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1. Introduction 
 

  1-1. Features 
  HVIC is a high voltage IC which drives gate of power MOSFET or IGBT directly in response to input signal from 

MCU, and HVIC is used in place of pulse transformer and photo coupler. Level-shift circuit obtains isolation on the 
semiconductor chip, and the reliability of the system is increased by protection functions (Under voltage lockout, 
interlock, input filter, fault output etc.). Mitsubishi electric has a lot of half-bridge type HVICs which are used for 
driving circuits, and are compliant with the Restriction of the Use of Certain Hazardous Substances in Electrical and 
Electronic Equipment (RoHS) directive 2011/65/EU. 

   For more information, please refer to the datasheet and the catalog posted on Mitsubishi Electric semiconductor 
website(http://www.MitsubishiElectric.com/). 

 

 

 

  1-2. Product type name 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M      817      45      J     FP 

 Package type 
   FP:SOP／SSOP type 

   P：DIP type 

 
 
 
 Specification (Application) 

   A～Z 

   (Abbreviated in some cases) 
 
 
 

 Running number：0～99 

 
 
 
 Type of integrated circuit 

   639、810～819：HVIC／LVIC 

 
 
 
 Mitsubishi Electric IC mark 
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1-3. Application circuit examples 
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2. Attention points when using HVIC  

 

2-1.  Bootstrap circuit （For HVIC） 

 
 ①Bootstrap circuit method and basic operation 
   The emitter/source potential of high-side IGBT/MOSFET referenced to GND changes to the voltage of the HV 

terminal from 0V when operating the application. Therefore, to drive high-side IGBT/MOSFET, the power supply of 
the high-side drive circuit of HVIC should have potential which is higher by VBS than the emitter/source potential of 
high-side IGBT/MOSFET. One of the methods to apply this voltage is the floating power supply method. Fig.8 
shows the example of the floating power supply method.  

  Bootstrap circuit method is used in place of the floating power supply method. The bootstrap capacitor(C1) is 
charged through the resistor(R1) and bootstrap diode(D1) by VCC, and the high-side drive circuit of HVIC is driven 
by the voltage of the capacitor(C1). Fig.9 shows the example of the bootstrap circuit method.  
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 ②Electrical charge and discharge current route when HVIC is operated 
   Fig.10 shows the electrical charge and discharge current route of C1 when HVIC is regularly operated. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ③Initial charge and the voltage between the C1 terminals 
    Although it was shown that the high-side drive circuit of HVIC operates with the voltage between the C1 

terminals in the preceding clause, it is necessary to charge the capacitor C1 up to a high enough voltage (more than 
the trip voltage of UV circuit of HVIC + margin) first of all to operate this high-side drive circuit after the power supply 
is applied to HVIC. This is called an initial charge of C1, and it is necessary for the initial charge of C1 to input the 
control signal that turns on low-side IGBT as shown in Fig.10. 

   Moreover, in regular operation of HVIC, while the low-side IGBT is off-state, the potential of C1 falls by the 
consumption current of the high-side drive circuit of HVIC, and the leak current of C1. Also, it is necessary to set off-
time of the low-side IGBT so that the voltage of the C1 terminals doesn’t become lower than the trip voltage of the 
UV circuit of HVIC. Fig.11 shows charge and discharge timing chart. 
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 ④Setting of each constant value (R1,C1,D1) of the bootstrap circuit 

            
  ・ Setting of bootstrap capacitor (C1) 
    To drive high-side IGBT, the bootstrap capacitor is charged by turning on low-side IGBT. The charged voltage 

VC1 is shown below. (VF:Voltage between D1 terminals, Vce:Voltage beween collector and emitter of low-side 
IGBT) 

 
VC1 = VCC － VF － Vce ・・・（1） 

 
   The capacitance value C1 is shown below. (T1:Maximum on-time of high-side IGBT, IBS:High-side drive circuit 

consumption current of HVIC, ΔV:Electrical discharge allowance voltage between C1 terminals) 

 
C1 = IBS × T1 ／ ΔV + margin ・・・（2） 

 
   IBS changes depending on gate capacitance of IGBT and carrier frequency. And （1） and （2） expression are 

simplified. So please set the capacitance value C1 based on evaluation of your system. 
   About the kind of capacitor, it recommends that the electrolysis capacitor which has excellent characteristics of  

temperature and frequency is connected in parallel with the ceramic capacitor for noise removal which has excellent 
characteristics of temperature and frequency. 

