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PROTECTION CIRCUIT AND VEHICLE-
MOUNTED DEVICE WITH THE SAME

RELATED APPLICATION

[0001] The present application claims priority to Chinese
Patent Application Number 202210498360.3, filed May 9,
2022, the entirety of which is hereby incorporated by
reference.

BACKGROUND
1. Field of the Disclosure

[0002] The present disclosure relates to a protection cir-
cuit and a vehicle-mounted device with the same.

2. Description of the Related Art

[0003] In existing circuit designs, for a circuit substrate, a
ground wire is usually provided as a potential reference line.
A function of the circuit substrate may not be realized when
the ground wire is disconnected, but doing so does not
usually cause damage to the circuit elements mounted on
the circuit substrate.

[0004] In addition, in some circuit designs, there are
usually a plurality of circuit substrates in one device with
multiple ground wires and power supplies at the same
time. Under such circumstances, when one ground wire is
disconnected, the circuit elements connected to the ground
wire will be connected to another ground wire, and as a
result, a function of the circuit substrate may not be realized,
possibly leading to destruction of the circuit elements.
Therefore, it is desirable during circuit design to design a
protection circuit to ensure that circuit elements are not
destroyed. In addition, it is sometimes desirable to ensure
that the function of the circuit substrate can be restored
when the ground wire is reconnected after being
disconnected.

SUMMARY

[0005] In view of this, the present disclosure provides a
protection circuit and a vehicle-mounted device provided
with the protection circuit, which can achieve the effect
that circuit elements are not damaged when a ground wire
1s disconnected, and the function of a circuit substrate can be
restored when the ground wire is reconnected after being
disconnected.

[0006] The present disclosure provides a protection cir-
cuit. In some forms, a protection circuit includes a first sub-
strate provided with a first circuit connected to a power line
and a potential reference line; a second substrate provided
with a second circuit connected to the power line and the
potential reference line; a connecting part including a poten-
tial reference connecting line configured to provide a con-
nection between the potential reference line of the first sub-
strate and the potential reference line of the second substrate
and a communication connecting line configured to provide
a connection between a communication line of the first cir-
cuit and a communication line of the second circuit; and a
current limiting unit disposed between a first node on the
potential reference line of the first substrate at the connect-
ing part side and a second node on the potential reference
line of the first substrate at the first circuit side.
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[0007] In some implementations, the protection circuit
provided by the present disclosure further includes a com-
munication line protection unit configured to limit voltages
applied to the communication line of the first circuit and the
communication line of the second circuit when current lim-
iting is conducted by the current limiting unit.

[0008] In some implementations, the current limiting unit
includes a damping resistor or a damping resistor and a
capacitor connected in parallel with the damping resistor.
[0009] In some implementations, the current limiting unit
is connected in series with the potential reference connect-
ing line.

[0010] In some implementations, the communication line
protection unit includes a first switching unit and a second
switching unit, one end of each of the first switching unit
and the second switching unit being connected to the poten-
tial reference connecting line and another end of each of the
first switching unit and the second switching unit being con-
nected to the communication connecting line, the one end of
the first switching unit and the one end of the second switch-
ing unit each being connected to a respective end of the cur-
rent limiting unit.

[0011] In some implementations, the communication line
protection unit further includes a resistor connected to the
communication connecting line between the other end of the
first switching unit and the other end of the second switching
unit.

[0012] In some implementations, the first switching unit
includes a first switching element and a first diode con-
nected in series with the first switching element, and the
second switching unit includes a second switching element
and a second diode connected in series with the second
switching element.

[0013] In some implementations, the first switching ele-
ment and the second switching element are transistors, and
the first diode and the second diode are Zener diodes.
[0014] In some implementations, a gate electrode of the
first switching element is connected to the potential refer-
ence connecting line at one end of the damping resistor, a
source electrode of the first switching element is connected
to the potential reference connecting line at another end of
the damping resistor, and a drain electrode of the first
switching element is connected to the communication con-
necting line via the first diode; a gate electrode of the second
switching element is connected to the potential reference
connecting line at the other end of the damping resistor, a
source electrode of the second switching element is con-
nected to the potential reference connecting line at the one
end of the damping resistor, and a drain electrode of the
second switching element is connected to the communica-
tion connecting line via the second diode; the first diode is
forward connected between the drain electrode of the first
switching element and the communication connecting line;
and the second diode is forward connected between the
drain electrode of the second switching element and the
communication connecting line.

