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(57) Abstract: An isolated switched mode power supply, SMPS, comprising: a switching controller (230) operable to generate start-
up switching control signals during start-up of the isolated SMPS (200), and operational switching control signas of period T during
subsequent operation of the isolated SMPS (200); atransformer (110) having aprimary winding (111); and a full-bridge drive cir-
cuit arranged to drive the primary winding (ill) of the transformer in response to the switching control signals. The full-bridge drive
circuit has: a first switching element (Q2); a boot-strap driving circuit (120) arranged to switch the first switching element (Q2) in
response to the switching control signals, the boot-strap driving circuit having a boot-strap capacitor; and a second switching ele -
ment (Q4) connected to the first switching element (Q2) and to the boot-strap driving circuit (120), and arranged to conduct a cur-
rent to charge the boot-strap capacitor when switched ON in response to the switching control signals. The switching controller
(230) isoperable to start up the isolated SMPS by: determining a duty cycle D for the operational switching control signals based on
avoltage (Vou) at an output of the isolated SMPS; and generating the start-up switching control signals comprising a first voltage
pulse of duration PI to temporarily switch ON the second switching element (Q4), and a subsequent second voltage pulse of duration
P2 to temporarily switch ON the first switching element (Q2), wherein P1<P2 and P2<DT, where T isa switching period of the isol-
ated SMPS, thereby alowing the boot-strap capacitor to be charged before the first switching element (Q2) isturned ON by the
second voltage pulse.
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Start-up Procedure for

an | sol ated Swi tched Mbde Power Supply

[ Technical Field]

The present invention generally relates to the field of isolated
switched nopde power supplies (sonetines referred to as isolated
switch node power supplies, isolated switching node power supplies
or isolated switching converters) and nore specifically to the
start-up of an isolated switched nopde power supply having a full-

bridge primary side topol ogy.

[ Backgr ound]

The switched node power supply (SMPS) is a well-known type of
power converter having a diverse range of applications by virtue
of its small size and weight and high efficiency, for exanple in
per sonal conputers and portable electronic devices such as cell

phones. An SMPS achieves these advantages by switching one or nore
switching elenents such as power MOXSFETs at a high frequency
(usually tens to hundreds of kHz) , with the frequency or duty
cycle of the switching being adjusted using a feedback signal to
convert an input voltage to a desired output voltage. An SMPS nay
take the form of a rectifier (AC-to-DC converter) , a DCto-DC
converter, a frequency changer ({AC-to~AC) or an inverter (DC-t o-
AC) . Comonly, to mninise power loss in a power distribution

system the power is distributed at high voltage Ilevels and then
transforned to the required level near the load using a rectifier

or DC-to-DC converter.

Figure 1 shows a background exanple of a hard-swtched, i sol at ed

SMPS, i.e. an SWMPS which converts an input voltage V.

in to an

output voltage V whilst isolating the input from the output

out
through an isolation transforner. The SMPS 100 is provided in the

form of a full-bridge (DC-t 0- DC) converter which has on its
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primary side a primary side drive circuit having transistors q,
Q2, 3 and Q4 (which may, for exanple, be field-effect transistors
such as MOSFETs or |1GBTs) which are connected between the power
supply's inputs and. to the primary w nding 111 of the isolation
transf or mer 110 in a full-bridge arrangenent, as shown. The
transistors Q to Q4 are thus configured to drive the primary
wi ndi ng 111 in response to swtching control signal s applied
t hereto. In high-power appl i cations, hi gher converter ef ficiency

can often be achieved wth the full-bridge primary side topol ogy

than with other topol ogies, such as half-bridge or push-pull.
The switching of the transistors is controlled by a switching
control circuit conpri sing a swtch driving circuit 120, a

swi t chi ng controller 130 in the form of a pulse wdth nodulation
(PWM) controller, and a feedback signal generator 140. The driving
circuit 120 conpri ses a pulse wdth rnodul ator which generates
respective drive pulses to be applied to the gates of transistors
Q to 4 in order to turn the transistors ON or OFF, the drive
pul ses bei ng gener at ed in accordance with swi t chi ng control
signal s provi ded to the drive circuit 120 by the switching
controller 130. In turn, the switching «controller 130 i s arranged
to receive a feedback si gnal generated by the feedback si gnal
gener at or 140, which in this example is provided in the form of an
error anplifier. The feedback si gnal gener at ed by the feedback

signal generator 140 provides a neasure of the difference between

the output of the SMPS 100 {here, the output voltage V.. ,) and a
reference for the output, which is a reference voltage V... in the
present exanpl e. In the present exanple, the feedback signal from

the feedback si gnal gener at or 140 passes through an electrical
isolation barrier 150 (e.g. one or nore opto-electric converters)
provi ded between the primary and secondary side circuits of the

SMPS 100.

Figure 1 also shows a standard topology on the secondary side of
the isolated SWMPS 100, which includes a rectifying circuit and an

LC filter connected to a load R. The inductor L of the LC filter
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is connected to the secondary wnding 112 of the transformer 110.
A centre-tap (or "md-tap") 113 is provided between a first

portion of the secondary winding 112 having n, turns and a second
portion of the wnding 112 also having n, turns. |In the present

exanpl e, the rectifying network in the secondary side circuit
enpl oys t wo transi stors, Q5 and Q, to vyield full -wave
rectification of the voltage induced in the secondary w nding 112.
Each of the switching devices (5 and Q6 can take any suitable or
desirable form and are preferably field-effect transistors in the
form of a MOSFET or an IGBT, for exanple. 1In the exanple of Fig.
1, the switch devices Q5 and Q6 have an internal body drain diode,
which is not shown in the switch device synbol in Fig. 1. The
swi t chi ng of t hese transistors is controlled by the sane
controller «circuit that controls the switching of transistors QI
to 4, nanely that conprising the drive circuit 120, the switching
controller 130 and the feedback signal generator 140. As shown in
Fig. 1, the switching <control signals for transistors Q5 and Q6
generated by the switching controller 130 also pass through the

electrical isolation barrier 150.

The control «circuit drives transistors QI to Q6 such that the
switching of the primary side transistors QI to Q4 is synchronized
with that of the secondary side transistors Q5 and @, as wll be
expl ai ned in the follow ng. It is noted that the switching
controller 130 may alternatively be located on the secondary side
of the SMPS circuit shown in Fig. 1. In other words, the swtching
controller 130 and the isolation barrier 150 in Fig. 1 may be
i nt er changed. In that case, the driving «circuit nmy also be
| ocated on the secondary side, with the switching control signals

for transistors QI to Q4 passing through the isolation barrier

150.

