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(54) SHORT-CIRCUIT PREVENTION DETECTION DEVICE AND USER TERMINAL

(57) Embodiments of the present invention disclose
an anti-short-circuit detection apparatus, including a
probe, a detection resistor, a switching circuit, and a de-
tection circuit. The probe is disposed between a power
port and a ground port that are of a user terminal, and at
least one portion of the probe is located between the
power port and the ground port. A first terminal of the
detection resistor is electrically connected to a power cir-
cuit of the user terminal, and a second terminal of the
detection resistor is electrically connected to the probe.
The switching circuit is electrically connected to the first
terminal of the detection resistor and a processor of the

user terminal and is configured to: under the control of
the processor, perform switching to be grounded or un-
grounded. The detection circuit is electrically connected
to two terminals of the detection resistor and the proces-
sor, and is configured to: when the short-circuit current
is not zero, trigger the processor to control the user ter-
minal to issue a short-circuit warning or turn off the power
circuit. The embodiments of the present invention further
disclose a user terminal. The anti-short-circuit detection
apparatus can prevent the user terminal from being dam-
aged because of a short circuit.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of elec-
tronic technologies, and in particular, to an anti-short-
circuit detection apparatus and a user terminal to which
the anti-short-circuit detection apparatus is applied.

BACKGROUND

[0002] In a user terminal such as a computer, a mobile
phone, and a tablet computer, a peripheral interface such
as a USB interface is usually reserved to connect to a
peripheral device. The peripheral interface may be con-
nected to a charger or an external power supply, so as
to supply power to the user terminal by using the charger
or the external power supply, or to supply, by the user
terminal by using the peripheral interface, power to the
peripheral device connected to the peripheral interface.
Because a peripheral interface of a user terminal is ex-
posed in most cases in daily use, it is inevitable that a
short-circuit fault occurs when the peripheral interface
comes into contact with conductive liquid. For example,
when water droplets are condensed on the peripheral
interface because of alternation between hot and cold
air, or when a user accidentally splashes liquid such as
tea on the peripheral interface during use of the user
terminal, a short circuit may exist between a power cable
and a ground cable that are of the peripheral interface,
and the user terminal or the peripheral device is burned,
causing an irreparable loss.
[0003] Currently, manufacturers of user terminal prod-
ucts with peripheral interfaces usually recommend, in
product manuals, that users should keep the products
dry for use or equip the products with water-proof me-
chanical parts, so as to perform sealing treatment on the
peripheral interfaces when the peripheral interfaces do
not need to be used. However, in daily use, a careless
user may not notice conductive liquid on a peripheral
interface, causing a short-circuit fault during use. More-
over, although equipping a water-proof mechanical part
can have a relatively desirable water-proof effect, design
and production costs of a product are increased to some
extent, and use of the water-proof mechanical part is not
conducive to enhancing product appearance.

SUMMARY

[0004] Embodiments of the present invention provide
an anti-short-circuit detection apparatus, so as to imple-
ment automatic detection of a short-circuit fault for a user
terminal, and control the user terminal to issue a short-
circuit warning or control the user terminal to turn off a
power circuit when detecting that a short-circuit fault oc-
curs, preventing the user terminal from being damaged
because of the short-circuit fault.
[0005] A first aspect of the embodiments of the present