[0015] In some implementations, a vehicle-mounted
device provided by the present disclosure is provided with
the protection circuit of any one described above.

[0016] According to forms of the protection circuit and the
vehicle-mounted device provided with the protection circuit
provided by the present disclosure, it is possible to achieve
the effects that circuit elements are not damaged when a
ground wire is disconnected, and the function of a circuit
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substrate can be restored when the ground wire is recon-
nected after being disconnected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGS. 1A to 1C are schematic diagrams of one
form of a vehicle-mounted device of the present disclosure,
where FIG. 1A is a perspective view of the vehicle-mounted
device of the present disclosure, and FIGS. 1B and 1C are
exploded perspective views of the vehicle-mounted device
of the present disclosure;

[0018] FIGS. 2A to 2C are schematic diagrams of a pro-
tection circuit of the vehicle-mounted device according to a
first embodiment of the present disclosure;

[0019] FIG. 3 is a schematic diagram of one embodiment
of a protection circuit of a comparative example;

[0020] FIG. 4 is a schematic diagram of a modified exam-
ple of the protection circuit of the vehicle-mounted device
according to the first embodiment of the present disclosure;
[0021] FIGS. SA to 5C are schematic diagrams of a pro-
tection circuit of a vehicle-mounted device according to a
second embodiment of the present disclosure; and

[0022] FIGS. 6A to 6C are schematic diagrams of the pro-
tection circuit of the vehicle-mounted device according to a
modified example of the second embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0023] Embodiments and implementations of the present
disclosure will be described in combination with the accom-
panying drawings hereinafter.

[0024] The drawings are schematic or conceptual, and the
dimensions of various components are not necessarily the
same as those in reality. Even if the parts are identical,
there are cases where they are represented with different
size or scale according to the accompanying drawings.
[0025] In the description and the drawings of the present
application, the same signs and line types are marked for the
same parts as those already illustrated, and detailed descrip-
tions are omitted where appropriate.

First Embodiment

[0026] Hereinafter, a vehicle-mounted device and its pro-
tection circuit according to a first embodiment of the present
disclosure will now be described with reference to FIGS. 1A
to 4.

[0027] FIGS. 1A to 1C are schematic diagrams of a vehi-
cle-mounted device of the present disclosure, where FIG.
1A is a perspective view of the vehicle-mounted device of
the present disclosure, and FIGS. 1B and 1C are exploded
perspective views of the vehicle-mounted device of the pre-
sent disclosure.

[0028] FIGS. 2A to 2C are schematic diagrams of a pro-
tection circuit of the vehicle-mounted device according to
the first embodiment of the present disclosure. FIG. 3 is a
schematic diagram of one embodiment of a protection cir-
cuit of a comparative example. FIG. 4 is a schematic dia-
gram of a modified example of the protection circuit of the
vehicle-mounted device according to the first embodiment
of the present disclosure.

[0029] A vehicle-mounted device of the present disclosure
shown in FIGS. 1A to 1C has an operation control function
and a display function. The component shown in FIG. 1B

Nov. 9, 2023

includes a knob for operation and an MFC (Multi-Function
Controller), which can be used to achieve the operation con-
trol function. The component shown in FIG. 1C includes a
display screen (e.g., a touch panel) and a FIDM (Fully Inte-
grated Display Module), which can be used to implement
display functions.

[0030] In addition, the vehicle-mounted device of the pre-
sent disclosure shown in FIG. 1A also has a screen vibration
function, that is, when the display screen shown in FIG. 1C
is touched, the display screen vibrates to give feedback and
prompt. In addition, the component shown in FIG. 1C also
includes a touch vibration function control substrate (haptic
substrate) which can be used to implement the screen vibra-
tion function.

