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(57) Abstract: An electronic apparatus is provided. The electronic apparatus according to an embodiment includes a main circuit unit,
a power source supplier configured to generate power, and supply the generated power to the main circuit unit, and a surge protector
disposed between the main circuit unit and the power source supplier, the surge protector being configured to, based on a surge occurring
from the power source supplier, perform a clamping operation on power output from the power source supplier at a first voltage level,
wherein the power source supplier is further configured to, based on the clamping operation of the surge protector at the first voltage
level is stopped, perform a clamping operation on the generated power at a second voltage level greater than the first voltage level.
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Description

Title of Invention: ELECTRONIC APPARATUS AND CONTROL
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METHOD THEREOF
Technical Field

Devices and methods consistent with what is disclosed herein relate to an electronic
apparatus and a controlling method thereof, and more particularly, to an electronic
apparatus capable of protecting a circuit from an overvoltage and a controlling method

thereof.

Background Art

With the development of electronic technology, various types of electronic ap-
paratuses have been developed and widely used. Particularly, a display apparatus used
in a variety places such as home, office, and public place have been developed for
years.

When lightning, or the like occurs, a surge occurs, and the surge can be delivered
along a wire or an electric circuit. The surge is a transient waveform of an electrical
current, voltage or power with the characteristics of a rapid increase and a gradual
decrease over a short period of time, which can adversely affect electronic apparatuses.
Thus, generally, a surge includes a voltage surge.

For example, when a sudden overvoltage occurs in a power line due to lightning, or
the like, it may cause dielectric breakdown or failure of an electronic apparatus. Ac-
cordingly, the electronic apparatus may be provided with a surge protection circuit to
limit the effect of such surge.

FIG. 1 is a view illustrating a surge protection circuit according to a conventional
technique.

In most cases of a conventional surge protection circuit, an AC power input is
connected in parallel from Live to Neutral, but due to a response characteristic and that
a leakage current flows largely at the time of component deterioration, damage ac-
companied by ignition may occur largely. That is, a leakage current may be generated
by a varistor included in the surge protection circuit, thereby to damage the circuit.

A varistor connected to a power source in parallel is a device having a large
difference between a normal operating voltage (Continuous Voltage) and a peak
current (Max Continuous). Thus, the varistor operates at a high voltage when a
lightning-fast surge occurs, and the surge-based damage could be applied to a circuit
behind the varistor.

In addition, there also arises a problem that a leakage current increases by using a

varistor having a relatively low normal operating voltage.
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Accordingly, there is a need for a method capable of minimizing damage to a circuit
due to a surge while preventing a leakage current from increasing.

Disclosure of Invention

Technical Problem

An aspect of the exemplary embodiments relates to providing a channel list for
broadcasting programs which are expected to be viewed by a user at a time when a pre-
determined event occurs in a display apparatus.

Solution to Problem

An electronic apparatus, including: a main circuit unit; a power source supplier
configured to generate power, and supply the generated power to the main circuit unit;
and a surge protector disposed between the main circuit unit and the power source
supplier, the surge protector being configured to, based on a surge occurs within the
power source supplier, perform a first clamping operation on a power output from the
power source supplier at a first voltage level or lower, wherein the power source
supplier is further configured to, based on the first clamping operation is stopped,
perform a second clamping operation within the power source supplier at a second
voltage level greater than the first voltage level.

In some embodiments, the electronic apparatus includes an overvoltage protection
circuit unit coupled to the main circuit unit, wherein the overvoltage protection circuit
unit includes a capacitor, and wherein the overvoltage protection circuit unit is
configured to, based on an output voltage level of the main circuit unit charges the
capacitor to a value equal to or greater than a third voltage level, stop the first
clamping operation.

In some embodiments, the surge protector includes: a first varistor of which a first
end is connected to an output terminal of the power source supplier; a Silicon
Controlled Rectifier (SCR) including: an anode terminal connected to a second end of
the first varistor, and a cathode terminal connected to a circuit ground; and a surge
sensor including: an input terminal connected to the power source supplier, and an
output terminal connected to a gate terminal of the SCR.

In some embodiments, the surge sensor is configured to: sense a fourth voltage level
of the power source supplier, and based on the fourth voltage level is, due to the oc-
currence of the surge, equal to or greater than a fifth voltage level, turn on the SCR by
applying a signal to the gate terminal of the SCR, and wherein the surge protector is
further configured to, based on the SCR being turned on and a second end of the first
varistor being connected to the circuit ground, maintain the output terminal of the
power source supplier at the first voltage level or lower by the first varistor.

In some embodiments, the surge sensor is further configured to, based on the fourth
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voltage level is less than the fifth voltage level, stop applying the signal to the gate
terminal of the SCR, thereby turning off the SCR and stopping the first clamping
operation.

In some embodiments of the electronic apparatus a first end of the capacitor is
connected to an output terminal of the main circuit unit and a second end of the
capacitor is connected to a circuit ground, and wherein the overvoltage protection
circuit unit further includes: a resistor connected to the capacitor in parallel; and a
switching element, wherein a first terminal of the switching element is connected to the
output terminal and to the first end of the capacitor, and wherein a second terminal of
the switching element is connected to the gate terminal of the SCR, and wherein a third
terminal of the switching element is connected to the circuit ground.

