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Abstract

The invention relates to a self-oscillating inverter

circuit, preferably having bipolar transistors 1in a

half-bridge circuit, having a transformer as the

feedback means. In contrast to the prior art, the

secondary windings of the transformer are not connected
in parallel with the base-emitter path but 1n seriles

with the collector-emitter path. As a result, no

saturation transformers are required for feedback.
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Circuit arrangement for generating an AC
voltage from a DC voltage

Field of the invention

The invention relates to c¢ircult arrangements for

generating an AC voltage from a DC voltage. It relates

in particular to self-oscillating 1inverters. The

preferred field of application for such inverters 1s 1n

operating devices for gas discharge lamps.

The generated AC voltage produces an alternating

current 1n a connected locad. The incoming DC voltage

also provides a direct current. In a similar manner to

that which has been mentioned above, the invention thus

also relates to circuit arrangements for generating an

alternating current from a direct current. Without
limiting universality, only the AC voltage and the DC

voltage will be described below.

Background of the invention

Half-bridge and full-bridge <circuits are known as a

circult arrangement for generating an AC voltage from a

DC voltage, also referred to below as an 1inverter.

Half-bridge circuits are used 1in particular for

operating gas discharge lamps.

”

The half-bridge contalins two series-connected

electronic switches which are «closed and opened

alternately. These switches are driven either from a

control circuit or from a connected load circuilt. In

the latter <case, the half-bridge 1itself drives the

-

electronlic switches using feedback means, for which

reason a cilrcuit arrangement such as this is referred

to as a self-oscillating half-bridge. In the prior art,

an - lnexpensive way of implementing an inverter is to

use a self-oscillating half-bridge having Dbipolar
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transistors. This eliminates the need for a control

circuit and makes 1t possible to use 1inexpensive

bipolar transistors.

The specification US 5,563,777 (Miki) discloses various

F

embodiments for self-oscillating half-bridges. The

feedback means used 1s a transformer, whose primary
side 1s arranged in the load c¢ircuit and whose

secondary side drives the electronic switches.

An electronic switch generally has two make contacts

and a control contact. A load resistor may be defined

between the make contacts, and a control resistor may

pe defined between a make contact and the control

Q‘l

In the case of a bipolar transistor in a half-

contact.

bridge, the emitter and the collector form the make

contacts, and the base forms the control contact. The

control resistor 1is positioned between the base and the

 and

emlitter. In the case of a MOSFET in a half-bridge, the

source and the drain form the make contacts, and the

gate forms the control contact. The control resistor 1is

positioned between the gate and the source.

The specification US 5,563,777 (Miki) shows a number of

exemplary embodiments for the transformer. Firstly, the

transformer may be 1n the form of & separate

transformer which acts only as the feedback means. This

transformer may be eilither saturated or unsaturated.

Secondly, the transformer may be formed from an
inductor in the load circuit, to which the secondary
windings are applied. The inductor 1n the load circuit

#

then forms the primary winding o©¢f the transformer. In

applications for operating gas discharge lamps, this

inductor may be used as the so-called lamp inductor. In

other applications, 1t may be used, for example, to
make near-resonance operation possible. As 1s also the
case for the separate transformer mentioned above, the
transformer which comprises the inductor may Dbe

saturated or unsaturated 1in design.
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All of the embodiments known from the prior art have

secondary windings which are connected 1n parallel with
the control resistor.

The embodiments from the prior art have the following
disadvantages: Embodiments with an unsaturated
transformer sometimes have high switching losses since
closing of the electronlic switches 1s not always
ensured when no voltage 1s applied. There are also
sometimes high driving losses since the base currents

of the electronic switches may be high in value.

Embodiments having a saturated transformer have high
transformer losses owing to its high drive level. In

addition, the saturation properties are subject to high

manufacturing tolerances. This means that a complex
selection process is requlired when selecting the mass-

produced transformer.

Summary of the invention

It is the object of the present invention to provide

circuit arrangement for generating an AC voltage from

DC voltage which provides for self-oscillation using

g b

transformer cost-effectively and with low losses.

cost—-effective solution is also considered to be one in

which no components are required which entail high

tolerances.