invention provides an anti-short-circuit detection appa-
ratus, which is configured to detect whether a short circuit
exists between a power port and a ground port that are
of a user terminal, where the anti-short-circuit detection
apparatus includes a probe, a detection resistor, a
switching circuit, and a detection circuit, where
the probe is disposed between the power port and the
ground port, and at least one portion of the probe is lo-
cated between the power port and the ground port;
a first terminal of the detection resistor is electrically con-
nected to a power circuit of the user terminal, and is con-
figured to obtain an auxiliary voltage from the power cir-
cuit; and a second terminal of the detection resistor is
electrically connected to the probe;
the switching circuit is electrically connected to the first
terminal of the detection resistor and a processor of the
user terminal, and is configured to: under the control of
the processor, switch the first terminal of the detection
resistor to be grounded or ungrounded; and
the detection circuit is electrically connected to two ter-
minals of the detection resistor and the processor, and
is configured to detect a short-circuit current on the de-
tection resistor, and when the short-circuit current is not
zero, trigger the processor to control the user terminal to
issue a short-circuit warning or turn off the power circuit.
[0006] In the anti-short-circuit detection apparatus, the
probe is disposed between the power port and the ground
port; the probe is electrically connected to the power cir-
cuit of the user terminal by using the detection resistor;
and the switching circuit may perform switching to be
grounded, so that whether a short-circuit fault occurs be-
tween the power port and the ground port can be deter-
mined by detecting, by the detection circuit, whether a
short-circuit current exists on the detection resistor, and
when it is determined that a short-circuit fault occurs be-
tween the power port and the ground port, the user ter-
minal is triggered to issue a short-circuit warning or turn
off the power circuit. This can effectively prevent parts
and components of the user terminal from being dam-
aged because of the short-circuit fault.
[0007] With reference to the first aspect, in a first pos-
sible implementation of the first aspect, the detection cir-
cuit includes a first detection circuit and a second detec-
tion circuit; when the switching circuit switches the first
terminal of the detection resistor to be ungrounded, the
first detection circuit is configured to detect a current in
a first direction on the detection resistor, and convert the
current in the first direction into a first voltage; and when
the switching circuit switches the first terminal of the de-
tection resistor to be grounded, the second detection cir-
cuit is configured to detect a current in a second direction
on the detection resistor, and convert the current in the
second direction into a second voltage.
[0008] In the anti-short-circuit detection apparatus, the
switching circuit is disposed; when a short-circuit fault
occurs between the power port and the ground port, the
switching circuit can switch the first terminal of the de-
tection resistor to be grounded or ungrounded, so that
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the detection resistor forms a loop with the ground, and
further the current in the first direction and the current in
the second direction are formed separately. This helps
further determine whether a short-circuit fault occurs be-
tween the power port and the ground port, by detecting
the current on the detection resistor by the first detection
circuit or the second detection circuit.
[0009] With reference to the first possible implemen-
tation of the first aspect, in a second possible implemen-
tation of the first aspect, the detection apparatus further
includes a diode, a positive electrode of the diode is elec-
trically connected to the power circuit, and a negative
electrode of the diode is electrically connected to the first
terminal of the detection resistor; the current in the first
direction flows from the power circuit to the probe through
the diode and the detection resistor, and the probe is
grounded by using a first short-circuit resistor; and the
current in the second direction flows from the power port
to the detection resistor through a second short-circuit
resistor and the probe, and the detection resistor is
grounded by using the switching circuit.
[0010] With reference to the first possible implemen-
tation of the first aspect or the second possible imple-
mentation of the first aspect, in a third possible imple-
mentation of the first aspect, the first detection circuit
includes a first amplifier, a first transistor, a first resistor,
a second resistor, and a third resistor; the first amplifier
includes a first input end, a second input end, and an
output end; the first input end is connected to the first
terminal of the detection resistor by using the first resistor;
the second input end is connected to the second terminal
of the detection resistor by using the second resistor; the
output end is connected to a base of the first transistor;
a collector of the first transistor is connected to the second
input end; and an emitter of the first transistor is electri-
cally connected to the processor and is grounded by us-
ing the third resistor.
[0011] In the first detection circuit, the first input end of
the first amplifier is connected to the first terminal of the
detection resistor, the second input end of the first am-
plifier is connected to the second terminal of the detection
resistor, and the output end of the first amplifier is con-
nected to the processor by using the first transistor, so
that the current in the first direction on the detection re-
sistor can be converted into the first voltage. The proc-
essor can determine whether the current in the first di-
rection exists on the detection resistor only by detecting
whether the first voltage is zero, so as to determine
whether a short-circuit fault occurs between the power
port and the ground port.
[0012] With reference to the first possible implemen-
tation of the first aspect or the second possible imple-
mentation of the first aspect, in a fourth possible imple-
mentation of the first aspect, the second detection circuit
includes a second amplifier, a second transistor, a fourth
resistor, a fifth resistor, and a sixth resistor; the second
amplifier includes a first input end, a second input end,
and an output end; the first input end is connected to the

