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POWER SUPPLY CONTROL METHOD AND STRUCTURE THEREFOR

Background of the Invention

The present invention relates, in general, to
electronics, and more particularly, to methods of forming
power supply systems and structures.

In the past, the electronics indﬁsﬁry utilized various
methods and structures to form power supplies that had
multiple output voltages. In most cases, a transformer and
with multiple secondary windings was used to provide the
multiple output voltages. For example in applications such
as a television, it - was desirable to have a high voltage
output that was used for the visual display portion and a
lower voltage output that was used for control elements or
control logic. It was also desirable to have a standby
mode that reduced the voltage on the high voltage output
maintained the voltage on the low voltage output so that
the control logic operated. One example of such a power
supply system was disclosed in United States patent number
4,688,159 issued to Antonius Marinus on August 18, 1987.
One problem with these prior power supply systems was that
control circuitry was required to control the semiconductor
switches used for the different operating modes of the
system. Additionally, it was difficult to have smooth
transitions between the different modes.

Another configuration used a linear regulator
connected to one of the high voltage winding. One problem
with these prior power supply systems was that if the
linear regulator failed it was possible to overheat or
damage at least some of the power supply system. In order
to reduce the damage, curren£ limiting protection resistors
were added to protect the power transistors. However, the
current limiting protection resistors cause higher power

dissipation in the standby operating mode. Additionally,
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the protection resistors also limited the minimum voltage
to which the output could be reduced which also increased
power dissipation. Another way to minimize the damage was

to connect the linear regulator to a lower voltage winding,

"but this also increases the standby power dissipation.

Accordingly, it is desirable to have a power supply
system that operates in a standby mode with reduced power
dissipation, and that can reduce the value of the high

voltage output.

¢

Brief Description of the Drawing

The sole Figure schematically illustrates an
embodiment of a portion of a power supply system in
accordance with the present invention.

For simplicity and clarity of illustration, elements
in the figures are not necessarily to scale, and the same
reference numbers in different figures denote the same
elements. Additionally, descriptions and details of well-
known steps and elements are omitted for simplicity of the
description. As used herein current carrying electrode
means an element of a device that carries current through
the device such as a source or a drain of an MOS transistor
or an emitter or a collector of a bipolar transistor or a
cathode or anode of a diode, and .a control electrode means
an element of the device that controls current through the
device such as a gate of an MOS transistor or a base of a
bipolar transistor. Although the devices are explained
herein as certain N-channel or P-Channel devices, a person
of ordinary skill in the art will appreciate that
complementary devices are also possible in accordance with

the present invention.
Detailed Description of the Drawings

v

The sole Figure schematically illustrates an

embodiment of a portion of a power supply system 10 that
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generates multiple output voltages. System 10 includes a
transformer 11 that partitions system 10 into a primary
side 16 and a secondary side 17. System 10 has two
operating modes, a normal mode and a standby mode, that are
selected by the state of a standby signal. The source of
the standby signal is not shown in the sole Figure but may
be a variety of sources depending on the application for
system 10. For example, system 10 may be a power supply
system of a television and the standby signal may be
generated by a microprocessor or other control logic (not
shown). Transformer 11 includes a primary winding 12, a.
first secondary winding or main secondary winding 13, and a
second secondafy winding or auxiliary secondary winding 14.
Although two secondary windings are illustrated, those
skilled in the art will appreciate that transformer 11 may
have more than two secondary windings. Winding 13
generally functions as a main output and typically forms a
first secondary voltage or secondary voltage between a
first output 40 and a first return 41 of side 17. Second
secondary winding 14 generally is used to supply a first
auxiliary voltage or auxiliary voltage between an output 60
and a return 61 of side 17. The auxiliary voltage
generally is a lower voltage value than the secondary
voltage on output 40. For example, the auxiliary voltage
may be used to power a microprocessor or other control
logic while the secondary voltage from winding 13 may be
used for a visual display device, such as a CRT, or other
higher voltage device.

