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MULTI-PHASE VOLTAGE CONVERTER
WITH FAULT INSTRUCTION CIRCUIT

TECHNICAL FIELD

[0001] The present invention generally relates to elec-
tronic circuits, and more particularly but not exclusively to
multi-phase voltage converter and switching circuit with
fault instruction circuit.

BACKGROUND

[0002] In power solutions of high integrated applications,
an integrated switching circuit is widely used with fewer
pins. Generally, as shown in FIG. 1, a switching circuit 51
may comprise four pins, a first pin 501 configured to output
a fault unable signal, a second pin 502 configured to receive
a control signal PWM to control the switching circuit 51, a
third pin 503 configured to receive an input voltage signal
Vv and a fourth pin 504 configured to provide an output
voltage signal V ;7. Usually, the fault unable signal may be
used to indicate whether one or more faults occur. The
switching circuit 51 will be turned off for protection once
one or more faults occur in the switching circuit 51.
[0003] However, detailed fault information may not be
obtained from the fault unable signal. Moreover, in multi-
phase voltage converters, any fault in one phase of the
switching circuits may induce the whole multi-phase voltage
converter to shut down. Still, the fault unable signal is not
able to provide specific information regarding what types of
the one or more faults are and which phase the one or more
faults occur in. Traditionally, if we need more fault infor-
mation about the switching circuit 51, additional pins may
be added, which can result in larger size, and higher cost of
the integrated circuit.

SUMMARY

[0004] Embodiments of the present invention are directed
to a switching circuit with a fault detection function. The
switching circuit comprising a first pin and a second pin. The
first pin is configured to provide an unable signal, wherein
the switching circuit is turned off once the unable signal is
in an active state, and wherein the unable signal is in the
active state when one or more faults occur in the switching
circuit. when the unable signal is in an inactive state, the
second pin is configured to receive a control signal to control
the switching circuit; and when the unable signal is in the
active state, the second pin is configured to output an
instruction signal, wherein the instruction signal is config-
ured to represent each of the one or more faults with a
particular value.

[0005] Embodiments of the present invention are further
directed to a multi-phase voltage converter with a fault
detection function. The multi-phase voltage converter com-
prises a plurality of switching circuits and a controller. The
plurality of switching circuits with each of the switching
circuits comprising a first pin and a second pin, wherein the
first pin is configured to provide an unable signal, wherein
the unable signal is in an active state when one or more faults
occur in the switching circuit. when the unable signal is in
an inactive state, the second pin is configured to receive a
control signal to control the switching circuit; and when the
unable signal is in the active state, the second pin is
configured to output an instruction signal, wherein the
instruction signal is configured to represent each of the one
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or more faults with a particular value. The controller con-
figured to receive a feedback signal indicative of an output
voltage of the multi-phase voltage converter, and further
configured to generate the control signal of each of the
plurality of switching circuits based on the feedback signal,
wherein the controller is also configured to receive the
unable signal of each of the plurality of switching circuits.
when the unable signal of each of the plurality of switching
circuits is in the inactive state, the controller is configured to
provide the control signal to the second pin of each of the
plurality of switching circuits; when the unable signal of one
of' the plurality of switching circuits is in the active state, the
controller is configured to turn the plurality of switching
circuits off, and further configured to receive the instruction
signal from the second pin of the corresponding switching
circuit.

[0006] Embodiments of the present invention are further
directed to a fault detection method used in a switching
circuit, wherein the switching circuit has a first pin and a
second pin, and wherein during normal operation, the sec-
ond pin is configured to receive a control signal to control
the switching circuit. the fault detection method comprising:
detecting whether one or more faults occur in the switching
circuit; providing an unable signal at the first pin, wherein
the unable signal is configured to turn the switching circuit
off once one or more faults occur; providing an instruction
signal at the second pin based on the one or more faults,
wherein the instruction signal is configured to represent each
of the one or more faults with a particular value; and
outputting a fault report signal based on the instruction
signal.

BRIEF DESCRIPTION OF THE DRAWING

[0007] The present invention can be further understood
with reference to the following detailed description and the
appended drawings, wherein like elements are provided with
like reference numerals.

[0008] FIG. 1 illustrates a prior art block diagram of a
voltage converter 50.

[0009] FIG. 2 illustrates a block diagram of a voltage
converter 100 in accordance with one embodiment of the
present invention.

[0010] FIG. 3 illustrates a block diagram of a voltage
converter 200 in accordance with an embodiment of the
present invention.

[0011] FIG. 4 illustrates a block diagram of the fault
instruction circuit 12 shown in FIG. 3 in accordance with
one embodiment of the present invention.

[0012] FIG. 5a schematically illustrates a fault control
circuit 422 shown in FIG. 4 in accordance with an embodi-
ment of the present invention.

[0013] FIG. 56 schematically illustrates a fault control
circuit 422 shown in FIG. 4 in accordance with an embodi-
ment of the present invention.

[0014] FIG. 6 schematically illustrates a fault instruction
circuit 12 shown in FIG. 4 in accordance with an embodi-
ment of the present invention.

[0015] FIG. 7 shows a table illustrated the voltage of the
fault instruction signal of FIG. 6 in accordance with an
embodiment of the present invention.

[0016] FIG. 8 schematically illustrates a switching module
11 shown in FIG. 3 in accordance with an embodiment of the
present invention.
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[0017] FIG. 9 schematically illustrates a multi-phase volt-
age converter 900 in accordance with an embodiment of the
present invention.

[0018] FIG. 10 schematically illustrates a sub-controller
91 shown in FIG. 9 in accordance with an embodiment of the
present invention.