second terminal of the detection resistor by using the
fourth resistor; the second input end is connected to the
first terminal of the detection resistor by using the fifth
resistor; the output end is connected to a base of the
second transistor; a collector of the second transistor is
connected to the second input end; and an emitter of the
second transistor is electrically connected to the proces-
sor and is grounded by using the sixth resistor.
[0013] In the second detection circuit, the first input
end of the second amplifier is connected to the second
terminal of the detection resistor, the second input end
of the second amplifier is connected to the first terminal
of the detection resistor, and the output end of the second
amplifier is connected to the processor by using the sec-
ond transistor, so that the current in the second direction
on the detection resistor can be converted into the second
voltage. The processor can determine whether the cur-
rent in the second direction exists on the detection resis-
tor only by detecting whether the second voltage is zero,
so as to determine whether a short-circuit fault occurs
between the power port and the ground port.
[0014] With reference to the fourth possible implemen-
tation of the first aspect, in a fifth possible implementation
of the first aspect, the switching circuit includes a third
transistor and a seventh resistor; a base of the third tran-
sistor is electrically connected to the processor; a collec-
tor of the third transistor is connected to the first terminal
of the detection resistor; and an emitter of the third tran-
sistor is grounded by using the seventh resistor.
[0015] In the switching circuit, the base of the third tran-
sistor is connected to the processor; the collector is con-
nected to the first terminal of the detection resistor, and
the emitter is grounded by using the seventh resistor.
Therefore, the processor can control, by outputting a high
level control signal, the third transistor to be conducted,
so as to switch the first terminal of the detection resistor
to be grounded; or the processor can control, by output-
ting a low level control signal, the third transistor to cut
off, so as to switch the first terminal of the detection re-
sistor to be ungrounded.
[0016] With reference to the third possible implemen-
tation of the first aspect, in a sixth possible implementa-
tion of the first aspect, when a voltage at the first terminal
of the detection resistor is greater than a voltage at a
location of the probe, a direction of a current on the de-
tection resistor is the first direction, and a relationship
between the current in the first direction on the detection
resistor and the first voltage is: Is1 = (Vo1 - Vo1 x (R2 +
R3)/R3)/RS, where Is1 is the current in the first direction
on the detection resistor, Vo1 is the first voltage, R2 is a
resistance value of the second resistor, R3 is a resistance
value of the third resistor, and RS is a resistance value
of the detection resistor.
[0017] According to the relationship between the cur-
rent in the first direction on the detection resistor and the
first voltage, it indicates that the current in the first direc-
tion exists on the detection resistor provided that the first
voltage is not zero. Therefore, the processor can deter-
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mine whether the current in the first direction exists on
the detection resistor, by detecting whether the first volt-
age is zero, so as to determine whether a short-circuit
fault occurs between the power port and the ground port.
[0018] With reference to the fifth possible implemen-
tation of the first aspect, in a seventh possible implemen-
tation of the first aspect, when a voltage at the first ter-
minal of the detection resistor is less than a voltage at a
location of the probe, a direction of a current on the de-
tection resistor is the second direction, and a relationship
between the current in the second direction on the de-
tection resistor and the second voltage is: Is2 = (Vo2 -
Vo2/R6 x (R7//(R5 + R6)))/RS, where Is is the current in
the second direction on the detection resistor, Vo2 is the
second voltage, R5 is a resistance value of the fifth re-
sistor, R6 is a resistance value of the sixth resistor, R7
is a resistance value of the seventh resistor, and RS is
a resistance value of the detection resistor.
[0019] According to the relationship between the cur-
rent in the second direction on the detection resistor and
the second voltage, it indicates that the current in the
second direction exists on the detection resistor provided
that the second voltage is not zero. Therefore, the proc-
essor can determine whether the current in the second
direction exists on the detection resistor, by detecting
whether the second voltage is zero, so as to determine
whether a short-circuit fault occurs between the power
port and the ground port.
[0020] With reference to the seventh possible imple-
mentation of the first aspect, in an eighth possible imple-
mentation of the first aspect, the expression R7//(R5+R6)
represents a total resistance R obtained after connecting
R7 in parallel with R5 and R6 that are connected in series,
and for the total resistance R, the following relationship
holds true: R = R7 x (R5 + R6)/(R5 + R6 + R7).
[0021] A second aspect of the embodiments of the
present invention provides a user terminal, including a
peripheral interface and an anti-short-circuit detection
apparatus, where the anti-short-circuit detection appara-
tus includes a probe, a detection resistor, a switching
circuit, and a detection circuit;
the peripheral interface includes a power port and a
ground port; the probe is disposed between the power
port and the ground port, and at least one portion of the
probe is located between the power port and the ground
port;
a first terminal of the detection resistor is electrically con-
nected to a power circuit of the user terminal, and is con-
figured to obtain an auxiliary voltage from the power cir-
cuit; and a second terminal of the detection resistor is
electrically connected to the probe;
the switching circuit is electrically connected to the first
terminal of the detection resistor and a processor of the
user terminal, and is configured to: under the control of
the processor, switch the first terminal of the detection
resistor to be grounded or ungrounded; and
the detection circuit is electrically connected to two ter-
minals of the detection resistor and the processor, and

is configured to detect a short-circuit current on the de-
tection resistor, and when the short-circuit current is not
zero, trigger the processor to control the user terminal to
issue a short-circuit warning or turn off the power circuit.
[0022] With reference to the second aspect, in a first
possible implementation of the second aspect, the anti-
short-circuit detection apparatus is the anti-short-circuit
detection apparatus according to any one of the first pos-
sible implementation of the first aspect to the eighth pos-
sible implementation of the first aspect of the present
invention.
[0023] With reference to the second aspect or the first
possible implementation of the second aspect, in a sec-
ond possible implementation of the second aspect, the
probe is disposed between the power port and the ground
port. The probe is disposed between the power port and
the ground port, so that when a short-circuit fault occurs
between the power port and the ground port, a short cir-
cuit also exists between the probe and the power port
and a short circuit also exists between the probe and the
ground port. In this case, a voltage is formed across the
probe, and according to a voltage difference between the
voltage and a voltage at the first terminal of the detection
resistor, a current in a first direction or a current in a sec-
ond direction is formed across the detection resistor.
[0024] With reference to the second aspect or the first
possible implementation of the second aspect, in a third
possible implementation of the second aspect, the probe
is disposed around the power port. The probe is disposed
around the power port, so that at least one portion of the
probe is located between the power port and the ground
port. Therefore, when a short-circuit fault occurs between
the power port and the ground port, a short circuit also
exists between the probe and the power port and a short
circuit also exists between the probe and the ground port.
In this case, a voltage is formed across the probe, and
according to a voltage difference between the voltage
and a voltage at the first terminal of the detection resistor,
a current in a first direction or a current in a second di-
rection is formed across the detection resistor.
[0025] The anti-short-circuit detection apparatus is dis-
posed in the user terminal, so that the anti-short-circuit
detection apparatus can detect whether a short-circuit
fault occurs between the power port and the ground port,
and when detecting that a short-circuit fault occurs be-
tween the power port and the ground port, trigger the
user terminal to issue a short-circuit warning or turn off
the power circuit. This can effectively prevent the parts
and components of the user terminal from being dam-
aged because of the short-circuit fault.