Primary side 16 typically receives power, such as a
rectified dc voltage, between a power input terminal 18 and
a power return terminal 19 that are coupled to primary
winding 12. A first terminal of primary winding 12
generally is connected to terminal 18 to receive the input
voltage and a second terminal of winding 12 is connected to

a power switch or power transistor 21 that is utilized to
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control the current flow through winding 12 and the energy
coupled to windings 13 and 14. Transistor 21 is controlled
by a primary side switching power supply controller 20 such
as a pulse width modulated (PWM) controller or a quasi-
resonant controller. An optional current sense resistor 22
may be connected in series between t;ansistor 21 and return
terminal 19 in order to provide a current sense signal to
controller 20 that is representative of the current flowing
through transistor 21. An optical coupler 23 generally is
utilized to provide a primary side feedback (FB) signal or
primary feedback (FB) to controller 20 in order to assist
in regulating the voltages provided by system 10 as will be
seen further hereinafter. Optical coupler 23 has an |
optical transistor 24 that provides the primary FB to
controller 20 and an optical emitter 25 that is connected
in secondary side 17. Those skilled in the art will
appreciate that the embodiment of coupler 23 is one example
of a method of providing a feedback signal and that other
well known embodiments may also be used.

Controller 20 generally includes an error amplifier
29, a PWM comparator 30, a clock generator or clock 31, a
ramp generator or ramp 32, a PWM latch 33, and an output
driver 34. Controller 20 receives the primary FB and forms
a switching drive signal on an output 26 that is used to
control transistor 21 and regulate the value of the
secondary voltage formed between output 40 and return 41.
One example of a suitable implementation of controller 20
is disclosed in United States paten no. 5,859,786 issued to
Hall et al on January 12, 1999, Those skilled in the art
will appreciate that the embodiment of controller 20 is one
example of a method of forming the switching drive signal
to regulate the secondary voltage and that other well known
embodiments may also be used. For example, controller 20
may be a quasi-resonant controller instead of a fixed

frequency PWM controller.
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Secondary side 17 includes a first output channel that
is coupled to winding 13 and a second output channel that
is coupled to second secondary winding 14. The first and
second channels form the respective secondary voltage and
auxiliary voltage as rectified dc voltages between
respective pairs of output 40 and return 41 and output 60
and return 61. The first output channel functions to form
the secondary voltage between output 40 and return 41 and
includes winding 13, a first blocking device such as a
diode 42, a filter capacitor 43, output 40 and return 41.
Diode 42 receives the output voltage from terminal 35 of
winding 13 and couples the output voltage to output 40.
Diode 42 also prevents current flow from secondary side 17
into winding 13. Filter capacitor 43 filters the voltage
from diode 42 to minimize ripple in the secondary voltage.
A resistor 44 is used to illustrate a load that may be
powered by the secondary voltage. However the load is not
limited to pure resistive loads. The second output channel
functions to form the auxiliary voltage between output 60
and return 61 and includes winding 14, a second blocking
device such as a diode 62, a filter capacitor 63, output 60
and return 61. Diode 62 receives the output voltage from
winding 14 and couples the output voltage to output 60.
Diode 62 also prevents current flow from secondary side 17
into winding 14. Filter capacitor 63 filters the voltage
from diode 62 to minimize ripple in the auxiliary voltage.
The turns-ratio of winding 12 to windings 13 and 14
influences the value of the Voltageé. Typically winding 14
has fewer turns than winding 13, thus, the value of the
secondary voltage typically is greater than the value of
the auxiliary voltage. A feedback network is connected
between output 40 and return 41 in order to form a
secondary side feedback voltage or secondary feedback (FB)
voltage that is representative of the value of the

secondary voltage between output 40 and return 41. In the
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preferred embodiment, the feedback network includes a
resistor divider that forms the value of the secondary FB
voltage proportionally to the value of the secondary
voltage. The resistor divider includes a resistor 46 that
is connected in series with a resistor 47 and coupled
between output 40 and return 41. A feedback node 48 at a
common connection between resistors 46 and 47 provides the
secondary FB voltage.

Secondary side 17 also includes a feedback control
circuit 70, a secondary regulator 66, and a standby pre-
regulator 53. Secondary regulator 66 generally is
connected between output 60 and return 61 to receive the
auxiliary voltage and form a first regulated output voltage
or regulated voltage between a regulated output 67 and
return 61. Regulator 66 preferably is a linear voltage
regulator and forms the value of the requlate voltage less
than the value of the auxiliary voltage. Regulator may be
implemented as any of a variety of well known regulator
circuits. One example of a linear regulator circuit is
illustrated within the box denoted asvregulator 66,
however, the illustrated implementation is only one example
of a suitable regulator implementation.