 
 ・ Setting of resistor (R1) 
    R1 is necessary to restrict inrush current during initial charge. Time to charge C1 is decided by C1 and R1. 

Therefore, when the minimum on-time of the low-side IGBT is set to T2, the value of R1 is set so that C1 can be 
charged by ΔV in the time of T2. 

               
 ・Selection of diode (D1) 
   It is recommended that the high-speed recovery diode be at least the withstand voltage of the HVIC used 

(600V/1200V). 
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  2-2.  Interlock circuit （For HVIC  with a built-in interlock circuit） 

 
Some of our HVICs contain an interlock circuit which prevents the high-side and low-side power semiconductors from 

simultaneously becoming high-state(Arm short) when high/low-side simultaneous turn-on signals are input. There are 
two types of interlock specifications as follows. For the type of the interlock built in each HVIC, please refer to the 
datasheet. 

 
①Interlock for turning the high/low-side outputs to “low” in response to the input of simultaneous turn-on signals. 

 ・Active-High type 
   When HIN = LIN = “high” (ON), the logic circuit shown in Fig.12 turns the high-side and low-side outputs to “low” 

(OFF) thus preventing arm short of power semiconductors (IGBT/MOSFET). 

 
 ・Active-Low type 
    The high/low-side outputs become ON when HIN = LIN = “low”, the circuit logic is inverse to that of the Active-

High type described above. However, the simultaneous turn-on prevention circuit is configured according to the 

same principle as for the Active-High type. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

②Interlock for maintaining the high/low-side outputs in response to the input of simultaneous turn-on signals. 
・ Active-High type 

When HIN = LIN = “high” (ON), the logic circuit shown in Fig.13 keeps the high-side and low-side outputs in the 

same state as before the input of simultaneous turn-on signals thus preventing arm short of power 

semiconductors (IGBT/MOSFET). 

 
・ Active-Low type 

         The high/low-side outputs become ON when HIN = LIN = “low”, the circuit logic is inverse to that of the Active-

High type described above. However, the simultaneous turn-on prevention circuit is configured according to the 

same principle as for the Active-High type. 
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   2-3. Malfunction due to Miller capacitance （For HVIC） 

 
   The gate voltage of the power semiconductor may change according to the influence of a parasitic element in the 

power semiconductor, the characteristic of HVIC and the mounting board condition when carrying out ON/OFF 

operation of the power semiconductor (IGBT/MOSFET) using HVIC and the malfunction may be caused. The 

mechanism and improvement plan of such a malfunction are shown below. The relation of malfunction by parasitic 

capacitor is shown in Fig.14(The bootstrap circuit is omitted.). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

・ Mechanism of malfunction 
        When high-side IGBT turns on, dv/dt is caused at the emitter of high-side IGBT(The collector of low-side IGBT). 

At this time, transient current flows through the parasitic capacitor between collector and gate of low-side IGBT 
and the gate resistor. And the gate voltage of low-side IGBT increases. If the gate voltage exceeds the threshold 
voltage of low-side IGBT, arm short is caused at high/low-side IGBT. 

 
・Improvement plan 

① Select power semiconductor with small capacitance value of Miller capacitor C. 

② Increase the gate resistor of high-side power semiconductor. 

③ Decrease the gate resistor of low-side power semiconductor. 

④ Shorten and widen the trace between power semiconductor and HVIC. 

⑤ Select HVIC with a built-in Miller clamp circuit. 
 Miller clamp circuit creates a bypass to the emitter of low-side IGBT for the transient current, and restricts the gate 
voltage increase. Please refer to the datasheet for HVIC with a built-in Miller clamp circuit. 
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    2-4. VS undershoot （For HVIC） 

 
   The voltage of VS terminal can be lower than that of GND terminal transiently because of the arrangement and 

the trace for the elements on the mounting board when carrying out ON/OFF operation of the power semiconductor 

(IGBT/MOSFET) using HVIC and the malfunction may be caused. The relation between malfunction and VS 

undershoot is shown in Fig.15. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

・ Mechanism of malfunction 
      When high-side IGBT turns off, low-side IGBT enters a freewheeling mode. At this time, the potential of A point falls 

to less than that of GND;minus potential. The potential of the VS and VB terminal of HVIC becomes minus potential 
correspond with the potential of A point, too. When the VB terminal falls to minus potential, a parasitic diode in HVIC 
is turned on, and large current flows. HVIC may cause malfunction. 

