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DESCRIPTION 

TITLE: 

MOTOR DRIVING DEVICE 

 

 5 

BACKGROUND 

Technical Field  

[0001] The disclosure relates to a driving device, and in particular, relates to a motor 

driving device for driving a motor. 

Description of Related Art 10 

[0002] FIG. 1 is a schematic diagram of a motor driving device of the prior art.  A motor 

driving device 10 includes a battery module 11 and a conversion circuit 12.  The 

conversion circuit 12 uses the electric power stored in the battery module 11 to drive a motor 

MTR.  The conversion circuit 12 may also use the electric power generated by the motor 

MTR to charge the battery module 11.  The conversion circuit 12 includes upper arm 15 

power switches T1, T3, and T5, lower arm power switches T2, T4, and T6, and diodes D1 

to D6. 

[0003] When the battery module 11 is charged, the upper arm power switches T1, T3, and 

T5 and the lower arm power switches T2, T4, and T6 of the conversion circuit 12 are all 

turned off.  The diodes D1 to D6 are used for a full-wave rectification operation of the 20 

electric power generated by the motor MTR.  Taking the upper arm power switch T1 as an 

example, the upper arm power switch T1 is coupled between a first phase node NDU and a 

positive power supply terminal of the battery module 11.  When the battery module 11 is 

charged, the upper arm power switch T1 is turned off.  When a voltage difference of a first 
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phase voltage value VU at the first phase node NDU minus a battery voltage value VP is 

greater than a forward bias value of the diode D1, the diode D1 is turned on.  Therefore, 

the conversion circuit 12 uses the first phase voltage value VU to charge the battery module 

11.  Taking the lower arm power switch T2 as an example, the lower arm power switch T2 

is coupled between the first phase node NDU and a negative power supply terminal of the 5 

battery module 11.  When a voltage difference value between a reference low voltage value 

VP minus the first phase voltage value VU is less than a forward bias value of the diode D2, 

the detection diode D2 is turned on. 

[0004] It should be noted that when the battery module 11 is charged, the conversion 

circuit 12 generates a voltage drop loss during the full-wave rectification operation of the 10 

electric power generated by the motor MTR.  The voltage drop loss is caused by the 

forward bias value of the diodes D1 to D6.  For instance, the forward bias voltage value of 

the diodes D1 to D6 is 0.7 volts to 1 volt.  The voltage drop loss per phase of the full-wave 

rectification operation is 1.4 volts to 2 volts.  The voltage drop loss of the conversion 

circuit 12 may lower the charging efficiency of the battery module 11.  It follows that the 15 

voltage drop loss has to be lowered. 

 

SUMMARY 

[0005] The disclosure provides a motor driving device for driving a motor.  The motor 

driving device provides low voltage drop losses. 20 

[0006] A motor driving device provided by the disclosure is used to drive a motor.  The 

motor driving device includes a battery module and a conversion circuit.  The battery 

module stores battery power.  The conversion circuit is coupled to the motor and the 

battery module.  The conversion circuit drives the motor by using the battery power in a 



-3- 

 

driving mode and charges the battery module by using motor power generated by the motor 

in a charging mode.  The conversion circuit includes a determination circuit, a controller, 

and a first phase upper arm switch circuit.  The first phase upper arm switch circuit 

includes a first power switch and a first transistor.  A first terminal of the first power switch 

is coupled to a positive power supply terminal of the battery module.  A second terminal 5 

of the first power switch is coupled to a first phase node.  A control terminal of the first 

power switch is coupled to the controller.  A first terminal of the first transistor is coupled 

to the positive power supply terminal.  A second terminal of the first transistor is coupled 

to the first phase node.  A control terminal of the first transistor is coupled to the controller.  

In the charging mode, the controller turns off the first power switch and the first transistor.  10 

In the charging mode, the determination circuit determines a first phase voltage value 

located at the first phase node.  When the first phase voltage value is greater than a battery 

voltage value located at the positive power supply terminal, the determination circuit 

notifies the controller to turn on the first transistor. 

[0007] To sum up, the first phase upper arm switch circuit includes the first power switch 15 

and the first transistor.  The first terminal of the first transistor is coupled to the positive 

power supply terminal.  The second terminal of the first transistor is coupled to the first 

phase node.  In the charging mode, when the first phase voltage value is greater than the 

battery voltage value located at the positive power supply terminal, the first transistor is 

turned on.  When the first transistor is turned on, the voltage difference value between the 20 

first terminal of the first transistor and the second terminal of the first transistor is 

significantly lower than the forward bias value of the diode in the first power switch.  In 

this way, the voltage drop loss of the conversion circuit is reduced in the charging mode. 

[0008] To make the aforementioned more comprehensible, several embodiments 
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accompanied with drawings are described in detail as follows. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The accompanying drawings are included to provide a further understanding of 

the disclosure, and are incorporated in and constitute a part of this specification.  The 5 

drawings illustrate exemplary embodiments of the disclosure and, together with the 

description, serve to explain the principles of the disclosure. 

[0010] FIG. 1 is a schematic diagram of a motor driving device of the prior art. 

[0011] FIG. 2 is a schematic diagram illustrating a motor driving device according to an 

embodiment of the disclosure. 10 

[0012] FIG. 3 is a schematic diagram illustrating an operation according to an 

embodiment of the disclosure. 

[0013] FIG. 4 is a schematic diagram illustrating an operation according to an 

embodiment of the disclosure. 

[0014] FIG. 5 is a schematic diagram illustrating a determination circuit according to an 15 

embodiment of the disclosure. 

[0015] FIG. 6 is a circuit diagram illustrating a reference circuit according to an 

embodiment of the disclosure. 

[0016] FIG. 7 is a circuit diagram illustrating a first phase voltage detection circuit 

according to an embodiment of the disclosure. 20 

[0017] FIG. 8 is a circuit diagram illustrating a second phase voltage detection circuit 

according to an embodiment of the disclosure. 

