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Warning:

This manual contains the product specifications, characteristics, data, materials, and structures as of
October 2021.

The contents are subject to change without notice for specification changes or other reasons. When
using a product listed in this manual, be sure to obtain the latest specifications.

All applications described in this manual exemplify the use of Fuiji's products for your reference only.
No right or license, either express or implied, under any patent, copyright, trade secret or other
intellectual property right owned by Fuji Electric Co., Ltd. is (or shall be deemed) granted. Fuji Electric
Co., Ltd. makes no representation or warranty, whether express or implied, relating to the
infringement or alleged infringement of other's intellectual property rights which may arise from the use
of the applications described herein.
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A\ Cautions

(1) During transportation and storage
Keep locating the shipping carton boxes to suitable side up. Otherwise, unexpected stress might
affect to the boxes. For example, bend the terminal pins, deform the inner resin case, and so on.
When you throw or drop the product, it gives the product damage.
If the product is wet with water, that it may be broken or malfunctions, please subjected to sufficient
measures to rain or condensation.
Temperature and humidity of an environment during transportation are described in the
specification sheet. There conditions shall be kept under the specification.

(2)Assembly environment

Since this power module device is very weak against electro static discharge, the ESD
countermeasure in the assembly environment shall be suitable within the specification described in
specification sheet. Especially, when the conducting pad is removed from control pins, the product
is most likely to get electrical damage.

(3)Operating environment

If the product had been used in the environment with acid, organic matter, and corrosive gas
(hydrogen sulfide, sulfurous acid gas), the product's performance and appearance can not be
ensured easily.
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This chapter describes the functions of the X series IPM.

1. List of functions

The built-in functions in the X series IPM are shown in Table 3-1 and 3-2.

Table 3-1 IPM built-in functions (6in1)

Built-in Function

il | Upperandiowerams | Upperam | Loweram |
i Package Upper and Lower arms Upper arm Lower arm

Switch
2
@) O - -

P639 @)

P629
P626
P636
P638

O O O O O
O O O O O
O O O O O O
O O O O O
O O O O

P630
P631 @) O ©) @) @)

O O O O O O O
O O O O O

Drive: IGBT drive circuit, UV: Control power supply under voltage protection,
Tion: IGBT chips over heating protection, OC: Over current protection,
SC: Short circuit protection, ALM: Alarm signal output, WNG: Chip temperature warning output

Table 3-2 IPM built-in functions (7in1)

Built-in Function

il | UpperandLowerams | Upperam
of Package Upper and Lower arms Upper arm Lower arm

Switch .
Drive uv Tion ALM ALM WNG
O

P644 @) @) ©) @) ©) .
P636 ©) @) ©) @) @) ©) =
P630 ©) @) ©) @) @) ©) =
P631 ©) @) ©) @) @) ©) =

Drive: IGBT drive circuit, UV: Control power supply under voltage protection,
Tion: IGBT chips over heating protection, OC: Over current protection,

SC: Short circuit protection, ALM: Alarm signal output, WNG: Chip temperature warning output
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2. Description of functions ;

2.1 I1GBT and FWD for 3-phase inverter

The IPM has a 3-phase bridge circuit which consists of IGBTs and FWDs as shown in Figure 3-1. The
main circuit is completed when the main DC bus power supply line is connected to the P and N
terminals and the 3-phase output line is connected to the U, V and W terminals. Connect a snubber
circuit to suppress the surge voltage.

2.2 IGBT and FWD for brake

IGBT and FWD for brake circuit are integrated in and the collector terminal of the IGBT is connected
to the output terminal B as shown in Figure 3-1. The regenerative energy during deceleration is
dissipated by the resistor which is connected between terminal P and B. Voltage rise between terminal
P and N can be suppressed by switching the brake IGBT.
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Fig.3-1 Typical application of 3-phase inverter (Example: 7MBP250XDA065-50 with built-in brake)
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2.3 IGBT drive function

Figure 3-2 shows a block diagram of the Pre-Driver. The IPM has a built-in gate driving circuit for the
IGBT and it is possible to drive the IGBT by providing an opto-isolated control signal to the IPM without
designing a gate driving circuit.

The features of this drive function are introduced below:

O Independent turn-on and turn-off control
The IPM has independent gate driving circuits for turn-on and turn-off. Therefore, the driving circuits
control the dv/dt of turn-on and turn-off independently and maximize the performance of the device.

O Soft shutdown
The gate voltage is gradually reduced when the IGBT is turned-off by the protection function in
various kinds of abnormal modes. This soft shutdown suppresses the surge voltage during turn-off
and prevents the IPM from being destroyed.

O Prevention of false turn-on
The gate terminal of the IGBT is connected to the grounded emitter with low impedance. It prevents
false turn-on of the IGBT due to Vg rising resulting from noise or other cause.

