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to receive the power supply voltage , and the second terminal 
is the output terminal of the load switch circuit and is 
coupled with an external inductive load ; a clamping module 
including at least a mutually coupled clamping unit and a 
driving unit ; the clamping unit , including a voltage - current 
converter and a first resistor , the first resistor is coupled 
between the output terminal of the voltage - current converter 
and the second terminal of the power transistor , the positive 
input terminal of the voltage - current converter receives the 
power supply voltage , and the negative input terminal is 
coupled to the second terminal of the power transistor ; the 
current output by the voltage - current converter generates a 
reference voltage drop on the first resistor ; the output 
terminal of the drive unit is coupled to the control terminal 
of the power transistor when the difference between the 
power supply voltage and the output voltage of the power 
transistor is greater than or equal to the preset clamping 
threshold , the clamping unit outputs an effective drive 
control signal to the driving unit ; the preset clamping 
threshold is sum of the reference voltage drop and the 
threshold of the first transistor . 
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LOAD SWITCH CIRCUIT AND CONTROL 
METHOD 

BACKGROUND 

Technical Field 

[ 0001 ] This application relates to the field of electrical 
control , and in particular relates to a load switch circuit and 
a control method thereof . 

Description of the Related Art 
[ 0002 ] Load switch circuits are widely used in high 
voltage equipment such as automotive electronics and gas 
water heaters . When driving a relatively large inductive 
load , after the switch is turned off , it is necessary to provide 
freewheeling path for inductive current . FIG . 1 is a sche 
matic diagram of an existing circuit that uses a switch 
external circuit structure to realize inductive freewheeling . 
After the power transistor is turned off , current continues to 
flow through the inductor , and the potential at the output 
node is pulled down to a very large negative potential , which 
may cause the power transistor to break down . A freewheel 
ing diode D with the anode coupled to ground potential and 
the cathode coupled to the external load inductance prevents 
the output node potential from being severely pulled down . 
However , since the voltage drop on the forwarded free 
wheeling diode is only about 0.7V , the discharge speed of 
the inductive load current is relatively slow . 
[ 0003 ] FIG . 2 is a schematic diagram of an existing circuit 
that utilizes the internal circuit structure of a load switch to 
implement inductive freewheeling . The circuit provides a 
mechanism for clamping the output voltage inside the load 
switch circuit . However , as shown in the figure , clamping 
the output voltage of the load switch circuit is achieved by 
one or more diodes connected in series . Therefore , the 
smallest unit for adjusting the clamping voltage in this 
mechanism is the breakdown voltage of a single diode , such 
as 5V . 

a 

threshold is the sum of the reference voltage drop and the 
threshold voltage of the first transistor . 
[ 0005 ] In some embodiments , the proposed load switch 
circuit further includes a driving unit comprising a first 
transistor . The control electrode of the first transistor is 
coupled to the output terminal of the voltage - current con 
verter , the second electrode is coupled to the control elec 
trode of the power transistor , and the first electrode of which 
is configured to receive the power supply voltage . A first 
resistive branch is coupled between the second electrode of 
the first transistor and the second electrode of the power 
transistor , and the type of the first transistor is complemen 
tary to the type of power transistor . 
[ 0006 ] In some embodiments , the proposed clamping 
module further comprises a trigger unit configured to receive 
the output voltage of the power transistor . When the output 
voltage is lower than the ground potential , the power supply 
voltage is supplied to the clamping unit . 
[ 0007 ] In some embodiments , the proposed clamping unit 
further comprises a first diode ( ZD3 ) and a second transistor 
( MP2 ) , wherein the cathode of the first diode ( ZD3 ) is 
configured to receive the power supply voltage , the anode of 
the first diode ( ZD3 ) is coupled to the control electrode of 
the second transistor ( MP2 ) , the first electrode of the second 
transistor ( MP2 ) is coupled to the second electrode of the 
power transistor , and the second transistor ( MP2 ) is coupled 
to the negative input terminal of the voltage - current con 
verter ; and the positive input terminal of the voltage - current 
converter is configured to receive the power supply voltage , 
wherein a second resistive branch is coupled between the 
control electrode of the second transistor ( MP2 ) and the 
second terminal of the power transistor ( MN3 ) , and the type 
of second transistor ( MP2 ) is of the same type as the first 
transistor ( MP4 ) . 
[ 0008 ] In some embodiments , the proposed second resis 
tive branch includes a second resistor ( R3 ) coupled between 
the control electrode of the second transistor ( MP2 ) and the 
second terminal of the power transistor ( MN3 ) . 
[ 0009 ] In some embodiments , the proposed clamping unit 
further comprises a third transistor ( MP3 ) , the control elec 
trode of which is coupled to the control electrode of the 
second transistor ( MP2 ) , and the first resistor ( R4 ) is coupled 
between the first electrode of the third transistor ( MP3 ) and 
the second electrode of the power transistor ( MN3 ) , and the 
second electrode of the third transistor ( MP3 ) is coupled to 
the output terminal of the voltage - current converter , wherein 
the type of the third transistor ( MP3 ) is the same as the type 
of the second transistor ( MP2 ) . 
[ 0010 ] In some embodiments , the proposed trigger unit 
comprises a fourth transistor ( MN2 ) , a fifth transistor ( MN1 ) 
and a sixth transistor ( MP1 ) wherein the control electrode of 
the fourth transistor ( MN2 ) is configured to receive a clamp 
control signal , the first electrode of which is coupled to the 
control electrode of the fifth transistor ( MN1 ) , and the 
second electrode is configured to receive ground potential ; 
the first electrode of the fifth transistor ( MN1 ) is coupled to 
the control electrode of the sixth transistor ( MP1 ) , and the 
second electrode is coupled to the second electrode of the 
power transistor ( MN3 ) , a third resistive branch is coupled 
between the fifth transistor ( MN1 ) and the second electrode 
of the power transistor ( MN3 ) ; the first electrode of the sixth 
transistor ( MP1 ) is coupled to the positive input terminal of 
the voltage - current converter , and the second electrode is 
configured to receive the power supply voltage . 

