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1. Introduction 

This design guide document describes the design methodology of the Motor Driving Circuit for 

Automotive Body Electronics Using SmartMCDTM (hereinafter referred to as this design). 

We have developed the brushless motor control circuit required for automotive body systems 

using Toshiba's gate driver IC SmartMCD TB9M003FG with an in-built microcontroller. The 

sensorless vector control process required for motor control is performed by SmartMCD, and the 

gate drivers required for driving MOSFETs of the inverter are also incorporated in SmartMCD, so 

that MOSFETs constituting the inverter can be directly connected and a simple configuration can be 

used to realize an automotive body motor control. 

This design has a 130 mm X 73 mm board with circuit required for controlling the body motors, 

as well as switches and potentiometers required for checking operation. We have also prepared an 

external inverter board that is the same size as the main board and can drive a large-current 

motor. The on-board inverter on the main board uses the small package MOSFETs SSM6K804R, 

and the external inverter board uses power MOSFETs TK1R4S04PB, XPH2R404PS, TPW1R104PB, 

XPN3R804NC. 

 

  

https://toshiba.semicon-storage.com/ad/semiconductor/product/automotive-devices/detail.TB9M003FG.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/detail.SSM6K804R.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/12v-300v-mosfets/detail.TK1R4S04PB.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/12v-300v-mosfets/detail.XPH2R404PS.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/12v-300v-mosfets/detail.TPW1R104PB.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/12v-300v-mosfets/detail.XPN3R804NC.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
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2. Main Components 

2.1. Gate Driver IC SmartMCD™ TB9M003FG With a Built-in Microcontroller 

This design uses the gate driver IC SmartMCD™ TB9M003FG with an integrated microcontroller 

to control the motors. The main features of TB9M003FG are as follows. 

 

⚫ 32-bit Arm® Cortex®-M0 core 

⚫ Operating frequency: Max. 40 MHz, Operating voltage: 6.0 V to 18 V 

⚫ 64KB Code Flash (Including ECC SEC/DED) 

⚫ HTQFP48 package 

⚫ Equipped with our original Vector Engine (VE) for vector control 
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Fig. 2.1 TB9M003FG Internal Block Diagram 

 

https://toshiba.semicon-storage.com/ad/semiconductor/product/automotive-devices/detail.TB9M003FG.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
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Fig. 2.2 TB9M003FG Package 

 (HTQFP48, 7 mm x 7 mm, 0.5 mm Pitch) 

 

2.2. Small Package MOSFET SSM6K804R 

This design uses the small package MOSFET SSM6K804R as the switching device for the inverter 

circuit on the main board. The main features of SSM6K804R are as follows. 

 

⚫ AEC-Q101 qualified 

⚫ Low on-resistance: RDS(ON) = 9 mΩ (Typ.) (@VGS = 10 V) 

⚫ Easy-to-use enhancement type: Vth = 1.4 to 2.4 V (VDS = 10 V, ID = 0.1 mA) 

 

 

Fig. 2.3 SSM6K804R Internal Configuration and Package (TSOP6F) 

  

https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/detail.SSM6K804R.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
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2.3. Power MOSFET TK1R4S04PB 

This design uses the power MOSFET TK1R4S04PB as the switching device in the inverter circuit 

of an external inverter board. The main features of TK1R4S04PB are as follows. 

 

⚫ AEC-Q101 qualified 

⚫ Low on-resistance: RDS(ON) = 1.1 mΩ (Typ.) 

⚫ Low leakage current: IDSS = 10 μA (Max.) (VDS = 40 V) 

⚫ Easy-to-use enhancement type: Vth = 2.0 to 3.0 V (VDS = 10 V, ID = 0.5 mA) 

 

 

Fig. 2.4 TK1R4S04PB Internal Configuration and Package (DPAK +) 

 

2.4. Power MOSFET XPH2R404PS 

This design uses the power MOSFET XPH2R404PS as the switching device in the inverter circuit 

of an external inverter board. The main features of XPH2R404PS are as follows. 

