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(57) Abstract: A switched mode power supply (SMPS) is disclosed in which a simple primary side controller is used to send a
single pulse of energy to the secondary side to switch on an output voltage controller. The pulse is sent across the main power train
and a filtering arrangement is provided on the secondary side to minimise the energy at the output of the SMPS while maximising
the energy supplied to the output voltage controller. Advantageously, the SMPS is configured such that the maximum amount of en-
ergy transferred from the primary side to the secondary side during a start-up operation is inherently limited. Protection against short
circuit conditions and malfunctions is therefore provided without requiring complicated circuitry.
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Switched Mode Power Supply with a Simplified Start-Up Supply

[Technical Field]

The present invention generally vrelates te the field of
switched mode power gsupplies (scmetimes referred to as switch
mode power supplies or switching mode power supplies) and
more specifically toe the provision of power to switch on an
output voltage contreller located on the gecondary side of a

transformer of the switched wode power gupply.

[(Background]

The switched mode power supply {(8MPS) ig 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
example, SMPSs are widely used in personal computers and
portable electronic devices such as cell phones. An SMPS
achieves these advantages by switching a switching element
such as a power MOSFET at a high freguency {usually tens to
hundreds of kHz), with the freguency, or duty cycle, of the
switching being adjusted to convert an input veltage tc a

desired cutput voltage.

An SMPS may take the form of a rectifier (AC/DC converter), a
DC/DC converter, a freguency changer (AC/AC) or an inverter
(DC/AC) .

SMPSs are characterised by & transformer with a primary side
and a sgecondary side that respectively define the input side
and output side of the 8MPS. The transformer provides
isclation between the input and output sides and it is
important that this isclation bhetween the input and output of

the SMPE8 is malintalned.

A pulse width medulator {(PWM) generates a duty cycle signal.

The duty cycle signal is used to switch at least one
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transistor sc as to apply the input wvoltage, at the duty

aycle, at the inputs to the primary side of the transformer.

The input voltage at the primary side cauges a voltage to be
induced at the secondary gide of the transformer that, for
EMPS designs with a DC cutput, is then rectified to provide

the output voltage.

Voltage control is reguired for meeting the increasing
requirements of regulation and dynamic performance {such as
monotonic start-up, paralleling, pre-bias immunity, accurate

load regulation and remote voltags sensing) .

It is preferable to use the secondary side alone for
performing the centrol of the output wvoltage as this gives
the lowest distortion of the desired ramp-up curve as well as
accurate gtart-up performance. This can be achieved by
providing an output voltage controller on the secondary side,
rhe output voltage ceontroller typically comprising a PWM for
controlling the switching of the SMPS and a voltage resgulator

for regulating the output voltage.

Known systemsg use an additional power supply to provide a
power source to the secondary side output veltage controller
so that the output voltage controller can start the
converter. The additional power supply is usually provided by
z second transformer, within the SMPS, that transfers power
from the primary side across the isclation barrier.
Alternatively, a sgeparate and independent power supply unit

may be provided on the secondary side.

However, the above approaches of providing an additional
power supply suffer from a number of problems. In particular,
they increase the cost of the SMPS, it is more difficult to
achieve higher isolation volitages, and the size of the SMPS

ig increased.
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In view of the above probiems, known systemg have powered a
secondary side output voltage controller with power from the
primary =ide by transferring power across the same
transformer used to transfer power to the output of the SMPS.
In this way, an additional transformer is not required for

transferring power across the isclation barrier.

However, with systems that adopt the above approach, power
supplied to switch on the voltage regulator iz also supplied
tc the ocutput of the BMPS. This causes problems when the SMPS
ig gwitched on since power appears at the SMPS output before
the cutput voltage controller is switched on and operating.
Thisg can cause obstacles such as glitches, plateaus and
distortion o©oi the desired gtart-up ramp figure {i.e. the

axcegs poweyr causes the start-up te be non-moncotonic).

Secondary side voltage control has therefore only been
implemented in large SMPS8s in which complicated and expensive

power contyol schemes can be provided.

