1, HWZ 20 windings

C38 15 nF, 400 V

C9 | 10 nF, 400 V

KL1 Siemens S 1380 P 120

Fig., 2 illustrates a portion of the circuit of Fig. 1 and,

specifically, the control circuit for any one of the
transistors T1l, T2. Fig. 2, thus, shows, generally, a MOSFET
transistor f3, an auxiliary winding HW3, which corresponds
ro one of the windings HW1l, HW2, and a multiple low-pass
circuit formed by resistors R10, Cl10, R1l, Cll, in which the
multiple low-pass circuits are connected serlally. This circuit
provides for phase shift between the control voltage for the
transistorsand the maximum of.the throttle current of 90°.
If only one RC circuit is provided, the shift will be less than
90°., 1If the larger shift of 90° is desired, the circuit-of
Fig, 2 is recommended.

Fig. 3 illustrates a circuit in which the active element

is an IGBT transistor T4. Of course, again, two oOor more

transistors may be used in the oscillator circuit. The pulse

shaping and phase shifting network is formed by an RC circuit

R12, Cl12 connected serially between the auxiliary winding HW4
and the IGBT transistor T4.

Fig. 4 shows a pulse shaping and phase shifting network
in which the resistor is a PTC resistor KLZ, connected similar

ro resistor R3 or R4 to the auxiliary winding HWS5 and capacitor

Cl3. The transistor is a MOSFET TS.

|-
(.
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Fig., 5 illustrates a circuit 1in which, 1n addition

to the RC low-pass circuit formed by resistor R13 and
capacicor Cl4, a parallel circuit formed by a PTC resistor
k1.3 and a resistor R1l4 is connected between the auxiliary

winding HW6 and resistor R13. If the oscillating circuit

is a half-bridge circuit, as shown in Fig. 1, the second
transistor T7 then need not have its own control circuit wita

~a pulse shaping and phase shifting network. The transistor

T6 can provide the necessary control. The MOSTET transistor

rhen must be a P-channel transistor, and the transistor T6 an
N-channel transistor, This permits direct connection of the

gates of the two transistors T6, T7. The gates can be

protected against over-voltages during ignition or the lamp

by two counter-poled Zemer diodes Z1, Z2.

The PTC resistor KL2; KL3, respectively, causes pre-
heating of the filaments of the fluorescent lamp at an
increased frequency without resonance tfiggering; the

- | heating of
frequency then shifts towards operating frequency due to e /the
respéctive PTC resistor_KLZ, KL3 . In Fig. 5, the
connections between transistors T6, T7 are shown in brokean
lines for ease of illustration and explanation of the
circuit and - schematically indicates that Ehé transistors
T6, T/ are, respectively, of opposite type{

The phase shifting element of the pulse shaping and

-'phase shiftiﬁg network can be an active element. Fig, 6

'{1lustrates such a network having an active phase shifter.

The resistance of the RC low-pass circuit is formed by a
current source including a bridge rectifier formed by
diodes D4, DS, D6, D7, the NPN transistor TR1l, coupling

resistors R15, R16 and current source diodes D3, D9.

CA 02076940 2001-02-07
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source |
The current/is connected to correspond to the resistance

in the RC network for the MOSFET transistor T8 between the
auxiliary winding HW7 and the capacicor ClL5., TRhis current
source can be constructed as an integrated circuit element.,
5 Pulse shaping can be obtained by additional pulse
shaping elements, as shown in Figs. 7/ and 8.
Fig. 7 shows an RC low-pass c¢ircuit Iformed Dby
resistor R17 and capacitor Cl6, connected as a network

between the auxiliary winding BW3 ancd the MOSFET transistor

10 _ TS. A furtheiiresistor R18 and a network formed by

resistor Rl9a7diode D10 are connected between the gats iInput
of the transistor T 9 and the RC circuit formed by resistor
R17, Cl6. Diode D10 is poled in d-c current blocking
direction. The pulse shaping obtained by the circuit

15 increases the dead time of-the switching transistor T9
and improves its turn-off behavior.

