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(57) Abstract: A system and method for providing isolated power to the gate driving circuits used in solid state switching devices is
disclosed. Rather than using expensive isolated AC/DC power supplies, an isolation transformer is used to provide isolated AC
voltage. In one embodiment, the primary winding of the isolation transformer is disposed across an independent AC source. In an -
other embodiment, the primary winding of the isolation transformer is disposed across two phases of the AC power line. Isolated AC
voltage is then generated across the secondary winding of the isolation transformer. This isolated AC voltage is then used by a non-
isolated DC power supply, which generates the power for the gate driving circuit.
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SYSTEM AND METHOD OF PROVIDING ISOLATED POWER TO GATE DRIVING

CIRCUITS in SOLID STATE FAULT CURRENT LIMITERS

Embodiments of the present invention relate to methods and
apparatus for providing isolated power to gate driving circuits
of semiconductor switches in solid state fault current limiters,
particularly when the semiconductor switches are disposed in

series.

BACKGROUND

Power line faults can be detected and remedied through the
use of solid state fault current limiters (SSFCL). These SSFCL
devices utilize solid state switching devices, such as IGBT,
SCR, IGCT or MOSFET transistors, to block or significantly
increase the impedance of the current path between the power
source and the load. However, these power lines typically carry
voltages ranging from 10kV to over 230kV. Since the typical
switching device 1is only rated to roughly ©0kV, often it 1is
necessary to place a plurality of these SSFCL devices in series.
The total voltage of the power 1line, also referred to as the
power line voltage, 1s divided across the total number of SSFCL
devices in series, thereby allowing each to operate within its
rated range. When a fault is detected, such as a surge in
current through the power line, each of the SSFCL devices
disables its regpective solid state switching device, thereby
increasing the resistance seen by the power source and lowering

the current.

FIG. 1 shows a SSFCL device 100 commonly used. The SSFCL
device 100 comprises a solid state switching device 110, which

may be any of the transistors described above. These solid state
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switching devices 110 typically have at least three terminals, a
source or input side 111, a drain or output side 112, and a gate
113. The assertion of the gate 113 allows the passage of current
from the source 111 to the drain 112, while the deassertion of
the gate 113 disables the passage of current through the solid

state switching device 110.

This solid state switching device 110 may be in parallel
with one or more of the following components: a snubber 120, a
reactor 130 and a transient suppressor 140. The snubber 120 1is
typically a resistor in series with a capacitor wused to
dissipate the energy of the transient and to reduce the
overvoltage by filtering the transient frequency (i.e. slowing
the “ringing” frequency). The transient suppressor 140 is used
to clamp the overvoltage transient below the level of the
ratings of the snubber 120 and solid state switching device 110.
The snubber 120, the reactor 130 and the transient suppressor
140 may be referred to as parallel components 145, since these
components 145, in some embodiments, provide a parallel path for
current for travel when the solid state switching devices 110
are in the disabled or off state. These parallel components 145
are used to provide an alternative high impedance current path
from the power source to the load when the solid state switching
device 110 is in the off state and protect the solid state
switching device 110 from transient overvoltage during turn on

and turn off.

The gate 113 of solid state switching device 110 is in
communication with a gate driving circuit 150. This gate driving
circuit 150 monitors the current being supplied by the power
line 101 using a current sensor 160. The gate driving circuit

150 is used to enable or block the passage of current through
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the solid state switching device 110, based on information from

the current sensor 160.

The gate driving circuit 150 may be referenced to the
voltage seen by the solid state device 110. In other words, its
output voltage 1is related to the wvoltages presented on the
source 111 or drain 112 of the solid state switching device 110.
Traditionally, this is achieved by wusing an isolated power
supply 170. This DC power supply 170 may be a relatively low
voltage, low current power supply. For example, the gate driving
circuit 150 typically utilizes low voltage, such as up to 48V,

and dissipates only a few watts.

However, the isolated power supply 170 of each SSFCL 100
must be electrically isolated from every other isolated power
supply 170. In some embodiments, the magnitude of the isolation
voltage must be at least the total line voltage divided by the
number of SSFCL devices 110. In other embodiments, the magnitude
of the isolation wvoltage must be at least the total 1line

voltage.