O No reverse bias power supply is necessary
Since the wiring length between the control IC and the IGBT in the IPM are short, the wiring
impedance is small. Therefore, the IPM can be driven without reverse bias.

oYy EEE

vce

Fig.3-2 Pre-Driver block diagram (Example:7MBP250XDA065-50)
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2.4 Protection functions

The IPM has protection circuits that protects the IPM from abnormal modes. The IPM has four types
of protection functions; OC (over current protection), SC (short circuit protection), UV(control power
supply under voltage protection) and Tjo,, (IGBT chips over heating protection).

When a protective function is activated, the MOSFET for alarm output is turned on, the alarm output
signal voltage changes from High to Low, and the alarm output terminal conducts to GND.
Furthermore, since a 1.3kQ resistance is connected in series between the control IC and the alarm
output terminal, an optocoupler that is connected between the ALM terminal and the V. terminal can
be directly driven.

O Alarm signal output function
If the abnormal mode is detect, the IGBT is slowly turn-off. The alarm signal is output from the
phase in which abnormal mode is detected. During the protection period, the IGBT is not turned on
even if the control input signal is in ON-state.
« After the elapse of t, . if the alarm factor has been resolved, and the control input signal is OFF-
state, the protection operation is reset and normal operation is resumed.

Even if the alarm factor is resolved within the alarm signal output period (t, ), the protection

operation continues during the alarm signal output period (t4 ), and the IGBT will not turn on. If

the control input signal is OFF-state after the alarm signal output period (t,, ) has elapsed, the
protection operation is reset and normal operation is resumed.

On the upper arm side, the IGBT of the phase that detected the abnormal mode shutdown softly

and stops operation.

» On the lower arm side, when each phase of the inverter section goes into protection, all IGBTs of
the lower arm except the brake IGBT shutdown softly and stop operation. The brake IGBT can be
operated. Also, in the event of an abnormality in the brake section, all IGBTs in the lower arm and
brake IGBT will shutdown softly and stop operation.

* P629 and P639 package have protection functions on both of the upper arm and the lower
arm devices, but the upper arm devices do not have an alarm signal output function. The lower
arm devices have both the protective functions and alarm signal output function.

O Alarm factor identification function
As the alarm signal output period (t,,) varies in correspondence to the failure mode, the failure
mode can be identified by measuring the alarm signal pulse width.

Alarm factor Alarm signal output period (ta y)

Over current protection(OC)

Short-circuit protection(SC) A2
Control power supply under voltage protection(UV) 4ms(typ)
Chip temperature overheat protection(T;o) 8ms(typ)

However, the pulse width of the alarm signal output through an optocoupler varies depending on the
delay time of the optocoupler and the influence of peripheral circuits. It is necessary to take these
influences into account in your design.
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2.5 Over current protection function (OC)

The collector current of IGBTSs is detected by the current sense IGBT built into the IGBT chip. If the
collector current reaches the over current protection level (o) and continues for more than the over
current protection delay time (tyo¢), it is determined as being in the OC status and the IGBT is turned
off to prevent destruction due to over current.

When the OC status is detected, the protection function is activated and an alarm signal is output.
The OC status alarm signal output period (t, ) is approximately 2ms.

* Protection operation is reset after 2ms (t,,,) and normal operation is resumed if the current level is

lower than the I level and the control input signal is OFF.

* Even if the alarm factor is resolved within 2ms (t,,,), the protection operation continues until the

period of 2ms (t,, ) elapses. During this period, the IGBT will not be turned on.

2.6 Short circuit protection function (SC)

The SC protection function prevents the IPM from being damaged by the peak current during load
short circuit and arm short circuit. If the IGBT collector current exceeds the protection level (Igc) and
continues for more than the short circuit protection delay time (t..), it is determined as being in the SC
status and the IGBT is turned off softly to prevent destruction due to short circuit.

When the SC status is detected, the protection function is activated and an alarm signal is output.
The SC status alarm signal output period (t, ) is approximately 2ms.

* Protection operation is reset after 2ms (t,,),) and normal operation is resumed if the current level is

lower than the I level and the input signal is OFF.

* Even if the alarm factor is resolved within 2ms (t,,,), the protection operation continues until the

period of 2ms (t,, ) elapses. During this period, the IGBT will not be turned on.

2.7 Control power supply under voltage protection function (UV)

The UV protection function prevents malfunction of the control IC caused by voltage drop of the
control power supply voltage (V¢), and protects the IGBT from thermal destruction caused by increase
of Vg say 10Ss. When V¢ is continuously below the under voltage protection level (V) for about 20us,
it is determined as being in the UV status and the IGBTSs are turned off softly to prevent malfunction
and thermal destruction due to control power supply voltage drop.

When the UV status is detected, the protection function is activated and an alarm signal is output.
The UV status alarm signal output period (t, ) is approximately 4ms.

* As hysteresis V, is provided, protection operation is reset after 4ms (t,,,) and normal operation is

resumed if V. is higher than (V, + V) and the input signal is OFF.