Fig. 8 illustrates a RC low-péss circuit formed
by a resistor R20 and a varis;or'Vl connected between the
'auxiiiaiy winding HWS and the'gate input of fhe MOSEFET

20 transistor T1l0. The parasitic capacity of the wvaristor
is used as the capacity in the phase shifting network.
The-varistor provides for protection of the gate.

In some circuits it is desirable to provide an .

additional charge carrier removal network. "Fig. 9 illustrates
25 such a removal network A, formed by a PNP transistor TR2,

vhich has its golleSsor_eRitfshPoih sonmesied in parallel

to capacitor Cl7 of the RC low-pass circuit/for the

MOSFET transistor Tll. Similarly, the circuit of Fig.10

includes a PNP transistor TR3 having its collector-emitter

30 path connected parallel to the capacitor Cl8 of the low<pass

CA 02076940 2001-02-07
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circuit formed by resistor

transistor T12.

respectively,

respectively,
respectively, between this

junction and the emitter Input of the respective transistor
ITR2, TR3.

A diode D1ll, D12 1is connected,

The operation of the circuits is effectively the
same, The transistor IR2, TR3, respectively, results in rapid

turn OFF of the MOSFET transistor T1l1l, T12, The network A

additionally includes @ gate protection element 1in form of

Zener diodes. The Zener diodes 23, Z4 can be connected in

parallel to the collector-emitter path of the respective

charge removal transistor TR2, TR3, as seen in Figs. 9 and 10.

Possibly, a further Zener diocde 25 can be provided between

the collector of the transistor TR3 and the reference
potential.

02076940 2001-02-07
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Various changes and modifcations may be made, and
any features described herein in connectlion with any one of
the embodiments may be used with any of the others, within
the scope of the inventlve concept.

Fig. 11 shows a circuit in accordance with the
inpvention having an integrated isolating transformer TT and
3 resonance inductance L3. The pulse shaping and phase

shifting network is formed by a resistor RZ4 and a

‘capacitor C19 coupled between the gate of the transistor

T13 respectively T14, and the auxiliary winding HW1Z,
respectively HW13. The circuit further includes decouplling
capacitors C20, respectively C21, connected between the
secondary of the transformer TT and the electrode,
respectively between the primary of the transformer TT and
the negative terminal of the rectifier. The resonance
inductance L3 may be a discrete inductance or may be .
integrated in the isolating transformer over leakage

inductance.

02076940 2001-02-07
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CLAIMS:

1. For combination with a low-pressure discharge
lamp (LP), |
an operating circuit for high-frequency operétion of
the lamp, said operating circuilt comprising
5 a power network rectifier (GL) including a filter (Cl)
for providing d-c output electrical energy, and connected thereto;
a self-excited oscillator circuit having at least one
active switching element (Tl, T2) and feedback circuit means;
a resonance circuit having at least one reésonance
10 inductance (L2) and at least one capacitive element (C8,C9),
wherein, 1in accordance with the invention,
the feedback circuit means comprises
at least one auxiliar} winding (HW1l, HW2, ....HW1ll)
inductively coupled to the resonance inductance (L2); and
15 i ‘, a pulse shéping - phase shifting network (R3, C3;
R&, C4: R10, C1lO; Rll, Cll: R12, Cl1l2) devoid of inherent
resonance, coupling the-auxiliafy wiﬁding to the active

switching element.

9. The operating circuit of claim 1, wherein the
pulse shaping - phase shiiting network devoid of inherent
resonance comprises a low-pass RC circuit having at least

one circuit stage.

3. The operating circuit of claim 2, wherein said

RC low-pass circuit comprises a plurality of low-pass circult

stages.