[0018] FIG. 9 is a circuit diagram illustrating a third phase voltage detection circuit 

according to an embodiment of the disclosure. 
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DESCRIPTION OF THE EMBODIMENTS 

[0019] Several embodiments of the disclosure are described in detail below 

accompanying with figures.  In terms of the reference numerals used in the following 

descriptions, the same reference numerals in different figures should be considered as the 5 

same or the like elements.  The embodiments are only a portion of the disclosure, which 

do not present all embodiments of the disclosure.  More specifically, these embodiments 

are only examples in the scope of the patent application of the disclosure. 

[0020] With reference to FIG. 2, FIG. 2 is a schematic diagram illustrating a motor driving 

device according to an embodiment of the disclosure.  In this embodiment, a motor driving 10 

device 100 is used to drive a motor MTR.  The motor driving device 100 includes a battery 

module 110 and a conversion circuit 120.  The battery module 110 stores battery power 

PB.  The conversion circuit 120 is coupled to the motor MTR and the battery module 110.  

The conversion circuit 120 uses the battery power PB of the battery module 110 to drive the 

motor MTR in a driving mode, thereby causing the motor MTR to run.  The conversion 15 

circuit 120 uses motor power PM generated by the motor MTR to charge the battery module 

110 in a charging mode.  The motor MTR may be a braking device for a mobility vehicle.  

The mobility vehicle may be an electric walker, an electric bicycle, an electric car, or an 

elevator. 

[0021] In this embodiment, the conversion circuit 120 includes a determination circuit 20 

121, a controller 122, and switch circuits SW1 to SW6.  The switch circuit SW1 may be a 

first phase upper arm switch circuit.  The switch circuit SW2 may be a first phase lower 

arm switch circuit.  The switch circuit SW3 may be a second phase upper arm switch 

circuit.  The switch circuit SW4 may be a second phase lower arm switch circuit.  The 
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switch circuit SW5 may be a third phase upper arm switch circuit.  The switch circuit SW6 

may be a third phase lower arm switch circuit. 

[0022] The switch circuit SW1 includes a power switch T1 and a transistor M1.  A first 

terminal of the power switch T1 is coupled to a positive power supply terminal TP of the 

battery module 110.  A second terminal of the power switch T1 is coupled to a first phase 5 

node NDU.  A control terminal of the power switch T1 is coupled to the controller 122.  

A first terminal of the transistor M1 is coupled to the positive power supply terminal TP.  

A second terminal of the transistor M1 is coupled to the first phase node NDU.  A control 

terminal of the transistor M1 is coupled to the controller 122.  The controller 122 uses a 

control signal ST1 to control the power switch T1.  The controller 122 uses a control signal 10 

SM1 to control the transistor M1. 

[0023] In the charging mode, the controller 122 first turns off the power switch T1 and 

the transistor M1.  Further, in the charging mode, the determination circuit 121 determines 

a first phase voltage value VU located at the first phase node NDU.  When the first phase 

voltage value VU is greater than a battery voltage value VP located at the positive power 15 

supply terminal TP, the determination circuit 121 notifies the controller 122 to turn on the 

transistor M1. 

[0024] Further, the switch circuit SW1 further includes a diode D1.  The diode D1 is 

used to perform a rectification operation in the charging mode. 

[0025] It is worth mentioning herein that in the charging mode, when the first phase 20 

voltage value VU is greater than the battery voltage value VP, the transistor M1 is turned 

on.  When the transistor M1 is turned on, a voltage difference value between the first 

terminal of the transistor M1 and the second terminal of the transistor M1 is significantly 

lower than a forward bias value of the diode D1 in the switch circuit SW1.  In this way, a 
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voltage drop loss of the conversion circuit 120 may be reduced in the charging mode.  

Charging efficiency of the battery module 110 may be improved. 

[0026] In this embodiment, the determination circuit 121 is coupled to the first phase node 

NDU and the positive power supply terminal TP, so as to receive the first phase voltage 

value VU and the battery voltage value VP in the charging mode.  When both the power 5 

switch T1 and the transistor M1 are turned off, the determination circuit 121 compares the 

first phase voltage value VU and the battery voltage value VP.  When the first phase 

voltage value VU is greater than the battery voltage value VP, the determination circuit 121 

provides a notification signal SN.  The controller 122 responds to the notification signal 

SN to turn on the transistor M1, so as to charge the battery module 110 by using the first 10 

phase voltage value VU.  When both the power switch T1 and the transistor M1 are turned 

off, when the first phase voltage value VU is less than the battery voltage value VP, the 

transistor M1 continues to be turned off. 

[0027] The switch circuit SW2 includes a power switch T2 and a transistor M2.  A first 

terminal of the power switch T2 is coupled to the first phase node NDU.  A second terminal 15 

of the power switch T2 is coupled to a negative power supply terminal TN of the battery 

module 110.  A control terminal of the power switch T2 is coupled to the controller 122.  

A first terminal of the transistor M2 is coupled to the first phase node NDU.  A second 

terminal of the transistor M2 is coupled to the negative power supply terminal TN.  A 

control terminal of the transistor M2 is coupled to the controller 122.  The controller 122 20 

uses a control signal ST2 to control the power switch T2.  The controller 122 uses a control 

signal SM2 to control the transistor M2. 

[0028] In the charging mode, the controller 122 turns off the power switch T2 and the 

transistor M2.  When the first phase voltage value VU is less than a reference low voltage 
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value VSS, the determination circuit 121 notifies the controller 122 to turn on the transistor 

M2. 

[0029] In this embodiment, the determination circuit 121 is further coupled to the negative 

power supply terminal TN, so as to receive the reference low voltage value VSS in the 

charging mode.  When both the power switch T2 and the transistor M2 are turned off, the 5 

determination circuit 121 compares the first phase voltage value VU and the reference low 

voltage value VSS.  When the first phase voltage value VU is less than the reference low 

voltage value VSS, the determination circuit 121 provides the notification signal SN.  The 

controller 122 responds to the notification signal SN to turn on the transistor M2.  On the 

other hand, when both the power switch T1 and the transistor M1 are turned off, when the 10 

first phase voltage value VU is greater than the reference low voltage value VSS, the 

transistor M2 continues to be turned off. 

