47100347 A1 IV YO0 D OO

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

18 November 2004 (18.11.2004)

(10) International Publication Number

WO 2004/100347 A1l

H02M 3/338

(51) International Patent Classification’:

(21) International Application Number:
PCT/SE2004/000705

(22) International Filing Date: 7 May 2004 (07.05.2004)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

0301321-6 7 May 2003 (07.05.2003) SE

(71) Applicant and
(72) Inventor: LINDMARK, Magnus [SE/SE]; Ostermalms-
gatan 95, S-114 59 Stockholm (SE).

(74) Agent: EHRNER & DELMAR PATENTBYRA AB;
P.O. Box 10316, S-100 55 Stockholm (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: POWER UNIT HAVING SELF-OSCILLATING SERIES RESONANCE CONVERTER

r1 [P ca[¥F | 1R
D1-D4 T . TR5 c6
o— sz Al —
230V L*j o1|
[ D6
o Pt
p
. D5l
| c7
cel B
B2 B1A2 Al
D8 SENSE +
Control
SENSE — 0SC

(57) Abstract: The present invention relates to a power unit with a self-oscillating series resonance converter for feeding of a load.
The series resonance converter comprises: two transistors TR1, TR2 coupled together, which are arranged to individually be affected
& by a control transformer T1, a series connection of an inductor L1 and a capacitor C4, and means to change the oscillating frequency
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o coupled discharging capacitor C6, C7 or additional transistor TR3, TR4 belonging thereto is connected in parallel with said inductor
L1, capacitor C4 and control transformer T1. The means to change the oscillating frequency of the transistors comprises a control
oscillator OSC that in an alternating manner sends pulses that turns off the transistor TR1, TR2 that conducts current and thereby the
oscillating frequency of the transistors is controlled by the pulse frequency of the control oscillator OSC.
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POWER UNIT HAVING SELF-OSCILLATING SERIES RESONANCE CONVERTER

Technical field

The present invention relates to a power unit provided with a
self-oscillating series resonance converter to supply a load,
e.g. a bulb, a battery charger and/or electronic equipment,

defined according to the preamble of claim 1.
Background to the invention

In the Swedish patent SE 501 046 (application number 9300189-
9), and the corresponding US patent US 5,621,621, the function
of a self-oscillating converter according to prior art is
described. The principal function for the converter is that
the transformer Tl determine the self-oscillating frequency by
entering a state of saturation every half-period. By providing
a magnetic flow from the core T3, Tl will saturate faster
which cause the converter frequency to increase. This cause,
in turn, that the rectified outgoing voltage from the
converter will decrease since the alternating voltage over C4,
which constitutes a series resonance circuit together with the
inductance L1, decreases at the same degree at the frequency
increase. An advantage with this type of converter is that at
high frequencies, more than 150 kHz, there will not be any
fault with the driving to the transistors Trl and TR2, since
the transformer T1l, which delivers the drive pulses, sense the
current through the transistors. The current through TR1 and
TR2 transformg in Tl to a drive current for the transistors.
The converter according to the Swedish patent SE 501 046 is
well liked for its reliability in operation, simple

construction and to safely operate at high frequencies.

In some cases it may however be troublesome that the frequency

is dependent on when Tl saturates. This is true mainly when
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you want to be able to set the frequency very accurately. The
éroperties of Tl such as saturation point is determined by
sintering of its core and it is easy to understand that it
becomes difficult to keep tight tolerances by such a rough

mechanical process.
Summary of the invention

An object with the present invention is to provide a power
unit having a self-oscillating series resonance converter
where the converter frequency may be set very accurately with

a maintained simple basic construction.

This object is achieved with a power unit having a series
resonance converter with a controlled disconnect such as is

defined in the characterising part of claim 1.

An advantage with the present invention is that the
transformer Tl does not saturate at the normal working
frequency, but a control unit, which may be constructed with
desired accuracy, instead will determine when the switching

transistors TR1 and TR2 should cut off.

Another advantage with the present invention is that the
manufacturing process for the core to the transformer Tl may
be simplified since the function of the converter is not going

to be dependent on its saturation point.

More advantages with the present invention, and preferred
embodiments thereof, will be obvious from the following

detailed description.
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Brief description of the drawings

Fig. 1 shows a circuit layout of a power unit according to
prior art that operates according to the series resonance

principal.

Fig. 2 shows a circuit layout of a first embodiment of a power

unit according to the present invention.
Fig. 3 shows a pulse diagram for controlling the frequency.

