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LENESAS
R2A25110KSP

Intelligent Power Device for IGBT Drive with Micro Isolator

Preliminary Datasheet

1. Description

The R2A25110KSP device is an intelligent power device for IGBT gate-drive in the high voltage inverter
application. The Micro Isolator with the coreless transformer structure is adopted for data transfer with
high voltage isolation between the primary circuit (MCU side) and the secondary circuit (IGBT side).
This device contains IGBT gate drive circuit, Miller clamp circuit, soft turn-off circuit as well as several
types of protection circuits such as IGBT temperature detection. This device also supports driving parallel
IGBTs.

1.1. Features

e On-chip Micro Isolator (isolated circuit)
High voltage isolation: 2500Vrwms
» High Common Mode Rejection (CMR): over 35kV/us
¢ High output gate drive circuit
»  Gate drive output resistance: 1.0 onm max (IGBT parallel connection supported)
»  On-chip active Miller clamp function
»  On-chip soft turn-off function
e Various on-chip protection circuits
» IGBT emitter current detection circuit: 2 channels
Over current detection (threshold voltage: 0.25 V typ.), short circuit detection
(threshold voltage: 0.5 V typ.)
Over current detection function can be enabled/disabled (SEL pin)
» IGBT temperature detection circuit: 2 channels
»  On-chip under voltage lockout circuit
VCC1 (5 V system): 4.1 V typ.
VCC2 (15 V system): 10 V typ.
»  On-chip over temperature protection circuit (200 degC)
» FAULT feedback
Adjustable FAULT hold time with the external capacitor
e Operating temperature: - 40 to 125 degC (junction temperature: 150 degC max)
e On-chip 5V regulator

1.2. Applications

e Main inverters for EV/HEV in automotive applications
e Converters for EV/HEV in automotive applications
e Inverters and converters for industrial instruments, etc.

Note: The information contained in this document is the one that was obtained when the document was
issued, and may be subject to change.
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2. Block Diagram
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Figure 1: Block Diagram
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3. Pin Arrangement

|
|
i

[1] GND2 | N.C. [48]

[2] cst | N.C. [47]
|

[3]cs2 | N.C. [46]

[4 ] vce2 | N.C. [45]
|

[5 ] soFT | GND1 [44]

[6 | GND2 | N.C. [43]
|

[7 ] GND2 | FO_B [42]

[8] cLavp | Fo [47]
|

[9 ] PGND2 | FHT1 [40]

[10] PGND2 | GND1 [39]

Secondgw [71] outL i INA [38] Prlma['y
(IGBT Side) 2] ne. | ng [37] (MCU Side)

|

[13] ouTH | N.C. [36]

[14] Pvce2 | vce [35]
|

[15] TREF | N.C. [34]

[16] cTEMP . TEMPOUT [33]
|

[17] oND2 | N.C. [32]

[18] TEMP1 | N.C. [31]
|

[19] TEMP2 | N.C. [30]

[20] TEMPVL | GND1 [29]
|

[27] SEL | N.C. [28]

Zne ve. [27]
|

[23] VREG | N.C. [26]

[24] oND2 | N.C. [25]
i

Figure 2: SSOP48 (Top View)
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Table 1: Pin List (1/2)

Reference .
PIN No. PIN NAME it PU/PD Functions
1 GND2 - - Secondary GND
2 Cs1 GND2 - Emitter current detection input (chl)
3 CS2 GND2 - Emitter current detection input (ch2)
4 VCC2 GND2 - Secondary power supply input (15 V typ.)
5 SOFT PGND2 - Soft turn-off output
6 GND2 - - Secondary GND
7 GND2 - - Secondary GND
8 CLAMP PGND2 - Active Miller clamp output
9 PGND2 - - Secondary power GND
10 PGND2 — — Secondary power GND
11 OuUTL PGND2 — Low side gate drive output
12 N.C. — — Non Connection
13 OUTH PGND2 - High side gate drive output
14 PvCC2 PGND2 — Secondary power supply input (15 V typ.)
15 TREF GND2 — Constant current setting pin connected to resistor
for IGBT temp detection
16 CTEMP GND2 - IGBT temp detection period setting pin connected
to capacitor
17 GND2 - - Secondary GND
18 TEMP1 GND2 — IGBT temp detection input (chl)
19 TEMP2 GND2 — IGBT temp detection input (ch2)
20 TEMPVL GND2 - IGBT temp voltage detection threshold value
input (lower limit)
21 SEL GND2 PD Selection of over current detection function
(GND2: Enabled, VREG: Disabled)
22 N.C. — — Non Connection
23 VREG GND2 — 5 V regulator output
24 GND2 - - Secondary GND
25 N.C. - - Non Connection
26 N.C. — — Non Connection
27 N.C. — — Non Connection
28 N.C. - - Non Connection
29 GND1 — - Primary GND
30 N.C. — — Non Connection
31 N.C. — — Non Connection
32 N.C. — — Non Connection
33 TEMPOUT GND1 - IGBT temp detection output
34 N.C. — — Non Connection
35 VCC1 GND1 - Primary power supply input (5 V typ.)
36 N.C. — — Non Connection
37 INB GND1 PU Inverted gate drive input
38 INA GND1 PD Non-inverted gate drive input
39 GND1 - - Primary GND
40 FHT1 GND1 - Fault hold time setting pin connected to capacitor
41 FO GND1 PU Non-inverted fault output (H level output at error)
42 FO_B GND1 PU Inverted fault output (L level output at error)
Remark: PD - Pull down resistor / PU- Pull up resistor
N.C. pins in open state is recommended.
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Table 1: Pin List (2/2)

Ref
PIN No. PIN NAME € (:Ence PU/PD Functions
43 N.C. - - Non Connection
44 GND1 - - Primary GND
45 N.C. — — Non Connection
46 N.C. — — Non Connection
47 N.C. - - Non Connection
48 N.C. - - Non Connection
Remark: PD - Pull down resistor / PU- Pull up resistor
N.C. pins in open state is recommended.
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4. Functional Description

4.1 Power Supply

The primary circuit has the power supply pin (VCC1) which supplies 5 V power reference to GND1.

The secondary circuit has two types of power supply pins VCC2 and PVCC2, and two types of GND
pins GND2 and PGND2. VCC2 supplies 15 V power reference to GND2 to the control circuit of the
secondary side, and PVCC2 supplies 15 V power reference to PGND?2 to the gate drive circuit. The IGBT
gate voltage is applied from PVCC2 at the ON state and from PGND2 at the OFF state. VCC2 and
PVCC2 should be externally short-circuited and GND2 and PGND2 should also be externally short-
circuited.

The IC incorporates a 5-V output regulator, and outputs 5 V from the VREG pin. This regulator is
capable of supplying a maximum of 5-mA current to the external circuits, thus being useful for setting the
IGBT temperature detection circuit and other circuits. Even when the 5-V power is not necessary for
external circuits, the 0.022-uF capacitor should be connected to the VREG pin to stabilize the internal
voltage.

4.2 Inverted input/Non-inverted input

The IGBT gate can be turned on or off by either non-inverted logic (active high) input or inverted logic
(active low) input. The IGBT gate is turned on only when the INA= high (H) and INB= low (L) (refer to
table 2).

When the non-inverted logic is used, the input signal should be applied to the INA pin with the INB pin
fixed to the low level.

When the inverted logic is used, the input signal should be applied to the INB pin with the INA pin fixed
to the high level.

The INA and INB pins are internally pulled down and pulled up, respectively. Therefore, the IGBT is
turned off when one of the INA and INB pins are open.

4.3 Gate Driver

The gate driver charges or discharges the IGBT gate pins. Figure 3 shows a block diagram of the
circuit.

To turn on the IGBT, the OUTH pin is short-circuited to the PVCC2 pin via a 1.0 Ohm or smaller
transistor; and the OUTL pin is driven to the high-impedance state.

To turn off the IGBT, the OUTL pin is short-circuited to the PGND2 pin via a 1.0 Ohm or smaller
transistor; and the OUTH pin is driven to the high-impedance state.

Since the high-side gate drive output pin OUTH and the low-side gate drive output pin OUTL are
independent of each other, the slew rates of the rise and fall of the gate voltage can be separately
adjusted using the external resistors (RGH and RGL). The OUTH and OUTL pins should be provided
with individual gate resistors and connected to the IGBT. The external resistor values (RGH and RGL)
should be determined so that the peak current does not exceed the absolute maximum ratings (IOUTH
and IOUTL) while the IGBT is being charged or discharged.

Table 2: 1/0O Truth Table

INA INB OUTH OUTL IGBT State
L X Hi-Z L OFF
X H Hi-Z L OFF
H L H Hi-Z ON

4.4 Active Miller Clamp

The active Miller clamp is the feature to prevent the self-turn-on of the IGBT due to the coupling
capacitance between the IGBT gate and collector. Figure 3 shows a block diagram of the circuit.

The CLAMP pin also serves as the input pin to detect the IGBT gate voltage. If the CLAMP pin voltage
falls below Vciampe (3.0 V typ.) while the input signal to turn off the IGBT is applied to the INA or INB pin,
the IGBT gate is short-circuited to the PGND2 pin with 1.0 Ohm or lower.

With the CLAMP pin, the gate can be connected to the PGND2 pin with the lower impedance than the
OUTL pin to which the gate resistor (RGL) is connected. Therefore, self-turn-on of the IGBT can be
prevented more effectively, compared to the case in which only the OUTL pin is used to ground the gate.

The active Miller clamp not only works at normal turn-off operation of the IGBT as shown in the timing
chart in figure 12 but also works at soft turn-off operation as shown in figures 13 to 17.
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Gate driver
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Figure 3: Gate Driver and Active Miller Clamp Circuit

4.5 Soft Turn-off

The soft turn-off is the feature to lower the gate voltage of the IGBT gradually and turn it off when any
of the following abnormal states is detected on the secondary circuit: low voltage, over current, short
circuit, over temperature (IGBT and IC), TEMP1 or TEMP2 open, and timeout (communication error).
Figure 4 shows a block diagram of the soft turn-off circuit.

