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1. Introduction 

This design guide describes the circuit design of various sections of the 3-Phase AC Input Vienna 

Rectifier PFC Power Supply (hereinafter referred to as “this Design”). 

3-phase AC power is provided to industrial facilities, etc., and 400V (line voltage) systems are 

widely used outside Japan. When using such 3-phase AC 400V system inputs for EV chargers and 

other equipment, a PFC (Power Factor Correction) power supply that rectifies AC to DC with a high 

power-factor is essential. This design is a PFC power supply that inputs a 3-phase AC 400V and 

outputs a DC 750V. A Vienna rectifier topology is used to achieve high-efficiency in 3-level operation, 

and power can be supplied to 5kW. 

The bi-directional switching section uses 650V a power MOSFET TK065N65Z, and the rectifier 

section uses a 1200V SiC Schottky barrier diode TRS15N120HB. Thanks to hose our latest power 

devices, it achieves low power-loss. In addition, the driver coupler TLP5774H is used for the insulated 

drive of MOSFET, and the isolation amplifier TLP7920F is used for the insulated sensing of the input 

and output voltages. 

 

 

  

https://toshiba.semicon-storage.com/ad/semiconductor/product/isolators-solid-state-relays/detail.TK065N65Z.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd207dg
https://toshiba.semicon-storage.com/ad/semiconductor/product/isolators-solid-state-relays/detail.TRS15N120HB.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd207dg
https://toshiba.semicon-storage.com/ad/semiconductor/product/isolators-solid-state-relays/detail.TLP5774H.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd207dg
https://toshiba.semicon-storage.com/ad/semiconductor/product/isolators-solid-state-relays/detail.TLP7920.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd207dg
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2. Main Components Used 

 This chapter describes the main components used in this design. 

2.1. Power MOSFET TK065N65Z 

A 650V N-channel MOSFET TK065N65Z is used for the center point bi-directional switching section. 

The main features of TK065N65Z are as follows. 

 

⚫ Low drain-source on-resistance: RDS(ON) = 0.054Ω (Typ.) 

⚫ High-speed switching properties with lower capacitance. 

⚫ Enhancement mode: Vth = 3 to 4V (VDS = 10V, ID = 1.69mA) 

 

Appearance and Pin Layout 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1 Appearance and Pin Layout of TK065N65Z 

 

  

https://toshiba.semicon-storage.com/ad/semiconductor/product/isolators-solid-state-relays/detail.TK065N65Z.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd207rg
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2.2. SiC Schottky Barrier Diode TRS15N120HB 

A 1200V diode TRS15N120HB is used for the rectification section on input-side. The main features 

of TRS15N120HB are as follows. 

 

⚫ Chip design of 3rd generation 

⚫ Low forward voltage: VF (Per Leg) = 1.27V (Typ.) 

⚫ Low total capacitive charge: QC (Per Leg) = 43nC (Typ.) 

⚫ Low reverse current: IR (Per Leg) = 0.7μA (Typ.) 

 

Appearance and Terminal Layout 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.2 Appearance and Pin Layout of TRS15N120HB 

 

 

  

https://toshiba.semicon-storage.com/ad/semiconductor/product/isolators-solid-state-relays/detail.TRS15N120HB.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd207rg
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2.3. Driver Coupler TLP5774H 

A gate driver coupler TLP5774H is used for the gate driver of MOSFET. The main features of 

TLP5774H are as follows. 

 

⚫ Buffer logic type (totem pole output) 

⚫ Output peak current: ±4.0A (Max.) 

⚫ Operating temperature: -40 to 125℃ 

⚫ Supply current: 3mA (Max.) 

⚫ Supply voltage: 10 to 30V 

⚫ Threshold input current: 2mA (Max.) 

⚫ Propagation delay time: 150ns (Max.) 

⚫ Common-mode transient immunity: ±35kV/μs (Min.) 

⚫ Isolation voltage: 5000Vrms (Min.) 

