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1. Product summary 
 

1.1 Applications 

 Application for driving N-channel MOSFET and IGBT 

 

1.2 Series line-up 

Table 1.2.1 Line-up 

Series Model 
Absolute 
maximum 

rating 

VCC 
recommend

ed 
operating 

range 
 

Output stage 
capacity (min) 
(source／sink) 

Protection 
function 

Dead time 
(typ) Package 

6 ch (3 arm) 
BS2130F-G 625V/25V 11.5－20V 200mA／350mA UVLO, OCP 300ns SOP-28 

BS2132F 625V/25V 11.5―20V 200mA／350mA UVLO, OCP 300ns SOP-28 

2 ch (1 arm) 

BS2101F 620V/20V 10－18V 60mA／130mA UVLO － SOP-8 

BS2103F 620V/20V 10－18V 60mA／130mA UVLO 160ns SOP-8 

BS2114F 625V/25V 10ー20V 500mA／500mA UVLO 160ns SOP-8 

 

1.3 Functions and features 

 Floating terminal withstanding voltage: Up to 600 V 

 Gate driver voltage range: 11.5 V to 20V 

 Integrated 600V High Voltage Bootstrap Diodes 

Between the VCC pin and the VB pin 

 SOI (silicon on insulator) process is employed 

 Under voltage lock out (UVLO) circuit is installed for 

the supply voltage on the upper drive (voltage 

between the VB and VS terminals) and the supply 

voltage on the lower drive (voltage between the VCC 

and COM terminals)  

  

 

 Enable (EN) terminal is installed for I/O signal 

 Built-in over current protection (OCP) function 

 Alarm signal when a protection function (UVLO or 

OCP) is activated 

Output terminal (/FAULT) installed 

 Holding time of OCP can be adjusted with external CR 

(RCIN terminal) 

 Logic voltage of 3.3 V or 5.0 V can be input 

 Output common-mode for input signal 

  



 

3/28 

© 2018 ROHM Co., Ltd. No. 61AP049E Rev.001

2018.8

Application Note BS2132F 

1.4 Block diagram 
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2. Specifications 
 

2.1 Details of absolute maximum rating 

Table 2.1.1 provides details of the absolute maximum ratings. 

 

Table 2.1.1 Absolute maximum rating (Unless specified otherwise, Ta = 25°C and VSS is set to the reference at 0 V.) 

Item Symbol 
Rating 
(Min) 

Rating 
(Max) Unit Description 

High side offset voltage VS VB-25 VB+0.3 V 

Maximum voltage between the VB1 and 
VS1 terminals, between the VB2 and VS2 
terminals, and between the VB3 and VS3 
terminals 

High side floating supply voltage VB VCOM-0.3 VCOM＋
625V 

V 

Maximum voltage between the VB1 and 
COM terminals, between the VB2 and COM 
terminals, and between the VB3 and COM 
terminals 

High side floating output voltage 
HO 

VHO VS-0.3 VB+0.3 V 
Maximum voltage on the HO1, HO2, and 
HO3 terminals 

Low side and logic fixed supply 
voltage(VCC vs. VSS) 

VCC -0.3 +25 V 
Maximum voltage that can be applied 
between the VCC and VSS terminals 
 

Low side and logic fixed supply 
voltage(VCC vs. COM) 

VCCCOM -0.3 +25 V 
Maximum voltage that can be applied 
between the VCC and COM terminals 
 

Low side output voltage LO  
(LO vs COM) 

VLO -0.3 
VCCCOM 

+0.3 
V 

Maximum voltage between the COM and 
LO1 terminals, between the COM and LO2 
terminals, and between the COM and LO3 
terminals 

Logic input voltage HIN, LIN, EN VIN -0.3 VCC+0.3 V Input voltage of the logic signal 

/FAULT output voltage VFLT -0.3 VCC+0.3 V 
Maximum applied voltage on the /FAULT 
terminal 

RCIN input voltage VRCIN -0.3 VCC+0.3 V 
Maximum input voltage for the RCIN 
terminal 

ITRIP input voltage VITRIP -0.3 VCC+0.3 V 
Maximum input voltage for the ITRIP 
terminal 

Power ground VCOM -5.5 +5.5 V Maximum voltage for the COM terminal 
Allowable offset voltage   
SLEW RATE 

dVS/dt － 50 V/ns 
Maximum slew rate for the VS1, VS2, and 
VS3 terminals 

Junction temperature Tjmax － 150 ℃ 
Maximum allowable junction temperature of 
the chip 

Storage temperature Tstg -55 +150 ℃ LSI storage temperature 
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2.2 Protection function and operation sequence 

2.2.1 Pins for functions associated with the over current protection (OCP) circuit: COM, RCIN, and ITRIP terminals 

By connecting an external shunt resistance (for current detection) and feeding back the voltage generated at the resistance 

to the ITRIP terminal, the over current protection can be provided.  

The internal threshold voltage of the ITRIP terminal is 0.46 V (typical value). When the voltage on the ITRIP terminal 

exceeds the threshold voltage, the protection is activated, the output from the HO/LO terminal is then set to “Low”, and the 

external power element is turned OFF.  

At the same time, the discharge switch inside the IC is turned ON, the RC terminal is then switched from “High” to “Low”, 

and the /FAULT terminal is switched from “High impedance” to “Low”. 

 

■ Setting of the shunt resistor value (setting of the current value at which the over current protection circuit is activated) 

The shunt resistor value RS for setting the current value of the over current protection function is set from the threshold 

voltage of over current detection VIT_TH+ and the external resistor values RS, R1, and R2 according to the following equation. 

     When the value of over current detection is Iocp, the shunt resistor value RS to be set is described as follows. 

 

    ܴௌ ൌ
_ಹశ
ூ

     (2.2.1) 

 

Iocp: Overcurrent detection value 

VIT_TH+: Threshold voltage for over current detection, 0.46 V (typ) 

RS: Current detection resistance 

 

Numerical example 

 When Iocp = 5 A, 

 Rୗ ൌ
_ౄశ
୍୭ୡ୮

ൌ .ସሺ୲୷୮ሻ

ହ
ൌ 92mΩ 

As a value close to this value, 91mΩ is selected from the E24 series. Then, the over current detection value is determined 

as follows. 