Fig. 4 shows a circuit layout of a second embodiment of a

power unit according to the present invention.

Detailed description of preferred embodiments

With reference to figure 1, the operation of the power unit
according to prior art will first be described to simplify the
explanation of the differences between prior art and the

present invention.

When the supply voltage, which in this case amounts to 230
volts alternating voltage, is connected to the power unit, a
rectification of the voltage is achieved using four bridge
coupled rectifying diodes D1-D4. After the diode bridge, a
filtering of the full-wave rectified supply voltage is
achieved using a first capacitor Cl. The direct-current
voltage over this capacitor Cl will amount to approximately
320 volts. Through a resistance R1l, a current now passes that
charges the capacitor C2. When the voltage over the latter
capacitor C2 has increased over a threshold voltage for a
trigger diode D5, the latter will turn on and conduct current
to the base of a first transistor TR1l. The purpose of the
shown diode D6 is to prevent trigging of the trigger diode D5

when the circuit self-oscillate.
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The transistor TR1 will now become conductive and the voltage
over the transistor TRl is approximately 320 volts before it
switches on. When the transistor TR1 switches on, a cugfént
passes through the transformer T1l, inductor L1l and capacitor
C4. The current through the primary winding P of the
transformer Tl will give rise to a magnetic flow in the core K
of the transformer Tl. In turn, this flow induces a voltage in
a secondary winding S1 of the transformer Tl, which entails
that the first transistor TR1 becomes conductive. The current
through the transformer Tl increases as long as the first

transistor is switched on.

After a certain time, the core K in the transformer Tl
saturatesg, which entails that the first transistor TR1 seizes
to conduct. The voltage in the common point of contact A for
the first transistor TR1 and a second transistor TR2 will now
be transferred from a low potential to a high potential due to
the reverse e.m.f. (electromotive force) of the inductor L1.
The current through the transformer Tl thereafter change
direction, which entails that the earlier described process is
repeated. This, in turn, entails that the transistors TR1, TR2
will alternatively conduct. When the included components are
correctly dimensioned, the switching frequency for the present
circuit will normally be higher than the resonance frequency
for the inductor Ll and the capacitor C4. The voltage over the
capacity C4 is determined by how close to the switching
frequency the resonance frequency for the inductor L1l and the
capacitor C4 lies. The diodes D9-D10 are anti-parallel diodes

to the transistors TR1 and TR2.

A transformer T2 is connected over the capacitor C4, which
transformer transforms the capacitor voltage to a suitable

level. The voltage is rectified by the diodes D7, D8. The
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rectified voltage is thereafter filtered using the inductor L2

and the capacity C5.

If the output voltage increases so that the Zener-diode Z1 in
the winding circuit of the electromagnet T3 starts to conduct,
a current passes through the same and through the shown
winding W1 of the electromagnet T3. The current through the
winding W1 give rise to a magnetic flow that accelerate
saturation of the core K of the transformer T1l, which in turn
entails that the oscillating frequency increases and distances
itself from the resonance frequency for the inductor Ll and
the capacitor C4. This entails that the voltage over the
capacitor C4 becomes lower and accordingly the output voltage
from the power unit will also become lower. Thus, a power unit

with a regulated output voltage is achieved.

The power unit according to figure 1 is thus a rather complex
construction where the oscillating frequency depend on how

fast the core K of the transformer Tl saturates.

Figure 2 describes a first embodiment of a power unit with a
self-oscillating series resonance converter with controlled

switch off according to the invention.

The invention is based on the power unit described in figure 1
with the difference that the transformer Tl does not saturate

at normal operating frequency. Since Tl do not saturate, there

.1s no electromagnet T3 present to accelerate the saturation of

the core K of the transformer Tl. Instead, there is a control
oscillator OSC connected over the output that makes sure that
the driving windings S1 and S2, respectively, are short-
circuited by sending pulses in an alternating manner to the
transistors TR5 and TR6. This will have the same effect as if

the core K saturates at the present frequency. The difference



10

15

20

25

30

WO 2004/100347 PCT/SE2004/000705

now is that a control oscillator 0SC determines when the
switching transistors TR1 and TR2 shall turn off. It is now
possible to regulate the converter much more exactly since the
control oscillator OSC with ease may be constructed with the

desired accuracy.
The operation of the converter is as follows.