The principles of operation of the SMPS shown in Fig. 1 wll be
famliar to those skilled in the art, such that a detailed

expl anation thereof is unnecessary here. Nevertheless, sone of the
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features necessary to assist under st andi ng of the present

invention will now be discussed.

Figure 2 shows the switching cycle diagram in accordance wth
which the gate electrodes of switches Ql to Q6 in Fig. 1 are
driven by the SMPS control circuit so that the primary side
circuit generates a series of voltage pulses to be applied to the
primary wi ndi ng 111 of the transfornmer 110. In Fig. 2, "D
represents the duty cycle of the primary side switching and >T"
the switching period. The operation of the circuit during the
four tinme periods O to DI, DT to T/2, T/2 to (T/2+DT) and (T/2+DT)

to T is as foll ows.

Time period 1 (0o < t < DI : Switching devices QI and Q4 are
switched ON while Q2 and Q3 are OFF, allowing the input source ar

V., to drive a current through the primary wnding 111 of the

transf or mer 110. During this period, switching device Q5 is
switched ON while device 6 is switched OFF, allowing the source
to transfer energy to the load E via the secondary w nding 112 of

the transformer 110- The output voltage V,..= n3/ n,-Vi,-D. where

n, is the nunmber of turns in the prinmary w nding.

The operation of the half-bridge isolated buck converter of Fig. 1
is to be contrasted wth that of a flyback converter {or a
conbi ned forward/f |yback converter), where energy is stored in an
air gap provided in the transforner core during this period, to be
subsequently released into the secondary side circuit when the
primary winding of the transforner is not being driven. No such
air gap is present in the core of transforner 110 shown in Fig. 1

or in any of the related circuits described in the enbodi nents.

Time period 2 {DIr < t < T/2): Switches Q5 and Q6 are both
conducting and the current in the secondary side circuit therefore
free-wheels through both portions of the secondary side winding in

substantially equal neasure, allowing the transformer flux to be
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bal anced. In other words, the free-wheeling current generates two
magneti c fluxes within the secondary winding wth opposite
directions in the vicinity of the centre-tap 113, yielding a net
magnetic flux equal to zero in an area between the first and
second portions of the secondary w nding 112, Hence, t he
t ransf or mer core rmagnetization is balanced to zero, and the
current in the primary winding during the free-wheeling period DT-
T/2 is suppressed, thereby avoiding losses in the primary w nding.

Thus, the transfornmer volt-second balance is obtained over the

switching period T so that a transformer reset is unnecessary.

Time period 3 (T/2 < t < T/2+4DT) : In this interval, swtching
devices QI and Q4 are OFF while devices Q2 and ¢3 are switched O\,
exciting the primary wnding 111 wth a voltage of opposite
polarity to that in the first time period described above. On the
secondary side, switch Q6 remains ON while switch Q5 is turned
OFF, allowing the EMF generated in the lower portion of the

secondary winding to drive a current through the inductor L.

Time period 4 (T/2+DT <t < T): The operation proceeds as in tine

period 2 described above.

Before the above-described operation is established, the SMPS 100
is required to start up from an inoperative state, and in sone

cases against a bias voltage at its output that is provided by the

load circuitry connected to the SMPS 100, i.e. to perform a so-
called "pre-bias start". |If this bias is not taken into account
during start-up, the output wll be pulled to a level dictated by

the internal reference V which can danage the load circuitry.

ref
This can be avoided by setting the reference to a value
corresponding to the output voltage, or by delaying the start of

the SMPS 100 wuntil the reference V has reached the correct

value. Typical solutions to this problem involve gradual start-up
of the switching elenents Q5 and Q6 by ranping up the gate voltage
to achieve the desired perfornance. However, if the SMPS 100

performs a pre-bias start with the switching elenments being driven
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according to the tinming sequence shown in Fig. 2 from the outset,

the nagnetisation in <the transforner 110 acquires an initial
offset, which is manifested in a transient in the output voltage
Y, of the SMPS 100.

out

To address this problem WO 2009/154545 Al discloses a pre-hias
start-up procedure in which the duration of an initial voltage
pul se applied to the primary side circuit is reduced in relation
to the pre-deternined duration of subsequent pulses, which is set
by the switching controller 130 on the basis of a determned (e.g.

measured) initial value of V_,, . The duration of this initial pulse

is preferably 50% of the pre-determ ned pulse wdth.

Figure 3 shows an exanple of the switch tinmng sequence of this
i mproved SMPS start-up procedure, which may be used in the SWS
100 of Fig. 1. As shown in Fig. 3, an initial pulse of duration
DT/2 is applied to each of transistors Q2 and Q3 prior to the
start of conventional switching at time t = o0, which proceeds

according to the timngs illustrated in Fig. 2. The initial

shortened pulse has the effect of balancing the flux in the
t ransf or ner 110, t her eby reducing the initial of f set in its
magnetisation and the consequent transient in the power supply' s
out put vol tage. This initial reduced-1ength pulse is hereafter

referred to as the "transforner flux balancing pulse". Start-up
of the SMPS wusing the transforner flux balancing pulse has the
further advantage of allowing the SWMPS 100 to start wup quickly,

wi t hout any gradual ranp-up of the transistor drive voltage.

Furt her nor e, this solution (hereafter referred to as "reduced-

pul se t ransf or ner bal anci ng") can be inplenented sinmply by
nodi fyi ng the switching controller 130 and is therefore nuch
sinpler and cheaper to inplenent than known solutions devised in
the analog donmamin, which typically require conplex start-up nets
to delay the turn-on of the transistors, rapidly charge the

reference V or simlar.

ref
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[ Sutmmary of the Invention]

Despite its advantages, the present inventors have found that the
reduced- pul se t ransf or nmer bal anci ng procedure di scl osed in WO
2009/ 154545 Al may in some circunstances cause a dip in the
converter's output voltage shortly after start-up, causing it to
tenporarily sink current from the load «circuitry. This is a
particul ar problem because, in sone appl i cati ons, t he | oad
circuitry my be sensitive to such |owlevel current sinking by

the attached converter and sustain danmage as a result.

The present i nventors have realised t hat t he reduced- pul se

t ransf or nmer bal anci ng procedure can be nmde nore versatile by
nmodi f yi ng the converter's start-up switching sequence in a way
which overconmes two problens that they found to occur in the full-

bridge drive circuit during start-up.