[Summary]

According to the present invention, there 1is provided a
switched mode power supply comprising a transformer having a
primary side and a secondary side. An input to the switched
mode power supply is arranged on the primary side. A main
output o©of the switched mode power supply is arranged on the
secondary side. An output voltage controller is arranged on
the gecondary side and is operable to contrel the output
voltage at the main output of the switched mode power supply.
A power gupply circult is arranged to provide a power supply
on the secondary side, wherein the power supply circuit is
operable Lo receive power from the primary side via the
transformer and to ocutput power to the main output and alsc
to the output voltage controller. An energy storage unit is
arranged on the primary side and is operable to receive and

gtore a finite amount of energy from the dinput o the
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awitched mode power supply and to ocutput a finite energy
pulse to the transformer. A control module is arranged on the
primary side and operable to switch on the output voltage
controllier by releasing a finite energy pulse from the energy
storage unit.

The present invention also provides a method of operating a
gwitched mode power supply having a transformer with a
primary side and a sscondary side. An input to the switched
mode power suppiy is arranged on the primary side. An energy
storage unit is arranged on the primary side. A main oubput
of the switched wmode power supply is arranged on the
secondary side. An output voltage controller is arranged on
the secondary side to receive power from the primary side and
to control the cutput voltags at the main output of the
switched mode power supply. The method is performed to switch
on the output voitage controller and comprises: recelving
energy at the Input of the switched wmode power supply;
gtoring a finite amount of the received energy in ths energy
ghorage unit; releasing stored energy from the esnergy storage
unit as a finite energy pulse; and transmitting the finite
energy pulse from the primary side to the secondary side of
the transformer so that energy 1s received by the output

voltage controller,

In accordance with these features embodiments o¢f the
invention address the above described problems by providing a

simple control module on the primary side of an SMPS.

The control module is arranged to control the switching such
that the converter is Jjumpstarted with a single pulse of
energy. The pulse of energy, that is sent from the primary
side to the secondary side during a start-up operation, is
sufficient tc cause a secondary side outpuk  voltage

controller to switch on and operate,
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Advantageously, the 8MPS is configured such that the maximum
amount of power that can be transferred from the primary side
toe  the econdary side during a start-up operation is
inherently  limited. Protection  against  short  circuit
conditions and malfunctions 1is therxefors provided without

reguiring a complicated circuitry.
{Ligt cof Figuresg]

Figure 1 is a block diagram of an 8MPS according to a first

embodiment of the invention.

Figure 2 is a detailed circuit diagram of an SMPS according

to the firgt embodiment of the invention.

Figure 3 1s a flowchart showing a method according to an

embodiment of the invention.

Figures 4A and 4B show alternative arrangements of &
transformer and power supply clrcuit for use in embodiments

of the invention.
[Description of Embodiments]

As will bpe explained below, an embodiment of the invention
provides an SMPS in which the same transformer is used for
providing power from the primary side to both the main output
of the SMPS and an output voltage controller arranged on the

secondary side.

A filtering arrangement ensureg that sufficient energy is
transferred to switch on the cutput veoltage controller kefore
a significant amount of power has been transferred tc the

main output of the SMPE.

Before a start-up operation occurs, energy 1s stored in an

energy storage unit provided on the primary side.
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During a start-up operation, energy is released from the
energy storage unit and transferred from the primary side to

the gecondary side.

The amount of energy transferred to the secondary side cannot
be more than the total amount of energy stored in energy
gtorage unit. Limiting the maximum amount of energy
transferred to the secondary side to the capacity of the
energy sterage unit or less provides inherent protection

against the effect of a short circuit or malfunction.

In responee to receiving energy from the primary side, the
output voltage controller is arranged to switch on and take
over control of the switching of the SMPS.

A special rectifier filter is provided on the secondary side
Lo minimise the power sent to the output terminals of the
SMPS while maximising the power provided to the output

voltage controller.

A contrel module is provided which is arranged to continue
the controcl of the start-up operation until the output
voltage controller is switched on and the main power train of
the SMPS is operating.

An embodiment of the invention, implemented in a DC/DC
converter by way of example, iz described in more detail

pelow with reference to Figure 1.

Referring tc Figure 1, the transformer 1062 of the SMPS has a

primary side and a secondary side.

The primary side comprises the input to the SMPS, input
resigtors 110 and 111, a switching module 112 comprising
first and second switches 108 and 109, a driver 106 for the

switches, an energy storage unit 101 and control module 105.
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The secondary side of the transformexr 102 comprises the main
output cf the SMPS, a power supply circuit 1C¢2 and an output
voltage controller 104,

A coupling device 107 is arranged to provide a control signal
from the gecondary side to the primary =zide.