[0019] FIG. 11 is a working flow chart of the switching
circuit 10 shown in FIG. 2 in accordance with one embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0020] Reference will now be made in detail to the pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. While the inven-
tion will be described in conjunction with the preferred
embodiments, it will be understood that they are not
intended to limit the invention to these embodiments. On the
contrary, the invention is intended to cover alternatives,
modifications and equivalents, which may be included
within the spirit and scope of the invention as defined by the
appended claims. Furthermore, in the following detailed
description of the present invention, numerous specific
details are set forth in order to provide a thorough under-
standing of the present invention. However, it will be
obvious to one of ordinary skill in the art that the present
invention may be practiced without these specific details. In
other instances, well-known methods, procedures, compo-
nents, and circuits have not been described in detail so as not
to unnecessarily obscure aspects of the present invention.
[0021] Embodiments of the present invention are directed
to a multi-phase switching converter comprising a plurality
of switching circuits. During normal operation, all of the
switching circuits are turned on successively. When an over
current condition of a current switching circuit of the
plurality of switching circuits is detected, instead of shutting
down the whole multi-phase switching converter, the current
switching circuit is skipped and the other switching circuits
are turned on successively. In this specification, multi-phase
switching converters with constant on-time control are set as
examples to describe the embodiments. However, persons
skilled in the art can recognize that the present invention can
also be applied to multi-phase switching converters with any
other control method.

[0022] FIG. 2 illustrates a block diagram of a voltage
converter 100 in accordance with an embodiment of the
present invention. As shown in FIG. 2, the voltage converter
100 may comprise a switching circuit 10, a controller 20 and
a feedback circuit 30.

[0023] In one embodiment, the switching circuit 10 may
comprise a first pin 101, a second pin 102, a third pin 103
and a fourth pin 104. The first pin 101 is configured to output
a fault unable signal fault_UN with an inactive state and an
active state, wherein the unable signal fault UN is in the
active state when one or more faults occur in the switching
circuit 10, and wherein the unable signal fault_UN is con-
figured to turn the switching circuit 10 off once the unable
signal fault_UN is in an active state. The second pin 102
may be configured to receive a control signal PWM to
control the switching circuit 10 when the unable signal
fault_UN is in the inactive state, and further configured to
output an instruction signal fault_C when the unable signal
fault_UN is in the active state, wherein the instruction signal
fault_C is configured to represent each of the one or more
faults with a particular value. The third pin 103 may be
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configured to receive an input voltage signal V. The
switching circuit 10 may comprise at least one switch. The
input voltage V., can be converted to an output voltage
Vo at the fourth pin 104 by switching the at least one
switch on and off.

[0024] In one embodiment, the instruction signal fault_C
may comprise a voltage signal. It should be understood that
the instruction signal fault_C may comprise other suitable
signals, e.g. current signal. In one embodiment, the instruc-
tion signal fault_C is configured to represent each of the one
or more faults with a particular value. In one embodiment,
for example, a voltage value 2.2V of the instruction signal
fault_C is indicative of an over current fault, and a voltage
value 1.32V of the instruction signal fault_C is indicative of
an over voltage fault. Of course, in another embodiment, we
can set a voltage value 1.8V of the instruction signal fault_C
corresponding to an over current fault, and a voltage value
1.1V of the instruction signal fault_C corresponding to an
over voltage fault. Moreover, when at least two faults occur
at the same time, a different value of the instruction signal
fault_C can be generated correspondingly. For example, in
another embodiment, the voltage value 1.8V of the instruc-
tion signal fault_C corresponds to an over current fault, the
voltage value 1.1V of the instruction signal fault_C corre-
sponds to an over voltage fault, and a voltage value 0.73V
of the instruction signal fault_C corresponds to an over
current fault companying with an over voltage fault.
[0025] In one embodiment, the controller 20 may be
configured to receive a feedback signal V5, and further
configured to provide the control signal PWM to control the
at least one switch of switching circuit 10 based on the
feedback signal V. when the unable signal fault_UN is in
the inactive state. Moreover, the controller 20 is also con-
figured to receive the unable signal fault_UN, and further
configured to turn the switching circuit 10 off and to receive
an instruction signal fault_C simultaneously when the
unable signal fault_UN is in an active state.

[0026] Inone embodiment, the feedback circuit 30 may be
configured to receive the output voltage V.- and config-
ured to provide the feedback signal V. indicative of the
output voltage V 57

[0027] FIG. 3 illustrates a block diagram of a voltage
converter 200 in accordance with an embodiment of the
present invention. As shown in FIG. 3, the voltage converter
200 may comprise a switching circuit 10, a controller 20 and
a feedback circuit 30.

[0028] In one embodiment, the switching circuit 10 may
comprise a switching module 11. In the exemplary embodi-
ment of FIG. 3, the switching module 11 may be coupled to
the second pin 102 and the third pin 103 for receiving the
control signal PWM and the input voltage signal V ,; respec-
tively. The switching module 11 may be configured to
provide the output voltage V- at the fourth pin 104, and
to provide a plurality of fault state signals (F_OC, F_OV,
F_OT, F_SG . . . ) indicating whether one or more faults
occur in the switching circuit 10. In one embodiment, the
plurality of fault state signals (F_OC, F_OV, F_OT, F_SG .
.. ) may comprise an over current signal F_OC, an over
voltage signal F_OV, an over temperature signal F_OT or a
switch short signal F_SG. In one embodiment, each of the
plurality of fault state signals (F_OC, F_OV, F_OT, F_SG .
.. ) may be a logic signal having a first logic state (e.g. logic
high) and a second logic state (e.g. logic low). In one
embodiment, the second logic state (e.g. logic low) may



US 2017/0170714 Al

indicate that one fault occurs in the switching module 11,
and the first logic state (e.g. logic high) may indicate that no
fault occurs.

