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About this document

Scope and purpose

This application note describes the IM231-x6 portfolio of CIPOS™ Micro Intelligent Power Modules (IPM) and
should be used in parallel with each part’s datasheet. This document first gives an overview of the product
lineups and datasheet information. It details the functionality of the modules and then provides
recommendations for designing the external circuitry that interfaces with the modules. The application note
ends with thermal-design considerations and heat-sinking guidelines.

Intended Audience

Power electronics engineers who want to design reliable and efficient motor drive applications with IM231-x6.

Table of Contents

About this dOCUMENT......ciuiiiiiiuiiriiiiniiriiiraiiimitseiirsisrsestssssrssssesssssssssssssssssssssssssssssssssssssssssssssssssass 1
Table Of CONEENTES .cu.ivuiiiiiiiiiiiiiiiiiiiiiiiiiiiteiiniiieiieiineisesiacisestestsssestacsessesssessessasssessesssssssssasssssssssassses 1
1 L T [Tl T T N 3
1.1 [l Te [¥ Lot oTo] o o] LT TR U SRR 3
1.2 NOMENCIATUIE ...ttt ettt st ettt ettt s b s bt e b et et et e st sseesessesbesentensensenesaees 4
2 Product overview and pin description.....ccccceeeuuiieenirinninreniirenniirenieieniciennicteaiceenieesnnens 5
2.1 INternal CIrcUIt aNd fEAUIES ......oiiuirieieeec ettt sb et e e e e e saees 5
2.2 PACKAEZE VATTATIONS ..ttt sttt et ettt b s bbb e b et et et s st e besaesbensenbenteneenesaees 6
2.3 INPUL AN OQULPUL PINS ittt et te e st e e e sre s e e sse et e tesseesessesss e seesaessesseensessessnessessenseenes 7
2.5 OULIINE AFAWINES ..ottt ettt et e et s e st e s et st et e s st et e ba s st esesstessesasentensesasensansesnsenns 10
2.6 MaxXimUM €LECEIICAL FAING c.vevveeeieieieereeer ettt et ettt et sa sttt sae s s e e e e saeas 12
3 Protection fEatures......cccciiiieuiiiieniiiiniiiiiniiiiniiiiniiinuiiieieteiinteeireeeteaieeeassessasssssssees 13
3.1 OVEICUITENT PrOTECTION .oiuvirterteirieeseestesire st sste e s e es e e ssesssesssessseesanesseesasesssesssasssassseesssesssesssessseesseensees 13
311 Selecting the current-sensing SHUNt rESISTON ......civiiviiciiriirteeeeteee e 14
3.1.2 =Y F N T ' TSRS 15
3.2 REE fUNCHIONS ..ttt ettt ettt et e sae et e s be st et et et e s s eseeseesassessessensenaensansensesessens 16
33 UNAErvoltage LOCKOUT .....c.iiiiiieeeeetee ettt sttt ettt st et be st be bt et e sae et eees 17
3.4 OVer-1emMpPErature ProtECLION ....covvii ittt ettt sste st e st essbe e s baeesbaessaesssseesssasssssasssseesssees 18
3.5 AdVANCEA INPUEL FIILET .ttt ettt et e s e st et e s s st e sae st esesaeensessesssensans 20
4 Interface circuits and layout guide.......ccccevurieunirnniriniiiniiniineiiiainninticiacisisseissacesesssnnes 22
4.1 INpUt/OUtPUL SIZNAL CONNECION...c.iiiiieeeeetee ettt sttt et et 22
4.2 General interface CirCUIt @XAMPLE......cvevieieeceeeee ettt e re s a et e nae e 23
4.3 Recommended circuit current of POWEr SUPPLY ...veevevieririeiereeieeteeeeee ettt 24
4.4 Recommended layout pattern for OCP and SCP fUNCLIONS .....ccvecveeieeeerieeeeiereeectese e 24
4.5 Recommended wiring of shunt resistor and snubber capacitor.........ccccecevereeninencncneneieeeenene 25
4.6 Pin and screw hole coordinates for IM231-x6 fOOtPrint........ccceevecieeerceericeereseee e 26
5 BOOEStrap CirCUIL. cceieiuceieiincerenincareerncacaetecesssracesssscessssscassosscessssscassssssassssssasssssssssssnsassss 28
5.1 BOOTStrap-CIrCUIT OPEratioN .....ccviiiriieieiiiiieirteeete ettt esre st essreessba e e sbeesseesssseessaessssassssaesssseenns 28
AN2018-38 Please read the Important Notice and Warnings at the end of this document Revision 1.0