This isolation is typically performed using an isolated DC
power source 170. These isolated DC power sources 170 may be
optically isolated, or isolated using another means. In these
embodiments, despite the low voltage and current requirements,
the isolated DC power supply 170 may be unreliable and very
expensive, potentially costing thousands of dollars each. These
isolated power supplies 170 have to deliver stable power over
the isolation rated at high wvoltage. The higher the isolation
voltage, the more difficult this task becomes, as the size of
the supplies will grow, the cost will grow, the reliability will
decrease due to higher probability of high voltage breakdown
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causing insulation puncture. The lower reliability may also be
due to the fact that the output voltage regulation will be
difficult to control from the high voltage side (it would have
to be controlled on the ground side) and it may be difficult to
maintain the voltage needed by the gate of the switch to turn it
on and off. Thus, the need to use this specialized isolated
power supply 170 greatly increases the total cost of a state

solid fault current limiter system.

Therefore, it would be beneficial if there were a system
and method for providing isolated power to the gate driving
circuits that was less expensive and more reliable than current

solutions.

SUMMARY

A system and method for providing isolated power to the
gate driving circuits used in solid state switching devices is
disclosed. Rather than wusing expensive 1isolated AC/DC power
supplies, an isolation transformer is used to provide isolated
AC wvoltage. In one embodiment, the primary winding of the
isolation transformer 1is disposed across an independent AC
source. In another embodiment, the primary winding of the
isolation transformer i1is disposed across two phases of the AC
power line. Isolated AC voltage is then generated across the
secondary winding of the isolation transformer. This isolated AC
voltage is then used by a non-isolated DC power supply, which

generates the power for the gate driving circuit.

According to one embodiment, a solid state fault current limiting

device for use with an AC power line is disclosed. This fault current
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limiting device comprises a solid state switching device, disposed in
series in the AC power line, the solid state switching device having
an input, an output and a gate, where a voltage applied to the gate
determines whether current flows between the input and the output; a
gate driving circuit in communication with the gate, to apply a gate
voltage to the gate, the voltage referenced to either a voltage at the
input or at the output; a current monitor in communication with the AC
power line and the gate driving circuit, wherein the gate voltage
is determined based on an output from the current monitor; an
isolation transformer, having a primary winding and a secondary
winding; and a non-isolated AC-to-DC power supply, powered by
the secondary winding and referenced to the voltage at the input
or at the output, to supply DC power to the gate driving

circuit.

According to a second embodiment, a method of limiting
fault current in an AC power line is disclosed. This method
comprises monitoring current through the AC power 1line; and
applying a voltage to a gate of a solid state switching device
to allow or inhibit the flow of current through the solid state
switching device, wherein the voltage applied to the gate 1is
generated by wusing an isolation transformer to create an
isolated AC voltage; using a non-isolated AC-to-DC power supply
referenced to the AC power 1line to convert the isolated AC
voltage to an isolated DC wvoltage; and using the isolated DC
voltage to power a gate driving circuit in communication with

the gate of the solid state switching device.

According to a third embodiment, a system for limiting
fault current in an AC power line 1is disclosed. This system
comprises an isolation transformer, having a primary winding and

a first secondary winding and a second secondary winding; an
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independent AC source, wherein the primary winding is disposed
across the independent AC source; a first solid state fault
current limiting device, comprising a first solid state
switching device, disposed in series in the AC power line, the
first solid state switching device having a first input, a first
output and a first gate, where a first gate voltage applied to
the first gate determines whether current flows between the
first input and the first output; a first gate driving circuit
in communication with the first gate, to apply the first gate
voltage to the first gate, the first gate voltage referenced to
either a voltage at the first input or at the first output; a
first current monitor in communication with the AC power 1line
and the first gate driving circuit, wherein the first gate
voltage is determined based on an output from the first current
monitor; and a first non-isolated AC-to-DC power supply, powered
by the first secondary winding and referenced to the voltage at
the first input or at the first output, to supply DC power to
the first gate driving circuit; and a second solid state fault
current limiting device, comprising a second solid state
switching device, disposed in series in the AC power line, the
second solid state switching device having a second input in
communication with the first output, a second output and a
second gate, where a second gate voltage applied to the second
gate determines whether current flows between the second input
and the second output; a second gate driving circuit in
communication with the second gate, to apply the second gate
voltage to the second gate, the second gate voltage referenced
to either a voltage at the second input or at the second output;
a second current monitor in communication with the AC power line
and the second gate driving circuit, wherein the second gate
voltage is determined based on an output from the second current

monitor; and a second non-isolated AC-to-DC power supply,
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powered by the second secondary winding and referenced to the
voltage at the second input or at the second output, to supply

DC power to the second gate driving circuit.