 Iocp ൌ
_ౄశ

ୖ
ൌ .ସሺ୲୷୮ሻ

ଽଵ୫ஐ
ൌ 5.05Aሺtypሻ 

When a DC current of this value flows, PcRS (consumption power of RS) is given by PcRS = RS･Iocp2 = 91mΩ･(5.05 A)2 = 

2.32 W (typ). Therefore, care must be taken regarding the power dissipation of the resistance. 

When the power is applied on the resistance as pulses, the pulse limit power is treated as the actual value for the product. 

However, the guaranteed range for the pulse power is the rated power of each resistor, irrespective of the pulse times. 

 

The maximum value of Iocp should be set to remain less than the rated current of the power element of the output stage, 

considering variations in the shunt resistance and VIT_TH+. 

 

In addition, a resonance waveform due to the parasitic inductance and capacitance of external wiring may activate the 

protection at a current lower than the set value. Eventually, adjust the shunt resistor value based on a detailed evaluation on 

the actual equipment. 

Although the non-responding (blank) time tbl = 150 ns (typ) is provided inside the IC to prevent a false detection by the OCP 

due to noise, it is recommended to place an RC filter immediately next to the ITRIP terminal. It is recommended to use 

ceramic capacitors.  



 

6/28 

© 2018 ROHM Co., Ltd. No. 61AP049E Rev.001

2018.8

Application Note BS2132F 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

■ Release of the over current protection  

Since the over current protection circuit has a hysteresis, the current value to be released is (VIT_TH+ - VIT_HYS)/RS. 

 

    Numerical example 

     When RS = 91mΩ, 

     (VIT_TH+－VIT_HYS)／RS=(0.46V(typ) – 0.07V(typ)) / 91mΩ= 4.29A(typ) 

 

■ When the voltage generated at the shunt resistance is divided by the resistances (R1, R2) and input into the ITRIP 

terminal 

Depending on the relation between the shunt resistor value and the set value for the over current protection, the voltage at 

the ends of the shunt resistor may exceed the threshold voltage. In this case, prepare a voltage to be input into the ITRIP 

terminal by dividing the voltage at the shunt resistor with R1 and R2, and set the voltage to the threshold voltage of the 

ITRIP terminal. Then, the value obtained by dividing the voltage at both ends of the shunt resistor with the resistances is 

compared with VIT,TH+. 

The calculation formula is as follows. Set the values of R1 and R2 between several kΩ to several tens of kΩ. 

 

ܿܫ     ൌ ோଵାோଶ

ோଶ
ൈ

_ಹశ
ோೄ

		→ 	ܴௌ ൌ
_ಹశ
ூ

ൈ ோଵାோଶ

ோଶ
  (2.2.2)  

 

Iocp: Overcurrent detection value 

    VIT_TH+: Threshold voltage for over current detection, 0.46 V (typ) 

    RS: Resistor value for current detection 

    R1,R2: Resistance for resistance division 

 

    Numerical example 

     When Iocp = 5 A and RS = 0.15Ω, 

     
ୖଵାୖଶ

ୖଶ
ൌ Iocp ൈ ୖ

_ౄశ
ൌ 5A ൈ .ଵହஐ

.ସሺ୲୷୮ሻ
	ൌ 1.630  

     Therefore, 

     
ୖଵ

ୖଶ
ൌ 0.630  

Figure 2.2.1. OCP detection schematic 
 (When inputting into the ITRIP terminal via an RC filter) 
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     From the E24 series, select resistors that provide a similar ratio: R1 = 15kΩ and R2 = 24kΩ. 

     
ୖଵ

ୖଶ
ൌ ଵହ୩ஐ

ଶସ୩ஐ
ൌ 0.625 

    Then, we obtain, 

     Iocp ൌ ሺ1  0.625ሻ ൈ .ସሺ୲୷୮ሻ

.ଵହஐ
	ൌ 4.98Aሺtypሻ 

When a DC current of this value flows, PcRS (consumption power of RS) is given by PcRS = RS･Iocp2 = 0.15Ω･(4.98)2 = 3.72 

W (typ). Therefore, care must be taken regarding the power dissipation of the resistance. 

When the power is applied on the resistance as pulses, the pulse limit power is treated as the actual value for the product. 

However, the guaranteed range for the pulse power is the rated power of each resistor, irrespective of the pulse times. 

 

Although the non-responding (blank) time tbl = 150 ns (typ) is provided inside the IC to prevent a false detection by the OCP 

due to noise, it is recommended to place a ceramic capacitor immediately next to the ITRIP terminal. 

 

 

 

Figure 2.2.2 OCP Detection timing Figure 2.2.3 OCP detection schematic 
(When inputting into the ITRIP terminal  
using resistance division) 
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■ Setting of the OFF time (tFLTCLR) of the power output stage 

 With an external CR (RRCIN, CRCIN), you can set the reset time (tFLTCLR) when the /FAULT terminal is switched from “Low” to 

“High impedance” after the over current protection is released. Since the LO/HO terminal is switched to “Low” at this time, 

this is the OFF time of the power output stage. 

Using the threshold voltage of the RCIN terminal VRCIN+ (8 V (typ)), the OFF time is determined by the following equation. 

 

ி்ோݐ ൌ െሺܴோூே ൈ ோூேሻܥ ൈ ݈݊ሺ1 െ ೃಿశ


ሻ    (2.2.3) 

 

RRCIN: Resistor value connected to the RCIN terminal 

CRCIN: Capacitor value connected to the RCIN terminal 

 

    Numerical example 

VCC = 15 V (typ) and tFLTCLR = 0.1 s.   