In some embodiments of the electronic apparatus the switching element is configured
to turn on when the second terminal of the switching element, based on a voltage level
of the capacitor, is greater than or equal to the third voltage level, and wherein the
surge protector is further configured to, based on the switching element is turned on
and the SCR is turned off, stop the first clamping operation.

In some embodiments of the electronic apparatus, the power source supplier
includes: a power source; and a second varistor connected to the power source in
parallel, wherein the second varistor is configured to perform a second clamping
operation on an output of the power source at the second voltage level.

In some embodiments of the electronic apparatus the surge sensor is further
configured to: sense a voltage level of a predetermined node in the main circuit unit,
and apply a signal to the gate terminal of the SCR based on the sensed voltage level.

Also provided is method for controlling an electronic apparatus, wherein the
electronic apparatus comprises a main circuit unit, a power source supplier, and a surge
protector disposed between the main circuit unit and the power source supplier, the
method including: generating, by the power source supplier, power and supplying the
generated power to the main circuit unit; by the surge protector and a surge occurs
from the power source supplier, a first clamping operation on a power output of the
power source supplier at a first voltage level or lower; and based on the first clamping
operation is stopped, performing a second clamping operation by the power source
supplier within the power source supplier at a second voltage level greater than the first
voltage level.

In addition, a surge protection apparatus is provided, including: a varistor coupled to
a first input and an output of the surge protection circuit, wherein the first input is
configured to be coupled to a power supplier unit and the first output is configured to
be coupled to a main circuit unit; a silicon controlled rectifier (SCR) coupled to the

varistor, wherein the SCR is configured to be coupled to an overvoltage protection
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circuit, and wherein the SCR forms a circuit path between the varistor and a circuit
ground; and a surge sensor configured to be coupled to the power source supplier via at
least a second input, wherein the surge sensor is configured to: perform a clamping
action, using the varistor and the SCR, to clamp the first input to a first voltage based
on a measured voltage of the power source supplier exceeds a second voltage, and
wherein the SCR is configured to, based on a third voltage of the overvoltage
protection circuit exceeds a fourth voltage, stop the clamping action by interrupting the
circuit path between the varistor and the circuit ground.
Brief Description of Drawings

FIG. 1 is a view illustrating a surge protection circuit according to a conventional
technique;

FIG. 2 is a view illustrating an electronic apparatus according to an embodiment of
the disclosure;

FIG. 3 is a view to explain a detailed circuit of an electronic apparatus according to
an embodiment of the disclosure;

FIG. 4 is a view to explain a varistor according to an embodiment of the disclosure;

FIG. 5 is a view to explain a voltage level and an operation of each varistor
according to an embodiment of the disclosure;

FIG. 6 is a view to explain a detailed circuit of an electronic apparatus according to
another embodiment of the disclosure;

FIG. 7 is a view to explain a surge sensing method according to another embodiment
of the disclosure;

FIG. 8A is a view to explain a clamping result according to an embodiment of the
disclosure;

FIG. 8B is a view to explain a clamping result according to an embodiment of the
disclosure;

FIG. 9A is a view to explain application examples according to various embodiments
of the disclosure;

FIG. 9B is a view to explain application examples according to various embodiments
of the disclosure;

FIG. 9C is a view to explain application examples according to various embodiments
of the disclosure;

FIG. 9D is a view to explain application examples according to various embodiments
of the disclosure;

FIG. 9E is a view to explain application examples according to various embodiments
of the disclosure;

FIG. 10 is a view to explain an application example according to another em-
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bodiment of the disclosure; and
FIG. 11 is a flowchart to explain a controlling method of an electronic apparatus

according to an embodiment of the disclosure.

Best Mode for Carrying out the Invention

Mode for the Invention

The exemplary embodiments of the present disclosure may be diversely modified.
Accordingly, specific exemplary embodiments are illustrated in the drawings and are
described in detail in the detailed description. However, it is to be understood that the
present disclosure is not limited to a specific exemplary embodiment, but includes all
modifications, equivalents, and substitutions without departing from the scope and
spirit of the present disclosure. Also, well-known functions or constructions are not
described in detail since they would obscure the disclosure with unnecessary detail.

Hereinafter, various embodiments of the disclosure will be described in detail with
reference to the accompanying drawings.

FIG. 2 is a view illustrating an electronic apparatus 100 according to an embodiment
of the disclosure. Referring to FIG. 2, an electronic apparatus 100 may include a main
circuit unit 110, a power source supplier 120, and a surge protection unit 130.

The electronic apparatus 100 could be any type as long as it includes a power source
supplier. For example, the electronic apparatus 100 may be a set-top box (STB), a
server, a BD player, a disk player, a streaming box, a desktop PC, a laptop, a smart
phone, a tablet PC, a TV, or the like.

The electronic apparatus 100 may be a part of entire electronic apparatus, which
supplies power. For example, the electronic apparatus 100 may be a display apparatus
excluding a display, etc. for supplying power to the display apparatus.