* Even if the alarm factor is resolved within 4ms (t,,,), the protection operation continues until the

period of 4ms (t, ) elapses. During this period, the IGBT will not be turned on.
Furthermore, an alarm signal to determine the UV status is provided at the time of startup and
shutdown of the control power supply V¢c.
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2.8 IGBT chips over heating protection function (Tjq,)

Over heating protection function detects the IGBT chip surface temperature by the built-in
temperature sensor on each IGBT chip. If the IGBT chip temperature continuously exceeds the over
heating protection level (T,qy) for about 1ms, the IGBT is judged to be in an over heating state and the
IGBT is turned off softly to prevent thermal destruction.

When the Tjo, state is detected, the protection function is activated and alarm signal is output. The
Ton State alarm signal output period (t, ) is approximately 8ms.

* As hysteresis Ty, is provided, protection operation is reset after 8ms (t, ) and normal operation is

resumed if T; is below (Tjoy, - Ty) and the input signal is OFF.

* Even if the alarm factor is resolved within 8ms (t,,), the protection operation continues until the

end of the period of 8ms (t,,,) elapses. During this period, the IGBT will not be turned on.

The case temperature over heating protection function (T.qy), which is built in the previous IPM
series, is not built in this X series. The IGBT chip is protected by the T, protection function.

2.9 Temperature warning output function (T;y)

Temperature warning output function directly detects the IGBT chip surface temperature by the built-
in temperature sensor on the Y phase IGBT chip. If the IGBT chip temperature continuously exceeds
the warning temperature level (T;,) for about 1ms, the IGBT is judged to be in an over heating state
and a temperature warning signal is output from the warning signal output terminal. With this function,
it is possible to determine in advance that the IPM is overheated before it is stopped by over heating
protection. During this state, the over heating protection function and alarm signal output function will
not operate. (Even if the temperature warning output signal is generated, the protection is not activated
and the IPM continues to operate.) The temperature warning signal output period (t,,g) continues until
the factor is released.

* As hysteresis T, is provided, warning output signal is canceled if T; is below (Tjy - Tyw)-

This function is available only in the Fuji 7t generation X series IGBT-IPM in the following package.
P626 , P636(6inl) , P638, P630(6inl) , P631(6inl)
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3. Truth table

The truth table when a failure occurs are shown in Table 3-3.

Table 3-3 Truth table

Warning
IGBT Alarm output signal output
Alarm signal
factor
phase | phase | phase | phase | phase -U -V -W | -Low side
OFF * k. & * Low *

ocC High High High
scC OFF e 5 & e Low High High High e
uv OFF e 5 & e Low High High High e
g | SR e 5 & e Low High High High e
ocC e OFF 5 & e High Low High High e
V- scC e OFF 5 & e High Low High High e
phase
uv e OFF 5 & e High Low High High e
Tion * OFF * * * High Low High High *
ocC e e OFF & e High High Low High e
W- scC e e OFF & e High High Low High e
phase uv * * OFF * * High High Low High *
Tion kd k OFF i 2 High High Low High 2
ocC e & 5 OFF e High High High Low s
scC e & 5 OFF e High High High Low s
uv e & 5 OFF e High High High Low s
Tion * * * OFF * High High High Low &
Tiw L ks td u 2 High High High High Low
ocC e & 5 OFF  OFF High High High Low s
s;,ase SC * * & OFF OFF High High High Low *
uv e & s OFF  OFF High High High Low &
g e & s OFF  OFF High High High Low *

* Dependent on the input signal.
¥ P639 and P629 do not have ALM output for the upper arm (U, V, W phase).

The brake phase can operate normally even if the lower arm X, Y, and Z phases are under protection.
When the protection operation is activated in the brake phase, all the lower arm phases including the
brake phase go into protection state.

MT6M15962a © Fuiji Electric Co., Ltd. All rights reserved. 3-8
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4. Block diagram of IPM

IPM block diagrams are shown in Figure 3-3 to 3-5.
Figure 3-3 shows an example of P629 (6in1) without alarm functions on the upper arms.
Figure 3-4 shows an example of P630 (6in1) and Figure 3-5 shows an example of P630 (7inl).

@ Vee U ¢ ‘ ;_, P
@QV,u & . £
: I Pre-Driver
DGND U ¢ I I . . $u
® Ve V ‘5 ‘ I
YA ? [
' J_ Pre-Driver
@ GND V <> I 1_ . . b
@ VecW ¢ ‘ '
@ Vin W : - ZS
L Pre-Driver
@ GND W ¢ I 1_ : " bw
OVee ¢ '
| J L
@ VoX © I ]
’ = — vz
®VoY ¢ s K
: J_ Pre-Driver
= ¥
v,z b I L
¥
@ GND ¢ l
b
® ALM & M
' Run

Fig. 3-3 IPM block diagram (example: P629)
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Fig. 3-4 IPM block diagram (example: P630 (6inl))
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Fig. 3-5 IPM block diagram (example: P630 (7inl))
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5. Timing chart