      Rୖେ୍ ൈ Cୖେ୍ ൌ 	െtୈ lnሺ1 െ ిొశ
ిి

ሻൗ ൌ 	െ0.1s ln ቀ1 െ ଼ሺ୲୷୮ሻ

ଵହሺ୲୷୮ሻ
ቁ ൌ 0.81ൗ  

When CRCIN = 0.22 μF,  

RRCIN＝0.81/ 0.22μF＝595kΩ 

      Select a similar value from the E24 series. When the value is 620kΩ, 

      tୈ ൌ െ	ሺ620kΩ ൈ 0.22μFሻ ൈ ݈݊ ቀ1 െ ଼ሺ୲୷୮ሻ

ଵହሺ୲୷୮ሻ
ቁ ൌ 0.104s 

 

The voltage on the RCIN terminal is increased with the time constant of the external RC. When the voltage exceeds 8 V 

(typ), the power output stage returns to the normal operation and the /FAULT terminal is switched from “  Low” to “High 

impedance”. 

The normal operation is also performed when the voltage on the RCIN terminal is less than VRCIN+ (8 V (typ)). However, the 

operation is suspended and will not recover once the voltage on the ITRIP terminal exceeds the threshold voltage VIT_TH+ 

(0.46 V (typ)). Set the voltage on the RCIN terminal to VRCIN+ (8 V (typ)) or higher during the normal operation. 

 

■ Setting range of external constants for the RCIN terminal 

Since Ron of the internal discharge switch of the RCIN terminal is 50Ω (typ), the latch does not work when the terminal 

voltage remains higher than 5 V (typ) with a low pull-up resistance. In this case, the /FAULT, HO, and LO terminals recover 

as soon as the over current protection is released. In the case of a high resistance, the charge current is reduced and a 

difference may be generated compared with the set time due to external noise. Therefore, a pull-up resistance between 

several tens of kΩ to 1MΩ is recommended. 

 

2.2.2 Under voltage lock out (UVLO) circuit for control supply voltage 

Reduction in the control supply voltage (voltage between the VB1 and VS1 terminals, between the VB2 and VS2 terminals, 

between the VB3 and VS3 terminals, or between the VCC and COM terminals) decreases the “High” voltage of the HO and 

LO terminals that is the gate driving voltage for external power elements. As a result, the gate voltage of the external power 

elements is reduced, causing problems such as insufficient capacity. Therefore, keep the supply voltage within the 

recommended range. When the control supply voltage is reduced below a specified voltage, the under voltage lock out 

(UVLO) circuit for the control supply voltage is activated. 

The UVLO circuits are installed for the upper driving supply voltage on the VB1 terminal (voltage between the VB1 and VS1 

terminals), the VB2 terminal (voltage between the VB2 and VS2 terminals), and the VB3 terminal (voltage between the VB3 
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and VS3 terminals) as well as for the lower control supply voltage VCC (voltage between the VCC and COM terminals). 

However, only an activation of the UVLO for the VCC terminal voltage outputs the FAULT signal (error output). 

 

■ Operation sequence of under voltage lock out (UVLO) circuit for the control supply voltage input VCC 

a. The protection is activated when VCC is reduced to VCCUV－. 

b. The LO terminals on all of the lower phase change to “Low” (power elements are turned OFF). 

c. The /FAULT output changes to “Low”. (The “Low” output continues until VCC returns.) 

d. When VCC returns to VCCUV＋, the protection is released. 

e. When the protection is released, an output logic is output according to the input signal. 

f. In addition, the /FAULT terminal is switched from “Low” to “High impedance”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2.2.4 Timing chart of VCC UVLO 
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■ Operation sequence of under voltage lock out (UVLO) circuit for the VB1, VB2, and VB3 control supply voltages 

a. The protection is activated when the voltage between the VB1 and VS1 terminals, between the VB2 and VS2 terminals, 

or between the VB3 and VS3 terminals is reduced to VBSUV－. 

b. The HO terminals on all of the upper phase become “Low” (power elements are turned OFF). 

c. The /FAULT output remains at “High”. (The UVLO for the VB1, VB2, or VB3 terminals does not affect the /FAULT 

terminal output.) 

c. When all of VB1, VB2, and VB3 return to VBSUV＋, the protection is released. 

e. Even when the protection is released, the output logic “High” is not output until a rising edge of the input signal arrives. 

f. The /FAULT terminal remains at “High impedance”. 

g. After the protection is released, the output logic “High” is output when a rising edge of the input signal arrives. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 2.2.5 Timing chart of VBS UVLO 
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2.3 Package 

The SOP28 package is employed. 

 

2.3.1 Outer dimensions drawing 

Package Name SOP28 
 

Package Name SOPHSDIP25 
 

  

Drawing number: EX119-5001 
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2.3.2 Terminal configuration 

Table 2.3.1 Terminal descriptions 

 

Pin No. Pin Name Function 

1 VCC Low-side supply voltage 

2 HIN1 Logic input for high-side gate driver output (HO1), in phase 

3 HIN2 Logic input for high-side gate driver output (HO2), in phase 

4 HIN3 Logic input for high-side gate driver output (HO3), in phase 

5 LIN1 Logic input for low-side gate driver output (LO1), in phase 

6 LIN2 Logic input for low-side gate driver output (LO2), in phase 

7 LIN3 Logic input for low-side gate driver output (LO3), in phase 

8 /FAULT 
OCP or low-side UVLO(VCC-COM) detect signal output (negative logic, open-drain 
output) 

9 ITRIP Analog input for over current shutdown, activates /FAULT and RCIN to VSS 

10 EN Logic input to enable I/O functionality (positive logic) 

11 RCIN External RC-network to define /FAULT clear delay after the /FAULT signal 

12 VSS Logic ground 

13 COM Power ground 

14 LO3 Low-side gate drive output 

15 LO2 Low-side gate drive output 

16 LO1 Low-side gate drive output 

17 NC Non-Connection 

18 VS3 High-side negative power supply 

19 HO3 High-side gate drive output 

20 VB3 High-side positive power supply 

21 NC Non-Connection 

22 VS2 High-side negative power supply 

23 HO2 High-side gate drive output 

24 VB2 High-side positive power supply 

25 NC Non-Connection 

26 VS1 High-side negative power supply 

27 HO1 High-side gate drive output 

28 VB1 High-side positive power supply 



 

13/28 

© 2018 ROHM Co., Ltd. No. 61AP049E Rev.001

2018.8

Application Note BS2132F 

3. Applications 
3.1 Example of practical application circuit (IGBT output stage) 

In this example of an application circuit, the circuit design also considers external components for handling phenomena (or 

problems) that occur in the actual equipment. 