If a fault such as over current occurs and the IGBT is turned off immediately, the IGBT may be
destroyed due to the excessive voltage applied between the collector and emitter of the IGBT. To prevent
this, the IGBT gate is discharged slowly using the soft turn-off pin instead of using a high current gate
driver or active Miller clamp. The turn-off time can be adjusted by the resistor (RSOFT) connected between
the SOFT pin and the IGBT gate pin.

vee2 i
‘? I
Cc
>
, K IGBT
Gate driver
—_— > + E
Active Miller clamp
.‘_
E
£ .
& SOFT =
g o m————— ' | (PGND2)
S Normal -> Low | ! |_5_|
Fault -> High | !
[ i
| i
e
: = |
{ PGND2 !
- Soft turn-off circuit |
GND2
Figure 4: Soft Turn-off Circuit
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4.6 Abnormal State Detection

This product can detect various abnormal states (faults) and externally output the associated fault
signals. The following types of abnormal states can be detected:
1. IGBT over current and short circuit
2. |IGBT over temperature and temperature sense diode open
3. Low voltage (UVLO)
4. Timeout
5. Over temperature of the product (TSD)
Sections 4.6.1 to 4.6.6 describe the above functions.

4.6.1 IGBT Over Current and Load Short Circuit Detection

This feature turns off the output from the gate driver if the over current or short-circuit current in the IGBT
is detected. Figure 5 shows a block diagram of the circuit. Since two CS pins (CS1 and CS2) are provided,
it is possible to separately detect the emitter current of the two IGBTs connected in parallel.
By applying the pin voltage of the shunt resistor connected to the IGBT emitter pin to the CS1 or CS2
pin, it is possible to detect whether the IGBT emitter is in the over current state or load short circuit state.
The over current detection threshold can be set through the shunt resistor value.
The IGBT is soft turned-off if the voltage applied to the CS1 or CS2 pin rises beyond the threshold
voltage* when the IGBT is in the on-state. At this time, the high level is output to the FO pin and the low
level is output to the FO_B pin of the primary circuit.

*Qver current detection voltage (Voc): 0.25 V typ.; filtering time 1 us typ.

* Short circuit current detection voltage (Vsc): 0.5 V typ.

The over current detection function is enabled when the SEL pin is open or connected to the GND2

pin; to disable the function, connect the SEL pin to the VREG pin (5 V typ.).

Short circuit current GND2
detection (SC) cs1

£

— Vvsc(0.5v)

Low: Normal F:illter :F
High' Fault v — voc(o.25v)

Over current detection

Figure 5: Over Current and Short Circuit Current Detection Circuit

4.6.2 IGBT Temperature Detection

Figure 6 shows the IGBT temperature detection circuit. This circuit outputs the constant current (Iltemp
= 4/Rtrer) from the TEMP pin to the temperature sense diode incorporated in the IGBT. The forward
voltage of the temperature sense diode (IGBT chip temperature voltage) is input to the IGBT temperature
detection circuit via the TEMP pin, converted to the PWM signal having the duty cycle proportional to the
voltage, and finally output from the TEMPOUT pin via the Micro Isolator.

Since two TEMP pins (TEMP1 and TEMP2) are provided, it is possible to separately monitor the
temperature of the two IGBTs connected in parallel. In this case, the lower TEMP pin voltage (the higher
IGBT chip temperature) of the two is selected and output.

When the temperature of only one IGBT is to be monitored, connect the TEMP1 and TEMP2 pins in
parallel. In this case, the sum of the TEMP1 and TEMP2 pin current flows in the IGBT temperature sense
diode connected to the TEMP pins. Therefore, appropriately adjust the current value using the external
RTREF.

The CTEMP pin is used to set the frequency of the PWM signal output from the TEMPOUT pin.
Connect the capacitor Ctemp to the CTEMP pin. The frequency of the PWM signal frempour can be
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determined by the equation shown in figure 7.

Figure 8 shows the relationship between the temperature sense voltage input to the TEMP pin and the
duty cycle of the PWM signal output from the TEMPOUT pin. Based on the VL and VH determined by
the equation below, the duty cycle linearly changes from 10% to 90% when the TEMP pin voltage is in a
range from VL to VH. When the TEMP pin voltage is lower than VL, the duty cycle is limited to 10% and
when the TEMP pin voltage is higher than VH, the duty cycle is limited to 90%.

VL = 0.1xVrempvh + 0.9%V1eMPVL
Vi = 0.9%V1empvH + 0.1%V1EMPVYVL
(VTEMPVH = 3.8 V; VTEMPVL is set using the TEMPVL pin.)
The TEMPOUT pin output is fixed to the low level (GND1) if the voltage for under-voltage lock out

(VCC1, VCC2) is detected.
%RTREF
(0.4v)

TREF =
1

5|
VREG [ VRE:d_I
ZF (5.0v)

5V 23
VREG L
VTEMPVH=3.8V
—>$ ITEMP = 4.0/RTREF
GND2

(TEMP) - TEMP1

Duty

«———] Limitation
(10%/90%)

VTEMPVH=3.8V o mope. TEMPVL
0|

(VTEMPVL)

(VTEmpwL) £ NM___\.

Charge CTEMP
—>

Oscillator

P> m—

Discharge

Cremp

L
GND2

Figure 6: IGBT Temperature Detection Circuit
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<:TEMP

Figure 7: CTEMP-TEMPOUT Frequency Figure 8: Relation between TEMP1 and TEMP2 Voltages
and PWM Output Duty Cycle

4.6.3 IGBT Over Temperature Detection and Detection of Temperature Sense Diode Open

This feature turns off the IGBT if over temperature of the IGBT is detected. This feature is included in
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the IGBT temperature detection circuit shown in figure 6.

If the TEMP1 or TEMP2 pin voltage falls below the over temperature detection threshold (Vor= V1empyvL
- 0.1V typ.), the IGBT is soft turned off. At this time, the high level is output to the FO pin and the low
level is output to the FO_B pin of the primary circuit.

In addition, if the TEMP1 or TEMP2 pin voltage rises beyond the open detection threshold (Vop = 4.25
V typ.), the temperature sense diode is determined to be open. At this time, the IGBT is soft turned off
and the high level is output to the FO pin and the low level is output to the FO_B pin of the primary circuit.

4.6.4 Under Voltage Lock Out (UVLO) Circuit

This feature turns off the IGBT to prevent the damage on the IGBT due to malfunctioning of the IC
when the supply voltage goes low.

The primary circuit is equipped with a UVLO that detects a voltage drop of VCC1, and the UVLO turns
off the IGBT (this is a normal turn-off operation different from a soft turn-off) when the VCC1 voltage
drops below 4.1 V. At this time, the high level is output to the FO pin and the low level is output to the
FO_B pin of the primary circuit.

The secondary circuit is equipped with a UVLO that detects the voltage drop of VCC2 and a UVLO
that detects the voltage drop of VREG (output from 5 V regulator). The IGBT is soft turned off if the VCC2
voltage drops below 10 V or the VREG voltage drops below 4.1 V. At this time, the high level is output to
the FO pin and the low level is output to the FO_B pin of the primary circuit.

4.6.5 Timeout Detection

The timeout detection is a feature that outputs a fault status when the data transfer via Micro Isolator
is not correctly performed.

For example, a timeout is detected at the secondary circuit when a signal transferred from the primary
circuit to the secondary circuit via Micro Isolator is not detected in a certain period of time. The IGBT is
soft turned off if a timeout is detected at the secondary circuit. At this time, the high level is output to the
FO pin and the low level is output to the FO_B pin of the primary circuit.

Also, a timeout is detected at the primary circuit when a signal transferred from the secondary circuit
to the primary circuit via Micro Isolator is not detected in a certain period of time. When a timeout is
detected at the primary circuit, the high level is output to the FO pin and the low level is output to the
FO_B pin of the primary circuit. The IGBT is not forcibly turned off in this condition.

4.6.6 Internal Over Temperature Detection (TSD)

This feature turns off the IGBT to prevent the damage on the IGBT due to malfunctioning of the IC
when an extraordinary over heat (200 degC) is detected in the IC (thermal shut down: TSD). The
operation is resumed when the IC temperature is decreased by the TSD hysteresis temperature (30
degC).

Temperature sense diodes are placed at the three positions that tend to be heated in the IC (near the
OUTH, OUTL and CLAMP pins). The IGBT is soft turned off if the temperature of the driver transistor in
the IC exceeds a threshold value due to the over load or the increased ambient temperature. At this time,
the high level is output to the FO pin and the low level is output to the FO_B pin of the primary circuit.

In addition, another temperature sense diode is placed near the VREG pin. Output from the 5 V
regulator is stopped when the temperature of the 5 V regulator exceeds a threshold value due to the over
load on the VREG pin (5 V output) or the increased ambient temperature. A temperature sense signal
from the 5 V regulator does not directly soft turn off the IGBT or output a fault signal to the primary circuit.
However, when the regulator stops and the VREG voltage drops to 4.1 V or less, the under voltage lock
out circuit starts operation and soft turns off the IGBT. At this time, the high level is output to the FO pin
and the low level is output to the FO_B pin of the primary circuit.

4.7 Fault Signal Output Hold

This feature holds a fault signal output in a certain period of time when any of the following abnormal
states is detected on the secondary circuit: under voltage, over current/short circuit, over temperature
(IGBT over temperature, IC internal over temperature), TEMP1 and TEMP2 pin open, or timeout. Figure
9 is a fault signal output circuit. Figure 10 is a fault signal output hold time setting circuit.

While a fault signal output is held, the high level and the low level are output from the non-inverted
fault output pin (FO) and the inverted fault output pin (FO_B) on the primary circuit, respectively, and the
IGBT is forcibly turned off. The IGBT cannot be turned on again until the end of the fault signal output
hold time.

The time for which a fault signal output is held can be set by the capacitor Cr1t1 cOnnected to the FHT1
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pin. Table 3 shows the relationship between the hold time of a fault signal output on the primary circuit
(MCU side) and the hold time of a soft turn-off output on the secondary circuit (IGBT side).
Table 11 shows the relationship between the capacitance of Crrr1 and the fault signal hold time teqt.
In addition, since the secondary circuit includes a 100 us timer, the fault signal output hold time trur is
100 us when the value of Crnt1 is smaller than 100 us. Refer to table 4 for the conditions needed to reset
a fault signal output after the detection of an abnormal state.

veer |
35

i

100k

R

FO

I_

{LwoaGic)

* Fault signal

Low: Normal
High: Fault

GND1 ON: Normal state or state after a fault is reset
OFF: State in which a fault is held

Note: Output from the FO_B pin (35) is the
inverted logic of the FO pin (34).