⚫ Complies with safety standards 

 

Appearance and Pin Layout 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.3 Appearance and Pin Layout of TLP5774H 
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2.4. Isolation Amplifier TLP7920F 

An optically isolation amplifier TLP7920F is used for isolated sensing of the input/output voltage. 

The main features of TLP7920F are as follows. 

 

⚫ Ooutput side supply voltage: 3.0 to 5.5V 

⚫ Output side supply current: 6.2mA (Typ.) 

⚫ Operating temperature range: -40 to 105℃ 

⚫ Common-mode transient immunity: 15kV/μs (Min.) 

⚫ Complies with safety standards 

 

Appearance and Pin Layout 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.4 Appearance and Pin Layout of TLP7920F 
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3. Vienna Rectifier Circuit 

 This chapter describes an outline of the operation of Vienna rectifier circuit, in particular, the circuit 

method adopted in this design (Vienna PFC circuit). 

3.1. Vienna PFC Circuit 

Fig. 3.1 shows the configuration of Vienna PFC circuit adopted in this design. This is a 3-phase 

and 3-level AC-DC converter. 

Whereas the two-level circuit controls the two-level voltage of the power supply voltage and GND, 

the 3-level circuit creates a potential at the mid-point between the power supply voltage and GND, 

and controls the 3-level voltage of the power supply voltage, the mid-point, and GND. This Vienna 

PFC circuit is used in high-power, 3-phase applications such as chargers for EV (electric vehicles). 3-

level control of the control voltage amplitude reduces the voltage amplitude at switching to half that 

at 2-level control, and it is possible to use a device with lower withstand voltage compared to the 2-

level circuit. Generally, the lower the withstand voltage of a switching element of the same size, the 

smaller the loss at the operation, enabling highly efficient operation compared to a 2-level circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1 Vienna PFC Basic Circuit 
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3.2. Vienna PFC Circuit Operation 

Fig. 3.2 shows the Vienna PFC circuit and the input Vin voltage waveforms. Fig. 3.2 (a) shows the 

operation circuit for 1-phase, and Fig. 3.2 (b) shows the input waveform in red. 1-phase of Vienna 

PFC circuit operates by turning Q1 and Q2 on/off in the circuit shown in Fig. 3.2 (a), and by controlling 

the voltage of VAin of the circuit with 3-level voltages of 0, E/2, and E, the input current is 

approximated to a sine wave. Each phase performs the same operation with a phase difference of 

120°. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2 Vienna PFC Circuit and Input Vin Waveforms 

  

(a) Vienna PFC 1-Phase Operation Circuit (b) 3-Pphase Input-Waveform 
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The circuit operation for 1-phase of Vienna PFC circuit shown in Fig. 3.2 is explained in Fig.3.3. 

[When the input voltage Vin is positive] 

Q1 and Q2 are turned on/off as shown in Fig. 3.3. When the Q1 and Q2 are off, current flows the  

path shown in Mode 1 and VAin voltage is E. When they are on, current flows the path shown in Mode 

2 and VAin voltage is E/2. Mode 1 and Mode 2 repeat. The gate-voltage, VAin voltage, and input-

current waveform images of Q1 and Q2 are shown in Fig. 3.5. 

[When the input voltage Vin is negative] 

Q1 and Q2 are turned on/off as shown in Fig. 3.3. When the Q1 and Q2 are off, current flows the  

path shown in Mode 3 and VAin voltage is 0. When they are on, current flows the path shown in Mode 

4 and VAin voltage is E/2. Mode 3 and Mode 4 repeat. The gate-voltage, VAin voltage, and input-

current waveform images of Q1 and Q2 are shown in Fig. 3.5. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.3 Vienna PFC Circuit Operation 

 

 

  

Mode 1: Q１ and Q２ are Off when Vin is positive 

Mode 2: Q１ and Q２ are On when Vin is positive 

Mode 3: Q１ and Q２ are Off when Vin is negative 

Mode 4: Q１ and Q２ are On when Vin is negative 

VAin = E 

VAin = E/2 

VAin = 0 

VAin = E/2 
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PFC operation has the 3-mode, Continuous Current Mode (CCM), Boundary Current Mode (BCM) 

and Discontinuous Current Mode (DCM), based on the inductor current waveform as shown in Fig. 