www.infineon.com 2018-12-18



o _.
CIPOS™ Micro IPM Application Note In f| neon
For IM231-x6 Only

Table of Contents

5.2 Initial charging of bOOtStrap CAPACITON....ccuvuiriiriirieieieee et 29
5.3 BoOtstrap CapacCitor SELECHION .....civieieieec ettt ettt s ae e es 29
5.4 Charging/ discharging of bootstrap capacitor during operation ...........coceeeveeererierenenenennereeesennes 30
5.4.1 Example 1: Selection of initial Charging time.........ocvveeieeeeeeeeeeeee e 30
5.4.2 Example 2: Minimum value of bootstrap Capacitor.........ceveecieveecieneneeceeee e 30
6 Thermal System deSigN...cccciiuiiiirniinirenineinestenissrestsecsestastsesresssessessessssssssssssssssassassssssase 32
6.1 Online motor-drive-simulation TOO0L ......cccueieiiieieece et e eeaae e b e eaae s 32
6.2 POWET LOSS...ueeteeteeeieieteete et eseesteestteete e te e te e teessaeesbeesse e baesasassessseasseessaessseassesssensseenseesesssaessseesansanns 33
6.2.1 (010 oo [Tt ToY o T (o3 U 33
6.2.2 SWIECNINE LOSS ettt ettt ettt et sbe et et st et e bt et et e sat et e s be et esbesaeenaenne 34
6.3 ThermMal IMPEAANCE ...oviieeeteeteeeee ettt ettt e st e st st e s e s st et e s se et essesseessasseessesseensensesssansans 35
6.4 Heat SiNk SELECTION GUILE ... coouiiiiiiteteee ettt ettt ettt b e st be st e b e st et e nees 36
6.4.1 Required heat Sink PErfOrMaNnCe ..o ciieeeiereeeece ettt e e e sae e s e s ressneeas 36
6.4.1.1 Calculating required heat sink performance eXample.......co.coevevevierierenenenenenenereeeeeenaens 36
6.4.2 HeEat SINK CRaraCteriStiCS..cccuiiiiieeieeccteeeeee ettt ettt etre e b e e e e e e tbeeeesaeeesseeebaeeesseesnseseseean 37
6.4.2.1 Heat transfer from heat source to heat SiNK ......ocecieeieeniecieecceceeeeeee e 37
6.4.2.2 Heat transfer Within NEAt SINK .......icuiiviiieiceeceece ettt e et et e ene 37
6.4.2.3 Heat transfer from heat sink surface to ambient........ccoovveiieiiieiiciicicececce e, 37
6.4.2.4 SeleCtiNg @ NEAT SINK c.cveeieiiieieieietee ettt sttt ettt st b bbbt et eae e 39
7 Heat sink mounting and handling .......ccceciieiiniieiiniiniinnincinesieniseiisiaccaesrescsessesssscsessescancss 41
7.1 Heat Sink mounting SUIAELINES .....c.ooiiiiieeieeteee ettt ettt st s b e s ea e 41
7.2 HaNAUNG SUIAELINES ...eveeiiiiieieeeteee ettt sttt ettt st s b b e s b b e sae e e e e enesaeas 42
7.3 Recommended Storage CONAItIONS ......cceeeruerueriirierieieieteerce ettt ettt e e e e saens 43
8 REFEIENCES cuuivieiinieiiniinieciitatieteecentastassecsscessssssssscascassssssssscssssssssssssssasssssssssssssasssssssassass 44
REVISION NISTOIY . c.iuiiiiiiiuiiiiiiiinianiniiieecesionieceecescasssssecsscassssssssscsssssssssssssssssssssssscssssssssssssssssssssssssssssas 45
AN2018-38 2 of 46 Revision 1.0

www.infineon.com 2018-12-18



CIPOS™ Micro IPM Application Note
For IM231-x6 Only

Introduction

(infineon

With the global emphasis on energy efficiency, there is an ever stricter requirement on the efficiency of motor
drive systems. CIPOS™ IPMs are becoming more popular in home appliance and industrial motor drive
applications, because they enable increased system efficiencies, smaller designs, easier assembly methods and
shorter system development cycles.