BRIEF DESCRIPTION OF DRAWINGS

[0026] To describe the technical solutions in the em-
bodiments of the present invention more clearly, the fol-
lowing briefly describes the accompanying drawings re-
quired for describing the embodiments.
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FIG. 1 is a schematic structural diagram of an anti-
short-circuit detection apparatus according to an em-
bodiment of the present invention;
FIG. 2 is a schematic workflow diagram of the anti-
short-circuit detection apparatus shown in FIG. 1;
FIG. 3 is a schematic structural diagram of a periph-
eral interface of a user terminal according to an em-
bodiment of the present invention; and
FIG. 4 is another schematic structural diagram of a
peripheral interface of a user terminal according to
an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0027] The following describes the technical solutions
in the embodiments of the present invention with refer-
ence to the accompanying drawings in the embodiments
of the present invention.
[0028] Referring to FIG. 1, in an embodiment of the
present invention, an anti-short-circuit detection appara-
tus 10 is provided, which is configured to detect whether
a short circuit exists between a power port Vbus and a
ground port GND that are of a user terminal 20. The anti-
short-circuit detection apparatus 10 includes a probe 11,
a detection resistor RS, a switching circuit 13, and a de-
tection circuit 15.
[0029] The probe 11 is disposed between the power
port Vbus and the ground port GND, and at least one
portion of the probe 11 is located between the power port
Vbus and the ground port GND.
[0030] A first terminal of the detection resistor RS is
electrically connected to a power circuit 21 of the user
terminal 20, and is configured to obtain an auxiliary volt-
age from the power circuit 21. A second terminal of the
detection resistor RS is electrically connected to the
probe 11.
[0031] The switching circuit 13 is electrically connected
to the first terminal of the detection resistor RS and a
processor 23 of the user terminal 20, and is configured
to: under the control of the processor 23, switch the first
terminal of the detection resistor RS to be grounded or
ungrounded.
[0032] The detection circuit 15 is electrically connected
to two terminals of the detection resistor RS and the proc-
essor 23, and is configured to detect a short-circuit cur-
rent on the detection resistor RS, and when the short-
circuit current is not zero, trigger the processor 23 to con-
trol the user terminal 20 to issue a short-circuit warning
or turn off the power circuit 21.
[0033] The user terminal 20 may be, but not limited to,
a mobile phone, a tablet computer, a notebook computer,
or a desktop computer. The power port Vbus and the
ground port GND may be a power cable and a ground
cable in a peripheral interface 25 (for example, a power
interface) of the user terminal 20. The processor 23 in-
cludes a first enabling end En1. The first enabling end
En1 is electrically connected to the power circuit 21, and
is configured to control the power circuit 21 to be turned

on or turned off. When water goes into the peripheral
interface 25 of the user terminal 20 by accident, a short
circuit may occur between the power port Vbus and the
ground port GND, and consequently, parts and compo-
nents of the user terminal 20 are damaged. Therefore,
the probe 11 is disposed between the power port Vbus
and the ground port GND; the probe 11 is electrically
connected to the power circuit 21 of the user terminal 20
by using the detection resistor RS; and the switching cir-
cuit 13 may perform switching to be grounded, so that
whether a short-circuit fault occurs between the power
port Vbus and the ground port GND can be determined
by detecting, by the detection circuit 15, whether a short-
circuit current exists on the detection resistor RS, and
when it is determined that a short-circuit fault occurs be-
tween the power port Vbus and the ground port GND,
the user terminal 20 is triggered to issue a short-circuit
warning or turn off the power circuit 21. This can effec-
tively prevent the parts and components of the user ter-
minal 20 from being damaged because of the short-circuit
fault.
[0034] The detection circuit 15 includes a first detection
circuit 151 and a second detection circuit 153. When the
switching circuit 13 switches the first terminal of the de-
tection resistor RS to be ungrounded, the first detection
circuit 151 is configured to detect a current in a first di-
rection on the detection resistor RS, and convert the cur-
rent in the first direction into a first voltage Vo1. When
the switching circuit 13 switches the first terminal of the
detection resistor RS to be grounded, the second detec-
tion circuit 153 is configured to detect a current in a sec-
ond direction on the detection resistor RS, and convert
the current in the second direction into a second voltage
Vo2.
[0035] The detection apparatus 10 further includes a
diode D1, a positive electrode of the diode D1 is electri-
cally connected to the power circuit 21, and a negative
electrode of the diode D1 is electrically connected to the
first terminal of the detection resistor RS. The current in
the first direction flows from the power circuit 21 to the
probe 11 through the diode D1 and the detection resistor
RS, and the probe 11 is grounded by using a first short-
circuit resistor R8. The current in the second direction
flows from the power port Vbus to the detection resistor
RS through a second short-circuit resistor R9 and the
probe 11, and the detection resistor RS is grounded by
using the switching circuit 13. It can be understood that
the first short-circuit resistor R8 is an equivalent resistor
of conductive liquid between the probe 11 and the ground
port GND, and the second short-circuit resistor R9 is an
equivalent resistor of conductive liquid between the pow-
er port Vbus and the probe 11.
[0036] The first detection circuit 151 includes a first am-
plifier A1, a first transistor Q1, a first resistor R1, a second
resistor R2, and a third resistor R3. The first amplifier A1
includes a first input end A11, a second input end A12,
and an output end A13. The first input end A11 is con-
nected to the first terminal of the detection resistor RS
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by using the first resistor R1. The second input end A12
is connected to the second terminal of the detection re-
sistor RS by using the second resistor R2. The output
end A13 is connected to a base of the first transistor Q1.
A collector of the first transistor Q1 is connected to the
second input end A12. An emitter of the first transistor
Q1 is electrically connected to the processor 23 and is
grounded by using the third resistor R3.
[0037] The second detection circuit 153 includes a sec-
ond amplifier A2, a second transistor Q2, a fourth resistor
R4, a fifth resistor R5, and a sixth resistor R6. The second
amplifier A2 includes a first input end A21, a second input
end A22, and an output end A23. The first input end A21
is connected to the second terminal of the detection re-
sistor RS by using the fourth resistor R4. The second
input end A22 is connected to the first terminal of the
detection resistor RS by using the fifth resistor R5. The
output end A23 is connected to a base of the second
transistor Q2. A collector of the second transistor Q2 is
connected to the second input end A22. An emitter of the
second transistor Q2 is electrically connected to the proc-
essor 23 and is grounded by using the sixth resistor R6.
[0038] The switching circuit 13 includes a third transis-
tor Q3 and a seventh resistor R7. A base of the third
transistor Q3 is electrically connected to the processor
23. A collector of the third transistor Q3 is connected to
the first terminal of the detection resistor RS. An emitter
of the third transistor Q3 is grounded by using the seventh
resistor R7. The processor 23 further includes a second
enabling end En2, and the base of the third transistor Q3
is electrically connected to the second enabling end En2.
When the processor 23 outputs a high level control signal
by using the second enabling end En2, the third transistor
Q3 is conducted, and the switching circuit 13 switches
the first terminal of the detection resistor RS to be ground-
ed. When the processor 23 outputs a low level control
signal by using the second enabling end En2, the third
transistor Q3 is cut off, and the switching circuit 13 switch-
es the first terminal of the detection resistor RS to be
ungrounded.
[0039] In this embodiment, the current in the first di-
rection is a short-circuit current that forms after a current
flows from the power circuit 21 to the probe 11 through
the detection resistor RS and the probe 11 is grounded
by using the ground port GND, when a short circuit exists
between the power port Vbus and the ground port GND,
and a voltage V1 at the first terminal of the detection
resistor RS is greater than a voltage V2 across the probe
11. The current in the second direction is a short-circuit
current that forms after a current flows from the probe 11
through the detection resistor RS and the detection re-
sistor RS is grounded by using the switching circuit 13,
when a short circuit exists between the power port Vbus
and the ground port GND, and the voltage V1 at the first
terminal of the detection resistor RS is less than the volt-
age V2 across the probe 11.
[0040] Specifically, when detecting that a peripheral
device 30 (for example, a charger) is connected to the