5.1 Control power supply under voltage protection (UV)
5.1.1 Operation when V. is turned on and V,, is High (OFF). (operation (1)~(4))

; S A N
[ ] P
1 1 1
1 ! 1 1 1 1
- + T - \ -= =g -
1 1 ! 1 0 1 0 1
: L e 1 L 1 i 1 f
' 1 T1 [ \ T 1 ; 1 7
1 ! n ! i . ! I 1o
High (OFF) ! ; ! i ! | i ! ;o
. 1 1 : : 1 : : 1 4 1
Vin ! : I 1 : I 1 : 1 !
1 | 1 1 | 1 1 1 h
Low (Ot ! I , I ) !
I 1 I 1 B I 1 B 1 i
1 1 | 1 1 | 1 1 1 |
1 1 I I 1 | 1 ! 1
1 1 I I 1 1 1 1 1
1 1 I 1 1 I 1 1 1 1
|C 1 1 | I 1 | 1 1 1 1
1 1 I ! 1 I 0 1 0 1
1 1 I ! 1 I 1 1 1 1
1 1 I ! 1 | i 1 i 1
I T | 1 | ] T
1 1 | ! 1 | 0 1 ; 1
) 1 1 | 1 1 | 1 1 1 1
In operation 1 1 | ! 1 | J 1 L
1 1 | : 1 | : 1 : 1
Protected ! H | . ! | i ! ¢
operation i I ! ! I | ! I P
Cancelled : : | 1 : | 1 : 1 :
T T T T T 4 y T y i
1 1 ! ! 1 : [ 1 o
High A | 1 | T b
20ps 41, : I 1 ' I 1 H !
VALM *2 1 ' 1 ' 1 H 1 !
/I(I ! : 20 us e ! : 20 us e ! 20 us :‘_I
o | | | i | N
| I ! I ! LU
1 1 1 ] 1 1 1 <
ItALM (1LJV)I : :| taLM (UV)I : :, tALM (UV): :| 1 < tALM (UV)
* 1 1 1 ;
(1) (2) (3) (4) (3) (6) (7) (8)
*1: tam (UV) is 4 ms, typical.
*2: Dead time 20 ps is a typical

Fig. 3-6 UV protection operation ((1)~(4))

* During V. startup, an alarm signal is output when V.. exceeds 5V and becomes lower than V. (1)
The protection is not activated regardless of whether the V,, signal is in ON/OFF state if the period
during which V. is lower than V,,, is shorter than 20ps. (2)

» The alarm signal is output about 20us after V. drops below V.

While V,, is OFF, the IGBT is kept in the OFF-state. (3)

* UV protection operation continues during the ta vy, period if Ve returns to Vi, +V,, before ta vy,

elapses. (3)~(4)
When V;, is OFF, normal operation is resumed after t, vy, has elapsed. (4)
* Even if the protection operating duration is sufficiently longer than t, ,uy), the alarm signal is output

only once.
Vee @ Supply voltage of pre-driver Vyy @ Under voltage protection level
Vy,  :Under voltage protection hysteresis V,, :Inputsignal voltage
Vawm : Alarm signal voltage taimuy): Alarm signal hold time
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5.1.2 Operation when V;, is Low (ON) and V. is shut off. (operation (5)~(8))
Protection operation recovery (4) ~ V. power off period.

i
AN (Y S N
1 1 1
1 1 i 1 . 1
- + T - \ -_-=-
1 1 ] 1 ! 1 ! 1
1 1 1 1 1 1 1 1
[ 1 1
P 3 L 4 b Lo
High (OFF) ! : | | ! [ i ! o
| |
1 1 | : 1 | : 1 { 1
Vin ! : I 1 : I 1 : 1 !
1 | 1 1 | 1 1 1
Low (ON)” 1 i : ! | I l ! L !
I 1 I 1 B I 1 B T
1 1 | 1 1 | 1 1 1 |
1 1 I ! 1 | 1 ! 1
1 1 I I 1 1 1 1 1
1 1 I I 1 I 1 1 1 1
Ic ] ] ! ! ] | ! i o
1 1 I ] 1 I ! 1 ! 1
1 1 I ! 1 I 1 1 1 1
1 1 I i 1 | ! 1 '
I Ll | 1 | T T
1 1 | ] 1 | ! 1 ! 1
1 1 | 1 1 | 1 1 1 1
In operation 1 1 | J 1 | ! 1 o
1 1 | : 1 | : 1 : 1
Protected ! . | i ! | . ! ol
operation ] I | ! I ! ! I oy
1 1 I 1 1 1 ! 1
Cancelled 1 | 1 1 | 1 \ 1 |
T T u f T T T T T 1
1 1 : 0 1 ! ! 1 o
U T o I T |
20 us II 1 i i 1 | . 1 1
VALM 20 | 20us | i | 20ps ! i 20us 1]
/(l 1 | iﬁ:—d— I | ib:«— 1 iﬁ:—i——
o | T R N
i 1 i :I uvy! ' :I uw)! : !
ITALM (U\/)I : '. tALM ( )I : IItALM ( )I H : 1 < tALM (UV)
39 1 1 1 .
(1) (2) 3) (4) (3) (6) (7) (8)
*1: tam (UV) is 4 ms, typical.
*2: Dead time 20 ps is a typical