The first and second switches 108 and 109 are provided in
series with each other across the terminals of the input to
the SMPS. 2 midpoint of the series connecticon of switches 108
and 109 is comnected to a terminal of the primaery =zide coil
of the transformer 102. The switching ¢f switches 108 and 108

is controlled by the control module 105 and the driver 106,

The output voltage controller 104 comprises a pulse width

modulator and a voltage regulator.

When the output voltages controller 104 is switched on and
operating, it controls the voltage conversion performed by
the 8MPS. More particularly, the output wveltage controller
104 monitors the output voltage of the SMPS and adjusts the
duty cvele that first and second switches are switched at to
maintain a stable output voltage regardless of load and input

voltage.

When the SMPS has been in a state in which it was not
operating, and then a voltage appears at the input of the
SMPS, energy input into the SMPS i1s stored in the energy

storage unit 101,

The control module 105 monltors the voltage at a position
within the voltage divider provided by the input resistors

110 and 111 to determins the input voltage.
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The control module 105 alsc wmonitors a signal from the energy
storage unit that is indicative of the amount of storad

energy .

When the contrel module 105 determines that the amount of
gstored energy in the energy storage umit_ia suificient for a
start-up attempt to he made, the control module 105 sgwitches
on the second switch 108 To start the release of energy Ifrom
the energy storage unit 101.

The control moedule 105 monitors the amount of energy stored
in the energy storage unit and calculates the amount of
releaged energy based on the current and previcug amounts of

stored energy.

When a predetermined amocunt of ensrgy has been released, or
after the transistor 102 has Dbeen switched on for a
predetermined maximum duration, the switch 109 is switched
off to stop the release of energy Ifrom the energy storage
unit 1061.

The released energy, in the form of a single voltage pulse,
then flows from the energy storage unit 101 and through the
primary coil of the transformer 102. Energy ig therefore
tranaferred to the sgecondary side of the transformer 102 and
to the power supply circuit 102. The powsr supply clrcuit 103
transfers received energy both to the main cutput of the SMPS
and to the cutput voltage controller 104.

A filtering arrangement within the power supply circuit 103,
degcribed in more detail later, ensures that energy is
transferred to the output voltage controller 104 faster than

enercy 18 transferred tc the main outpult.

When the output voltage controller 104 receiveg sufficient
energy from the power supply circuit 103 to switch on, the

output voltage controller 104 will staxrt the control
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processes of the veltage at the main output of the SMPS and
send a control signal for controlling the switching of the
switches 108 and 105 to the primary side wvia the coupling
device 167 and the driver 106.

When the control module 105 detects signals derived from the
output vwvoltage controller 104, the control module 105
decermines that the output voltage contreller ia operating

and that no further start-up attempt 1is necesgary.

Accordingly, in & start-up operation, only one pulse of
energy is transferred from the primary side to the ssacondary
gide. The energy of the pulse ig energy that has been
releagsed from the energy storage unit, and is of a finite

amount.

Not all of the stored energy in the energy storage unit needs
to be releassd and transferred tc the seccondary side. The
control module could be designed to coperate by releasing, for
example, only 10% of the energy stored in the energy storage
unit. However, the maximum amount of energy that can be
traneferred from the primary side to the secondary side is
limited to the total energy stored in the snergy storage unit
101.

Advantageously, the worst case scenario of the maximum amount

E=

of energy transferred to the secondary side during a shor
circuit condition or malfuncticn is known {(this maximum
amount being the total energy stored in the energy storage

unit) .

bs described above, the control module sends a single pulse
from the primary to secondary sides to start the output
voltage controller 104, In the case of a failure of the start
of the output voltage controller 104, or a slow start
situation, the control module repeats the process of sending

a single pulse and waiting to see if the voltage controller
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104 starts. Each eingle pulse sent comprises substantially
the same amount of energy. The amcunt of energy in each pulse
ig set so as to be sufficient to turn on the output voltage
controller under typical operating conditions.

For each single pulse that is sent from the primary to
secondary sides, il of the conditions for sending a pulse on
the primary side need to be reset. More particularly, the
energy storagse unit 101 needs to be recharged with energy
from the input. 8ince recharging the energy storage unit
would typically take a relatively long time, the repetition
frequency of any further single pulses that are sent would be
low.