The electronic apparatus 100 may be an apparatus that supplies power to a plurality
of other electronic apparatuses. For example, the plurality of other electronic ap-
paratuses may respectively include power source suppliers, and the electronic
apparatus 100 may be an apparatus that supplies power to a power source supplier of
each of the plurality of other electronic apparatuses.

If an apparatus has a possibility of internal circuit damage due to surge, the technical
feature of the disclosure could be applied. The surge may be delivered along a wire or
an electric circuit, and may be a transient waveform of an electrical current, voltage or
power with the characteristics of a rapid increase and a gradual decrease over a short
period of time. For example, when a sudden overvoltage occurs in a power line due to
lightning, or the like, dielectric damage or failure of an electronic apparatus may occur

in the electronic apparatus. The electronic apparatus 100 may limit the effect of such
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surge. The operation of the electronic apparatus 100 will be described in detail.

The main circuit unit 110 may be a circuit for controlling the electronic apparatus
100.

However, the disclosure is not limited thereto, but when the electronic apparatus 100
is a unit that supplies power to an entire electronic apparatus, the main circuit unit 110
may be an auxiliary circuit for power supply. For example, the main circuit unit 110
may be a circuit that performs power factor compensation on the power supplied from
the power source supplier 120. In this case, the power source supplier 120 may include
a configuration for generating power such as a voltage source or a current source.

The power source supplier 120 may generate power, and supply the generated power
to the main circuit unit 110. The power source supplier 120 may clamp the generated
power at a predetermined level and output the power.

For example, the power source supplier 120 may clamp the generated power to
750V, and output the power. The generated power may exceed 750V as a surge occurs,
and the power source supplier 120 may apply a clamp function to the generated power
in order to clamp the power output by the power source supplier 120 to 750V even if
the generated power exceeds 750V, and supply the power, with the clamp function
having been applied, to the main circuit unit 110. The power output by the power
source supplier 120 includes the voltage output by the power source supplier.

However, when the size of the generated power rapidly changes as a surface occurs,
a voltage level at which clamping is performed may vary. According to the above-
described example, when the size of the generated power rapidly changes, the power
source supplier 120 may clamp the power generated at a voltage higher than 750V, for
example, 1200V. In this case, other circuits included in the main circuit unit 110 and
the electronic apparatus 100 could be damaged. Such problem may be solved through
the surge protection unit 130.

The surge protection unit 130 may be disposed between the main circuit unit 110 and
the power source supplier 120. When a surge occurs at the power source supplier 120,
the surge protection unit 130 may clamp power output from the power source supplier
120 at a voltage level lower than a voltage level at which the power source supplier
120 itself clamps the power. Hereinafter, for ease of explanation, a clamping voltage
level of the surge protection unit 130 will be referred to as a first voltage level, and a
clamping voltage level of the power source supplier 120 will be referred to as a second
voltage level. In addition, the first voltage level may be lower than the second voltage
level.

A clamping response speed of the surge protection unit 130 may be faster than a
clamping response speed of the power source supplier 120. Accordingly, power

affected by a surge may be clamped first at the first voltage level, and then clamped at
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the second voltage level.

As described above, even if a surge occurs and the power generated by the power
source supplier 120 becomes greater than the first voltage level, the surge protection
unit 130 of the electronic apparatus 100 may clamp the generated power at the first
voltage level. When the surge protection unit 130 stops clamping at the first voltage
level, the power source supplier 120 may clamp the generated power at the second
voltage level and output the power.

However, the clamping operation of the power source supplier 120 may not have a
cause-effect relationship with the clamping operation of the surge protection unit 130.
That is, it may not be that the power source supplier 120 starts the clamping operation
as the clamping operation of the surge protection unit 130 at the first level stops.

To be specific, the power source supplier 120 may clamp the generated power at the
second voltage level. However, the clamping voltage level of the surge protection unit
130 may be lower than the clamping voltage level of the power source supplier 120,
and thus the generated power may always be lower than the second voltage level while
the surge protection unit 130 performs a clamping operation. Therefore, the power
source supplier 120 merely cannot perform a clamping operation, but it is not that the
clamping operation of the power source supplier 120 starts as the clamping operation
at the first voltage level stops.

The electronic apparatus 100 may further include an overvoltage protection circuit
unit (not shown). The overvoltage protection circuit unit may include a capacitor.
When a voltage of the capacitor due to an output voltage of the main circuit unit 110 is
greater than a predetermined first voltage, the overvoltage protection unit may stop a
clamping operation of the surge protection unit 130. The overvoltage protection circuit
unit may prevent the surge protection unit 130 from being damaged as surge occurs
continuously.

As described above, the power source supplier 120 may be configured in the same
manner as a conventional power source supplier to minimize the size of a leakage
current, as well as performing a clamping operation at a lower voltage level by further
comprising an additional surge protection unit 130.

Hereinafter, the configuration and operation of the electronic apparatus 100 will be
described in detail through the drawings.

FIG. 3 is a view to explain a detailed circuit of the electronic apparatus 100
according to an embodiment of the disclosure.

An electronic apparatus 100 may include a main circuit 110, a power source supplier
120, a surge protection unit 130, and an overvoltage protection circuit unit 140.