Figure 9: Fault Signal Output Circuit

Fault occurs

VCC1
Fault signal
Low: Normal
4.5u # High: Fault
FHT1]
40 :|_- Fault imer
2.0V

Fault reset

|
trems

Crum1 = OQ
L
GND1

GND1

— \ " ON: Normal state or state after a fault is reset
OFF: State in which a fault is held

Figure 10: Fault Signal Output Hold Time Setting Circuit

Table 3: Fault Signal Output Hold Time (trut)

Hold time for fault signal output and IGBT soft turn-
off

Without CFHT1

With CFHT1

MCU-side
fault signal
output hold
time (FO &
FO_B)

Greater value of
tFHT1 or 100 us

100us

IGBT-side
soft turn-off
hold time

100us 100us

Values are typical

Note: trut1 is fixed to 100 us when trHt1=100us.
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Table 4: Abnormal State Detecting Conditions and Fault Signal Output Hold Resetting Conditions

Out Pins | Fault “SET” conditions Fault “RESET” conditions

At least one of the following conditions occurs All the following conditions are satisfied
* Over Current: CS1/2 > 0.25V (When IGBT=0N) | < All the fault “SET” conditions cleared
« Short Circuit: CS1/2 > 0.5V (When IGBT=0N) » 100us (typ.) elapsed since fault occurred

« TEMP1/2 < VTEMPVL-0.1V * teyr1 €lapsed since fault occurred
FO * TEMP1/2 > 4.25V * INA=L or INB=H
FO B «VCC2 <10V « Signal from IGBT-side detected
- * VREG < 4.1V

* Driver temperature > 200°C

* No signal from MCU-side to IGBT-side
* No signal from IGBT-side to MCU-side
*VCCl1l<4.1V

Note: All of the values in the table are typical.

Table 5 shows a list of abnormal states and the operations when those abnormal states are detected.
If an abnormal state detection signal is instantaneously kept shorter than the filtering time, it is ignored
as a noise.

Table 5: List of Abnormal States (When SEL Pin Input Level is Low (= GND2))

IGBT-Side Fault MCU-Side Fault
Normal Over
Condition |  Short Current IGBT | TEMP1/2| VCC2 VREG Timeout TSD veel Timeout
Circuit Pver Temp] Open UVLO UVLO UVLO
Note)
" -
E M(l):r:rl]tor CS1/2 TEMP1/2 VCC2 VREG Internal Internal VCC1 Internal
._‘§
g| Fault ; >05V | >025v |SVTEMPVLCL 405 | <10v | <4.1v |NosSignal| >200°C | <4.1v |No Signal
s|  Criteria 0.1
Q|
£ Filter Time - None lus 10us 10us 25us 2us 20us 2us 2us 20us
FO
MCU-Side L H H H H H H H H H H
Output
2| FOB
8| Mcu-side H L L L L L L L L L L
p=}
o Output
IGBT-Side IGBT IGBT Soft | IGBT Soft | IGBT Soft | IGBT Soft | IGBT Soft | IGBT Soft | IGBT Soft | IGBT Soft |IGBT Turn B
Operation on/ Off | Turn Off | Turn Off | Turn Off | Turn Off | Turn Off | Turn Off | Turn Off | Turn Off Off

-: Not related Values are typical

Note: When the SEL pin input level is high (= VREG), the IGBT over current detection function is disabled
(4.6.1).
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PRELIMINARY DATASHEET

R2A25110KSP Intelligent Power Device for IGBT drive with Micro Isolator

Table 6: 1/0 Truth Table
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R2A25110KSP Intelligent Power Device for IGBT drive with Micro Isolator

PRELIMINARY DATASHEET

5. Electrical Characteristics

5.1 Absolute Maximum Ratings

Ta =-40to 125 degC, PGND2 = GND2=0V, PVCC2 = VCC2, unless otherwise specified.

No. Symbol Parameter Pin, Conditions Values Units
Min. Typ. Max.
A1l Viso1 Maximum Isolation (t=60sec) 2500 - - Vrus
A2 Visoz Maximum Isolation (t=1sec) 3000 - - Vrus
A3 Visos Maximum Isolation DC 650 \Y
A4 Vemr Common Mode Rejection 35 - - KV/us
A5 Veet Positive Power Supply MCU-side | VCC1 -0.3 - 6.5 \%
A6 Veca Positive Power Supply IGBT-side | VCC2, PVCC2 -0.3 - 40 \%
A7 Vour2 | Gate Driver Output Voltage OUTH, OUTL, CLAMP, SOFT -0.3 - Vec+0.3 \Y
A8 loum Gate Driver High-Side Peak OUTH 10 i 0 A
Current fiso=10kHz, t=1us
A9 lour. Gate Driver Low-Side Peak OUTL, CLAMP 0 i 10 A
Current fiso=10kHz, t=1us
A10 IsorT Soft Turn Off Peak Current SOFT 0 - 1.0 A
A1 Vres Regulator Output Voltage VREG -0.3 - 6.5 \%
A12 Irec Regulator Output Current VREG -10 - 0 mA
A13 Vocp Overcurrent Sense Input Voltage CS1, CS2 -0.3 - Veeet0.3 \%
Al14 Vinz IGBT-Side Input Voltage TEMP1, TEMP2, -0.3 - Vgree+0.3 \Y
TEMPVL, TREF, CTEMP
A15 Ving MCU-Side Input Pin Voltage INA, INB -0.3 - Vcer+0.3 \Y
A16 Vour1 Fault Output Voltage FO,FO_B -0.3 - Vcer+0.3 \%
A17 Vrour | Temp Monitor Output Voltage TEMPOUT -0.3 - Vcer+0.3 \%
A18 Veur \l\//IOCIt:J;Me Fault Hold Timer Input EHTA 03 ) Veert0.3 Vv
FO, FO_B -1 - 1 kv
A19 VEesp1 ESD Capability (HBM) —
Other Pins -2 - 2 kV
A20 Vespz | ESD Capability (MM) All Pins -200 - 200 \Y
A21 | Vesps | ESD Capability (CDM) AllPins_ 500 - 500 v
Corner Pins -750 - 750
A22 Py Power Dissipation Rj-a=83.3°C/W Note1 - - 0.30 w
A23 Ta Ambient Temperature - -40 - 125 °C
A24 Ty Junction Temperature - -40 - 150 °C
A25 Tste Storage Temperature - -565 - 150 °C

Current flowing directions are:
Plus (+) or none: from outside to IC, Minus (-): from IC to outside

Notel : Mounted on FR4 board. IC stand alone. JEDEC compliant

5.2 Recommended Operating Conditions

PGND2 = GND2 =0V, PVCC2 = VCC2, unless otherwise specified.

No. Symbol Parameter Pin, Conditions - Values Units
Min. Typ. Max.
B1 Veer Positive Power Supply MCU-side Pin: VCCA1 4.5 5.0 5.5 \%
B2 Veez Positive Power Supply IGBT-side Pin: VCC2, PVCC2 12.5 15 21.5 \%
B3 Vreweve k| TEMPVL Input Voltage Range Pin: TEMPVL 0.5 - 2.4 \%
B4 fiso Signal Frequency Pin: INA, INB - 15 100 kHz
B5 tin Minimum Input Pulse Width Pin: INA, INB - 20 - ns
B6 frempout TEMPOUT Output Frequency Pin: TEMPOUT 1 - 10 kHz
B7 Ta Ambient Temperature - -40 - 125 °C
Rev.5.2E R33DS0010EJ0520 Page 14 of 38
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R2A25110KSP Intelligent Power Device for IGBT drive with Micro Isolator

PRELIMINARY DATASHEET

5.3. Power Supply

Ta =-40to 125 degC, GND1 = GND2 = PGND2 =0V, VCC1=4.5t05.5V, VCC2 = PVCC2 = 12.5t0 21.5 V, unless otherwise

specified.
Values Unit
No. Symbol Parameter Pin, Conditions Note
Min. Typ. Max. s
VCC1 Qui t Suppl in:
V1 lecra uiescent supply | Pin: VCC1 ) 3.1 5.5 mA
Current INA, INB=GND1 or VCC1
VCC1 Operation Suppl in:
V2 lcct_1sk perat UPPY | Pin: VCC1 - 3.5 6.0 mA
Current INA=15kHz, INB=GND1
VCC2 Qui t Suppl in:
V3 leczo Quiescent Supply | Pin: VCC2 i 6.3 9.0 A
Current INA, INB=GND1 or VCC1
VCC2 Operation Supply | Pin: VCC2, INA=15kHz,
V4 | - 6.8 12.0 A
ce21% | Current INB=GND1, No Load m
Pin: -40°C~125°C 47 5.0 53
V5 Ve VREG Output Voltage VREG, \Y
Irec=0mA 25°C 4.8 5.0 5.2
V6 VRea2 VREG Output Voltage Pin: VREG, Irec=-5mA 4.7 5.0 5.3 \%

Current flowing directions are:
Plus (+) or none: from outside to IC, Minus (-): from IC to outside

5.4. Logic Input/Output

Ta =-40to 125 degC, GND1 = GND2 =PGND2 =0V, VCC1=4.5t0 5.5V, VCC2 = PVCC2 = 12.5 to 21.5 V, unless otherwise

specified.
Values
No. Symbol Parameter Pin, Conditions Units | Note
Min. Typ. Max.
L1 Vine Low Level Input Voltage  |Pin: INA, INB - 0.3 x Ve \Y
L2 VNH High Level Input Voltage [Pin: INA, INB 0.7 x Ve - - \Y
L3 VINHYS Input Hysteresis Pin: |NA, INB - 0.12 x Vcc1 - \Y
L4 Rina INA Pull-down Resistance |Pin: INA, 50 100 200 kQ
L5 Ring INB Pull-up Resistance Pin: INB, 50 100 200 kQ
FO/FOB Low Level Output
L6 RoL ro ) P Pin: FO, FO_B, lo=2mA - 20 100 Q
- Resistance
FO/FOB High Level Output
L7 | Romro - igh Level DUl o FO,FO_B, lo= -10UA 50 100 250 kQ
- Resistance
L8 | lorrro |Off Leak Current Pin: FO, FO_B A ; 1 uA
- FO=FO_B=VCC1

Current flowing directions are:
Plus (+) or none: from outside to IC, Minus (-): from IC to outside
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R2A25110KSP Intelligent Power Device for IGBT drive with Micro Isolator PRELIMINARY DATASHEET

5.5. Gate Driver

Ta =-40to 125 degC, GND1 = GND2 = PGND2 =0V, VCC1=4.5t0 5.5V, VCC2 = PVCC2 = 12,5 t0 21.5 V, unless otherwise
specified.