3.4. Figure shows a comparative image of the inductor current when the input currents of the three 

modes are equal. CCM has the lowest peak current and DCM has the highest peak current. Because 

of this, the CCM which can make peak current low is common when the output power is high, and 

CCM is also used in this design. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.4 Inductor Current Waveforms 

Fig. 3.5 shows the timing of Mode 1 to 4 circuit operation in CCM (Fig. 3.3) and the image of VAin 

voltage and current waveforms at that time. In CCM, the on-period of MOSFET is narrowed as the 

input Vin voltage (phase voltage) becomes larger in PWM control. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.5 Vienna PFC Circuit Continuous Current Mode Waveform Images 
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Fig. 3.6 shows MOSFET on/off timing of each phase. Each phase has a phase difference of 120°. 

The on-period decreases as the phase voltage increases. Because of the reduced harmonic content, 

it is common to center the pulse waveform. (The two identically colored arrows in the pulse are the 

same width.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.6 MOSFET On/Off Timing of Each Phase 
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3.3. Other Vienna Rectifiers 

Fig. 3.7 shows examples of other Vienna rectifiers. The concept of basic operation is the same as 

that shown in Fig. 3.2 and Fig. 3.3, but each circuit has a different switch circuit. Fig. 3.8 shows the 

operation of each switch circuit. 

The switching circuit of the Example A controls the input current by turning on/off the Q regardless 

of whether the input is positive or negative, and by making the input and the midpoint between  

output capacitors conductive or non-conductive, PFC operation is performed. 

Example B switches on/off Qa when the input is positive (Qb off) and Qb when the input is negative 

(Qa off) to control the input current by making the input and the midpoint between  output 

capacitors conductive or non-conductive, PFC operation is performed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fog. 3.7 Other Vienna Rectifiers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.8 Switching Operation of the Other Vienna Rectifiers 
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4. 3-Phase AC 400V Input Vienna Rectifier PFC Power 

Supply 

This chapter provides an overview of the configuration of this design and the circuit design of each 

part. Fig. 4.1 shows the configuration diagram of this design. Fig. 4.2 shows the circuit diagram of 

the main circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Configuration Diagram of This Design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.2 Main Circuit 

Control Board 

24V AC-DC Driver Voltage Sensing Current Sensing Gate Driver 
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4.1. Specifications 

Table 4.1 lists the main specifications of this design. 

Table 4.1 Specifications of This Design 

Item Conditions Min. Typ. Max. Unit 

Input AC voltage (rms) 3-phase AC 360 400 440 V 

Input AC current (rms) 3-phase AC   8.2 A 

Input frequency 
3-phase AC 49.8 50 50.2 Hz 

3-phase AC 59.7 60 60.3 Hz 

Output voltage  740 750 760 V 

Maximum output power    5 kW 

Switching frequency   200  kHz 

Protection function 
Input overcurrent protection, input overvoltage protection, 

and output overvoltage protection 

Board layer configuration FR-4 4 layered configuration, copper foil thickness: 70μm 

 

Table 4.2 lists the specifications of each protection function. 

Table 4.2 Protection Functions 

Item Specifications 

Input overcurrent 

protection 

When the detected AC current (phase current) exceeds ±18A,  

all MOSFETs are turned off. 

Input overvoltage 

protection 

When the detected AC voltage (line voltage) exceeds ±653V, 

all MOSFETs are turned off. 

Output overvoltage 

protection 

When the detected DC-side voltage (output-midpoint voltage or GND-

midpoint voltage) exceeds 413V, all MOSFET are turned off. 