 

⚫ AEC-Q101 qualified 

⚫ Small, thin, small mounting area 

⚫ Low on-resistance: RDS(ON) = 1.8 mΩ (Typ.) (VGS = 10 V) 

⚫ Low leakage current: IDSS = 10 μA (Max.) (VDS = 40 V) 

⚫ Easy-to-use enhancement type: Vth = 2.0 to 3.0 V (VDS = 10 V, ID = 0.3 mA) 

 

  

Fig. 2.5 XPH2R404PS Internal Configuration and Package (SOP Advance(WF) 

  

https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/12v-300v-mosfets/detail.TK1R4S04PB.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/12v-300v-mosfets/detail.XPH2R404PS.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
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2.5. Power MOSFET TPW1R104PB 

This design uses the power MOSFET TPW1R104PB as the switching device in the inverter circuit 

of an external inverter board. The main features of TPW1R104PB are as follows. 

 

⚫ AEC-Q101 qualified 

⚫ Small, thin, small mounting area 

⚫ Low on-resistance: RDS(ON) = 0.95 mΩ (Typ.) (VGS = 10 V) 

⚫ Low leakage current: IDSS = 10 μA (Max.) (VDS = 40 V) 

⚫ Easy-to-use enhancement type: Vth = 2.0 to 3.0 V (VDS = 10 V, ID = 0.5 mA) 

 

 

Fig. 2.6 TPW1R104PB Internal Configuration and Package (DSOP Advance(WF)M) 

 

2.6. Power MOSFET XPN3R804NC 

This design uses the power MOSFET XPN3R804NC as the switching device in the inverter circuit 

of an external inverter board. The main features of XPN3R804NC are as follows. 

 

⚫ AEC-Q101 qualified 

⚫ Small, thin, small mounting area 

⚫ Low on-resistance: RDS(ON) = 3.0 mΩ (Typ.) (VGS = 10 V) 

⚫ Low leakage current: IDSS = 10 μA (Max.) (VDS = 40 V) 

⚫ Easy-to-use enhancement type: Vth = 1.5 to 2.5 V (VDS = 10 V, ID = 0.3 mA) 

 

 

 

Fig. 2.7 XPN3R804NC Internal Configuration and Package (TSON Advance(WF) 

 

 

  

https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/12v-300v-mosfets/detail.TPW1R104PB.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/12v-300v-mosfets/detail.XPN3R804NC.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
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3. Outline of Operation 

3.1. 3-Phase Inverter Operation 

Fig. 3.1 shows a three-phase inverter circuit. Three-phase inverters convert direct current into 

three-phase alternating current, and are used in many automotive body brushless motor drives. 

Three-phase inverters produce three-phase alternating current from direct current, enabling 

control of output voltage and output frequency. The energization method used to drive the motor 

with a three-phase inverter includes square-wave drive (120° energization) and sine-wave drive 

(180° energization). The square-wave drive switches only 120° out of the half-wave 180° interval 

at the electrical rotation angle, so the switching loss becomes smaller than the sine-wave drive, 

but the output current becomes a square-wave shape and the motor efficiency is lower than the 

sine-wave drive. The sine wave drive uses a sine wave to energize, which results in smooth 

rotation and low noise. 

Fig. 3.2 shows an example of the phase voltage waveform of a 3-phase inverter. Sine-wave 

drive (180° energized) generates three-phase AC voltage with phase difference of 120° output by 

PWM controlling the upper and lower arm elements of each phase. This three-phase alternating 

current drives brushless motors in automotive body system. 

 

 

 

Fig. 3.1 3-Phase Inverter Circuit 

 

 

Fig. 3.2 3-Phase Inverter Phase Voltage Waveform Example 
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PWM (Pulse Width Modulation with sinusoidal drive) MOSFET of the upper and lower arms of 

each phase are complementarily switched. PWM control is controlled by changing the duty of the 

pulse-width of the input signal. The period is constant. The voltage and frequency of the output 

can be controlled by changing the duty of the pulse width. When the duty of the pulse width of the 

switching element is large, the output voltage and output current become large. 