This object is achieved by a circuit arrangement for

generating an AC voltage from a DC voltage, which has,

as the feedback means, a transformer having at least
one secondary winding which is connected in series with

a load resistor of an electronic switch.

The control contact 1is connected such that the control
resistor of the electronic switch and the secondary

winding are in a mesn.
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The secondary winding is not connected in parallel with
the control resistor as in the prior art. Rather, the
electronic switch 1s driven by alteriﬁg the wvoltage
level of a make contact. In the time intervals in which
the electronic switch is closed, a load current flows

through the secondary winding. The load current thus

also has an effect on the driving of the electronic

switch.

In the case of a half-bridge, an electronilic switch 1s
only closed when a dead time has elapsed once the other
electronic switch has opened. It 1s generally known
that this results in switching load relief of the
electronic switches. It is not always ensured that the
dead time has the optimum length in all operating
states of the inverter, such as load shedding, short
circuit, overload, overvoltage or undervoltage, for
example. A non-optimum dead time can result 1in current

peaks in the electronic switches and in the electronic

switches being damaged. The drive circuit according to

the invention for the electronic switches has a

component having an inductive effect which 1s connected
in series with the load resistor. When current peaks
occur in the electronic switch, the drive circuit
according to the invention advantageously reduces the

level of these current peaks.

The circuit arrangement according to the 1nvention

forms a self-oscillating inverter which makes possible

low driving and switching losses for electronic

switches without using a saturated transformer.
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Brief description of the drawings

The invention will be explained in more detail below

using exemplary embodiments with reference to drawings,

5 in which:

figure 1 shows an exemplary embodiment of a circult

arrangement according to the invention,

10 figure 2 shows an exemplary embodiment following on

from figure 1 with an improved drive clrcuit

for the electronic swltches, and

figure 3 shows an exemplary embodiment following on

15 from figure 1 with a further improved drive

circult for the electronic switches.

In the text which follows, resistors are referred to by

the letter R, capacitors by the letter C, transistors
20 by the letter T, diodes by the letter D and junctions
by the letter J, 1in each case followed by a number.

Also, 1in the text which follows the same reference

numerals are used throughout for the same elements and

for elements having the same functions 1n the wvarious

25 exemplary embodiments.

e

Detailed description of the invention

Figure 1 shows an exemplary embodiment of an 1nverter

30 according to the invention.

A DC voltage source may be connected to a first and a
second DC voltage 1input Jl and JZ. In the present
example, a positive pole of the DC voltage source must

35 be connected to Jl, and a negative pole must Dbe

connected to JZ.
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A first series arrangement forms the series circuit

comprising a first electronic switch T1l, a resistor Rl

and a first secondary winding L12.

A second serles arrangement forms the series circuit
comprising a second electronic switch T2, a resistor R2

and a second secondary winding L13.

The two seriles arrangements are connected in series and

are connected between the DC voltage inputs J1 and J2.

The two series arrangements thus form a half-bridge.

There 1s an AC voltage output K1 at the connecting

point of the two series arrangements. By alternately

closing the electronic switches, the potential of the

o

AC voltage output K1 1s alternately at the potential of
J1l and JZ.

For cost reasons, the electronic switches are

preferably 1in the form of NPN bipolar transistors.

However, other electronic switches, such as PNP bipolar

transistors, MOSFETs or IGBTs are also possible.

The resistors R1 and R2 each provide negative feedback

for Tl and TZ with a generally known effect. It is also

possible not to use the resistors and for them to be

replaced by a short circuit.

An 1mportant factor in the operation according to the

invention of the secondary windings L12 and L13 is

theilr arrangement with respect to the terminals of the

electronic switches. In the exemplary embodiment shown

in figure 1, the secondary winding L12 is connected to

the emitter of Tl via the resistor R1l. The secondary

winding Ll12 1s thus connected in series with the load

resistor of Tl. This series circuit comprising the load

P

resistor of Tl and the secondary winding L12 1is

connected between the DC voltage input J1 and the AC

volktage output Kl. In addition, in the exemplary

empbodiment shown in figure 1, the secondary winding L13
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1s connected to the emitter of T2 via the resistor R2.

The secondary winding L13 is thus connected in series

g

with the load resistor of T2. This series circuit

comprising the lcad resistor of T2 and the secondary

winding L13 is connected between the DC voltage input
J2 and the AC voltage output Kl.