[0030] The switch circuit SW3 includes a power switch T3 and a transistor M3.  A first 

terminal of the power switch T3 is coupled to the positive power supply terminal TP of the 

battery module 110.  A second terminal of the power switch T3 is coupled to a second 15 

phase node NDV.  A control terminal of the power switch T3 is coupled to the controller 

122.  A first terminal of the transistor M3 is coupled to the positive power supply terminal 

TP.  A second terminal of the transistor M3 is coupled to the second phase node NDV.  A 

control terminal of the transistor M3 is coupled to the controller 122.  The controller 122 

uses a control signal ST3 to control the power switch T3.  The controller 122 uses a control 20 

signal SM3 to control the transistor M3.  The switch circuit SW4 includes a power switch 

T4 and a transistor M4.  A first terminal of the power switch T4 is coupled to the second 

phase node NDV.  A second terminal of the power switch T4 is coupled to the negative 

power supply terminal TN of the battery module 110.  A control terminal of the power 
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switch T4 is coupled to the controller 122.  A first terminal of the transistor M4 is coupled 

to the second phase node NDV.  A second terminal of the transistor M4 is coupled to the 

negative power supply terminal TN.  A control terminal of the transistor M4 is coupled to 

the controller 122.  The controller 122 uses the control signal ST2 to control the power 

switch T4.  The controller 122 uses a control signal SM4 to control the transistor M4. 5 

[0031] In the charging mode, the controller 122 first turns off the power switches T3 and 

T4 and the transistors M3 and M4.  The determination circuit 121 determines a second 

phase voltage value VV located at the second phase node NDV.  When the second phase 

voltage value VV is greater than the battery voltage value VP, the determination circuit 121 

notifies the controller 122 to turn on the transistor M3.  When the second phase voltage 10 

value VV is less than the reference low voltage value VSS, the determination circuit 121 

notifies the controller 122 to turn on the transistor M4. 

[0032] The switch circuit SW4 includes a power switch T5 and a transistor M5.  A first 

terminal of the power switch T5 is coupled to the positive power supply terminal TP of the 

battery module 110.  A second terminal of the power switch T5 is coupled to a third phase 15 

node NDW.  A control terminal of the power switch T5 is coupled to the controller 122.  

A first terminal of the transistor M5 is coupled to the positive power supply terminal TP.  

A second terminal of the transistor M5 is coupled to the third phase node NDW.  A control 

terminal of the transistor M5 is coupled to the controller 122.  The controller 122 uses a 

control signal ST5 to control the power switch T5.  The controller 122 uses a control signal 20 

SM5 to control the transistor M5.  The switch circuit SW6 includes a power switch T6 and 

a transistor M6.  A first terminal of the power switch T6 is coupled to the third phase node 

NDW.  A second terminal of the power switch T6 is coupled to the negative power supply 

terminal TN of the battery module 110.  A control terminal of the power switch T6 is 
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coupled to the controller 122.  A first terminal of the transistor M6 is coupled to the third 

phase node NDW.  A second terminal of the transistor M6 is coupled to the negative power 

supply terminal TN.  A control terminal of the transistor M6 is coupled to the controller 

122.  The controller 122 uses the control signal ST2 to control the power switch T6.  The 

controller 122 uses a control signal SM6 to control the transistor M6. 5 

[0033] In the charging mode, the controller 122 first turns off the power switches T5 and 

T6 and the transistors M5 and M6, and the determination circuit 121 determines a third 

phase voltage value VW located at the third phase node NDW.  When the third phase 

voltage value VW is greater than the battery voltage value VP, the determination circuit 121 

notifies the controller 122 to turn on the transistor M5.  When the third phase voltage value 10 

VW is less than the reference low voltage value VSS, the determination circuit 121 notifies 

the controller 122 to turn on the transistor M6. 

[0034] In this embodiment, the switch circuit SW2 further includes a diode D2.  The 

switch circuit SW2 further includes a diode D3.  It thus can be deduced that the switch 

circuit SW6 further includes a diode D6.  The diodes D2 to D6 are used to perform the 15 

rectification operations in the charging mode. 

[0035] Based on the above, in the charging mode, the determination circuit 121 detects 

the first phase voltage value VU, the second phase voltage value VV, and the third phase 

voltage value VW and thereby determines whether to turn on the transistors M1 to M6. 

[0036] In this embodiment, each of the power switches T1 to T6 is implemented by, for 20 

example, an insulated gate bipolar transistor (IGBT).  Each of the transistors M1 to M6 

are, for example, a metal-oxide-semiconductor field-effect transistor (MOSFET).  

However, the implementation of the power switches T1 to T6 and the transistors M1 to M6 

in this embodiment is not limited in the disclosure.  The power switches T1 to T6 and the 
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transistors M1 to M6 may be implemented by any suitable form of transistor components. 

[0037] In the charging mode, the determination circuit 121 may further detect a first phase 

current IU flowing through the first phase node NDU, second phase current IV flowing 

through the second phase node NDV, and a third phase current IW flowing through the third 

phase node NDW, so as to determine whether to turn on the transistors M1 to M6. 5 

[0038] The first phase current IU is taken as an example herein, and in the charging mode, 

the determination circuit 121 detects a direction of the first phase current IU.  When the 

first phase current IU flows to the positive power supply terminal TP through the diode D1 

of the first power switch T1, the determination circuit 121 notifies the controller 122 to turn 

on the transistor M1.  When the first phase current IU flows to the first phase node NDU 10 

through the diode D2 of the second power switch T2, the determination circuit 121 notifies 

the controller 122 to turn on the transistor M2. 