Fig. 3.3 shows an example of sine wave PWM generation. The voltage of the sinusoidal signal 

wave shown by the red line is compared with the voltage of the triangular carrier signal. When the 

sinusoidal signal voltage is higher than the carrier signal voltage, PWM control signal output 

becomes 1 and the inverter switch element is turned on. Otherwise, PWM control signal output 

becomes 0 and the inverter switch element is turned off. PWM control signal of the switching 

element of the lower arm uses a signal obtained by inverting PWM control signal of the switching 

element of the upper arm. 

 

 

 

Fig. 3.3 Sine-Wave PWM Generation 
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3.2. Sensorless Vector Control 

Fig. 3.4 shows an example of sensorless vector control block diagram. Vector control, which can 

efficiently process motor rotation control from low speed to high speed, has become widely used in 

motor control in recent years. Motor rotation angle detection is required for vector control. 

Previously, hall sensors and encoders were used for this rotation angle detection, however recently 

the sensorless method that estimates the rotation angle by detecting the motor current without 

using these external elements is also being used. 

 

 

Fig. 3.4 Example of Sensorless Vector Control Block Diagram 

 

SmartMCD TB9M003FG is equipped with the dedicated hardware (VE, PMD, ADC) that supports 

sensorless vector control. It uses an easy to configure 1-shunt method for motor-current 

detection. 

  

https://toshiba.semicon-storage.com/ad/semiconductor/product/automotive-devices/detail.TB9M003FG.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
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4. Circuit Design 

4.1. Main PCB 

4.1.1. Overall Block Diagram 

Fig. 4.1 shows the block diagram of the main board. SmartMCD TB9M003FG is a gate driver IC 

with a built-in microcontroller developed by Toshiba, that enables control of a 3-phase inverter 

circuit used for brushless motor control and overcurrent detection. It operates with the input 

power supply VBAT. 

 

 

Fig. 4.1 Overall Block Diagram of Motor Driving Circuit for Automotive Body Electronics 

Using SmartMCD 
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4.1.2. Power Supply Circuit 

Fig. 4.2 shows the power supply circuit. 

 

 

Fig. 4.2 Power Supply Circuit 

 

The incoming power (VBAT) is supplied to the SmartMCD (U1), the inverter circuit, and the step-

down DC-DC converter (U3). The step-down DC-DC converter (U3) used to generate 5 V power 

supply (VCC-5V) for ICs and components around SmartMCD (U1). In addition, 5 V power supply 

(VCC-5V) is also used to generate 3.3V power supply (VCC-3.3V) using LDO regulator (U10) and 

is supplied primarily to CMSIS-DAP (U2). 

In order to output 5.0 V to the 5 V power supply (VCC-5V), the FB (3-pin) voltage of DC-DC 

converter (U3) is set to 0.8 V using the voltage divider made-up of the resistors (R9, R10). 
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4.1.3. SmartMCD Related Circuit 

Fig. 4.3 shows the circuit related to SmartMCD. 

 

Fig. 4.3 SmartMCD Related Circuit 

The gate driver IC SmartMCD TB9M003FG (U1) used in this design has a built-in 32 bit Arm® 

Cortex®-M0 core processor, enabling operation at the maximum frequency of 40 MHz. 

SmartMCD (U1) can be powered using the voltage from 6 V to 18 V. By-pass capacitors (C1 to 

C5) are connected near VBAT pin (pin 29) which is the power supply input. A crystal resonator 

(Y1) of 16 MHz frequency and two 18 pF capacitors (C9, C10) are used for generating clock. The 

reset circuit consisting of a switch (T1), resistors (R24, R26) and a capacitor (C22) is used to 

generate a reset signal for SmartMCD (U1). This reset circuit also eliminates bouncing noise 

produced when the reset switch (T1) is used. 

The charge pump boost circuit that generates the pre-driver power supply required to drive the 

inverter circuit MOSFETs requires the external capacitors CCP1 (C27), CCP2 (C28) and CVCP  (C42). 