BRIEF SUMMARY 
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[ 0004 ] The present application provides a load switch 
circuit including a power transistor and a clamping module . 
A first terminal of the power transistor is configured to 
receive the power supply voltage , and a second terminal is 
the output terminal of the load switch circuit and is coupled 
to an external inductive load . The clamping module includes 
at least a clamping unit and a driving unit coupled together . 
The clamping unit includes a voltage - current converter and 
a first resistor , and the first resistor is coupled to the output 
terminal of the voltage - current converter and the power 
transistor . The positive input terminal of the voltage - current 
converter is configured to receive the power supply voltage , 
and the negative input terminal is coupled to the second 
terminal of the power transistor . The current output of the 
voltage - current converter generates a reference voltage drop 
on the first resistor . The output terminal of the driving unit 
is coupled to the control electrode of the power transistor . 
When the difference between the power supply voltage and 
the output voltage of the power transistor is greater than or 
equal to the preset clamping threshold , the clamping unit is 
configured to output an effective driving control signal to the 
driving unit , and the driving unit outputs an effective driving 
signal to turn on the power transistor . The preset clamping 
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[ 0021 ] FIG . 1 is a schematic diagram of an existing circuit 
that uses a switch external circuit structure to realize induc 
tive current freewheeling . 
[ 0022 ] FIG . 2 is a schematic diagram of an existing circuit 
that uses the internal circuit structure of a load switch to 
implement inductive current freewheeling . 
[ 0023 ] FIG . 3 is a schematic diagram of a load switch 
module according to some embodiments of the present 
application . 
[ 0024 ] FIG . 4 is a schematic diagram of a partial module 
of a load switch according to some embodiments of the 
present application . 
[ 0025 ] FIG . 5 is a schematic partial circuit diagram of a 
load switch according to some embodiments of the present 
application . 
[ 0026 ] FIG . 6 shows a working sequence diagram of a 
load switch according to some embodiments of the present 
application . 

DETAILED DESCRIPTION 

[ 0011 ] In some embodiments , the proposed trigger unit 
further comprises a second diode ( ZD1 ) , the cathode of 
which is configured to receive the power supply voltage , and 
the anode of which is coupled to the control electrode of the 
sixth transistor ( MP1 ) . 
[ 0012 ] In some embodiments , the proposed trigger unit 
further comprises a third resistor ( R1 ) coupled between the 
control electrode and the second electrode of the sixth 
transistor ( MP1 ) . 
[ 0013 ] In some embodiments , the proposed trigger unit 
further comprises a third diode ( ZD2 ) whose cathode is 
coupled to the control electrode of the fifth transistor ( MN1 ) , 
and whose anode is coupled to the second electrode of the 
fifth transistor ( MN1 ) . 
[ 0014 ] In some embodiments , the proposed third resistive 
branch includes a fourth resistor ( R2 ) coupled between the 
second electrode of the fifth transistor and the second 
electrode of the power transistor in between . 
[ 0015 ] In some embodiments , the proposed first resistive 
branch includes a fifth resistor ( R5 ) coupled between the 
control electrode and the second electrode of the power 
transistor ( MN3 ) . 
[ 0016 ] The present application further proposes an elec 
tronic device comprising the load switch circuit according to 
the previous description . 
[ 0017 ] The present application further proposes a control 
method of a switch circuit , including setting the equivalent 
resistance of the voltage - current converter inside the switch 
circuit to generate a reference current ; generating a preset 
clamping threshold based on at least the reference voltage 
generated by the reference current on the reference resistor ; 
and when the difference between the power supply voltage 
and the output voltage of the switching circuit is greater than 
or equal to the preset clamping threshold , the power tran 
sistor coupled to the load inside the switching circuit is 
turned on , thereby providing a freewheeling path for the 
inductive load current . 
[ 0018 ] In some embodiments , the proposed control 
method further comprises when the output voltage of the 
switch circuit is lower than the ground level , the power 
supply voltage is provided to the voltage - current converter . 
[ 0019 ] The proposed load switch circuit in the present 
application provides a clamping module located inside the 
switch circuit and a freewheeling path for the inductive load 
current through the power transistors in the switch circuit . 
Furthermore , a voltage - current converter is used to generate 
the reference voltage on the reference resistor to form the 
clamp threshold , this is a simple flexible mechanism for the 
adjustment of the clamp threshold . In addition , this appli 
cation also provides a mechanism to automatically trigger 
the clamp function when the output voltage of the switch 
circuit is lower than the ground level , so that the clamp 
module is in a power - off state when the output voltage is not 
pulled to a negative value , this reduces the overall power 
consumption of the circuit . 