The single pulse of energy that is sent from the primary to
secondary sides of the transformer 102 uses the transformer
primary core in one direction only. This results in an
inexpensive and simple design of SMPS since no magnetic reset
of the coil of the transformer 102 is reguired. Were bi-
dirsctional switching used, more complicated and expensive

circuitry, similar to a primary side PWM, would be reguired.

When using the primary side coll of the transformer 102 in
one direction only, after a period of time the transformer
core may reach maximum magnetisation, saturate and create a

short cirguit situation.

The control module 105 comprises devices for sensing the
amount of energy transferred to the secondary side. The
control module 105 is alse able to detect i1f a short circuit
gituation has occurred and, with the maximum amount of
transferred energy limited, inhexent protection is provided

in guch eventualities.

kg described above, the switch 109 isg switched to release

enerqgy from the energy storage unit 101. This implementation
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is both easier and cheaper than switching switch 108 because

switch 109 has & ground reference.

However, it would alternatively have been possible for the
SMPS to be configured such that the control module 105
switches on the switch 108 to release energy from the energy
storage unit 1061 and switch off the switch 108 to stop the

releage of energy from the energy storage unit 101,

A more detailed circuit diagram of the above embodiment is

shown in Figure 2 and described below.

In Figure 2, the ensrgy storage unit 101 is provided by a
series connection of two ¢apacitors 201 and 202 that form a
capacitive volrtage divider, while the £firgt and second
switcheg 108 and 109 are provided by first and sgecond FET
transistors 108 and 103.

The capacitors 201 and 202 are provided between the input
terminals of the SMPS. The centre point of the capacitive
voltage divider i1s alsoc connected to a termina. of the

primary side coil of the transformer 102.

In alternative implementations, a single capacitor may be
used or more than two capacitors may be used and a position
within the capacitor arrangement other than the centre point

may be connected to the primary side coil of the transformer.

The other terminal of the primary side coil of the
transformer 102 is connected to a position within the =eries

connection of FET transistors 108 and 109.

A series connection of resmigtoxrs 203, 204, 205 and the
primary ceil of the transformer 102 ig provided between the

input terminals of the SMPS.
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The resistors 204 and 205 form a wvoltage divider and a
pogition within the voltage divider is connected to an input,
labelled Capsense, of the control module 105,

The wvoltage at the C(apsense input is dependent wupon the
voltage at the centre point of the capacitive voltage divider
provided by the capacitors 201 and 202. Since the energy
stored by the capacitors 201 and 202 would be dependsnt upcn
the centre point voltage of the capacitive voltage divider,
the control module 105 ig able to determine the stored energy
from the Capgense inputbt.

Registors 110 and 111 are also provided in series between the
input terminals and form a voltage divider. A position within
the wvoltage divider Zformed by resigtors 110 and 111 is
connected to an input, labelled Vingense, of the control

module 105.

The Vinsense input allows the control module 103 to determine

the voltage at the input of the 8MPS.

The resistor 215 and Zener diode 216 provide a primary side

power supply to the control module 105.

The driver 106 for the transistors 108 and 1092 comprises the

integrated circuit, labelled Ni, dicde 217 and capacitor 218,

Suitable driving arrangements of the trangistors 108 and 109

include sharing a driver with the main power train.

There is a shared connection between the driver 106, the gate
of the transistor 10% and & port, labelled 8W out, ¢f the

control module 105,

Transistor 206 is connected te the coupling device 107, the
driver circuit 106, the gate of the transistor 109 and the SW
out port of the control module 105.
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The transistor 206 is configured to switch off the transistor

108 1if the transigtor 109 is switched on.

Such an event could occur if the control module 105 operates
and the output voltage contreller 104 alse operates at the
same time. The transistor 206 therefore ensures that there is

ne short clroult between the input terminals of the SMPS.

The secondary side of the 8MPS includes transisteors 207 and

208 which act ag switching slements.

The inducteors 209 and 210, diodes 211 and 212, and capacitors
212 and 214 provide a filtering arrangement with outputs to
the main output of the SMPS as well as the output voltage

controller 104,

The filtering arrangement is configured so that the capacitor
212 providing the wvoltage at the main output of the SMPS
charges at a slower rate than the capacitor 214 that provides

the voltage of the ourput voltage controller 104.

The output voltage controller 104 therefore recelves
gufficient energy to switch on and operate before a
significant amount of energy has been transferred to the main

cutput cf the SMPS.

Before a switch on operation occurs, the present embodiment
is arranged to detect approximately half of the input voltage
at the centre point of the capacitive voltage divider
provided by capacitors 201 and 202. Typically, the centre
voltage will be within #5% of half of the input voltage.

