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IM231L6-series 3phase Intlligent Power Modules (IPM) are designed for higfficiency appliance motodrives
such as aiconditioner fans and refrigerator compressors. These advanced IPMs, available in both surface
mount and throughhole configurations, offer a combination of lowcMs.yTRENCHSTOMPGBT6&echnology and
the industry benchmark rugged h&bridge drivers. The IPMs have several protection features including precise
overcurrent protedion and temperature feedback.

&?; NOL? M

1 600V 3phase inverter including gate drivers &
bootstrap function

Low Vesad 2 %. #( 34/ O H ) " " 4K
Temperature monitor

Accurate overcurrent shutdown (+5%)

Fault reporting and programmable fault clear

Advanced input filter with shoothrough
protection

Optimized dV/dt for loss and EMI trade offs

Openemitter for single and legshunt current
sensing

1 3.3V logic compatible
1 Isolation 2000VRMS1min

= =4 =4 A

SOP 29x12 DIP 29x1]

Ol N?HNQ;FFE=; NCI HM

1 Air-conditioner fans
Refrigerator compressors
Ventilation fans & blower fans
Low power motor drives

= =4 =

OLlI >O0=N P; FC>; NCI H

Qualified for industrial applications according to the relevant tests of JEDEC47/20/22

Table 1 Part Ordering Table
Standard Pack
Base Part Number| Package Type - Orderable Part Number
Form Quantity
IM231L6T2B DIP29x12 Tube 240 IM231L6T2BAKMA1
IM231L6S1B SOP29x12 Tube 240 IM231L6S1BALMA1L
IM231L6S1B SOP29x12 Tape & Reel 500 IM231L6S1BAUMAL
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IM231-L6S1B / IM231L6T2B
Internal ElectricalSchematic
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Figure 1 Internal electrical schematic .
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Pin Configuration

2 OCH #1 H@CAOL; NCI H
2.1 OCH ' MMCAHG?HN
[ R (|

Figure 2 Module pinout
Table 2 Pin Assignment

Pin Name Description

1 COM Logic ground

2 Vb1 High side floating supply vehge 1

3 Voo Low side controksupply 1

4 HIN1 Logic Input forhigh side gate driver Phase 1

5 LIN1 Logic Input forlow side gate driver - Phase 1

6 RFE RCIN / Fault / Enable

7 Ve2 High side floating supply voltage 2

8 \Vore Low side controkupply 2

9 HIN2 Logicinput for high side gate driver - Phase 2

10 LIN2 Logicinput for low side gate driver - Phase 2

11 VTH Thermistor output

12 Ves High side floating supply voltage 3

13 Vbrs Low side controkupply 3

14 HIN3 Logic Input forhigh dde gate driver - Phase 3

15 LIN3 Logic Input forlow side gate dver - Phase 3

16 ITRIP Current protection pin

17 V+ Dc bus voltage positive

18 U/Vs: Output - phase 1, high side floating supply offset 1

19 Vk1 Phase 1 low side emitter

20 Vk2 Phase 2 lovside emitter

21 VI, Output - phase 2, high side floating supply offset 2

22 Vks Phase 3 low side emitter

23 WI\L3 Output xphase 3, high side floating suppyl offset 3

FinalDatasheet
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Pin Configuration

2.2 OCH $?M=LCJNCI

HIN(1,2,3) and LIN(,2,3) (Low side and high side
control pins)

These pins are positive logic and they are
responsible for the control of the integrated IGBT
The Schmitttrigger input thresholds of them are
such to guarantee LSTTL and CMOS compatibility
down to 3.3V controller outputs. Pulllown resistor

of about 80kW is internally provided to prebias
inputs during supply startup andan ESD diodes
provided for pin protection purposes. Input
Schmitt-trigger and noise filter provide beneficial
noise rejection to short input pulses.

