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<High Voltage I1C>

HVIC Application Note

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 17 45

I
RY

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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<High Voltage I1C>

HVIC Application Note

1-3. Application circuit examples

(1)Gate driver for 3-phase motor(3-phase bridge)

HVIC

MCU I:> [Half Bridge Driver] x 3
or
[3 Phase Bridge Driver] x 1 I(“}L ”\/"}L ”ij

77

Fig.1 Gate driver for 3-phase motor(3-phase bridge)

(2)Gate driver for illumination lamp(Half bridge)

QO HY

|:> HVIC
MCU -
[Half Bridge Driver] x 1 4| “

—= dwe] =

777

Fig.2 Gate driver for illumination lamp(Half bridge)
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<High Voltage I1C>

HVIC Application Note

(3)Gate driver for DC-DC converter(High-side)

O+

=

!

HVIC
— MCU _ _ _ A
[High Side Driver] x 1

N
N+

77

Fig.3 Gatedriver for DC-DC converter(High-side)

(4)Gate driver for illumination lamp(Full bridge)

‘0 I
—5 g
L:llrlr?p 1
_lﬁ =
-0

b

HVIC
MCU
[Half Bridge Driver] x 2

Fig.4 Gate driver for illumination lamp(Full bridge)
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<High Voltage I1C>

HVIC Application Note

(5)Gate driver for IH cooking heater(Half-bridge)

HVIC
MCU
[Half Bridge Driver] x 1 |

1 .

Fig.5 Gate driver for IH cocking heater(Half-bridge)

(6)Gate driver for PFC dual control(Low-side)

f\_j ._/66\_._’{ O +
—q
LVIC
|
MCU |:> [Dual Low Side Driver] x 1 |
or
[Single Low Side Driver]x 2 g
O -
757

Fig.6 Gate driver for PFC dual control(Low-side)
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<High Voltage I1C>

HVIC Application Note

(7)Gate driver for brake circuit(Low-side)

S i o

77
LVIC |
MCU E:> [Dual Low Side Driver] x 1
or
[Single Low Side Driver] x 1
* O-

Fig.7 Gate driver for brake circuit(Low-side)
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<High Voltage I1C>

HVIC Application Note

2. Attention points when using HVIC

2-1. Bootstrap circuit (For HVIC)

(DBootstrap 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 OV 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.

Floating power supply

HV
— dvee - VB
High- VBS ) )
side HOJ p— | High-side
drive bl | IGBT
circuit VSl
HVIC
VCC Low- LOM | Low-side
— side M | IGBT
drive | s
circuit [pann
GND /VNO
777
Fig.8 Floating power supply method
R1 D1
AAN ’I
O HV
vB |
— Ve High- Q c1 o
side HO | — | High-side
drive Y I IGBT
circuit vs L
HVIC
_iCC Low- LO ) [ Low-side
J— side T I IGBT
drive L
circuit Q
PGND
GED /VNO
{

Fig.9 Bootstrap circuit method
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<High Voltage I1C>

HVIC Application Note

(@Electrical 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.

R D1I (Bold line: Charge route, Broken line: Discharge route)
M—p
3 VB
1 VCC
High- Cc1
side HO —_ | High-side
drive | IGBT
circuit VSI
HVIC
iCC Low- LOL 1 Low-side
—_ side T | IGBT
drive
circuit PGNDT
G’N\D {VNO
L
777

Fig.10 Electrical charge and discharge current route

(@Initial 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.

HV

VCC

High-side UV trip voltage
v

Voltage between
C1terminals

LIN

HIN

/]

/

1/

/

Initial
charge

Discharge

Charge

/1
1

Fig.11 Charge and discharge timing chart in initial charge and regularity operation

Publication Date : Jul.

2024

MITSUBISHI ELECTRIC CORPORATION



<High Voltage I1C>

HVIC Application Note

@Setting 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, AV:Electrical discharge allowance voltage between C1 terminals)

C1=IBSxT1 ./ AV +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 AV 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).