[ 0027 ] In the following detailed description of the pre 
ferred embodiments , reference will be made to the accom 
panying drawings that constitute a part of this application . 
The attached drawings show specific embodiments that can 
implement the present application by way of example . The 
exemplary embodiments are not intended to be exhaustive of 
all embodiments according to this application . It can be 
understood that without departing from the scope of the 
present application , other embodiments can be used , and 
structural or logical modifications can also be made . There 
fore , the following detailed description is not restrictive , and 
the scope of the present application is defined by the 
appended claims . 
[ 0028 ] The technologies , methods , and equipment known 
to those of ordinary skill in the relevant fields may not be 
discussed in detail , but where appropriate , the technologies , 
methods , and equipment should be regarded as part of the 
specification . The connection between the units in the draw 
ings is only for convenience of description , which means 
that at least the units at both ends of the connection com 
municate with each other , and it is not intended to limit the 
communication between unconnected units . 
[ 0029 ] In the following detailed description , reference 
may be made to the drawings of each specification used as 
a part of this application to illustrate specific embodiments 
of the application . In the drawings , similar reference numer 
als describe substantially similar components in different 
drawings . Each specific embodiment of the present appli 
cation is described in sufficient detail below , so that a person 
of ordinary skill with relevant knowledge and technology in 
the field can implement the technical solution of the present 
application . It should be understood that other embodiments 
can also be used or structural , logical or electrical changes 
can be made to the embodiments of this application . 
[ 0030 ] The transistor in this application , if not specifically 
indicated otherwise , may be an NMOS or PMOS transistor , 
and may include a control electrode , a first electrode ( drain 
or source ) , and a second electrode ( source or drain ) . The 
drain and source of the transistor in the embodiments of the 
present application can be exchanged according to the 
transistor type or the bias state . Other suitable transistors , 
such as NPN or PNP bipolar junction transistors , may also 
be used and are included in the scope of the disclosure . 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

a 

[ 0020 ] The embodiments are shown and explained with 
reference to the drawings . These drawings are used to clarify 
the basic principle , so that only aspects necessary for under 
standing the basic principle are shown . The drawings are not 
to scale . In the drawings , the same reference numerals 
indicate similar features . 
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[ 0031 ] The following defines the high voltage level as the 
asserted logic state and the low voltage level as the de 
asserted logic state . Of course , the use of complementary 
transistors to replace the circuits formed in the embodiments 
herein also belongs to the protection scope of the present 
application . 
[ 0032 ] This application proposes a load switch circuit , in 
which the circuits that clamp the output voltage are located 
inside the load switch circuit , and the clamp voltage can be 
flexibly changed or adjusted . 
[ 0033 ] FIG . 3 is a block diagram of a load switch accord 
ing to embodiments of the present application . As shown in 
the figure , the load switch 30 may include a switch control 
module 301 , configured to receive an input signal IN for 
controlling the state of the switch , and control the power 
transistor 303 to turn on or off based on at least the input 
signal IN . The power switch 30 may also include an output 
clamp module 302 , configured to receive the output signal 
VOUT of the power transistor 303 and activate the clamping 
function when VOUT reaches a preset clamping threshold to 
limit the drain - source voltage difference of the power tran 
sistor 303. As a result , the output signal VOUT of the power 
transistor 303 is prevented from pulling down to a level that 
causes the power transistor 303 to break down . The load 
switch 30 may also include a power transistor 303 config 
ured to realize the function of a power switch . 
[ 0034 ] FIG . 4 is a schematic diagram of a portion of a load 
switch according to some embodiments of the present appli 
cation . As shown in the figure , the clamping module 302 
may include a trigger unit 3021 , a clamping unit 3022 , and 
a driving unit 3023. Among them , the trigger unit 3021 is 
configured to receive the output voltage VOUT of the power 
transistor 303 , and is triggered to start when VOUT turns 
into negative , and provides the power supply voltage VS to 
the clamping unit 3022. The clamping unit 3022 outputs a 
driving control signal to the driving module 3023 when 
VOUT is pulled down below a preset threshold . The drive 
module 3023 outputs a clamping signal under the action of 
the drive control signal , so that the power transistor 303 is 
turned on , assists the load inductance L to release current , 
and clamps the output voltage to a fixed potential . As the 
current in the load inductance is gradually reduced , the 
output voltage VOUT will return to the ground level . 
[ 0035 ] FIG . 5 is a schematic diagram of a portion of a load ? 
switch according to some embodiments of the present appli 
cation . As shown in the figure , the load switch may include , 
for example , an N - type power transistor MN3 . FIG . 5 shows 
details of the clamp module 302 , and the switch control 
module 301 is not shown in FIG . 5 for simplicity purposes . 
Those skilled in the art know that the circuit described below 
is only one example embodiment , and the scope of the 
present application is not limited to this example embodi 
ment . Those skilled in the art also know that a circuit 
obtained by merely changing the type of MOS transistor , 
e.g. , in a complementary manner , is still within the scope of 
this application 
[ 0036 ] According to some embodiments , the trigger unit 
3021 may include , for example , an N - type transistor MN1 , 
and an N - type transistor MN2 . The gate of MN2 is config 
ured to receive the clamp module control signal EN_VDS_ 
CLAMP . This clamp module control signal is valid only 
when the power transistor 303 is in the off or non - working 
state , and the entire clamp module is activated when 
EN_VDS_CLAMP is valid . 