[0031] FIGS. 2A to 2C are schematic diagrams of a pro-
tection circuit of the vehicle-mounted device according to
the first embodiment of the present disclosure. In the draw-
ings, thick solid lines represent power lines, thin solid lines
represent potential reference lines, dotted lines represent
communication lines, small solid line frames represent cir-
cuits, large solid circles represent power sources, solid
inverted triangles represent grounding, and small solid cir-
cles represent nodes. In this embodiment, the power lines
are wires that can withstand high current and are used to
transmit power. Communication lines are used to transmit
data and signals.

[0032] As shown in FIGS. 2A to 2C, the power line (thick
solid line) and a potential reference line (thin solid line) are
connected to the MFC, and the MFC is connected to the
haptic substrate through the power line and the potential
reference line. The MFC receives power from a power
source, such as a vehicle-mounted battery, and supplies
power to the haptic substrate through the power line. In
addition, MFC and haptic substrate share the potential refer-
ence lines. Thus, the MFC having the circuit IC1 and the
haptic substrate having the first circuit IC2 can be equivalent
to one circuit substrate, which corresponds to the first sub-
strate B1 (shown in the “L” shaped solid rectangular frame
in the drawings).

[0033] In addition, the FIDM is connected with the power
supply line and the potential reference line, and has a second
circuit IC3. The FIDM corresponds to the second substrate
B2 (shown in a solid rectangular frame at the lower left in
the drawings). The FIDM is connected to the haptic sub-
strate through a FPC (Flexible Printed Circuit) as a connect-
ing part.

[0034] The circuit IC1, the first circuit IC2, and the second
circuit IC3 may be, for example, a chip, a circuit including a
chip, or the like.

[0035] Asshown in FIGS. 2A to 2C, the FPC as a connect-
ing part includes a potential reference connecting line (a
double-dash line) for connecting between the potential
reference line of the first substrate B1 and the potential
reference line of the second substrate B2 and a communica-
tion connecting line (a single-dash line) for connecting
between a communication line of a first circuit IC2 and a
communication line of a second circuit IC3. Specifically,
the communication connecting line of the FPC connects
the communication line (the dot line in the FIDM frame)
of the second circuit IC3 provided in the FIDM with the
communication line (the dot line in the haptic frame) of
the first circuit IC2 provided in the haptic substrate. The
potential reference connecting line of the FPC connects the
potential reference line (thin solid line in the FIDM frame)
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of the FIDM with the potential reference line (thin solid line
in the haptic frame) of the haptic substrate.

[0036] In addition, the protection circuit of the vehicle-
mounted device according to the first embodiment of the
present disclosure includes a damping resistor, serving as a
current limiting unit, connected between a first node N1 on
the potential reference line of the first substrate B1 at the
FPC side and the second node N2 on the potential reference
line of the first substrate B1 at the first circuit side. That is,
the damping resistor is arranged on the potential reference
line and connected in series with the potential reference con-
necting line. In this embodiment, the damping resistor is set
to 100 ohms, but not limited thereto, and the damping resis-
tor can be set to any other values according to the design
parameters of the circuit.

[0037] Hereinafter, the operation of the protection circuit
of the vehicle-mounted device according to the first embo-
diment of the present disclosure will be described.

[0038] FIG. 2A shows a state of the protection circuit of
the vehicle-mounted device according to the first embodi-
ment of the present disclosure when it is normally operated.
In normal operation, the first node N1 and the second node
N2 are both at reference potentials, and no current flows
between the first node N1 and the second node N2 so that
there is no voltage difference. All components of the protec-
tion circuit operate normally.