Fig. 3-7 UV protection operation ((5)~(8))

» The protection is not activated regardless of whether the V,, signal is ON/OFF-state if the period
during which V¢ is lower than V,, is shorter than 20ps. (5)

» The alarm signal is output about 20us after V. drops below V.
While V,, is in ON, the alarm signal is output about 20us after V. drops below V,,, , and the IGBT is
turned off softly *1. (6)

* In case V;, remains ON, the alarm signal is output for the t, vy, Period, but the protection function
continues operating after that.
When V,, is in OFF, normal operation is resumed. (7)

* During V. shut off, the alarm signal is output when V. drops below V,,.(8)

* Even if the protection operating duration is sufficiently longer than t,; yuy), the alarm signal is output
only once.

%1 Soft turn off : This means a slower than normal turn-off.

Vee  : Supply voltage of pre-driver Vyy : Under voltage protection level
Vy,  :Under voltage protection hysteresis Vi, :Inputsignal voltage
Vaum : Alarm signal voltage taimuy): Alarm signal hold time
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5.2 Control power supply under voltage protection (UV) during startup and shutdown of power supply
The X-IPM has control power supply under voltage protection (UV) function. Because of this function,
an alarm signal is output during the startup and shutdown of the power supply.

5.2.1 During start up

When V. exceeds 5V, an alarm signal is output after the elapse of 20us in both Case 1 (when the
inclination of V. is fast) and Case 2 (when the inclination of V. is slow).

In Case 1, Vc exceeds Vy, + V,, and V;, becomes OFF-state before t, vy €lapses, thus the
protection operation is stopped after the elapse of ta yuy)-

In Case 2, the protection operation continues even after the elapse of ty v, because V is still
below V,,, + V. The protection operation is stopped when V.. exceeds V, + V, and V,, is in OFF-

state.
VUVAVH == = = = = = = - =
Vuy === ===~=
1 |
Vce . '
5Vl - — - — Lo
1 1 1 1
1 1 1 1
1 | 1 :
High (OFF)! H High (OFF) | !
1 1 1 1
Vin ! ! Vin ! L
Low (ON) ! Low (ON) I .
1 |
I T T T |
In operation: ' In operation : '
1 1 1
Protected . I Protected : .
operation : : operation : :
Cancelled : : Cancelled : :
I ' I I
1 1 I |
High I I i l 1
ig ! | High | /—
20 1 1 I
VALM e VALM 228 oo |
1 1 11 |
Low | : Low /ﬂ :
1 |
1 tALM (UVZ' 1 tALM (UvzI
- 1 . 1

(a) Case 1 When the inclination of V. is fast. ~ (b) Case 2 When the inclination of V. is slow.

Fig.3-8 V. start up operation

Vee : Supply voltage of pre-driver Vyy : Under voltage protection level
Vy,  :Under voltage protection hysteresis Vi, :Inputsignal voltage
Vaum :Alarm signal voltage taimuy): Alarm signal hold time
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When V. falls below V,, an alarm signal is output after the elapse of 20us in both Case 3 (when the

inclination of V. is fast) and Case 4 (when the inclination of V. is slow).

In Case 3, the alarm signal output is stopped before the elapse of t, ) because V falls below 5V
and the control IC does not operate normally.

In Case 4, the protection operation continues after the elapse of t, v, because V¢ still exceeds 5V.
However, when V. falls below 5V, the control IC does not operate normally and V,,, changes to V¢

equivalent.

VUv+VH
Vi
5v
High (OFF)
1
I
1
I Low (ON)
T
In operation : !
Protected "
i 1
operation "
Cancelled :
I i
1 1
| I High
1 1
1
VALM i I
20 ys ! '
—'LI — |\Low
1
! I<taLM (UV)

VUuv+VH
Vv
5v
1
1
1
| High (OFF
1
| 1
1 1
| 1
1 I Low (ON)
| 1
In operation : !
Protected :
operation :
Cancelled :
I I
| 1
\ 1 High
1 1
1
VALM I I
20 ps ! .
—’:"— p Low
1
I taLm (UV
1 1

(a) Case 3 When the inclination of V. is fast.

VCC

: Supply voltage of pre-driver

Vy,  :Under voltage protection hysteresis

Vo - Alarm signal voltage

MT6M15962a

VUV

in

(b) Case 4 When the inclination of V. is slow.

Fig.3-9 V¢ shutdown operation

© Fuji Electric Co.,

: Under voltage protection level
: Input signal voltage
taimuy): Alarm signal hold time
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5.3 Multiple alarm signal output from lower arm during control power supply under voltage protection (UV)
Some X series IPM have multiple independent control ICs on the lower arm. These alarm signal outputs
are a common output on the lower arm. Therefore, there are some cases when several alarm are output
because of the variation in the under voltage protection level of the control ICs. If dv/dt of V; is less than
0.5V/ms in the vicinity of V., there is possibility of alarm output such as shown in Figure 3-10. (This is

not an abnormal phenomenon.)