 

Fig. 4.4 Charge Pump Block Diagram 

https://toshiba.semicon-storage.com/ad/semiconductor/product/automotive-devices/detail.TB9M003FG.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
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The start mode selection switch (SW2) is used to select the activation mode. When the reset is 

canceled, Normal mode, Flash Download mode, or Debug mode is selected according to the MD0, 

MD1 setting. 

 

Table 4.1 Start Mode Selection 

MD1 MD0 Mode 

OFF OFF Normal 
ON OFF Flash Download 
OFF ON Debug 

 

Some of the pins on SmartMCD (U1) are multiplexed, and the post-startup software 

configuration determines the pin assignment. 

DBGO signal output connector (J18) is used to externally monitor the debug output signal 

(DBGO) of SmartMCD (U1) and can be connected to IO7, IO8, or IO9 of SmartMCD (U1) by using 

the DBGO Signal Jumper Pin Connector (J13). 

SWD connector (J4) is used for connecting the external SWD interface to SmartMCD (U1). For it 

to work, the jumpers must be connected to SWD Signal Jumper Pin Connector (J6) to connect 

SWDIO to IO10 and SWCLK to IO11 of SmartMCD (U1). 

 

4.1.4. Peripheral Switches, Connectors 

The push switch (T2) can be connected to IO7 or IO9 of SmartMCD (U1) by connecting the 

corresponding jumper on the Push Switch Jumper Pin Connector (J10). It is used by the software 

to Start/Stop the motor, etc.. 

 

Fig. 4.5 Push Switch (T2) 

 

The slide switch (SW3) can be connected to IO8 or IO9 of SmartMCD (U1) by connecting the 

corresponding jumper on the the Slide Switch Jumper Pin Connector (J11). It is used by the 

software to change the motor rotation direction, etc. 

 

 

Fig. 4.6 Slide Switch (SW3) 
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The potentiometer (P1) can be connected to IO7 or IO8 of SmartMCD (U1) by connecting the 

corresponding jumper on the TEMP-POT Signal Jumper Pin Connector (J16). It is used by the 

software to change the motor rotational speed, etc. 

 

 

Fig. 4.7 Potentiometer (P1) 

 

NTC thermistor (RT1) located near the inverter is connected in a voltage divider configuration 

with the resistor (R63). And the output signal (TEMP) of this voltage divider can be connected to 

IO7 or IO8 of SmartMCD (U1) by connecting the corresponding jumper on the TEMP-POT Signal 

Jumper Pin Connector (J16). It is possible to use this signal (TEMP) by the software for monitoring 

temperature to detect abnormal heat generation. 

 

 

 

Fig. 4.8 Temperature Monitoring Using NTC Thermistor (RT1) 
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LED1 (LD8), LED2 (LD9), and LED3 (LD10) can be controlled by the software. When LED signal 

(LED1, LED2, LED3) of any LED becomes H, the corresponding MOSFET SSM3K15AFU (Q9, Q10, 

Q11) operating as a low-side switch is activated and LED lights-up. These LEDs can be connected 

to the IO7, IO8, IO9 of SmartMCD (U1) by connecting the corresponding jumpers on the LED 

Jumper Pin Connector (J7). 

 

Fig. 4.9 LED (LED1, LED2, LED3) Circuit 

 

VCP (21 pin) provides the voltage output of the charge pump circuit of SmartMCD (U1). This 

output voltage is divided using the resistors (R84, R85) and this can be connected to IO7 or IO8 of 

the SmartMCD (U1) by connecting the corresponding jumper on the VCP Jumper Pin Connector 

(J12). Therefore it is possible for the software to monitor the charge pump voltage. 

 

Fig. 4.10 VCP Monitoring Circuit 
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The external hall sensor signals (HALL-U, HALL-V, HALL-W) can be connected to the SmartMCD 

by connecting the corresponding jumpers on the Hall Sensor Connector Jumper Pin Connector 

(J9). HALL-U (TB3), HALL-V (TB4), and HALL-W (TB4) can be connected to IO0, IO1, and IO2 of 

SmartMCD respectively. 5 V pull-up can also be configured by connecting the corresponding 

jumpers on the Hall Sensor Connector Jumper Pin Connector (J8). 