Values
No. Symbol Parameter Pin, Conditions Units Note
Min. Typ. Max.

OUTH High Level Output in:

D1 Ro_outH . 'gh LevelDuiput | Pin: OUTH, - 0.5 1.0 Q

- Resistance lo=-100mA

OUTH Low Level Leak Pin: OUTH

D2 | ’ -10 - - A

OLOUT 1 Current OUTH=PGND2 !

OUTL Low Level Output in:

D3 Ro_outt . wHev utpu Pin: OUTL, - 0.5 1.0 Q
Resistance 1o=100mA
OUTL High Level Leak Pin: OUTL

D4 | ’ - - 10 uA

OOUTL 1 Current OUTL=PVCC2

INA High to OUTH 10% in:

D5 foun ig .o o Pin: INA, OUTH, 30 70 140 ns
Propagation Delay Ren=5.1Q, Re=5.1Q
INA Low to OUTL 90% in:

D6 ton ) ° | Pin:INA, OUTL, 30 70 140 ns
Propagation Delay Ren=5.1Q, Re=5.1Q

Current flowing directions are:
Plus (+) or none: from outside to IC, Minus (-): from IC to outside

5.6. Active Miller Clamp

Ta =-40to 125 degC, GND1 = GND2 = PGND2 =0V, VCC1 =4.5t0 5.5V, VCC2 = PVCC2 = 12.5t0 21.5 V, unless otherwise
specified.

Values
No. Symbol Parameter Pin, Conditions Units | Note
Min. Typ. Max.

CLAMP Low Level in:

M1 Ro_cLavp ) Pin: CLAMP, - 0.5 1.0 Q

- Output Resistance lo=100mA
M2 | CLAMP High Level Leak | Pin: CLAMP, 10 UA
ORCAYP T Current CLAMP=PVCC2

M3 Vciawe | CLAMP Trip Voltage Pin: CLAMP 2.7 3.0 3.3 \Y
Active Mirror Clam

Mé | torawe ve Mirror Llamp Pin: CLAMP 20 70 140 ns
Delay Time

Current flowing directions are:
Plus (+) or none: from outside to IC, Minus (-): from IC to outside

5.7. Soft Turn-off

Ta=-401t0 125 degC, GND1 = GND2 = PGND2 =0V, VCC1=4.5t0 5.5V, VCC2 = PVCC2 =12.5t0 21.5 V, unless otherwise
specified.

Values
No. Symbol Parameter Pin, Conditions Units | Note
Min. Typ. Max.
SOFT Low Level Output in:
S1 Ro SOFT . owreve upu Pin: SOFT’ - 3.5 8.5 Q
- Resistance lo=0.1A
SOFT High Level Leak Pin: SOFT.
S2 | ’ - - 3 uA
ORSOFT | Current SOFT=PVCC2
Current flowing directions are:
Plus (+) or none: from outside to IC, Minus (-): from IC to outside
Rev.5.2E R33DS0010EJ0520 Page 16 of 38
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R2A25110KSP Intelligent Power Device for IGBT drive with Micro Isolator PRELIMINARY DATASHEET

5.8. UVLO

Ta =-40to 125 degC, GND1 = GND2 =PGND2 =0V, VCC1=4.5t0 5.5V, VCC2 = PVCC2 = 12.5t0 21.5 V, unless otherwise
specified.

Values
No. Symbol Parameter Pin, Conditions - Units | Note
Min. Typ. Max.
VCC1 UVLO Tri
u1 Vuvio_veert CC1UVLO Trip Pin: VCCA1 3.8 4.1 4.4 \
- Voltage
VCC1 UVLO R
U2 VuvLo vecir ecovery Pin: VCC1 3.9 4.2 4.5 \Y
- Voltage
VCC1 UVLO
U3 | Vuvio_vcctn ) Pin: VCC1 - 0.1 - \Y,
- Hysteresis
VCC2 UVLO Tri
u7 Vuvio_veear P Pin: VCC2 9 10 11 \
- Voltage
VCC2 UVLO Recove
U8 | Vuwo vocar Ve | Pin: vec2 10 11 12 v
- Voltage
VCC2 UVLO .
U9 | Vuvio_veean ) Pin: VCC2 - 1.0 - Y,
- Hysteresis
VREG UVLO Trip )
U13 VUVLO VREGT Pin: VREG 3.8 4.1 4.4 \Y
- Voltage
VREG UVLO )
U14 | Vuvio vrecr Pin: VREG 3.9 4.2 4.5 \Y
Recovery Voltage
VREG UVLO
U15 | Vuvio vrecH . Pin: VREG - 0.1 - \Y
Hysteresis
Current flowing directions are:
Plus (+) or none: from outside to IC, Minus (-): from IC to outside
Note
1. Guaranteed by design and not subject to production testing.
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R2A25110KSP Intelligent Power Device for IGBT drive with Micro Isolator

PRELIMINARY DATASHEET

5.9. Over Current (OC) Detection/Short Circuit (SC) Detection

Ta =-40to 125 degC, GND1 = GND2 = PGND2 =0V, VCC1=4.5t05.5V, VCC2 = PVCC2 = 12.5t0 21.5 V, unless otherwise

specified.
Values
No. Symbol Parameter Pin, Conditions Units Note
Min. Typ. Max.
o1 | CS Low Level Input Pin: CS1, CS2 1 _ - uA
oSt Current CS1, CS2=GND2
c2 | CS High Level Input Pin: CS1, CS2 } } 1 uA
esn Current CS1, CS2=VREG
Pin: CS1, CS2
C3 Voc OC Threshold Voltage 0.22 0.25 0.28 \Y
SEL=GND2
ca ¢ OC Sense to 90% Pin: CS1, CS2, OUTH, ) 12 24 us
OCOU™ | OUTH Delay SEL=GND2, R.=1kQ ' '
s ) OC Sense to 90% Pin: CS1, CS2, SOFT, . 12 24 us
OCSOFT | SOFT Delay SEL=GND2, Rsorr=1kQ ' '
OC Sense to 10% Pin: CS1,CS2, FO B
C6 toc. P Re T - 1.2 2.4 s
°¢FO2 | FO_B Delay SEL=GND2, Rro=3kQ !
Pin: CS1, CS2
Cc7 Vsc SC Threshold Voltage 0.44 0.5 0.56 \%
SEL=VREG
c8 ¢ SC Sense to 90% Pin: CS1, CS2, OUTH, _ 100 400 ns
SEOU™M | OUTH Delay SEL=VREG, R.=1kQ
SC Sense to 90% Pin: CS1, CS2, SOFT,
C9 tsc. e ’ - 100 400 ns
SCSOFT | SOFT Delay SEL=VREG, Rsorr=1kQ
SC Sense to 10% Pin: CS1, CS2, FO_B
c10 tsc. P Re TS, - 100 400 ns
SCFO8 | FO_B Delay SEL=VREG, Rro=3kQ
Cll | Ree gg;g;lrll-cdeown Pin: SEL 50 100 200 kQ
Low Level Input .
C12 VINL_SEL Voltage at SEL Pin: SEL - 0.3 x VREG \Y
High Level Input .
C13 VINH_SEL Voltage at SEL Pin: SEL 0.7 X Vgeg - \%

Current flowing directions are:
Plus (+) or none: from outside to IC, Minus (-): from IC to outside

Note
1.

Guaranteed by design and not subject to production testing.
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R2A25110KSP Intelligent Power Device for IGBT drive with Micro Isolator

PRELIMINARY DATASHEET

5.10. Temperature Monitor

Ta =-40to 125 degC, GND1 = GND2 = PGND2 =0V, VCC1=4.5t05.5V, VCC2 = PVCC2 = 12.5 to 21.5 V, unless otherwise

specified.
Values
No. Symbol Parameter Pin, Conditions Units | Note
Min. Typ. Max.
TREF Output in:
T1 Virer vy Pin: TREF 0.36 0.40 044 | V
Voltage lTReF= -100uA
IGBT Temperature
T2 V1eEMPVH Monitor ngh Limit (|C internal) 3.50 3.80 4.10 \Y% 1
Input Voltage
Pin:
TEMP1, Itrer= -10UA -107 -100 -93 uA
T3 lewe | TEMP Bias Current | TEMP2
Viewp1=3.0V | Itrer= -100uA -1070 -1000 -930 uA
V1emp2=3.0V
TEMP=1.16V 13 20 27 %
-40°C~125°C 43 50 57 %
T4 Dout PWM On Duty Pin: TEMP=2.15V
N o, 0,
TEMPOUT 25°C 45 50 55 %
TEMP=3.14V 73 80 87 %
WM b TEMPVL
T5 Dour_uL OI.'] ) uty =0.5v TEMP>3.6V 83 90 97 %
- Upper Limit
T6 | Douru |~ WMOnDuty TEMP<0.7V 3 10 17 %
- Lower Limit
TEMPVL Input
T7 ITEMPVL P Pin: TEMPVL -1.0 - 1.0 uA
Current
TEMPOUT Output Pin: TEMPOUT
T8 Frempout E P TEMPVL=0.5V 1 2 4 kHz
requency CTEMP=4.7nF
Low Level Output 0.20
T9 | Voo W Level Dulpu Pin: TEMPOUT, lo=1mA - - 1 v
- Voltage Veet
High Level Output 0.80
TI0 | Vonro | 90 -EVEIRUIPUL i TEMPOUT, 1o=-1mA X ; ; v
- Voltage Veer
OT Detect Threshold in:
T Vor Pin: TEMP1, TEMP2, 0.36 0.4 044 | Vv
Voltage TEMPVL=0.5V
OPEN Detect )
T12 Vop Pin: TEMP1, TEMP2 3.85 4.25 4.65 \%
Threshold Voltage
OT Sense to 90% Pin: TEMP1, TEMP2, OUTH
T13 tor ' ’ ’ ’ 5 10 20
OTOU™ | OUTH Delay R=1KQ us
OT Sense to 90% Pin: TEMP1, TEMP2, SOFT,
T14 tor- ’ ’ ’ ’ 5 10 20
OTSOFT | SOFT Delay Rsorr=1kQ us
OTS to 10 in:
T15 torro ense to % Pin: TEMP1, TEMP2, FO, 5 10 20 us
FO Delay Rro=3kQ
OPEN Sense to 90% in:
T16 | topoum ° | Pin: TEMP1, TEMP2, OUTH, 5 10 20 Us
OUTH Delay Ri=1kQ
OPEN Sense to 90% | pin: TEMP1, TEMP2, SOFT,
T17 top- ' ’ ’ ’ 5 10 20
OPSOFT | SOFT Delay Rsorr=1kQ us
OPEN Sense to 10% | pin: TEMP1, TEMP2, FO
T18 top- ’ ’ e 5 10 20
OPFo FO Delay Rro=3kQ us

Current flowing directions are:
Plus (+) or none: from outside to IC, Minus (-): from IC to outside

Note

1. Guaranteed by design and not subject to production testing.
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R2A25110KSP Intelligent Power Device for IGBT drive with Micro Isolator PRELIMINARY DATASHEET

5.11. Fault Signal Output Hold Timer

Ta =-40to 125 degC, GND1 = GND2 = PGND2 =0V, VCC1=4.5t0 5.5V, VCC2 = PVCC2 = 12.5t0 21.5 V, unless otherwise
specified.