VUV+VH = = =

Vuv (IC_A)

Vuv (IC_B)
VcCcvuwv (IC_C)--=-=-=---~-

High

VALM

Low ’

Lowerarm IC_A~’
Lowerarm IC_B~

’

Lower arm IC_C -~

tALM (UV)  *1

*1: tALM (UV) is 4 ms, typical.

Vee : Supply voltage of pre-driver
Vawm : Alarm signal voltage

MT6M15962a

Fig.3-10 UV alarm output of lower arm

Vyy  : Under voltage protection level
taumuy): Alarm signal hold time
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5.4 Over current protection (OC) operation

High (OFF)
Vin
: (] /]
' 1
_______ )74 (R R
1 ] : 1
Ic 1l 1 . 1
1 1 1
1 1 ! 1
10 1 ! 1
T T ' T
In operation : | : ! : : : :
Protected ' ! I b
operation | | - N
Cancelled | ! . N
1 1 i ! il 1
1 1 1 L
High [ [ : [ (B
1 1 ' I 1
1 1 || 1
VALM teoc ! tdoc ! | tdoc>1 1 tioc>! 1
[ [ ! [ 1
LOW : : ! L L 1 L
1tALM (OC)! 1tALM (OC)
— —
1 *1 1 1 1
1) (@ (3) (4) (5)
*1: tawm (OC) is 2 ms, typical.

Fig.3-11 OC protection operation

* When I exceeds the over current protection level Iy, an alarm signal is output after the elapse of
tyoc, and the IGBT is turned off softly *1. (1)

* The protection operation continues during the period of ty yoc) even if Vi, is in OFF-state, and
resumes to normal operation after the elapse of t, o) if Vi, becomes OFF-state. (2)

* The protection operation continues if V;, is in ON-state after the elapse of ty o), and resumes to
normal operation if the V;, becomes OFF-state. (3)

* If V,, is in OFF-state before the elapse of tyoc after I exceeds ly¢, the protection operation is not
activated and the IGBT is turned off normally %2, (4)

* Even if I exceeds I when V,, is in ON-state, if V;, becomes OFF-state before the elapse of tyo¢, the
protection operation is not activated and the IGBT is turned-off normally. (5)

* Even if the protection operating duration is sufficiently longer than t, yc) the alarm signal is output
only once.

%1 Soft turn off: This means a slower than normal turn-off.
22 Normal turn off: This means a normal turn-off operation.

Vi, :Inputsignal voltage Vawm : Alarm signal voltage
Ic : Collector current loc  :Over current protection level
taim(oc): Alarm signal hold time tyoc : Over current protection delay time
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5.5 Short circuit protection (SC) operation

High (OFF)
Vin
Low (ON)
1 —
ISC mmmm e e e e e e e e e e — - I -t -
1
I0C = === -H-==== === = = = 4 : -1 --
Ic [ : : : I
| i ! ;
T T T
In operation 1 1 1 ! [ [
[ 1 [ [
Protected : ! . N
i [
operatlon : : : : h :
Cancelled : : : : : :
5 5 -
N : ! "l N
I 1 ' 1
VALM tsc ! | tse ! | ' tsc>1 | tsg>1 1
Low : : : ! |
ItaLm (OCY I'taLm (OCY
1 *1 1 1 1
1) () (3) (4) (5) (6)
*1: tam (OC) is 2 ms, typical.

Fig.3-12 SC protection operation

« If a load short circuit occurs after I is flowing and I exceeds Ig., the peak current of | is suppressed
momentarily. After the elapse of ts, an alarm signal is output and the IGBT is turned off softly *1. (1)

* The SC protection operation is stopped if V;, is in OFF-state after the elapse of ty yoc)- (2)

« If a load short-circuit occurs as soon as I began to flow and I exceeds g, the peak current is
suppressed momentarily. After the elapse of tg., the alarm signal is output and the IGBT is turned off
softly. (3)

* The SC protection operation continues even after the elapse of ty y o) if Vi, is in ON-state. The SC
protection operation is stopped when V,;, becomes OFF-state. Even if the protection operating
duration is sufficiently longer than t, o), the alarm signal is output only once. (4)

« If a load short-circuit occurs after I began to flow, the peak current of I is suppressed momentarily
as soon as the I exceeds Ig¢. After that, if V;, becomes OFF-state before the elapse of tg¢, the SC
protection operation is not activated and the IGBT is turned off normally *2, (5)

« If a load short-circuit occurs as soon as I began to flow and I exceeds I, I peak is suppressed
momentarily. If V,, becomes OFF-state before the elapse of tg., the SC protection operation is not
activated and the IGBT is turned off normally. (6)