In each case a generally known freewheeling diode DI

and DZ2 1s connected in parallel with the load resistors

-

of Tl and TZ. These diodes may also be integrated in

the electronic switch or may be dispensed with

entirely.

A so-called snubber capacitor C5 1is connected between
the AC voltage output Kl and the DC voltage input Jl.
It reduces the flank gradient of the voltage at the AC

voltage output Kl. C5 may also be connected to J2.

In order for the electronic switches to be effectively

driven by the secondary windings L12 and 113, the
respective control contact 1is connected such that the
respective control resistor and the respective

secondary winding are in a mesh. For this purpose, the

pase of Tl is connected to the AC voltage output Kl via

r‘-

a resistor R11l, and the base of T2 is connected to the

DC voltage input J2 via a resistor R12.

In each case a diode D5, D6 and a capacitor C3, C4 is

connected 1n parallel with the control resistors of Tl
and Tz. The diodes D5, D6 and the capacitors C3, C4 are

not necessarily required for implementing the

invention. They serve the purpose of optimizing the

vy

driving of the electronic switches T1, T2.

The circult arrangement has two load outputs J3 and J4
to which a load may be connected. The potential at J4

may be understood as being the reference potential. J4

1s connected to the DC voltage input J2. It is also

possible to connect J4 to Jl or to create a desired
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reference potential by means of a voltage divider, J4

being connected to said reference potential.

A reactance network 1s connected between the AC voltage
output K1 and the 1load outputs J3, J4 and transforms
the impedance at the AC voltage output Kl to the load
outputs. It comprises the primary winding L1l and the
capacitors Cl and C2. The primary winding L1l and the
capacitor Cl are connected in series and are connected
between the AC voltage output Kl and the load output
J3. The capacitor C2 1is connected between the load
outputs J3 and J4.

The primary winding L1l 1s coupled to the secondary
windings L1l2 and L13. The primary winding L1l and the

secondary windings Ll1l2 and L13 thus form a transformer.

The respective winding direction of the transformer
windings 1s 1indicated by dots 1in a known manner. The
primary winding L1l 1s coupled at a first terminal to
the AC voltage output Kl and at a second terminal to
the load output J3. A load current thus flows through
the primary winding L11.

Representatively for any desired loads, a load resistor
R3 1s connected to the locad outputs J3 and J4. The

reactance network may be modified in any desired

manner. As described above, a load current only needs

to flow through the primary winding. The reactance

network 1llustrated i1n figure 1 1is preferably used for

the case i1n which one or more gas discharge lamps are
connected for R3. In this case, Cl1 forms a Dblock
capacltor which prevents the voltage between the load
outputs J3 and J4 {from having a DC voltage component.
The primary winding L1l 1in this case takes on the

function of a lamp inductor and forms, together with

CZ2, a series resonant circuilt.
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It 1s also possible for a load to be coupled to the

-

transformer wvia a

further winding. This may also be a

halogen incandescent lamp.

The half-bridge may also be extended to form a full-

bridge. The primary winding 1s 1in this case connected

in the bridge branch. In addition, the transformer in

-

this case has two further secondary windings for

driving the two further electronic switches in an

equivalent manner.

Figure 2 shows a further exemplary embodiment of an

inverter according to the invention. As compared with

figure 1, 1n figure 2, in each case respectively, the

serles clrcult comprising a resistor R21 or R22 and a

diode D21 or D22 1s connected in parallel with the

resistors R1ll and R12. The opening of the electronic

switches Tl or TZ 1s thus 1mproved.

g
e

Figure 3 shows a further exemplary embodiment of an

ilnverter according to the invention. As compared with

figure 2, the resistors R1ll and R22 are each replaced

by an 1inductor L31 and L32, respectively. Furthermore,

a resistor R31 and R32 is connected in series with each

P
and

of the diodes D5 and D6. The changes made to the

circult 1n figure 3 as compared with that in figure 2

further improve the closing and opening of Tl and T2.

Primarily, as a result of this, switching losses are

reduced and switching times with respect to the

resonance properties of a load circuit comprising a

reactance network and load are optimized. At a low

L e

resonant frequency of the inverter, for example 30 kHz,

i.