Values
No. Symbol Parameter Pin, Conditions Units Note
Min. Typ. Max.
Fault Hold Ti
F1 Ve autt riod fimer Pin: FHT1 1.75 2 2.35 v
Threshold Voltage
Fault Hold Timer Pin: FHT1
F2 | ’ -6 -4.5 -2.5 A
cre_FHT Charge Current FHT1=1V v
Fault Hold Timer Pin: FHT1
F3 | ’ 1.0 3.6 - mA
psere.FHT Discharge Current FHT1=1V
F4 tro | Fault Hold Time 0 Pin: FO, FO_B,SOFT 50 100 200 us
Rro=3KQ, Ceur1=0
F5 tr | Fault Hold Time 1 Pin: FO, FO_B 15 21 45 ms
RFO=3kQ, CFHT1=0.047UF
Current flowing directions are:
Plus (+) or none: from outside to IC, Minus (-): from IC to outside
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R2A25110KSP Intelligent Power Device for IGBT drive with Micro Isolator PRELIMINARY DATASHEET

6. Timing Chart
6.1 Normal Gate Drive Output

INA ‘
|

INB

QUTL

cue [

OFF

SOFT | OFF

PVCC2 (15V) —————————

teLamp

S
FEI -

IGBT Gate :
- Verawe (3.0V)
------ PGND2 (0V)
CS1, CS2
—————————————————————————————————————— Voc
GND2 (OV)---=
Figure 12: Normal IGBT ON and OFF Operation
6.2 Gate Drive Output at Detection of Abnormal State
INA-INB
Error Sense ___________________________________ Error Threshold .
Internal i '
error signal - l:g:let:[rtalrglz .
bocoutH —h
OUTL | I OFF ON OFF
CLAMP | I OFF ON OFF
SOFT | OFF ! |
tx-soFT E

IGBT Gate !

FO txfooi4—b

FHT1 :

Figure 13: Operation When an Abnormal State is detected with IGBT being ON (Fault Signal Output
Cleared by FHT1 Hold Time)
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INA-INB

Error Sense ---------------- . ErrorThreshod
Internal | I
error signal > l:gi}eerTwZ .
OUTH | OFF
ouTL ' o pe
CLAMP I ON OFF

e N
tysorT ¢ d

teuto PVCC2---

IGBT Gate

VEHT1

//”’,\' Tt ooV

trHT i

FHT1

<

1
1
1
1
1
1
1
1
1
1
|
|
1
1
|
T
1
*
1
1

FO tocro 'ﬂ—>|

Figure 14: Operation When an Abnormal State is detected with IGBT being OFF (Fault Signal Output
Cleared by FHT1 Hold Time)
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INA-INB W

\ are locked

Error Threshold 'while INATNB=H
Error Sense --------mmmmemel oo\ EmMorThreshold ________. i
Internal ! e ' i
error signal -» %\ |
txx-ouTH 1 i
OUTL | | OFF BN o
CLAMP | I OFF . orF
sorr[  or | INDNNONN | o |
tocsorT e : — !
A — PVCG2 FHTO : :
| tCLAMPE i
IGBT Gate ! . .
: Verave (3.0V)-== !
: PGND2- -~~~ ;
i : ___Venn
FHT1 : //_’_—R 2.0V
. tFHT1 J

FO txfoold—b|

Figure 15: Fault Signal Output Cleared by Edge of INA INB

INA-INB

|
1 Fault hold by
trrHme |_Eerror sense

Pl 3.
<+ »

Error Threshold
Frror Sense : Fault not cleared \?\
: while error oceurs
Internal ! '
error signal - g!t:tha'r&Z . |
Exx-0UTH [ i
OUTL | | oFF
CLAMP | OFF
SOFT | OFF ! OFF |
toxsoFTie, i i
i : :
IGBT Gate ! i i
H 1
: PGND2- -~ :
i e ; __VEur
FHTA I 2.0V

FO toro :«—»{

Figure 16: Fault Signal Output Cleared by Falling of Error Input Signal
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INA-INB

Error Sense ______ E _IT_O: :n'll’_E?l’lO_'Ci ___________________________________________________________________
Internal i —
error signal -+ I: Eiter time _
txx-ouTH
OUTL | i OFF ON OFF
CLAMP | OFF i ON OFF
oo NI o |
: — E'—tCLAMP
IGBT Gate i If soft turn-off does not complete within fault hold' \ 11
' time (tewo), IGBT will be turned off by OUTL. S - - -Vewawe (3.0V)
i PGND2-----
i __ Veur
FHT1 . N\ 2w
— trum |
FO txfooi |
Figure 17: In Case of Uncompleted Soft Turn-off
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6.3 Timing Charts for Detections of Various Abnormal States

INATNB | |

7777777 == -Vsc: 0.5V

Cs1, CS2

-+« Filter time: See Table 5

Internal i
Error Signal i
1
i
R pVCC2
9q%- : tsc-outH
OUTH !
1
i
1
i
90%- - tsc-sorr
1
SOFT 150% - - -1-50%
| h 1
P -~ PGND2
1 l gl
! trumo
1
FO b tsc-Fo |
! tenm f
- > VEnT1
---20v
FHTA1

remeouT [[[[JUIIUNUITTTTUTUNUUUUUU iU iy

Figure 18: Short Circuit (SC) Detection

INA-I

Z

B

==Voc: 0.25V

C81, CS82

Internal
Error Signal

OUTH

;
SOFT Eso% -- —%50%

1 i (]

P --- PGND2
1 ]

1

i

1

remeouT [|[1[IITTTUTTTUTUU I uuuuunuuuuy vy i

Figure 19: Over Current (OC) Detection
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SHEET

INA-INB

TEMF’1 TEI\/IPZ

TEMP1, —p—p—tn——p —————
Temps  FAPGA N /\ AASAT
TEMPVL, [\ M N\ NV VA
CTEMP R 0.1V.typ.
i N N L} [N} I
4.+.+{_}_Lf.*1_.ﬁ._r ___________________________ —
R
reweout || [ UL [ TTTT Tl
Vreupi>Vreuez Vieup1 <Vreurz Vreupr SVrenez Viener<Vrenez 1 Vg1 <Vremez Vreupr<Vremez : Vreyer®Vreue2 Viener<Vrenez
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Duty=fVrengz) | DUty=R\Vrzyen) Duty=10% Duty=10% !  Duty=10% Duty=90% |  Duty=90% Duty=90%
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SOFT
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FHT1
Figure 20: IGBT Temperature Monitor
VUVLO_VREGT - = = == /:/— -— Vuvzoi\GaEGR
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Figure 21: Secondary 5 V UVLO
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m\ / ~~~ Vuvio_veear
VCC2 10V ; : 11V

VREG Vuvio_vreGT == === -+ i 777777777777777777777777777777777777777777 4:,,,,
4.1V ' 1
Internal 3 —
Error Signal > F Filter time: See Table 5

OUTH 1
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‘ * trHTo ;
FO H tuvceaFo i

T ! teuTa ; ‘

'
<

>
g VFHTl
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Figure 22: Secondary 15 V UVLO
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: while 5V UVLO is detected
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Figure 23: Primary UVLO
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7. Package

#MAEE Scope of application
FiFEIE. SSOP48(PRSPOD4BKA—A)ICERAT 3.
This outline is applicable for SSOP48 (PRSPOO48KA—A)

E{F Unit; mm
SPEC
< Sym. MN | TYP | MAX
D 12.2 12.3 12.4
E 6.0 6.1 62
HE 79 8.1 83
A 2
Al 005 | 0125 | 02
A2 17
b 017 | 022 | 027
N c 010 | o015 | 025
S L 05
) Lp 0.45 086 0.75
L1 08 1.0 12
] 0 — 8"
= — | os
* — | —1
r ¥ [— 0.1
0 2D — | 03
L1
< 5
= [

Detailes of Lead (30/1)
*1 and 2 : Do not include meld flash

*3 Does not include trim offset. o Renesas Electronics Corporation [ FTR-OUTLN
i oA owcas | wenovio SSOP48 42 E
B e | 1501 _ SRR, =
N Error correction of Dwe, No, DaTE | 150826 KTakada | REOSHITE CHER A D310507 '-/‘

Figure 24: SSOP48 Package
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8. Application Examples

Figure 25 shows a circuit example including two IGBTs connected in parallel. In this example, the
secondary power supply (VCC2) is 15 V. The primary power supply (VCC1) voltage is the same as the
power supply voltage of the MCU (VDD).

For the gate pins of the IGBT, 5.1 ohms are inserted between that and OUTH of the IC (RGH) and
between that and OUTL (RacL), respectively. To the gate pins of the IGBT, the SOFT and CLAMP pins of
the IC are directly connected via 47 ohms (RSOFT), respectively.

For over current and load short-circuit current detection, the emitter current is detected by a
combination of the multi-emitter output IGBT and shunt resistors. In this example, the shunt resistors
(Rcs) to be connected to the CS1 and CS2 pins are 15 ohms. By this setting, when current flowing into
the shunt resistor exceeds 16.7 mA for 1 us or more, it is detected as the over current state; when
exceeding 33.3 mA, it is detected as the load short-circuit state immediately (detected as an abnormal
state).

