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(57) Abstract

An overvoltage protection circuit is provided for a switched-mode power supply of the type having a transformer (21) and a switching
transistor (64) coupled in series with a primary winding (56) of the transformer (21). The overvoltage protection circuit includes a sensing
resistor (74) having a first terminal directly connected to a sensing winding (20) for generating a current proportional to the voltage across
the sensing winding (20), with a second terminal of this resistor being coupled to an input of a current mirror (78). The reflected current
output of the current mirror (78) is compared to an overvoltage reference current generated by an overvoltage reference current source (88)
by means of a current comparator (92), and a circuit (38) is provided to generate a signal to turn off the switching transistor (64) when
the reflected current exceeds the overvoltage reference current. Such an overvoltage protection circuit provides fast, efficient and accurate

overvoltage protection for the switched—mode power supply.
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Overvoltage protection circuit for SMPS based on demagnetization signal.

BACKGROUND OF THE INVENTION

The invention is in the field of power supply protection circuits, and relates
more particularly to an overvoltage protection circuit, for a switched-mode power supply of
the type having a transformer and a switching transistor coupled in series with a winding of
the transformer. |

Such an overvoltage protection circuit is known from U.S. Patent No.
5,313,381.

Switched-mode power supplies are well known in the art, and are typically used
to obtain good regulation (due to switched feedback) as well as efficient and economical
filtering, since smaller-value filtering components can be used because of the typically higher
operating frequency of the switched-mode supply.

In switched-mode power supplies, it is desirable to provide overvoltage
protection to prevent the power supply output from exceeding a predetermined maximum
value, thus preventing circuit malfunction and possible damage to circuitry powered by the
switched-mode power supply.

In prior-art overvoltage protection circuits, such as the overvoltage protection
circuit incorporated into the Motorola MC44603 power supply controller IC and illustrated in
Fig. 44 on page 22 of the Motorola Technical Data Sheet for this device, a filtered DC
voltage (Vo) is sensed by a resistive divider, then compared to a voltage reference level by
a voltage comparator, the output of which is fed to a circuit which generates a signal that
serves to turn off a switching transistor within the switched-mode power supply, thus causing
the output voltage to drop below the overvoltage protection level. A similar circuit is shown
in Fig. 1 of U.S. Patent No. 5,313,381.

A prior-art overvoltage protection circuit of this general type is shown in
simplified form in Fig. 1. In Fig. 1, an overvoltage protection circuit 10 senses an auxiliary
power supply voltage V. which is generated from an AC voltage taken from an auxiliary
winding 20 of a power supply transformer 21, which, in the simplified embodiment shown,
is rectified by a diode 22 and filtered by a filter capacitor 24 to produce the voltage V¢c at

terminal 26. Voltage Vc is sensed by a resistive divider composed of resistors 28 and 30,
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with a scaled-down voltage proportional to V¢ being coupled to the noninverting (+) input
of a voltage comparator 32. The inverting (-) input of voltage comparator 32, at the terminal
34, is provided with a voltage reference signal Vygg. The output of voltage comparator 32,
on line 36, is connected to the Set input (S) of a circuit, such as the latch circuit 38 shown
here, for providing an overvoltage indicator signal Vgyp at the output (Q) of the latch circuit
at terminal 42. In order to restore the power supply circuit to its normal operating condition,
a reset signal Vygopr is applied to Reset (R) terminal 40 of the latch circuit 38.

The prior-art circuit of Fig. 1 operates by sensing the rectified, filtered voltage
Ve, stepping this voltage down using a resistive voltage divider composed of resistors 28
and 30, and feeding this stepped-down voltage to the noninverting inpuf of comparator 32.
The inverting input 34 of the comparator is provided with a voltage reference signal Vggp,
with the attenuation ratio of the resistive voltage divider and the value of the Vygr selected
such that the comparator output 36 trips at a voltage which exceeds the nominal value of
Ve by a selected amount. When the comparator 32 trips, latch 38 is set and an overvoltage
protection signal Vgyp is generated on terminal 42. This signal is provided to a switching
transistor (such as transistor 40 in Fig. 1 of U.S. Patent No. 5,313,381) which is coupled in
series with the primary winding of the switched-mode power supply transformer to inhibit
switching and thereby reduce the output voltage of the power supply. When the power
supply output returns to an acceptable level, latch 38 is reset by a signal Vpggpr at reset
terminal 40 and the circuit returns to its normal mode of operation.

Although the circuit of Fig. 1 provides adequate overvoltage protection, it
suffers from several drawbacks. Since this overvoltage protection circuit senses the voltage
across capacitor 24, typically a large capacitor which will charge and discharge relatively
slowly, the overvoltage protection circuit will inherently be slow to recognize an overvoltage
condition due to increased transformer voltage. Additionally, since V¢ can vary by as
much as 30 percent from its nominal value due to such factors as transformer winding ratio
tolerances, the voltage fed to the noninverting input of voltage comparator 32, which is a
scaled-down version of V¢, can have a similar percentage variation, thus rendering the
circuit relatively inaccurate.