As will be seen further hereinafter, standby pre-
regulator 53 is configured as a linear regulator that is
used during the standby mode to supply an input voltage to
an input 68 of regqulator 66 when the auxiliary voltage
supplied by winding 14 is less than the minimum required
input voltage for operating regulator 66. Standby pre-
regulator 53 includes a blocking device, such as a diode
52, a pass transistor 54, and a voltage reference, such as
a zener diode 55 and a biasing resistor 56. Pre-regulator
53 is coupled to receive the output voltage from terminal
35 of winding 13 and to form a regulated standby voltage on
an output 57 of pre-regulator 53 that is coupled to output

6Q. Feedback control circuit 70 includes a biasing diode
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71, optical emitter 25 of optical coupler 23, standby
switch or transistor 73, resistor 49, and reference
regulator 72. Reference regulator 72 may be a reference
generator and shunt regulator, such as a TL431, that is
well known to those skilled in the art. Reference
generators and shut regulator devices such as the TL431 are
available from a variety of manufacturers including ON
Semiconductor of Phoenix Arizona.

When operating in the normal mode, the standby signal
received by circuit 70 is high, thus, transistor 73 is
enabled. Transistor 73 couples resistor 49 in parallel
with resistor 47 to establish a proportionality ratio
between the secondary voltage and the secondary FB voltage.
The secondary FB voltage from node 48 is received by
regulator 72. Regulator 72 has an internal reference
voltage and forms an error signal output that is .
representative of the difference between the secondary FB
voltage and the internal reference voltage of regqulator 72.
The value of the error signal on the output of regulator 72
controls the amount of current flowing from output 60
through diode 71 and optical emitter 25, thus, the primary
FB value received by controller 20. As the value of the
secondary FB voltage increases above the value of the
reference voltage of regulator 72, the value of the error
signal increases thereby increasing the current through
emitter 25 and decreasing the primary FB value received by
controller 20. Controller 20 responsively forms the
primary drive signal on output 26 to reduce the on-time of
transistor 21 and regulate the value of thé secondary
voltage between output 40 and return 41. TIf the value of
the secondary FB voltage decreases below the value of the
reference voltage of regulator 72, the value of the error
voltage becomes more negative thereby decreasing the
current through emitter 25 and increasing the primary FB

value received by controller 20. Controller 20 forms the
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primary drive signal to increase the on-time of transistor
21 and regulate the value of the secondary voltage.
Controlling the value of the secondary voltage also results
in system 10 forming the auxiliary voltage on output 60.
The valaue of the auxiliary/Voltage is ratioed to the
secondary voltage by the turns ratio of transformer 11.
Regulator 66 receives the auxiliary voltage and forms the
regulated voltage on output 67. Those skilled in the art
will appreciate that the feedback signal illustrated is one
example of a method of forming the feedback signal and that
other well known embodiments may also be used. For
example, ‘the feedback signal may be a current instead of a
voltage thus the primary feedback may vary differently as
long as the power is increased for an increase in power
required by load 44.

In the normal operating mode, pre-regulator 53 is
disabled. The value of the standby voltage from pre-
regulator 53 is chosen to be large enough to provide an
input voltage for operating regulator 66 but is less than
the auxiliary voltage on output 60 when system 10 in the
normal operating mode. 'Thus, the source of transistor 54
is at a higher voltage than the gate and transistor 54 is
disabled and does not provide any current the output 60.
For example, the secondary voltage may be a rectified dc
voltage of about one hundred forty-five volts (145 V) and
the resulting auxiliary voltage may be a rectified dc
voltage of about twelve volts. Regulator 66 may form a
regulated dc voltage of about five volts (5V) and the
standby voltage of pre-regulator 53 may be about 7.5 volts.

In the standby mode, system 10 reduces the value of
the secondary voltage and the auxiliary voltage in order to
reduce the power dissipation of the system that uses system
10. However, it generally is desirable to maintain the
regulated voltage on output 67 substantially unchanged.