Publication Date : Jul. 2024 9 MITSUBISHI ELECTRIC CORPORATION



<High Voltage I1C>

HVIC Application Note

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.

(Dinterlock 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.

HIN E To the high-side output

LIN W To the low-side output

Fig.12 Interlock circuit(Output-Low type)

@Interlock 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.

—» To the high-side output

,.L Internal reset signal —» To the low-side output

Fig.13 Interlock circuit (Qutput-maintaining type)
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<High Voltage I1C>

HVIC Application Note

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.).

4& VCC

vee

HVIC

HV

High-side | LHO | High-side

drive circuit | IGBT
[
BAE

Low-side

drive circuit : L Current flowing through
N Miller capaﬁl_t_gr:_._(_;:m‘J Miller capacitor during
M1 Gate :;: high-side operating.
LO Resistor

g

M2

7

Low-side
IGBT

Y
I' PGND

—0) =

/VNO

77

7

Fig.14 Relation between parasitic capacitor and malfunction of power semiconductor

* 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

GICISIIS

Select power semiconductor with small capacitance value of Miller capacitor C.
Increase the gate resistor of high-side power semiconductor.
Decrease the gate resistor of low-side power semiconductor.
Shorten and widen the trace between power semiconductor and HVIC.
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.

Publication Date :

Jul. 2024
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<High Voltage I1C>

HVIC Application Note

2-4.V/S 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.

I
\WW—Ppi y
¢+ vee VB A_“
High- |
side T— VW |
drive _
circuit A
VS Plan® r'd
O———AM—
HVIC Parastic diode Parastic L
ry
vee Low- LOS | A I B
— side -
drive T Parastic L -
circuit PGND Plan®
GND /VNO |
i} Plan@
—A\\—

pe

Fig.15 Malfunction in connecting L-Load

* 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

@ Increase the gate resistor of high-side power semiconductor, and decrease the transient current flowing
through parasitic L.

@ 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.

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

@ Restrict the current flowing through the diode(Plan(®) by adding the resistor between GND and
PGND/VNO, and enhance the clamp effect of the diode.

® Shorten and widen the trace of the bold line in Fig.15.
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<High Voltage I1C>

HVIC Application Note

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.

Minimum transmission
VCC voltage

VCC
(Supply voltage)

HIN
(Input signal)

ON-pulse

OFF-pulse

N [
HO )

(High-side otuput) If supply voltage drops below the minimum <
transmission VCC voltage, the OFF pulse signal
cannot be transmitted, causing the HO status
to remain “high.” HO turns off by OFF pulse
after supply voltage
Fig.16 1/O timing chart exceeds minimum

transmission VCC voltage.
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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.17@) and dv/dt of VS voltage(Fig.17@). 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.

Input pulse width

HIN >
(Input signal)
| | @Tumm-off |
1 I propagation !
: : delya time :
| DTurn-on | !
| propagation 1
: delay time :
1 1
P
HO . .
1 1 1 1
(High-side output) ! !
1
: dv/dt
1 overlap
1

|

VS voltage

@Propagation delay time to
IGBT/MOSFET ON from HO \
1
@dwrdt
time

>
1
1

Fig.17 Malfunction timing chart due to narrow pulse input
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<High Voltage I1C>

HVIC Application Note

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(Vg¢ ger, :CIN

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

Shunt resistance value Rg,nr = Vscrery ~~ SC

wW— HY
V Lvee vl |
High- HOJL |
HVIC side duE W\ [
drive
circuit
VS
) FO = ———( 3
Protection
circuit
VCC Low- LOJ. |
— side T W\ I|\/‘
drive
circuit PGND
/VNOL
G‘[\\ID ,‘CIN ¢
: _________ 1
' ‘\N\J‘ Shunt SsC
1
:—T— ' resistor
| —
1| RCfilter,

Fig.18 Connection exaple using sense resistor method

LIN
(Input signal)

CIN trip voltage - -4

CIN

LO
(Low-side output)

FO
(Fault output)

Fig.19 Timing chart using sense resistor method
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<High Voltage I1C>

HVIC Application Note

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.