Since some of the components included may be unnecessary in the actual equipment, an evaluation should be performed 

using a finalized actual set to optimize the circuit design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• When the wiring for A and D is long, a variation in the over current protection detection level is increased and a malfunction 

of the over current protection (OCP) circuit may be caused. 

 When the wiring of C is too long, the output may be short-circuited. 

• In this circuit example, the voltage generated at the shunt resistance is divided by R1 and R2 and input into the ITRIP 

terminal. When the resistance division is unnecessary, remove R2. 
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Figure 3.1.1 Example of application circuit  
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3.2 Selection method of application components (refer to Figure 3.1.1) 

 

3.2.1 Bootstrap circuit (VB1, VB2, and VB3 terminals) 

By creating a floating power supply with a bootstrap circuit, you can obtain the four independent power supplies that are 

normally necessary for driving an inverter (power supplies for driving the upper power elements in three phases and for 

driving the lower power elements) from a single VCC power supply. 

Installing an external bootstrap capacitor (CBS) allows you to configure a bootstrap circuit (Figure 3.2.1). CBS functions as a 

power supply, providing the upper power element driving current and the upper gate drive supply current. Electric charges 

consumed for driving the circuit are charged into CBS from the VCC power supply through the BSD, when the potential of the 

VS1, VS2, or VS3 terminal (external output terminal for each phase) is reduced to near the ground level. Depending on the 

driving methods, the capacitance value of CBS, or other factors, the electric charge may not be charged adequately, 

reducing the CBS potential. This can lead to deterioration of losses in the power elements, heating, or activation of the UVLO. 

Therefore, the circuit constants such as the capacitance value of CBS should be determined based on a detailed evaluation 

on the actual equipment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

■ Initial charge 

When you use a bootstrap circuit, it is necessary to charge CBS in advance before starting the circuit. Normally, CBS is 

charged by turning ON all phases of the lower power element. When a motor load is connected, the charging may be 

performed via the motor winding by turning on only one phase. However, it should be noted that the charging efficiency is 

reduced due to the resistance in the motor winding and wiring. 

The initial charge can be performed using two methods: single pulse method (Figure 3.2.2) and multiple ON pulses method 

when there is a limitation such as the supply capacity of the 15 V control power supply (Figure 3.2.3). The time required for 

the initial charge depends on the capacitance of CBS and the resistance for the current limit. Therefore, you should secure 

an adequate charge time according to the capacitance value of CBS, based on a detailed evaluation on the actual 

equipment. 

  

Figure 3.2.1 Bootstrap circuit (with IGBT power element, simplified single phase) 
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Figure 3.2.2  
Initial charge sequence with a single pulse 

Figure 3.2.3  
Initial charge sequence with multiple pulses 
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■ Design method of bootstrap capacitor CBS  

 

For capacitors to be used in bootstrap circuits, we recommend ceramic capacitors with low ESR in order to reduce a ripple 

voltage. When the capacitance of a ceramic capacitor is insufficient, connect an electrolytic capacitor in parallel to the 

ceramic capacitor. 

 

The size of the bootstrap capacitor is determined by the value of the voltage drop and the total amount of supplied charges. 

The minimum voltage drop ∆VBS that can turn ON power devices on the high side is determined by the following equation. 

 

∆ ܸௌெ ൌ ܸ െ ிܸ െ ܸீ ாெூே െ ைܸ െ	 ோܸௌ   (3.2.1) 

 

VCC: Supply voltage for the gate driver 

VBOOT: Forward voltage drop in the bootstrap diode 

VGEMIN: Minimum voltage between the gate and source that can keep the upper side power elements ON  

VOL: ON voltage for the lower side power elements 

VRS: Voltage between the current detection resistances 

 

Since BS2132F has a built-in diode for the bootstrap, VBOOT is the voltage between VCC and VB terminals. 

To obtain this VBOOT, obtain the average current (ICHARGE) which charges from VCC to CBS during operation, 

and read the voltage between VCC and VB terminals from Figure 3.2.4 

 

ுோீாܫ ൌ ܫீ    ܫ
       ൌ ூௌௌܥ ൈ	 ܸௌை ൈ ைௌܨ  2.5 ൈ 10ିଽ ൈ  ைௌ  ・・・・(3.2.2)ܨ

 

IGC: Average gate charge current of power device 

ILV: Average consumption current of the level shift circuit of gate driver 

VBSO: VS=0, steady state voltage between VB and VS terminal (VBSO=VCC-VF) 

CISS: Input capacitance of the power device  

FOSC: High-side operating frequency  

                           Figure 3.2.4 ICHARGE VS VBOOT (VCC-VB voltage) 
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In addition, total charge amount QTotal is determined by the following equation. 

 

		்ܳ௧ ൌ ܳீ  ൫ܫீௌ  ܫ  ூைܫ  ொௌ൯ܫ ൈ  ுைே     (3.2.3)ݐ

 

QG: Gate charge required to turn ON the power element 

ILKGS: Leakage current between the gate and emitter of the power element 

ILK: Leakage current in the level shift circuit of the gate driver IC 

ILKDIO: Leakage current in the bootstrap diode 

IQBS: Supply current in the high side of the gate driver IC 

THON: ON time for the high side 

 

Accordingly, set the capacitance value of the bootstrap capacitor so that the following equation is satisfied. 

  

ௌܥ		 
ொೌ
∆ಳೄ

			            (3.2.4) 

 

Please decide the CBS value of the capacitor that is actually used by providing a sufficient margin, by considering the 

variations in power-supply voltage, the variations in the electrical characteristics of each element and the temperature 

characteristics etc., with respect to the CBS that is calculated here.  

(Please be sure to confirm the operation with the actual machine, by picking the suitable margins in every CBS value.) 