The noise filter suppresses cortf pulses which are
below the filter time Trun The filter acts according
to Figure 4

ciros™
Schmitt-Trigger
HINXx INPUT NOISE
LINX |-B— FLTER |
08 A
SWITCH LEVEL
CoMm Vi Vie
Figure 3  Input pin structure
a) 4N: trun :,47 b) 4N: trun :,47
| | | |
HIN | HIN |
LIN _,_\_E— LIN |_| }
high
HO HO
LO low LO
Figure 4  Input filter timing diagram

The integrated gate drive provides additionally a
shoot through prevention capability which avoids
the simultaneous onstate ofthe high-side and low
side switch of the same inverter phasé minimum
deadtime insertion of typically 80ns is also
provided by driver IC, in order to reduce cress
conduction of the external power switches.

Voo, COM(Low side control supply and reference)

\hois thecontrol supply and it provides power both
to input logic and tothe output power stage. Input
logic is referenced t&COMground.

The undervoltage circuit enables the degk to
operate at power on when a supply voltage of at
least a typical voltage o¥bmw =11.1V is present.

FinalDatasheet 5

HM

The IC shuts down all the gate drivers power
outputs, when the\ibpsupply voltage is belowbov

= 109V. This prevents the external power switche
from critically low gate voltage levels during en

state and therefore from excessive power
dissipation.

Vea,2,3 and Vsu 2,3 (High side supplies)

\kto \sis the high side supply voltage. The high side
circuit can float with respect taCOMfollowing the
external high side power device emitter voltage.

Due to the low power consumption, the floating
driver stage is supplied by integrated bootstrap
circuit.

The undervoltage detection operates with a rising
supply threshold of typical Msuv= 11.1V anda falling
threshold of ¥suv= 10.Y/.

Vsa,2,3 provide a high robustness against negative
voltage in respect of2OM This ensures very stable
designs even under rough conditions.

Vra23 (LOw side emitter s)

The low side emitters are available for cemt
measurements of each phase leg. It s
recommended to keep the connection to pidOMas
short as possible in order to avoid unnecessary
inductive voltage drops.

VTH (Thermistor output )

A UL certified NTGQesistor is integrated in the
module with one taminal of the chipconnected to
COM and the other to VTM/hen pulled up to a rail
voltage such asdéor 3.3V by a resistor, the VTH pin
provides an analog voltage signal corresponding to
the temperature of the thermistor.

RFE (RCIN / Fault / Enable)

The RFE pin combines 3 functions in one pin: RCIN or
RCnetwork based programmable fault clegimer,
fault output and enable input

The RFE pin is normally connecténlan RC network
on the PCB per the schematic in Figure 5. Under

normal operating conditions, Rienpulls the RFE pin
to 3.3V, thus enabling all the functions in the IPM.
The microcontroller can pull this pin low to disable
the IPM functionality This is is the Enable function

Revision 2.1
201907-15
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Pin Configuration

+3.3V

To Microcontroller

Figure 5 Typical PCB circuit connected to

the RFE pin

The Fault functim allows the IPM to reporta Fault
condition to the microncontroller by pulling the RFE
pin low in one of two situations. The first is an under
voltage condition on Wpoand the second is when the
ITRIP pin sees a voltagiesing aboveVir 1.

Theprogrammable fault clear timerfunction
provides a means of automatically renabling the
module operation a preset amount of timéTe+c.)
after the fault condition has disappearedrigure 6
shows the RFEelated circuit block diagram inside
the IPM.

The lengh of TFLTCLR can be determined by using
the formula below.

Viedt) = 3.3V * (ke RO
Triretr=-Reein® Gren® IN(1-Vingrd/3.3V)

For example, if Rnis 1.2NA and Geeinis 1nF, the i+
cLriS about 1.7ms with Mru.0f 2.5VIt is also
important to note that Genneeds to be minimized in
order to make sure it is fully discharged in case of
over current event.