 

 

Fig. 4.11 Hall Sensor Connection Circuit 

 

The external EEPROM (U8) can be connected to SmartMCD via EEPROM Connection Jumper Pin 

Connector (J17). SDO, SDI, SCK, CS, and WP of EEPROM can be connected to IO3, IO4, IO5, IO6, 

and IO7 of SmartMCD respectively by connecting the jumpers on J17. 

 

Fig. 4.12 EEPROM (U8) 

 

LIN communication is performed via LIN Input/Output pin (TB2). The by-pass capacitor (C15) is 

used to reduce the amount of generated noise. 

 

Fig. 4.13 LIN Input/Output Terminal (TB2) 
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Pin Header for Testing (HDR1) can be used to connected to IO0 to IO11 pins of the SmartMCD 

(U1), 5 V power supply, and GND for testing. 

 

Fig. 4.14 Pin Header for Testing (HDR1) 
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4.1.5. USB-UART Circuit 

Fig. 4.15 shows the USB-UART circuit. 

 

 

Fig. 4.15 USB-UART Circuit 

 

Serial communication with SmartMCD (U1) is available by connecting an external USB hosting 

device to USB Type-C® connector (CN3). USB signals (USB-D_P, USB-D_N) are converted to UART 

serial data signals (UART-TX, UART-RX) by USB-UART converter (U9) and it communicates serially 

with SmartMCD (U1). USB (USB-D_P, USB-D_N) signals are electrostatically protected by an ESD 

protection-diode IC (TVS2). 

The transmit serial data (UART-TX) of USB-UART converter (U9) can be connected to IO1, IO4, 

IO8, or IO11 of SmartMCD (U1) by connecting the corresponding jumper on the UART-TX Signal 

Jumper Pin Connector (J15). TX LED (LD7) lights-up when the serial data is transmitted. 

The receive serial data (UART-RX) of USB-UART converter (U9) can be connected to IO0, IO3, 

IO7, or IO10 of SmartMCD (U1) by connecting the corresponding jumper on the UART-RX Signal 

Jumper Pin Connector (J14). RX LED (LD6) lights-up when the serial data is received. 
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4.1.6. CMSIS-DAP Circuit 

Fig. 4.16 shows CMSIS-DAP circuit. 

 

 

Fig. 4.16 CMSIS-DAP Circuit 

 

By connecting an external debugger to USB Type-C® connector (CN2), the SmartMCD (U1) can 

be programed/debugged using CMSIS-DAP (U2). USB Source (P_USB-D_P, P_USB-D_N) is 

protected from static electricity by ESD Protection Diode IC (TVS1). RUN LED (LD2) And COM LED 

(LD4) indicate the operation status of CMSIS-DAP (U2). 

The power supply voltage of CMSIS-DAP (U2) is 3.3 V and the power supply voltage SmartMCD 

(U1) is 5 V, therefore SWD interface signal and the reset signal between them are converted using 

the level shift IC (U4). 

The program/debug switch (SW1) is used for selecting that from where to program/debug 

SmartMCD (U1), and can be selected as shown in the following table. 

 

Table 4.2 Program/Debug Switch (SW1) Specifications 

Selector Switch State 

INT Programming/Debugging from CMSIS-DAP (U2) 
EXT Programming/Debugging from SWD connector (J4) 
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4.1.7. Bus Current Sensor Circuit and Overcurrent Detection Circuit 

Fig. 4.17 shows the bus current sensor circuit of the inverter. 

 

         

Fig. 4.17 Bus Current Sensor Circuit 

 

Both sides of the inverter shunt resistor (R43 for an on-board inverter) are connected to the RSH 

pin (pin 27) and RSL pin (pin 28) of SmartMCD (U1). The voltage generated by the shunt resistor 

is amplified by the current-sensing amplifier built into SmartMCD (U1), and is then output to the 

Overcurrent Detection Comparator (OCCMP) and Current Clamp Comparator (CLCMP). 

 

 

Fig. 4.18 Current Detection Amplifier in SmartMCD 
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Fig. 4.19 shows the overcurrent detection circuit. 