Substitute the determined value of CBS to be used in the following equation to find the voltage drop value ∆VBS between the 

VCC and VB terminals in the CBS to be used. 

߂   ܸௌ ൌ 	
ொೌ
ಳೄ

   

Also, in order to prevent ULVO between VB and VS from operating under each condition including ∆VBS obtained above, the 

following equation must be satisfied. 

      ܸ െ ܸைை் െ ைܸ െ ோܸௌ െ ∆ ܸௌ 	 	 ܸௌା   ・・・(3.2.5) 

 

      VBSUV+:minimum operating voltage between VB and BS terminals (Max. value of VBSUV+)  

 

In the case that it is not possible to satisfy the Equation (3.2.5), there is a possibility that UVLO detection may not operate 

properly. In that case, it is necessary to take countermeasures such as adding a fast recovery diode with small reverse 

recovery time (trr) at low VF externally etc., hence, please be sure to check thoroughly with the real machine. 

 

Numerical example 

 Use an IGBT RGT8BM65D (VCES = 650 V, IC(100°C) = 4 A) as the power element. 

1. To obtain VF 

  Ciss=220pF(from the electrical characteristics in RGT8BM65D data sheet) 

VBSO=14.3V 

FOSC=10kHz 

From the above, IGC=Ciss ＊ VBSO ＊ FOSC=31.5μA、 ILV=2.5 ＊ 10-9 ＊ FOSC=25μＡ 

ICHARGE=IGC + ILV=56.5μA 

When VBOOT at this time is read from the graph (Figure 3.2.4), VBOOT≒0.7V  
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2. To otain ΔVBSMAX 

VF = 0.7 V (typ) from above equation 

  VGEMIN = 9.7 V (typ) [VGE when IC = 4.0 A] (from the electrical characteristics curve in the RGT8BM65D data sheet) 

  VOL = 1.65 V (typ) [VCE(sat) when IC = 4.0 A] (from the electrical characteristics in the RGT8BM65D data sheet) 

  VRS = IC･RS = 4.0 A･0.15Ω (typ) = 0.6 V (typ) 

When these values are substituted in Equation (3.2.1), 

  ⊿VBS = 15 V (typ) - 0.7 V (typ) - 9.7 V (typ) - 1.65 V (typ) - 0.6 V (typ) = 2.35 V (typ) 

is obtained. 

 

3. To obtain the amount of total charge supplied to the high side circuit.  

  QG = 13.5 nC (typ) [when IC = 4.0 A] (from the electrical characteristics in the RGT8BM65D data sheet) 

  ILKGE = 200 nA (max) (from the electrical characteristics in the RGT8BM65D data sheet) 

  ILK = 50 μA (max) (from the electrical characteristics in the BS2132F data sheet) 

  ILKDIO = 50 μA (max) (from the electrical characteristics in the RFN1L6S data sheet) 

  IQBS = 120 μA (max) (from the electrical characteristics in the BS2132F data sheet) 

  THON = 100 μs (typ) (when the PWM frequency is 10 kHz and the ON time of the upper side power element is the 

maximum of the PWM period) 

When these values are substituted in Equation (3.2.3), 

 QTotal=13.5nC(typ) + {200nA(max) + 50μA(max) + 50μA(max) + 120μA(max)}･100μs(typ) 

     =13.5nC(typ) + 22.0 nC = 35.5nC 

is obtained.  

 

4. To obtain the value of the bootstrap capacitor 

When the values of ⊿VBS and QTotal are substituted in Equation (3.2.4), 

  Cୗ 
ଷହ.ହ୬େ

ଶ.ଷହ
ൌ 14.3nF 

 is obtained. 

 

By providing a margin for the 14.3nF that was calculated, adopt a 2.2μF capacitor this time as the bootstrap capacitor CBS. 

When ∆VBS is obtained in the case of adopting 2.2 μF, it will turn out to be 16mV. 

∆ ܸௌ ൌ
ଷହ.ଷ

ଶ.ଶఓி
ൌ 0.016ܸ  

Meanwhile, since the UVLO (10.2 V (typ)) is installed between VB and VS, CBS should also be set so that the voltage 

between VB and VS remains at higher than the voltage that will activate the UVLO by ∆VBS. 

In order to prevent the UVLO between the VB and VS terminals from operating, it is necessary to satisfy the following 

equation. 

   VCC―VBOOT―VOLーVRS―ΔVBS ＞ VBSUV－ 

Left side of the above equation =15V-0.7V-1.65V-0.6V-0.016V=12.0V, and it can be seen that it is larger than VBSUV-. 

In additional, if a countermeasure against surge is necessary, place a Zener diode(21V〜24V) for surge absorption 

immediately next to the terminal.            
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Figure 3.2.6 Gate charge transfer characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   3.2.2 Design method for output gate resistance 

With an output gate resistance, you can set the switching time tSW or the variation rate of the output voltage dVS/dt (the slew 

rate of the output voltage). 

For the gate resistance setting, consider the switching time or the 

variation rate of the output voltage that is required for the set, and 

determine the gate resistance that provides such characteristics. 

 

■ Value of the gate resistance at turn-on  

(1) Method for calculating the gate resistance from the switching time 

tSW 

The switching time tSW is defined as the time shown in Figure 3.2.5. 

•The current that flows through the gate of the power device is 

described by the following equation. 

 

ܫ ൌ
ொାொ
௧ೄೈ

       (3.2.6)  

 

•The gate resistance at turn-on is described by the following equation. 

 

்ܴை்ሺሻ ൌ ܴ  ܴீሺሻ ൌ
ಳೄି	ሺሻ

ூ
     (3.2.7) 

 

By substituting Equation (3.2.6) into Equation (3.2.7), the gate resistance is determined as follows. 