A power factor compensation circuit has been illustrated as the main circuit unit 110,

but an output capacitor 111 could be included. However, the disclosure is not limited
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thereto, but any type of circuit could be the main circuit unit 110 as long as it receives
power.

The surge protection unit 130 may include a first varistor 131 of which one end is
connected to an output terminal of the power source supplier 120, a Silicon Controlled
Rectifier (SCR) 132 including an anode terminal connected to the other end of the first
varistor and a grounded cathode terminal, and a surge sensor 133 of which output
terminal is connected to a gate terminal of the SCR. As used herein, a grounded
terminal includes a terminal connected to a circuit ground. The surge protection unit
130 may further include a resistor, a diode, etc. The surge sensor 133 may be im-
plemented by a custom hardware circuit such as an application specific integrated
circuit (ASIC), discrete components along with a processor with memory and software
for execution of instructions on the processor to perform the functions of the surge
sensor, or another combination of hardware and software.

The power source supplier 120 may include a power source 121 for generating power
and a second varistor 122 connected to the power source 121 in parallel for clamping
the generated power at a second voltage level. The power source supplier 120 may
further include a diode, etc.

The overvoltage protection circuit unit 140 may include a capacitor including one
end connected to an output terminal of the main circuit unit 110 and a grounded other
end, a resistor 142 connected to the capacitor 141 in parallel, and a switching element
143 including a first terminal connected to an output terminal, a second terminal
connected to a gate terminal of a SCR 132, and a grounded third terminal.

Hereinafter, the operation of each configuration will be described in sequence.

The power source 121 may generate power. In some embodiments, the power source
121 may include, for example, an interface to an AC Mains delivered by a power
company to a wall outlet. The power source 121 may be connected by a cable and plug
to the wall outlet. For example, see the cable and plug indications of FIG. 10
(connected to a switching mode power supply, SMPS). Electrical energy from the AC
Mains may be rectified and filtered in the power source 121 to provide the output of
the power source 121. The power generated by the power source 121 may be applied to
a first varistor 131 through a bridge rectifier.

The first varistor 131 and the second varistor 122 may clamp power output from the
power source 121. The first varistor 131 may clamp power at a first voltage level lower
than the second varistor 122, and a clamping response speed may be higher.

In order for the first varistor 131 to clamp power, the surge sensor 133 may sense
voltages of both ends of the power source supplier 120. In other words, the surge
sensor 133 may sense voltages of both ends of the power source supplier 120, and

when the sensed voltage is greater than a predetermined second voltage, may generate
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a control signal such that the first varistor 131 operates. The predetermined second
voltage may be higher than a normal voltage level, and lower than a second voltage
level, which is a clamping operation level of the second varistor 122.

The surge sensor 133 may sense voltages of both ends of the power source supplier
120 through two diodes respectively connected to both ends of the power source
supplier 120. The two diodes respectively connected to both ends of the power source
supplier 120 may prevent a current from being reversed and applied to the power
source supplier 120.

When a surge occurs and the sensed voltage becomes greater than the predetermined
second voltage, the surge sensor 133 may apply a signal to a gate terminal of the SCR
132, and turn on the SCR 132. A plurality of resistors for voltage distribution may be
connected between the output terminal of the surge sensor 133 and the gate terminal of
the SCR 132.

When the SCR 132 is turned on, the other end of the first varistor 131 may be
grounded. The first varistor 131 may sense power of the power source supplier 120,
and clamp power at the first voltage level. The surge protection unit 130 may maintain
the output terminal of the power source supplier 120 to a first voltage level or lower by
the first varistor 131 when the SCR 132 is turned on and the other end of the first
varistor 131 is grounded. The surge protection unit 130 may also be referred to herein
as a surge protector.

When the sensed voltage is smaller than the predetermined second voltage, the surge
sensor 133 may stop generating of a signal applied to the gate terminal of the SCR 132
and render the SCR 132 to be off.

In this case, the other end of the first varistor 131 may be off. In other words, the
surge protection unit 130 may stop a clamping operation by the first varistor 131.

The overvoltage protection circuit unit 140 may stop a clamping operation by the
first varistor 131. A capacitor 141 of the overvoltage protection circuit unit 140 may be
connected to the output terminal of the main circuit unit 110 and changed by an output
voltage. When a surge occurs more than a predetermined number of times or the
duration of the surge exceeds a predetermined time, the voltage of the capacitor 141
may become greater than a predetermined first voltage. When the voltage of the
capacitor 141 becomes greater than the predetermined first voltage, second and third
terminals of the switching element 143 may be turned on, and the gate terminal of the
SCR 132 may be grounded. In other words, the surge protection unit 130 may stop a
clamping operation by the first varistor 130 when the switching element 132 is turned
on and the SCR 132 is turned off.

Although not shown in FIG. 3, the surge sensor 133 may sense a voltage level of a

predetermined node in the main circuit unit 110, and apply a signal to the gate terminal
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of the SCR 132 based on the sensed voltage level. In this case, the surge protection unit
140 may maintain the output terminal of the power source supplier 120 to the first
voltage level or lower when the SCR 132 is turned on and the other end of the first
varistor 131 is grounded.