[0039] In this embodiment, the conversion circuit 120 may determine to turn on the 

transistors M3 to M6 through the abovementioned similar operations in the charging mode, 

so description thereof is not repeated herein. 15 

[0040] In the charging mode, the determination circuit 121 may further detect the first 

phase current IU, the second phase current IV, and the third phase current IW, so as to 

decide whether to turn off the turned-on transistors among the transistors M1 to M6. 

[0041] The first phase current IU is taken as an example herein, and in the charging mode, 

when the transistor M1 is turned on, the determination circuit 121 determines the first phase 20 

current IU.  When the first phase current IU flows from the positive power supply terminal 

TP to the first phase node NDU, the determination circuit 121 determines that the first phase 

current IU flows back to the motor MTR.  Therefore, in order to prevent the motor MTR 

or the transistor M1 from being burned, the determination circuit 121 notifies the controller 
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122 to turn off the transistor M1.  When the transistor M2 is turned on, the determination 

circuit 121 determines the first phase current IU.  When the first phase current IU flows 

from the first phase node NDU to the negative power supply terminal TN, the determination 

circuit 121 determines that the first phase current IU flows to the reference low voltage VSS.  

Therefore, in order to prevent the transistor M2 from being burned, the determination circuit 5 

121 notifies the controller 122 to turn off the transistor M2. 

[0042] In this embodiment, the conversion circuit 120 may determine to turn off the 

turned-on transistors among the transistors M3 to M6 through the abovementioned similar 

operations in the charging mode, so description thereof is not repeated herein. 

[0043] In the charging mode, the determination circuit 121 may further detect the first 10 

phase voltage value VU, the second phase voltage value VV, and the third phase voltage 

value VW, so as to decide whether to turn off the turned-on transistors among the transistors 

M1 to M6. 

[0044] The first phase voltage value VU is taken as an example herein, and in the charging 

mode, when the transistor M1 is turned on, the determination circuit 121 determines the first 15 

phase voltage value VU.  When the first phase voltage value VU is substantially equal to 

the battery voltage value VP, the determination circuit 121 notifies the controller 122 to turn 

off the transistor M1 based on a first turning-on time length TL1.  Therefore, the 

determination circuit 121 determines the first phase voltage value VU when the transistor 

M1 is turned off. 20 

[0045] For instance, with reference to FIG. 2 and FIG. 3 together, FIG. 3 is a schematic 

diagram illustrating an operation according to an embodiment of the disclosure.  FIG. 3 

shows a sequence diagram of the control signal SM1, the battery voltage value VP, and the 

first phase voltage value VU in the charging mode.  When the first phase voltage value VU 
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is less than the battery voltage value VP, the control signal SM1 has a low voltage value.  

Therefore, the transistor M1 is turned off.  At a time point tp1, when the first phase voltage 

value VU is greater than the battery voltage value VP, the control signal SM1 changes from 

a low voltage value to a high voltage value.  Therefore, the transistor M1 is turned on.  

The first phase voltage value VU is substantially equal to the battery voltage value VP.  5 

After the first turning-on time length TL1, the control signal SM1 changes from a high 

voltage value to a low voltage value at a time point tp2.  The transistor M1 is turned off.  

Therefore, the determination circuit 121 can compare the first phase voltage value VU and 

the battery voltage value VP when the transistor M1 is turned off.  When the first phase 

voltage value VU is greater than the battery voltage value VP, the transistor M1 is turned 10 

on at a time point tp3.  Next, at a time point tp4, the transistor M1 is turned off.  The 

determination circuit 121 compares the first phase voltage value VU and the battery voltage 

value VP, and so on.  In the case where the transistor M1 is turned off, when the first phase 

voltage value VU is less than the battery voltage value VP at a time point tp5, the transistor 

M1 is turned off.  In this embodiment, the first turning-on time length TL1 may be set. 15 

[0046] With reference to the embodiment of FIG. 2 again, in the charging mode, when 

the transistor M2 is turned on, the determination circuit 121 determines the first phase 

voltage value VU.  When the first phase voltage value VU is substantially equal to the 

reference low voltage value VSS, the determination circuit 121 notifies the controller 122 

to turn off the transistor M1 based on a second turning-on time length TL2.  Therefore, the 20 

determination circuit 121 determines the first phase voltage value VU when the transistor 

M2 is turned off. 

[0047] For instance, with reference to FIG. 2 and FIG. 4 together, FIG. 4 is a schematic 

diagram illustrating an operation according to an embodiment of the disclosure.  FIG. 4 
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shows a sequence diagram of the control signal SM2, the reference low voltage value VSS, 

and the first phase voltage value VU in the charging mode.  When the first phase voltage 

value VU is greater than the reference low voltage value VSS, the control signal SM1 has a 

low voltage value.  Therefore, the transistor M2 is turned off.  At the time point tp1, when 

the first phase voltage value VU is less than the reference low voltage value VSS, the control 5 

signal SM2 changes from a low voltage value to a high voltage value.  Therefore, the 

transistor M2 is turned on.  The first phase voltage value VU is substantially equal to the 

reference low voltage value VSS.  After the second turning-on time length TL2, the control 

signal SM2 changes from a high voltage value to a low voltage value at the time point tp2.  

The transistor M2 is turned off.  Therefore, the determination circuit 121 can compare the 10 

first phase voltage value VU and the reference low voltage value VSS when the transistor 

M2 is turned off.  When the first phase voltage value VU is less than the battery voltage 

value VP, the transistor M2 is turned on at the time point tp3.  Next, at the time point tp4, 

the transistor M2 is turned off.  The determination circuit 121 compares the first phase 

voltage value VU and the reference low voltage value VSS, and so on.  In the case where 15 

the transistor M2 is turned off, when the first phase voltage value VU is greater than the 

reference low voltage value VSS at the time point tp5, the transistor M2 is turned off.  In 

this embodiment, the second turning-on time length TL2 may be set. 

[0048] In this embodiment, the conversion circuit 120 may determine to turn off the 

turned-on transistors among the transistors M3 to M6 through the abovementioned similar 20 

operations in the charging mode, so description thereof is not repeated herein. 