When the standby signal goes to a low value, system 10
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begins changing to the standby operating mode. Circuit 70
responsively changes the proportionality ratio between the
secondary voltage and the secondary FB voltage to cause
system 10 to reduce both the secondary voltage and the
auxiliary voltage to the respective standby values thereof.
The low standby signal disables transistor 73 thereby
removing resistor 49 from the parallel connection with
resistor 47 thereby changing the proportionality ratio that
is used to form the secondary FB voltage at node 48. The
value of resistor 49 typically is much lower than the value
of resistor 47 in order to provide a large change in the
proportionality ratio and increase the value of the
secondafy FB voltage applied to regulator 72. Ihcreasing
the value of the secondary FB voltage increases the
difference between the secondary FB voltage and the
reference voltage of regulator 72 thereby increasing the
value of the error signal from regulator 72. The increased
error signal increases the current through emitter 25
thereby decreasing the primary feedback signal applied to
controller 20 causing controller 20 to responsively reduce
the on-time of transistor 21 to allow the value of the
secondary voltage to decrease. Controller 20 preferably
disables transistor 21 until the value of the secondary
voltage decreases to the standby value corresponding to the
secondary FB voltage reducing to substantially the value of
the reference voltage of regulator 72. When the secondary
FB voltage again is -approximately equal to the reference
voltage, controller 20 will regulate the secondary voltage
and the auxiliary voltage at values that are much less than
the values during the normal operating mode. The reduced
values are equal to the change in the proportionality ratio
resulting from enabling transistor 73 times the respective
voltage values during the normal operating mode.

Typically, the value of the secondary voltage in the

standby mode is chosen to be at least larger than the
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minimum voltage required to operate regulator 66 (V66) and
is much less than the secondary voltage value in the normal
mode. The value of the auxiliary voltage in the standby
mode is generally much lower than the minimum voltage
required to operate regulator 66 (V66). In the preferred
embodiment, the values of the secondary voltage and the
auxiliary voltage in the normal mode are approximately one
hundred forty five volts (145'V) and twelve volts (12 V)
respectively. In the standby mode they are approximately
twelve volts (12 V) and one volt (1.0 V), respectively.

The preferred minimum voltage required to operate regulator
66 (V66) is about 7.5 volts.

During the transition period between the normal mode
and the standby mode after controller disables transistor
21 and the secondary voltage is decreasing from the normal
value to the standby value, no energy.is coupled into
windings 13 and 14 which allows the value of the respective
voltages on outputs 40 and 60 to begin decreasing.
Regulator 66 uses the stored energy in capacitor 63 and
continues to provide the regulated voltage on output 67 as
long as the auxiliary voltage is high enough for regulator
66 to operate. Since no energy is coupled into windings 13
and 14 there may be insufficient energy to maintain
operating regulator 66. In order to provide some energy to
windings 13 and 14, circuit 70 is configured to provide a
primary FB that causes controller 20 to enable transistor
21 at least a portion of the time while the secondary
voltage is decreasing to the standby value. If the value
of the auxiliary voltage decreases below the minimum value
required to operate regulator 66 (V66), circuit 70 inhibits
current flow through emitter 25 causing controller 20 to
responsively operate transistor 21 to couple energy into
windings 13 and 14. The value of the zener voltage of
diode 71 is chosen to ensure such operation. The zener

voltage of diode 71 is chosen to be approximately equal to
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V66 minus the voltage drop across emitter 25 minus the
reference voltage of regulator 72. AS will be seen further
hereinafter, circuit 70 is typically set to a voltage that
is less than the standby voltage of pre-regulator 53 to
minimize conflicts between the control loops of secondary
side 17. Those skilled in the art will understand that
diode 71 may be omitted if sufficient power is available to
operate regulator 66 during the transition period.