The arrangement of resistors 203, 204 and 205 provide a so-
called bleeder arrangement that is configured to return the
voltage at the centre point of the capacitive voltage divider

to approximately half of the input voltage if it is pulled
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away, as occurs during the process of releasing stored energy
from the capacitors.

By ensuring vhat the regigstors have a high resistance, the
bleeder resistor arrangement has a relatively high time

ceonstant, in the region of teng of milliseconds to a second.

The operation of the S8MPS shown in Figure 2 during a start-up
operation ls degscribed below.

When the control module 105 detectes that the input voltage is
above an under voltage lock out protection level it will

begin a start-up cperation.

The centre voltage of the capacitive wvoltage divider is
detected by the control module 10% and used to determine the

amount of energy stored in the capacitors 201 and 202.

When the control module 105 detects that sufficient energy is
stored in the capacitors 201 and 202 for a start-up attempt
£ be made, it will switch on the trangistor 109 and thereby
discharge the capacitors 201 and 202 through the primary sgide

of the transformer 102,

The control module 105 is able to detect the snergy released
from the capacitors, and transferred from the primary side to

the secondary side, by monitoring the Capsense input.

Wnen the voltage at the Capsense input has dropped by a
predetermined amount, or the transistor 109 has been switched
on for a predetermined maximum duration of time (which is
monitered by the control wmodule 105), the control module 105

gwitchegs off the transistor 109.

Whan transistor 109 ig switched off, the discharge of the
capacitors and transfer of energy from the primary to

secondary sides stops.
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Advantageously, the contrcl mocdule 105 contrels a start-up
operation using measured voltages, and current measurements

are not reguired.

FPurthermore, accurate voltage sensing is not essential since
the protection against the worst case scenario is provided by
the maximum amount of transferred energy being limited to

that stored in the capacitors 201 and 202.

If the output voltage controller 104 1is operating, the
average voltage level at the port SW out will be significant
and higher than zero. The control moduls 105 is therefore
able to determine 1f the cutput voltage controller 104 has

switched on and is operating by monitoring the port SW out.

In the event that the control module 105 determines that the
output voltage controller 104 has switched on and is
operating, then the contrecl moedule 105 determines that no
further start-up operations are reguired and the control of
the switching is continued by the output voltage controller
104.

In the event that the control module 105 determines that the
cutput wvoltage controller 104 hasg not switched on in response
£0 the transferred energy, & further attempt at awitching on

the output volfags controller 104 is required.

The capacitors will recharge through the arrangement of

bleeder resistorg.

The current flowing through the arrangement of bleeder
registors 203, 204 and 205 will seli-reset the magnetic field

in the transformer cors.
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The current through the resistors will magnetise the core in
the opposite direction to what it will have been magnetised
in when the transistor 109 was turned on.

Although the primary side coil of the transformer 102 is used
in one direction only, the bleeder resistor arrangement is
configured to pull the magnetic energy in the opposite
direction. The transformer can therefore use both the
positive and a kit of the negative flux swing and transfer

more energy than would be possible with just one-phase.

When the SMPS is operating, the leakage current resulting
form the start-up operation will be corrected for in the main

power train.

The arrangement of bleseder resigtors therefore allows the
capacitors to automatically recharge and the SMPS to return

to g gtate whereby a further start-up attempt i1s possible.

When the control medule detects that sufficient energy is
stored by the capacitors 201 and 202 for a further start-up
attempt to be made, it will repeat the above operations until
the output veolitage controller 104 has switched on and is

ocperating or the gstart of the SMPS ig ctherwisge aborted.

Due to the high time c¢onstant of the bleeder resistor
arrangement, a typilcal reset time would be much longer than

the on time of the transistcr 108.

The above described procedure of sending pulses of energy

from primary to secondary sides operates with hysteresis.

A method of switching on the output veoltage controller 144 of
a switched mode power supply according toe an embodiment of

the invention is described below with reference to Figure 3.
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Referring to Figure 3, in step 303, enexrgy is recelved at the

input ¢f the switched mcde power supply.

In step 305, a finite amount of the received energy is storad

in the energy storage unit 101.

In step 307, the control module 105 monitors the ameunt of

energy stored in the ensrgy storage unit 101.

In step 30&%, stored energy 1s released from the energy

storage unit 101 as a finite energy pulse.