 

Input overcurrent protection: Set to 18A (8.2 x √2 x 1.55) because of the maximum input AC current 

8.2Arms. 

Input overvoltage protection: Set to 653V (440 x √2 x 1.05) because of the maximum input AC 

voltage 440Vrms. 

Output overvoltage protection: Set to 413V (750 ÷ 2 x 1.1) because of the rated output voltage 

750V. 
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4.2. Inrush Current Prevention Circuit 

This design has an inrush current prevention circuit to prevent inrush current at startup. First, the 

current is limited by the inrush current prevention resistor, then the relay connected in parallel to 

the inrush current prevention resistor is turned on, and the current path is switched via the relay. 

Select an inrush prevention resistor that has a resistance and adequate withstand capacity based on 

the power dissipation, AC voltage peak value, output capacitor capacitance, and ambient 

temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.3 Inrush Current Prevention Circuit 

 

4.3. Fuse 

Assuming that the power factor is 100%, the effective value of the input AC current is calculated 

by the following formula. 

Input AC current effective value 

= Output power / (power supply efficiency × input AC voltage effective value × √3) 

The maximum input AC current is obtained when the output power is maximum, and the input AC  

voltage is minimum. Assuming that the power supply efficiency is 98%, 

5.1kW / (0.98 x 360V x √3) = 8.2A is calculated. 

Given the margins in this 8.2A, this design chooses 12A rated fuses. 
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4.4. Varistor 

A varistor is mounted to protect the system from surge voltage when an inductive lightning surge 

or the like is applied to the AC line. A varistor with maximum allowable circuit voltage 460V and 

varistor voltage 750V (675V to 825V) is selected considering margins from the AC maximum voltage 

440V. The varistor is placed between each line of the AC input circuit, and a current fuse is placed 

in series in the pre-varistor stage. 

 

4.5. Current Sensing Circuit 

The current measuring area is designed to be ±18.5A using a TMCS1100A2QDR (Texas 

Instruments product (hereafter referred to as the current sensor) with enough margin of the peak-

value 11.6A because of the maximum input current 8.2Arms. Fig. 4.4 shows the current sensing 

circuit. Refer to TMCS1100A2QDR datasheet and related documents for more information on the 

current sensor. 

Apply 2.5V to VREF terminal of the current sensor. Set the output to 2.5V when the current is 0A. 

Since sensitivity of the current sensor is 100mV/A, the output-voltage of the current sensor when 

measuring the current ±18.5A is calculated in 2.5V±(100mV/A × 18.5A) and the result is 

2.5V±1.85V. The signal is amplified by a differential amplifier (29.4kΩ / 22kΩ) in order to the output-

voltage range make 0 to 5V. 2.5V±2.472V(-18.5A to 18.5A) is being applied to the controller's AD 

converter. 

12bit's AD converter is used and its resolution is as follows. 

     (5V / 4096) × (18.5A / 2.472V) = 9.134mA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.4 Current Sensing Circuit 
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4.6. Voltage Sensing Circuit 

The input AC voltage and output DC voltage are measured by the circuit shown in Fig. 4.5. Each 

voltage divided by a voltage dividing circuit is amplified by TLP7920F and the amplifier circuit, and 

inputted to AD converter of the controller. Set the overall amplification factor so that each voltage is 

within the range of 0 to 5V. By dividing the detection circuit output voltage 0 to 5V by the total 

amplification factor, it is possible to know how much V the detection circuit output voltage 

corresponds to the actual voltage. Table 4.3 shows the amplification factor, measurement range, 

and resolution of this circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.5 Voltage Sensing Circuit 

 

Table 4.3 Voltage Sensing Circuit Design Values 

 

 

 

 

 

 

 

 



 