Since the ITRIP pin hass80nsinput filter, it is
appropriate to ensure that genwill be discharged
below MW+ by the opendrain MOSFET, after 350ns.
Therefore, the max gzincan be calculated as:

FinalDatasheet

VRFKt) = 3.3V * &< VN,TH
Cren<500ns / (- In (VN,TH-/ 33V) * R:E_oal

Consider W, of 0.8V and Re onof 500hm, Gein
should be less tharrnF It is also suggested to use a
Reenl @ <?NQ??H Tnp-A ; H>

Input
HIN H Noise
filter
Deadtime &

Shoot-Through
Prevention

Input
H Noise
filter

VDD
Under-
voltage
detection

RFE

Figure 6 RFE internal circuit structure

U/Vs1, VNG, WNE3(High side emitter and low side
collector)

These pins are motor U, V, W input pins.

V+(Positive bus input voltage, Pin 23)

The high side IGBSlare connected to the bus
voltage. It isnoted that the bus voltageshould not
exceed450V.

Revision 2.1
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Absolute MaximunRating

3 I <IMFON? - ; RCGOG 2; NCHA
3.1 -1 >0F?
Table 3
Parameter Symbol | Condition Units
Storage temperature Tste -40 ~ 150 °C
Operating case temperature Tc -40 ~ 125 °C
Operating junction temperature T; -40 ~150 °C
Isolation test voltage Viso 1min, RMS, f = 60Hz 2000 Y,
3.2 ) HP?LN?L
Table 4
Parameter Symbol | Condition Units
Max. blocking voltage VeedVrrm 600 \Y;
Output current lo Te=25°C 6 A
Peakoutput current lop Tc=25°C,t< 1ms 9 A
Peakpower dissipationper IGBT Pt Tc= 25°C 10.5 "
Shortcircuit withstand time Tsc Voc= 3@V, T=150°CVpp= 15V 3 €S
Allowed number of short
circuits: <1000, time between
short circuits: >1s
3.3 #1 HNL I F
Table 5
Parameter Symbol | Condition Units
Low side control supply voltage \bo -03~20 \%
Input voltage Vin LIN, HIN,ITRIP,RFE -0.3~Yo Vv
High side floating supply voltage Ves -0.3~20 \%
(s reference to V)
FinalDatasheet 7 Revision 2.1
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Table 6
Parameter Symbol Conditions Min. Typ. Max. Units
Junction-case thermal
resistanceall IGBTs Rrige) m - 2.4 2.8 °C/W
operating (per module)
Junction-case thermal
resistance, all diodes Rri@opm - 2.5 2.9 °C/IW
operating (per module)
Single IGBT thermal High side \phase R
resistance, junctioncase Rrco | \gBT 8.4 9.6 C/w
Single diode thermal High side ‘phase R
resistance, junctioncase Rreor | diode 93 108 C/w
FinalDatasheet 8 Revision 2.1
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Table 7
Parameter Symbol Min. Typ. Max. Units
Positive DC bus input voltage V+ - - 450 \%
Low side control supplyoltage Voo 13.5 - 16.5 \%
High side floating supply voltage Ves 12.5 - 17.5 Vv
Input voltage(LIN,HIN,ITRIP,RFE) Vin 0 - 5 Vv
PWM carrier frequency Fowm - 20 - kHz
External dead time between HIN & LIN DT 1 - - VS
Voltage between COM ang\. 3 Veow -5 - 5 Y,
Minimuminput pulse width PWnion) 1 - - S

PVmWOFH
Final Datasheet 9 Revision 2.1
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Static Parameters
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6.1 ) HP? LN?L
(VoorCON) = (¥- Vs) = 15 V. cE 25Cunless otherwise specified.
Table 8
Parameter Symbol | Conditions Min. Typ. Max. Units
Collector-to-emitter Veesay | lc= 1A - 12 - \%
saturation voltage lc=3A - 1.65 20 Vv
lc=3A, T=15G - 1.8 - \Y,
Collector emitter leakage lces Vin= 0V, V+ = 600V - - 80 HA
current Vin= 0V, V+ = 600V, T| - 24 - HA
= 150°C
Diode forward voltage VE lc= 1A - 1.2 - \%
lc=3A - 1.6 2.0 \Y
lc=3A, T=15G - 15 - Y,
6.2 #1 HNLI F

(MVorCON) = (¥-Vs) = 15 V. ¢E 25Cunless otherwise specified. Thawdnd Iy parameters are referenced to COM
and are applicable to all six channels. Theyvparameters are referenced to COM. Thelparameters are
referenced to VS.