16—
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4. The operating circuit of claim 2, wherein the
RC pulse shaping and phase'shifting network is coupled in
~ias with respect to the auxiliary winding (HW1l...HW11)

~
32

-t
-

~ >
&4 un sé

and the control input of the at least one active switch

5 element.

5. The operating circuit of claim 1, wherein the at
least one switching element comprises a field effect
| | semiconductor
transistor, optionally a metal oxide / field effect

rransistor (MOSFET) or an insulated gate bipolar transistor
5 - (IGBT).

6. The operating circuit of claim 1, wherein the
pulse shaping - phase shifting network comprises at least

one variable impedance element.

7. The operating circuit of c¢laim 6,.wherein the
pulse shaping - phase shifring network comprises a resistor
component and a capacitor component network; and . |

| wherein the resistor component comprises, at least
5 ,‘ in part, a ﬁositive temperature coefficient (PTC) resisctcor

(KL2, KL3).

8., The operating circult of claim 7, wherein the
resistor compoﬁent of the pulse shaping - phase shifting
network comprises (Fig._S) a resistor (R13) serially COnnééted
with the auxiliary winding (HW6) and furcher, serially

5 connected therewith, an ohmic resistor (R14) and a PTC resistor

(KL3) connected 1in parallel to said ohmic resistor (R1l4).

~-17-
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9. The operating circuit of claim 6, wherein (Fig. 6)
the resistor component of the pulse shaping - phase shifting
network comprises an active element (TR1) and circuirt

elements (D4-D9, R1l6) connected to said active element.

10. The operating circuit of c¢laim 1, wherein (Fig. 7)
said pulse shaping - phase shifting network includes an
expanded pulse shaping circuit, said pulse shaping - phase
shifting network comprising a resistor (R1l7), serially connected
with said auxiliary winding (HW8), and a capacitor (C16)
connected across the series connection 0of said resistor (R17)
and said auxiliary winding;

wherein said further pulse shaping network comprises
a further resistor (R18) connected to a junction between said
capacitor (Cl6) and said resistor (R17); and

a series circuit comprising an additional résistor
(R19) and a diode (D10) connected between the terminal of
said further resistor (R18) remote\from said junction and a |
further junction between said resistor (Rl?) and said auxiliary

winding.

11. The Operatingicircﬁit'of claim 1, wherein (Fig. 8)
said pulse shaping - phasé shifting network comprises .
a resistor (R20) serially connected with said auxiliary wiﬁding
(HW95; and

a varistor (V1) connected across the series circuit

formed by said resistor and auxiliary winding.
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12. The operating circuit of claim 1, further including
(Figs. 9, 10) a charge carrier removal network (A) coupled to

the at least one active switching element (T11l, T12).

13. The operating circuit of claim 12, wherein the pulse

shaping-phase shifting network comprises a resistor element-

capacitor element circuit;

and wherein the charge carrier removal network (A}
comprises a transistor (TR2, TR3) having its collector-emitter
path connected in parallel to the capacitor element (C17, C18)
of the pulse shaping and phase shifting network (R21, C17; R23,
c18), and is connected between the capacitor element (C17, C18)

and the control input of the active switching element (T11,

T12).

14 . The operating circuit of claim 1, further including
(Fig. 5) protective circuit elements connected to the control

terminal of the active switching element.

15. The operating circuit of claim 14, whereln said
active switching element comprises a transistor (T6, T7, T11,
T12) and said control terminal comprises the gate or base

terminal of the transistor.

16. The operating circuit of claim 14, whereiln the

protective circuit elements comprise Zener diodes (Z21-Z5).

17. The operating circuit of claim 1, wherein said
operating circuit includes an isolating transformer (TT), or a

low power-economy operation transformer;

19
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said resonance inductance (L3) being inductively
coupled to said isolating or economy operation transformer,

d ke SN g YT D TITTYT AN 2w amae YT o2
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18. The operating circuit of claim 17, wherein the
resonance inductance (L 3) is physically integrated with the

structure of said transformer.

~-20-
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