1t has been shown that the use of Schottky diodes for

D5 and D6 and the short-circuiting of the resistors R31

and R32 have an advantageous effect on the power loss

of the 1inverter.

As -compared with figure 2, figure 3 has the following

further change: The capacitor C3 and the diode D1 are
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not connected directly to the emitter of Tl as in
figure 2 but are connected to the connecting point of
Rl and the secondary winding L12. In a corresponding
manner, the connection of the capacitor C4 and the
diode D2 1s also different. As a result, the so-called
freewheeling current no longer flows via the resistor
Rl or R2, which improves the efficiency of the circuit
arrangement. In addition, this change improves the

P

switching behaviour of the electronic switches T1, T2.

The dimensions specified below for the major components

in figure 3 make 1t possible to operate two 36 watt

fluorescent lamps at a voltage at the DC voltage inputs
Jl, J2 of 230 V:
Transformer core: EVD 25
L11: 128 turns

L12: 4 turns

L13: 4 turns

Cz2: 12 nF

Rl, R2: 1 ohm

L31, L32: 1 mH

R21, RZ2Z2: 39 ohm

R31, R3Z2: 4.7 ohm

A resonant frequency of the 1nverter of approximately
50 kHz results. When using bipolar  transistors,

operation 1in the frequency range of between 20 kHz and

100 kHz is advantageous.

A circult arrangement according to the invention 1is

preferably used 1n an electronic operating device for
operating fluorescent lamps. In addition to the circuit
arrangement according to the invention, such an
operating device contains means for providing a DC
voltage from a system AC voltage. These means may also
contain  means for reducing  the system = current
harmonics. Furthermore, such an operating device may
corrttain means for regulating operating parameters. In

addition, such an operating device may contain means
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for disconnecting the operating device in abnormal

-

operating states. In addition, an operating device such

as this may contain means which are suitable for

suppressing radio interference.
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Claims

1. A circuit arrangement for generating an AC voltage

having t

he following features:

a first and a second DC voltage input (J1, J2),

to which a DC voltage source may be connected,
at least one AC voltage output (K1),

at least one load output (J3, J4), to which a
load (R3) may be connected,

at least one electronic switch (T1l, T2) having

two make contacts and a control contact, as a

result of which a load resistor 1s defined
between the make contacts, and a control
resistor 1s defined between the contreol contact

and a make contact,

a make contact is coupled to a DC voltage 1nput
(J1, J2), and the other make contact is coupled
to the AC voltage output (K1),

a transformer having a primary (L11l) and at
least one secondary winding (L1l2, L13), a first

terminal of the primary winding being coupled
to the AC voltage output (K1), and a second
terminal of the primary winding being coupled
to the load output (J3),

characterized in that the cilrcuit arrangement has

the

following features:

the secondary winding (L12, L13) and the load
resistor form a series circuit which 1s
connected between a DC voltage input (J1, J2)
and the AC voltage output (K1),
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e the control contact 1i1s connected such that the

control resistor and the secondary winding
(L12, L13) are 1n a mesh.

2. The circuilt arrangement as claimed in claim 1,
characterized in that the circuit arrangement contains

two electronic switches (T1l, TZ2), which are arranged in

a half-bridge circuit.

3. The circult arrangement as claimed in claim 1,

characterized in that the electronic switches (T1l, T2)

are in the form of bipolar transistors.

4, The circuilt arrangement as claimed in claim 2,

characterized 1in that the 1load resistors of the two
electronic switches (Tl, T2) are each connected 1n

serles with a secondary winding (L1l2, L13).

5. The circult arrangement as claimed in claim 4,

characterized 1n that the control resistors of the
electronic switches (T1l, T2) and the secondary windings
(L12, Ll3) are each connected via an 1inductor (L31,

L32) to form a mesh.

0. The circult arrangement as claimed in claim 5,

characterized in that 1in each case the series circuit
comprising a diode (D21, DZ2Z2) and a resistor (R21, R22)
1s connected 1in parallel with the i1nductors (L31, L32).

7. An operating device for operating fluorescent
lamps,
characterized in that the operating device comprises a

circuilt arrangement as claimed 1n one of claims 1 to 6.

Smart & Biggar
Ottawa, Canada
Patent Agents
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