[0039] FIG. 2B shows a state where the potential reference
line of the protection circuit of the vehicle-mounted device
according to the first embodiment of the present disclosure
at the FIDM side is disconnected and the circuit is discon-
nected. When the potential reference line at the FIDM side
is disconnected, the current flowing out of the power supply
of the second substrate B2 cannot be grounded through the
potential reference line at the FIDM side, but is grounded
through the potential reference line on the first substrate Bl
via the FPC, that is, the potential reference line at the MFC
side. Since the damping resistor which plays a role in limit-
ing current is connected between the first node N1 and the
second node N2, no high current will flow in the FPC,
thereby preventing the FPC from being damaged due to
the burning of the potential reference connecting line.
[0040] FIG. 2C shows a state where the potential reference
line of the protection circuit of the vehicle-mounted device
according to the first embodiment of the present disclosure
at the MFC side is disconnected and the circuit is discon-
nected. When the potential reference line at the MFC side is
disconnected, the current flowing out of the power supply of
the first substrate B1 cannot be grounded through the poten-
tial reference line at the MFC side, but is grounded through
the potential reference line on the second substrate B2 via
the FPC, that is, the potential reference line at the FIDM
side. Since the damping resistor which plays a role in limit-
ing current is connected between the first node N1 and the
second node N2, no high current will flow in the FPC,
thereby preventing the FPC from being damaged due to
the burning of the potential reference connecting line.

Comparative Example

[0041] A comparative example for comparing with the
present disclosure will be described below with reference
to FIG. 3.

[0042] As shown in FIG. 3 the protection circuit of the
comparative example differs from the protection circuit of
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the vehicle-mounted device according to the first embodi-
ment of the present disclosure shown in FIG. 2A in that no
damping resistor is provided.

[0043] In the protection circuit of the comparative exam-
ple shown in FIG. 3, when the potential reference line at the
FIDM side is disconnected, the current flowing from the
power supply of the second substrate cannot be grounded
through the potential reference line at the FIDM side, but
is grounded through the potential reference line on the first
substrate via the FPC. In this way, a high current will flow
on the FPC, which may cause the FPC to burn out.

[0044] On the other hand, in the protection circuit of the
comparative example shown in FIG. 3, when the potential
reference line at the MFC side is disconnected, the current
flowing from the power supply of the first substrate cannot
be grounded through the potential reference line at the MFC
side, but is grounded through the potential reference line on
the second substrate via the FPC. In this way, a high current
will flow on the FPC, which may cause the FPC to burn out.
[0045] Thus, with the protection circuit of the vehicle-
mounted device according to the first embodiment of the
present disclosure, it is possible to limit the current flowing
through the FPC, prevent the FPC from being burnt out due
to excessive current, and achieve the effect that the function
of the circuit board can be restored when the ground wire is
reconnected after being disconnected by arranging the
damping resistor between the first node N1 on the potential
reference line of the first substrate B1 at the connecting part
side and the second node N2 on the potential reference line
of the first substrate B1 at the first circuit IC3 side.

Modified Example

[0046] A modified example of the protection circuit of the
vehicle-mounted device according to the first embodiment
of the present disclosure will be described below with refer-
ence to FIG. 4.

[0047] As shown in FIG. 4, the protection circuit of the
modified example differs from the protection circuit of the
vehicle-mounted device according to the first embodiment
of the present disclosure shown in FIG. 2A in that a capaci-
tor is connected in parallel with the damping resistor
between the first Node N1 and the second Node N2. In this
embodiment, the capacitance is set to 0.1 pF, but it is not
limited to this. The capacitance can be set to any other
values according to the design parameters of the circuit.
[0048] The operation of the protection circuit of the mod-
ified example shown in FIG. 4 is the same as that of the
protection circuit of the vehicle-mounted device of the first
embodiment shown in FIGS. 2A to 2C.

[0049] Therefore, the protection circuit of the modified
example also has the effect of the protection circuit of the
vehicle-mounted device according to the first embodiment
described above. In addition, since a capacitor is connected
in parallel with the damping resistor between the first node
N1 and the second node N2, it is possible to filter an impact
component of the alternating current power flowing
through, so that the protection circuit has a strong anti-inter-
ference capability and improved environmental adaptability.

Second Embodiment

[0050] Hereinafter, the protection circuit of the vehicle-
mounted device according to a second embodiment of the
present disclosure will be described with reference to FIGS.
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5A to 5C, which are schematic diagrams of a protection cir-
cuit of a vehicle-mounted device according to the second
embodiment of the present disclosure.

[0051] As shown in FIG. S5A, the protection circuit of the
second embodiment differs from the protection circuit of the
vehicle-mounted device of the modified example of the first
embodiment of the present disclosure shown in FIG. 4 in
that a communication line protection unit is added, which
limits the voltage applied to the communication line of the
first circuit IC2 and the communication line of the second
circuit IC3 when the current is limited by the damping resis-
tor as the current limiting unit. This eliminates the effect that
the potential of the potential reference line is unintentionally
raised by the additional current limiting unit.