Accordingly, it would be desirable to have an overvoltage protection circuit for
a switched-mode power supply which is both faster and more accurate than existing

overvoltage protection circuits.

SUMMARY OF THE INVENTION
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It is therefor an object of the invention to provide an overvoltage protection
circuit for a switched-mode power supply which is capable of operating faster than prior-art
circuits and which also offers improved accuracy with respect to prior-art circuits.

In accordance with the invention, these objects are achieved by a new
overvoltage protection circuit for a switched-mode power supply which is characterized in
that the overvoltage protection circuit comprises a sensing resistor having a first terminal
directly connected to a sensing winding of the transformer for generating a current in said
sensing resistor proportional to the voltage across said sensing winding and a second
terminal, a current mirror, said second resistor terminal being coupled to an input of said
current mirror, an overvoltage reference current source coupled to an oﬁtput of said current
mirror, a current comparator for comparing a reflected current from said current mirror
proportional to said sensing current in said sensing resistor to an overvoltage reference
current generated by said overvoltage reference current source, and circuit means for
generating a signal to turn off said switching transistor when said reflected current exceeds
said overvoltage reference current.

In a preferred embodiment of the invention, the sensing resistor is a variable
resistor, so that current generated therein can be adjusted to compensate for variations due to
such factors as transformer winding ratio tolerances.

In a further preferred embodiment of the invention, the current mirror is
provided with a delay circuit so that the overvoltage protection circuit will not be overly
sensitive to a highly transient overvoltage condition.

In yet a further preferred embodiment of the invention, the overvoltage
reference current source provides an overvoltage reference current which exceeds a nominal
current in the sensing resistor by a selected percentage which is approximately equal to the
percentage above a nominal voltage of the switched-mode power supply at which the
switching transistor is to be turned off.

An overvoltage protection circuit in accordance with the present invention offers
a significant improvement in that faster, more efficient and more accurate overvoltage
protection is provided for the switched-mode power supply in which such an overvoltage
protection circuit is provided.

These and other aspects of the invention will be apparent from and elucidated

with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWING
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The invention may be more completely understood with reference to the
following description, to be read in conjunction with the accompanying drawing, in which:

Fig. 1 shows a simplified schematic diagram of a prior-art overvoltage
protection circuit; and

Fig. 2 shows a simplified schematic diagram of a switch-mode power supply
incorporating an improved overvoltage protection circuit in accordance with the invention.

In the drawing, like components are generally designated by like reference

numerals.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows a simplified schematic diagram of a typical prior-art overvoltage
protection circuit, as described above. Since this circuit operates by sensing the rectified,
filtered voltage on capacitor 24, circuit operation will inherently be slow, thus not affording
optimum overvoltage protection and possibly resulting in circuit malfunction or even
permanent damage to sensitive circuit components. Additionally, as noted above, since the
voltage across capacitor 24 can vary substantially from its nominal value, the prior-art
overvoltage protection circuit, which operates off a fixed-ratio scaled-down version of the
capacitor voltage, can have a relatively inaccurate overvoltage trigger level.

These disadvantages are overcome by the overvoltage protection circuit of the
present invention, which is shown in a simplified switched-mode power supply 50 in Fig. 2.
In the circuit of Fig. 2, an AC input voltage V 4 is applied to a conventional diode bridge
rectifier 52, the output of which is coupled to a filter capacitor 54 and a primary winding 56
of transformer 21. The primary winding 56 is coupled to ground through a switching
transistor 64 and, optionally, a resistor 66. A secondary winding 58 of transformer 21 has
its output coupled through a diode 60 to a filter capacitor 62, with the D.C. output voltage
Vpc of the circuit being taken across this capacitor. A sensing or auxiliary winding 20 of
the transformer 21 is connected to diode 22 and filter capacitor 24 to generate a D.C. voltage
Ve on terminal 26, which voltage can be used to power the control circuitry of the power
supply. The portions of the circuit so far described are essentially similar to those of Fig. 1
of U.S. Patent No. 5,313,381, in both configuration and operation, and accordingly will not
be described in further detail.

Unlike the prior-art overall voltage protection circuits previously described, in
the overvoltage protection circuit 70 of the present invention, as shown in Fig. 2, the

protection circuit input is taken directly from the auxiliary winding 20 of the transformer 21,
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at junction 72, rather than from terminal 26, at which terminal the auxiliary winding output
has been rectified and filtered. This input to the overvoltage protection circuit is coupled
through a sensing resistor 74, here a variable resistor, to the input terminal 76 of a current
mirror 78 in order to provide an input current Iggnsg proportional to the voltage at junction
72 to the input terminal 76 of the current mirror 78. The current mirror 78 includes two
MOSFET transistors 80 and 82 in a conventional current mirror configuration. The current
mirror 78 may additionally include a delay circuit, in the form of an RC filter composed of
resistor 84 and capacitor 86, which may optionally be included for the purpose of avoiding a
false overvoltage protection circuit trigger condition due to a transient noise signal of short
duration. In practice, the values of resistor 84 and capacitor 86 may bé selected in a known
manner to provide a delay of about 500 nanoseconds.