The power source supplier 120, when the clamping operation of the surge protection
unit 130 at the first voltage level stops, may clamp the generated power at the second
voltage level greater than the first voltage level. The power source supplier 120 may
perform a clamping operation when the surge protection unit 130 stops the clamping
operation at the first voltage level, and the generated power is greater than the first
voltage level. The surge protection unit 130 stops the clamping operation at the first
voltage level in various cases as described above.

By using the first varistor 131 having a voltage level for a clamping operation rather
than the second varistor 122 provided in the power source supplier 120, a clamping
operation could be performed at a low voltage level even if a surge occurs in the power
source supplier 120. In addition, when the first varistor 131 is connected to the power
source 121 in parallel, instead of the second varistor 122, a leakage current may be
increased. However, according to the disclosure, a leakage current may not increase by
using the second varistor 122.

The main circuit unit 110 may include an output capacitor 111, and the output
capacitor 111 may be embodied with a film capacitor. When there is no surge
protection unit 130, the output capacitor 111 of the main circuit unit 110 needs an elec-
trolytic capacitor with relatively high durability to prevent damage due to surge.
However, as the surge protection unit 130 prevents damage to the main circuit unit
110, the output capacitor 111 may be embodied with a film capacitor having a longer
life time than an electrolytic capacitor.

FIG 4 is a view to explain a varistor according to an embodiment of the disclosure.

Referring to FIG. 4, the type of varistor could vary. For example, INR14D391K 410
may perform a clamping operation at a voltage level of 390V, but perform a clamping
operation at a voltage level of maximum 650V when a sudden surge occurs. In
addition, INR14D751K 420 may perform a clamping operation at a voltage level of
750V, and perform a clamping operation at a voltage level of maximum 1240V when a
sudden surge occurs.

When the INR14D751K 420 is used as the second varitor 122 without an additional
surge protection unit 130, a voltage of maximum 1240V may be applied to the main
circuit unit 110 due to a sudden surge, so that the main circuit unit 110 may be
damaged.

When the surge protection unit 130 including the INR14D391K 410 as the first
varistor 131 is connected to the main circuit unit 110, the INR14D391K 410 may
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clamp power at a voltage level of maximum 650V although a sudden surge occurs.

Although the INR14D391K 410 does perform a clamping operation any further due
to the overvoltage protection circuit unit 140, the INR14D751K 420 may clamp power
at a voltage level of 750V. This could be after the INR14D391K 410 performs a
clamping operation, and time is delayed sufficiently. In other words, the surge
protection unit 130 including the INR14D391K 410 as the first varistor 131 may be
connected to the main circuit unit 110, so that the INR14D751K 420 may not perform
a clamping operation in response to a sudden surge.

The main circuit unit 110 may be protected through such the above-described
method.

FIG. 5 is a view to explain a voltage level and an operation of each varistor
according to an embodiment of the disclosure.

Referring to FIG. 5, a first interval 510 may be an example of a normal power supply
waveform.

A second section 511 and a third section 512 may show a clamping operation at a
first voltage level of a first varistor 131.

The second interval 511 represents a state in which the operation of the power source
supplier 120 is unstable and the amplitude of the output power is increased. The
operation of the power source supplier 120 may be unstable due to various reasons
such as when the power supplied to the power source supplier 120 is unstable of when
the power source supplier 120 is old.

A third interval 512 represents a state in which a surge occurs at a time point when an
amplitude is the largest, and an impulse-type power is output instantaneously.
However, the disclosure is not limited thereto, and the time point of surge occurrence
may vary.

In the second interval 511 and the third interval 512, portions 520 and 530 where the
waveform of power is higher than the first voltage level may be clamped and output at
the first voltage level. As used herein, the waveform of power includes the voltage
waveform within the power supplier 120 sensed by the surge sensor 133. In addition,
the interval where the waveform is output at the first voltage level may be an interval
where the first varistor 131 operates. In other words, heat may be generated in the
waveform is output at the first voltage level as the first varistor operates.

In order to prevent the first varistor 131 being heated and damaged as heat is
generated, the clamping operation of the first varistor 131 may be stopped at a specific
time point. The overvoltage protection circuit unit 140, if the output voltage of the
main circuit unit 110 satisfies a predetermined condition, may stop a clamping
operation of the first varistor 131 by feeding back the output voltage of the main circuit
unit 110.
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However, the disclosure is not limited thereto. The overvoltage protection circuit unit
140 may sense power of the power source supplier 120, and if the sensed power
satisfies a predetermined condition, may stop the clamping operation of the first
varistor 131.

If output power is abnormal even after the clamping operation of the first varistor
131 at the first voltage level is stopped due to the overvoltage protection circuit unit
140, the second varistor 122 may operate. For example, after the clamping operation of
the first varitor 131 at the first voltage level is stopped, and the voltage level of the
power generated by the power source 121 increases, the second varistor 122 may
clamp the generated power at the second voltage level.