BRIEF DESCRIPTION OF THE FIGURES

For a better understanding of the present disclosure,
reference 1s made to the accompanying drawings, which are
incorporated herein by reference and in which:

FIG. 1 is a schematic of a SSFCL device in accordance with
the prior art;

FIG. 2 shows a SSFCL device according to a first
embodiment;

FIGs. 3A-3B show example configurations using multiple
SSFCL devices arranged in series; and

FIG. 4 shows a SSFCL device according to a second

embodiment.

DETAILED DESCRIPTION

As described above, SSFCL devices can be arranged in series
in order to allow each solid state switching device to operate
within its rated range. However, the power supplies used to
power the gate driving circuits must be adequately isolated from

one another.

FIG. 2 shows a plurality of SSFCL devices 200 in accordance
with a first embodiment. In this embodiment, each of the SSFCL
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devices 200 has many of the same components as that shown in
FIG. 1, such as a solid state switching device 110, including a
source 111, a drain 112 and a gate 113. Parallel components 145,
such as a snubber 120, a reactor 130, and a transient suppressor
140, may be disposed in parallel with the solid state switching
device 110. In addition, a gate driving circuit 150 may be in
communication with the gate 113. A current sensor 160 is in
communication with the power 1line 101 to detect the flow of
current through the power line 101. These components perform the
same function as described with respect to FIG. 1 and will not

be described again.

In this embodiment, the isolated power supply 170 of the
prior art (see FIG. 1) has been replaced with a lower cost non-
isolated AC-to-DC power supply 210, which does not need to
include isolation protection. Rather, the isolation protection
is provided by an isolation transformer 220. This isolation
transformer 220 has a primary winding 222 and one oOr more
secondary windings 224. The primary winding 222 may be connected
to AC power line 101, such as across two phases of the AC power
line 101, or to an independent AC wvoltage source 250. The
secondary winding is connected to the lower cost non-isolated
AC-to-DC power supply 210. Optionally, an overvoltage protection
circuit 230 may be disposed between each secondary winding 224
and the respective non-isolated AC-to-DC power supply 210. The

isolation transformer 220 provides the necessary isolation.

These SSFCL devices 200 may be arranged in at least two
different configurations. For example, FIG. 3A shows a reactor
130 in parallel with each SSFCL device 200 (as depicted in FIG.
2). However, FIG. 3B shows a single reactor 130 in parallel with

the series connection of SSFCL devices 200 in FIG. 3B. It 1is
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noted that when configured according to FIG. 3A, a regpective
set of these parallel components 145 is connected in parallel
with each solid state switching device 110. In contrast, when
configured as shown in FIG. 3B, a single reactor 130 1is
connected in parallel with the entire set of series connected
solid state switching devices 110. Thus, the reactor 130, shown
in FIG. 2, 1s not present in this embodiment. In addition,
though not shown in FIG. 3A-3B, the snubber 120 and transient
suppressor 140 are preferably in parallel with each solid state

switching device 110.

As described above, the isolation transformer 220 provides
isolation between these SSFCL devices 200. For example, when
installed in accordance with the embodiment of FIG. 3A, the
secondary windings 224 must meet certain criteria. First, the
isolation voltage between any two secondary windings 224 may be
greater than the power line voltage divided by the number of
SSFCL devices 100. The isolation voltage between the secondary
winding 224 to the primary winding 222 may be greater than the
power line wvoltage. Any secondary winding 224 to ground
isolation voltage may be greater than the power line voltage. In
the case where the primary winding is energized from the power
line 101, the primary winding 222 to ground isolation voltage

may be greater than the power line voltage.