Table 9

Parameter Symbol Min. Typ. Max. Units

Logicr1Rinput voltage (LIN, HIN) VinTHe 22 - - \%

LogicroRinput voltage CIN, HIN VinTh - - 0.8 v

b/ Vessupply undervoltage, positive going Voouva 9.6 10.4 11.2 Y,

threshold Ves,uv+

Vbo/Vessupply undervoltage, negative going \bouv, 8.6 9.4 10.2 \%

threshold Ves,uv

o/ Vessupply undervoltage lockout Vorouvk - 1.0 - \Y

hysteresis VBsuvH

RFE positive going threshold Vkre+ - 1.9 2.2 Vv

RFE negative going threshold Vkee 0.8 11 - \%

ITRIP positive going threshold VT The 0.475 0.500 0.525 \%

ITRIP negative going threshold Vit - 0.430 - Vv

ITRIP input hystresis Vit hys - 0.07 - Vv

Quiescent Wssupply current logs - - 70 HA
Quiescent\opsupply currentper channel loop - - 2.6 mA
Input bias arrent \{(\=5Vfor LIN, HIN Iin+ - 6.25 12.5 A
Input bias current \=5V for RFE IinrFE+ - - 1 MA

Final Datasheet 10 Revision 2.1
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Parameter Symbol Min. Typ. Max. Units
Input bias current =5V for ITRIP lirrip+ 5 20 HA
Bootstrap resistance Res 200 - Y
RFE low on resistance Rere 34 60 Y
Final Datasheet 11 Revision 2.1
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7 $SH; GC= O0; L; G?N?LM
7.1 ) HP? LN?L
(VoorCON) = (¥- Vs) = 15 VIc= 25Cunless otherwise specified.
Table 10
Parameter Symbol | Conditions Min. Typ. Max. Units
Input to output turn-on Ton - 641 - ns
propagation delay
Turn-on rise time T | lc=3A V=300V - 37 - ns
Turn-on switching time Tcon) - 135 - ns
Input to output turn-off Torr - 895 - ns
propagation delay
Turn-off fall time Te | le=3A V¥ =300V i 80 i ns
Turn-off switching time Tcof - 82 - ns
RFE low to six switch turoff Ten Vin=0 or W=5V, - 520 - ns
propagation delay Vkr=5V
ITRIP to six swite turn-off Tre | V+ =300¢ N0 cap - 1.3 - ps
propagation delay on RFE
Turn-on switching energy Eon lc=3A, V+ 300V, - 86 -
Turn-off switching energy Eorr | Voo= 15V, L SMH - 31 - HJ
Diode reverse recovery energ] Erec - 20 -
Diode reverse reavery time Trr - 153 - ns
Turn-on switching energy Eon lc=3A, V+ 300V, - 129 -
Turn-off switching energy Eore | Vo0= 15V, L SmH - 50 - HJ
Diode reverse recovery energ] Erec T.=150°C - 51 -
Diode reverse recovery time Trr - 211 - ns
7.2 #INLI F

(VorCOM) = ¥ Vs) = 1%. = 25Cunless otherwise specified.