[0049] In this embodiment, the battery module 110 is implemented by an aluminum-ion 

battery.  This aluminum-ion battery has a high charge-discharge rate (C-rate).  Therefore, 

the battery module 110 may achieve the benefit of fast charging. 
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[0050] The implementation of the determination circuit 121 is described in the following 

paragraphs with an example. 

[0051] With reference to FIG. 2 and FIG. 5 together, FIG. 5 is a schematic diagram 

illustrating a determination circuit according to an embodiment of the disclosure.  In this 

embodiment, the determination circuit 121 includes a reference circuit 1211, a first phase 5 

voltage detection circuit 1212_U, a second phase voltage detection circuit 1212_V, a third 

phase voltage detection circuit 1212_W, and a comparison circuit 1213. 

[0052] In this embodiment, the reference circuit 1211 is coupled to the positive power 

supply terminal TP.  The reference circuit 1211 receives a set voltage value VCC and the 

battery voltage value VP.  The reference circuit 1211 converts the set voltage value VCC 10 

into a reference value VRN.  Further, the reference circuit 1211 converts the battery 

voltage value VP into a reference value VRP. 

[0053] In this embodiment, the first phase voltage detection circuit 1212_U is coupled to 

the first phase node NDU.  The first phase voltage detection circuit 1212_U receives the 

first phase voltage value VU.  The first phase voltage detection circuit 1212_U generates 15 

a detection value VUN according to the first phase voltage value VU and the reference low 

voltage value VSS.  Further, the first phase voltage detection circuit 1212_U generates a 

detection value VUP according to the first phase voltage value VU and the set voltage value 

VCC. 

[0054] In this embodiment, the comparison circuit 1213 is coupled to the first phase 20 

voltage detection circuit 1212_U and the reference circuit 1211.  When the first phase 

voltage value VU is a negative voltage value, the comparison circuit 1213 notifies the 

controller 122 according to a first comparison result between the detection value VUN and 

the reference value VRN.  Further, when the first phase voltage value VU is a positive 
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voltage value, the controller 122 is notified according to a second comparison result between 

the detection value VUP and the reference value VRP.  It should be noted that the first 

phase voltage value VU is an alternating current signal.  The comparison circuit 1213 can 

provide one of the first comparison result and the second comparison result according to the 

first phase voltage value VU to provide a corresponding notification signal.  The 5 

determination circuit 121 does not make an erroneous determination due to the positive or 

negative value of the first phase voltage value VU. 

[0055] In this embodiment, the second phase voltage detection circuit 1212_V is coupled 

to the second phase node NDV.  The second phase voltage detection circuit 1212_V 

receives the second phase voltage value VV.  The second phase voltage detection circuit 10 

1212_V generates a detection value VVN according to the second phase voltage value VV 

and the reference low voltage value VSS.  Further, the second phase voltage detection 

circuit 1212_V generates a detection value VVP according to the second phase voltage value 

VV and the set voltage value VCC.  In this embodiment, the comparison circuit 1213 is 

further coupled to the second phase voltage detection circuit 1212_V.  When the second 15 

phase voltage value VV is a negative voltage value, the comparison circuit 1213 notifies the 

controller 122 according to a first comparison result between the detection value VVN and 

the reference value VRN.  Further, when the second phase voltage value VV is a positive 

voltage value, the controller 122 is notified according to a second comparison result between 

the detection value VVP and the reference value VRP. 20 

[0056] In this embodiment, the third phase voltage detection circuit 1212_W is coupled 

to the third phase node NDW.  The third phase voltage detection circuit 1212_W receives 

the third phase voltage value VW.  The third phase voltage detection circuit 1212_W 

generates a detection value VWN according to the third phase voltage value VW and the 
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reference low voltage value VSS.  Further, the third phase voltage detection circuit 

1212_W generates a detection value VWP according to the third phase voltage value VW 

and the set voltage value VCC.  In this embodiment, the comparison circuit 1213 is further 

coupled to the third phase voltage detection circuit 1212_W.  When the third phase voltage 

value VW is a negative voltage value, the comparison circuit 1213 notifies the controller 5 

122 according to a first comparison result between the detection value VWN and the 

reference value VRN.  Further, when the third phase voltage value VW is a positive 

voltage value, the controller 122 is notified according to a second comparison result between 

the detection value VWP and the reference value VRN. 

[0057] With reference to FIG. 2, FIG. 6, and FIG. 7 together, FIG. 6 is a circuit diagram 10 

illustrating a reference circuit according to an embodiment of the disclosure.  FIG. 7 is a 

circuit diagram illustrating a first phase voltage detection circuit according to an 

embodiment of the disclosure.  The reference circuit 1211 includes reference resistors R1R 

and R2R and a reference diode D1R.  A first terminal of the reference resistor R1R receives 

the set voltage value VCC.  A second terminal of the reference resistor R1R is used to 15 

output the reference value VRN.  A first terminal of the reference resistor R2R is coupled 

to the second terminal of the reference resistor R1R.  An anode of the reference diode D1R 

is coupled to a second terminal of the reference resistor R2R.  A cathode of the reference 

diode D1R is coupled to the reference low voltage value VSS.  In this embodiment, the 

reference circuit 1211 generates the reference value VRN based on a resistance value of the 20 

reference resistor R1R, a resistance value of the reference resistor R2R, and a forward bias 

value VD1R of the reference diode D1R.  The reference value VRN is shown in Formula 

(1). 

[0058] VRN = [VCC − (VCC − VD1R − VSS)
RR1R

RR1R+RR2R
]... Formula (1) 
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[0059] "RR1R" is expressed as the resistance value of the reference resistor R1R.  

"RR2R" is expressed as the resistance value of the reference resistor R2R. 