RD207-DGUIDE-01 

2025-03-26 
Rev. 1 1 

20 / 26 
© 2025 

Toshiba Electronic Devices & Storage Corporation 

4.7. Temperature Sensing Circuit 

Fig. 4.6 shows the temperature sensing circuit. A NTC thermistor is used for the temperature 

sensing, enabling sensing the temperature of heatsink section where MOSFET is connected. If the 

resistance value of the thermistor at temperature T0 (K) is R0 and the resistance value at temperature 

T (K) is R, the following equation is established. This indicates that the logarithm of the resistance 

value of the thermistor and the reciprocal of the absolute temperature have a linear relationship. B 

is called the B constant of the thermistor, and is a physical property value that indicates the 

thermistor's sensitivity for temperature change (rate of change in resistance value), and differs for 

each thermistor. 

𝐵 =
𝑙𝑜𝑔𝑒𝑅 − 𝑙𝑜𝑔𝑒𝑅0

1
𝑇 −

1
𝑇0

 

From the above equation, the resistance value R of the thermistor at temperature T (K) is expressed 

by the following equation. 

𝑅 = 𝑅0 × 𝑒
(𝐵(

1
𝑇
−
1
𝑇0
))

 

This time, a thermistor with the following characteristics is used. 

Resistance valueR25 @298K (25℃) :10kΩ±1% 

B constant:3435 (K) ±1% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.6 Temperature Sensing Circuit 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.7 Thermistor Connection Circuit 
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The circuit shown in Fig. 4.7 is a circuit that uses a thermistor to convert temperature changes 

into voltage changes. Consider three temperature points (T1, T2, T3) with equal temperature spacing, 

and set Eout voltage as (E1, E2, E3) and RS so that the temperature and Eout are linearly aligned (Eout 

is proportional to the temperature). The relation between Eout and temperature is represented by a 

linear approximation, and the temperature can be sensed by Eout voltage. 

 

[RS Settings] 

As a T1 < T2 < T3 

When ΔT32 = (T3-T2) = ΔT21 = (T2-T1) is set, consider RS that will be (E2-E1) = (E3-E2). 

When RTH (thermistor resistor) at T1, T2, T3 is R1, R2, R3, Eout (E1, E2, E3 in Fig. 4.6) is expressed by 

the following equation. 

E1 = ES × R1 / (R1+RS) 

E2 = ES × R2 / (R2+RS) 

E3 = ES × R3 / (R3+RS) 

The following equation holds because the difference between the three equal-spaced points in a 

straight line is the same as that of the detect-voltage Eout (E１, E2, E3). 

ES × R1 / (R1+RS) - ES × R2 / (R2+RS) = ES × R2 / (R2+RS) - ES × R3 / (R3+RS) 

Solving the above for RS gives the following equation: 

𝑅𝑆＝
𝑅2(𝑅1 + 𝑅3) − 2𝑅1𝑅3

𝑅1 + 𝑅3 − 2𝑅2
 

Next, calculate R30, R60, and R90 of thermistor resistance when T is 30°C, 60°C, and 90℃ (303 K, 

333K, and 363K). 

Substitute the thermistor resistance value of 10kΩ for T0 (298K, 25°C) and the thermistor B-constant 

of 3435 (K) for thethermistor into thetemperature resistance equation to find the thermistor 

resistance R30, R60, R90 when T is 30°C, 60°C, or 90°C. 

𝑅𝑇𝐻 = 𝑅0 × 𝑒
(𝐵(

1
𝑇
−
1
𝑇0
))

 

Where T and T0 are expressed in Kelvin (K). 

R1 = R30 = 8.27kΩ (RTH), R2 = R60 at 30°C = 2.98kΩ (RTH), R3 = R90 at 60°C = 1.27kΩ (RTH at 

90°C)), and substituting these values into RS equation 

𝑅𝑆＝
2.98(8.27 + 1.27) − 2 × 8.27 × 1.27

8.27 + 1.27 − 2 × 2.98
 

RS is calculated as 2.1kΩ. In this design, R20 = 2.2 Ω is selected. 
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In addition, Eout is expressed by the following equation. 