peripheral interface 25 of the user terminal 20, the proc-
essor 23 controls the power circuit 21 to power on the
anti-short-circuit detection apparatus 10, and controls the
switching circuit 13 to switch the first terminal of the de-
tection resistor RS to be ungrounded. In this case, it is
assumed that the voltage at the first terminal of the de-
tection resistor RS is V1. If no short-circuit fault occurs
between the power port Vbus and the ground port GND,
the probe 11 is in an unconnected state, and the power
circuit 21 is connected to the probe 11 in an unconnected
state by using the detection resistor RS. Therefore, the
detection resistor RS does not form a loop with the
ground, and there is no current flowing through the de-
tection resistor RS. When there is no current flowing
through the detection resistor RS, an original output state
in the detection circuit 15 keeps unchanged, and the user
terminal 20 keeps in an original status.
[0041] If a short-circuit fault occurs between the power
port Vbus and the ground port GND, a short circuit exists
between the probe 11 and the ground port GND due to
the first short-circuit resistor R8, and a short circuit exists
between the power port Vbus and the probe 11 due to
the second short-circuit resistor R9. It is assumed that
the voltage across the probe 11 is V2. When the voltage
V1 at the first terminal of the detection resistor RS is
greater than the voltage V2 across the probe 11, the pow-
er circuit 21 forms a loop with the ground after connecting
to the detection resistor RS and the first short-circuit re-
sistor R8, that is, a current Is1 in the first direction exists
on the detection resistor RS. The first detection circuit
151 detects the current Is1 in the first direction on the
detection resistor RS, and converts the current Is1 in the
first direction into the first voltage Vo1. The current in the
first direction is: Is1 = (V1 - V2)/RS. According to a virtual-
short-circuit characteristic of an operational amplifier,
voltages of the first input end A11 and the second input
end A12 that are of the first amplifier A1 are equal. In
addition, according to a virtual-open-circuit characteristic
of an operational amplifier, no current flowing into the
first input end A11 and the second input end A12 that are
of the first amplifier A1 is equivalent to an open circuit.
Therefore, the voltage at the first input end A11 is equal
to the voltage V1 at the first terminal of the detection
resistor RS. Therefore, it can be learnt that Vo1 = V1. In
addition, because of Vo1 = V2 x R3/(R2 + R3), V2 = Vo1
x (R2 + R3)/R3 holds true. In this way, the current in the
first direction Is1 = (Vo1 - Vo1 x (R2 + R3)/R3)/RS can
be obtained. According to the formula of the current Is1
in the first direction, when the first voltage Vo1 is zero,
the current Is1 in the first direction is also zero. Therefore,
the processor 23 can determine whether the current in
the first direction flows through the detection resistor RS
by detecting whether the first voltage Vo1 of the first de-
tection circuit 151 is zero. If the first voltage Vo1 is not
zero, it indicates that a short-circuit fault occurs between
the power port Vbus and the ground port GND, and then,
the processor 23 controls the user terminal 20 to issue
a short-circuit warning or turn off the power circuit 21.
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[0042] When the voltage V1 at the first terminal of the
detection resistor RS is less than the voltage V2 across
the probe 11, because initially, the switching circuit 13
switches the first terminal of the detection resistor RS to
be ungrounded, the probe 11 does not form a loop with
the ground after connecting to a branch circuit of the de-
tection resistor RS. That is, there is no current flowing
through the detection resistor RS, and therefore, the first
voltage Vo1 is zero. It can be understood that when the
processor 23 detects that the first voltage Vo1 is zero, it
can only indicate that there is no current in the first direc-
tion flowing through the detection resistor RS, but the
following case cannot be excluded: The short circuit ex-
ists between the power port Vbus and the ground port
GND, and V1 is less than V2. Therefore, when detecting
that the first voltage Vo1 is zero, the processor 23 controls
the power circuit 21 to stop supplying power to the anti-
short-circuit detection apparatus 10. In addition, the proc-
essor 23 controls, by outputting the high level control
signal by using the second enabling port En2, the third
transistor Q3 to be conducted, and the switching circuit
13 switches the first terminal of the detection resistor RS
to be grounded, so that the power port Vbus forms a loop
with the ground after sequentially connecting to the sec-
ond short-circuit resistor R9, the probe 11, the detection
resistor RS, and the switching circuit 13. In this case, a
current Is2 in the second direction exists on the detection
resistor RS, and the second detection circuit 153 detects
the current Is2 in the second direction on the detection
resistor RS, and converts the current Is2 in the second
direction into the second voltage Vo2.
[0043] The current in the second direction is: Is2 = (V2
- V1)/RS. According to a virtual-short-circuit characteris-
tic of an operational amplifier, voltages of the first input
end A21 and the second input end A22 that are of the
second amplifier A2 are equal. In addition, according to
a virtual-open-circuit characteristic of an operational am-
plifier, no current flowing into the first input end A21 and
the second input end A22 that are of the second amplifier
A2 is equivalent to an open circuit. Therefore, the voltage
at the first input end A21 is equal to the voltage V2 across
the probe 11. Therefore, it can be learnt that Vo2 = V2.
In addition, because of Vo2 = V1 x R6/(R7//(R5 + R6)),
V1 = Vo2/R6 x (R7//(R5 + R6)) holds true. In this way,
the current in the second direction Is2 = (Vo2 - Vo2/R6
x (R7//(R5 + R6)))/RS can be obtained. According to the
formula of the current Is2 in the second direction, when
the second voltage Vo2 is zero, the current Is2 in the
second direction is also zero. Therefore, the processor
23 can determine whether the current in the second di-
rection flows through the detection resistor RS by detect-
ing whether the second voltage Vo2 of the second de-
tection circuit 153 is zero. If the second voltage Vo2 is
not zero, it indicates that a short-circuit fault occurs be-
tween the power port Vbus and the ground port GND,
and then, the processor 23 controls the user terminal 20
to issue a short-circuit warning or turn off the power circuit
21. The expression R7//(R5+R6) represents a total re-