 

Figure 3.2.5 Bootstrap circuit (with IGBT power element, simplified single phase) 
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ܴீሺሻ ൌ
ሺಳೄିሺሻሻൈ	௧ೄೈ

ொାொ
െ ܴ (3.2.8)  

 

tSW: Required switching time  

VBS: Gate drive voltage in the high side 

Vge(th): ON threshold of the power element 

Qge: Charge between the gate and emitter of the power element 

Qgc: Charge between the gate and collector of the power element 

Rpon: ON-resistance in the high side of the output stage of the gate driver 

 

  Numerical example 

Use an IGBT RGT8BM65D (VCES = 650 V, IC(100°C) = 4 A) as the power element. 

 tSW = 1 μs (with the PWM frequency of 10 kHz, the switching time should be less than 1/100 of the PWM period)

  

     VBS = VCC-VF = 15V(typ) -0.7V(typ) = 14.3V(typ)  (VCC = 15 V (typ) and)  

  Vge(th) = 9.7 V (typ) [VGE when IC = 4.0 A] (from the electrical characteristics curve in the RGT8BM65D data sheet) 

  Qge = 4.0 nC (typ) (from the electrical characteristics in the RGT8BM65D data sheet)  

  Qgc = 5.5 nC (typ) (from the electrical characteristics in the RGT8BM65D data sheet) 

  Rpon = 28Ω (typ) (from the electrical characteristics curve in the BS2130F data sheet) 

 When these values are substituted in Equation (3.2.8), 

  Rୋሺ୭୬ሻ ൌ
൫ଵସ.ଷሺ୲୷୮ሻିଽ.ሺ୲୷୮ሻ൯ൈଵஜୱሺ୲୷୮ሻ

ସ.୬ୋହ.ହ୬େ
െ 	28Ωሺtypሻ ൌ 484Ωሺtypሻ െ 28Ωሺtypሻ ൌ 456Ωሺtypሻ   

       is obtained.  

 
（２）Method for calculating the gate resistance from the variation rate of the output voltage (slew rate of the output 

stage) 
•The value of dVS/dt can be determined from the value of the gate resistance. The slew rate of a power device is 

determined by the following equation. 

 

ௗೄ
ௗ௧

ൌ
ூ
ೝೞ

   (3.2.9) 

 

• The gate resistance at turn-on is described by the following equation. 

 

்ܴை்ሺሻ ൌ ܴ  ܴீሺሻ ൌ
ಳೄି	ሺ	ሻ

ூ
  (3.2.10) 

 

 

 

 

By substituting Equation (3.2.9) into Equation (3.2.10), the gate resistance RG(on) is determined as follows. 

 

 ܴீሺሻ ൌ
ಳೄି	ሺ	ሻ

ೝೞൈ
ೇೄ


െ ܴ         (3.2.11)  

 

Figure 3.2.7 Gate Driver Equivalent Circuit 
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dVS/dt: Variation rate of the output voltage (slew rate of the output stage) 

Cres: Feedback capacitance of the power element 

VBS: Gate drive voltage in the high side 

Vge(th): ON threshold of the power element 

Rpon: ON-resistance in the high side of the output stage of the gate driver 

 

  Numerical example 

Use an RFN1L6S fast recovery diode (VR = 600 V, IO = 0.8 A) as the bootstrap diode and an IGBT RGT8BM65D (VCES = 650 

V, IC(100°C) = 4 A) as the power element. 

 dVS/dt = 3.0 V/ns (a value that satisfies the noise and heating requirements based on an empirical rule)  

   Cres = 4.5 pF (from the electrical characteristics in the RGT8BM65D data sheet) 

         VBS = VCC-VF = 15V(typ)-0.7V(typ) = 14.3V(typ)   

(VCC = 15 V (typ) ) 

   Vge(th) = 9.7 V (typ) [VGE when IC = 4.0 A] (from the electrical characteristics curve in the RGT8BM65D data sheet) 

   Rpon = 28Ω (typ) (from the electrical characteristics curve in the BS2130F data sheet) 

When these values are substituted in Equation (3.2.11), 

  Rୋሺ୭୬ሻ ൌ
ଵସ.ଷሺ௧௬ሻିଽ.ሺ௧௬ሻ

ସ.ହிሺ௧௬ሻൈଷ/௦
െ 28Ωሺtypሻ ൌ 340Ωሺtypሻ െ 28Ωሺtypሻ ൌ 279Ωሺtypሻ 

 is obtained. 

 
■ Value of the gate resistance at turn-off 

When the power device in either the upper or lower side is turned OFF, turning ON the power device in the other side 

causes a current (Ig) flowing via Cgc of the power device in the side that is turned OFF. (Figure3.2.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At this point, set the value of the gate resistance (RG(off)) so that the gate voltage does not exceed the threshold of the power 

element (Vge(th)) and turn ON the element itself. 

 

ܸሺ௧ሻ  ൫ܴ  ܴሺሻ൯ ൈ ܫ  ிܸ ൌ ൫ܴ  ܴሺሻ൯ ൈ ܥ
ௗೄ
ௗ௧

 ிܸ      (3.2.12) 

 

By transforming the above equation, we obtain the following equation. 
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Figure 3.2.8 Rise in the gate voltage of the power device that is turned OFF 
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ܴሺሻ 
ሺሻିಷ


ೇೄ


െ ܴ    (3.2.13) 

 

 

dVS/dt: Variation rate of the output voltage (slew rate of the output stage) of the power element in the side that  

is turned ON 

Cgc: Capacitance between the gate and collector (Cgc = Cres) 

Vge(th) : ON threshold of the power element  

VF: Forward voltage drop in the diode that is connected in series to the gate resistance (RG(off)) 

Rnoff: ON-resistance in the low side of the output stage of the gate driver 

 

    Numerical example 

Use an IGBT RGT8BM65D (VCES = 650 V, IC(100°C) = 4 A) as a power element and an RB160VAM-40 Schottky barrier diode 

(VR = 40 V, IO = 1.0 A) as the diode that is connected in series to the gate resistance (RG(off)). 

dVS/dt = 3.0 V/ns (from a standard setting for the slew rate of the output stage of the power element that is turned ON) 

Cgc = Cres = 4.5 pF (typ) (from the electrical characteristics in the RGT8BM65D data sheet) 

Vge(th) = 6.0 V (typ) [when IC = 2.8 mA] (from the electrical characteristics in the RGT8BM65D data sheet) 

VF = 0.50 V (typ) [when IF = 0.7 A] (from the electrical characteristics in the RB160VAM-40 data sheet) 

Rnoff = 13Ω (typ) (from the electrical characteristics curve in the BS2130F data sheet) 

      When these values are substituted in Equation (3.2.11), 

       Rሺ୭ሻ 
.ሺ୲୷୮ሻି.ହሺ୲୷୮ሻ

ସ.ହ୮ሺ୲୷୮ሻൈయ.బ
౩

െ 19Ωሺtypሻ ൌ 444Ωሺtypሻ െ 19Ωሺtypሻ ൌ 425Ω 

     is obtained. 