[0060] In this embodiment, the first phase voltage detection circuit 1212_U includes 

detection resistors R1U and R2U and a detection diode D1U.  A first terminal of the 

detection resistor R1U receives the set voltage value VCC.  A second terminal of the 5 

detection resistor R1U is used to output the detection value VUN.  A first terminal of the 

detection resistor R2U is coupled to the second terminal of the detection resistor R1U.  An 

anode of the detection diode D1U is coupled to a second terminal of the detection resistor 

R2U.  A cathode of the detection diode D1U receives the first phase voltage value VU.  

When a voltage difference value between the set voltage value VCC minus the first phase 10 

voltage value VU is greater than a forward bias value VD1U of the detection diode D1U, 

the detection diode D1U is in a turning-on state.  Therefore, the first phase voltage 

detection circuit 1212_U generates the detection value VUN based on a resistance value of 

the detection resistor R1U, a resistance value of the detection resistor R2U, and the forward 

bias value VD1U of the detection diode D1U. 15 

[0061] For instance, when the voltage difference value between the set voltage value VCC 

minus the first phase voltage value VU is greater than the forward bias value VD1U of the 

detection diode D1U, the detection diode D1U is in a turning-on state.  Therefore, the 

detection value VUN is as shown in Formula (2). 

[0062] VUN = [VCC − (VCC − VD1U − VU)
RR1U

RR1U+RR2U
]... Formula (2) 20 

[0063] "RR1U" is expressed as the resistance value of the detection resistor R1U.  

"RR2U" is expressed as the resistance value of the detection resistor R2U. 

[0064] In this embodiment, the comparison circuit 1213 generates the first comparison 

result according to the detection value VUN and the reference value VR.  The comparison 
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circuit 1213 subtracts the reference value VRN from the detection value VUN to generate 

the difference value.  For instance, the reference low voltage value VSS is 0 volts.  The 

resistance value of the detection resistor R1U is equal to the resistance value of the reference 

resistor R1R.  The resistance value of the detection resistor R2U is equal to the resistance 

value of the reference resistor R2R.  The forward bias value VD1R of the reference diode 5 

D1R is equal to the forward bias value VD1U of the detection diode D1U.  Therefore, the 

difference value is shown in Formula (3). 

[0065] VUN − VRN = (VU − VSS) (
RR1R

RR2R+RR2R
)... Formula (3) 

[0066] In the charging mode, when the above difference value is less than "0", it means 

that the detection value VUN is less than the reference value VRN.  The comparison circuit 10 

1213 determines that the first phase voltage value VU is less than the reference low voltage 

value VSS (i.e., 0 volts).  The comparison circuit 1213 generates the first comparison result 

corresponding to the negative voltage value of the first phase voltage value VU and provides 

the notification signal SN including the first comparison result.  Therefore, in the charging 

mode, the transistor M2 is turned on.  On the other hand, when the difference value is 15 

greater than "0", the transistor M2 is not turned on. 

[0067] In this embodiment, the reference circuit 1211 further includes reference resistors 

R3R and R4R and a reference diode D2R.  An anode of the reference diode D2R receives 

the battery voltage value VP.  A first terminal of the reference resistor R3R is coupled to 

a cathode of the reference diode D2R.  A second terminal of the reference resistor R3R is 20 

used to output the reference value VRP.  The reference resistor R4R is coupled between 

the second terminal of the reference resistor R3R and the reference low voltage value VSS.  

The reference circuit 1211 generates the reference value VRP based on a resistance value 

of the reference resistor R3R, a resistance value of the reference resistor R4R, and a forward 
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bias value VD2R of the reference diode D2R.  For instance, the reference low voltage 

value VSS is 0 volts.  The reference value VRP is shown in Formula (4). 

[0068] VRP = [(VP − VD2R)
RR4R

RR3R+RR4R
]... Formula (4) 

[0069] "RR3R" is expressed as the resistance value of the reference resistor R3R.  

"RR4R" is expressed as the resistance value of the reference resistor R4R. 5 

[0070] In this embodiment, the first phase voltage detection circuit 1212_U further 

includes detection resistors R3U and R4U and a detection diode D2U.  An anode of the 

detection diode D2U receives the first phase voltage value VU.  A first terminal of the 

detection resistor R3U is coupled to a cathode of the detection diode D2U.  A second 

terminal of the detection resistor R3U is used to output the detection value VUP.  The 10 

detection resistor R4R is coupled between the second terminal of the detection resistor R3U 

and the reference low voltage value VSS.  When a voltage difference value between the 

first phase voltage value VU minus a voltage value at the anode of the detection diode D2U 

is greater than the forward bias value VD2U of the detection diode D1U, the detection diode 

D2U is in a turning-on state.  Therefore, the first phase voltage detection circuit 1212_U 15 

generates the detection value VUP based on a resistance value of the detection resistor R3U, 

a resistance value of the detection resistor R4U, and the forward bias value VD2U of the 

detection diode D2U. 

[0071] For instance, the reference low voltage value VSS is 0 volts.  When a voltage 

difference value between the first phase voltage value VU minus the reference low voltage 20 

value VSS is greater than the forward bias value VD2U of the detection diode D1U, the 

detection diode D2U is in a turning-on state.  Therefore, the detection value VUP is as 

shown in Formula (5). 

[0072] VUP = [(VU − VD2U)
RR4U

RR3U+RR4U
]... Formula (5) 
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[0073] "RR3U" is expressed as the resistance value of the detection resistor R3U.  

"RR4U" is expressed as the resistance value of the detection resistor R4U. 

[0074] In this embodiment, the comparison circuit 1213 generates the second comparison 

result according to the detection value VUP and the reference value VRP.  The comparison 

circuit 1213 subtracts the reference value VRP from the detection value VUP to generate 5 

the difference value.  The resistance value of the detection resistor R3U is equal to the 

resistance value of the reference resistor R3R.  The resistance value of the detection 

resistor R4U is equal to the resistance value of the reference resistor R4R.  The forward 

bias value VD2R of the reference diode D2R is equal to the forward bias value VD2U of 

the detection diode D2U.  Therefore, the difference value is shown in Formula (6). 10 

[0075] VUP − VRP = (VU − VP) (
RR4R

RR3R+RR4R
)... Formula (6) 

[0076] In the charging mode, when the above difference value is greater than "0", it means 

that the detection value VUP is less than the reference value VRP.  The comparison circuit 

1213 determines that the first phase voltage value VU is greater than the battery voltage 

value VP.  The comparison circuit 1213 generates the second comparison result 15 

corresponding to the first phase voltage value VU being greater than the battery voltage 

value VP and provides the notification signal SN including the second comparison result.  