[0029] In one embodiment, the switching circuit 10 may
further comprise a fault instruction circuit 12. In the exem-
plary embodiment of FIG. 3, the fault instruction circuit 12
may be configured to receive the plurality of fault state
signals (F_OC,F_OV,F_OT, F_SG...), and coupled to the
first pin 101 to provide the unable signal fault UN. Besides,
the fault instruction circuit 12 may also be coupled to the
second pin 102 to provide the instruction signal fault_C
when the unable signal fault_UN is in the active state.
[0030] In one embodiment, the controller 20 may com-
prise a sub-controller 21, a fault report circuit 22, a switch
23 and a switch 24. The sub-controller 21 may be configured
to receive the feedback signal V5, and further configured to
generate the control signal PWM, wherein the control signal
PWM may be provided to the second pin 102 through the
switch 23. The fault report circuit 22 may be configured to
receive the unable signal fault_UN, and to receive the fault
instruction signal fault_C through the switch 24. The fault
report circuit 22 may be further configured to generate a
control signal SG based on the unable signal fault_UN,
wherein the unable signal fault_ UN may be configured to
control the switch 23 and the switch 24. Moreover, the fault
report circuit 22 may be further configured to generate a
fault report signal fault_ R based on the fault instruction
signal fault_C when the unable signal fault_ UN is in the
active state. In the exemplary embodiment of the FIG. 3, the
switch 23 and the switch 24 may have complementary
conduction states, e.g., the switch 23 is turned on once the
switch 24 is turned off, and vice versa.

[0031] FIG. 4 illustrates a block diagram of the fault
instruction circuit 12 shown in FIG. 3 in accordance with
one embodiment of the present invention. As shown in the
FIG. 4, the fault instruction circuit 12 may comprise a fault
logic circuit 421 and a fault control circuit 422.

[0032] In one embodiment, the fault logic circuit 421 may
have a plurality of input terminals, a first output terminal and
a plurality of second output terminals. Each of the plurality
of input terminals of the fault logic circuit 421 may be
configured to receive one of the plurality of fault state
signals (F_OC, F_OV, F_OT, F_SG . . . ) correspondingly.
The fault logic circuit 421 may be configured to conduct a
logic operation of the plurality of fault state signals (F_OC,
F_OV,F_OT, F_SG . . .) so as to provide the unable signal
fault_UN at the first output terminal of the fault logic circuit
421, and to provide a plurality of switching control signals
(F_1,F_2,F_3,F_4...) at the plurality of second output
terminals of the fault logic circuit 421 respectively. In one
embodiment, each of the plurality of switching control
signals (F_1, F_2, F_3, F_ 4 . . .) may be a logic signal
having a first logic state (e.g. logic high) and a second logic
state(e.g. logic low).

[0033] In one embodiment, the fault control circuit 422
may have a plurality of input terminals and an output
terminal. Each of the plurality of input terminals of the fault
control circuit 422 may be configured to receive one of the
plurality of switching control signals (F_1,F_2, F_3,F_4.
.. ) correspondingly. The output terminal of the fault control
circuit 422 may be configured to operate as the second pin
102. The fault control circuit 422 may be configured to
provide the instruction signal fault_C at the output terminal
of the fault control circuit 422 based on the plurality of
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switching control signals (F_1,F_2,F_3,F_4...), wherein
the value of the instruction signal fault_C varies when the
logic states of each of the plurality of switching control
signals (F_1, F_2, F_3, F_4 . . .) varies, and wherein the
instruction signal fault_C is configured to represent each of
the one or more faults with a particular value.

[0034] FIG. 5a schematically illustrates a fault control
circuit 422 shown in FIG. 4 in accordance with an embodi-
ment of the present invention. As shown in FIG. 4, the fault
control circuit 422 may comprise a first plurality of resistor
modules (e.g. 51, 53 . .., and 5m) and a second plurality of
resistor modules (e.g. 52, 54 . . . , and 5z), wherein m and
n are positive integers. In one embodiment, m is equal to n.
In another embodiment, m is greater or smaller than n. The
first plurality of resistor modules (e.g. 51,53 .. ., and 5m)
may be coupled in parallel between a supply voltage V..
and the second pin 102, and the second plurality of resistor
modules (e.g. 52, 54 . . ., and 5#) may be connected in
parallel between the second pin 102 and a logic ground
GND.

[0035] In one embodiment, each of the first plurality of
resistor modules (e.g. 51, 53 . . ., and 5m) and the second
plurality of resistor modules (e.g. 52, 54 . . ., and 5#) may
comprise a switch (e.g. SW1, SW2, SW3 ..., SWm ...,
or SWn). Each of the switches (e.g. SW1, SW2, SW3 ...,
SWm . . ., and SWn) may comprise a control terminal
configured to receive one of the plurality of switching
control signals (F_1, F_2,F_3, F_4 .. .). The value of the
instruction signal fault_C at the second pin 102 varies by
controlling the switches (e.g. SW1, SW2, SW3 ..., SWm
..., and SWn) of the first plurality of resistor modules (e.g.
51, 53 . . ., and 5m) and the second plurality of resistor
modules (e.g. 52, 54 . . ., and 5r). Each particular value of
the instruction signal fault_C may correspond to each of the
one or more faults correspondingly.