The second varistor 122 may perform a clamping operation at a voltage level at
which the second varistor 122 normally clamps due to the delay from the time when a
surge occurs to the time when the clamping operation of the first varistor 131 is
stopped. For example, the second varistor 122 may perform a clamping operation at a
voltage level of 750V, but if a sudden surge occurs, even if a device performs a
clamping operation at a voltage level of maximum 1240V, the second varistor 122 may
perform a clamping operation at a voltage level of 750V due to the delay caused by the
clamping operation of the first varistor 131.

FIG. 6 is a view to explain detailed circuit of an electronic apparatus 100 according
to another embodiment of the disclosure.

Referring to FIG. 6, a surge protection unit 130 may include a Zener diode 610
instead of the surge protection unit 133.

For example, if power output from the power source supplier 120 is equal to or
greater than a predetermined voltage level, a reversed current may flow through the
Zener diode 610. When the reversed current flows through a plurality of resistors for
voltage distribution, a voltage may be applied to the gate terminal of the SCR 132, and
thus the SCR 132 may be turned on. Accordingly, the first varistor 131 may perform a
clamping operation.

FIG. 7 is a view to explain a surge sensing method according to another embodiment
of the disclosure.

Referring to FIG. 7, a surge sensor 133 may sense a voltage level of a predetermined
node 710 in the main circuit unit 110, and apply a signal to a gate terminal of the SCR
132 based on the sensed voltage level. In this case, the surge protection unit 130 may
maintain the output terminal of the power source supplier 120 to the first voltage level
or lower by the first varistor 131 when the SCR 132 is turned on, and then the other
end of the first varistor 131 is grounded.

The surge sensor 133 may control the first varistor 131 to operate by sensing at least

one of voltages of both ends of the power source supplier 120 or a voltage level of the



13

WO 2019/245185 PCT/KR2019/006494

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

predetermined node 710 in the main circuit unit 110.

The surge sensor 133 may stop a clamping operation by the first varistor 131 when
voltages of both ends of the power source supplier 120 are smaller than a prede-
termined second voltage, and the voltage level of the predetermined node 710 in the
main circuit unit 110 is lower than a predetermined threshold voltage level, a clamping
operation due to the first varistor 131 may be stopped.

FIGS. 8A and 8B are views to explain a clamping result according to an embodiment
of the disclosure.

FIG. 8A shows a result of surge occurrence when a source protection unit 130 is not
provided, and FIG. 8B shows a result of surge occurrence when the surge protection
unit 130 is provided.

Referring to FIG. 8A, there may be no surge protection unit 130, a clamping
operation may be performed only with a varistor in the power source supplier 120, and
a clamping voltage level of a varistor may be high. Therefore, when a sudden surge
occurs, a clamped voltage level may be very high.

However, referring to FIG. 8B, when the surge protection unit 130 is provided,
power may be saturated at a voltage level lower than the case where the surge
protection unit 130 is not provided as in FIG. 8A. Accordingly, a life time of the main
circuit unit 110 may be extended by protecting the main circuit unit 110, minimizing a
leakage current to the power source 121, and embodying the output capacitor 111 with
a film capacitor.

FIG. 9A, FIG. 9B, FIG. 9C, FIG. 9D, FIG. 9E and FIG. 9F are views to explain ap-
plication examples according to various embodiments of the disclosure.

FIG. 9A is a view illustrating a surge protection unit 130 in a PFC circuit of a display
apparatus, FIG. 9B is a view illustrating a surge protection unit 130 in a flyback circuit,
FIG. 9C is a view illustrating a surge protection unit 130 in a digital IC, FIG. 9D is a
view illustrating a surge protection unit 130 in a full bridge inverter circuit, and FIG.
9E is a view illustrating a surge protection unit 130 in a half bridge inverter circuit.

Referring to FIG. 9C, when using Digital IC, Micom, etc., it is possible to prevent
damage to the first varistor 131 by using various methods.

For example, referring to FIG. 9C, the Digital IC may sense the output voltage of the
main circuit unit 110 through the first input terminal 910. If the time when a surge is
identified to occur in the output voltage exceeds a predetermined time, the digital IC
may change the output of an output terminal 930 from high to low and prevent damage
to the first varistor 131.

Referring to FIG. 9C, the Digital IC may sense the power supplied from the power
source supplier 120 through a second input terminal 920. If the time when a surge is

identified to occur in the sensed power exceeds a predetermined time, the digital IC
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may change the output of the output terminal 930 from high to low and prevent the
damage to the first varistor 131.

In other words, when using Digital IC, Micom, etc. The Digital IC may identify
whether a surge occurs based on power supplied from the power source supplier 120
compared to the case where only a passive element is used, and perform an operation
to prevent the damage to the first varistor 131.

Other than the example embodiments shown in FIG. 9A, FIG. 9B, FIG. 9C, FIG. 9D,
and FIG. 9E, if the power source supplier 120 is provided and a surge occurs in an
electronic apparatus 100, the electronic apparatus 100 may be protected from a surge
by adding the surge protection unit 130 as shown in the disclosure.

FIG. 10 is a view to explain an application example according to another em-
bodiment of the disclosure.

It is described that a single circuit includes a single surge protection unit, but the
disclosure is not limited thereto.

For example, referring to FIG. 10, in the case of a display requiring a plurality of
power sources, even if only one power source is damaged by an external surge, the
remainder may be critically affected.