The first. of the problems found by the inventors lies in the
initialisation of the high-side drivers that form part of the
driving circuit 120 and drive the high-side transistors in the
full-bridge drive circuit on the primary side (i.e. transistors Ql
and Q2 in the exanple of Fig.l). Mre particularly, the presem:

inventors have found that the switching sequence shown in Fig. 3
does not allow the high-side transistor to switch ON to the extent

required to achieve transfornmer bal anci ng. The cause of this
problem has been identified by the inventors and wll now be

explained wth reference to Fig. 4

Figure 4 is a sinplified illustration of a portion of the driving
circuit 120 which is arranged to apply drive signals to the gates
of the transistors in the full-bridge drive circuit. Although only
the portion of the driving circuit which drives transistors QI and
Q3 is illustrated in Fig. 4 for sinplicity, it is to be understood
that another portion of the driving circuit 120, which is the sane
as that illustrated in Fig. 4, is used to drive the renaining

transistors of the full-bridge drive circuit, namely Q2 and Q4.
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In Fig. 4, the high-side transistor Q. is switched by a boot-strap
driving <circuit which conprises an anplifier 121 as well as a

boot -strap diode D, and a boot-strap capaci tor C,, which are

connected to the anplifier' s power supply terminals and to an

anplifier supply voltage Vp, as shown. The anplifier 121 is

configured to generate drive signals for Qi in response to a
switching control signal GI from the switching controller 130.

Since the switching control signal Gl is referenced to ground and
the high-side driver is floating, a level shifter LS is used to

appropriately condition the switching control signal 4.

In Fig. 4, the lowside transistor Q3 is switched by an anplifier

122, whose power supply termnals are connected to V, and ground.

The anplifier 122 is configured to generate drive signals for Q3
in response to a switching control signal G3 from the swtching
controller 130. As shown in Fig. 4, the lowside transistor Q3 is
connected both to the high-side transistor QI and to the boot-

strap driving circuit of Q.

In typical telecommunications applications, the driving voltage Vp

may be in the neighbourhood of 5-10V. This driving voltage is

derived from the SWPS input voltage V, , and hence V, will increase

after the input voltage V During start-up, when the input

in-

voltage V, is rising, the node Va shown in Fig. 4 is divided to a

vol t age around 12V by the parasitic capaci t ances C, of the

transistors Q and 8. The driver voltage V., however, may only be

5-10V at this tine. Wth the capacitance of the boot-strap

capaci tor C, usually being 10 times larger than the parasitic

capacitance C, of each transistor, the boot-strap capacitor C,

will not be adequately charged when applying the input voltage V.,
in this exanple. One way of charging the boot strap capacitor C,
is to switch ON the lowside switching element Q@. Before this is

done, QI can not be switched ON. Thus, the inventors have
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identified the need to adequately charge, before the reduced-pul se

transformer balancing is performed, the boot-strap capacitor C, of

at least a switching elenent that wll be switched ON by the

transformer flux bal ancing pul se.

The second problem found by the inventors arises in the full-
bridge drive circuit during start-up relates to the intrinsic
capacitances of the switching elenents, which are illustrated by

equi val ent capacitors C_, in Fig. 4. The inventors have found that

the reduced-pulse balancing s affected by the voltages that occur
at start-up at nodes Va and Vb, due to the capacitive voltage
di vider caused by the parasitic capacitances. Transistors ¢l to g4
are usually identical devices having roughly the sane anount of
parasitic capacitance. This causes the voltage at Va and Vb to be

nearly half the input voltage V.,

when the input voltage s
appl i ed. The voltages at Va and Vb affect the reduced-pul se

t ransf or nmer bal anci ng since t he flux i nt roduced into t he
transformer does not correspond to half the peak- to-peak flux. The
inventors have thus also identified the need to discharge the

parasitic capacitances of at least sone of the switching elenents

Ql to Q4 before perform ng t he reduced- pul se t ransf or nmer
bal anci ng .
Having identified these problens, the present i nventors have

devised an SMPS start-up procedure enploying a switching sequence
that inproves the effectiveness of the transforner flux balancing
pulse (the first energy transferring pulse) by charging the boot-
strap capacitor for the high-side switching elenment that wll be
switched by the transforner flux balancing pulse whilst at the
sane +ime discharging the parasitic capacitance of at |east one
lowside switching device on the prinmary side. The inproved SMS
start-up switching sequence devised by the inventors includes, in
addition to the transfornmer flux balancing pulse, a short prior
initialisation vol t age pul se, whi ch is shorter t han t he

t ransf or nmer flux balancing pulse and is applied to tenporarily
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switch ON a lowside switching element in the full-bridge drive
circuit before the transforner flux balancing pulse switches ON
the corresponding high-side switching elenment. The inventors have
found that such a relatively short initialisation pulse can be
surprisingly effective not only in discharging the parasitic

capacitance of the lowside switching elenment but also in charging
up the Jlarger boot-strap capacitance in the boot-strap circuit

that drives the high-side switching element to the extent required
to achieve nore conplete transforner balancing during start-up,

thereby substantially reduci ng or preventing al t oget her t he

occurrence of the current sinking discussed above.

More specifically, according to a first aspect of the present

i nvention, there is provided an isolated SWMPS conprising: a
switching controller operable to generate start-up switching
control sighal s during start-up of the isolated SMPS, and
oper ati onal swi t chi ng control signhal s of peri od T during
subsequent operation of the isolated SMPS;, a transformer having a
primary winding; and a full-bridge drive circuit arranged to drive
the primary winding of the transformer in response to the
switching control signals. The full-bridge drive circuit has: a
first switching elenent; a boot-strap driving circuit arranged to
switch the first switching element in response to the swtching
control signals, the boot-strap driving circuit having a boot-

strap capacitor; and a second switching elenment connected to the
first switching element and to the boot-strap driving circuit, and
arranged to conduct a current to charge the boot-strap capacitor

when switched ON in response to the switching control signals. The
switching controller is operable to start up the isolated SMPS by:

determining a duty cycle D for the operational switching control

signals based on a voltage at an output of the isolated SMPS; and
generating the start-up switching control signals conprising a
first voltage pulse of duration Pl to tenporarily switch ON the
second switching elenent, and a subsequent second voltage pulse of
duration P2 to tenporarily switch ON the first switching elenent,

wherein Pi<P2 and P2<DT, where T is. a switching period of the



10

15

20

]
(81

30

WO 2013/079111 PCT/EP2011/071488
11

isolated SMPS, thereby allowing the boot-strap capacitor to be
charged before the first switching elenent is turned ON by the

second vol tage pul se.