For IGBT temperature detection, the TEMP1 and TEMP2 pins are connected to the temperature sense
diodes implemented in the IGBTs. Normally, a PWM signal with the on-duty ratio corresponding to a lower
voltage of either the TEMP1 or TEMP2 pin is sent out from the TEMPOUT pin to the MCU. Since 4.7 nF
is connected with the CTEMP pin, a frequency of the PWM signal to be sent out becomes 2.1 kHz. Since
0.5 V obtained by dividing the VREG pin output is applied to the TEMPVL pin, when either the TEMP1
or TEMP2 pin falls short of 0.4 V (Vot = VTEMPVL - 0.1) or exceeds 4.25 V (Vop), it is detected as an
abnormal state.

If an abnormal state is detected, the gate of the IGBT is soft turned off, and a fault signal is sent out
from the FO pin to the MCU at the same time. Since 0.047 uF is connected with the FHT1 pin, the fault
signal is held for about 21 ms.

25 N.C. GND2 24—}
180kQ 20kQ
26 N.C. VREG 23[ 1 A—
[—]27 N.C. N.C. 22[]
[ 28 N.C. SEL 21 =~0.022uF
129 GND1 TEMPVL 20—}
0.1uF —=—=0.022uF
[—J30 N.C. TEMP2 19—~
MCU 22nF 0.1uF -I- j
e — [I31N.C. TEMP1 18]} =
32 N.C. GND2 1714
4.7nF,
IN2 —_T_—'w,, 133 TEMPOUT CTEMP 16:Tmn||—<
= 34 N.C. TREF 15 —W\—9¢
15V,
135 vcel PVCC2 14— + 1
VDD &RGL:5.1Q
[—]36 N.C. OUTH 131 M y y
137 INB N.C. 12 = wF - 4
L y A
ouT ! {138 INA OUTL 11 I A M I
3kQ & 100pF[ — RGH:5.10
s = —[]39 GND1 PGND2 10 b
I {140 FHT1 PGND2 9 [}
IN1 Q.047uF 41 FO CLAMP 8[—1
100pF ] 5V, —
= | 42 Fo_B GND2 7
(I> [—J43 N.C. GND2 6%} T
GND e—e— |44 GND1 SOFT 5[ H— M\~
> R H
45 ncC. veez 41T _EOOPFQ% a0
. <
[—]46 N.C. Cs2 3 1 1_‘v"v"v l
100pF== 1000 \
[—]47 N.C. Cs1 2 I—T—W\n )\
100Q
Rcs
48 N.C. N\ GND2 1[] 150
Figure 25: Circuit Example around the IC
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8.1 Circuit Example of Power Supply and GND Pins

Figure 26 shows the circuit example of the power supply and GND pins. Two GND1 pins (pin 25 and
pin 37) must be short-circuited outside the IC. The GND2 pins (pin 5 and pin 14) and PGNDZ2 pins (pin 8
and pin 7) must be short-circuited outside the IC. The bypass capacitor should be placed near each
power supply pin as close as possible.

25 Ne GHD2 24 ]

| Y VREG 23 3

2 nc Ne 2

J2ene SEL 21—

—— {29 GhDt TEMPYL 201 ==0.022u

| T R TEMPZ 197

| m— O TEMP1 18—

a2 ne GND2 17 [—3—

] 33 TEMPOUT  CTEMP 16—

] nce TREF 15—

] 35 vCot PVCC2 14 F

| m— Y OUTH 13—

—] 37 e NE 123

]38 INA ouTL 1133 [0t _L1sv
sy _|0u =] 39 GhD1 PGND2 10 —3—4 T -
= S [—]40FHTH PGNDZ 9 [

4 Fo CLAMP 8 [

C—]42FoB GND2 T [}

C—J4NC GNDZ2 6 —1—

1 44 GND1 SOFT 5

C—]4sncC vees 4 34—

] ne cs? 3 [

4 nc cs1 2 [

e ne o~ G021

GND2+12.5V = VCC2 = GND2+21.5V

Single supply gate drive

Figure 26: Circuit Example of Power Supply Pins

8.2 Circuit Examples of Inverted/Non-inverted Input Pins

Figure 27 shows the examples in which the inverted input pin and the non-inverted input pin are used.
Figure 27 (a) is an example in which the non-inverted input (INA) is used as a gate control signal of the
IGBT. The IGBT is tuned on when INA is high. The unused INB pin must be connected to GND1.

Figure 27 (b) is an example in which the inverted input (INB) is used as a gate control signal of the
IGBT. IGBT is turned on when INB is low. The unused INA pin must be connected to VCC1.

Figure 27 (c) is an example in which both the non-inverted input (INA) and the inverted input (INB) are
used. The IGBT is turned on only when INA = high and INB = low.

| PTYTYS GhD2 24— s nc GND2 24— —Jasnce GND2 24
—{;nc VREG 23— 2 ne VREG 23— Jzne VREG 23 [
| - K Ne 22 | TR ne 223 27 ne ne 223
2N SEL 21— 2 NG sEL21 3 CJzne SEL 21—
— 29 GND1 TEMPVL 20— ] 23 GND1 TEMPVL 203 —] 29 GhD1 TEMPVL 20—
C—]aoNC TEMPZ 19— 3o ne TEMPZ 197 Jaonc TEMPZ 19—
CJ s NG TEMP1 16— 31 NG TEMP1 18 [ m— <3 N TEMP1 18 [
a2 NG GhND2 173 3 nC GND2 17— [ — N GND2 1T [
] 33 TEMPOUT  CTEMP 16— [ 33 TEMPOUT  CTEMP 16 [ ] 33 TEMPOUT  CTEMP 16 [
[ m— T T TREF 151 3 NG TREF 15— [ m— RN TREF 15[
—] 35 vcot PYCe? 14 voeq a5 veot PVCC2 14 [ —] 35 vcot Pvece2 143
| TR OUTH 13— 36 Ne ouTH 13— NG OUTH 13—
GNDU_—: 37 INB NC 12 37 INB ne 123 37 INB NC 123
= 38 INA outL 113 38 INA ouTL 113 38 INA outL 113
] 39 GHD1 PGNDZ 10— [ 39 GND1 PGNDZ 10 [ 39 GND1 PGNDZ 10
] 40 FHT1 PGND2 9 3 ] 40 FHT1 PGNDZ 9 33 ] 40 FHT1 PGND2Z 9 [
—j#Fo cLaMP 8 3 4 FO CLAMP 8 ] —]a FO cLaMP 8
C—j4rFoB GhD2 7 [ = 4 rFoB GND2 7 [ = = [JeFfoB GND2 7 [
= [—]43ncC GND2 6 [ 43 NC GND2 6 [ 4 nNC GHND2 6 [
[ 44 GND1 SOFT 5 [ ] 44 GND1 SOFT 5 3 ] 24 Ghp1 SOFT 5 [
C—]4sNC veez 4 [ 4 nc veez 4 [ —]sne veoz 4
4 NC cs2 3 [ ] nc cs2 3 —]4 NC csz2 3 4
47 NC cst 2 [ 47 nec cs1 2 3 —]47 NC cst 2 43
48 NC. o~ GND2 1] CJ48NC o~ GND2 1 [ C48NC. o~ GNDZ 1 [
(a) Active high (non-inverting) configuration (b} Active low (inverting) configuration (c) Dual input configuration
IGBT turns on when INA=H IGBT turns on when INB=L IGBT turns on when INA=H & INB=L
Figure 27: Circuit Examples of Inverted/Non-inverted Input Pins
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8.3 Circuit Examples of Gate Driver OQutput Pins

Figure 28 shows circuit examples of the gate driver output pins. As shown in figure 28 (a), each of the
OUTH pin and the OUTL pin must be connected to the gate resistor. Do not short-circuit between the
OUTH and OUTL pins as in figure 28 (b).

| e FEATTS GHDZ 24 s ne Dz 24—
Cmne VREG 23 [—3 26 NC VREG 231
a7 nc ne 223 2 ne NG 2
Caanc seL21 [ NG SEL 213
— 20 GhD1 TEMPVL 20 —] 29 GhD1 TEMPVL 20—
| N TEMPZ 18 [ | e N TEMP2 18]
31 NG TEMP1 18 [ i3t NG TEMP1 18]
| - GHDZ 17 3 Jane Ghoz 170
] 33 TEMPOUT  CTEMP 16— ] 33 TEMPOUT  CTEMP 16 [
| SRR TREF 15[ 54 NG TREF 15—
—] 3 vect Pvccz 14 1 RGH:5.10 I 35 vcot pvccz 141
s nc OUTH 13 ] NC OUTH 13
] 37 me neo1z3 —]37 me ne 1263
] 38 INA OuTL 11 ] 38 INA ouTL 11
] 39 GND1 PGHDZ 10 RGL:5.10 ] 39 GHD1 PGNDZ 10—
[ 40 FHT1 PGNDZ 9 [ ] 40 FHTY PGHDZ 9 [
a4 Fo cLAMP 8 41 Fo cLAMP & [
42 FoB GND2 7 3 sz rFos GhDz 7 33
43 NG GHD2 6 [ CJ4s NG GhDZ & (3
] 44 GND1 SOFT 5 3 ] 44 GND1 SOFT 5 3
[ EERE veoz 4 3 /45 NT oo 4 3
[ R csz 3 3 46 NT csz 3 [
47 nC cs1 2 47 ne cst 231
48 NG~ GND2 1 [ e NC o~ GOz 1 [
(a) Good connection (b) Bad connection

Figure 28: Circuit Examples of Gate Driver Output Pins

8.4 Circuit Examples of Soft Turn-off Output Pin

Figure 29 shows circuit examples of the soft turn-off pin.

As in figure 29 (a), the SOFT pin is connected to the gate pin of the IGBT via the resistor (Rsort). The
soft turn-off time of the IGBT is adjusted by the value of this resistor (Rsor).