When the supply voltage is connected, it is rectified by the
diodes D1-D4 and the rectified supply voltage flattened by the
capacity Cl. When the supply voltage is rectified, the voltage
over the capacitor Cl is approximately 320 volts, at a supply
voltage of 230 volts. This voltage entails that the resistance
Rl charges the capacitor C2. When the voltage over C2 is
approximately 35 volts, the trigger diode D5 is turned on and
discharges energy from the capacitor C2 through the winding S1
of the transformer Tl. The current that flows through the
winding S1 entails that the gate of the transistor TR1 gets a
positive pulse. A positive pulse on the gaté of the transistor
TR1 entails that the voltage drop over the same becomes low
and that the current now starts to flow through the
transistor. The current that flows through TR1 is the same
current that flows through the transformer T1l, inductor L1 and
the capacitors C4. The current through the transformer Tl is
transformed over the winding S1 that causes the gate on the
transistor TR1 to go positive. This process is self-generating
since the current through the transistor TR1 give rise to that
its gate goes positive. The transistor TR1 will be turned on

while the current through it increases over time.

When a certain time has elapsed, the control oscillator 0SC
will emit a pulse on the outputs Bl and B2. The control pulse
entails that the transistor TR6 starts to conduct and thereby

short circuits the gate of the transistor TR1. Since the
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oscillating circuit, which consists of transformer Tl and the
inductor L1, has energy still there, the common point of
contact P of the transistor TR1 and transistor TR2 will in a
potential sense move from the negative potential to the
positive potential and this entails that the voltage over the

transistor TR2 becomes low.

After a while, the current through the transformer Tl and the
inductor L1l chaﬁge direction which results in that the winding
S2 makes the gate on TR2 to become positive. After a certain
time, the control oscillator OSC sends out a pulse on outputs
Al 'and A2. This entails that transistor TR2 now stops to
conduct current. The process is thereafter repeated and
transistor TR1 starts to conduct. The appearance of the
potential in the common point of contact P is shown in figure
3 together with the control pulses Al, A2, Bl and B2, the
control pulses Al and Bl, respectively, is shown in relation

to the potential at A2 and B2, respectively.

By changing the pulse frequency from the control oscillator
08C, a move closer to or further away from the resonance
frequency for the inductor L1 and the capacitor C4 will be
performed. A change in frequency will then entails that the
voltage over C4 changes. The transformer T2, which is
connected over the capacitor C4, will receive a changed
alternating voltage. The rectified output voltage will change
in the same way. The control oscillator OSC senses the output
voltage and changes the pulse frequency so that the output

voltage obtains a desired value.

Accordingly, the invention obtains the same robust operation
as the prior art converter, but with possibilities to more

accurate regulation.
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The shown arrangement in figure 2 relates to a so called half
bridge, wherein the discharging capacitors C6, C7 are coupled
parallel with the respective transistor TR1, TR2. The
capacitors C6, C7 may naturally be replaced with transistors
TR3 and TR4, whereby a so called full bridge is obtained

according to figure 4.

Optional type of transistors may naturally be used to
implement the present invention, e.g. MOSFET, bipolar.

transistors etc.
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Claims

1. A power unit with a self-oscillating series resonance
converter for feeding of a load, wherein the series resonance
converter comprises:

- two transistors (TR1, TR2) coupléd together, which are
arranged to individually be affected by a control transformer
(T1),

- a series connection of an inductor (Ll) and a capacitor
(C4),

wherein each transistor (TR1, TR2) together with the series
coupled discharging capacitor (C6, C7) or additional
transistor (TR3, TR4) belonging thereto is connected in
parallel with said inductor (Ll), capacitor (C4) and control
transformer (T1l), and wherein the load is connected over the
capacitor (C4), and that the converter also comprises means to
change the oscillating frequency of the transistors (TR1, TR2)
and thereby the output voltage of the power unit,
characterized in that said means to change the
oscillating frequency of the transistors comprises a control
oscillator (OSC) that in an alternating manner sends pulses
(Al, A2; B1l, B2) that turns off the transistor (TR1l, TR2) that
conducts current and thereby the oscillating frequency of the
transistors is controlled by the pulse frequency of the

control oscillator (OSC).

2. The power unit according to claim 1, wherein the pulses
(Al, A2; B1, B2) from the control oscillator (0SC) affects
transistors (TR5, TR6) that are arranged in turn to turn off

the transistor (TR1, TR2) that conductg current.

3. The power unit according to claim 1 or 2, wherein the
oscillating frequency of the control oscillator (0SC) is

controllable by means of the output voltage of the power unit.
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4. The power unit according to any of the preceding claims,
wherein the included transistors are bipolar transistors

and/or MOSFET.
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