According to a second aspect of the present invention, there is
provided a method of starting up an isolated SMPS which conprises:
a switching controller operable to generate start-up swtching
control signals during start-up of the isolated SMPS, and
oper ati onal swi t chi ng control signal s of period T during
subsequent operation of the isolated SMPS; a transforner having a
primary winding; and a full-bridge drive circuit arranged to drive
the primary wnding of the transformer in response to the
switching control signals. The full-bridge drive circuit has: a
first switching elenment; a boot-strap driving circuit arranged to
switch the first switching elenent in response to the swtching
control signals, the boot-strap driving circuit having a boot-
strap capacitor; and a second switching elenent connected to the
first switching element and to the boot-strap driving circuit, and
arranged to conduct a current to charge the boot-strap capacitor
when switched ON in response to the switching control signals. The
nmet hod of starting up the isolated SMPS conprises deternmining a
duty cycle D for the operational switching control signals based
on a voltage at an output of the isolated SMPS, and generating the
start-up switching control signals by: generating a first voltage
pul se of duration Pl to tenporarily switch ON the second swi tching
el enent ; and generating a subsequent second voltage pulse of
duration P2 to tenporarily switch ON the first swi tching elenent,
wherein PKP2 and P2<DT, T being a switching period of the
isolated SMPS, . The boot-strap capacitor is thus allowed to charge
up before the first switching element is turned ON by the second

vol t age pul se.

[Brief Description of the Draw ngs]

Enmbodi nents of the invention, which have different performances in

terms of power efficiency and cost, wll now be explained in
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detail, by way of exanple only, with reference to the acconpanying

figures, in which:

Fig. 1 shows a background exanple isolated SMPS with a full-bridge
primary side topol ogy;

Fig. 2 is a conventional switch timng diagram according to which

the isolated SMPS shown in Fig. 1 operates;

Fig. 3 shows a background exanple start-up switch tinmng diagram

according to which the isolated SMPS shown in Fig. 1 starts up;

Fig. 4 illustrates a portion of the driving circuit of Fig. 1,
which has a boot-strap driving circuit arranged to drive a high-

side switching element of the full-bridge primry-side circuit;

Fig. 5 shows an isolated SMPS according to a first enbodinent of

the present invention;

Fig. 6 shows a start-up switch timng diagram according to which

the isolated SMPS according to the first enbodinment starts Ug;

Fig. 7 shows a start-up switch timng diagram according to which

an isolated SMPS according to a second enbodi nent starts up;

Fig. 8 shows a start-up switch timng diagram according to which

an isolated SMPS according to a third enbodinent starts up;

Fig. 9 shows a start-up switch timng diagram according to which

an isolated SMPS according to a fourth enbodi nent starts up;

Fig. 10 is a flow chart illustrating the operation of the SMPS

according to an enbodinment from start-up;

Fig. 11 shows neasurenents of the md-tap voltage, gate signal on

a lowside transistor, the output current and the output voltage
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during and after start-up of a background exanple isolated SMS,
which starts up according to the timng diagram shown in Fig. 3;

and

Fig. 12 shows neasurenments of the md-tap voltage, gate signal on
a lowside transistor, the output current and the output voltage
during and after start-up of an isolated SMPS according to an
enbodi mrent of the present invention which starts up according to

the timng diagram shown in Fig. 8.

[Detail ed Description of Enbodi nents]

I solated switched node power supplies according to enbodinments of
the present invention that wll now be described in detail have
the same full-bridge topology SMPS circuits as the exanples which

have been described above in the Background and Summary sections

with reference to Figs. 1 and 4, with like reference signs in the
figures | abelling comon conponent s. A description of this
hardware will therefore not be repeated here, for sake of brevity.

However, the isolated switching converters of the followng
enbodi ment s differ from the af orenenti oned known i sol at ed
switching converters in that the switching «controller of the

enbodi ments is configured differently so as to perform a different

switching sequence to start up the SMPS so as to bring it from an
i noperative state, in which no switching control signals are
appl i ed, to an operative state in which operational swi t chi ng
control signals are applied to enable the SMPS to convert an input
voltage into a prescribed output voltage. These sequences are
described below with reference to the timng diagrans in Figs. 6
to 9. As will be appreciated from the follow ng description, the
switching control signals applied to the switching elenents of the

SMPS from start-up can be divided into three phases, as follows:
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1. lnoperative state:
No pul ses appli ed.
2. Start-up , conprising:
Phase 1 pul se - Initialisation di schar ge of parasitic
capaci t ances, and charging of the boot-strap

capacitor; and

Phase 2 pul se - Reduced- pul se  transforner bal anci ng.

3. Wirking operation, conprising:

Phase 3 pul ses - operational pul ses for nor nal vol t age

regul ation

[First Enbodi nment]

An isolated SMPS 200 according to firsr enbodinment of the present
invention is illustrated in Fig. 1. The SMPS 200 differs from the
background exanple of Fig. 1 by the configuration of the sw tching

controller 230.

In particular, the switching controller 230 of the present

enbodi ment is operable to start. up the isolated SMPS 200 from an
i noperative state by generating start-up switching control signals
during start-up of the SMPS 200, and operational switching control

signals of period T during subsequent operation of the isolated
SMPS 200 in its nornmal oper at i onal node. In other words, t he
switching controller 230 is operable control the operation of the
SMPS 200 with a set of start-up switching control signals whilst

operating in a start-up node, and with operational swi t ching
control signals of period T during subsequent operation of the
switching controller 230 in the nornal operati on node. In the

nor nal oper at i onal node, the switching controller 230 of the
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present emnbodi ment regulates the power supply' s output voltage V.

by setting the switching duty cycle D for the primary side
transistors on the basis of the feedback signal provided by the

f eedback signal generator 140.

In the present enbodinment, at start-up, the switching controller
230 is preferably arranged to determine a voltage at an output of
the SMPS 200, for exanple by neasuring the output voltage V.
using the feedback si gnal gener at or 140 or otherw se, usi ng
techniques faniliar to those versed in the art. Instead of a
single neasured value, a value derived from nore than one neasured
val ue, such as a nean or another average value, may be used. The
output voltage value my alternatively be stored in a nmenory
device (e.g. a Flash nmenory) wthin the switching controller 230
or an external nmenory device which is accessible to the swtching
controller 230; inn. this -case, the switching ~controller may
determine the output voltage by retrieving a value from nenory
that corresponds to a selection (e.g. of a kind of SMPS |oad)
entered by a user of the SMPS 200 using a user interface (e.g.
keypad) whi ch is operationally connect ed to the switching
controller 230. The initial output voltage value nmay alternatively

be entered directly by the user via the keypad, for exanple.

The switching controller 230 is preferably configured to conpare
the determ ned output voltage value with a predetermned threshold
and, i f the  out put vol t age is determnned to exceed t he
predeternmined threshold, perform the pre-bias start-up procedure

descri bed bel ow If, on the other hand, the output voltage is
det er m ned not to exceed the predeterm ned t hreshol d, t he
switching controller 230 may be configured to perform a different

start-up procedure, for exanple to ranp up the output voltage
(preferably from a low initial value or zero} to a pre-set value.