Figure 29 (b) is a circuit example that uses a circuit outside the IC to realize the soft turn-off function.
For example, a fault signal (inverted logic: L at fault) can be output at the detection of an abnormal
condition by connecting the SOFT pin to the pull-up resistor.

| mm FENTES GhD2 24 1 | ELR GhDz 243
CJanc VREG 23— C—]znc VREG 23—
27 nc ne 22 3N nNe 2
CJznc sEL 21— C]zsncC SEL 21—
] 29 GND1 TEMPVL 20 =1 ] 20 GhD1 TEMPYVL 20—1
s R TEMPZ 19 N TEMPZ 19
3t NG TEMP1 18— gsinc TEMP1 18—
| GND2 17 ] C—Jazne GhDz 173
] 33 TEMPOUT  CTEMP 156 [—1 ] 33 TEMPOUT  CTEMP 16—
C—]xnC TREF 15[ —]snNC TREF 15[—1
] 35 vect PVCC2 14 — a5 vee Pvoce 141 _‘L_
] nNC OUTH 133 | o R OuTH 131 -:; RFLTZE
] 37 INB ne 123 ] 37 INB NC 12 9
—] 38 A ouTL 1= | s R RTEN outL 11—
] 39 GHD1 PGND2 10—] — 39 GRO1 PGNDZ 10 =
] 40 FHT1 PGNDZ 9 [ ] 40 FHT1 PGNDE O E
—# Fo CLAMP 8 ] RsoFT: 4T 4 Fo CLAMF 8 1 g
42 FoB GND2 7 42 FOB GND2 T =I—1
43 nNC GNDZ & [ EER GNDZ 6 [
] 44 GhD1 SOFT 5 ] 44 G SOFT § [ }=———_t—tFAULT
45 NE veez 4 3 C—]4sNC vocz 4 3
46 NC cs2 3 1 | ETR cs? 3 1
47 NC cst 2 3 C—]47nc cs1 2 1
48 NG ™ GND2 1 4 NG S\ GhDZ 1
Rsorr: Resistor for gate voltage slew-rate control RrLrea: Pull-up resistor for FAULT output
Ree: Pull-down resistor for IGET soft turn-off
(a) SOFT pin as soft turn-off (b) SOFT pin as FAULT output

Figure 29: Circuit Examples of Soft Turn-off Output Pin
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8.5 Circuit Examples of Over Current/Load Short Circuit Detection Pins

Figure 30 (a) is a circuit example of the over current detection pins when driving the IGBTs in parallel
connection. Each of the CS1 pin and the CS2 pin is connected to the shunt resistor for each emitter. In

this example, the SEL pin is left open and the over current detection function is enabled.

Figure 30 (b) is a circuit example of the CS1 and CS2 pins when driving a single IGBT. An unused CS

pin must be connected to GND2.

Figure 30 (c) is a circuit example when both over current and load short circuit are not detected. Both

the CS1 and CS2 pins must be grounded to GND2.

—]25 NG GND2 24— C—25NC GND2 24—

—]26 NC VREG 23— 2 NC VREG 23—

27 NC NC. 221 —J27nC N.C. 22—

28 NC SEL21 1 —J2snNC SEL 21—

] 29 GND1 TEMPVL 20— [ 29 GND1 TEMPVL 20[—1

—]30NC TEMP2 18— —]s3nNC TEMP2 19—

/31 NC TEMP1 18— —]s31nNC TEMP1 18—

32 NC GND2 17— 32 NC GND2 17—

[ 33 TEMPOUT  CTEMP 16— [—] 33 TEMPOUT  CTEMP 16—

]34 nNC TREF 15— 34 NG TREF 15—

—] 35 vcer PvCcC2 147 [ 35 vCCt pvcc2 141

—] 36 N.C OUTH 13— —j36NC OUTH 13—

—] 37 INB NC. 12— [ 37 INB N.C. 12T

—] 38 INA ouTL 11— 38 INA ouTL 11—

—] 39 &nD1 PGND2 10— ] 39 GND1 PGND2 10—

—] 40 FHTH PGND2 9 [ o o ] 40 FHT1 PGND2 9 [

—]41 Fo cLAvP 8 ] gl gl [—]41FO CLAWP 8 =]

—]42FoB GND2 7 :—1 o @ [ 42F0B GND2 7

—]43nC GND2 6 [—}—& ] #43NC GND2 6

—] 44 cnD1 SOFT 5 [ [ 44 GND1 SOFT 5 [

—]4s nC veez 4 3 1000 [ 45 NC vee? 4 [

4 NC cszs:__l\N\,—q —]#NC cs2 3

—]47 nC cs1 2 —— 47 NC cst 2

48 NC. ~ GND21 [ CJ4NC —~ GND21[] Ces Res
ces L < < 100p
.100,,I J; Rcs Rcs

GND2 GND2 GND2 GND2 GND2 GND2
Res: Shunt resistor for |-V conversion 0.25V
Equation of Rcs for detecting over-current Isense > ILim Res = 1.

(a) Over-current detection at parallel IGBT connection

Ja2snc GND2 24—
26 NC VREG 23 [
] 2T NG NC 223
]2 NC sEL21 1
[ 29 GHD1 TEMPVL 20 1
| VT TEMPZ 19—
31 nC TEMP1 18 [
a2 nc GhD2z 17—
] 33 TEMPOUT CTEMP 16 ]
| R TREF 15 —1
— 35 veer PVCC 14
NG OUTH 13 ]
—] 37 me ne 123
] 38 Na ouTtL 11—
] 39 GND1 PGND2 10—
] 40 FHT1 PGNDZ 9 3
] 4 Fo CLAMP 8 [
42 F0B GND2 T

C—43nC GND2Z 6

] 44 GND1 SOFT 5 3
] 45NC vcez 4 3
46 NG cs2 3

] 47 NC cs12

] 48 NC  GHDZ L |

GND2

(c) Overcurrent detection disabled

(b) Over-current detection at single IGBT connection
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Figure 30: Circuit Examples of Over Current Detection Pins
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8.6 Circuit Examples of IGBT Temperature Sense Input

Figure 31 (a) shows the circuit example of detecting the IGBT chip temperature by each of the
temperature sense diodes implemented in the IGBTs connected in parallel. The TEMP1 and TEMP2 pins
are connected to the anodes of the temperature sense diodes, and the cathodes of the diodes are
clamped to GND2. To the TEMPVL pin, the voltage obtained by dividing 5 V output from the VREG pin
by the resistors (RTMP1, RTMP2, RTMP3) is applied. When the constant current set by the external
resistor of the TREF pin flows from the TEMP1 and TEMP2 pins into the temperature sense diodes in
the IGBTS, voltages of the TEMP1 and TEMP2 pins will become forward voltages VF of the diodes. Since
VF falls as the temperature rises, voltages of the TEMP1 and TEMP2 pins fall. When the voltage of the
TEMP1 or TEMP2 pin becomes further 0.1 V lower than the voltage of the TEMPVL pin, the fault signal
is generated.

Figure 31 (b) shows the circuit example of using the NTC thermistor for temperature detection. By
outputting the constant current to the NTC thermistor, voltages of the TEMP1 and TEMP2 pins fall as the
temperature rises.

Figure 31 (c) shows the circuit example of detecting the chip temperature of a single IGBT by the diode
implemented in there. Both the TEMP pins should be short-circuited before use.

Figure 31 (d) shows the circuit example of disabling the IGBT temperature detection function. The
TREF pin is connected to the VREG pin, and the voltage obtained by dividing the VREG output by the
resistor is applied to the TEMPVL pin. For the TEMP1 and TEMP2 pins, the voltage obtained by dividing
the VREG output by the resistor is applied so that the applied voltage may range between the TEMPVL
pin voltage and VTEMPVH (3.8 V). The CTEMP pin is pulled down with about 100 ohms. In this case,
the TEMPOUT pin output is fixed at the high level (VCC1).

0.022u 0.022u 0.022u 0.022u
i RTMP1 j‘_‘ Rmpz n_r; RTMP1 _|x“_> RmP2z
| EERTT GND2 24 [ 180k —T~ 20k —]asnc GND2 24 [ 180k —T— 20k
2 ne VREG 23 :ILN\;— | m— Y VREG 23 :ILVV\(—
27 ne ne 22— ! —zrnc ne 223
CJne sEL2 1 | — 2R SEL21 [
] 20 GND1 TEMPVL 20 ] 22 D1 TEMPVL 20
CJaonNe TEMPZ 19 [—F CJaonc TEMPZ 19 3
3 nNC TEMP1 18 [l 3N TEMP1 18 —F
[—]32NC GND2 17 [ C—laznc GND2 17
] 33 TEMPOUT  CTEMP 16 ] 33 TEMPOUT  CTEMP 16
CJ NG TREF 15 C—]3anc TREF 15
—] 35 vCot Pvccz 14 [0 ] 35 veet Pvcc2 14— 10k
36N OUTH 13— 0.1u0.1u | outH 133 0.1d0.1
— 37 InB NC 123 J— ] 37 INB NC 123 4 Au
] 38 A outL 117 J; ; 0.4mA [ 38 INA outL 113 ;; ; 0.4mA 0.4mA
] 39 GND1 PGND2 10— ] 32 GhD1 PGND2 10—
1 40 FHT1 PGNDZ 9 [ GND2 ] 40 FHT1 PGND2 9 [ GND2 ¢ l
—] 4 Fo CLAMP & ] —4Fo cLAMP 8
s ros Ghpz 7 3 4.7n |K c—Jazros GhDz 7 3 4.7n | K |K
43 nC GNDZ 6 R GND2 6 [
] 44 GND1 SOFT 5 3 [ 44 N1 SOFT 5 3
45 NE veez 4 | R veez 4 [
46N cs2 3 = 4 neC cs2 3 1
] 47T NC cst 2 4T NC cs1 2 [
CJaNe o~ GhD2 1 C#NC o~ GNDZ1[]
Note: RiMp1+RTMPZ > 50K is recommended Note: RTMP1+RTMP2 > 50k is recommended
(a) TEMP pins used for IGBT over-temperature detection (b) TEMP pins used for IGBT over-temperature detection
with diodes with NTC thermistor
0.022u 0.022u 0.022u 0.022u 0.022u
EE RMP1 j‘: RTMP2 EE RTMP1 EE RMP2 _I&E RTMP3
Casne GNDZ 241 180k =T~ 20k NG GNDZ 24— T 150k T 300k -T 51k
=6 ne VREG 23 :lW\,——’\/Wj” ]2 ne VREG 23 :—D—M—b—m—r—'\/wjn
—Jzrnc Ne 22 C]27 e ne 22
Jaenc SEL 21— —]zncC SEL 21— GHD2
] 20 G TEMPVL 20 e —] 29 GnD1 TEMPVL 20—
CJsone TEMPZ 19 —% » NG TEMPZ 19 [}
31 nC TEMP1 13:}—I —] 3 NC TEMP1 18 —F
]2 nC GNDz 173 ] nNC GHD2 17 [
[ 33 TEMPOUT  CTEMP 16 ] 33 TEMPOUT  CTEMP 16 —1—
NG TREF 15 s NG TREF 15
] 35 veot Pvccz 14 —] 35 vcet PYCC? 14 ]
TS outH 133 —]snc ouTH 12
—] 37 INB T == 010 —] 37 8 NG 12
] 368 INA ouTL 11 . ] 22 A ouTL 11 1 100
] 39 GO PGNDZ 0[] ;; 0.8mA ] 39 GND1 PGNDZ 10 [
] 40 FHT1 PGHD2 9 [ l —] 40 FHT1 PGND2 9 [
41 Fo cLawp 8 = GND2 ] 41 Fo cLawp 8 =3 GND2
]2 FoB GNp2 T 3 C—]4zFoB GND2 7 1
C—l4inc GNDz 6 3 4.7n |K —]anc GND2 6 [
] 44 GND1 SOFT § [ ] 44 cuo1 SOFT 5 3
C—]4sncC vocz 4 B3 C—]4s5NC voez 4
] NC cs2 3 3 ]+ NC csz 3
47 nC cs1 2 [ ] 47 NC cs1 2 [
C48NC o~ GND2 1 [ e Nc o~ Guoz 1 [
Mote: Rup1+RTMP2 > S0k is recommended Mote: RTMP1+RTMP2+RTMPS > 50k is recommended
TEMPOUT always outputs VCC1 level voltage.
(c) Single IGBT over-temperature detection (d) Temperature detection disabled
with diodes

Figure 31: Circuit Examples of IGBT Temperature Sense Input
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8.7 Circuit Examples of Fault Signal Output Hold Time Setting Pin
Figure 32 shows the circuit example of the control pin (FHT1) for fault hold time.