W—Pp] High voltage diode OHV
High-side HDESAT / \l
protection circuit .
Rdesat
|
——0O VCC J;()—0 <
High- HO
HVIC e = = |
drive Blanking 1
circuit capacitor
FO L =
3 =] T High voltage diode
LDESAT] r
Protection Rdesat )
vee circuit LO
Y . O AN !
—— ow-
| si.de —— Blanking 1
drive T capacitor
circuit O bt
PGND
GND /VNO
7

Fig.20 Connection example using desaturation method

HIN
(LIN) ,

DESAT threshould -F—t-—-—-~>

HDESAT g
(LDESAT) T

HO
(LO)

FO
(Fault output)

Fig.21 Timing chart using desaturation method
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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 X 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.

ta ank = Cblank X Vchg . Ichg +t, ==+ (2) % t,(typ)=800ns
Cblank indicates the blanking capacitor in Fig.20. The t, blanking time is set in HVIC. So when Cblank equals

0(pF), the blanking time is t,. Please refer to the DESAT threshold Ichg . Please set the blanking capacitor using
(2) expression according to the blanking time to be set.

Publication Date : Jul. 2024 17 MITSUBISHI ELECTRIC CORPORATION



<High Voltage I1C>
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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(l_,.:Source current of HVIC,
Iy Sink current of HVIC, R :ON resistance for source output, R :OFF resistance for sink output).
Rg = VCC / Isource - Ron
Rg =vcC Isink - Roff
And the gate resistor Rg is shown below(t
amount of IGBT).

:ON switching time, t

swon swoff

:OFF switching time, Q, &:Gate charge

R,=VCC xtswon ~ Qg — R,
R, = VCC x tswoff /" Qg — R

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.

Gate resistor R,

HvIC Ron 4+ GBT

e =y

Fig.22 Gate drive circuit using HVIC
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<High Voltage I1C>

HVIC Application Note

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 )

W—Ppl HV

' vee VB ol

VCC c2
HO O ’W\,—|
c2 |\/.
_c
VS ()—l l

|

N
D

s

- L O LN HN  HVIC
Power
supply |C3

MCU >
LOO W\,—|
O FO
PGND
GEID CIN ;’VNO?
C4

é—’\N\, D2
—1 . SR>

Control GND«— —Power GND

Fig.23 Attention points of circuit board using sense resistor method

*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.10kQ @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.

-1t 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.

Publication Date - Jul. 2024 19 MITSUBISHI ELECTRIC CORPORATION



<High Voltage I1C>
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2-9-2. Desaturation method (For HVIC with a built-in DESAT over-current protection circuit )

W HV
! vce R3
vec e o | HDESAT
— /ﬂ/ _
| | | VB
HO YR P ’\N\,—|
N —' N o T
_W—)LIN/HIN HVIC VS ¢ I | l _ ee
supply _|C3 R3
MCU T LDESATY "MN—Pr—1
[ ) Fo Lod ’VV\:—“:}L
s T
— PGND :
‘ GND /VNO D2
__di N1
- «

Control GND+— —Power GND

Fig.24 Attention points of circuit board using desaturation method

-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.
-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.

(Ex.10kQ @5V)
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3.Notes in handing

B 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.

A Cautions

Packaging

The packing box and the interior material of the unit shipped by our company come to be able to
endure a constant environment and the condition. However when the packing box is exposed to the
outside impact, rain water and pollution, the packing box and the interior material might break and
the unit is exposed. Please note handling enough.

Carry

- Please put the packing box on the correct direction while transporting it. It keeps inverted, and it
leans it. And then unnatural power might join, and it breaks. (This side up)

- If it throw out or it drop, the unit might break. (Fragile attention)

- It is necessary not to get wet by the water. Please note that it is wetting for the transportation at
the rainfall snow. (Water wet attention)

- When another of the above-mentioned point is transported, a mechanical vibration and the
impact are reduced as much as possible. Please note the way. The unit might break.