[ 0037 ] According to some embodiments , the drain of 
MN2 is coupled to the gate of transistor MN1 , and its source 
is configured to receive a low voltage potential , e.g. , the 
ground potential . The source of the transistor MN1 is 
coupled to the source of the power transistor 303 and is 
configured to receive the output voltage VOUT of the power 
switch . According to some embodiments , the trigger unit 
3021 may further include a resistor R2 coupled between the 
source of the transistor MN1 and the output terminal of the 
power transistor , which functions to prevent the transistor 
MN1 from being burnt down by an excessive gate - source 
voltage . Of course , other structures can also be used to form 
this resistive branch . 
[ 0038 ] According to some embodiments , the trigger unit 
3021 may further include a P - type transistor MP1 , the source 
of which is configured to receive the power supply voltage 
VS , and the drain of which is coupled to the clamping unit 
3022 for providing the clamping unit with the power voltage 
VS_INT . According to some embodiments , the trigger unit 
3021 may further include a Zener diode ZD1 . The anode of 
the Zener diode ZD1 is coupled to the gate of the transistor 
MP1 , and the cathode of the Zener diode ZD1 is coupled to 
the source of the transistor MP1 . The trigger unit 3021 may 
also include a resistor R1 connected in parallel with ZD1 . 
[ 0039 ] According to some embodiments , when EN_VDS_ 
CLAMP is at a valid level , e.g. , a high level , for example , 
the transistor MN2 is turned on , the clamp module is 
activated , and the gate of the transistor MN1 is configured 
to receive the ground level through the turned - on transistor 
MN2 . Therefore , when the load switch 30 is turned off and 
the inductive load L pulls down the output voltage VOUT to 
a negative voltage , the transistor MN1 is turned on . The turn 
on of transistor MN1 can provide the output voltage VOUT 
to the gate of the transistor MP1 . In this case , the gate 
potential of the transistor MP1 is lower than its source 
potential VS , so the transistor MP1 is turned on . The power 
supply voltage is supplied to the clamping unit 3022 as 
VS_INT . 
[ 0040 ] According to some embodiments , the reverse 
breakdown voltage of the Zener diode ZD1 may be , for 
example , 5V . When the voltage difference between VOUT 
and VS is greater than or equal to 5V , the Zener diode ZD1 
may be broken down to form a conductive path , thereby 
providing protection for the transistor MP1 . The role of R1 
is to ensure that MP1 can be turned off completely when 
MP1 is in the closed state . 
[ 0041 ] Based on the above - mentioned structure and opera 
tion mode of the trigger unit 3021 , the clamping unit 3022 
cannot receive the power supply voltage when the output of 
the load switch is not lower than the low level at the source 
of N - type transistor MN2 , e.g. , the ground level , so this 
solution reduces the overall power consumption of the 
clamp module 3022. Of course , regardless of power con 
sumption , according to other embodiments , the trigger unit 
3021 can also be used only to receive the clamping module 
control signal , and regardless of the value of the output 
voltage VOUT of the load switch circuit , the clamping unit 
3022 may also be always coupled to the supply voltage . 
[ 0042 ] According to some embodiments , the clamping 
unit 3022 may include a voltage - current converter V - I , a 
P - type transistor MP2 , a Zener diode ZD3 , and a resistor R3 . 
The cathode of the Zener diode ZD3 is configured to receive 
VS_INT ( VS_INT = VS ) , and its anode is coupled to the gate 
of the transistor MP2 . The resistor R3 is coupled between the 
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gate of the transistor MP2 and the output terminal of the load 
switch circuit . The drain of the transistor MP2 is also 
coupled to the output terminal of the load switch circuit for 
receiving VOUT . Both the positive input terminal and a 
control terminal of the voltage - current converter V - I are 
configured to receive the power supply voltage VS_INT , and 
the negative input terminal and the other control terminal are 
both coupled to the source of the transistor MP2 . 
[ 0043 ] According to some embodiments , the clamping 
unit 3022 may further include a P - type transistor MP3 and 
a resistor R4 . The gate of the transistor MP3 is coupled to the 
gate of the transistor MP2 , and the source is coupled to the 
output terminal of the voltage - current converter V - I . The 
resistor R4 is coupled between the drain of the transistor 
MP3 and the output terminal of the load switch circuit . 
[ 0044 ] According to some embodiments , the breakdown 
voltage of the Zener diode ZD3 may be 5V . When VS_INT 
VOUT - VR3 is greater than or equal to 5V , Zener diode ZD3 
is broken down , the gate voltage of transistor MP2 is 
VS_INT - 5V , and the source voltage of transistor MP2 is 
VS_INT - 5V + Vsg , where Vsg is the source gate voltage of 
the transistor MP2 and VR3 is a voltage drop on the resistor 
R3 . 
( 0045 ] According to some embodiments , the voltage dif 
ference between the positive input terminal and the negative 
input terminal of the voltage - current converter V - I may be 
5V - Vsg , and the equivalent resistance converted by the 
voltage - current converter V - I may be Rx . Therefore , the 
current Il output at the output terminal of the voltage 
current converter V - I can be expressed as ( 5V - Vsg ) / Rx . The 
user can adjust the value of Rx as needed to adjust the 
clamping effect , that is , the lowest voltage value allowed for 
VOUT to be pulled down . 
[ 0046 ] Generally , the devices in the voltage - current con 
verter V - I are low - voltage devices , so the voltage difference 
at the input terminals generally does not exceed 5V . Since 
VS and VS_INT are high voltages , such as 40V , the voltage 
current converter V - I cannot be directly grounded to prevent 
damaging of the voltage devices . In some embodiments , by 
setting the Zener diode ZD3 , the difference of the input 
signal of the voltage - current converter is effectively adjusted 
to within 5V . In addition , the source - drain withstand voltage 
of the transistor MP2 is much higher than the voltage 
devices inside the voltage - current converter V - I , so MP2 
provides an appropriate grounding path for the voltage 
current converter V - I . 