      If high-side IGBT tries to turn on during VS minus period, the high-side output signal of HVIC cannot output. Please 
input ON-signal when VS voltage satisfies recommended operating conditions. Please refer to the datasheet for 
recommended operating conditions of HVIC. 

 
・Improvement plan 
① Increase the gate resistor of high-side power semiconductor, and decrease the transient current flowing 

through  parasitic L. 
② Add the resistor between A point and VS terminal, and restrict VS voltage decrease. However, this resistor 

is placed on the charge route of bootstrap capacitor. So the gate voltage of high-side IGBT increases, arm 
short can be caused. Please select appropriate resistance value. 

③ Inserts a diode which has small VF between GND terminal and VS terminal. 

④ Restrict the current flowing through the diode(Plan③) by adding the resistor between GND and 

PGND/VNO, and enhance the clamp effect of the diode. 
⑤ Shorten and widen the trace of the bold line in Fig.15. 
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   2-5. Minimum transmission VCC voltage （For HVIC） 

 
 Definition of minimum transmission VCC voltage： 
   The “minimum transmission VCC voltage” is the minimum level of supply voltage required for signal transmission, 

and not the voltage at which the HVIC can meet all specified characteristic requirements, such as transmission time 

and output performance, under recommended operating conditions. 

 
   The phenomenon is explained below that the HVIC output is not reset (not turned off) despite the input of “low” 

signal (signal level to turn off the output) when VCC voltage drops while VB supply voltage is normal. 
   Fig.16 shows I/O timing chart. When the “high” signal is applied to the high-side input (HIN) pin, ON pulse occurs 

at the rising edge timing of the signal. The ON pulse enters the set input pin of the latch circuit. As a result, the 

output of the latch circuit becomes “high,” turning the high-side output (HO) status to “high.” Similarly, when the 

“low” signal is applied to the HIN pin, OFF pulse occurs at the falling edge timing of the signal. The OFF pulse 

enters the reset input pin of the latch circuit, causing its output to become “low,” turning the HO status to “low.” 
   As shown in Fig.16, if VCC voltage drops below the minimum level for signal transmission, OFF pulse signal 

might not be transmitted, causing the HO status to remain “high” even when the signal input to the HIN pin switches 

from “high” to “low”.  
   If the high-side supply voltage (VB) drops and activates the under voltage (UV) lockout circuit, the HO status  

becomes “low” regardless of the HIN status. 
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   2-6. Narrow pulse input （For HVIC） 

 
  In high-side circuit, if narrow pulse signal is input, the overlap may occur between turn-off propagation delay 

time(Fig.17②) and dv/dt of VS voltage(Fig.17④). At this time, OFF signal may not be transmitted due to a logic filter 

circuit which prevents malfunction by dv/dt. Please set long enough pulse input. 
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   2-7. Over-current protection （For HVIC with a built-in over-current protection circuit） 

 

   2-7-1. Sense resistor method （For HVIC with a built-in CIN over-current protection circuit） 

   
  Fig.18 shows connection example using sense resistor method. Fig.19 shows the timing chart. 
  The shunt resistor(For current sense) is set. The voltage which is caused by the current flowing through the shunt 

resistor feeds back CIN terminal of IC. And the over-current protection of power semiconductor can be carried out 
when the voltage of CIN terminal exceeds the threshold voltage(CIN trip voltage). At this time, the power 
semiconductor is shut down and fault signal(FO) is output. Please set RC filter to the CIN terminal to prevent 
malfunction due to noise and recovery current in switching. The shunt resistance value is set as below(VSC（REF）

:CIN 

trip voltage, SC:Current to be shut down). 

 
Shunt resistance value RSHUNT = VSC（REF）

 ／ SC 
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   2-7-2. Desaturation method （ For HVIC with a built-in DESAT over-current protection circuit ） 

   
   Fig.20 shows connection example using desaturation method. Fig.21 shows the timing chart. 
   High voltage diode and blanking capacitor are connected to DESAT terminal. When IC output is “high” and power 

semiconductor is ON-state, the current flows from the DESAT terminal. When Vce of the power semiconductor is 
saturated, the current flows to the power semiconductor. On the other hand, when Vce of the power semiconductor 
is desaturated, the current charges the blanking capacitor. If the voltage of DESAT terminal exceeds the threshold 
voltage, the desaturation is detected. At this time, IC output is shut down and fault signal(FO) is output. 