[0036] In the exemplary embodiment of FIG. Sa, each of
the first plurality of resistor modules (e.g. 51, 53 . . . , and
5m) may further comprise a resistor (e.g. R1, R3 ..., or Rm)
coupled between the supply voltage V - and the second pin
102 through the switch (e.g. SW1, SW3 . . ., or SWm)
correspondingly. Each of the second plurality of resistor
modules (e.g. 52, 54 . . ., and 5#) may further comprise a
resistor (e.g. R2, R4 . . ., or Rn) connected between the
second pin 102 and the logic ground GND through the
switch (e.g. SW2, SW4 . . ., or SWn) correspondingly.
[0037] In one embodiment, each of the resistors (e.g. R1,
R2,R3 ..., Rm ..., Rn) of the first plurality of resistor
modules (e.g. 51,53 ..., and 5m) and of the second plurality
of resistor modules (e.g. 52, 54 . . ., and 5#) may have the
same resistance value. In one embodiment, at least one of the
resistors (e.g. R1, R3 . . ., and Rm) of the first plurality of
resistor modules (e.g. 51, 53 . . . , and 5m) and the resistors
(e.g. R2, R4 .. ., and Rn) of the second plurality of resistor
modules (e.g. 52, 54, . . ., and 5») may have a different
resistance value from the other resistors. For example, the
resistance value of R1 is different from that of R2, or the
resistance value of R3 is different from that of R6.

[0038] FIG. 56 schematically illustrates a fault control
circuit 422 shown in FIG. 4 in accordance with an embodi-
ment of the present invention. Comparing with the exem-
plary embodiment of FIG. 5a, in the embodiment of FIG. 55,
at least one of the first plurality of resistor modules (e.g. 521,
523, . . ., and 52m) and the second plurality of resistor
modules (e.g. 522, 524 . . ., and 527) may further comprise
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a resistor), wherein m and n are positive integers. In one
embodiment, m is equal to n. In another embodiment, m is
greater or smaller than n. For example, in FIG. 55, resistor
module 521 may further comprise a resistor R1 coupled
between the supply voltage V. and the second pin 102
through a switch SW1. On the contrary, the resistor module
523 may just comprise a switch SW3 between the supply
voltage V. and the second pin 102. Likewise, the resistor
modules 522 may just comprise a switch SW2 between the
second pin 102 and the logic ground GND. It should be
understood that resistor modules 522 and 523 may just used
for illustrating an exemplary embodiment. Besides the resis-
tor modules 522 and 523, other resistor modules may not
comprise a resistor too.

[0039] In one embodiment, each of the resistors (e.g. R1,
R2,R3...,Rm..., and Rn) of the first plurality of resistor
modules (e.g. 51,53 ..., and 5m) and of the second plurality
of resistor modules (e.g. 52, 54 . . ., and 5#) may have the
same resistance value. In one embodiment, at least one of the
resistors (e.g. R1, R2, R3 ..., Rm ..., and Rn) may have
a different resistance value from the remained resistors. For
example, the resistance value of the resistor R1 is different
from that of the resistor R2, or the resistance of the resistor
R3 is different from that of the resistor R5.

[0040] FIG. 6 schematically illustrates a fault instruction
circuit 12 shown in FIG. 4 in accordance with an embodi-
ment of the present invention.

[0041] In the exemplary of FIG. 6, the fault logic circuit
421 may comprise a first NAND logic gate 61, a second
NAND logic gate 62, a third NAND logic gate 63, a fourth
NAND logic gate 64 and a fifth NAND logic gate 65. The
first NAND logic gate 61 may be configured to receive the
short to ground signal F_SG and the over current fault signal
F_OC. The first NAND logic gate 61 may be configured to
conduct an NAND logic operation to the short to ground
signal F_SG and the over current fault signal F_OC, and
further configured to provide an a first switching control
signal F_1. The second NAND logic gate 62 may be
configured to receive the over current fault signal F_OC and
the over voltage fault signal F_OV. The second NAND logic
gate 62 may be configured to conduct an NAND logic
operation to the over current fault signal F_OC and the over
voltage fault signal F_OV, and further configured to provide
a second switching control signal F_2. The third NAND
logic gate 63 may be configured to receive the over voltage
fault signal F_OV and the over temperature signal F_OT.
The third NAND logic gate 63 may be configured to conduct
an NAND logic operation to the over voltage fault signal
F_OV and the over temperature signal F_OT, and further
configured to provide a third switching control signal F_3.
The fourth NAND logic gate 64 may be configured to
receive the over temperature signal F_OT and the short to
ground signal F_SG. The fourth NAND logic gate 64 may
be configured to conduct an NAND logic operation to the
over temperature signal F_OT and the short to ground signal
F_SG, and further configured to provide an a fourth switch-
ing control signal F_4. The fifth NAND logic gate 65 may
be configured to receive the over current fault signal F_OC,
the over voltage fault signal F_OV, the over temperature
signal F_OT and the short to ground signal F_SG. The fifth
NAND logic gate 65 may be configured to conduct an
NAND logic operation to the over current fault signal F_OC,
the over voltage fault signal F_OV, the over temperature
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signal F_OT and the short to ground signal F_SG, and
further configured to provide the unable signal fault_ UN.
[0042] Inthe exemplary of FIG. 6, the fault control circuit
422 may comprise a first resistor module 66 with a switch
661 and a resistor 662 having a resistance value of 5K ohms,
a second resistor module 67 with a switch 671 and a resistor
672 having a resistance value of 20K ohms, a third resistor
module 68 with a switch 681 and a resistor 682 having a
resistance value of 15K ohms, and a fourth resistor module
69 with a switch 691 and a resistor 692 having a resistance
value of 25K ohms. Each of the control terminals of the
switch 661, the switch 671, the switch 681 and the switch
691 may be configured to receive one of the first switching
control signal F_1, the second switching control signal F_2,
the third switching control signal F_3, and the fourth switch-
ing control signal F_4 correspondingly.