1 Soft turn off: This means a slower than normal turn-off.
%2 Normal turn off: This means a normal turn-off operation.

V,, :Input Signal Voltage

Ic : Collector current lsc 1 SCtrip level
taimoc): Alarm signal hold time tsc @ Short circuit protection delay time
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5.6 IGBT chips over heating protection (T,o,;) operation
: When the ON/OFF state of V,, affects the protection operation

Figh (OFF)
Vin

Low (ON)

the IGBT
chipsurface TIOH === =fm e Nmm e e e e e e m e e m =
temperature TiOH-TjH = =& = = = m m g o o o i o o i i o o g o o o o o o e e e e e e -

Tj

In operation

Protected
operation

Cancelled

High

1ms 1ms

VALM 1 ms
Ims 1 |

1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Low 1

HALM(T]OH) HALM(TJOHN TALM(TjOHN
— — —

M " @ ' ) ' C@

*1: tawm (TjoH) is 8 ms, typical.
*2: Dead time 1 ms is a typical value.

1

Fig.3-13 T,y protection operation (1)

* If the IGBT chip surface temperature T, is higher than T, continuously for a period exceeding 1ms,
an alarm signal is output and the IGBT is turned off softly *, (1)

* The protection operation continues during the period of ty yjor) €Ven if T,; drops below Tjqy, - Tjy
before the elapse of ty yjon)- Normal operation resumes if V;, is in OFF-state after the elapse of
taLm(TiOH): (2)

* The protection operation continues if V;, is in ON-state, even if T,; drops below T, - Ty, after the
elapse of ty yion)- (3)

* The protection operation continues after the elapse of t, yjon) €ven when Vi is in OFF-state if T,;
exceeds T,oy - Tj. Even if the protection operating duration is sufficiently longer than t, yjon), the
alarm signal is output only once. (4)

%1 Soft turn off: This means a slower than normal turn-off.

Vi, : Input signal voltage Vam : Alarm signal voltage
taimeriony - Alarm signal hold time

Tion : IGBT chips over heating protection temperature level

Tin : Over heating protection hysteresis
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5.7 IGBT chips over heating protection (T,o,;) operation
: When the ON/OFF state of V,, does not affect the protection operation

Aigh (OFF)
Vin

Low (ON)

the IGBT
chipsurface TIOH ======cfecomaaNg=mn====
temperature TIOH-TH= = s g == = = == = = =g = = = == = o

Tj

In operation

Protected
operation
Cancelled

High
VALM 1 ms

Low

HALM (TjOH}
>l
1 1 1

IALM (TjOH)
>l
1 1

- ———f-———-9 - ——_—_———e e —»

—_—

(2) (3)

*1: tawm (TjoH) is 8 ms, typical.
*2: Dead time 1 ms is a typical value

Fig.3-14 T,y protection operation (2)

* The protection operation is not activated if the IGBT chip surface temperature T,; exceeds and drops
below T, within 1ms, regardless of whether V,, is in ON or OFF. (1),(2)

* If T,; drops below Tj, - T, for longer than 8us after T,; exceeds T,q, the Tjo, detection timer of
which duration is approximately 1ms is reset. (3)

Vi, . Input signal voltage Vam - Alarm signal voltage
I : Collector current

taimeriony - Alarm signal hold time

Tion : IGBT chips over heating protection temperature level

Tiy : Over heating protection hysteresis
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5.7 Control power supply under voltage protection (UV) operation during IGBT chips over heating

protection (T,oy) operation (1)~(3)

the IGBT
chipsurfaceé TiOH == == =gfc e e cc—— e N -
temperature  TjOH-TjH = = = »= -
1 1
i 1 1
T] 1 1
1 1
1 1
1 T
T L]
VUv+VH + I
Vuv + !
1 1 1 |
vee ! Lo :
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 |
1 1 1 1
1 1 1 ]
Ic 1 1 1 ]
1 1 1 ]
1 0 1 ! |
1 1 1 1 1
1 1 1 1 1
1 1 1 1 ]
1 1 1 1 1
High (OFF) ! ! I :
1 1 1 1 |
Vin 1 1 1 [ ]
1 1 1 1 1
1 1 1 1 1
Low (ON) 1 1 1 1 1
T T T T T
In operation ' ! M :
Protected . ' : :
operation ' , ' :
Cancelled i : | |
1 1 i 1 I 1 I 1
1 1 1 1 1 | 1 1
Hi 1 1 1 I 1 1 1 1
igh 1 1 1 1 1 | 1 1
1 1 1 1 1 1 I 1
VALM 1ms ! 1 [ 1ms | ] I 20 ps I
N aiml 1 1 — ——jt— 1
E L L e :
! tALM (TjoH) ! ! tALM (TjoH) ! VtaLm (UV)!
——p ! ———1
1 1 1 1 1 ) 1
(1) (2) (3) (4) (5) 6 (@
*1: taLm (TjoH) is 8 ms, typical. *3: Dead time 1 ms is a typical value.
*2: tam (UV) is 4 ms, typical. *4: Dead time 20 ps is a typical value.