 

Fig. 4.19 Overcurrent Detection Circuit 

 

Overcurrent is detected by monitoring the inverter bus current flowing through a 10 mΩ shunt 

resistor (R43). 

The relation between the bus current i flowing through the shunt resistor and ADIN voltage (pin 

1 of Jumper Pin Connector (J33)) is: 

 

𝐴𝐷𝐼𝑁 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 = 2.5 𝑉 − 
9.1 𝑘𝛺

220 𝛺 + 2.2 𝛺
 ×  0.01 (𝛺) ×  𝑖 (𝐴) 

For 

𝐴𝐷𝐼𝑁 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 ≅  2.5 −  0.41 × 𝑖 (𝐴) 

 

This ADIN voltage can be connected to IO7 of SmartMCD (U1) by connecting jumper to the 

jumper pin connector (J33). Bus current can be monitored by software. 

In addition, the upper and lower limits of ADIN are monitored. If the upper and lower limits are 

crossed, the comparator (U5) goes to the L-level and Pch-MOSFET (Q8) turns ON, and the 

overcurrent detection LED FLT-LED (LD5) lights-up. 

 

The overcurrent detection LED FLT-LED (LD5) lights-up in following cases: 

 

2.5 (𝑉) −  
9.1 𝑘𝛺

220 𝛺 + 2.2 𝛺
 ×  0.01 (𝛺)  ×   𝑖 (𝐴)  >  

1 𝑘𝛺 + 22 𝑘𝛺

1 𝑘𝛺 + 22 𝑘𝛺 + 1 𝑘𝛺
 ×  5 (𝑉) 

Or 

2.5 𝑉 − 
9.1 𝑘𝛺

220 𝛺 + 2.2 𝛺
 ×  0.01 (𝛺) ×  𝑖 (𝐴)  <  

1 𝑘𝛺

1 𝑘𝛺 + 22 𝑘𝛺 + 1 𝑘𝛺
 ×  5 (𝑉) 

 

Therefore FLT-LED (LD5) lights-up when: 

Bus current <-5.6 A or bus current > 5.6 A 
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4.2. On-board Inverter Circuit 

Fig. 4.20 shows the on-board inverter circuit. The on-board inverter circuit is used by connecting 

all the jumpers on the Inverter Circuit Jumper Pin Connector (J5). 

 

 

Fig. 4.20 On-board Inverter Circuit 

 

The on-board inverter consists of six SSM6K804R MOSFETs (Q2 to Q7), which are driven by the 

gate-signal output from SmartMCD (U1). The output of this inverter are U, V, and W phases, and 

these are used to drive a brushless motor which is connected to the 3-Phase Brushless Motor 

Terminal (CN1). 

  

https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/detail.SSM6K804R.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd228dg
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4.2.1. External Inverter Circuit (External Inverter Board) 

Fig. 4.21 shows the external inverter circuit. 

The external inverter circuit can be operated by stacking the Main Board Connector (J1) of the 

external inverter board on the Inverter Circuit Jumper Pin Connector (J5) of the main board. The 

circuit configuration is the same as the on-board inverter circuit, but uses MOSFETs (TK1R4S04PB, 

XPH2R404PS, TPW1R104PB, or XPN3R804NC) which support larger current. 

The external inverter board is designed in a way so that any of the above MOSFETs could be 

mounted. Therefore a MOSFET could be selected according to the objective and mounted on the 

board. 

 

 
 

Fig. 4.21 External Inverter Circuit 

 

 

 

 

 

 

※ Arm, Cortex is a registered trademark of Arm Limited (or its subsidiary) in the United States 

and/or other countries. 

※ USB Type-C®, USB-C® is a registered trademark of USB Implementers Forum. 

※ SmartMCD ™ is a trademark of Toshiba Electronic Devices & Storage Corporation. 

※ Other company names, product names, service names, etc. may be trademarks of their 

respective companies. 
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Terms of Use 
 
This terms of use is made between Toshiba Electronic Devices and Storage Corporation (“We”) and Customer who 
downloads or uses this Reference Design. Customer shall comply with this terms of use. This Reference Design 
means all documents and data in order to design electronics applications on which our semiconductor device is 
embedded. 
 