Furthermore, the primary and secondary windings, and
adjacent secondary windings are all physically separated to
provide, by design, proper high voltage isolation rating, equal
to at least the line voltage of the system. In some embodiments,
a design margin of, for example, 25%, may be incorporated as
well. Of course, the distances between the winding assemblies

depend on the voltage and isolation material used. For example,
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the wuse of epoxy and transformer o0il can allow them to be
relatively small. In the isolation transformer 220, it is much
easier to accomplish the task of providing the power over
isolation barrier than in the case of an isolated power supply
170, as there is no additional electronics in the isolation
point. A non-isolated AC-to-DC power supply 210 is connected to
each respective secondary winding, and its input and output are
referenced to the same electrical common connection, which
serves to make the system more reliable as far as the power

supply is concerned.

When the SSFCL device 200 is installed in accordance with
the embodiment of FIG. 3B, the isolation voltage between any two
secondary windings 224 may be greater than the power 1line
voltage. Criteria for other isolation voltages may be as

described above.

It should be noted that FIG. 2 shows all of the gate
driving circuits 150 for the respective SSFCL devices 200
powered from secondary windings 224 in communication with a
single isolation transformer 220. However, other configurations
are possible. For example, two or more isolation transformers
220 may be used, where secondary windings from these isolation

transformers 220 provide power to all of the SSFCL devices 200.

As described above, the primary winding of the isolation
transformer 220 may be connected to an independent AC source
250. This independent source 250 may be any single output AC
source line with its own breaker. If desired, filters can be
added to the AC source line to eliminate switching noise
injected into the line. In one embodiment, the primary winding

is connected to a standard AC line, having 120-240V AC, although

10
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other voltages are possible. In this embodiment, the isolation
transformer 220 may be a primary winding to secondary winding
ratio (referred to as the turns ratio) of .5 to 2, so that the
secondary AC voltage is in the range of 120 to 240 volts. This
secondary AC voltage is the input voltage required by the non-
isolated AC-to-DC power supply 210. Therefore, if a different
input voltage 1is preferred, the turns ratio is modified to
achieve that input voltage in accordance with the relationship:
the input voltage to non-isolated AC-to-DC power supply is equal

to AC source voltage divided by the turns ratio.

In another embodiment, the primary winding of the isolation
transformer 220 may be connected to the power line 101. In some
embodiments, the isolation transformer 220 may be inserted in
the power line 101 after the last reactor 130 (i.e. between the
last SSFCL device 200 and the 1load). Of course, the isolation
transformer 220 may be connected in other 1locations but the
overprotection circuit 230 may be more complex. In this
embodiment, the primary winding 222 may be disposed between two
phases of +the AC power line 101. In this embodiment, the
isolation transformer 220 may have a suitable turns ratio, so
that the secondary AC voltage is in the range of 120 to 240
volts. The overprotection circuits 230 may be used to limit the
voltage in cases where the current through the power line 101 is
higher than expected. In addition, the secondary AC voltage may
dip during faults. To compensate for this, the non-isolated AC-
to-DC power supply 210 may be designed to have a suitable input
voltage range to accommodate this. For example, the input

voltage range may be rated to a voltage less than 120V.

Each non-isolated AC-to-DC power supply 210 is referenced

to the voltage of the power 1line 101 that is in communication

11
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with the solid state switching device 110. For example, the
solid state switching device 110 is in communication with the
power line 101 at its source side 111 and passes that voltage
(when enabled) to its drain side 112. In one embodiment, the
voltage at its source side 111 may be used as the common
reference for the non-isolated AC-to-DC power supply 210. In
another embodiment, the voltage at its drain side 112 may be
used as the common reference for the non-isolated AC-to-DC power

supply 210.

In this way, the output of the gate driving circuit 150,
which is in communication with gate 113, for each SSFCL device
200 is referenced to a voltage at one of the terminals 111, 112

of the solid state switching device 150.

As described above, the lower cost non-isolated AC-to-DC
power supply 1s greatly simplified by the inclusion of isolation
transformer 220. Thus, rather than including the complex
circuitry typically found in the isolated power supplies 170 of
the prior art, the lower cost non-isolated AC-to-DC power supply
210 has fewer components. For example, a 45 kV DC isolated
DC/DC, very low power (such as b5W) power supply may cost more
than $2000 and may require manufacturing lead times of 4-8
weeks. Furthermore, few vendors are capable of making such a
power supply. In contrast, a non-isolated power supply having
the same power requirements may cost less than $100, are readily

available, and are much more reliable.