Fig.3-15 T,o, combined protection operation (1)~(3)

* When the IGBT chip surface temperature T,; exceeds Tjo, for 1ms continuously, an alarm signal is
output and the IGBT is turned off softly *1, (1)

* If V¢ drops below V,, before the elapse of ta yrion), the alarm signal output by UV protection is
cancelled because the protection operation of t, yjon) cONtinues. (2)

* The protection operation is reset after the elapse of ta yjon) if Vi, is in OFF-state and T,; drops below

Tion “Tin- 3)

%1 Soft turn off: This means a slower than normal turn-off.

VUV
Vam - Alarm signal voltage
taumuy): Alarm signal hold time

: Under voltage protection level

Vee : Supply voltage of pre-driver
Vi, - Input signal voltage
Ic : Collector current
taumeriony - Alarm signal hold time
Tion . IGBT chips over heating protection temperature level
Ty : Over heating protection hysteresis
MT6M15962a
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5.8 Control power supply under voltage protection (UV) operation after IGBT chips over heating
protection (T,oy) operation ends (4)~(7)

the IGBT
ChipSUMaCE TinH  m e e e e o e e e e e e e e e e S e e e e o g o N\ = = ——————————-
temperature  TioH-TjH — — — 72 === === = = = = = = S mmm e m e e e o e N -
1 1 1
i 1 1 I
T . . [
1 1 1
1 1 1
T T Ll
T 1
+ +
1 L
1 1 1 1 1
vee . . :
1 1 1 1 1
1 1 1 1 I
| i N i
1 1 1 1 1
[} 1 1 1 I
[} 1 1 1 I
Ic 1 1 1 1
1 1 1 I
1 I 1 1 I
1 1 1 1 I
1 1 1 1 1
1 1 1 1 ]
1 1 1 1 1
High (OFF) ! ! I H
1 1 1 1 1
Vin 1 1 1 1 1
| 1 1 1 I
1 1 1 1 1
Low (ON) 1 1 1 1 !
I I 1 1 I
In operation : - . - !
1 1 1
Protected I I 1
operation | | |
Cancelled : : :
| I N i I
—_ 1 1 1 1 1
High 1 1 1 1 1 1
| 1 1 1 I 1
1 1 1 1 1 1
VALNM 1ms | 1 1 1 1 20 us 1
L« 1 1 1 — e 1
*3 1 1 1 1 I *4 1
Low i i 1 1 1 L
' tALM (TjoH) ! ' tALM (TjoH) ! ! taum (UV)
i WUGARD L | L :
1 *| 1 1 1 12 1
(1) (2) (3) (4) (5) 6 ()
*1: tawm (TjoH) is 8 ms, typical. *3: Dead time 1 ms is a typical value.
*2: tawm (UV) is 4 ms, typical. *4: Dead time 20 ps is a typical value.

Fig.3-16 T,o, combined protection operation (4)~(7)

* When the IGBT chip surface temperature T,; exceeds T, for 1ms continuously, an alarm signal is
output and the IGBT is turned off softly *1. (4)

* Similar to (2), the alarm signal output by UV protection is cancelled while the protection operation of
tamcrion) continues. (5)

* The protection operation is reset after the elapse of ta yjon) if Vi, is in OFF-state and T,; drops below
Tion - Tjn- After this, if Vo drops below Vy,, continuously for 20us, UV protection is activated and the
alarm signal is output. (6)

* The protection operation is stopped after the elapse of ty v, if Vi, is in OFF-state and V. exceeds
Vv + Vi (7)

%1 Soft turn off: This means a slower than normal turn-off.

taumeriony - Alarm signal hold time tamuy) - Alarm signal hold time
Tion : IGBT chips over heating protection temperature level
Ty : Over heating protection hysteresis
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5.9 IGBT chip temperature warning output operation

A

Over heating = = - - - & o — o oo Over heating
protection level Tion protection reset level

Warning temperature
eset level

IGBT chips warning
temperature level Ty = ==""_—~="=~-

I
1
1
1
1
High X

Over heating protection
alarm output terminal |
A

1

1

High
Warning signal
output terminal

\ Warning signal output period
i
1

Switching
operation

I
| Stop period

(1) 3) @

Fig.3-17 Chip temperature warning operation

* A chip temperature warning signal is output before the switching operation is stopped by IGBT chips
over heating protection. During this time, the switching operation continues.

* When the IGBT chip surface temperature T,; reaches the IGBT chips warning temperature level T,
the T,; warning signal output terminal voltage changes from V. to OV. During this time, the switching
operation continues. (1)

* When T, falls below T, the T,; warning signal output terminal voltage returns to V. (2)

* Next, if T,; exceeds T,y in the state of (1), an alarm signal is output and the switching operation is

stopped. (3)

Vee @ Supply voltage of pre-driver
Tion :IGBT chips over heating protection temperature level
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