Therefore, in the charging mode, the transistor M1 is turned on.  On the other hand, when 

the difference value is less than "0", the transistor M1 is not turned on. 

[0077] In this embodiment, the reference resistors R1R to R4R and the detection resistors 20 

R1U to R4U may be physical resistors or equal-calibration resistors formed by transistors. 

[0078] FIG. 8 is a circuit diagram illustrating a second phase voltage detection circuit 

according to an embodiment of the disclosure.  In this embodiment, the second phase 

voltage detection circuit 1212_V includes detection resistors R1V and R2V and a detection 
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diode D1V.  A first terminal of the detection resistor R1V receives the set voltage value 

VCC.  A second terminal of the detection resistor R1V is used to output the detection value 

VVN.  A first terminal of the detection resistor R2V is coupled to the second terminal of 

the detection resistor R1V.  An anode of the detection diode D1V is coupled to a second 

terminal of the detection resistor R2V.  A cathode of the detection diode D1V receives the 5 

second phase voltage value VV. 

[0079] The second phase voltage detection circuit 1212_V further includes detection 

resistors R3V and R4V and a detection diode D2V.  An anode of the detection diode D2V 

receives the second phase voltage value VV.  A first terminal of the detection resistor R3V 

is coupled to a cathode of the detection diode D2V.  A second terminal of the detection 10 

resistor R3V is used to output the detection value VVP.  The detection resistor R4V is 

coupled between the second terminal of the detection resistor R3V and the reference low 

voltage value VSS. 

[0080] The operation of the second phase voltage detection circuit 1212_V is similar to 

the operation of the first phase voltage detection circuit 1212_U shown in FIG. 7, so 15 

description thereof is not repeated herein. 

[0081] In this embodiment, the detection resistors R1V to R4V may be physical resistors 

or equal-calibration resistors formed by transistors. 

[0082] FIG. 9 is a circuit diagram illustrating a third phase voltage detection circuit 

according to an embodiment of the disclosure.  In this embodiment, the third phase voltage 20 

detection circuit 1212_W includes detection resistors R1W and R2W and a detection diode 

D1W.  A first terminal of the detection resistor R1W receives the set voltage value VCC.  

A second terminal of the detection resistor R1W is used to output the detection value VWN.  

A first terminal of the detection resistor R2W is coupled to the second terminal of the 
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detection resistor R1W.  An anode of the detection diode D1W is coupled to a second 

terminal of the detection resistor R2W.  A cathode of the detection diode D1W receives 

the third phase voltage value VW. 

[0083] The third phase voltage detection circuit 1212_W further includes detection 

resistors R3W and R4W and a detection diode D2W.  An anode of the detection diode 5 

D2W receives the third phase voltage value VW.  A first terminal of the detection resistor 

R3W is coupled to a cathode of the detection diode D2W.  A second terminal of the 

detection resistor R3W is used to output the detection value VWP.  The detection resistor 

R4W is coupled between the second terminal of the detection resistor R3W and the 

reference low voltage value VSS. 10 

[0084] The operation of the third phase voltage detection circuit 1212_W is similar to the 

operation of the first phase voltage detection circuit 1212_U shown in FIG. 7, so description 

thereof is not repeated herein. 

[0085] The detection resistors R1W to R4W may be physical resistors or equal-calibration 

resistors formed by transistors. 15 

[0086] In view of the foregoing, the motor driving device includes the battery module and 

the conversion circuit.  The conversion circuit includes the determination circuit, the 

controller, and the plurality of switch circuits.  The first phase upper arm switch circuit 

among the plurality of switch circuits includes the power switch and the transistor.  In the 

charging mode, when the first phase voltage value is greater than the battery voltage value, 20 

the transistor is turned on.  When the transistor is turned on, the voltage difference value 

between the first terminal of the transistor and the second terminal of the transistor is 

significantly lower than the forward bias value of the diode in the power switch.  In this 

way, the voltage drop loss of the conversion circuit may be reduced in the charging mode.  
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The charging efficiency of the battery module may be improved. 

[0087] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the disclosed embodiments without departing from the scope or 

spirit of the disclosure.  In view of the foregoing, it is intended that the disclosure covers 

modifications and variations provided that they fall within the scope of the following claims 5 

and their equivalents. 
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CLAIMS 

Claim 1: 

A motor driving device for driving a motor, comprising: 

a battery module configured to store battery power; and 

a conversion circuit coupled to the motor and the battery module and configured to 5 

drive the motor by using the battery power in a driving mode and charge the battery module 

by using motor power generated by the motor in a charging mode, 

wherein the conversion circuit comprises: 

a determination circuit; 

a controller coupled to the determination circuit; and 10 

a first phase upper arm switch circuit, comprising: 

 a first power switch, wherein a first terminal of the first power switch is 

coupled to a positive power supply terminal of the battery module, a second terminal of the 

first power switch is coupled to a first phase node, and a control terminal of the first power 

switch is coupled to the controller; and 15 

 a first transistor, wherein a first terminal of the first transistor is coupled to 

the positive power supply terminal, a second terminal of the first transistor is coupled to the 

first phase node, and a control terminal of the first transistor is coupled to the controller, 

wherein in the charging mode, the controller turns off the first power switch and the 

first transistor, the determination circuit determines a first phase voltage value located at the 20 

first phase node, and when the first phase voltage value is greater than a battery voltage 

value located at the positive power supply terminal, the determination circuit notifies the 

controller to turn on the first transistor. 
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Claim 2: 

The motor driving device according to claim 1, wherein the conversion circuit further 

comprises: 

a first phase lower arm switch circuit, comprising: 

a second power switch, wherein a first terminal of the second power switch is 5 

coupled to the first phase node, a second terminal of the second power switch is coupled to 

a negative power supply terminal of the battery module, and a control terminal of the second 

power switch is coupled to the controller; and 

a second transistor, wherein a first terminal of the second transistor is coupled 

to the first phase node, a second terminal of the second transistor is coupled to the negative 10 

power supply terminal, and a control terminal of the second transistor is coupled to the 

controller. 

