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DESCRIPTION

SWITCHED MODE POWER SUPPLY

The invention relates to a switched mode power supply, a method of
operating a switched mode power supply, and a controller for switching a

switched mode power supply.

Switched mode power supplies are widely used to supply voltages in
applications such as televisions, free-standing mains adaptors and the like.

Switched mode power supplies (SMPS) can be optimised for cost and
performance if the input voltage is fixed to within reasonable limits. This can
be achieved using a power factor correction (PFC) circuit in front of the SMPS
to supply the fixed voltage. Typically, the PFC circuit is a boost converter for
supplying a higher output voltage than its input voltage.

It is often required that the power supply operates in standby mode, in
which the SMPS should continue to supply the output voltage but at very low
load levels. In these conditions the PFC stage can be switched off and the
output of the PFC stage is then the same as the rectified input voltage.

This leads to a problem when the load is reconnected, because the
SMPS will then need to deliver output power from the rectified mains voltage
instead of the normal output voltage of the PFC. This rectified mains voltage
may be considerably less than the normal output voltage.

After a brief transitional period, the PFC will be able to deliver its normal
output voltage and the SMPS will be able to supply the load from the normal
voltage supplied by the PFC. However, in the transitional period, the SMPS wiill
need to supply the full load from a lower input voltage. In order to do this, a
higher specification SMPS may be required to avoid an unacceptable voltage
drop on the output of the SMPS than would be required to supply the load from
the normal output voltage of the PFC. For example, the transformer in the
SMPS may need to be larger or the switches in the SMPS may need to have a

higher current rating.
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This requirement for an uprated SMPS simply to deal with the
transitional period increases the costs of the product and it would be desirable
to avoid this.

According to the invention, there is provided a power supply comprising
a power factor correction stage having power inputs for receiving input power
and power outputs for outputting output power at the power factor output stage
voltage; wherein the power factor correction stage can be switched between
an operating mode and an off mode; and

a switched mode power stage having output terminals for supplying
output power to a load at a supply voltage and input terminals connected to
the power outputs of the power factor correction stage for receiving power at
the power factor output stage voltage;

wherein the power factor correction stage can be switched between an
operating mode and an off mode;

the power supply is arranged to be switchable between a normal mode
and a standby mode; and

the power supply further comprises a controller for controlling the power
factor correction stage to supply in the normal mode a normal power factor
output stage voltage to the switched mode power stage and to operate in the
standby mode in a burst mode to supply power in a voltage range below the
normal power factor output stage voltage.

By operating the power factor correction stage in a burst mode at a
lower output voltage than the normal voltage, the power supply can respond
when it suddenly needs to drive the full load again without having a dip in the
output voltage or requiring an enhanced capacity SMPS stage.

The power factor correction stage may be a switched mode boost
circuit.

In embodiments, the controller is arranged in the standby mode to
switch on the power factor correction stage for a burst when the power factor
output stage voltage falls below a low burst level and to switch off the power

factor correction stage to end the burst when the power factor output stage
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voltage rises above a high burst level higher than the low burst level, the high
and low burst levels both being below the normal power factor output stage
voltage.

The controller may include:

a bistable device having an output to control whether the power factor
correction stage is in a burst mode or not;

a first comparator for comparing the power factor output stage voltage
with the low burst level, the first comparator being connected to the bistable
device to switch the bistable device to the burst mode when the power factor
output stage voltage falls below the low burst level; and

a second comparator for comparing the power factor output stage
voltage with the high burst level, the second comparator being connected to
the bistable device to switch the bistable device out of the burst mode when
the power factor output stage voltage rises above the high burst level.

In another aspect, the invention relates to a switching controller for a
power supply having a switched mode power stage having as an input the
output of a power factor correction stage on a connection line, the switching
controller comprising:

an input for connection, directly or indirectly, to the connection line to
input the power factor output stage voltage on the connection line to the
switching controller;

a switching output for switching the power factor correction stage; and

a control stage arranged to operate in a normal mode to control the
power factor correction stage to supply a normal power factor output stage
voltage to the switched mode power stage and to control the power factor
correction stage to operate in the standby mode in a burst mode to supply
power in a voltage range below the normal power factor output stage voltage.

The invention also relates to a method of operating a power supply
having a switched mode power stage having as an input the output of a power
factor correction stage, comprising:

switching the power supply between a normal mode and a standby

mode;
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operating the power factor correction stage in the normal mode to
supply a normal power factor output stage voltage to the switched mode power
stage; and

operating the power factor correction stage in the standby mode in a
burst mode, including supplying a voltage range below the normal power factor

output stage voltage to the switched mode power stage.