As described above, the SSFCL device 200 of FIG. 2 may be
used with the configuration shown in FIG. 3A, where a set of
parallel components 145 1is associated with each solid state

switching device 110. In addition, the SSFCL device 200 of FIG.
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2 may be used with the configuration shown in FIG. 3B, where one
reactor 130 is in parallel with all of the solid state switching
devices 110, with snubbers 120 and transient suppressors 140 is

parallel with each switching device 110.

FIG. 4 shows a second embodiment of the SSFCL device 300
that can be used to create a less expensive, more reliable power
system. In this embodiment, the SSFCL device 300 comprises the
parallel components 145, solid state switching device 110,
current monitor 160, gate switching circuit 150, low cost non-
isolated AC-to-DC power supply 210 and overvoltage protection
circuit 230 described above with respect to FIG. 2. These
components perform the same function in this embodiment and will
not be described again here. This second embodiment of the SSFCL
device 300 can also be used in both embodiments shown in FIG. 3A

and FIG. 3B, configured in the manner described above.

However, in this embodiment, each SSECL device 300
comprises a respective isolation transformer 310. Each of these
isolation transformers 310 has their primary windings connected
to the power line 101. In one embodiment, the primary winding is
disposed between two phases of the AC power line 101. In this
way, the line voltage (Viipe) 1s across the primary winding. The
primary winding of the isolation transformer 310 may be disposed
either proximate the source 111 or the drain 112 of the solid
state switching device 110. In other words, the primary winding
of the isolation transformer 310 may be disposed on either side
of the solid state switching device 110. Consequently, it 1is
necessary for there to be current flow through the power line

101 even when the switching device 110 is in the disabled state.

13
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The secondary windings of the isolation transformers 310
are in communication with the low cost non-isolated AC-to-DC
power supply 210. As described above, an overvoltage protection
circuit 230 may be disposed between the secondary windings of
the isolation transformer 310 and the non-isolated AC-to-DC

power supply 210.

Each isolation transformer 310 may have a suitable turns
ratio, such that the voltage created at the secondary windings
314 is between, for example, 120 and 240 wvolts, regardless of
the state of the switching device 110. For example, 1if the line
voltage (Viine) is 10kV and the desired input voltage for the non-
isolated AC-to-DC power supply 210 is 120V, the turns ratio may
be determined as Vii,/120V, or 83. 0Of course different line
voltages and input voltages may also be used and the turns ratio

is calculated accordingly.

In this way, the expensive and largely unreliable isolated
power supply 170 may be replaced by an isolation transformer
220, 310 and a non-isolated AC-to-DC power supply 210. This
change reduces the cost of the system and increases its
reliability. The system may include an isolation transformer 220
having multiple secondary windings, as is shown in FIG. 2. In
another embodiment, a dedicated isolation transformer 310 may be

used with each SSFCL device 300, as is shown in FIG. 4.

Furthermore, a method of limiting fault current in an AC
power line is disclosed. First, the current in the AC power line
is monitored, such as by current monitor 160. Then, a voltage is
applied to the gate 113 of the solid state switching device 110
to allow or inhibit the flow of current through the solid state

switching device. The voltage used to control the gate 113 is
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generated by the gate driving circuit 150. Power is supplied to
the gate driving circuit 150 by a non-isolated AC-to-DC power
supply 210. The non-isolated AC-to-DC power supply is powered by
an 1isolated AC wvoltage. This isolated AC voltage 1is created
using an isolation transformer 220, 310. As described above, the
primary winding of the isolation transformer 310 may be disposed
across two phases of the AC power line. In another embodiment,
the primary winding of the isolation transformer 220 is disposed

across an independent AC source 250.