[ 0047 ] ZD3 , R3 , and transistor MP2 are all set to be able 
to convert the high voltage signal of the power supply 
voltage into an acceptable voltage level for the voltage 
current converter . Other structures can also be used instead 
of R3 to realize resistive branches . According to different 
embodiments , circuits that use other structures to implement 
the function of adjusting the input voltage of the voltage 
current converter are also within the protection scope of the 
present application . 
[ 0048 ] According to some embodiments , when the source 
gate voltage of the transistor MP3 is greater than or equal to 
its threshold voltage , MP3 is turned on , and its source and 
drain voltages are equal when it is turned on , and the current 
11 flows through the resistor R4 and generates a voltage 
across it . Therefore , either the voltage at the source or the 
one at the drain of the transistor MP3 can be regarded as 
VDS_REF + VOUT , where VDS_REF = ( 5V - Vsg ) * R4 / Rx . 

The source voltage VDS_REF + VOUT of the transistor MP3 
is the driving control signal output to the driving unit 3023 . 
[ 0049 ] According to some embodiments , the driving unit 
3023 may include a P - type transistor MP4 and a resistor R5 . 
The source of the transistor MP4 can be configured to 
receive VS_INT , and its gate is coupled to the source of the 
transistor MP3 . The resistor R5 is coupled between the drain 
of the transistor MP4 and the output terminal of the load 
switch . When the source to gate voltage ( VS_INT ) - ( VDS_ 
REF ) -VOUT of the transistor MP4 is greater than or equal 
to the threshold voltage Vth of the transistor MP4 , the 
transistor MP4 is turned on . 
[ 0050 ] According to some embodiments , when VOUT 
drops so that the voltage of VDS_CLAMP = VS_INT - VOUT 
exceeds VDS_REF + Vth , the preset clamping threshold , the 
transistor MP4 is turned on and the power supply voltage 
VS_INT is provided to , for example , the gate of the N - type 
power transistor MN3 . Vth is the threshold voltage of 
transistor MP4 . In this case , the power transistor MN3 is 
turned on , and current flows through the power transistor 
MN3 and the inductive load , thereby assisting the inductor 
to discharge current . According to some embodiments , the 
value of R4 may be in the order of 10 kOhms to 1 MOhm . 
The value of Rx can be calculated based on the desired 
VDS_CLAMP 
[ 0051 ] According to some embodiments , the transistor 
MP4 is coupled to the output terminal of the switch through 
a resistor R5 . Of course , other methods can be used instead 
of R5 to form a resistive branch . 
[ 0052 ] After the inductor current is discharged , VOUT is 
pulled up to OV , the transistor MN1 is turned off , the 
transistor MP1 is also turned off , the clamping unit 3022 
does not receive the power supply voltage VS , so it is in no 
power consumption status . 
[ 0053 ] As the load inductance discharges current , the 
power transistor MN3 is not completely turned on as in the 
normal working state , it only sets a corresponding gate 
source voltage according to the magnitude of the current that 
needs to be discharged , as a result , VOUT is not pulled up 
to VS_INT . Therefore , there is no confusion with the normal 
working state of MN3 . At the same time , due to the reuse of 
the power transistor MN3 , a clamping mechanism inside the 
load switch is provided , this outperforms the solution with 
external clamping diodes and avoids the inability to dynami 
cally adjust the clamping threshold . 
[ 0054 ] This application provides a solution for realizing a 
freewheeling path for an inductive load by using the internal 
structure of the load switch . In this solution , a voltage 
current converter is used to generate a reference current and 
then a reference voltage is generated on the reference 
resistor , thereby forming a clamping threshold . By reusing 
the power transistor , the current of the inductive load is 
discharged . Based on this solution , users can flexibly adjust 
the clamp threshold according to the actual current that 
needs to be discharged , to achieve precise control of the 
discharge . 
[ 0055 ] FIG . 6 is a schematic diagram of a timing sequence 