sistance R obtained after connecting R7 in parallel with
R5 and R6 that are connected in series. Specifically, for
the total resistance R, the following relationship holds
true: 1/R = 1/R7 + 1/(R5 + R6), that is, R = R7 x (R5 +
R6)/(R5 + R6 + R7).
[0044] It can be understood that in the foregoing for-
mulas, R2 is a resistance value of the second resistor,
R3 is a resistance value of the third resistor, R5 is a re-
sistance value of the fifth resistor, R6 is a resistance value
of the sixth resistor, R7 is a resistance value of the sev-
enth resistor, and RS is a resistance value of the detec-
tion resistor.
[0045] Referring to FIG. 2, FIG. 2 is a schematic work-
flow diagram of the anti-short-circuit detection apparatus
10. Specifically, a workflow of the anti-short-circuit de-
tection apparatus 10 includes the following steps:

Step S1: When detecting that a peripheral device is
connected to a peripheral interface of a user termi-
nal, a processor controls a power circuit of the user
terminal to power on the anti-short-circuit detection
apparatus, and controls a switching circuit to switch
a first terminal of a detection resistor to be unground-
ed.
Step S2: The processor reads a first voltage output
by a first detection circuit, and determines whether
the first voltage is greater than zero.
Step S3: If the first voltage is greater than zero, the
processor determines that a current in a first direction
exists on the detection resistor, and determines that
a short-circuit fault occurs between a power port and
a ground port that are of the peripheral interface; and
then perform step S7.
Step S4: If the first voltage is not greater than zero,
control the power circuit of the user terminal to stop
supplying power to the anti-short-circuit detection
apparatus, and control the switching circuit to switch
the first terminal of the detection resistor to be
grounded.
Step S5: The processor reads a second voltage out-
put by a second detection circuit, and determines
whether the second voltage is greater than zero.
Step S6: If the second voltage is greater than zero,
the processor determines that a current in a second
direction exists on the detection resistor, and deter-
mines that a short-circuit fault occurs between a pow-
er port and a ground port that are of the peripheral
interface.
Step S7: When it is determined that the short-circuit
fault occurs between the power port and the ground
port that are of the peripheral interface, control the
user terminal to issue a short-circuit warning or turn
off the power circuit.
Step S8: If the second voltage is not greater than
zero, the processor determines that no current flows
through the detection resistor, and determines that
no short-circuit fault occurs between a power port
and a ground port that are of the peripheral interface;
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and then perform step S1 and repeat the foregoing
workflow.