[0043] FIG. 7 shows a table illustrated the voltage of the
fault instruction signal of FIG. 6 in accordance with an
embodiment of the present invention. The table may be
described in combination with the fault instruction circuit of
FIG. 6. In one embodiment, the first switch 661, the second
switch 671, the third switch 681 and the fourth switch 691
may be turned off when no fault occurs, and at least one of
the first switch 661, the second switch 671, the third switch
681 and the fourth switch 691 may be turned on once one or
more faults occur in the voltage converter. For example,
when an over current fault occurs in the exemplary of FIG.
6, the over current fault signal F_OC may be activated as a
logic low state. Thus, the first NAND logic gate 61 may
provide the first switching control signal F_1 with a logic
high state so as to turn the first switch 661 on, and the second
NAND logic gate 62 may provide the second switching
control signal F_2 with a logic high state so as to turn the
second switch 671 on. Consequently, the voltage value of
the fault instruction signal fault_Cis 2.2V based on a voltage
value 3.3V of the supply voltage V.. In other words, a
voltage value 2.2V of the fault instruction signal fault_C
may indicate a fault of over current occurs, and so forth.
[0044] FIG. 8 schematically illustrates a switching module
11 shown in FIG. 3 in accordance with an embodiment of the
present invention. As shown in FIG. 8, the switching module
11 may comprise a high side switch 81 and a low side switch
82. The high side switch 81 may be coupled to the third pin
103 to receive the input voltage signal V. A common
connection SW of the high side switch 81 and the low side
switch 82 may be coupled to the pin 104 to provide the
output voltage V 5, Both the gates of the high side switch
81 and of the low side switch 82 may be configured to
receive the control signal PWM. The input voltage V,, may
be converted to the output voltage V ., by controlling the
high side switch 81 and the low side switch 82.

[0045] In one embodiment, the switching module 11 may
further comprise an over current detection circuit 83 having
a first input terminal, a second input terminal and an output
terminal, wherein the first input terminal of the over current
detection circuit 83 may be configured to receive a current
detection signal OC, and the second input terminal of the
over current detection circuit 83 may be configured to
receive a first reference signal Vi.r,. The over current
detection circuit 83 may be configured to compare the
current detection signal OC with the first reference signal
V rer 1o provide the over current fault signal F_OC. In one
embodiment, the over current detection circuit 83 may
comprise a comparator.
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[0046] In one embodiment, the switching module 11 may
further comprise an over voltage detection circuit 84 having
a first input terminal, a second input terminal and an output
terminal, wherein the first input terminal of the over voltage
detection circuit 84 may be configured to receive a voltage
detection signal OV, the second input terminal of the over
voltage detection circuit 84 may be configured to receive a
second reference signal V.. The over voltage detection
circuit 84 may be configured to compare the voltage detec-
tion signal OV with the second reference signal Vg, to
provide the over voltage fault signal F_OV. In one embodi-
ment, the over current detection circuit 84 may comprise a
comparator.

[0047] In one embodiment, the switching module 11 may
further comprise an over temperature detection circuit 85
and/or a short to GND detection circuit 86 and/or other
suitable fault detection circuits.

[0048] FIG. 9 schematically illustrates a multi-phase volt-
age converter 900 in accordance with an embodiment of the
present invention. As shown in the FIG. 9, the multi-phase
voltage converter may comprise a plurality of switching
circuits (10_1, 10_2 . . ., and 10_k%), a controller 20 and a
feedback circuit 30, wherein k is a positive integer.

[0049] As described in FIG. 2, each of the plurality of
switching circuits (e.g. 10_1, 10_2 . . . , and 10_k) may
comprise a first pin 101, a second pin 102, a third pin 103
and a fourth pin 104. The first pin 101 of each of the plurality
of switching circuits (e.g. 10_1, 10_2 . . . , and 10_%) is
configured to provide one of a plurality of fault unable
signals (e.g. fault_UN1, fault_UN2 . . ., and fault_ UNk)
correspondingly. Each of the plurality of fault unable signals
(e.g. fault_UN1, fault_ UN2 ..., and fault_UNk) may have
an inactive state and an active state, wherein each of the
plurality of fault unable signals (e.g. fault_UN1, fault_UN2
..., and fault_UNk) may be in the active state once one or
more faults occur in the corresponding switching circuit.
The second pin 102 of each of the plurality of switching
circuits (e.g. 10_1,10_2 . . ., and 10_k) may be configured
to receive one of a plurality of control signals (e.g. PWM_1,
PWM_2 ..., and PWM_k), wherein each of the plurality of
control signals (e.g. PWM_1, PWM_2 . . ., and PWM_k)
may be configured to control one of the switching circuits
(e.g.10_1,10_2 .. ., and 10_k) correspondingly. Every two
successive control signals among the plurality of control
signals (e.g. PWM_1, PWM_2 . .. and PWM_k) may have
the same phase difference. For example, if k=3, the control
signals PWM_1 and PWM_2 may have a 120 degrees phase
difference, the control signals PWM_2 and PWM_3 may
have a 120 degrees phase difference, and the control signals
PWM_3 and PWM_1 may have a 120 degrees phase dif-
ference, and so forth. The second pin 102 of each of the
plurality of switching circuits (e.g. 10_1, 10_2 . . . , and
10_k) may be further configured to provide one of a plurality
of instruction signals (e.g. fault_C1, fault_ C2 . . ., and
fault_Ck) once the corresponding unable signal (e.g. fault_
UNT1, fault_ UN2 . .., or fault_UNK) is in the active state.
In one embodiment, each of the plurality of instruction
signals (e.g. fault_C1, fault_C2 ..., and fault_Ck) may vary,
wherein each of the plurality of instruction signals (e.g.
fault_C1, fault_C2 . . ., and fault_Ck) may be configured to
represent each of faults with a particular value in the
corresponding circuit. The third pin 103 of each of the
plurality of switching circuits (e.g. 10_1, 10_2 . . . , and
10_k) may be configured to receive an input voltage V.
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The fourth pin 104 of each of the plurality of switching
circuits (e.g. 10_1, 10_2 . . ., and 10_k) may be coupled
together to provide an output voltage Vo, by a filter.
[0050] In the exemplary embodiment of FIG. 9, the con-
troller 20 may be configured to receive a feedback signal
Vs and the plurality of unable signals (e.g. fault_UNI1,
fault. UN2 . . ., and fault_UNk), wherein the feedback
signal V. is indicative of the output voltage V.. The
controller 20 may be configured to provide the plurality of
control signals (e.g. PWM_1, PWM_2 . . ., and PWM_k)
based on the feedback signal V. when all of the plurality
of unable signals (e.g. fault UN1, fault_ UN2 . . . | and
fault_UNKk) are in the inactive state. The controller 20 may
be further configured to turn all of the plurality of switching
circuits (e.g. 10_1,10_2 . . . ; and 10_k) off and to receive
the plurality of instruction signals (e.g. fault_C1, fault_C2 .
.., and fault_Ck) once one of the plurality of unable signals
(e.g. fault_UNT1, fault_UN2 . . ., and fault_UNK) is in the
active state.