of a load switch circuit according to some embodiments of 
the present application . As shown in the figure , when the 
load switch circuit is in the off state , the output voltage 
VOUT is pulled down to a negative value , but the pull - down 
amplitude is limited to VDS_CLAMP . This prevents VOUT 
of the switching circuit from being pulled down to an 
excessively negative potential . 
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[ 0056 ] According to some embodiments , the present 
application also provides a control method of a load switch 
circuit , including setting the equivalent resistance of the 
voltage - current converter inside the load switch circuit to 
generate a reference current ; the reference current produces 
a reference voltage across the reference resistor , thus gen 
erates a preset clamping threshold ; and when the difference 
between the power supply voltage and the output voltage of 
the switching circuit is greater than or equal to the preset 
clamping threshold , the power transistor is turned on , 
thereby freewheeling the inductive load . 
[ 0057 ] According to some embodiments , the method fur 
ther includes providing a power supply voltage to the 
voltage - current converter when the output voltage of the 
switching circuit is lower than the ground level . 
[ 0058 ] Therefore , although the present application has 
been described with reference to specific examples , where 
these specific examples are only intended to be exemplary 
and not to limit the application , it is obvious to those of 
ordinary skill in the art that without departing from the spirit 
and scope of the application , the disclosed embodiments 
may be changed , added , or deleted . 
[ 0059 ] The disclosure herein provides many different 
embodiments , or examples , for implementing different fea 
tures of the described subject matter . Specific examples of 
components and arrangements are described below to sim 
plify the present description . These are , of course , merely 
examples and are not intended to be limiting . For example , 
the formation of a first feature over or on a second feature 
in the description that follows may include embodiments in 
which the first and second features are formed in direct 
contact , and may also include embodiments in which addi 
tional features may be formed between the first and second 
features , such that the first and second features may not be 
in direct contact . In addition , the present disclosure may 
repeat reference numerals and / or letters in the various 
examples . This repetition is for the purpose of simplicity and 
clarity and does not in itself dictate a relationship between 
the various embodiments and / or configurations discussed . 
[ 0060 ] Further , spatially relative terms , such as “ beneath , ” 
“ below , ” “ lower , ” “ above , " " upper ” and the like , may be 
used herein for ease of description to describe one element 
or feature's relationship to another element ( s ) or feature ( s ) 
as illustrated in the figures . The spatially relative terms are 
intended to encompass different orientations of the device in 
use or operation in addition to the orientation depicted in the 
figures . The apparatus may be otherwise oriented ( rotated 90 
degrees or at other orientations ) and the spatially relative 
descriptors used herein may likewise be interpreted accord 
ingly . 
[ 0061 ] In the description herein , certain specific details are 
set forth in order to provide a thorough understanding of 
various embodiments of the disclosure . However , one 
skilled in the art will understand that the disclosure may be 
practiced without these specific details . In other instances , 
well - known structures associated with electronic compo 
nents and fabrication techniques have not been described in 
detail to avoid unnecessarily obscuring the descriptions of 
the embodiments of the present disclosure . 
[ 0062 ] Unless the context requires otherwise , throughout 
the specification and claims that follow , the word " com 
prise ” and variations thereof , such as " comprises ” and 
" comprising , ” are to be construed in an open , inclusive 
sense , that is , as “ including , but not limited to . ” 