Al ternatively, if the output voltage is determined to exceed a
second threshold value greater than the first threshold value
(e.gq. the maxi mum output voltage of the SMPS 200) then the

switching controller 230 may be configured not to issue any
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switching control si gnal s and instead provide an indication that
the srart -'up procedure has been suspended (e.g. by generating a
signal to light an LED or sound an alarm signal) . In this way, the
SWPS 200 would be able to start up safely under diverse |oad

conditions .

In the present enbodinent .  the sw tching controller 230 is
operable to start up the SMPS 200 by determining the duty cycle D
for the operational switching control signals based on the

determined value of the voltage V Once this has been done, the

ont -
switching controller 230 is operable to generate the start-up

switching control signals during a single switching period T.

As shown in the timng diagram of Fig. 6, the start-up swtching
control signals conprise a first voltage pulse of duration PI,
which is the first pulse to be applied during start-up of the SMPS
200 from an inoperative state, to-ten"porarily switch ON the |ow
side transistor 04, and a subsequent second voltage pulse of
duration P2, which is the final pulse to be applied during start-
up of the SMPS 200, before the SMPS 200 starts operating in the
nor mal oper at i onal node.  Thus, the start-up switching control
signals of the present enbodinent consist of only two pulses,
nanely the first and second pulses of duration Pl and P2,
respectively. The duration P2 of the second voltage pulse is
preferably equal to DI/2 or substantially so (e.g. in the range

0.4T to 0.6T), to tenporarily switch ON the corresponding high-

side transistor Q2. As illustrated in Fig. 6, the first voltage
pulse PI is shorter than the second pulse (i.e. the transformer
flux balancing pulse) of duration P2. The application of the

first pulse Pl allows the boot-strap capacitor Cy of the boot-

strap circuit driving Q2 to be charged before Q2 is turned ON by
the second voltage pulse, and also shorts the source and drain
termnals of transistor 4, thereby discharging its parasitic

capaci tance C,.
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As an alternative to the timng diagram of Fig. 6, the first pulse
may instead be applied to lowside transistor @, with the

subsequent second pulse being applied to each of QI and Qf.

In either case, the switching ~controller 230 is preferably
arranged to start up the isolated SMPS 200 by tenporarily
switching ON the lowside transistor 04 (or @B, as the case my
be) with a voltage pulse of duration Pl which is set such that an
output voltage of the SMPS 200 remains at or above an initial

out put voltage value during the first swi t chi ng period of
operation of the SWMPS 200 under control of the operational

switching control signals. |In other words, the pulse duration PI

is set to a value that allows the boot-strap capacitor C; to
charge sufficiently and/or the parasitic capacitance C, of the

| ow-side transistor {Q3 or 4, as the case nmay be) to be
di scharged to the extent required to prevent the SMPS 200 from

exhibiting a dip in its output voltage V and thus sinking

out
current from the load during or shortly after the start-up phase
of operation. A single value for the duration Pl of the first
pul se (which nmay be deternined experinmentally by trial and error,
for exanple) nmay be stored in the aforenentioned nenory device.
Alternatively , nore than one such value nmay be stored in the
menory in association with a respective sub-range of initial
out put voltage values, such that the switching controller 230 is
able to select a sub-range and thus a pulse duration value Pl

whi ch corresponds to the deternmined SMPS output voltage value.
[ Second enbodi nent]

In the above-described first enbodi nment the start-up swtching
control signals shown in Fig. 6, and the above-nentioned wvariant
of this timng diagram, both have the drawback that the parastrie
capacitance of the transistor Q3 (or, as the case may be, @) that

is not swi t ched by the first pul se is discharged t hr ough
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transf or mer 110, causing a small i mbal ance in the isolation
transformer flux.
However, in the second enbodinent of the present invention, the

charging of the boot-strap capacitors G in the boot-strap

circuits of both high-side transistors ¢l and 2 is performed by
switching ON both Q3 and Q4 with the first voltage pulse applied
to each of these transistors. At the same time, both of the
parasitic capacitances of these lowside transistors Q3 and (4 are
di schar ged, which inproves the accuracy of the reduced-pulse

transformer balancing. Then, wthin the same switching period T,
transistors Q2 and ¢3 are switched O\, each by the second voltage
pul se which is generated by the switching controller 230. This
results in a timng diagram shown in Fig. 7, where the swtching
sequence after time t = 0 proceeds according to the conventional

scheme shown in Fig. 2. The second enbodi nent is otherwise the
same as the above-described first enbodinment and the description

of common features wll therefore not be repeated.

[ Third Enbodi nent]

In the third enbodinment of the present invention, in order to
mnimze the nunber of PWM signals generated by the swtching
controller 230, transistors QI and Q4 are both controlled by a
first PWM signal, and transistors Q2 and Q3 are both be controlled
by a second PWM signal. 1In this case, the full start-up timng

di agram takes the form shown in Fig. s.

As shown in Fig. 8, the switching controller 230 starts up the
SMPS 200 by generating a first voltage pulse of duration P1 for
each of transistors QI and Q4 to tenporarily switch them ON, and a
subsequent second voltage pulse of duration P2 (preferably equal

to DT/2) for each of transistors Q2 an Q3 to tenporarily switch

these transistors ON, thereby allowing the boot-strap capacitor Cg

in the boot-strap driving circuit of transistor Q2 to be charged
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before transistors Q2 and Q3 are turned ON by the second voltage

pul ses .

In the present enbodinent, the charge in the parasitic capacitors

C, associated with transistors Q2 and Q3 is discharged through the

t ransf or mer 110, causing a small inbalance in the transforner.

Since the boot-strap capaci tor C, in the boot-strap driving

circuit of transistor QI is not charged, Q] is not switched ON by
the first pulse and therefore does not pass a current to the
transformer 110. Hence, the first (initialisation) pulse does not
destroy the reduced-puise transformer balancing, wth exception of
t he i mbal ance caused by the di schar ge of t he parasitic
capaci t ances. The transforner flux balancing pulse applied to
transi stor Q3 allows the boot-strap capacitor associated with
transistor QI to charge up at that stage, thereby allowing Q to
be switched on nore effectively by the first full pulse (0o <t <

DT) of normal operation.

The third enbodinment is otherwise the sanme as the above-described
first enbodi ment and the description of comon features will

therefore not be repeated.
[ Fourt h Enbodi ment ]

The fourth enbodinment of the present invention is a variant of the
above- descri bed third enbodi nent, and differs in that t he
switching controller 230 is configured to apply initialisation
pul ses on both the first and second PyM signals for the

initialisation, as shown in Fig. 9.

