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(57) Abstract: A circuit for detecting faults in at least one converter in a converter system, the at least one converter including a
switching stage having high- and low-side switches connected at a switching node and fault circuitry for managing a plurality of fault
conditions. The circuit including a gate driver circuit connected to gate terminals of the high- and low-side switches for providing
PWM signals to control the switching stage; a comparator circuit for comparing a voltage at the switching node to the input voltage
and providing an output signal, the comparator circuit having output, positive and negative terminals; a fourth capacitor connected
to the output terminal of the comparator circuit to generate an AC component of the comparator circuit output signal; and a rectifier
circuit connected to the fourth capacitor for rectifying the AC component of the comparator circuit and providing a fault-indicating
signal to the gate driver. The fault-indicating signal is used to drive the fault circuitry to correct a fault condition selected from the
plurality of fault conditions in the converter system.
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BUCK CONVERTER FAULT DETECTION METHOD

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based on and claims priority to U.S. Provisional
Patent Application Serial No. 60/822,438, filed on 15 August 2006 and U.S. Patent
Application Serial No. 11/838,339, filed 14 August 2007, the entire disclosures of

which are hereby incorporated by reference.
BACKGROUND OF THE INVENTION

[0002] The present invention relates to converters, and more particularly to

detecting fault in converters.

[0003] In a single or scalable buck converter system, each buck converter might
experience faults such as input rail floating, high side switch gate floating, high side
switch short or open, etc. Such faults might lead other converters to become
electrically or thermally overstressed, and therefore normally in need of being
reported to the converter or the system. Thus, what is needed is simple circuit that

covers these fault scenarios in a converter.
SUMMARY OF THE INVENTION

[0004] It is an object of the present invention to provide a circuit for detecting

input rail floating, high side switch gate floating, and high side switch short or open.

[0005] A circuit for detecting faults in at least one converter in a converter
system is provided. The at least one converter including a switching stage having
high- and low-side switches connected at a switching node and fault circuitry for
managing a plurality of fault conditions. The circuit including a gate driver circuit
connected to gate terminals of the high- and low-side switches for providing PWM

signals to control the switching stage; a comparator circuit for comparing a voltage
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at the switching node to the input voltage and providing an output signal, the
comparator circuit having output, positive and negative terminals; a fourth capacitor
connected to the output terminal of the comparator circuit to generate an AC
component of the comparator circuit output signal; and a rectifier circuit connected
to the fourth capacitor for rectifying the AC component of the comparator circuit
and providing a fault-indicating signal to the gate driver. The fault-indicating signal
is used to drive the fault circuitry to correct a fault condition selected from the

plurality of fault conditions in the converter system.

[0006] Other features and advantages of the present invention will become
apparent from the following description of the invention that refers to the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is a block diagram of a circuit of converter and a fault detector

of the present invention; and

{0008] Figure 2 is a graph illustrating a peak voltage at the switching node

during input rail floating.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0009] Figure 1 illustrates a converter having a PWM enabled gate driver for
controlling a switching stage consisting of high- and low-side switches Q6 and Q3
connected at a switching node. A second terminal of the high-side switch is
connected to an input voltage source Vi, which is connected to a grounded

capacitor CIN. A second terminal of the low-side switch is connected to the ground.
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[0010] The present invention further includes a detection circuit comprised of a
comparator 14 for comparing a voltage at the switching node, which may be scaled
by a value provided by an amplifier circuit K2 connected to a positive terminal of
the comparator 14, to the input voltage Vin, which may be scaled by a value
provided by an amplifier circuit K1 connected to a negative terminal of the
comparator 14. A capacitor CDCOUP, connected between an output terminal of the
comparator 14 and an input of a rectifier 16, provides the AC component of an
output signal of the capacitor CDCOUP to be rectified by the rectifier 16. A fault
flag signal provided by the rectifier 16 may be used to drive fault-related circuitry of

a downstream converter.

[0011] The circuit 10 uses the voltage at the switching node for comparison with
the input voltage V| scaled by the amplifier K1, the output of the comparator 14 is
decoupled through a first terminal of the capacitor CDCOUP, a second terminal of
the capacitor CDCOUP is connected to the rectifier 16. This arrangement extracts
the AC component of the output signal from the comparator 14. This AC

component may be used to signal a fault condition in the converter 10.

[0012] Input rail floating, high-side switch short or open are the most common
converter fault scenarios. When the high-side switch Q6 is short or open, the output
of the comparator 14 will be constant high or low, respectively. Thereafter no AC
component will be fed into the rectifier 16 through the decoupling capacitor
CDCOUP.

[0013] For input rail floating, illustrated in Fi gure 2, in graph (a) a waveform of

voltage at the switching node with floating input is displayed over a waveform of
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[0014] Although the present invention has been described in relation to
particular embodiments thereof, many other variations and modifications and other
uses will become apparent to those skilled in the art. 1t is preferred, therefore, that

the present invention not be limited by the specific disclosure herein.
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WHAT IS CLATMED IS:

1. A circuit for detecting faults in at least one converter in a converter
system, the at least one converter including a switching stage having high- and low-
side switches connected at a switching node and fault circuitry for managing a
plurality of fault conditions, the circuit comprising:

a gate driver circuit connected to gate terminals of the high- and low-side
switches for providing PWM signals to control the switching stage;

a comparator circuit for comparing a voltage at the switching node to the
input voltage and providing an output signal, the comparator circuit having output,
positive and negative terminals;

a fourth capacitor connected to the output terminal of the comparator circuit
to generate an AC component of the comparator circuit output signal; and

a rectifier circuit connected to the fourth capacitor for rectifying the AC
component of the comparator circuit and providing a fault-indicating signal to the
gate driver,

wherein the faunlt-indicating signal is used to drive the fault circuitry to
correct a fault condition selected from the plurality of fault conditions in the

converter system.

2. The circuit of claim 1, further comprising an input voltage source

connected to one terminal of the high-side switch and to a grounded first capacitor.

3. The circuit of claim 3, further comprising:
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a series couples resistor and third capacitor stage, the stage being parallel
connected to the inductor. .

4, The circuit of claim 3, further comprising a circuit connected between
the switching node and a positive terminal of the comparator circuit for scaling the

voltage at the switching node by a first value.

5. The circuit of claim 4, further comprising a circuit connected to a
negative terminal of the comparator circuit for scaling the input voltage by a second

value

6. The circuit of claim 1, wherein the plurality of fault conditions is
selected from at least one of input rail floating, high-side switch gate floating, high-

side switch short and high-side switch open.

7. The circuit of claim 6, wherein the AC component of the output
signal is absent in situations selected from at least one of

when the high-side switch is short the output signal of the comparator circuit
is constantly high and

when the high-side switch is open the output signal of the comparator circuit

is constantly low.

8. The circuit of claim 6, wherein a preset threshold is compared with
the voltage at the switching node to determine input rail floating which exists when
a peak voltage at the switching node is less than the input voltage, the threshold is

preset to the peak switching node voltage.
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