Ir grep 31, the finite energy pulse is transmitted from the
primary sgide to the secondary side of the transformer 102 so
that energy is received by the output wvoltage controller 104

to switch on.

In step 313, the control module 105 determines if the output
voltage controller 104 has switched on by monitoring the BW
out input to determine if control signals are being received

from the secondary side.

If the control module 105 determines that the output voltage
controllier 104 has not switched on, the process returnsg to

step 303 and repeats.

Alternatively, if the control module 105 determines that the
output voltage controller 104 has switched on, the process

then proceeds tc step 315 where it ends.

Tyvpical values for the DC/DC converter shown in Figure 2

suppiied with 48V and around 100W are:

Capacitor 201 = 4. TuUF
Capacitor 202 = 4. 7uF
Resistor 203 = 100kG

Registor 204 = 91ki
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Registor 208

#

9k

5 primary turns, 30mn? core area

Hi

Trangigtor 102

Maximum on time of Crangistor 109: Gus
Recharge time for capacitors 201 and 20Z: >1lg
Energy stored in capaciteors 201 and 202: 2.7mJ

Lower values for resistors 203, 204 and 205 would result in a
shorter recharge time and a larger power dissipabtion in the

bleeder resistor arrangement.

With the above example component values, only iIlmW is

dissipated in the bleeder resister arrangement.

The embodimernt of SMPS described above provides at least the

fellowing advantages:

- there is inherent short clrcoult protection;

- the control medule 105 1s able toe meagure the amount

of transferred energy;

- a simple one pulse start ig performed;

- it ig possible for further starc-up operations to be

made if reguired;

- a simple and inexpensive implementation of the
switching is poseible, using just a low side
transigster (i.e. & transistor with a port connected
to ground); and

- the power for the output voltage controller ig

derived Ffrom the main power train. A second
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transformer, or auxiliary power supply, iz  not

required.
[Modifications and Variations]

Many modifications and variations «an be made to the

empodiment described above.

For example, shown in Figqures 42 and 4B are alternative
desiogns and arrangements of power supply circuit 103 and
secondary side of the transformer 102 from that shown in

Figure 2.

The designs of power supply circuit 103 in Figures 2, 42 and
4B are all appropriate for supporting small electronic
clrecuits with a low power consumpticn.

The arrangement of Figure 4A comprises a mailn cutput filter

and an output voltage controller filter.

The main output filter provides power at the main output of
the SMPS. The output voltage controller filter provides the

power to the output voltage controller.

By ensuring that the output voltage controller filter charges
up faster than the main output filter, power i1s supplied to
the output wvoltage controller before significant power

appears at the main cutput of the SMPES.

The main output filter and output voltage controller filter
both share part ©f inductor 402.

This shared inductor arrangement ig the gimilar o that used

in the power supply circult of Figure 2.

The inductance of the inductor of the main output filter is

get by the entire Ilength of inductor 402. However, ths



WO 2012/139654 PCT/EP2011/056012

20

inductance of the inductor of the voltage regulator filter is
set by just part of the length of the inductor 402. By using
a different tap within the inductor 402, the inductance of
the output voitage controller filter can be changed as

desired.

Since the main output filter and the output voltage
controller filter share part of the sgame inductor, a cost
efficient design 18 realised that reguires less components

than an arrangement with separate inductors.

However, the setting of the time constants of each filter is
more restrictive and so a high transformer voltage may be
regquired before the reguired voltage is cutput tce ths output

voltage controller,

The arrangement in Figure 4B differs from that in Figure 4A
inn thar the filters do not share part of the same inductor.
Inductor 408 and capacitor 411 provide the main output filter
of the 8&8MPS. Inductor 409 and capacitor 410 provide the
output voltage controller filter.

The separate inductors allow more flexibility in the setting
of the time constants of esach filter and so it i1s easier Lo
output & degired voltage to the output voltage controller,
However, the power sgupply circuit in Figure 4B requires more

components.

Referring to Figure 2, to detect the input at the SW out port
of the control module 105, a number of samples may be taken
and the average calculated. Alternatively, a filter way be
attached o the gate of transistor 109 and read by ancther

input of the control module 105.

With regard to detecting the Capsense input of the control
module 105, a control module 105 with good analogue to
digital resoclution would be able to read a high freguency
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ripple. Samples of Capsense may be made at random time
intervals. Stable DC levels would indicate non-operation
whereags levels continuously increassing would indicate that

the capacitive voltage divider was charging.