𝐸𝑜𝑢𝑡＝𝐸𝑠 ×
𝑅𝑇𝐻

𝑅𝑠 + 𝑅𝑇𝐻
 

＝𝐸𝑠 ×
1

𝑅𝑠
𝑅𝑇𝐻

+ 1
 

The thermistor resistance RTH is obtained from the theoretical formula of the thermistor resistance 

value, and an approximate formula for the following temperature T and Eout can be derived by 

substituting the above formula for the thermistor resistance RTH at various temperatures. 

Eout = -0.035T + 4.99 
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4.8. Gate Drive Circuit 

Fig. 4.8 shows the gate drive circuit of the U-phase MOSFET (Q1, Q2) in Fig. 4.2. The gate drive 

voltage is 10V, and gate resistance value can be changed separately for turn-on and turn-off. Taking 

Q1 gate-drive as an example, the turn-on resistor is R36, and the turn-off resistance is the parallel 

resistance between R34 and R36. The same configuration applies to the other phases. 

A 10V is generated by the gate drive power supply shown in Fig. 4.9 and applied to the gate when 

it is on. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.8 Gate Drive Circuit 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.9 Gate Drive Power Supply Circuit 
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4.9. Inductors 

The inductance value of the inductor (L4 to L9) of this design was examined by calculating the 

ripple current by simulation. Table 4.4 shows the simulation results when the inductance value is 

750μH. This indicates that an inductance of at least 750μH is required to achieve a ripple rate (P-P) 

of less than 30%. Considering the current superposition characteristics of the actual inductor, it is 

necessary to select an inductor such that the inductance value becomes 750μH or more at the input 

current value. This design uses two inductors rated at 750μH in series with considering some margin. 

 

Table 4.4 Results of Inductor Examination 
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4.10. Output capacitor 

The capacitance of the output capacitor (C32, C33, C42, C43) in the circuit shown in Fig. 4.2 is 

calculated based on the hold-up time (Thold)
※ requirement. If the output capacitor is Cout, the output 

voltage is Vout, the required minimum output voltage is V out_min after the input is shut down, and the 

output power set after the input is shut down Pout, then the energy emitted from the output capacitor 

when the output voltage drops from Vout to Vout_min is equal to the energy of Pout between the hold-

up time Thold, and the following equation is established. 

1

2
𝐶𝑜𝑢𝑡𝑉𝑜𝑢𝑡

2 −
1

2
𝐶𝑜𝑢𝑡𝑉𝑜𝑢𝑡_𝑚𝑖𝑛

2 = 𝑃𝑜𝑢𝑡 × 𝑇ℎ𝑜𝑙𝑑 

From this expression, Thold is calculated as follows: 

𝑇ℎ𝑜𝑙𝑑 = 𝐶𝑜𝑢𝑡 ×
(𝑉𝑜𝑢𝑡

2 − 𝑉𝑜𝑢𝑡_𝑚𝑖𝑛
2)

2 × 𝑃𝑜𝑢𝑡
 

In this design, Vout_min was designed with a 563V, 75% of Vout (750V), Pout of with a 2.5kW, 50% of 

rated power, Thold of with a 20ms, one cycle of 50Hz AC, and Cout was calculated to be 407μF, and 

470μF was selected. 

In addition, when the output ripple specification is defined, the capacity required to satisfy the 

output ripple specification must be calculated and compared with the capacity satisfying the hold-

up time, and a larger capacity value must be used. Tolerances and aging must also be considered 

when selecting capacitors. 

  

※:Hold-up time (Thold) 

Time from when the input power is cut off until the output voltage goes out of the set range 

 

 

  



 

RD207-DGUIDE-01 

2025-03-26 
Rev. 1 1 

26 / 26 
© 2025 

Toshiba Electronic Devices & Storage Corporation 

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. 

 