   Regarding the operating sequence, there is no difference between high-side and low-side. 
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     ・Vce to detect desaturation 
        Vchg which is monitored at DESAT terminal is shown below (Vce:Voltage between collector and emitter of 

IGBT, Ichg:Current flowing from DESAT terminal, Rdesat:Resistor connected to DESAT terminal,VF(Di): VF of the 

high-voltage diode). 

 
Vchg=Vce+Ichg×Rdesat ＋VF(Di)・・・（1） 

       
                Please refer to the datasheet for the DESAT threshold and Ichg. Vce is depending on IGBT. Please set 

Vce to detect desaturation according to the power semiconductor. And please set Rdesat using (1) expression.  

 
     ・Blanking time 
       Desaturation is detected when IC output is “high”. However, it is necessary that delay(Blanking) time is set to 

the detection of desaturation from IC output to prevent malfunction. The blanking time is shown below. 

 
                  tBLANK = Cblank × Vchg ／ Ichg + t0 ・・・（2）      ※ t0(typ)=800ns 

 
       Cblank indicates the blanking capacitor in Fig.20. The t0 blanking time is set in HVIC. So when Cblank equals 

0(pF), the blanking time is t0. Please refer to the DESAT threshold Ichg . Please set the blanking capacitor using 

(2) expression according to the blanking time to be set. 
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   2-8. Gate resistor （For HVIC） 

 
  Fig.22 shows gate drive circuit using HVIC. The gate resistor Rg is shown below(Isource:Source current of HVIC, 

Isink:Sink current of HVIC, Ron:ON resistance for source output, Roff :OFF resistance for sink output). 

 
Rg = VCC ／ Isource － Ron  
Rg = VCC ／ Isink － Roff 

 
   And the gate resistor Rg is shown below(tswon:ON switching time, tswoff:OFF switching time, Qg と:Gate charge 

amount of IGBT). 

 
Rg = VCC × tswon ／ Qg － Ron  
Rg = VCC × tswoff ／ Qg － Roff 

 
  The expressions as shown above are simplified. When you set the gate resistance value, please evaluate your 

system with consideration for switch in time, loss and surge voltage. 
  Fig.22 shows low-side circuit. However high-side circuit is same as low-side circuit.  
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   2-9. Attention points of circuit board （For HVIC） 

 

   2-9-1. Sense resistor method （ For HVIC with a built-in CIN over-current protection circuit ） 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

・More moderate power supply noise than ±1V/us and smaller ripple voltage than 2V are recommended to prevent a 

malfunction. Even when the ripple voltage is less than 2V, recommended operating conditions have to be satisfied. 
・Film or ceramic capacitor(C1:0.22～2uF) in parallel with electrolytic capacitor(C2)is recommended as power supply 

noise filter. 
･Zener diode(D1) is recommended to absorb power supply surge. The Zener voltage has to be less than the  

absolute maximum ratings of power supply terminal of HVIC. 
・MCU is brought close to HVIC to decrease a line impedance. 
・RC filter(R1,C3) is recommended in high noise condition. 
・FO is connected to a pull-up resistor(R2) which makes a sink current less than 1mA.  (Ex.10kΩ @5V) 
・Film capacitor(C4:1nF) is recommended in high noise condition. 
・The bold line in Fig.23 has a large effect on the operation of HVIC and power semiconductor. Shorten and widen the 

bold line in Fig.23 to decrease a line impedance. 
・It is recommended to connect control GND and power GND at only a point N1. 
・Diode(D2) between PGND/VNO and N1 is recommended  in high noise condition.  
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   2-9-2. Desaturation method （For HVIC with a built-in DESAT over-current protection circuit ） 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