Table 11

Parameter Symbol | Conditions Min. Typ. Max. Units
Input filter time (HIN, LIN Taun | VMn=0o0r =5V - 300 - ns
Input filter time (ITRP) Trumrie | V=0 or =5V - 500 - ns
Internal dead time DTc Vin=0 or =5V - 300 - ns
Matching propagation delay My External dead time - - 50 ns
time (on and off) for same > 500ns

phase highside and lowside

FinalDatasheet 12 Revision 2.1
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Table 12
Parameter Symbol Conditions Min Typ. Max. Units
Resistance Ras Tc= 25°C, +5% tolerance 44.65 47 49.35 EA
Resistance Ri2s Tc=125°C 1.27 139 1.51 EA
B-constant B +1% tolerance - 4006 - K
(25/100)
Temperature -20 - 150 °C
Range
+3.3V
4.0
—~ REXT
\>-/ Vin
E 3.5 .
>
%3.0 = L
5 N
225 N
>
'8 \\\ Rmin Rtyp Rmax
82'0 \ max T3] OEAS6 OEAS OEAS
x \ typ 50 15.448 16432 17.436
-DE_ 1.5 min 60 10.483 11.194 11.924
5 70 7.245  7.765  8.302
%10 80 5092 5477  5.876
% 90 3.648  3.937  4.237
b= 100 2.653 2.872  3.101
= 0.5 \\ 110 1957 2125  2.301
|\| 120 1462 1592  1.729
0.0 125 1269  1.384  1.505
0 10 20 30 40 50. 60 70 80 90 100 Ig' 0120130140150
Thermistor Temperature TTHQ)

Figure 7 Thermistor resistance sktemperature curve , for Rext 3 11 X @4t aéfmistor resistance

variation with temperature.
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Mechanical Characteristicand Ratings

9 -?=B; HB5 LE=N?LCMNC=M ; H> 2; NCH.
Table 13

Parameter Symbol | Conditions Min. Typ. Max. Units

Comparative Tracking CTI 550 i i Vv

Index

Curvature of module .

backside BC See Figur® -50 - 50 pum

Mounting Torque M3 screw & washer, 04 08 12 N

0 thermal grease
M3 screw & washer,
SIL-PAD 1500ST | 0.6 10 Nm

Weight W - 30 - g

FinalDatasheet 14 Revision 2.1
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Quialification Information

10 10; FC@C=; NCI'H )H@I LG; NCI H
Table 14
UL Certification File number E252584
Moisture sensitivity level | MSL3
(SOP29 x 120nly)
RoHS Compliant Yes
FinalDatasheet 15 Revision 2.1
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Figure 8 Tcmeasurement point

11.2 ", =EMC>? #OLP; NOL? - 7?; MOL?G?HN O1I CF
e
_///
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i O
lleeesas oo |
i u

0.50
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Figure 9 Curvature measurement points
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Diagrams &Tables

11.3 ) HWOOINJ ON , 1 AC= 4; <F?
'%';
HIM1,2,3 M
(29,2?,233 (RERTY
Driver (0e2)
LIM1,2,3
(24,2?,25) ﬂ
-
Figure 10 Module block diagram
Table 15
RFE ITRIP HIN1,2,3 LIN1,2,3 u,v,w
1 0 1 0 V+
1 0 0 1 0
1 0 0 0 g
1 0 1 1 g
1 1 X X g
0 X X X g
9 61 FN; A? >?J?H>M | H >CL?=NCIH I @ JB; M2 =OLL?HN
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Diagrams &Tables

11.4 S3QCN=BCHA@CZBGRCI HM
HINX 2.1V
LINX
0.9V
trr
toﬁ R ton
|4
. 10%
lcx
90%
t
10% 10% 10%
VcEx \
te(off)

Figure 11 Switching times definition

HIN(U, V, W)

LIN(U, V, W)

50% # X 50%

lTRiP

TFLT

RFE o0 /
U v, w \gm e
50%
A A A

]
sinininiesseieivir /I \

TFLT—CLR

<TITRIP >

Figure 12 ITRIP time waveform

50%\

RFE \

U Vv, w

Figure 13 Output disable timing diagram
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12.1 4SJC=;F 'JJFC=; NCIH 3=B?7G; NC=

Figure 14 Application schematic

12.2 4P My ( 4
Figure 15 Typical T, vs Trucorrel ation
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