 

Claim 3: 

The motor driving device according to claim 2, wherein in the charging mode, 15 

the controller turns off the second power switch and the second transistor, and 

when the first phase voltage value is less than a reference low voltage value, the 

determination circuit notifies the controller to turn on the second transistor. 

 

Claim 4: 20 

The motor driving device according to claim 3, wherein in the charging mode, 

the determination circuit determines a first phase current flowing through the first 

phase node, and 

when the first phase current flows to the positive power supply terminal through a 
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diode of the first power switch, the determination circuit notifies the controller to turn on 

the first transistor. 

 

Claim 5: 

The motor driving device according to claim 4, wherein in the charging mode, 5 

when the first phase current flows to the first phase node through a diode of the second 

power switch, the determination circuit notifies the controller to turn on the second 

transistor. 

 

Claim 6: 10 

The motor driving device according to claim 3, wherein in the charging mode, 

when the first transistor is turned on, the determination circuit determines a first phase 

current flowing through the first phase node, and 

when the first phase current flows from the positive power supply terminal to the first 

phase node, the determination circuit notifies the controller to turn off the first transistor. 15 

 

Claim 7: 

The motor driving device according to claim 6, wherein in the charging mode, 

when the second transistor is turned on, the determination circuit determines the first 

phase current, and 20 

when the first phase current flows from the first phase node to the negative power 

supply terminal, the determination circuit notifies the controller to turn off the second 

transistor. 
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Claim 8: 

The motor driving device according to claim 3, wherein in the charging mode, 

when the first transistor is turned on, the determination circuit determines the first 

phase voltage value, and 

when the first phase voltage value is greater than the battery voltage value, the 5 

determination circuit notifies the controller to turn off the first transistor based on a first 

turning-on time length and determines the first phase voltage value when the first transistor 

is turned off. 

 

Claim 9: 10 

The motor driving device according to claim 3, wherein in the charging mode, 

when the second transistor is turned on, the determination circuit determines the first 

phase voltage value, and 

when the first phase voltage value is equal to the reference low voltage value, the 

determination circuit notifies the controller to turn off the second transistor based on a 15 

second turning-on time length and determines the first phase voltage value when the second 

transistor is turned off. 

 

Claim 10: 

The motor driving device according to claim 1, wherein the determination circuit 20 

comprises: 

a first phase voltage detection circuit coupled to the first phase node and configured to 

generate a first detection value according to the first phase voltage value and a reference 

low voltage value and generate a second detection value according to the first phase voltage 
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value and a set voltage value; 

a reference circuit coupled to the positive power supply terminal and configured to 

convert the set voltage value into a first reference value and the battery voltage value into a 

second reference value; and 

a comparison circuit, coupled to the first phase voltage detection circuit and the 5 

reference circuit and configured to: 

notify the controller according to a first comparison result between the first 

detection value and the first reference value when the first phase voltage value is a negative 

voltage value, and 

notify the controller according to a second comparison result between the 10 

second detection value and the second reference value when the first phase voltage value is 

a positive voltage value. 

 

Claim 11: 

The motor driving device according to claim 10, wherein the first phase voltage 15 

detection circuit comprises: 

a first detection resistor, wherein a first terminal of the first detection resistor receives 

the set voltage value, and a second terminal of the first detection resistor is used to output 

the first detection value; 

a second detection resistor, wherein a first terminal of the second detection resistor is 20 

coupled to the second terminal of the first detection resistor; and 

a first detection diode, wherein an anode of the first detection diode is coupled to a 

second terminal of the second detection resistor, and a cathode of the first detection diode 

receives the first phase voltage value. 
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Claim 12: 

The motor driving device according to claim 11, wherein the reference circuit 

comprises: 

a first reference resistor, wherein a first terminal of the first reference resistor receives 5 

the set voltage value, and a second terminal of the first reference resistor is used to output 

the first reference value; 

a second reference resistor, wherein a first terminal of the second reference resistor is 

coupled to the second terminal of the first reference resistor; and 

a first reference diode, wherein an anode of the first reference diode is coupled to a 10 

second terminal of the second reference resistor, and a cathode of the first reference diode 

is coupled to the reference low voltage value. 

 

Claim 13: 

The motor driving device according to claim 12, wherein a forward bias value of the 15 

first reference diode is equal to a forward bias value of the first detection diode. 

 

Claim 14: 

The motor driving device according to claim 12, wherein the first phase voltage 

detection circuit further comprises: 20 

a second detection diode, wherein an anode of the second detection diode receives the 

first phase voltage value; 

a third detection resistor, wherein a first terminal of the third detection resistor is 

coupled to a cathode of the second detection diode, and a second terminal of the third 
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detection resistor is used to output the second detection value; and 

a fourth detection resistor coupled between the second terminal of the third detection 

resistor and the reference low voltage value. 

 

Claim 15: 5 

The motor driving device according to claim 14, wherein the reference circuit further 

comprises: 

a second reference diode, wherein an anode of the second reference diode receives the 

battery voltage value; 

a third reference resistor, wherein a first terminal of the third reference resistor is 10 

coupled to a cathode of the second reference diode, and a second terminal of the third 

reference resistor is used to output the second reference value; and 

a fourth reference resistor coupled between the second terminal of the third reference 

resistor and the reference low voltage value. 

 15 

Claim 16: 

The motor driving device according to claim 1, wherein the battery module is 

implemented by an aluminum-ion battery. 

  