For example, if V66 is about 7.5 volts, and if the
reference voltage of regulator 72 is about 2.5 volts, and

if the drop of emitter 25 is about 1.2 volts, then the

voltage of diode 71 may be about 3.8 volts (7.5-2.5-

1.2=3.8). Typically, the voltage of diode 71 is set Jjust
less than this, for example 3.5 volts to prevent control
loop conflicts. For this example of 3.5 volts, if the
auxiliary voltage decreases below 7.2 volts, no current
flows through emitter 25 causing the primary FB to increase
to a maximum value thereby causing controller 20 to begin
switching transistor 21 and couple energy into windings 13
and 14. The energy from windings 13 and 14 increases the
secondary voltage and the auxiliary voltage and charges
capacitors 43 and 63. Controller 20 continues to operate
transistor 21 responsively to the primary FB until the
auxiliary voltage reaches about 7.3 volts causing curreht
to again flow through emitter 25.

As the standby mode switching of transistor 21 charges
capacitor 43, the secondary voltage also increases the
secondary voltage. . At some point, the secondary voltage
from winding 13 is sufficient to enable pre-regulator 53 to
supply the standby voltage on output 57 to output 60 and
regulator 66. Pre-regulator 53 is configured to couple a
regulated voltage that is no less than V66 to the input of
regulator 66. The value of the reference voltage supplied
by diode 55 is chosen to be approximately equal to the

value of V66 minus the threshold voltage of transistor 54.
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Resistor 56 supplies a bias current to opérate diode 55 and-
drop the difference between the reference voltage of diode
55 and the secondary voltage value in the standby mode.
After the value of the auxiliary voltage on output 60
decreases to or below the value of the standby voltage, the
source of transistor 54 becomes lower tﬁan the diode 55
reference voltage minus the threshold voltage of transistor
54 thereby enabling transistor 54 to couple the standby
voltage to the input of regulator 66. As can be seen, if
the voltage of diode 71 is too high, circuit 70 may prevent
pre-regulator 53 from beiné'enabled. Thus, the voltage of
diode 71 is generally chosen so that circuit 70 enables
controller 20 at a voltage that is les than the standby
voltage. Regulator 66 utilizes this standby voltage as. an
input voltage to form the regulated voltage on output 67.
Diode 52 of pre-regulator 53 connects pre-regulator 53 to
terminal 35 of winding 13 to receive the energy directly
from winding 13 and functions as a rectifier similarly to
diode 42. Diode 52 also isolates pre-regulator 53 from
output 40. Consequently, if regulator 53 is shorted, diode
52 prevents the high voltage from output 40 damaging the

- low voltage portion of secondary side 17 including

regulator 66, circuit 70, and other circuits connected to
output 60. Thus, regulator 66 continues to supply the
regulated voltage to output 67 and the control logic
continues to operate. For example, transistor 54 may short
and connect diode 52 to output 60. If diode 52 were
omitted and regulator 53 connected to output 40, the high
voltage from output 40 would have been applied to output 60
and would have damaged the low voltage portion of secondary
side 17. Thus, this connection of diode 52 provides an
advantage not realized by prior art implementations.

In order to facilitate this functionality of system
10, terminal 35 of winding 13 is commonly connected to an

anode of diode 42 and an anode of diode 52. A cathode of
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diode 42 is commonly connected to output 40, to a first
terminal of capacitor 43, to a control input of pre-
regulator 53, and to a first terminal of resistor 46.
Return 41 is commonly connected to a first terminal of
resistor 47, a second terminal of capacitor 43, and a
second terminal of winding 13. A second terminal of
resistor 47 is connected to a second terminal of resistor
46 and to node 48. A cathode of diode 52 is connected to
an input of pre-regulator 53 and to a drain of transistor
54. A source of transistor 54 is connected to outputs 57
and 60, and a gate of transistor 54 is commonly connected
to a cathode of diode 55 and a first terminal of resistor
56 which has a second terminal connected to the control
input of pre-regulator 53. An anode of diode 55 is
connected to return 61. Output 60 is connected to input 68
of reqgulator 66, a first terminal of capacitor 63, and a
cathode of diode 62. An anode of diode 62 is connected to
a first terminal of winding 14. Return 61 is connected to
a return of regulator 66, a second terminal of capacitor
63, and a second terminal of winding 14. An output of
regulator 66 is connected to output 67. A cathode of diode
71 is connected to output 60 and an anode of diode 71 is
connected to an anode of emitter 25. A cathode of emitter
25 is connected to the output of regulator 72. A return of
regulator 72 is connected to return 61. An input of
regulator 72 is connected to node 48 and to a first
terminal of resistor 49. A second terminal of resistor 49
is connected to a collector of transistor 73. An emitter
transistor 73 is connected to return 61, and a base of
transistor 73 is connected to receive the standby signal.
In view of all of the above, it is evident that a
novel circuit and method is disclosed. Included, among
other features, is forming an auxiliary voltage that is
sufficient for operating a low voltage regulator in both a