[0052] As shown in FIG. SA, the communication line pro-
tection unit includes a first switching unit and a second
switching unit each having one end connected to the poten-
tial reference connecting line and another end connected to
the communication connecting line. In addition, one end of
the first switching unit and one end of the second switching
unit are each connected to a respective end of the current
limiting unit.

[0053] In addition, the first switching unit includes a first
switching element Q1000 and a first diode ZD1 connected
in series with the first switching element, and the second
switching unit includes a second switching element Q1001
and a second diode ZD2 connected in series with the second
switching element.

[0054] In addition, it is provided herein that a gate elec-
trode of the first switching element Q1000 is connected to
the potential reference connecting line at one end of the
damping resistor, a source electrode of the first switching
element Q1000 is connected to the potential reference con-
necting line at another end of the damping resistor, and a
drain electrode of the first switching element Q1000 is con-
nected to the communication connecting line via the first
diode ZD1.

[0055] In addition, it is provided herein that a gate elec-
trode of the second switching element Q1001 is connected
to the potential reference connecting line at the other end of
the damping resistor, a source electrode of the second
switching element Q1001 is connected to the potential refer-
ence connecting line at the one end of the damping resistor,
and a drain electrode of the second switching element
Q1001 is connected to the communication connecting line
via the second diode ZD2.

[0056] In addition, in this example, the first switching ele-
ment and the second switching element are, for example,
FET transistors, and the first diode and the second diode
are Zener diodes.

[0057] Hereinafter, the operation of the protection circuit
of the vehicle-mounted device according to the second
embodiment of the present disclosure will be described.
[0058] FIG. 5A shows a state of the protection circuit of
the vehicle-mounted device according to the second embo-
diment of the present disclosure when it is normally oper-
ated. In normal operation, the first node N1 and the second
node N2 are both at ground potentials, and there is no cur-
rent flowing through the current limiting resistor between
the first node N1 and the second node N2, so there is no
voltage difference between the two sides of the resistor.
Therefore, both the first switching element Q1000 and the
second switching element Q1001 are disconnected. In this
case, the protection circuit of the vehicle-mounted device
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according to the second embodiment operates normally in
the same manner as the protection circuit shown in FIG. 4.
There will be no voltage disconnection on the communica-
tion line.

[0059] FIG. 5B shows a state where the potential reference
line of the protection circuit of the vehicle-mounted device
according to the second embodiment of the present disclo-
sure at the FIDM side is disconnected and the circuit is dis-
connected. When the potential reference line on the FIDM
side is disconnected, the current flowing out of the power
supply of the second substrate B2 cannot be grounded
through the potential reference line at the FIDM side, but
is grounded through the potential reference line on the first
substrate B1 via the FPC, that is, the potential reference line
at the MFC side. Since the damping resistor is connected
between the first node N1 and the second node N2, the
potential of the first node N1 is not zero due to the voltage
difference caused by the damping resistor and is higher than
the potential of the second node N2 when a current flows.
Thus, the first switching element Q1000 is disconnected, the
second switching element Q1001 is connected, and the sec-
ond diode ZD2, which is connected forward to the drain
electrode of the second switching element Q1001, is con-
nected. With the effect of the constant voltage of the second
diode ZD2, the voltage on the communication line is con-
stant, and the influence that the voltage on the communica-
tion line 1s raised due to the damping resistor is eliminated.
Therefore, a high current will not flow on the FPC, and the
FPC can be prevented from being burnt out. The present
disclosure can avoid the voltage rise of the communication
line, thereby avoiding the destruction of the components on
the communication connecting line at the FIDM side.
[0060] FIG. 5C shows a state where the potential reference
line of the protection circuit of the vehicle-mounted device
according to the second embodiment of the present disclo-
sure at the MFC side is disconnected and the circuit is dis-
connected. When the potential reference line at the MFC
side is disconnected, the current flowing out of the power
supply of the first substrate B1 cannot be grounded through
the potential reference line at the MFC side, but is grounded
through the potential reference line on the second substrate
B2 via the FPC, that is, the potential reference line at the
FIDM side. Since the damping resistor is connected between
the first node N1 and the second node N2, the potential of
the second node N2 is not zero due to the voltage difference
caused by the damping resistor and is higher than the poten-
tial of the first node N1 when a current flows. Thus, the first
switching element Q1000 is connected, the second switch-
ing element Q1001 is disconnected, and the first diode ZD1,
which is connected forward to the drain electrode of the first
switching element Q1000, is connected. With the effect of
the constant voltage of the first diode ZD1, the voltage on
the communication line is constant, and the influence that
the voltage on the communication line is raised due to the
damping resistor is eliminated. Therefore, a high current
will not flow on the FPC, and the FPC can be prevented
from being burnt out. The present disclosure can avoid the
voltage rise of the communication line, thereby avoiding the
destruction of the components on the communication con-
necting line at the first substrate 131 side.