For a better understanding of the invention, embodiments will now be
described, with reference to the accompanying drawings, in which:

Figure 1 shows a power supply in accordance with an embodiment of
the invention with a power factor correction circuit and a switched mode power
circuit;

Figure 2 shows the switching of the circuit in the embodiment of Figure
1; and

Figure 3 shows part of the circuit of the embodiment of Figure 1.

Like components are given the same reference numerals in the different

figures.

Figure 1 illustrates in general terms an embodiment of the invention
having an AC input 2, a rectifier 4, a power factor correction (PFC) stage 6 and
a switched mode power supply (SMPS) stage 8 feeding an output 10.

The PFC is a boost converter, having inputs 22 connected to the
rectifier 4 and outputs 24 connected to the SMPS stage 8. An inductor 12 and
a diode 14 are provided in series on a first line 26 between the inputs 22 and
the outputs 24, and a capacitor 16 is provided across the outputs. A switch 18
controlled by switch controller 20 is provided with one side of the switch
connected to the node between the inductor and the diode and the other side
of the switch connected to the other line 28 between the inputs 22 and the
outputs 24.

The SMPS stage 8 is a conventional switching power supply shown
schematically in Figure 1, having inputs 30 connected to the PFC stage by

connection 32.
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Figure 2 shows the waveforms during normal operation (40) and in a
standby mode (42). The graph shows (from top to bottom) the waveforms of
the PFC output voltage, i.e. the voltage across connector 32, the rectified
mains input voltage, i.e. the voltage at the inputs 22 of the PFC stage, a signal
indicating whether the PFC is active and the load.

In normal operation, the PFC stage operates normally to supply a
constant normal output voltage in order that the SMPS stage can supply the
load. It will be appreciated that in this mode the switch 18 is switched rapidly
to achieve the required voltage as will be known to those skilled in the art of
boost converters.

When the load is removed, in the standby mode, the PFC stage
switches to a burst mode in which the PFC is turned on only when the PFC
output voltage falls below a low burst level, and is then turned off again when
the output voltage rises above a high burst level. During the periods in which
the PFC is turned on, the switch in the PFC is rapidly switched to increase the
voltage across capacitor 16 and hence on the output terminals 24 of the PFC
stage.

Thus, the PFC output voltage in the standby mode stays between the
low burst level and the high burst level, at a level below the PFC output
voltage in the normal mode but above the level that the PFC output voltage
would fall to if the PFC was switched completely off.

The circuit of Figure 3 illustrates how this may be achieved.

First comparator 50 compares the PFC output voltage with the low burst
level, and second comparator 52 compares the PFC output voltage with the
high burst level. The outputs of the first and second comparators 50,52 are
taken to the set 56 and reset 58 terminals respectively of a flip-flop 54 which
acts as a bistable device.

The outputs of flip-flop 54 are taken through OR-gate 60 which OR's the
output with a signal on a normal mode operating line 66 indicating normal
operation. This normal mode operating line 66 is connected to a control output

(not shown) of the SPMS stage 8. Thus, the PFC operates either when the
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normal operation signal is applied to line 66 or after the voltage on the output
falls below the low burst level until the voltage passes the high burst level.

Switch stage 62 provides the rapid switching required to boost the
voltage when the PFC is active. The output of OR gate 60 provides the signal
that controls whether switch stage 62 operates. Thus, in effect, the PFC circuit
is in an operating, rapidly switching, mode when the power supply is in a
normal mode or alternatively when the power supply is in a standby mode and
the voltage is outside the required limits.

If the PFC was not turned on at all during the standby mode, the voltage
on the connection 32 would fall to a level equal to the smoothed voltage level
produced by rectifier 4. Using the invention, the PFC output voltage is
maintained at a higher level thereby allowing normal operation of the SMPS to
resume very quickly after the SMPS stage starts having to drive a load.

Since the PFC is only operated briefly, in bursts, during the standby
mode, the power drawn during standby does not increase excessively. During
operation, the PFC switch 18 is switched rapidly on and off to drive the voltage
up as in normal boost converter operation.

Conveniently, the low burst level is just above the normal minimum
required input of the SMPS stage to supply a normal operation load.

The circuit 64 shown within the dotted lines of Figure 3 acts as a
controller 64 and may be implemented as a separate integrated circuit or chip,
as a separate stage, or the functionality may be integrated within the PFC and
SMPS stages 6,8. The input 68 to the circuit 64 acts as an input by which the
voltage on the connection line 32 is provided to the circuit 64. The controller
output 70 of the OR gate controls the switching controller 62 which may be
incorporated in the controller 64 or the power factor correction stage 6 as
required. The comparators 50,52, flip flop 54 and gate 60 collectively make up
a control stage which controls switching controller 62.

Although the term "standby" mode is used this term is intended to
include also low power operating states which are not true standby states,

merely states where little or no power is being drawn.
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The invention is applicable to any application where switched mode
power supplies are used, including in particular consumer electronic items with
a standby mode such as notebook adapters, LCD TVs or monitors, CRT TVs
or monitors, etc.