The control module 105 may be implemented by a generic low
coat microcentroller unit that may alsc perform other

housekeeping activities when the converter ig running.

Alternatively, the control module 105 may be implemented by a
number of analogue and/or digital circuite providing the
requlred hysteresis.

In the above described embodiments, the switching is
performed by FET transistors. However, BJT transistors or any

other suitable switching module could alternatively be used.

In the above described smbodiments, capacitors were used as
the energy storage unit. However, an SMPS could alternatively
be implemented with other tyvpes of energy storage unit. For

example, a rechargeable battery could be used.

The embodirente described above are of a DC/DC converter.
However, the inventive concept coulid also be implemented in

other types of converter.

The foregoing description of embodiments of the invention has
been pregented for the purpose of illustration and
degcription. It is not intended to be exhaustive cor to limit
the invention to the precise form digclosed. Alternations,
modifications and variations can be made without departing

from the gpirit and scope of the present invention.
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Claims
A switched mode power supply comprising:

a transformer (102) having a primary sgide and a secondary

side;

an input to the switched wode power supply arranged on

the primary side;

a main output of the switched mode power supply arranged

on the secondary side;

an output voltage controller (104) arranged on the
secondary side and cperable to contrel the output voltage

at the main output of the switched mode power supply;

& power supply circuit {103) arranged to provide a powsr
supply on the secondary side, wherein the power supply
circuit (103) is operable to receive power from the
primary side wvia the transformer (102} and to output
power to the main output and also to the output voltage
controller (104} ;

an energy stovage unit (101, 201, 202) arranged on the
primary side and operable to receive and store a finite
amount of energy from the input to the switched mode
power supply and to output a finite energy pulse to the

transformer (1902); and

a control module (105} arranged on the primary side and
operable to switch on the cutput voltage controller (104)
by releasing a finite energy pulse from the energy
storage unit (101, 201, 202).
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A switched mode power supply according to Claim 1,
wherein the control module (105} is operable to monitor
the amount of energy stored in the energy storage unit
{101, 2031, 202) and tec control the start of the release
of ensrgy from the energy storage unit {101, 201, 202) as
a Iinite energy pulse in dependence upon the amount of
energy in the energy storage unit (101, 201, 202).

A switched mode power supply according to sesny preceding
claim, wherein the control mcdule (105) is operable to
monitor an amount of energy released from the energy
gtorage unit {101, 201, 202} and to stop the release of
energy from the energy storage unit (101, 201, 202) as a
finite energy pulse in dependence upcon the amcunt of
energy released from the energy storage unit (101, 201,
202) .

A switched wmode power supply according to any preceding
claim, further comprising a switching module (108, 109,
112) controllable by the control module (105) to start
and stop the release of energy from the energy storage
unit {101, 201, 202} for transfer from the primary to the
secondary side.

A switched wmode power supply according to Claim 4,
wherein the switching medule (108, i09, 112) is
contrellable to provide the switching of the main power
train of the switched mode power supply when the switched
mode power supply is operating.

A switched mode power supply according to Claim 4 or
Claim 5, wherein:

the switching module (108, 109, 112; comprises a first
switch (108} coupled to a first terminal of the input to

the switched mode power supply, and a second switch (109)
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coupled to a second terminal of the input to the switched
mode power supply;

the first switch (108} and second switch (108) are
arranged in series between terminals of the input to the
switched mode power supply; and

a position within the series connection of the first
switch ({108} and second switch (109} 1is coupled to a
second terminal of the primary side «c¢oil of the

transformer (102);

wherein:

a second terminal o©f the input to the switched mode power

supply 1s a ground reference; and

the control module (105) is coperable to:

start the release of energy from the energy storage unit
(101, 201, 202) by switching on the second switch (109);
and

stop the release of energy from the energy storage unit
(101, 201, 202) by switching off the second switch (109).

A switched mode power supply according to any preceding
claim, wherein the energy storage unit (101, 201, 202)
comprises at least one capacitor (201, 202).

A gwitched mode power supply according to Claim 7,

wherain:

the energy storage unit (101, 201, 202) comprises a

series connection of at least two capacitors (201, 202):
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the series connection cof at least two capacitors (201,
202) is arranged between terminals of the input to the

switched mode power supply; and

a first terminal of the primary side coil of the
transformer (102} 1s connected to a position within the

series connection of at least two capacitors {201, 202}.