[0051] The controller 20 may further comprise a sub-
controller 91, a fault report circuit 92, a plurality of first
switches (931,932 . . ., and 93%) and a plurality of second
switches (941, 942 . . . , and 94%).

[0052] The sub-controller 91 may be configured to receive
the feedback signal V5, and further configured to generate
the plurality of control signals (e.g. PWM_1, PWM_2 . . .,
and PWM_k). Each of the plurality of control signals (e.g.
PWM_1,PWM_2 ... ,and PWM_k) may be provided to the
second pin 102 of each of the plurality of switching circuits
(e.g.10_1,10_2 . . ., and 10_k) through the a first switch
(931, 932 . . ., or 93k) correspondingly. For example, the
control signal PWM_1 may be provided to the second pin
102 of the switching circuit 10_1 through a first switch 931,
and so forth.

[0053] The fault report circuit 92 may be configured to
receive the plurality of unable signals (fault_UN1, fault_
UN2 . .., and fault_UNKk), and to receive the plurality of
fault instruction signals (fault C1, fault C2 . . . , and
fault_Ck) through the plurality of second switches (941, 942
. .., and 94k) respectively. The fault report circuit 92 may
be further configured to generate a fault report signal fault_R
based on the plurality of fault instruction signals (fault C1,
fault_C2 . . ., and fault_Ck) when any one of the plurality
of unable signals (fault_UNI1, fault UN2 . . ., and fault_
UNKk) is in the active state. Furthermore, the fault report
circuit 92 may also be configured to generate a master
switching control signal S_all and a plurality of switching
control signals (S1, S2 . . ., and Sk) based on the plurality
of unable signals (fault_UNI1, fault UN2 . . ., and fault_
UNKk). In one embodiment, the master switching control
signal S_all may be configured to control the plurality of first
switches (931,932 . . ., and 93%) simultaneously. Each of the
plurality of switching control signals (e.g. S1, S2 . . ., and
Sk) may be configured to control one of the plurality of
second switches (941, 942 . . . | and 94%) correspondingly.
In the exemplary embodiment of the FIG. 9, when any one
of the plurality of unable signals (fault_UN1, fault UN2 . .
., fault_UNK) is in the active state, the master switching
control signal S_all may be configured to turn the plurality
of first switches (931, 932 . . ., and 93%) off simultaneously,
and the switching control signal (e.g. S1,S2 .. ., or Sk) for
the corresponding switching circuit (e.g. 10_1,10_2 ... or
10_k) having at least one fault may be configured to turn the
corresponding second switch (941, 942 . . ., or 94%) on. For



US 2017/0170714 Al

example, when an unable signal fault_UNT1 is in the active
state, the master switching control signal S_all is configured
to turn the plurality of first switches (931,932 . . ., and 93%)
off simultaneously, and the switching control signal S1 is
configured to turn a second switch 941 on.

[0054] In one embodiment, the fault report circuit 92 may
comprise a Digital-to-Analog Converter (DAC). In one
embodiment, the DAC may be configured to convert an
analog voltage value of each of the fault instruction signals
(fault C1, fault_C2 ..., and fault_Ck) to a digital value.

[0055] FIG. 10 schematically illustrates a sub-controller
91 shown in FIG. 9 in accordance with an embodiment of the
present invention. In the exemplary embodiment of FIG. 10,
the sub-controller 91 may comprise a comparing circuit 910,
a phase shifter 920 and a plurality of constant on time
control (COT) modules (e.g. 931, 932 . . . , and 93%). The
comparing circuit 910 may be configured to receive the
feedback signal Vg, and further configured to compare the
feedback signal V. with a reference signal V. for gen-
erating a comparing signal CA. The phase shifter 920 may
be configured to receive the comparing signal CA, and
further configured to provide a plurality of shifting signals
(e.g. CA1,CA2. .., and CAKk). Each of the plurality of COT
modules (e.g. 931,932 . . ., and 93%) may be configured to
receive one of the plurality of shifting signals (e.g. CAl,
CA2 . .., and CAk), and further configured to provide one
of the plurality of control signals (e.g. PWM_1, PWM_2 ..
., and PWM_k) correspondingly. In another embodiment,
the sub-controller 91 may comprise other suitable control
circuit for realizing the same functions.

[0056] FIG. 11 is a working flow chart of the switching
circuit 10 shown in FIG. 2 in accordance with one embodi-
ment of the present invention. The switching circuit 10
comprises a first pin 101 and a second pin 102, and wherein
during normal operation (i.e. no fault occurs in the switching
circuit), the second pin 102 is configured to receive a control
signal PWM to control the switching circuit 10. A fault
detection method may comprise steps S110-S119.

[0057] At step S110, a cycle is started.