Therefore, a surge protection unit may be provided for each power source supplier,
or a surge protection unit may be provided for each AC cord input unit to protect an
electronic apparatus.

FIG. 11 is a flowchart to explain a controlling method for an electronic apparatus
according to an embodiment of the disclosure.

A controlling method for an electronic apparatus comprising a main circuit unit, a
power source supplier, and a surge protector disposed between the main circuit and the
power source supplier may comprise generating power through a power source
supplier, and supplying the generated power to the main circuit unit at step S1110.
When a surge occurs at the power source supplier, power output from the power source
supplier may be clamped by a surge protection unit at a first voltage level at step
S1120. When the clamping operation of the surge protection unit at the first voltage
level stops, the generated power may be clamped by the power source supplier at a
second voltage level greater than the first voltage level to be output at step S1130.

The electronic apparatus may further include an overvoltage protection circuit unit
including a capacitor, and the controlling method may further include stopping a
clamping operation of the surge protection unit by the overvoltage protection circuit
unit when a voltage of a capacitor due to an output voltage of the main circuit unit is
greater than a predetermined first voltage.

The surge protection unit may include a first varistor of which one end is connected

to an output terminal of a power source supplier, a Silicon Controlled Rectifier (SCR)
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including an anode terminal connected to the other end of the first varistor, and a
grounded cathode terminal, and a surge protector including an input terminal
connected to both ends of the power source supplier, and an output terminal connected
to a gate terminal of the SCR. The clamping at step S1120 may include maintaining the
output terminal of the power source supplier to the first voltage level or lower by the
first varistor.

The clamping at step S1120 may include sensing voltages of both ends of the power
source supplier by a surge sensor, when a sensed voltage is greater than a prede-
termined second voltage due to surge occurrence, applying a signal to the gate terminal
of the SCR by the surge sensor and turning on the SCR, and when the SCR is turned
on and the other end of the first varistor is grounded, maintaining the output terminal
of the power source supplier to the first voltage level or lower by the first varistor.

The stopping may include, when the sensed voltage is smaller than a predetermined
second voltage, stopping generating a signal applied to the gate terminal of the SCR by
the sensor, turning off the SCR, and stopping a clamping operation by the first varistor.

The overvoltage protection circuit unit may include a capacitor including one end
connected to the output terminal of the main circuit unit and the grounded terminal, a
resistor connected to the capacitor in parallel, a switching element including a first
terminal connected to the output terminal, a second terminal connected to the gate
terminal of the SCR, and a grounded third terminal. The stopping may include, when a
voltage of a capacitor is greater than a predetermined first voltage, turning on the
second terminal and the third terminal, and when the switching element is turned on
and the SCR is turned off, stopping a clamping operation by the first varistor.

The power source supplier may include a power source for generating power and a
second varistor connected to the power source in parallel, and the outputting at step
S1130 may include clamping power generated by the second varistor at a second
voltage level.

The clamping at step S1120 may include sensing a voltage level of a predetermined
node in a main circuit unit by a surge sensor, and applying a signal to the gate terminal
of the SCR based on the sensed voltage level.

The main circuit unit may include an output capacitor connected to an output
terminal, and the output capacitor may be a film capacitor.

As described above, according to various embodiments of the disclosure, an
electronic apparatus may further include an auxiliary varistor having a small capacity
than a main varistor connected to a power source, and the auxiliary varistor may
quickly respond than the main varistor when a sudden overvoltage occurs, and protect
a circuit from a time when an overvoltage occurs to a time when a main varistor

operates.
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Each of the components (e.g., modules or programs) according to various em-
bodiments may consist of a single entity or a plurality of entities, and some sub-
components of the abovementioned subcomponents may be omitted, or other
components may be further included in various embodiments. Alternatively or addi-
tionally, some components (e.g., modules or programs) may be integrated into one
entity to perform the same or similar functions performed by each component prior to
integration. Operations performed by modules, programs, or other components, in ac-
cordance with various embodiments, may be executed sequentially, in parallel,
repetitively, or heuristically, or at least some operations may be performed in a
different order, or omitted, or another function may be further added.

Although exemplary embodiments have been shown and described, it will be ap-
preciated by those skilled in the art that changes may be made to these exemplary em-
bodiments without departing from the principles and spirit of the disclosure. Ac-
cordingly, the scope of the invention is not construed as being limited to the described
exemplary embodiments, but is defined by the appended claims as well as equivalents

thereto.



WO 2019/245185

[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

17

PCT/KR2019/006494

Claims

An electronic apparatus, comprising:

a main circuit unit;

a power source supplier configured to generate power, and supply the
generated power to the main circuit unit; and

a surge protector disposed between the main circuit unit and the power
source supplier, the surge protector being configured to, based on a
surge occurs within the power source supplier, perform a first clamping
operation on a power output from the power source supplier at a first
voltage level or lower,

wherein the power source supplier is further configured to, based on the
first clamping operation is stopped, perform a second clamping
operation within the power source supplier at a second voltage level
greater than the first voltage level.