Keeping

- The temperature and the humidity of the place where the unit is kept as a standard with 5-30°C
and about 40-60% Normal temperature is preferable, and avoid each of the temperature and
humidity too far apart, please. Moreover, keep it in the place where the temperature changes
drastically, the dew of moisture happens in the surface of the unit and the lead part. Thus keep it
in the place where the temperature change is a little as much as possible, please.

- Keeping by the place where causticity gas generates, an organic solvent or explosiveness dust,
etc. exists causes corrosion, the malfunction, and destruction of the units. Thus avoid these
places.

+ You must do not pile up the packing box high, and put the heavy one on the packing box. As a
result, the packing box breaks, the cargo collapses, and it is dangerous.

Long storage

If you need long storage, you must do not open the wrapping box. Moreover, if you use the units
kept at putting on a very bad environment and a long term is passed, you must confirm it without
the wound, dirt or rust.

Absolute maximum ratings defines that our company guarantees maximum ratings. If you use unit
beyond this ratings, it brings its reliability, damage or destroy. To avoid these phenomena and

h Rattlngtst_ realized on the interfacial devices high reliably, we recommend that unit is operated within the

characteristics ratings and the regulations. And then it makes unit operate effectively for the characteristic and
economical point views.

Temperature ratings have two ratings. One is operation temperature rating. Another is storage

Ambient temperature rating. Please use within range of the temperature decided respectively. If it used the

temperature exceeding ratings of the operation and storage temperature, it becomes deterioration or destruction

ofthe unit.
This device is composed of junction isolation structure. Therefore when /O potential of the unit is
Noise less than -0.5V by external noise etc, a parasitic unit operates. Therefore, adjacent transistors

inside of the unit cannot isolate, and becoming causes of the decrease in the circuit malfunction
and no output and the destruction ofthe device, etc.

Flame resisting

It is not nonflammability though 94-VO recognition goods of the UL standard are used for the
epoxy molding resin material of this unit.

Electrostatic
protection

It is necessary to note static electricity especially in the semiconductor unit. It is preferable to
suppress the static electricity level of the working environment to 100V or less, and the mind for
which do not use insulation thing (especially, artificial fiber and plastics product) it that humidifies at
a dry period, avoids the state of low humidity, and uses the one of electro conductive (electro
conductive mat, electrostatic work wear, and Mitibidencts) is injuring necessary for that.
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Main Revision for this Edition

Revision
Rev. Date Pages Points
A Mar 2009 - New making
B Jul 2015 - Review table of contents and enhance contents.
C Jul 2024 - The format has been updated.
16 Added the to.
17 Unification of product data sheets and item names/symbols.
Modification of equation (1).
Added the value of tO(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.
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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.

Notes reqgarding these materials

*These materials are intended as a reference to assist our customers in the selection of the Mitsubishi
semiconductor product best suited to the customer’s application; they do not convey any license under
any intellectual property rights, or any other rights, belonging to Mitsubishi Electric Corporation or a third
party.

*Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement of any third-
party’s rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

+All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Mitsubishi Electric Corporation without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Mitsubishi Electric Corporation or an
authorized Mitsubishi Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors. Mitsubishi
Electric Corporation assumes no responsibility for any damage, liability, or other loss rising from these
inaccuracies or errors.

Please also pay attention to information published by Mitsubishi Electric Corporation by various means,
including the Mitsubishi Semiconductor home page (http://www.MitsubishiElectric.com/).

*When using any or all of the information contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as a total system before
making a final decision on the applicability of the information and products. Mitsubishi Electric
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

*Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

*The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce in
whole or in part these materials.

«If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or re-export contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

*Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for further details on these materials or the products contained therein.

© Mitsubishi Electric Corporation
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