[0061] Thus, the protection circuit of the vehicle-mounted
device according to the second embodiment of the present
disclosure also achieves the effect of the protection circuit of
the vehicle-mounted device according to the first embodi-
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ment and its modified example. Further, since a communica-
tion line protection unit is added, the communication line
protection unit limits the voltage applied to the communica-
tion line of the first circuit IC2 and the communication line
of the second circuit IC3 when the current is limited by the
damping resistor as the current limiting unit. Therefore, the
voltage on the communication line is constant, and the influ-
ence that the voltage on the communication line is raised
due to the damping resistor is eliminated. Therefore, a
high current does not flow to the FPC, and the FPC can be
prevented from being damaged due to burnout of the poten-
tial reference connecting line.

Modified Example

[0062] As described in the second embodiment, the influ-
ence that the voltage on the communication line is raised
due to the damping resistor is eliminated by the voltage sta-
bilizing effect of the first diode ZD1 or the second diode
ZD2. When the voltage stabilizing capability of the first
diode ZD1 or the second diode ZD2 is sufficiently strong
and the current flowing through the communication line is
less than the upper limit value of the capacity of the voltage
stabilizing tube, the influence that the voltage on the com-
munication line is raised due to the damping resistor can be
fully eliminated. However, when the first diode ZD1 or the
second diode ZD?2 has weak voltage stabilization capability
and the upper limit value of the capability is less than the
current flowing through the communication line, the influ-
ence of voltage rise on the communication line caused by
the damping resistor cannot be fully eliminated. With the
protection circuit according to a modified example of the
second embodiment described below, it is possible to prop-
erly stabilize the voltage even when the voltage stabilizing
capability of the first diode ZD1 or the second diode ZD2 is
weak, thereby sufficiently eliminating the influence of vol-
tage elevation on the communication line caused by the
damping resistor.

[0063] Hereinafter, the protection circuit of the vehicle-
mounted device according to a modified example of the sec-
ond embodiment of the present disclosure will be described
with reference to FIGS. 6A to 6C, which are schematic dia-
grams of the protection circuit of the vehicle-mounted
device according to the modified example of the second
embodiment of the present disclosure.

[0064] As shown in FIG. 6A, the protection circuit of the
modified example of the second embodiment differs from
the protection circuit of the vehicle-mounted device of the
second embodiment of the present disclosure shown in FIG.
5A in that the communication line protection unit includes
the first switching unit and the second switching unit each
having the one end connected to the potential reference con-
necting line and the other end connected to the communica-
tion connecting line, and also includes a resistor connected
to the communication connecting line between the other end
of the first switching unit and the other end of the second
switching unit. In this embodiment, the resistor is set to
1.2 kiloohms, but not limited thereto, and the resistor can
be set to any other values according to the design parameters
of the circuit. The resistor is designed so as to have an
almost negligible effect on the current flowing through the
communication line.

[0065] Hereinafter, the operation of the protection circuit
of the vehicle-mounted device according to the modified
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example of the second embodiment of the present disclosure
will be described.