As shown in Fig. 9, the switching controller 230 starts up the
SMPS 200 by generating a first voltage pulse of duration PY for
each of the transistors QL to Q4 on the primry side to
temporarily switch them OK and a subsequent second voltage pulse
of duration P2 (again preferably equal to DT/2) for each of

transistors Q2 and Q3 to tenporarily switch these transistors ON
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thereby allowing both the boot-strap capacitors in both of the
boot-strap driving <circuits on the primary side to be charged
before transistors ¢2 and (3 are turned ON by the second voltage

pul ses .

This switching schenme reduces the inbalance in the transformer 110
since the parasitic charge is discharged through transistors Q2
and (03 instead of through the transforner 110. Since the

initialisation pulses charge both of the boot-strap capacitors G;,

it is inmportant to keep these first set of pulses very short since
all of the transistors Q to Q4 are switched ON and there is
therefore a risk that the full-bridge drive circuit may sustain
damage through a short-circuit of the power supply' s input rails

(at ground and voltage V., in the above enbodiments) . This short

circuit current is limted by an input filter choke.

In many appl i cati ons, it is preferable for the switching
controller 230 to start generating the operational swi t chi ng
control signals in the switching period that imediately follows
the single switching period during which the start-up swtching
control signals are generated (as shown in Figs. 6 to 9), in order

to keep the flux in the transforner bal anced.

The Kkey operations performed by the switching controller 230 to
start up the SMPS 200 in the above-described enbodinents are shown

in Fig. 10.

In step S10, the switching controller 230 determines a duty cycle
D for the operational switching control signals based on a voltage

at an output of the isolated SMPS 200.

In steps S20 and S30, the switching controller 230 generates the
start-up switching control signals during a single switching

period T.
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More specifically, in step S20, the switching controller 230
generates a first voltage pulse of duration Pl to tenporarily
switch ON a first (lowside) switching element in the full-bridge

drive circuit on the primary side of the isolated SMPS.

Then, in step S3G the switching controller generates a subsequent

second voltage pulse of duration P2 to tenporarily switch ON a
second (high-side) switching elenent that 1is connected to the
first switching element and to a boot-strap driving circuit of the
first switching element that has a boot-strap capacitor. The
durations of the first and second pulses Pl and P2 are such that

PKP2 and P2<DT.

Wth the start-up switching control conplete, converter operation

in the normal operational node follows in step $S40.

[ Experinmental Resulits]

A practical i npl enentation of the SMPS according to the above-
descri bed third enbodi nent (which is operable to start up
according to the tinmng diagram shown in Fig. 8) has been nmde by
the inventors and its performance assessed and conpared wth that
of a known SMPS which starts up according to the timng diagram

shown in Fig. 3.

In these experinents, the pre-bias situation is obtained by a
large charged capacitor connected at the output. The pre-bias

voltage was 11.5V and the nominal output voltage V_, of the SWPS

was 12V.

Figure 11 shows neasurenments of various paranmeters of the SMPS
which starts up according to the tinmng sequence of Fig. 3. In
particular, trace A in Fig. 10 shows the voltage on the md-tap of
the transfornmer 100, trace B shows the gate signal on a |owside

FET on the primary side, trace C shows the input current to the
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pr e- char ged capaci t or, and trace D shows converter' s output

voltage V ;.

Since the boot-strap capacitor is not charged properly during the
transfornmer flux balancing pulse, energy is not transferred to the
secondary side, and noise is observed at the switch node (see
trace A). The result is that the transforner becones unbal anced,

causing the SMPS to sink current from the pre-bias capacitor, as

shown in trace c. The output voltage V di ps accordingly, as

out

shown in trace D.

Figure 12 shows nmeasurenents of various parameters of the SMPS
which starts up according to the tinmng sequence of Fig. 8. Traces
A-D in Fig. 12 show the variations with tine of the sanme

paraneters as the correspondingly labelled traces in Fig. 11.

In this set of neasurenents, the initialisation pulse is used, in
accordance wth the switch tining diagram of Fig. 8. The swtch
node di sturbance (trace A in Fig. 12) during the initialisation
pul se is reduced conpared with the forner neasurenent. In the SWMPS
according to the enbodinent of the present invention, energy is
properly transferred to the secondary side in the followng
transfornmer flux balancing pulse. Hence, the transforner becones
bal anced and, as shown in traces C and D in Fig. 12, the current
to the load capacitor is always positive, and the output voltage

does not show a dip.

[Modi fications and Variations]

Many nodification and variations can be nmade to the enbodinents

descri bed above.

For exanpl e, in the enbodinents descri bed above the switching
controller 230 is inplenmented in the form of a progranmmmable
processi ng appar at us having a dana processor (e.gq. a mcro-

processor) whi ch  provides the functionality of the switching
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controller 230 by executing software instructions stored in an
instruction store formng part of the programmble processi ng
apparatus. However, it will be appreciated that the switching
controller 230 nmay alternatively be inplenented in dedicated

hardware, e.g. a field-progranmable gate array (FPGA)

Furt her nor e, although the switching controller 230 according to
the above enbodinents is configured to generate the first and
second start-up voltage pulses within a single switching period T,
the switching ~controller 230 mmy alternatively generate these
pulses within a start-up tinme period different from the switching
period T, which wll depend on the characteristics of the SMPS

circuit such as the size of the boot-strap capacitors C,, and the

| eakage in the boot-strap capacitors and the high-side drivers.
Furt her nor e, the interval between the initialisation pul se of
duration Pl and the subsequent transiornmer flux balancing pulse of
duration P2 may vary between SMPS inplenentations enbodyi ng the
present invention, and will depend at least partly on transforner
properties (e.g. the stored ‘rragneti c energy will decay on a
timescale which is dependent on the transforner core nmaterial)
In general, the pulse durations Pl and P2 and the tine interval
between the first and second pulses should be set such that the

output voltage V of the SMPS remains at or above an initial

out
out put vol t age val ue during the first swi t chi ng peri od of
operation of the SMPS in the operational node, so that a dip in
the output voltage and the consequent current sinking does not
occur. Those skilled in the art will be readily able to set values
of these paraneters that are appropriate for the particular SMS
i mpl ementation at hand using famliar nulti-paraneter optim sation

net hods, trial and error etc.
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d ai ns