Rg(off) is set to a value that is 1/3 to 1/10 of Rg(on) to adjust the slew rate and prevent the power elements in the upper and 

lower sides from being turned ON simultaneously. 

 

3.2.3 VCC terminal (VCC) 

•To prevent a malfunction or breakdown due to a switching noise or power supply ripple, install electrolytic capacitor C3, 

which has excellent temperature and frequency characteristics as a bypass capacitor immediately next to the terminal. To 

reduce the power supply impedance over a broad frequency bandwidth, also install ceramic capacitor C2 (characteristics 

B or R recommended) with a capacitance of 0.1 µF to 0.22 µF, which have excellent temperature, frequency, and DC bias 

characteristics in parallel to the electrolytic capacitor immediately next to the terminal. 

• If a countermeasure against surge is necessary, place a zener diode (20 V to 22 V) with a power loss of approximately 1 W 

for surge absorption immediately next to the terminal. 

• Since the VCC capacitor of BS2132F supplies charges to the high and low sides and it also supplies a large amount of 

charge for the initial charge of bootstrap capacitor CBS, a capacitor that has a capacitance larger than the total capacitance 

of the bootstrap capacitors in three phases by a factor of 2 (larger than the capacitance of a bootstrap capacitor by a factor 

of 4) is recommended. 

• Design a power supply circuit that satisfies Vripple ≤ 2 Vp-p with the power supply noise of dV/dt ≤ 1 V/µs. (Reference value) 

 

3.2.4 Power supply for external power element 

• To prevent an over voltage breakdown due to a surge voltage, keep the wiring between the smoothing capacitor and points 

P and N (the terminal parts of the shunt resistor) as thick and short as possible. 

• It is recommended to install snubber capacitor C4 with a capacitance of 0.1 µF to 0.22 µF between points P and N. 
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3.2.5 Control input terminal (HIN1, HIN2, HIN3, LIN1, LIN2, and LIN3)  

• To prevent a malfunction, keep the wiring as short as possible. 

• The input signal is high-active. A pull-down at approximately 33kΩ (typ) is performed inside the LSI. When inserting an RC 

filter, adjust the setting to satisfy the input threshold voltage. 

• Be sure to observe the rest time (∆tIN) for the upper and 

lower arms as described below.  

• Input signal interval ∆tIN 

The minimum interval between input signals (∆tIN(min)) 

that is required to prevent the power elements in the 

high and low sides from being turned ON 

simultaneously can be calculated by the following 

equation. 

 

ௗௗݐ ൎ ሺݐ  ூேሻݐ∆ െ ൫ݐ   ൯(3.2.14)ݐ

 

ݐ ൌ െ߬ ൈ ሺ݈݊0.1 െ ݈݊0.9ሻ      (3.2.15) 

 

τ ൌ ሺܴ  ܴீሻ ൈ ܥ        (3.2.16) 

 

ton: Propagation delay in the ON side  

toff: Propagation delay in the OFF side  

tf: Fall time  

Rnon: N-channel on-resistance of the final stage of 

the gate driver  

RG: Gate resistance  

CL: Load capacitance 

 

To prevent the simultaneous ON, design the timing to satisfy the following conditions. 

 

ௗௗݐ  0     (3.2.17) 

 

ሺݐ  ூேሻݐ∆ െ ൫ݐ  ൯ݐ  0  (3.2.18) 

 

ூேݐ∆  ሺݐ െ ሻݐ  ݐ       (3.2.19) 

 

ூேሺሻݐ∆  ൫ݐሺ௫ሻ െ ሺሻ൯ݐ െ ൫ܴሺ௫ሻ  ܴீ൯ ൈ ܥ ൈ ሺ݈݊0.1 െ ݅݊0.9ሻ (3.2.20) 

 

3.2.6 /FAULT terminal 

• The output is open-drain. The on-resistance of the internal element is 50Ω (typ.). Using resistance R3, pull up to a voltage 

that is less than the Vcc supply voltage in order to obtain I/FAULT = 5 mA or less. 

A rough estimation can be made using I/FAULT = pull-up supply voltage/pull-up resistor value R3. 

 

Figure 3.2.9 Shoot-through prevention timing 
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3.2.7 ITRIP terminal (input terminal for output stage current monitor signal) 

• When the over current protection is used, the signal at the end of the shunt resistor is input. To prevent a malfunction due 

to a recovery current or noise during the switching, connect a C filter immediately next to the ITRIP terminal. For C filter C5, 

a filter with a small variation, such as a filter for temperature compensation, is recommended. Since the cutoff time varies 

with the wiring pattern of the board, etc., perform evaluation thoroughly on the actual application. 

• Separate the wiring to the ITRIP terminal at point D immediately next to the terminal part of the shunt resistor. Keep the 

wiring as short as possible. 

3.2.8 RCIN terminal (refer to Page 7) 

With an external CR (RRCIN, CRCIN), you can set the reset time (tFLTCLR) when the FAULT terminal is switched from “Low” to 

“High impedance” after the over current protection is released. For more details on the setting method, refer to Page 7. 

 

3.2.9 VSS and COM terminals 

• The ground terminals are placed at two locations: 12-pin (VSS terminal) and 13-pin (COM terminal). The 12-pin (VSS) 

terminal is the ground of the control system. The 13-pin (COM) terminal serves as the ground of the output stage part of the 

IC. 