A gwitched mode power supply according toe Claim 8,

further comprising:

a series connection of bleeder registors {203, 204, 205)
arranged in series with the primary side coll of the

transformer {(102);
wherein:

the series connection of bleeder resistors (203, 204,
205) and the primery side coll of the transformer (102!
are arranged between terminals of the dinput to the

switched mode power supply; and

the control module (105} is operable to detect a volitage
level at a position within the series connection of
bleeder resistors (203, 204, 205} and primary side ccil

of the transformer (102).

A switched mode power supply according to Claim ¢ when
dependent upcn Claim 6, wherein the contrel module (103)
is operable to stop the release of energy from the energy
storage unit (101, 201, 202} by switching off the sescond
switch (109} when the detected voltage level reaches a
predetermined threshold level or after a predetermined

Time from when the second switch {(108) was switched on.
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11. A switched mode power supply according to Claims 9 or 10,

1z.

13.

further comprising:

a series connection of at least first and second input
resistors (110, 111} arranged betwsen terminals of the

input to the switched mode power supply;

whersin:

the control module (105} is operable to detect a voltage
level at a position within the series connection of at
least first and second input resistors (116, 11i1) to
determine the input wvoltage level to the switched mode

power supply; and

the control module (105} is operable to determine 1if a
start-up operation is to be performed in dependence upon
the determined input voltage level and the detected
voltage level at the position within said series
connection of bleeder resistors ({203, 204, 205} and

primary side coil of the transformer (102).

A switched mode power supply according to Claim 6 or any
of Claims 7 to 11 when dependent upon Claim 6, further
comprising a third switch (206) operable toc switch the

first switch (108) off 1if the second switch (109) ig on.

A switched mode power supply according te Claim 4 or any
of Claims 5 to 12 when dependent upon Claim 4, Ffurther
comprising a coupling device (107) for transmitting
contrel signals for the switching module (108, 109, 112}

from the secondary side to the primary side;

and wherein the output voltage controller {104) comprises
a voltage regulator and a PWM controller for controlling

the switching module (108, 108, 112} on the primary side.
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14. A switched mode power supply according to Claim 4 or any

of Claims 5 to 13 when dependent upon Claim 4, wherein
the contyrol module (105) is operable to monitor a drive
signal of the switching wedule {108, 109, 112} to
determine 1if the output voltage controller (104) is

operating.

- A methoed of operating a ewitched mode power supply having

a transformer (102) with a primary side and a secondary
side, an input to the switched mode power supply arranged
on the primary side, an energy sterage unit (101, 201,
202} arranged on the primary side, a main output of the
switched mode power supply arranged on the gsecondary
side, and an output voltage controller {104) arranged on
the secondary side to receive power from the primary side
and to contrel the output voltage at the main output of
the @witched mode power supply, the method being
performed to switch on the output wvoltage controller
{104} and comprising:

receiving energy at the input of the switched mode power
supply;

storing a finite amount of the received energy in the

energy storage unit (101, 201, 202);

releasing stored energy from the energy gstorage unit

(101, 201, 202) as a finite energy pulse; and

transmitting the finite energy pulse from the primary
gide to the secondary side of the transformer (102} so
that energy is received by the ocutput voltage controller
(104 .
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A method of operating a switched wode power supply
according to Claim 135, further compriging:

monitoring an amount of energy stored in the energy
gtorage unit (101, 201, 202); and

controlling the start of the release of energy from the
energy storage unit (101, 201, 202) as a finite enexgy
pulse in dependence upon the monitored amount of energy

in the energy storage unit.

A method of operating a switched mode power supply

according to Claim 15 or Claim 16, further compriging:

meonitoring an amount of energy released from the energy
storage unit (101, 201, 202}); and

stopping the release of energy from the energy storage
unit (101, 201, 202) 1in dependence upon the amount of
energy released from the energy storage unit (101, 201,
2023 .

A method of operating a switched mode power supply

according to Claim 15 and 17, further comprising:

stopping the release of energy from the energy storage
unit (101, 201, 202) after a predetermined time from when
the release of energy form the energy storage unit {101,
201, 202} was started.
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power supply.
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Store a finite amount of the received energy in an
energy storage unit.
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storage unit,
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Transmit the finite energy pulse from the primary
side to the secondary side of a transformer so that
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Fig. 3
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