An isolated switched node power supply, SWMS, conprising:

a switching controller (230) operable to generate start-up
switching control signals during start-up of the isolated
SMPS (200) , and operational swi t chi ng control signals of

period T during subsequent operation of the isolated SMPS

(200) ;

a transfornmer (110) having a primary wnding (111) ;

a full-bridge drive «circuit arranged to drive the primary

wi nding (111) of the transforner (110) in response to the
swi t chi ng control si gnal s, the full-bridge drive circuit
havi ng :

a first switching elenent: (Q2);

a boot-strap driving circuit (120; 121, D,, C;) arranged
to switch the first switching elenent (@) in response
to the swi t chi ng control si gnal s, the boot-strap

driving circuit having a boot-strap capacitor (cy); and

a second switching elenent (¥) connected to the first
switching el enent (@ and to the boot-strap drivi ng-
circuit (120; 121, Dy, &), and arranged to conduct a
current to charge the boot-strap capaci tor (Cg) When
swi t ched ON in response to the switching control

signal s ;

wherein the switching controller (230) is operable to start

up the isolated SWMPS (200) by:
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det erm ni ng a duty <cycle D for the operational swi t chi ng

control signals based on a voltage (V_,,) at an output of the

i solated SvPS (200); and

generating the start-up switching control signals, conprising

a first voltage pulse of duration Pl to tenporarily switch ON
the second switching elenent (¥ , and a subsequent second
voltage pulse of duration P2 to tenporarily switch ON the
first switching elenent (@) , wherein PKP2 and P2<DT, where
T is a swtching peri od of the isolated SMPS, t her eby

allowing the boot-strap capaci tor (Cz) to be charged before

the first. switching elenent (C2) is turned ON by the second

vol tage pul se.

An isolated switched node power supply according to claim 1,
wher ei n the switching controller (230} is arranged to
generate the second voltage pulse of duration P2 such that

P2«DT/ 2 .

An isolated switched nobde power supply according to claim 1
or claim 2, wherein the switching controller (230) is
arranged to start wup the isolated SWMPS (200) by tenporarily
switching ON the second switching element () wth a voltage
pul se of duration Pl which is set such that an output voltage
{(Vo,-) °f the isolated SMPS (200) remmins at or above an
initial out put vol t age val ue during the first swi t chi ng
period of operation of the isolated SMPS (200) under control

of the operational switching control signals .
An isolated switched node power supply according to any
precedi ng claim wher ein the full-bridge drive circuit

further conprises:

a third switching element (Q);
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a second boot-strap driving circuit (120; 121, Dy, G)

arranged to switch the third switching elenent (d) in
response to the switching control signals, the second
boot -strap driving circuit havi ng a boot -strap

capacitor (cg),; and

a fourth switching elenent (®) connected to the third
switching el enent (Q) and to the second boot-strap

driving circuit (120; 121, Dy, Cg), and arranged to

conduct a current to charge the boot-strap capacitor

(cg) of the second boot-strap driving circuit when

swi t ched ON in response to the swtching control

signal s ,

wherein the first and second switching elenents (@, ) are
connected to the third and fourth switching elenments {Q, @)
in a full-bridge configuration to drive the primary w nding
(111) of the transforner {110) in response to the swtching

control signals, and

wherein the switching controller (230) is operable to start
up the isolated SMPS (200) by generating a first voltage
pul se of duration Pl for each of the second and fourth
switching elenents {04, @) to tenporarily switch ON the
second and fourth swi t chi ng el enent s (©4, Q3), and a
subsequent second voltage pulse of duration P2 for each of
t he first and fourth swi t chi ng el ements (22, @) to
temporarily switch ON the first and fourth (@, @) swtching

elenents, thereby allowing both the boot-strap capacitor (Cg)

and the second boot-strap capacitor to be charged before the
first and fourth switching elenments (@, Q3)} are turned ON by

the second voltage pulses.
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An isolated switched node power supply according to any of
clains 1 to 3, wherein the full-bridge drive circuit further

conpri ses
5 a third switching elenent (Q) ;

a second boot-strap driving circuit (120; 121, Dy, C;)

arranged to switch the third switching element (Q) in
response to the switching control signals, the second
10 boot - strap driving circuit havi ng a boot -strap

capacitor (Cy); and

a fourth switching elenment (@) connected to the third
switching el enment (@) and to the second boot-strap

15 driving circuit, and arranged to conduct a current to
charge the bo_ot -strap capacitor (cg) of the second boot-
strap driving circuit when switched ON in response to

the switching control signals,

20 wherein the first and second switching elenents (Q2, Q4: are
connected to the third and fourth switching elenments (Q, Q)
in a full-bridge configuration to drive the primary w nding
(111) of the transforner {110} in response to the swtching

control signals, and

wherein the switching controller (230) is arranged to start
up the isolated SWMPS (200) by generating a first voltage
pulse of duration Pl for each of the second and third
switching elenents (@, Q) to tenporarily switch ON the
30 second and third swi t chi ng el enent s (4, Q) , and a
subsequent second voltage pulse of duration P2 for each of
t he first and fourth swi t chi ng el enent s (@, ) to
tenporarily switch ON the first and fourth switching elenents

(@, @), thereby allowing the boot-strap capacitor (Cg) in

n

the first boot-strap driving circuit to be charged before the
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first and fourth switching elements are turned ON by the

second voltage pulses.

An isolated switched nobde power supply according to any of
claime 1 to 3, wherein the full-bridge drive circuit further

conori ses:
a third switching elenent (Q) :

a second boot-strap driving circuit (120; 121, Dy, &)
arranged to switch the third sw tching element {Q; in
response to the switching control signals, the second
boot -strap driving circuit havi ng a boot -strap

capacitor {cg): and

a fourth swtching elenent {Q3) connected to the third
switching elenent (Q) and to the second boot-strap
driving «circuit (120; 121, Dy, Cz), and arranged to
conduct a current to charge the boot-strap capacitor

(Cg) of the second boot-strap driving circuit when

swi t ched ON in response to the swtching control

signals ,

wherein the first and second switching elenments (@, 4) are
connected to the third and fourth switching elenents (Q, 3}
in a full-bridge configuration to drive the prinmary w nding
(111) of the transforner (110) in response to the swtching

control signals, and

wherein the switching controller (230) is operable to start
up the isolated SvYPS (200) by generating a first voltage
pul se of duration PI for each of the first, second, third and
fourth switching elenents (@, ©Q4, Q, @) to tenporarily

switch ON the first, second, third and fourth swtching

ei enenrs, and a subsequent second voltage pulse of duration
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P2 for each of the first and fourth switching elenments (@,
@) to tenmporarily switch ON the first and fourth swtching
el enents, thereby allowing both the boot-strap capacitor fcy)
and the second boot-strap capacitor (Cy) to be charged before
5 the first and fourth switching elenents (@, ¢3) are turned

ON by the second voltage pul ses.

7. An isolated switched nopde power supply according to any
preceding claim wherein the switching controller (230) is

10 arranged to start generating the operational swi t chi ng
control signal s in the swtching period that i medi ately

fol |l ows a swtching peri od during whi ch t he start-up

switching control signals are generated.