[ 0063 ] The use of ordinals such as first , second and third 
does not necessarily imply a ranked sense of order , but rather 
may only distinguish between multiple instances of an act or 
structure . 
[ 0064 ] Reference throughout this specification to " one 
embodiment ” or “ an embodiment ” means that a particular 
feature , structure or characteristic described in connection 
with the embodiment is included in at least one embodiment . 
Thus , the appearances of the phrases " in one embodiment ” 
or “ in an embodiment ” in various places throughout this 
specification are not necessarily all referring to the same 
embodiment . Furthermore , the particular features , struc 
tures , or characteristics may be combined in any suitable 
manner in one or more embodiments . 
[ 0065 ] As used in this specification and the appended 
claims , the singular forms “ a , ” “ an , ” and “ the ” include plural 
referents unless the content clearly dictates otherwise . It 
should also be noted that the term “ or ” is generally 
employed in its sense including " and / or ” unless the content 
clearly dictates otherwise . 
[ 0066 ] The various embodiments described above can be 
combined to provide further embodiments . Aspects of the 
embodiments can be modified to provide yet further embodi 
ments . 
[ 0067 ] These and other changes can be made to the 
embodiments in light of the above - detailed description . In 
general , in the following claims , the terms used should not 
be construed to limit the claims to the specific embodiments 
disclosed in the specification and the claims , but should be 
construed to include all possible embodiments along with 
the full scope of equivalents to which such claims are 
entitled . Accordingly , the claims are not limited by the 
disclosure . 

1. A load switch circuit , comprising : 
a power transistor , a first terminal of the power transistor 

configured to receive a power supply voltage , and a 
second terminal of the power transistor configured to be 
an output terminal of the load switch circuit and 
configured to be coupled to an external inductive load ; 
and 

a clamping module including a clamping unit and a 
driving unit coupled together , wherein the clamping 
unit includes a voltage - current converter and a first 
resistor , the first resistor coupled between an output 
terminal of the voltage - current converter and the sec 
ond terminal of the power transistor , a positive input 
terminal of the voltage - current converter coupled to 
receive the power supply voltage , a negative input 
terminal of the voltage - current converter coupled to the 
second terminal of the power transistor , a current 
output of the voltage - current converter generating a 
reference voltage drop on the first resistor , and an 
output terminal of the driving unit is coupled to a 
control electrode of the power transistor . 

2. The circuit of claim 1 , wherein the first resistor is 
coupled to output control terminal of the power transistor via 
a first transistor , and 

wherein , in response to a difference between the power 
supply voltage and an output voltage at second terminal 
of the power transistor is greater than or equal to a 
clamping threshold , the clamping unit is configured to 
output a driving control signal to the driving unit , based 
on which the driving unit outputs a driving signal to 
turn on the power transistor , the clamping threshold > 
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being a sum of the reference voltage drop and a 
threshold voltage of the first transistor . 

3. The circuit of claim 1 , wherein the driving unit com 
prises : 

a second transistor , a control terminal of the second 
transistor coupled to the output terminal of the voltage 
current converter , and a first terminal of the second 
transistor coupled to a control terminal of the power 
transistor , a second terminal of the second transistor 
coupled to receive the power supply voltage ; and 

a first resistive branch coupled between the first terminal 
of the second transistor and the second terminal of the 
power transistor . 

4. The circuit of claim 3 , wherein a type of the second 
transistor is complementary to a type of power transistor . 

5. The circuit of claim 1 , wherein the clamping module 
further comprises a trigger unit configured to receive an 
output voltage at the output terminal of the power transistor , 
and in response to the output voltage is lower than a 
threshold low potential , the trigger unit controls the power 
supply voltage to be supplied to the clamping unit . 

6. The circuit of claim 3 , wherein the clamping unit 
further comprises a first diode and a third transistor , 

wherein a cathode of the first diode is coupled to receive 
the power supply voltage , an anode of the first diode is 
coupled between a control electrode of the third tran 
sistor and the power supply voltage , a first electrode of 
the third transistor is coupled to a second electrode of 
the power transistor , and the third transistor is coupled 
to the negative input terminal of the voltage - current 
converter , and 

wherein , a second resistive branch is coupled between the 
control electrode of the third transistor and the second 
terminal of the power transistor , and a type of third 
transistor is of a same type as the second transistor . 