[0058] At step S111, detecting whether one or more faults
occur in the switching circuit 10. This may be realized by
detecting whether each of the plurality of fault state signals
(e.g. F_OC, F_OV,F_OT, F_SG...) has a logic low state.
If one or more faults occur, go to step S112 and step S113
at the same time, else, continue to step S111.

[0059] At step S112, providing an unable signal fault_UN
at the first pin 101, wherein the unable signal fault_UN may
be configured to turn the switching circuit 10 off once one
or more faults occur. This may be realized by detecting
whether the unable signal fault_UN is in an active state. If
the unable signal fault_UN is in an active state, the control
signal PWM has a logic low state to turn the switching
circuit 10 off.

[0060] At step S113, providing an instruction signal
fault_C at the second pin 102 once one or more faults occur,
wherein the instruction signal is configured to represent each
of the one or more faults with a particular value. In one
embodiment, the instruction signal fault_C may comprise a
voltage signal. In another embodiment, the instruction signal
fault_C may comprise a current signal or other suitable
signal.

[0061] At step S114, outputting a fault report signal
fault R to instruct the detailed fault information of the
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switching circuit 10 based on the instruction signal fault_C
at the pin 102. This may be realized by a DAC converter.

[0062] At step S115, continue to the next switching circle.
[0063] Obviously many modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims the invention may be practiced
otherwise than as specifically described. It should be under-
stood, of course, the foregoing disclosure relates only to a
preferred embodiment (or embodiments) of the invention
and that numerous modifications may be made therein
without departing from the spirit and the scope of the
invention as set forth in the appended claims. Various
modifications are contemplated and they obviously will be
resorted to by those skilled in the art without departing from
the spirit and the scope of the invention as hereinafter
defined by the appended claims as only a preferred embodi-
ment(s) thereof has been disclosed.

What is claimed is:

1. A switching circuit used in a voltage converter, the

switching circuit comprising:

a first pin configured to provide an unable signal, wherein
the switching circuit is turned off once the unable signal
is in an active state, and wherein the unable signal is in
the active state when one or more faults occur in the
switching circuit; and

a second pin, when the unable signal is in an inactive
state, the second pin is configured to receive a control
signal to control the switching circuit; and when the
unable signal is in the active state, the second pin is
configured to output an instruction signal, wherein the
instruction signal is configured to represent each of the
one or more faults with a particular value.

2. The switching circuit of claim 1, wherein the switching

circuit further comprises:

a switching module coupled to the second pin to receive
the control signal, and configured to provide a plurality
of fault state signals, wherein the plurality of fault state
signals are configured to indicate whether the one or
more faults occur in the switching circuit; and

a fault instruction circuit configured to receive the plu-
rality of fault state signals, wherein the fault instruction
circuit is coupled to the first pin to provide the unable
signal based on the plurality of fault state signals, and
also coupled to the second pin to provide the instruction
signal when the unable signal is in the active state.

3. The switching circuit of claim 2, wherein the fault

instruction circuit comprises:

a fault logic circuit having a plurality of input terminals,
a first output terminal and a plurality of second output
terminals, wherein each of the plurality of input termi-
nals of the fault logic circuit is configured to receive
one of the plurality of fault state signals correspond-
ingly, and wherein the first output terminal of the fault
logic circuit is coupled to the first pin, and wherein the
fault logic circuit is configured to conduct a logic
operation of the plurality of fault state signals to
provide the unable signal at the first output terminal,
and to provide a plurality of switching control signals
at the plurality of second output terminals respectively;
and

a fault control circuit having a plurality of input terminals
and an output terminal, wherein each of the plurality of
input terminals of the fault control circuit is configured
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to receive one of the plurality of switching control
signals, and wherein the output terminal of the fault
control circuit is coupled to the second pin, and wherein
the fault control circuit is configured to provide the
instruction signal at the output terminal of the fault
control circuit based on the plurality of switching
control signals.

4. The switching circuit of claim 3, wherein the fault
control circuit comprises:

a first plurality of resistor modules connected in parallel

between a supply voltage and the second pin; and

a second plurality of resistor modules connected in par-

allel between the second pin and a logic ground; and

wherein

each of'the first and second pluralities of resistor modules

comprises a switch having a control terminal, wherein

the control terminal of the switch is configured to
receive one of the plurality of switching control signals;
and wherein

the value of the instruction signal varies by controlling the

switch of each of the first and second pluralities of

resistor modules.

5. The switching converter of claim 4, wherein each of the
first and second pluralities of resistor modules further com-
prises a resistor connected to the switch in series, and
wherein the resistor and the switch of each of the first
plurality of resistor modules are connected in series between
the supply voltage and the second pin, and wherein the
resistor and the switch of each of the second plurality of
resistor modules are connected in series between the second
pin and the logic ground.

6. The switching converter of claim 5, wherein the resistor
of at least one of the first and second pluralities of resistor
modules has a different resistance value from the remained
resistors of the first and second pluralities of resistor mod-
ules.

7. The switching converter of claim 4, wherein at least one
of the first and second pluralities of resistor modules further
comprises a resistor connected to the switch in series.

8. The switching circuit of claim 4, wherein the instruc-
tion signal comprises a voltage signal.

9. The switching circuit of claim 2, wherein the switching
module comprises:

at least one switch, wherein the at least one switch is

configured to receive the control signal for converting

an input voltage to an output voltage; and

a plurality of fault detection modules configured to detect

whether one or more faults occur in the switching
module, wherein each of the plurality of fault detection
modules is configured to provide one of the plurality of
fault state signals, and wherein each of the plurality of
fault state signals is indicative of one fault.

10. The switching circuit of claim 9, wherein one of the
plurality of fault detection modules comprises an over
current detection circuit, and the one fault comprises an over
current fault correspondingly.