The present disclosure is not to be limited in scope by the
specific embodiments described herein. Indeed, other wvarious
embodiments of and modifications to the present disclosure, in
addition to those described herein, will be apparent to those of
ordinary skill in the art from the foregoing description and
accompanying drawings. Thus, such other embodiments and
modifications are intended to fall within the scope of the
present disclosure. Furthermore, although the present
disclosure has been described herein in the context of a
particular implementation 1in a particular environment for a
particular purpose, those of ordinary skill in the art will
recognize that its usefulness is not limited thereto and that
the present disclosure may be beneficially implemented in any
number of environments for any number of purposes. Accordingly,
the claims set forth below should be construed in view of the
full breadth and spirit of the present disclosure as described

herein.
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1. A solid state fault current limiting device for use with

an AC power line, comprising:

a solid state switching device, disposed in
series 1in said AC power line, salid solid state
switching device having an input, an output and a
gate, where a voltage applied to said gate determines
whether current flows between said input and said
output;

a gate driving circuit in communication with said
gate, to apply a gate voltage to said gate, said
voltage referenced to either a voltage at said input
or at said output;

a current monitor in communication with said AC
power line and said gate driving circuit, wherein said
gate voltage 1s determined based on an output from
said current monitor;

an isolation transformer, having a primary
winding and a secondary winding; and

a non-isolated AC-to-DC power supply, powered by
said secondary winding and referenced to said voltage
at said input or at said output, to supply DC power to
said gate driving circuit.

The solid state fault current limiting device of claim
1, wherein said primary winding is disposed between two
phases of said AC power line.

The solid state fault current limiting device of claim
1, further comprising an independent AC source, where
said primary winding is disposed across said independent

AC source.
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6.

7.

The solid state fault current limiting device of claim
1, further comprising an overvoltage protection circuit
disposed between said secondary winding and said non-
isolated power supply.
The solid state fault current limiting device of claim
1, wherein said primary winding and said secondary
winding are physically separated so as to provide a
voltage isolation rating equal to at least a voltage of
said AC power line.
A method of limiting fault current in an AC power line,
comprising:
monitoring current through said AC power line; and
applying a voltage to a gate of a solid state
switching device to allow or inhibit the flow of
current through said solid state switching device,
wherein said voltage is generated by:
using an 1isolation transformer to create an
isolated AC voltage;
using a non-isolated AC-to-DC power supply
referenced to said AC power line to convert said
isolated AC voltage to an isolated DC voltage; and
using said isolated DC voltage to power a gate
driving circuit in communication with said gate of
said solid state switching device.
A system for limiting fault current in an AC power line
comprising:

an isolation transformer, having a primary winding and

a first secondary winding and a second secondary winding;

an independent AC source, wherein said primary winding

is disposed across said independent AC source;

a first solid state fault current limiting device,

comprising:
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a first solid state switching device, disposed in
series in said AC power line, said first solid state
switching device having a first input, a first output
and a first gate, where a first gate voltage applied
to said first gate determines whether current flows
between said first input and said first output;

a first gate driving c¢ircuit in communication
with said first gate, to apply said first gate voltage
to said first gate, said first gate voltage referenced
to either a voltage at said first input or at said
first output;

a first current monitor in communication with
said AC power line and said first gate driving
circuit, wherein said first gate voltage is determined
based on an output from said first current monitor;
and

a first non-isolated AC-to-DC power supply,
powered by said first secondary winding and referenced
to said voltage at said first input or at said first
output, to supply DC power to said first gate driving
circuit; and

a second solid state fault current limiting device,

comprising:

a second solid state switching device, disposed
in series in said AC power 1line, said second solid
state switching device having a second input in
communication with said first output, a second output
and a second gate, where a second gate voltage applied
to said second gate determines whether current flows
between said second input and said second output;

a second gate driving circuit in communication

with said second gate, to apply said second gate
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10.

voltage to said second gate, said second gate voltage
referenced to either a voltage at said second input or
at said second output;

a second current monitor 1in communication with
said AC power line and said second gate driving
circuit, wherein said second gate voltage is
determined based on an output from said second current
monitor; and

a second non-isolated AC-to-DC power supply,
powered by said second secondary winding and referenced
to said voltage at said second input or at said second
output, to supply DC power to said second gate driving
circuit.

The system of c¢laim 7, further comprising a first
overvoltage protection circuit disposed between said
first secondary winding and said first non-isolated
power supply and a second overvoltage protection circuit
disposed between said second secondary winding and said
second non-isolated power supply.

The system of claim 7, wherein said primary winding and
said first secondary winding are physically separated so
as to provide a voltage isolation rating equal to at
least a voltage of said AC power line.