Figure 32 (a) shows the circuit example of setting the fault hold time. The fault hold time tru7 is the time
trT1 that is computed from 444 x 102 x Ceurt [F] by the capacitor Crrr1 connected with the FHT1 pin. If

Cru11 is set to make tru71 less than 100 us, tent is fixed at 100 us.

Figure 32 (b) shows that nothing is connected with the FHT1 pin. When the FHT1 pin is not used, it
should be open or pulled up to the 5 V power supply via the resistor. The fault hold time is set to 100 us

by the timer inside the IC.

Rev.5.2 E
2020.04.23

—J25nc GND2 24

| m— - N VREG 23
—j2rne N.C. 22
—enc SEL 21

— 29 GNDA1 TEMPVL 20
—J3sonce TEMP2 19
31 NG TEMP1 18
3 nc GND2 17

1 33 TEMPOUT  CTEMP 16
34 NG TREF 15

— 35 veet PVCC2 14
C—l3 NG OUTH 13
157 INB NC. 12
]38 INA ouTL 11
CFHT1 ] 39 GND1 PGND2 10
_I__: 40 FHT1 PGND2 9
41 FO CLAMP 8

1: C—l42F0B GND2 7
C—]43nC GND2 6

[ 44 GND1 SOFT 5
C—l45NC VCGC2 4
C—]46NC cs2 3
C—47TNC cs1 2
[CJ48NC.  ~ GND2 1

JUUUuouoouuuruouuoumos

(a) Fault hold time determined by Ceury

ﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

25 N.C GND2 24
26 N.C VREG 23
27 N.C N.C. 22
28 NC SEL 21
29 GND1 TEMPVL 20
30 NC TEMP2 19
31 NC TEMP1 18
32 NC GND2 17
33 TEMPOUT  CTEMP 16
34 NC TREF 15
35 VCCH PVCC2 14
36 NC OUTH 13
37 INB N.C. 12
38 INA ouTL 11
39 GND1 PGND2 10
40 FHT1 PGND2 9
41 FO CLAMP 8
42 FO_B GND2 7
43 N.C GND2 6
44 GND1 SOFT 5
45 N.C VCC2 4
46 N.C cs2 3
47 N.C Cs1 2
48 NC N\ GND2Z 1

Uututouourorobooomog

Note: Do not connect unused FHT1 pin to GND.

(b) Fault hold time determined by
internal timer (100us typ.)

Figure 32: Circuit Examples of Fault Signal Output Hold Time Setting Pin
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8.8 Circuit Examples of Fault Signal Output Pins

Figure 33 shows circuit examples of fault output pins. Each fault output pin of FO and FO_B has an
internal 100-kohm pulled-up resistor inside the IC, which enables a fault signal to be output without an
external resistor as in figure 33 (a). However, it is recommended to externally connect a pull-up resistor
with less than 100 k ohms as in figure 33 (b). Since the addition of a pull-up resister lowers the output
impedance, the high level output voltage is more stable and the rise time of a fault signal is reduced.
Because the FO_B pin outputs the low level at the occurrence of a fault, FO_B is useful for connecting
fault output pins of multiple ICs in parallel as in figure 33 (c). In this case, the fault bus is in the high level
when all the ICs are operating normally and in the low level when a fault signal is output from one or
more IC(s).

44 GND1 SOFT 5
45 N.C. VCC2 4
46 N.C Cs2 3
47T N.C Ccs1 2
48 N.C. /—\ GHD2 1

44 GND1 SOFT
45 N.C vee2
46 N.C. cs2
47T N.C Ccs1
48 N.C N\ GND2

44 GND1 SOFT 5
45 N.C. VCC2 4
46 N.C cs2 3
47T NC Ccs1 2
48 N.C. r-\ GND2 1

- MW s WD~

.—:| FAULT
. Other ICs
——] FAuLT
—
—25nC GhD2 241 Ja25nc GND2 24— 25 nc GND2 241
s nNC. VREG 23— s nc VREG 23— 2 nc VREG 23 [—1
]2 NC NG 22 ]2 ne NG 22 27 nce NC 22 [
Ja2snNe SEL 211 2 nc SEL21 e nc SEL21 [
— 29 GND1 TEMPVL 20— —] 29 GND1 TEMPVL 20— ] 29 GND1 TEMPVL 20—
C—ls0NC TEMP2 19— 30 NG TEMP? 19— CJsonc TEMP2 19 [
31 NC TEMP1 18— 31 NG, TEMP1 18] 31 ne TEMP1 18—
—]32NC GhD2z 1731 —]32nC. GhD2 17— 32 ne. GND2 17—
] 33 TEMPOUT  CTEMP 16— [ 33 TEMPOUT  CTEMP 16 [ [ 33 TEMPOUT  CTEMP 16 [
]3sNC TREF 151 | 2 VR0 TREF 15— ] nc TREF 15—
[ 35 vcet PvCCc2 14— —] 35 vt PvCC2 14 — 35 voet PVCC2 14 ]
] NC outH 133 6 NC ouTH 1331 ]z ne outH 133
[ 37 nB Ne 12 —] 37 nB NC. 123 157 InB N 123
[ 38 INA ouTL 11— ]38 INA ouTL 113 ]38 INA ouTL 11—
——] 39 GND1 PGND2 10[—] 3k ] 39 GND1 PGND2 10— —] 39 GhD1 PGND2 10—
] 40 FHT1 PGND2 9 [ [—] 40 FHT1 PGND2 9 [ 3k ] 40 FHT1 PGND2 9 [
—TJ 41 FO cLAMP 8 [ 41 FO CLAMP 8 ] 141 Fo cLAMP 8 ]
—]42FoB GND2 7 [ 100p )42 Fo_B GND2 7 ] pb——]42FO B GND2 7T 3
—]43nNC GhD2 6 [ 1: —]43nC GND2 6 ] 100p C—Jaanc GND2 6 [
— —1 | — — | — —1
— —1 | — —1 | — —1
— —1 | m— —1 | — —1
— — | m— —1 | — —1
— —1  m— —1 | — —1

Note: Do not use active-high fault signal (FO).

Note: (a) and (b) can be applied to FO, FO_B Only FO_B is available to fault bus.

(a) Pull up by internal 100kQ2 resistor (b) Pull up by external resistor (c) Shared fault bus by wired OR

Figure 33: Circuit Examples of Fault Signal Output Pins
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9.1 FEFEZ(Power Supply)
35(VCC1)
( 35(VCC) )

29, 39, 44(GND1)

4(VCC2),14(PVCC2)
( IHPVCCZ) ) ®

( 4VCC2) ) ? |
338 I3H I3 >3 8
Sim| |2is| |3 im| |sim
S @ S~ @ g H g, o
L So % L L
T T S 3
< < < <
17 7 J & ‘ ‘
( 6(GND2D) )
(" 9,10(PGND2) } ® ®
23(VREG)
(Ve ) »
\/
((23(VREG) ) —
(_(GND2) )
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9.2 1/0 #(Input/Output)
2(CS1), 3(CS2)

(_(veca) ) »
(VREG)
JAN

2(Cst) 1]
3(Cs2) *

(GND2) ZF

5(SOFT). 8(CLAMP). 11(OUTL)
(PVCC2) }S

5(SOFT)
8(CLAMP) @
11(0UTL)

(ecnD2) } o

13 (OUTH)
(PVCC2) £

13(OUTH) @

(_ (PGND2)
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15(TREF)
(vcec2) L

(VREG)

15(TREF)

(_(GND2) ] ® i

16 (CTEMP)

(_RrEQ) ] ? JX

16(CTEMP) ¢

GND2 L

18(TEMP1), 19 (TEMP2)

18(TEMP1)
19(TEMP2)

J
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20 (TEMPVL)

(VREG)

(GND2)

33 (TEMPOUT)

(VCC1) @
-
33(TEMPOUT) %
(GND1)

37 (INB). 38 (INA)

N
L1

(_cen ) ®
JaN
38(INA) M
37(NB)
(GNDT) )
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40 (FHT1)
(veet) 4 4

40(FHT1)

ENETHEN l

41 (FO) 42(FO_B)
C_veen ] *

N
L1

41(FO)
42(FO_B)

(GND1)

21(SEL)

(VREG) % o—

3

iGNDZE L o —
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only fo illusirate the operation of i products and i 1examples. You are fully responsible for
the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such informafion is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or emissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Elecfronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, medification, copy or otherwise misappropriation of Renesas Electronics product

5. Renesas Electronics products are classified according to the following two quality grades: "Standard” and "High Quality”. The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); fraffic control systems; anti-disaster systems; anti-crime systems; and safety equipment efc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the guality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties anising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage range,
movement power voltage range, heat radiation charactenistics, installation and other product charactenistics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the use of
Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characieristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety desian for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
no liability for damages or losses occurming as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may not be used for or incorporated info any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

10. ltis the responsibility of the buyer or distributor of Renesas Electronics products, who disfributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Mote 1) "Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Elecfronics.
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