[0066] FIG. 6A shows a state of the protection circuit of
the wvehicle-mounted device according to the modified
example of the second embodiment of the present disclosure
when it is normally operated. In normal operation, the first
node N1 and the second node N2 are both at grounding
potentials, and no current flows between the first node N1
and the second node N2 so that there is no voltage differ-
ence. Therefore, both the first switching element Q1000 and
the second switching element Q1001 are disconnected. In
this case, a resistance is connected in series on the commu-
nication line, but the resistance is designed to have almost
negligible influence on the current flowing through the com-
munication line, so it will not affect the normal operation of
the protection circuit of the vehicle-mounted device, that is,
the protection circuit of the vehicle-mounted device can
work stably.

[0067] FIG. 6B shows a state in which a potential refer-
ence line at the FIDM side of a protection circuit of a vehi-
cle-mounted device according to a modified example of the
second embodiment of the present disclosure is discon-
nected and the circuit is disconnected. When the potential
reference line at the FIDM side 1s disconnected, the current
flowing out of the power supply of the second substrate B2
cannot be grounded through the potential reference line at
the FIDM side, but is grounded through the potential refer-
ence line on the first substrate B1 via the FPC. Since the
damping resistor is connected between the first node N1
and the second node N2, the potential of the first node N1
is not zero due to the voltage difference caused by the damp-
ing resistor and is higher than the potential of the second
node N2 when a current flows. Thus, the first switching ele-
ment Q1000 is disconnected, the second switching element
Q1001 is connected, and the second diode ZD2, which is
connected forward to the drain electrode of the second
switching element Q1001, is connected. With the effect of
the constant voltage generated by the cooperation of the sec-
ond diode ZD2 and the resistor in series on the communica-
tion line, the voltage on the communication line is constant,
and the influence that the voltage on the communication line
is raised due to the damping resistor is eliminated. There-
fore, a high current does not flow to the FPC, and the FPC
can be prevented from being damaged due to burnout of the
potential reference connecting line.

[0068] FIG. 6C shows a state where the potential reference
line of the protection circuit of the vehicle-mounted device
according to the modified example of the second embodi-
ment of the present disclosure at the MFC side is discon-
nected and the circuit is disconnected. When the potential
reference line at the MFC side is disconnected, the current
flowing out of the power supply of the first substrate B1
cannot be grounded through the potential reference line at
the MFC side, but is grounded through the potential refer-
ence line on the second substrate via the FPC. Since the
damping resistor is connected between the first node N1
and the second node N2, the potential of the second node
N2 is not zero due to the voltage difference caused by the
damping resistor and is higher than the potential of the first
node N1 when a current flows. Thus, the first switching ele-
ment Q1000 is connected, the second switching element
Q1001 is disconnected, and the first diode ZD1, which is
connected forward to the drain electrode of the first switch-
ing element Q1000, is connected. With the effect of the con-
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stant voltage generated by the cooperation of the first diode
ZD1 and the resistor in series on the communication line,
the voltage on the communication line is constant, and the
influence that the voltage on the communication line is
raised due to the damping resistor is eliminated. Therefore,
a high current does not flow to the FPC, and the FPC can be
prevented from being damaged due to burnout of the poten-
tial reference connecting line.

[0069] Thus, the protection circuit of the vehicle-mounted
device according to the modified example of the second
embodiment of the present disclosure also has the effect of
the protection circuit of the vehicle-mounted device accord-
ing to the first embodiment and its modified example and the
second embodiment as described above. In addition, a resis-
tor is added to the communication line protection unit, and
in cooperation with the first diode ZD1 or the second diode
7ZD2, the resistor fully exerts the voltage stabilizing func-
tion, so that the voltage on the communication line is con-
stant, and the influence of the voltage on the communication
line being raised due to the damping resistor is eliminated.