The invention is applicable to universal mains applications in which the
AC mains input voltage varies from as low as 70 V AC to as high as 276V AC.
It can occur with higher mains input voltages that the PFC stage maintains the
voltage at the SMPS stage above the low burst limit without switching on at all.
In this case, the PFC will not switch on at all during standby mode since the
voltage is already in the required range.

The skilled person will realise that there are many variations to the
above embodiment and the invention is not limited to this embodiment.

In particular, the type of stage for the PFC stage and the SMPS stage
may be varied as required.
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CLAIMS

1. A power supply, comprising:

a power factor correction stage (6) having power inputs (22) for
receiving input power and power outputs for outputting output power at the
power factor output stage voltage; wherein the power factor correction stage
(6) can be switched between an operating mode and an off mode;

a switched mode power stage (8) having output terminals (10) for
supplying output power to a load at a supply voltage and input terminals (30)
connected to the power outputs (24) of the power factor correction stage (6) for
receiving power at the power factor output stage voltage;

wherein the power factor correction stage (6) can be switched between
an operating mode and an off mode;

wherein the power supply is arranged to be switchable between a
normal mode and a standby mode;

the power supply further comprising a controller (64) for controlling the
power factor correction stage (6) to supply in the normal mode a normal power
factor output stage voltage to the switched mode power stage and to operate
in the standby mode in a burst mode to supply power in a voltage range below

the normal power factor output stage voltage.

2. A power supply according to claim 1, wherein the power factor

correction stage (6) is a switched mode boost circuit

3. A power supply according to claim 1 or 2, wherein the controller
(64) is arranged in the standby mode to switch on the power factor correction
stage (6) for a burst when the power factor output stage voltage falls below a
low burst level and to switch off the power factor correction stage (6) to end the
burst when the power factor output stage voltage rises above a high burst level
higher than the low burst level, the high and low burst levels both being below
the normal power factor output stage voltage.
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4. A power supply according to claim 3, wherein the controller
includes:

a bistable device (54) having an output connected to the power factor
correction stage to control whether the power factor connection stage is in a
burst mode or not;

a first comparator (50) for comparing the power factor output stage
voltage with the low burst level, the first comparator being connected to the
bistable device to switch the bistable device to the burst mode when the power
factor output stage voltage falls below the low burst level; and

a second comparator (52) for comparing the power factor output stage
voltage with the high burst level, the second comparator being connected to
the bistable device to switch the bistable device out of the burst mode when

the power factor output stage voltage rises above the high burst level.

5. A switching controller (64) for a power supply having a power
factor correction stage (6) and a switched mode power stage (8), the input of
the switched mode power stage (8) being connected to the output of the power
factor correction stage (6) on a connection line (32), the switching controller
comprising:

an input (68) for connection, directly or indirectly, to the connection line
(32) to input the power factor output stage voltage on the connection line (32)
to the switching controller (64);

a controller output (70) for switching the power factor correction stage
(6); and

a control stage (50,52,54,60) arranged to operate in a normal mode to
control the power factor correction stage to supply a normal power factor
output stage voltage to the switched mode power stage and to control the
power factor correction stage to operate in the standby mode in a burst mode
to supply power in a voltage range below the normal power factor output stage
voltage.
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6. A switching controller according to claim 5, wherein the control
stage (50,52,54,60) comprises:

a bistable device (54) having an output for controlling whether the
power factor correction stage is in a burst mode or not;

a first comparator (50) for comparing the power factor output stage
voltage with the low burst level, the first comparator being connected to the
bistable device to switch the bistable device to the burst mode when the power
factor output stage voltage falls below the low burst level; and

a second comparator (52) for comparing the power factor output stage
voltage with the high burst level, the second comparator being connected to
the bistable device to switch the bistable device out of the burst mode when

the power factor output stage voltage rises above the high burst level.

7. A method of operating a power supply having a switched mode
power stage (8) having as an input the output of a power factor correction
stage (6), the method comprising:

switching the power supply between a normal mode and a standby
mode;

operating the power factor correction stage (6) in the normal mode to
supply a normal power factor output stage voltage to the switched mode power
stage (8); and

operating the power factor correction stage (6) in the standby mode in a
burst mode, including supplying a voltage range below the normal power factor

output stage voltage to the switched mode power stage (8).

8. A method according to claim 7, including

turning on the power factor correction stage (6) for a burst when the
power factor output stage voltage falls below a low burst level; and

turning off the power factor correction stage (6) to end the burst when
the power factor output stage voltage rises above a high burst level higher
than the low burst level, the high and low burst levels both being between the

normal power factor output stage voltage and the nominal input voltage.
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