standby and normal operating mode of a power supply system.
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Coupling a linear regulator to form a standby voltage that
is sufficient for operating the low voltage regulator
reduces the power dissipation n the standby mode.
Isolating the linear regulator from the secondary output
prevents damaging the power supply system in case of a
short circuit of the linear regulator.

While the invention is described with specific
preferred embodiments, it is evident that many alternatives
and variations will be apparent to those skilled in the
semiconductor arts. Although a preferred embodiment of the
pre-regulator is described, other implementations are
possible that provide the same regulated standby voltage.
Additionally, the word “connected” is used throughout for
clarity of the description, however, it is intended to have
the same meaning as the word “coupled”. Accordingly,
“connected” should be interpreted as including either a

direct connection or an indirect connection.
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CLATIMS

1. A power supply system compris%ng:

a transformer having a primary winding, a first
secondary winding with a first terminal of the first
secondary winding coupled to a first secondary output of
the power supply system, and having a second secondary
winding coupled to a first low voltage output of the power
supply system;

a switching power supply controller coupled to control
the primary winding to form a first output voltage on the
first secondary.winding and to form a second output voltage
on the second secondary winding;

a first blocking device configured to couple the first
output voltage to the first secondary output of the power
supply system as a secondary voltage;

a second blocking device configured to couple the
second output voltage to the first low voltage output of
the power supply system as. an auxiliary voltage; and

a first regulator coupled to receive the first output
voltagé from the first secondary winding and supply a first
regulated voltage to the first low voltage output of the
power supply system.

V2. The power supply system of claim 1 wherein the
first regulator coupled to receive the first output voltage
from the first secondary winding includes a third blocking
device configured to couple the first output voltage to the

first regulator.

3. The powér supply system of claim 2 wherein the
first blocking device is a first diode coupled in series
between the first terminal of the first secondary winding
and the first secondary output of the power suéply system,
the second blocking device is a second diode coupled in
series between the second secondary winding and the first
low voltage output of the power supply system, and the

_'15_
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third blocking device is a third diode coupled in series
between the first terminal of the first secondary winding

and an input to the first regulator.

4. The power supply system of claim 1 further
including a second regulator coupled to receive the first
regulated voltage from the first regulator and supply a
second regulated voltage on a second low voltage output of

the power supply system.

5. The power supply system of claim 1 further
including a feedback control circuit configured to provide
a feedback signal to regulate the secondary voltage to a
first value during a first operating mode of the power
supply system and to regulate the secondary voltage to a
second value that is less than the first value during a
second operating mode of the power supply system.

6. The power supply system of claim 5 wherein the
feedback control circuit includes a resistor divider
coupled to the first secondary output of the power supply
system to receive the secondary voltage and coupled to
provide a feedback voltage to an input of an error
amplifier, the feedback control circuit also including a
first resistor éonfigured for coupling in parallel with one
resistor of the resistor divider, an optical coupler
coupled to receive an output of the error amplifier, and a
zener diode coupled between the optical coupler and the

first low voltage output of the power supply system.

7. The power supply system of claim 1 wherein the
power supply system is configured to form a first feedback
voltage value that is representative of a first value of
the secondary voltage during a first operating mode and to
responsively control the switching power supply controller
to regulate the secondary voltage to the first value of the
secondary voltage and wherein the power supply system is

_16_
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configured to form the first feedback voltage value
representative of a second value of the secondary voltage
responsively to operating in a second operating mode to
responsively control the switching power supply controller
to regulate the secondary voltage to the second value of
the secondary voltage responsively to operating in the
second operating mode wherein the second value of the
secondary voltage is less than the first value of the

secondary voltage.

8. . The power supply system of claim 1 wherein first

regulator is a linear voltage regulator.