Other Modified Examples

[0070] In the above, several embodiments and modified
examples of the present disclosure have been illustrated,
but these embodiments are presented as examples and are
not intended to limit the scope of the present disclosure.
These new embodiments can be implemented in various
other ways, and various omissions, substitutions, changes,
etc. can be made without departing from the subject matter
of the present disclosure. These embodiments or variations
thereof are included within the scope or subject matter of the
present disclosure and within the scope of the present dis-
closure and its equivalents as set forth in the claims. The
embodiments can be implemented in combination with
each other.
[0071] For example, in the above embodiments and mod-
ified examples, both the damping resistor and the resistance
added to the communication line protection unit are resistors
with fixed resistance, but not limited thereto, and the resis-
tors may be variable resistors. Therefore, it is possible to
change the circuit design parameters easily, which enhances
the expansibility of the circuit.
[0072] In addition, the first switching element and the sec-
ond switching element in the above embodiments and mod-
ified examples are FET transistors, but not limited thereto,
and they may also be bipolar transistors such as triodes. As
long as it mainly has the functions of the first switching
element and the second switching element, it may be a mod-
ule having a switching function formed by combining a
plurality of elements.
[0073] The above-described vehicle-mounted device has
an operation control function, a display function and a
screen vibration function, but not limited thereto. The pre-
sent disclosure can be applied as long as there are a plurality
of power sources and a plurality of ground wires as
described above. In addition, it may be various devices
such as a vehicle-mounted display device.

1. A protection circuit comprising:

a first substrate comprising a first circuit connected to a

power line and a potential reference line;
asecond substrate comprising a second circuit connected to
the power line and the potential reference line;
a connecting part compri sing:
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a potential reference connecting line configured to pro-
vide a connection between the potential reference line
of'the first substrate and the potential reference line of
the second substrate, and

acommunication connecting line configured to provide a
connection between a communication line of the first
circuit and a communication line of the second circuit;
and

a current limiting unit disposed between a first node on the
potential reference line of the first substrate at the con-
necting part side and a second node on the potential refer-
ence line of the first substrate at the first circuit side.

2. The protection circuit according to claim 1, further

comprising:

a communication line protection unit configured to limit
voltages applied to the communication line of the first
circuit and the communication line of the second circuit
when current limiting is conducted by the current limit-
ing unit.

3. The protection circuit according to claim 1, wherein:

the current limiting unit comprises a damping resistor or a
damping resistor and a capacitor connected in parallel
with the damping resistor.

4. The protection circuit according to claim 1, wherein

the current limiting unit is connected in series with the
potential reference connecting line.

5. The protection circuit according to claim 2, wherein:

the communication line protection unit comprises:

a first switching unit and a second switching unit, where
one end of each of the first switching unit and the sec-
ond switching unit is connected to the potential refer-
ence connecting line and another end of each of the
first switching unit and the second switching unit is
connected to the communication connecting line; and

a resistor connected to the communication connecting
line between the other end of the first switching unit
and the other end of the second switching unit,

wherein the one end of the first switching unit and the one

end of the second switching unit are each connected to a

respective end of the current limiting unit.

6. The protection circuit according to claim S5, wherein

the communication line protection unit further comprises a
resistor connected to the communication connecting line
between the other end of the first switching unit and the
other end of the second switching unit.

7. The protection circuit according to claim S, wherein:

the first switching unit comprises a first switching element
and a first diode connected in series with the first switch-
ing element; and

the second switching unit comprises a second switching
element and a second diode connected in series with the
second switching element.

8. The protection circuit according to claim 5, wherein:

the first switching element and the second switching ele-
ment are transistors, and

the first diode and the second diode are Zener diodes.

9. The protection circuit according to claim 8, wherein:

a gate electrode of the first switching element is connected
tothe potential reference connecting line at one end of the
damping resistor, a source electrode of the first switching
element is connected to the potential reference connect-
ingline atanother end of the damping resistor, and a drain
electrode of the first switching element is connected to
the communication connecting line via the first diode;
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a gate electrode of the second switching element is con-
nected to the potential reference connecting line at the
other end of the damping resistor, a source electrode of
the second switching element is connected to the poten-
tial reference connecting line at the one end of the damp-
ing resistor, and a drain electrode of the second switching
element is connected to the communication connecting
line via the second diode;

the first diode is forward connected between the drain elec-
trode of the first switching element and the communica-
tion connecting line; and

the second diode is forward connected between the drain
electrode of the second switching element and the com-
munication connecting line.

10. A vehicle-mounted device comprising

the protection circuit according to claim 1.
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