Section 1. Restrictions on usage 
1. This Reference Design is provided solely as reference data for designing electronics applications. Customer shall 
not use this Reference Design for any other purpose, including without limitation, verification of reliability. 
2. Customer shall not use this Reference Design for sale, lease or other transfer. 
3. Customer shall not use this Reference Design for evaluation in high or low temperature, high humidity, or high 
electromagnetic environments. 
4. This Reference Design shall not be used for or incorporated into any product or system whose manufacture, use, 
or sale is prohibited under any applicable laws or regulations. 
 
Section 2. Limitations 
1. We reserve the right to make changes to this Reference Design without notice. 
2. This Reference Design should be treated as a reference only. WE ARE NOT RESPONSIBLE FOR ANY INCORRECT 
OR INCOMPLETE DATA AND INFORMATION. 
3. Semiconductor devices can malfunction or fail. When designing electronics applications by referring to this 
Reference Design, Customer is responsible for complying with safety standards and for providing adequate designs 
and safeguards for their hardware, software and systems which minimize risk and avoid situations in which a 
malfunction or failure of semiconductor devices could cause loss of human life, bodily injury or damage to property, 
including data loss or corruption. Customer must also refer to and comply with the latest versions of all relevant 
our information, including without limitation, specifications, data sheets and application notes for semiconductor 
devices, as well as the precautions and conditions set forth in the "Semiconductor Reliability Handbook". 
4. Designing electronics applications by referring to this Reference Design, Customer must evaluate the whole 
system sufficiently. Customer is solely responsible for applying this Reference Design to Customer's own product 
design or applications. WE ASSUME NO LIABILITY FOR CUSTOMER'S PRODUCT DESIGN OR APPLICATIONS. 
5. WE SHALL NOT BE RESPONSIBLE FOR ANY INFRINGEMENT OF PATENTS OR ANY OTHER INTELLECTUAL 
PROPERTY RIGHTS OF THIRD PARTIES THAT MAY RESULT FROM THE USE OF THIS REFERENCE DESIGN. NO 
LICENSE TO ANY INTELLECTUAL PROPERTY RIGHT IS GRANTED BY THIS TERMS OF USE, WHETHER EXPRESS OR 
IMPLIED, BY ESTOPPEL OR OTHERWISE. 
6. THIS REFERENCE DESIGN IS PROVIDED "AS IS". WE (a) ASSUME NO LIABILITY WHATSOEVER, INCLUDING 
WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING 
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF 
DATA, AND (b) DISCLAIM ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO THIS 
REFERENCE DESIGN, INCLUDING WITHOUT LIMITATION, WARRANTIES OR CONDITIONS OF FUNCTION AND 
WORKING, WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF 
INFORMATION, OR NONINFRINGEMENT. 
 
Section 3. Terms and Termination 
It is assumed that Customer agrees to any and all this terms of use if Customer downloads or uses this Reference 
Design. We may, at its sole and exclusive discretion, change, alter, modify, add, and/or remove any part of this 
terms of use at any time without any prior notice. We may terminate this terms of use at any time and without any 
cause. Upon termination of this terms of use, Customer shall eliminate this Reference Design. Furthermore, upon 
our request, Customer shall submit to us a written confirmation to prove elimination of this Reference Design. 
 
Section 4. Export Control 
Customer shall not use or otherwise make available this Reference Design for any military purposes, including 
without limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological 
weapons or missile technology products (mass destruction weapons). This Reference Design may be controlled 
under the applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and 
Foreign Trade Act and the U.S. Export Administration Regulations. Export and re-export of this Reference Design is 
strictly prohibited except in compliance with all applicable export laws and regulations. 
 
Section 5. Governing Laws 
This terms of use shall be governed and construed by laws of Japan, without reference to conflict of law principle. 
 
Section 6. Jurisdiction 
Unless otherwise specified, Tokyo District Court in Tokyo, Japan shall be exclusively the court of first jurisdiction for 
all disputes under this terms of use. 
 