The system of claim 7, wherein said first secondary
winding and said second secondary winding are physically
separated so as to provide a voltage isoclation rating

equal to at least a voltage of said AC power line.

19



WO 2015/026570

1/4

//140

PCT/US2014/050687

/100

/

145 —

—

101

m_/uo /O

120

111

112

110

13

Vol

FIG. 1

(Prior Art)



PCT/US2014/050687

WO 2015/026570

2/4

¢ Old

- 067

e~ P4
\ANN
(Y (Y (Y (Y
™\
/ﬁm Dl 44
— — — — 00¢
o¢ | 00 0% 087 08¢
B Tofomee [ I — .| | e S 4_
| | 1 | | | I |
| — i 11 sbuipuy Aiopuodsg — _
m Ole LYY RO AN Y Y Ole m
“ “ “ _
| | | |
i 02./&&. i i oe./f_. i
I | I |
| | | |
“ ~—¢ll “ “ ~—¢ll _
m 0~ m m 0~ m
I | I |
m L I \_1@_ m L7 1] | 00l
m \ Cll T N ) m v: momwm u vou%mccoo e (ll il LLL \L\ 0l
! L] NPy adnpy ! A
O T T OA IIIIIIIIIIII 'O T T 0
uorduULoY) ! \FCCL L9INPON IXaN 0] aNpPoOW WaN o] | \FCCL | uoljosuu0)
auM a;om\m\L 0f} m \m\L 0Ll m SUf Jomog
Chl “ Gy _
| |
| |
| |




WO 2015/026570 PCT/US2014/050687
3/4

C

101

101



PCT/US2014/050687

WO 2015/026570

414

0¢¢ ~—¢||

N

/o

9l

9|NPON IXeN O]

¥ "Old

Saliag U] pajosuuo)
so[npoyy ajdiyny

1--------------------------
1

“

“ 01¢

|

|

1

1

|

m oﬁ/ﬁr

1

— —

“ 0¢e ~—C]|
|

1

1

1

|

|

|




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2014/050687

A. CLASSIFICATION OF SUBJECT MATTER
HO02H 9/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO2H 9/02; HO2M 3/335; HO2H 3/00;, HO2H 9/04; GOSF 1/10; GO3G 15/00

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: solid state, fault current, limit, switch, gate, driver, isolation transformer. non-isolated

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See paragraphs [0046]-[0059], claims 1-18 and figure 1.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2012-0327538 A1 (SUNG-HUN LIM et al.) 27 December 2012 1-10
See paragraphs [0036]-[0038], claims 1-6 and figures 12-16.
A JP 2001-145257 A (MATSUSHITA ELECTRIC IND. CO., LTD.) 25 May 2001 1-10
See abstract, claims 1-2 and figure 1.
A US 2013-0188399 Al (ZHAO TANG et al.) 25 July 2013 1-10
See paragraphs [0022]1-[00341, claims 1-8 and figures 2-4.
A US 2011-0309809 A1 (NARENDRA RAO et al.) 22 December 2011 1-10
See paragraphs [0022]-[0031], claims 1, 5-14 and figure 2.
A US 2007-0121257 A1 (ARINDAM MAITRA et al.) 31 May 2007 1-10

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priotity ¢claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, nse, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory undetlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

03 December 2014 (03.12.2014)

Date of mailing of the international search report

03 December 2014 (03.12.2014)

Name and mailing address of the [ISA/KR
International Application Division
« Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

PARK, Hye Lyun

Telephone No. +82-42-481-3463

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/050687

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2012-0327538 Al 27/12/2012 JP 2013-521753 A 10/06/2013
JP 5390030 B2 15/01/2014
KR 10-1037713 Bl 27/05/2011
US 8810978 B2 19/08/2014
WO 2011-108793 Al 09/09/2011

JP 2001-145257 A 25/05/2001 None

US 2013-0188399 Al 25/07/2013 CN 103219885 A 24/07/2013
US 8581565 B2 12/11/2013

US 2011-0309809 Al 22/12/2011 EP 2398146 A2 21/12/2011
EP 2398146 A3 03/10/2012
US 8716997 B2 06/05/2014

US 2007-0121257 Al 31/05/2007 US 7405910 B2 29/07/2008
WO 2007-064837 A2 07/06/2007
WO 2007-064837 A3 10/01/2008

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report