11. A multi-phase voltage converter, comprising:

a plurality of switching circuits with each of the switching

circuits comprising:

a first pin configured to provide an unable signal,
wherein the unable signal is in an active state when
one or more faults occur in the switching circuit; and

a second pin, when the unable signal is in an inactive
state, the second pin is configured to receive a
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control signal to control the switching circuit; and
when the unable signal is in the active state, the
second pin is configured to output an instruction
signal, wherein the instruction signal is configured to
represent each of the one or more faults with a
particular value; and

a controller configured to receive a feedback signal
indicative of an output voltage of the multi-phase
voltage converter, and further configured to generate
the control signal of each of the plurality of switching
circuits based on the feedback signal, wherein the
controller is also configured to receive the unable signal
of each of the plurality of switching circuits; wherein

when the unable signal of each of the plurality of switch-
ing circuits is in the inactive state, the controller is
configured to provide the control signal to the second
pin of each of the plurality of switching circuits; and
wherein

when the unable signal of one of the plurality of switching
circuits is in the active state, the controller is configured
to turn the plurality of switching circuits off, and further
configured to receive the instruction signal from the
second pin of the corresponding switching circuit.

12. The multi-phase switching converter of claim 11,
wherein each of the plurality of switching circuits further
comprises:

a switching module coupled to the second pin to receive
the control signal, and configured to provide a plurality
of fault state signals, wherein the plurality of fault state
signals are configured to indicate whether the one or
more faults occur in the switching circuit; and

a fault instruction circuit configured to receive the plu-
rality of fault state signals, wherein the fault instruction
circuit is coupled to the first pin to provide the unable
signal based on the plurality of fault state signals, and
also coupled to the second pin to provide the instruction
signal when the unable signal is in the active state.

13. The multi-phase switching converter of claim 12,
wherein the fault instruction circuit further comprises:

a fault logic circuit having a plurality of input terminals,
a first output terminal and a plurality of second output
terminals, wherein each of the plurality of input termi-
nals of the fault logic circuit is configured to receive
one of the plurality of fault state signals correspond-
ingly, and wherein the first output terminal of the fault
logic circuit is coupled to the first pin, and wherein the
fault logic circuit is configured to conduct a logic
operation of the plurality of fault state signals to
provide the unable signal at the first output terminal,
and to provide a plurality of switching control signals
at the plurality of second output terminals respectively;
and

a fault control circuit having a plurality of input terminals
and an output terminal, wherein each of the plurality of
input terminals of the fault control circuit is configured
to receive one of the plurality of switching control
signals, and wherein the output terminal of the fault
control circuit is coupled to the second pin, and wherein
the fault control circuit is configured to provide the
instruction signal at the output terminal of the fault
control circuit based on the plurality of switching
control signals.
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14. The multi-phase switching converter of claim 13,
wherein the fault control circuit comprises:

a first plurality of resistor modules connected in parallel

between a supply voltage and the second pin; and

a second plurality of resistor modules connected in par-
allel between the second pin and a logic ground; and
wherein

each of'the first and second pluralities of resistor modules
comprises a switch having a control terminal, wherein
the control terminal of the switch is configured to
receive one of the plurality of switching control signals;
and wherein

the value of the instruction signal varies by controlling the
switch of each of the first and second pluralities of
resistor modules.

15. The multi-phase switching converter of claim 14,
wherein each of the first and second pluralities of resistor
modules further comprises a resistor connected to the switch
in series, and wherein the resistor and the switch of each of
the first plurality of resistor modules are connected in series
between the supply voltage and the second pin, and wherein
the resistor and the switch of each of the second plurality of
resistor modules are connected in series between the second
pin and the logic ground.

16. The multi-phase switching converter of claim 14,
wherein at least one of the first and second pluralities of
resistor modules further comprises a resistor connected to
the switch in series.

17. The multi-phase switching converter of claim 11,
wherein the controller comprises:

a sub-controller configured to receive the feedback signal,
and further configured to generate the control signal of
each of the plurality of switching circuits based on the
feedback signal; and

a fault report circuit configured to receive the unable
signal of each of the plurality of switching circuits,
wherein

when the unable signal of each of the plurality of switch-
ing circuits is in the inactive state, the sub-controller is
configured to provide the control signal to the second
pin of each of the plurality of switching circuits; and
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wherein

when the unable signal of one of the plurality of switching
circuits is in the active state, the fault report circuit is
configured to turn the plurality of switching circuits off,
and further configured to receive the instruction signal
from the second pin of the corresponding switching
circuit.

18. The multi-phase switching converter of claim 17,

wherein the controller further comprises:

a plurality of first switches, each of the plurality of first
switches is coupled between the sub-controller and the
second pin of one of the plurality of switching circuits;
and

a plurality of second switches, each of the plurality of
second switches is coupled between the fault report
circuit and the second pin of one of the plurality of
switching circuits; and wherein

when the unable signal of one of the plurality of switching
circuits is in the active state, each of the plurality of first
switches is turned off, and the corresponding second
switch is turned on.

19. The multi-phase switching converter of claim 17,
wherein the fault report circuit comprises a digital-to-analog
converter.

20. A fault detection method used in a switching circuit,
wherein the switching circuit has a first pin and a second pin,
and wherein during normal operation, the second pin is
configured to receive a control signal to control the switch-
ing circuit;

the fault detection method comprising:

detecting whether one or more faults occur in the switch-
ing circuit;

providing an unable signal at the first pin, wherein the
unable signal is configured to turn the switching circuit
off once one or more faults occur;

providing an instruction signal at the second pin once one
or more faults occur, wherein the instruction signal is
configured to represent each of the one or more faults
with a particular value; and

outputting a fault report signal based on the instruction

signal.