[0046] An embodiment of the present invention further
provides a user terminal 20, which includes a power cir-
cuit 21, a processor 23, a peripheral interface 25, and
the anti-short-circuit detection apparatus 10 in the em-
bodiment shown in FIG. 1. The peripheral interface 25
includes a power port Vbus and a ground port GND. A
probe 11 is disposed between the power port Vbus and
the ground port GND, and at least one portion of the
probe 11 is located between the power port Vbus and
the ground port GND. The power port Vbus is electrically
connected to the power circuit 21, and grounding is per-
formed by using the ground port GND. The anti-short-
circuit detection apparatus 10 is electrically connected
to both the power circuit 21 and the processor 23, and is
configured to: under the control of the processor 23, de-
tect whether a short-circuit fault occurs between the pow-
er port Vbus and the ground port GND, and when a short-
circuit fault occurs between the power port Vbus and the
ground port GND, trigger the processor 23 to control the
user terminal 20 to issue a short-circuit warning or turn
off the power circuit 21.
[0047] Referring to FIG. 3, in a possible implementa-
tion, the peripheral interface 25 includes a power port
Vbus, a ground port GND, and at least one signal port
251 that are disposed separately. The probe 11 is dis-
posed between the power port Vbus and the ground port
GND. Specifically, the power port Vbus and the ground
port GND are respectively disposed at two opposite ends
of the peripheral interface 25. The at least one signal port
251 is disposed between the power port Vbus and the
ground port GND. In this embodiment, the probe 11 is
disposed between the power port Vbus and the signal
port 251 that is adjacent to the power port Vbus. It can
be understood that the probe 11 may be disposed at any
port interval between the power port Vbus and the ground
port GND.
[0048] Referring to FIG. 4, in a possible implementa-
tion, the probe 11 is disposed around the power port
Vbus. Specifically, the probe 11 is disposed around the
power port Vbus, forming a ring gap 111 between the
probe 11 and the power port Vbus. When no short-circuit
fault occurs between the power port Vbus and the ground
port GND, the probe 11 and the power port Vbus are
separated by the gap 111. When a short-circuit fault oc-
curs between the power port Vbus and the ground port
GND, for example, a short circuit exists between the pow-
er port Vbus and the ground port GND due to conductive
liquid, because at least one portion of the probe 11 is
located between the power port Vbus and the ground
port GND, a short circuit also exists between the probe
11 and the power port Vbus and a short circuit also exists
between the probe 11 and the ground port GND. In this
case, a voltage V2 is formed across the probe 11, and
according to a voltage difference between the voltage V2
and a voltage V1 at a first terminal of a detection resistor

RS, a current in a first direction or a current in a second
direction is formed across the detection resistor RS. This
helps the processor 23 determine whether a port fault
occurs between the power port Vbus and the ground port
GND, by detecting the current in the first direction or the
current in the second direction by the detection circuit 15.
[0049] It can be understood that for a structure and
function implementation of the anti-short-circuit detection
apparatus 10, reference may be made to the related de-
scriptions in the embodiments shown in FIG. 1 and FIG.
2 of the present invention. Details are not repeated here-
in.
[0050] In the anti-short-circuit detection apparatus 10,
the probe 11 is disposed between the power port Vbus
and the ground port GND; the probe 11 is electrically
connected to the power circuit 21 of the user terminal 20
by using the detection resistor RS; and the switching cir-
cuit 13 may perform switching to be grounded, so that
whether a short-circuit fault occurs between the power
port Vbus and the ground port GND can be determined
by detecting, by the detection circuit 15, whether a short-
circuit current exists on the detection resistor RS, and
when it is determined that a short-circuit fault occurs be-
tween the power port Vbus and the ground port GND,
the user terminal 20 is triggered to issue a short-circuit
warning or turn off the power circuit 21. This can effec-
tively prevent parts and components of the user terminal
20 from being damaged because of the short-circuit fault.
[0051] What is disclosed above is merely examples of
embodiments of the present invention, and certainly is
not intended to limit the scope of the claims of the present
invention. A person of ordinary skill in the art can under-
stand that all or some of procedures for implementing
the foregoing embodiments and equivalent modifications
made in accordance with the claims of the present inven-
tion shall fall within the scope of the present invention.

Claims

1. An anti-short-circuit detection apparatus, configured
to detect whether a short circuit exists between a
power port and a ground port that are of a user ter-
minal, wherein the anti-short-circuit detection appa-
ratus comprises a probe, a detection resistor, a
switching circuit, and a detection circuit, wherein
the probe is disposed between the power port and
the ground port, and at least one portion of the probe
is located between the power port and the ground
port;
a first terminal of the detection resistor is electrically
connected to a power circuit of the user terminal, and
is configured to obtain an auxiliary voltage from the
power circuit; and a second terminal of the detection
resistor is electrically connected to the probe;
the switching circuit is electrically connected to the
first terminal of the detection resistor and a processor
of the user terminal, and is configured to: under the
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control of the processor, switch the first terminal of
the detection resistor to be grounded or ungrounded;
and
the detection circuit is electrically connected to two
terminals of the detection resistor and the processor,
and is configured to detect a short-circuit current on
the detection resistor, and when the short-circuit cur-
rent is not zero, trigger the processor to control the
user terminal to issue a short-circuit warning or turn
off the power circuit.