The output of current mirror 78 is connected to a current source 88, which is
coupled to a power line 90 and which provides a current of n.Ixgg A current comparator 92
has an input coupled to the junction 94 between current source 88 and transistor 82 of the
current mirror 78, so that the current comparator changes state and provides a Set (S) input
to the latch 38 on line 36 when the current in current mirror transistor 82 exceeds the value
n.Ipgp of the current source 88. This in turn will generate an overvoltage protection circuit
output signal Vqgyp from the Q output of the latch 38 at terminal 42, thus disabling switching
transistor 64 and reducing the overvoltage condition. When the overvoltage condition ceases,
the latch 38 is reset by a signal Vpgspr at Reset (R) input 40 of the latch, in the same
manner as the prior-art circuit of Fig. 1.

The current source 88 provides a current of n.Iggr Wwhere Iggg is a selected
reference current value, with resistor 74 being set such that Iggnsg is equal to Ipgp when the
voltage at junction 72 is equal to its nominal operating value. Since current mirror 78 is
selected to have a 1:1 current ratio, the current in MOSFET 82 will be equal to IggnsE,
which in the nominal case is equal to Iggg. Thus, by selecting the parameter n to be equal
to a value at which overvoltage detection and protection is to occur, a desired overvoltage
protection level can be achieved. Thus, for example, if n is set equal to 1.26, the
overvoltage protection circuit will trigger when the voltage level at junction 72 (which is
proportional to the output voltage Vpc) rises above its nominal value by 26 percent. The
current source 88, shown schematically in Fig. 2 by a current-source symbol, may be
implemented by conventional means, such as a current mirror having its input connected to a
source of reference current Ipgp, and a current mirror ratio of 1:n.

In operation, the resistance of variable resistor 74 will set such that Iggnsg 18
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equal to Iy under nominal operating conditions. This initial adjustment not only sets the
nominal operating conditions of the circuit, but also serves to compensate for voltage
variations in a particular circuit due to component tolerances, such as the tolerances in the
transformer winding ratios, which can vary by as much as 30 percent, thus causing similar
variations in voltages among circuits having nominally identical circuit configurations. In
this manner, the drawback of prior-art circuits, such as the one shown in Fig. I, that voltage
variations due to component tolerances can lead to substantial variations in the level of
overvoltage that will trigger the overvoltage protection circuit, is eliminated. Additionally,
since the input to the overvoltage protection circuit of the invention is taken directly from a
transformer winding, at junction 72, rather than from across capacitor 24 as in the prior-art,
an overvoltage condition can be detected much more rapidly, since the substantial time delay
necessary to charge the capacitor 24 has been eliminated. Thus, overvoltage protection
circuits in accordance with the present invention are both faster and more accurate than
prior-art circuits.

Instead of taking the input for the overvoltage protection circuit from a separate
auxiliary winding, the secondary winding or even the primary winding of the transformer can
be used as a sensing winding for providing the input.

While the invention has been particularly shown and described with reference to
several preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and detail may be made without departing from the spirit or scope

of the invention.
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CLAIMS

1. An overvoltage protection circuit, for a switched-mode power supply of the type
having a transformer (21) and a switching transistor (64) coupled in series with a winding
(56) of the transformer (21), characterized in that the overvoltage protection circuit
comprises a sensing resistor (74) having a first terminal directly connected to a sensing
winding (20) of the transformer (21) for generating a current in said sehsing resistor (74)
proportional to the voltage across said sensing winding (20) and a second terminal, a current
mirror (78), said second resistor terminal being coupled to an input (76) of said current
mirror (78), an overvoltage reference current source (88) coupled to an output (94) of said
current mirror (78), a current comparator (92) for comparing a reflected current from said
current mirror (78) proportional to said sensing current in said sensing resistor (74) to an
overvoltage reference current generated by said overvoltage reference current source (88),
and circuit means (38) for generating a signal to turn off said switching transistor (64) when
said reflected current exceeds said overvoltage reference current.

2. An overvoltage protection circuit as in Claim 1, characterized in that said
sensing resistor (74) comprises a variable resistor.

3. An overvoltage protection -circuit as in Claim 1, characterized in that said
current mirror comprises a delay circuit (84,86).

4. An overvoltage protection circuit as in Claim 1, characterized in that said
means (38) for generating a signal to turn off said switching transistor (64) comprises a latch
circuit.

5. An overvoltage protection circuit as in Claim 1, characterized in that said
overvoltage reference current source (88) provides an overvoltage reference current which
exceeds a nominal current in said sensing resistor (74) by a selected percentage
approximately equal to the percentage above a nominal voltage of said switched-mode power

supply at which said switching transistor (64) is to be turned off.
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