7. The circuit of claim 6 , wherein the second resistive 
branch includes a second resistor coupled between the 
control electrode of the third transistor and the second 
terminal of the power transistor . 

8. The circuit of claim 7 , wherein the clamping unit 
further comprises a fourth transistor , wherein : 

the control electrode of the fourth transistor is coupled to 
the control electrode of the third transistor , 

the first resistor is coupled between the first electrode of 
the fourth transistor and the second electrode of the 
power transistor , 

the second electrode of the fourth transistor is coupled to 
the output terminal of the voltage - current converter , 
and 

a type of the fourth transistor is the same as a type of the 
third transistor . 

9. The circuit of claim 5 , wherein the trigger unit com 
prises a fourth transistor , a fifth transistor , a sixth transistor 
and a third resistive branch , wherein 

a control electrode of the fourth transistor is coupled to 
receive a clamp control signal , a first electrode of the 
fourth transistor is coupled to a control electrode of the 
fifth transistor , and a second electrode of the fourth 
transistor is coupled to receive a potential , 

a first electrode of the fifth transistor is coupled to a 
control electrode of the sixth transistor , and a second 
electrode of the fifth transistor is coupled to the second 
electrode of the power transistor , and the third resistive 

branch is coupled between the fifth transistor and the 
second electrode of the power transistor , and 

a first electrode of the sixth transistor is coupled to the 
positive input terminal of the voltage - current converter , 
and the second electrode is configured to receive the 
power supply voltage . 

10. The circuit of claim 9 , wherein the trigger unit further 
comprises a second diode , a cathode of the second diode is 
coupled to receive the power supply voltage , and an anode 
of second diode is coupled to the control electrode of the 
sixth transistor . 

11. The circuit of claim 10 , wherein the trigger unit further 
comprises a third resistor coupled between the control 
electrode and the second electrode of the sixth transistor . 

12. The circuit of claim 11 , wherein the trigger unit further 
comprises a third diode , a cathode of the third diode coupled 
to the control electrode of the fifth transistor , and an anode 
of the third diode coupled to the second electrode of the fifth 
transistor . 

13. The circuit claim 12 , wherein the third resistive 
branch includes a fourth resistor coupled between the second 
electrode of the fifth transistor and the second electrode of 
the power transistor in between . 

14. The circuit of claim 3 , wherein the first resistive 
branch includes a fifth resistor coupled between the control 
electrode and a second electrode of the power transistor . 

15. An electronic device , comprising : 
an inductive load ; and 
a load switch circuit , the load switch circuit including : 

a power transistor , a first terminal of the power tran 
sistor configured to receive a power supply voltage , 
and a second terminal of the power transistor con 
figured to be an output terminal of the load switch 
circuit and configured to be coupled to an external 
inductive load ; and 

a clamping module including a clamping unit and a 
driving unit coupled together , wherein the clamping 
unit includes a voltage - current converter and a first 
resistor , the first resistor coupled between an output 
terminal of the voltage - current converter and the 
second terminal of the power transistor , a positive 
input terminal of the voltage - current converter 
coupled to receive the power supply voltage , a 
negative input terminal of the voltage - current con 
verter coupled to the second terminal of the power 
transistor , a current output of the voltage - current 
converter generating a reference voltage drop on the 
first resistor ; and an output terminal of the driving 
unit is coupled to a control electrode of the power 
transistor . 

16. A control method of a switch circuit , including : 
generating a reference current through a voltage - current 

converter , the voltage - current converter having an 
equivalent resistance ; 

generating a clamping threshold based on at least a 
reference voltage generated by the reference current on 
a reference resistor ; and 

in response to a difference between a power supply 
voltage and an output voltage at an output node of the 
switching circuit is greater than or equal to the clamp 
ing threshold , turning on a power transistor that pro 
vides the output voltage . 
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17. The method of claim 16 , further comprising : 
in response to the output voltage of the switch circuit is 

lower than ground level , providing the power supply 
voltage to the voltage - current converter . 

18. The method of claim 16 , further comprising setting a 
voltage difference between a positive input and a negative 
input of the voltage - current converter by coupling a Zener 
diode between the positive input and the negative input of 
the voltage - current converter . 

19. The method of claim 18 , wherein a cathode of the 
Zener diode is coupled to the positive input of the voltage 
current converter , an anode of the Zener diode is coupled to 
a gate of a transistor , and a first terminal of the transistor is 
coupled to the negative input of the voltage - current con 
verter . 

20. The method of claim 19 , wherein the reference current 
equals to : 

( VzVsg ) / R 
where Vzd is a breakdown voltage of the Zener diode , Vs is 
a voltage between the gate and the first terminal of the 
transistor , and R , is the equivalent resistance of the voltage 
current converter . 

sg 

* * 