5 8. A method of starting up an isolated switched node power

supply, SMPS, the isolated SMPS {200) conprising:

a switching controller (230) operable to generate start-up
swi t chi ng control signals during start-up of the isolated
20 SMPS  (200) , and operational switching control signals of

period. T during subsequent operation of the isolated SMS;

a transforner (110) having a primary wnding (111);

25 a full-bridge drive <circuit arranged to drive the prinmary
wi ndi ng (111) of the transforner (110) in response to the
swi t chi ng control si gnal s, the full-bridge drive circuit
havi ng :

30 a first switching elenent (@) ;

a boot-strap driving circuit (120; 121, D,, GC;) arranged
to switch the first switching elenment (@) in response
to the swi t chi ng control si gnal s, t he boot - strap

35 driving circuit having a boot-strap capacitor (cg); and
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a second switching elenment () connected to the first
switching el enent (@ and to the boot-strap driving
circuit (120; 121, Dg, C;), and arranged to conduct a

current to charge the boot-strap capaci t or (Cz) when

swi t ched ON in response to the swtching control

signal s ,

the method conprising:

determining a duty <cycle D for the operational swi t chi ng
control signals based on a voltage at an output of the

i solated SMPS (200) ; and

generating the start-up switching control signals by:

gener ati ng a first voltage pulse of duration Pl to
temporarily switch ON the second swtching el emrent

<4} ; and

gener ati ng a subsequent second vol t age pul se of
duration P2 to tenporarily swi tch ON the first
swi t chi ng el enent (@), wher ein PKP2 and P2<DT, T
being a switching period of the isolated SMS,

thereby allowing the boot-strap capacitor (Cg) to be charged

before the first switching elenent (@) is turned ON by the

second voltage pul se.

A net hod accordi ng to claim 8, wherein the switching
controller (230) gener at es the second voltage pul se of

duration P2 such that P2«DT/ 2.

A nethod according to claim 8 or <claim 9, wherein the

isolated SMPS (230) is started up by temporarily switching ON
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the second switching elenent {Q4) with a voltage pulse of

duration Pl which is set such that an output voltage (V)

of the isolated SMPS (2000 remains at or above an initial
output voltage value during the first switching period of
operation of t he i sol ated SMPS under control of the

operational switching control signals.

A nmethod according to any of clainme 8 to 10, wherein the

full-bridge drive circuit further conprises:

a third switching elenent (Q);

a second boot-strap driving circuit (120; 121, DOy, &)
arranged to switch the third switching elenent (Q) in
response to the switching control si gnal s, the second
boot -strap driving circuit havi ng a boot -strap

capacitor (Cg); and

a fourth switching elenent (@) connected to the third
swi t chi ng el ement (@) and to the second boot-strap
driving circuit (120; 121, D, C;), and arranged to
conduct a current to charge the boot-strap capacitor

(cg) of the second boot-strap driving circuit when

swi t ched ON in response to the swtching control

signal s ,

wherein the first and second switching elenments (@, Q4 are
connected to the. third and fourth switching elements (Q, Q)
in a full-bridge configuration to drive the primary w nding
(111) of the transfornmer (110) in response to the switching

control signals, and

wherein the start-up switching control signals are generated

during the single switching period T by:
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generating a first voltage pulse of duration PI for each of
the second and fourth swi t chi ng el enent s (8, ) to
tenporarily switch ON the second and fourth swtching

elements (4, Q3); and

generating a subsequent second voltage pulse of duration P2
for each of the first and fourth switching elenents (@, @}
to tenporarily switch ON the first and fourth swtching
el enent s (@, @) , thereby allowing both the boot-strap

capacitor (cg) and the second boot-strap capacitor (cg) to be

charged before the first and fourth switching elements (@,

@) are turned ON by the second voltage pulses.

A nmethod according to any of clains 8 to 10, wherein the

full-bridge drive circuit further conprises:

a third switching elenent (qQ) ;

a second boot-strap driving circuit (120; 121, Ds, GCgi
arranged to switch the third switching elenent (Q) in
response to the switching control signals, the second
boot - strap driving circuit havi ng a boot - strap

capacitor (cg); and

a fourth switching elenent (23) connected to the third
switching el enent (Q) and to the second boot-strap
driving circuit, and arranged to conduct a current to

charge the boot-strap capacitor (Cgy) of the second boot-

strap driving circuit when switched ON in response to

the switching control signals,

wherein the first and second switching elements (@, ) are
connected to the third and fourth switching elenments (Q, @)

in a full-bridge configuration to drive the primary w nding
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(111) of the transforner ({110) in response to the swtching

control signals, and

wherein the start-up switching control signals are generated

during the single switching period T by:

generating a first voltage pulse of duration Pl for each of
t he second and third swi t chi ng el enent s (X, Q) to
tenporarily switch ON the second and third switching elenments

(©4, Q); and

generating a subsequent second voltage pulse of duration P2
for each of the first and fourth switching elenents (Q2, (3)
to tenporarily switch ON the first and fourth switching
elenments (@, @) , thereby allowing the boot-strap capacitor

(Cgy in the first boot-strap driving circuit to be charged

before the first and fourth switching elements (g2, @) are

turned ON by the second voltage pulses.

& method according to any of claime 8 to 10, wherein the

full-bridge drive circuit further conprises:
a third switching elenment (Q);

a second boot-strap driving circuit (120; 121, D, C)
arranged to switch the third switching elenent (@) in
response to the switching control signal s, the second
boot -strap driving circuit havi ng a boot -strap

capacitor (cy); and

a fourth switching elenent (®) connected to the third
switching el enent (@) and to the second boot-strap
driving «circuit (120; 121, D, &), and arranged to
conduct a current to charge the boot-strap capaci tor

(cg) of the second boot-strap driving circuit when
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swi t ched ON in response to the swtching control

signals ,

wherein the first and second switching elenments (@, @) are
5 connected to the third and fourth switching elenents (Q, 3)
in a full-bridge configuration to drive the primary w nding
(111) of the transforner (110) in response to the swtching

control signals, and

10 wherein the start-up switching control signals are generated

during the single switching period T by:

generating a first voltage pulse of duration Pl for each of
the first, second, third and fourth switching elenents (Q,
5 &, Q, @) to tenporarily switch ON the first, second, third

and fourth switching elements; and

generating a subsequent second voltage pulse of duration P2
for each of the first and fourth switching elenents (@, @)
20 to tenporarily switch ON the first and fourth switching

el enents, thereby allowing both the boot-strap capacitor (Cy)
and the second boor-strap capacitor (Cy) to be charged before

the first and fourth switching elenents {Q@, @} are turned

ON by the second voltage pul ses.

14. A nmethod according to any of claims 8 to 13, wherein the
switching controller (230) starts generating the operational
swi t chi ng control signal s in the swtching peri od t hat
i medi ately follows a swtching period during which the

start-up switching control signals are generated.

<>
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