• When an external shunt resistance is connected, connect the shunt resistance to the side of the common emitter (or 

source) of the external power device in the lower side and do not connect it to the ground. When three external shunt 

resistances are connected, connect the shunt resistances to the ground. At this point, it is recommended to separate the 

wiring for the 12-pin (VSS terminal) and 13-pin (COM terminal), so that they will not have a common impedance. Keep the 

wiring for the 13-pin (COM terminal) as thick and short as possible. 

• If the ground of the control system is affected by the variation in the ground of the power device part where a large current 

flows, the IC malfunction may be caused. Therefore, separate the wiring for the ground of the control system and the ground 

of the power device part and connect them at a single point N (the terminal part of the shunt resistor). Also keep the wiring 

for the ground of the control system as thick and short as possible. 

 

3.2.10 Shunt resistor 

(1) Driving with one shunt resistor 

Notes for the wiring around an external shunt resistor when driving with one shunt resistor are shown in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Connect NU, NV, and NW with a broad and short pattern. 

N
Keep the wire inductance as low as possible. 

The surface mounted, low inductance type is recommended for the shunt resistor. 
 

Connect the grounding wiring from the VSS 
terminal immediately next to the shunt resistor. 

Connect the wiring from the shunt resistor to R1 
immediately next to the shunt resistor. 

VSS 

NU, 

NV 

NW 

COM 

ITRIP 

R1 

Figure 3.2.10 Wiring around an external shunt resistor when driving with one shunt resistor 
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(2) Driving with three shunt resistors 

• When driving with three shunt resistors, since the voltage of the shunt resistors on three phases cannot be input directly to 

the ITRIP terminal, an external circuit is required for the short-circuit current protection. An example of the external circuit 

and notes for the wiring around external shunt resistors are shown in the figure below. 

• Set the time constants of the RC filter (Rf, Cf) for the malfunction prevention sufficiently short to prevent transistors on the 

power output stage from breaking during a delay time when a short-circuit occurs. Since the cutoff time depends on the 

wiring pattern of the board, reaction time of the comparator, etc., perform evaluation thoroughly on the actual application. 

• The recommended value for the threshold voltage VREF is 0.46 V (typ), which is the same as the standard value for the 

trip voltage of the over current protection VIT,TH+ of the IC. 

• To prevent a malfunction, keep the wiring for A, B, and C as short as possible. 

• Set the High level (output during protection) of the OR output to the maximum value of the trip voltage of the over current 

protection VIT,TH+ (0.483 V) or higher. At the same time, the High level should remain lower than the absolute maximum 

rating VCC for the ITRIP terminal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3.2.11 Example of the external SCP circuit and peripheral wiring when driving with 
three shunt resistors 
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3.3 Notes for PCB pattern designing including the power elements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A) Connect the power ground and the control system ground at a single point immediately next to the terminal part of the 

shunt resistor (point N). 

(B) The surface mounted, low inductance type is recommended for the shunt resistor. 

(C) Keep the wiring from points NU, NV, and NW to the shunt resistor as short as possible. 

(D) Keep the wiring for output points U, V, and W itself and the wiring to the motor as short and broad as possible. 

(E) Keep the wiring of the power supply for power elements as broad and short as possible. 

(F) Separate the wiring to the ITRIP terminal via resistances at a point immediately next to the terminal part of the shunt 

resistor. 

(G) Place the snubber capacitor immediately next to and between points P and N. 

(H) To minimize the parasitic inductance, keep the wiring for the capacitor as short as possible. Since the wiring for the VB1, 

VB2, and VB3 terminals and the VS1, VS2, and VS3 terminals swings at a high voltage during the switching, any 

adjacent wiring may result in superimposing noise, causing a malfunction. When using a multilayer board, etc., design 

the circuit so that these wirings will not be placed adjacent to or cross low voltage wirings, such as the wiring for the 

control input signal. 

(I) Since the wiring from the HO1, HO2, and HO3 terminals to the gate of the power element in the upper side also swings 

at a high voltage during the switching, any adjacent wiring may result in superimposing noise, causing a malfunction. 

When using a multilayer board, etc., design the circuit so that these wirings will not be placed adjacent to or cross low 

voltage wirings, such as the wiring for the control input signal. 

(J) Separate the wiring for the VS1, VS2, and VS3 terminals at the output point (U, V, or W) from the main wiring for the 

motor, so that they will not have a common impedance. 

(K) Since the charge current for the bootstrap flows to the ground for the control system, keep the wiring as short and low 

impedance as possible. 
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Figure 3.3.1 Example of PCB pattern 
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(L) To avoid superimposition of noise or a malfunction, keep the wiring from the shunt resistors to the ITRIP terminal via 

resistances as short as possible. 

(M) Place the filter capacitor to the ITRIP terminal immediately next to and between the ITRIP and ground terminals (ground 

of the control system). 

(N) Place the capacitor immediately next to the VCC terminal. 

 

 

3.4 Snubber capacitor connection 

To prevent an over voltage breakdown due to a surge voltage, make the wiring between the smoothing capacitor and points 

P and N (the terminal parts of the shunt resistor) as thick and short as possible. In addition, install a snubber capacitor with a 

capacitance of 0.1 µF to 0.22 µF immediately next to the collector (or drain) of the power elements in the upper side and 

immediately next to the ground side of the shunt resistor. 

Figure 3.4.1 shows an example for the positions to insert the snubber capacitors. 

 

 

 

 

 

 

 

 

 

 

 

 

To remove a surge voltage as much as possible, the snubber capacitor should be installed on position (B). However, care 

must be taken because the charge/discharge current (resonance current between the wire inductance and the snubber 

capacitor) flows in the shunt resistor through the snubber capacitor, activating the protection circuit against the short-circuit 

current if the wire inductance is large. A recommended connection is as follows: connect the snubber capacitor to the outside of 

the shunt resistor (A), keep the wiring (C) as short as possible to remove the surge voltage as much as possible, and connect 

the snubber capacitor immediately next to point P. 

  

Figure 3.4.1 Connection method of snubber capacitor 
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