9. The poWer supply system of claim 8 wherein the
linear voltage réegulator includes a pass transistor coupled
to the first terminal of the first secondary winding to
receive the first output voltage and a first reference
voltage configured to enable the pass transistor
responsively to a first difference between the secondary
voltage and the auxiliary voltage.

10. A .method of forming a power supply system
comprising:

configuring the power supply system with a transformer
having a primary winding, a first secondary winding having
a first terminal, and a second secondary winding;

coupling the first secondary winding to a secondary
output of the power supply system;

coupling the second secondary winding to an auxiliary
output of the power supply system;

configuring a first voltage regulator to control the
primary winding to regulate a value of a secondary voltage
formed at the secondary output and form a first output
voltage at the first terminal of the first secondary
winding;
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coupling a second voltage regulator to receive the
first output voltage from the first terminal of the first
secondary winding and form a first regulated output voltage
on an output of the second voltage regulator; and

configuring a third voltage regulator to receive the
first regulated output voltage and form a second regulated
output voltage wherein the second regulated output voltage

is less than the first regulated output voltage.

11. The method of claim 10 wherein coupling the
second voltage regulator to receive the first output
voltage from the first terminal of the first secondary
winding and form the first regulated output voltage
includes coupling a first blocking device between the first
terminal of the first secondary winding and the secondary

output.

12. The method of claim 11 further including coupling
a second blocking device between the first terminal of the
first secondary winding and the second voltage regulator.

13. The method of claim 10 further including coupling
the output of the second voltage regulator and an input of

the third voltage regulator to the auxiliary output.

14. The method of claim 10 further including
configuring a feedback circuit to form a feedback signal
having a first proportionality to the secondary voltage
during a first operating mode of the power supply system
and to have a second proportionality to the secondary
voltage during a second operating mode of the power supply

system.

15. The method of claim 10 wherein configuring the
first voltage regqulator to control the primary winding to
regulate the value of the secondary voltage formed at the
secondary output and form a first output voltage at the
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first terminal of the first secondary winding includes
configuring the first voltage regulator to regulate the
value of the secondary voltage during a normal operating
mode and a standby operating mode of the power supply
system and further including configuring the first voltage
regulator to regulate a value of the auxiliary voltage
responsively to transitioning from the normal operating

mode to the standby operating mode.

16. A power supply method comprising:

configuring a power supply system with a transformer
having a primary winding, a first secondary winding having
a first terminal coupled to a.secongary output of the power
supply system, and a second secondary winding coupled to an
auxiliary output of the power supply system;

regulating a value of a secondary voltage on the
secondary output and forming an output voltage on the first
terminal of the first secondary winding wherein regulating
the secondary voltage forms an auxiliary voltage on the
auxiliary output;

‘ using the output voltage on the first terminal of the

first secondary winding to form a first regulated voltage;

using the first regulated voltage to form a second
regulated voltage during a standby operating mode of the
power supply system wherein the second regulated voltage is
less than the first regulated voltage; and

regulating a value of the auxiliary voltage a portion
of a transition period between operating in a standby mode

and operating in a normal mode.

17. The method of claim 16 wherein using the output
voltage on the first terminal of the first secondary
winding to form the first regulated voltage includes

coupling a linear regulator to receive the output voltage

“and couple the first regulated voltage to the auxiliary

output including isolating the linear regulator from the

secondary output voltage.
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18. The method of claim 16 wherein regulating the
value of the auxiliary voltage the portion of the
transition period between operating in the standby mode and .
operating in the normal mode includes forming a feedback
signal coupled to operate a switching power supply
controller to control current through the primary winding

responsively to the value of the auxiliary voltage.

19. The method of claim 16 wherein regulating the
value of the auxiliary voltage the portion of the
transition period between operating in the standby mode and
operating in the normal mode includes coupling energy into
the second secondary winding after the auxiliary voltage

decreases to a first value.

20. The method of claim 19 wherein regulating the
value of the secondary voltage on the secondary output and
forming the output voltage on the first terminal of the
first secondary winding wherein regulating the secondary
voltage forms the auxiliary voltage on the auxiliary output
includes regqgulating the secondary voltage on the secondary
output responsively to the power supply system operating in
the normal mode or in the standby mode. |
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