The electronic apparatus as claimed in claim 1, further comprising:

an overvoltage protection circuit unit coupled to the main circuit unit,
wherein the overvoltage protection circuit unit comprises a capacitor,
and wherein the overvoltage protection circuit unit is configured to,
based on an output voltage level of the main circuit unit charges the
capacitor to a value equal to or greater than a third voltage level, stop
the first clamping operation.

The electronic apparatus as claimed in claim 2, wherein the surge
protector comprises:

a first varistor of which a first end is connected to an output terminal of
the power source supplier;

a Silicon Controlled Rectifier (SCR) including:

an anode terminal connected to a second end of the first varistor, and

a cathode terminal connected to a circuit ground; and

a surge sensor including:

an input terminal connected to the power source supplier, and

an output terminal connected to a gate terminal of the SCR.

The electronic apparatus as claimed in claim 3, wherein

the surge sensor is configured to:

sense a fourth voltage level of the power source supplier, and

based on the fourth voltage level is, due to the occurrence of the surge,
equal to or greater than a fifth voltage level, turn on the SCR by
applying a signal to the gate terminal of the SCR, and
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wherein the surge protector is further configured to, based on the SCR
being turned on and a second end of the first varistor being connected
to the circuit ground, maintain the output terminal of the power source
supplier at the first voltage level or lower by the first varistor.

The electronic apparatus as claimed in claim 4, wherein the surge
sensor is further configured to, based on the fourth voltage level is less
than the fifth voltage level, stop applying the signal to the gate terminal
of the SCR, thereby turning off the SCR and stopping the first clamping
operation.

The electronic apparatus as claimed in claim 4, wherein a first end of
the capacitor is connected to an output terminal of the main circuit unit
and a second end of the capacitor is connected to a circuit ground, and
wherein the overvoltage protection circuit unit further comprises:

a resistor connected to the capacitor in parallel; and

a switching element, wherein a first terminal of the switching element
is connected to the output terminal and to the first end of the capacitor,
and wherein a second terminal of the switching element is connected to
the gate terminal of the SCR, and wherein a third terminal of the
switching element is connected to the circuit ground.

The electronic apparatus as claimed in claim 6, wherein the switching
element is configured to turn on when the second terminal of the
switching element, based on a voltage level of the capacitor, is greater
than or equal to the third voltage level, and

wherein the surge protector is further configured to, based on the
switching element is turned on and the SCR is turned off, stop the first
clamping operation.

The electronic apparatus as claimed in claim 3, wherein the power
source supplier comprises:

a power source; and

a second varistor connected to the power source in parallel, wherein the
second varistor is configured to perform a second clamping operation
on an output of the power source at the second voltage level.

The electronic apparatus as claimed in claim 3, wherein the surge
sensor is further configured to:

sense a voltage level of a predetermined node in the main circuit unit,
and

apply a signal to the gate terminal of the SCR based on the sensed

voltage level.
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The electronic apparatus as claimed in claim 1, wherein the main
circuit unit comprises an output capacitor connected to an output
terminal, and wherein the output capacitor is a film capacitor.

A method for controlling an electronic apparatus, wherein the
electronic apparatus comprises a main circuit unit, a power source
supplier, and a surge protector disposed between the main circuit unit
and the power source supplier, the method comprising:

generating, by the power source supplier, power and supplying the
generated power to the main circuit unit;

performing, by the surge protector and based on a surge occurs from
the power source supplier, a first clamping operation on a power output
of the power source supplier at a first voltage level or lower; and

based on the first clamping operation is stopped, performing a second
clamping operation by the power source supplier within the power
source supplier at a second voltage level greater than the first voltage
level.

The method as claimed in claim 11, wherein the electronic apparatus
further comprises an overvoltage protection circuit unit comprising a
capacitor, the method further comprising, based on an output voltage
level of the main circuit unit charges the capacitor to a value greater
than equal to a third voltage level, stop the first clamping operation.
The method as claimed in claim 12, wherein the surge protector
comprises a first varistor of which a first end is connected to an output
terminal of the power source supplier, a Silicon Controlled Rectifier
(SCR) including an anode terminal connected to the a second end of the
first varistor and a cathode terminal connected to a circuit ground, and a
surge sensor including an input terminal connected to the power source
supplier and an output terminal connected to a gate terminal of the
SCR, and

wherein the performing the first clamping operation comprises
maintaining the output terminal of the power source supplier at the first
voltage level or lower by the first varistor.

The method as claimed in claim 13, wherein the performing of the
clamping operation comprises:

sensing a fourth voltage of the power source supplier by the surge
Sensor;

based on the fourth voltage level is, due to the occurrence of the surge,

equal to or greater than a fifth voltage level, turning on the SCR by
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applying a signal to the gate terminal of the SCR; and

based on the SCR being turned on and a second end of the first varistor
being connected to the circuit ground, maintaining the output terminal
of the power source supplier at the first voltage level or lower by the
first varistor.

The method as claimed in claim 14, wherein the stopping the first
clamping operation comprises:

based on the fourth voltage level is smaller than the fifth voltage level,
stopping a generation of the signal applied to the gate terminal of the
SCR, thereby turning off the SCR and stopping the first clamping

operation.
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