・More moderate power supply noise than ±1V/us and smaller ripple voltage than 2V are recommended to prevent a 

malfunction. Even when the ripple voltage is less than 2V, recommended operating conditions have to be satisfied. 
・Film or ceramic capacitor(C1:0.22～2uF) in parallel with electrolytic capacitor(C2)is recommended as power supply 

noise filter. 
･Zener diode(D1) is recommended to absorb power supply surge. The Zener voltage has to be less than the 

absolute maximum ratings of power supply terminal of HVIC. 
・MCU is brought close to HVIC to decrease a line impedance. 
・RC filter(R1,C3) is recommended in high noise condition. 
・FO is connected to a pull-up resistor(R2) which makes a sink current less than 1mA.  (Ex.10kΩ @5V) 
・Film capacitor(C4:1nF) is recommended in high noise condition. 
・The bold line in Fig.23 has a large effect on the operation of HVIC and power semiconductor. Shorten and widen 

the bold line in Fig.23 to decrease a line impedance. 
・It is recommended to connect control GND and power GND at only a point N1. 
・Diode(D2) between PGND/VNO and N1 is recommended  in high noise condition. 
・Resistor(R3) is recommended to restrict recovery current. DESAT terminal has to be less than the absolute 

maximum ratings. 
・The high-speed recovery and high voltage diode(D3) is recommended. 
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3.Notes in handing 

 
■ To use HVIC safely 

   The production activity is done to reliability and quality especially in the development of the HVIC unit (Hereafter, it 

is called an unit) and production with the best of care. However, the reliability of the unit is greatly influenced by not 

only a factor peculiar to the unit but also use conditions. Please often read notes shown next when you handle our 

unit and use it correctly.  
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Main Revision for this Edition 
 

 
 
 

 

Rev. 

 

Date 

Revision 

Pages Points 

A Mar 2009 - New making 

B Jul 2015 

 

- Review table of contents and enhance contents. 

C Jul 2024 

 

- 

16 

17 

The format has been updated. 

Added the t0.. 

Unification of product data sheets and item names/symbols. 

Modification of equation (1). 

Added the value of t0(typ). 
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Important Notice 
 

The information contained in this datasheet shall in no event be regarded as a guarantee of conditions or 

characteristics. This product has to be used within its specified maximum ratings, and is subject to customer’s 

compliance with any applicable legal requirement, norms and standards. 

Except as otherwise explicitly approved by Mitsubishi Electric Corporation in a written document signed by 

authorized representatives of Mitsubishi Electric Corporation, our products may not be used in any applications 

where a failure of the product or any consequences of the use thereof can reasonably be expected to result in 

personal injury.  

 

In usage of power semiconductor, there is always the possibility that trouble may occur with them by the reliability 

lifetime such as Thermal Cycle or others, or when having assembling stress (e.g. high temperature of reflow 

process, or rinse after the reflow), or when used under special operating conditions (e.g. rise/fall time of the power 

supply voltage, or excessive voltage/current injection), or when used under special circumstances (e.g. 

condensation, high humidity, dusty, salty, highlands, environment with lots of organic matter / corrosive gas / 

explosive gas, or situations which terminals of semiconductor products receive strong mechanical stress). 

Therefore, please pay sufficient attention to such circumstances. Further, depending on the technical requirements, 

our semiconductor products may contain environmental regulation substances, etc. If there is necessity of detailed 

confirmation, please contact our nearest sales branch or distributor. 

 

The contents or data contained in this datasheet are exclusively intended for technically trained staff. Customer's 

technical departments should take responsibility to evaluate the suitability of Mitsubishi Electric Corporation 

product for the intended application and the completeness of the product data with respect to such application. In 

the customer's research and development, please evaluate it not only with a single semiconductor product but also 

in the entire system, and judge whether it's applicable. As required, pay close attention to the safety design by 

installing appropriate fuse or circuit breaker between a high voltage/large current power supply and power 

semiconductor products(e.g. IGBT, MOSFET)  to prevent secondary damage. Please also pay attention to the 

application note and the related technical information. 

 

 
 
 



<High Voltege IC> 

 
HVIC Application Note 

 

 

 

 

 

© Mitsubishi Electric Corporation 

Publication Date : Jul. 2024 
24  

   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Keep safety first in your circuit designs! 
 
Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products better and more 
reliable, but there is always the possibility that trouble may occur with them. Trouble with semiconductors may 
lead to personal injury, fire or property damage. Remember to give due consideration to safety when making your 
circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (iii) prevention against any malfunction or mishap. 
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