2. The anti-short-circuit detection apparatus according
to claim 1, wherein the detection circuit comprises a
first detection circuit and a second detection circuit;
when the switching circuit switches the first terminal
of the detection resistor to be ungrounded, the first
detection circuit is configured to detect a current in
a first direction on the detection resistor, and convert
the current in the first direction into a first voltage;
and when the switching circuit switches the first ter-
minal of the detection resistor to be grounded, the
second detection circuit is configured to detect a cur-
rent in a second direction on the detection resistor,
and convert the current in the second direction into
a second voltage.

3. The anti-short-circuit detection apparatus according
to claim 2, wherein the detection apparatus further
comprises a diode, a positive electrode of the diode
is electrically connected to the power circuit, and a
negative electrode of the diode is electrically con-
nected to the first terminal of the detection resistor;
the current in the first direction flows from the power
circuit to the probe through the diode and the detec-
tion resistor, and the probe is grounded by using a
first short-circuit resistor; and the current in the sec-
ond direction flows from the power port to the detec-
tion resistor through a second short-circuit resistor
and the probe, and the detection resistor is grounded
by using the switching circuit.

4. The anti-short-circuit detection apparatus according
to claim 2 or 3, wherein the first detection circuit com-
prises a first amplifier, a first transistor, a first resistor,
a second resistor, and a third resistor; the first am-
plifier comprises a first input end, a second input end,
and an output end; the first input end is connected
to the first terminal of the detection resistor by using
the first resistor; the second input end is connected
to the second terminal of the detection resistor by
using the second resistor; the output end is connect-
ed to a base of the first transistor; a collector of the
first transistor is connected to the second input end;
and an emitter of the first transistor is electrically con-
nected to the processor and is grounded by using
the third resistor.

5. The anti-short-circuit detection apparatus according

to claim 2 or 3, wherein the second detection circuit
comprises a second amplifier, a second transistor,
a fourth resistor, a fifth resistor, and a sixth resistor;
the second amplifier comprises a first input end, a
second input end, and an output end; the first input
end is connected to the second terminal of the de-
tection resistor by using the fourth resistor; the sec-
ond input end is connected to the first terminal of the
detection resistor by using the fifth resistor; the out-
put end is connected to a base of the second tran-
sistor; a collector of the second transistor is connect-
ed to the second input end; and an emitter of the
second transistor is electrically connected to the
processor and is grounded by using the sixth resis-
tor.

6. The anti-short-circuit detection apparatus according
to claim 5, wherein the switching circuit comprises a
third transistor and a seventh resistor; a base of the
third transistor is electrically connected to the proc-
essor; a collector of the third transistor is connected
to the first terminal of the detection resistor; and an
emitter of the third transistor is grounded by using
the seventh resistor.

7. The anti-short-circuit detection apparatus according
to claim 4, wherein when a voltage at the first terminal
of the detection resistor is greater than a voltage at
a location of the probe, a direction of a current on
the detection resistor is the first direction, and a re-
lationship between the current in the first direction
on the detection resistor and the first voltage is: Is1
= (Vo1 - Vo1 x (R2 + R3)/R3)/RS, wherein Is1 is the
current in the first direction on the detection resistor,
Vo1 is the first voltage, R2 is a resistance value of
the second resistor, R3 is a resistance value of the
third resistor, and RS is a resistance value of the
detection resistor.

8. The anti-short-circuit detection apparatus according
to claim 6, wherein a voltage at the first terminal of
the detection resistor is less than a voltage at a lo-
cation of the probe, a direction of a current on the
detection resistor is the second direction, and a re-
lationship between the current in the second direc-
tion on the detection resistor and the second voltage
is: Is2 = (Vo2 - Vo2/R6 x (R7//(R5 + R6)))/RS, where-
in Is is the current in the second direction on the
detection resistor, Vo2 is the second voltage, R5 is
a resistance value of the fifth resistor, R6 is a resist-
ance value of the sixth resistor, R7 is a resistance
value of the seventh resistor, and RS is a resistance
value of the detection resistor.

9. A user terminal, comprising a peripheral interface,
wherein the user terminal further comprises an anti-
short-circuit detection apparatus, and the anti-short-
circuit detection apparatus comprises a probe, a de-
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tection resistor, a switching circuit, and a detection
circuit; the peripheral interface comprises a power
port and a ground port; the probe is disposed be-
tween the power port and the ground port, and at
least one portion of the probe is located between the
power port and the ground port;
a first terminal of the detection resistor is electrically
connected to a power circuit of the user terminal, and
is configured to obtain an auxiliary voltage from the
power circuit; and a second terminal of the detection
resistor is electrically connected to the probe;
the switching circuit is electrically connected to the
first terminal of the detection resistor and a processor
of the user terminal, and is configured to: under the
control of the processor, switch the first terminal of
the detection resistor to be grounded or ungrounded;
and
the detection circuit is electrically connected to two
terminals of the detection resistor and the processor,
and is configured to detect a short-circuit current on
the detection resistor, and when the short-circuit cur-
rent is not zero, trigger the processor to control the
user terminal to issue a short-circuit warning or turn
off the power circuit.

10. The user terminal according to claim 9, wherein the
anti-short-circuit detection apparatus is the anti-
short-circuit detection apparatus according to any
one of claims 2 to 8.

11. The user terminal according to claim 9 or 10, wherein
the probe is disposed between the power port and
the ground port.

12. The user terminal according to claim 9 or 10, wherein
the probe is disposed around the power port.
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