1 Introduction

Our next generation of CIPOS™ Micro IPM has been developed with a focus on providing added features, higher
module efficiency and better long-term reliability. Integrating Infineon’s TRENCHSTOP™ IGBT6 and latest gate
driver technologies in one package allows for the shrinking of the package size, and hence increased power
densities.

The IM231-series 3-phase IPMs are designed for high-efficiency appliance motor drives such as air-conditioner
fans, refrigerator compressors, and small washing machines rated between 80 and 450 W. These advanced
IPMs, available in both surface-mount and through-hole configurations, have several protection features
including precise overcurrent protection and a UL-certified temperature sensor.

The application note concerns the following products:

IM231-L6T2B
IM231-L6S1B
IM231-M6T2B
IM231-M6S1B
1.1 Product portfolio
Table1 IM231-x6 Product Line
Rating .
Isolation
Part Number Current | Voltage | Topology Package
Voltage (Vrms)
(A) (V)
IM231-M6T2B 4 Through-hole
2000 Vrms
IM231-M6S1B i i Surface-mount
600V 3¢ bridge with open sinusoidal,
IM231-L6T2B emitters Through-hole .
6 1 min.
IM231-L6S1B Surface-mount
AN2018-38 30f46 Revision 1.0
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1.2 Nomenclature

men

T2B

+=

T2B Through-hole

S1B Surface mount

L

2 Micro

6 <=600V

Figurel  Nomenclature for CIPOS™ Micro IPM’s IM231 series
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2 Product overview and pin description

2.1 Internal circuit and features

Figure 2 illustrates the internal block diagram of the IM231-x6. These products consist of a three-phase IGBT
inverter circuit and three half-bridge driver ICs with protection features.

1 COM O O 17 V+
2 Vg [o; * |
3 Vea (e, _|
4 HN1 O Half-Bridge 18 U/Vs:
5LNL O HVIC
- —
6 RFE O O 19 Vg,
7 Va2 [e; * | o
7 20 V,
8 Ve o _| K
(e,
9 HINZ Half-Bridge O 21 VIVg,
10 LIN2 © HVIC
— B
11 VTH O7yw
12 V, O
3 * ! 4| 10 22 v
13 Vees © R3
14 HIN3 O
O 23 WV,
15 LIN3 O

Half-Bridge
HVIC E
16 ITRIP 0-4

Figure2 Internal block diagram

The detailed features and integrated functions of IM231-x6 are described as follows:
Key features:

e 600V/4Ato 6 Aratingin one physical package size (mechanical layouts are identical)
e Motor power range from 80 W to 450 W

e Surface-mount and through-hole dual-in-line package options

e Infineon low Vcgony TRENCHSTOP™ IGBTSs with separate freewheeling diode

e Undervoltage lockout for all channels

e Rugged gate driver technology with stability against transient and negative voltage
e Integrated bootstrap functionality

e Matched delay times of all channels / Built in dead time

e Overcurrent protection

e Lead-free terminal plating; RoHS-compliant

e 3.3V Schmitt-triggered input logic

e Cross conduction preventing logic

o Low-side emitter pins accessible for current monitoring

e Active high input signal logic

e Isolation 2000 Vrms min

e High operating case temperature, Tcmax=125C

e UL-certified temperature monitor

AN2018-38 5of 46 Revision 1.0
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Key benefits:

e Ease of design and short time-to-market

e Compact package with through-hole or surface-mount options
e Simplified design and manufacturing

e Lower losses than similar modules in the market

e Heat sink-less operation possible

2.2 Package variations

IM231-x6 are available in 2 package variations: surface-mount (SOP 29x12) and standard through-hole (DIP
29x12). These package variations are illustrated in Figure 3.

Figure3  Externalview of IM231-x6: Through-hole package (DIP 29x12) on the left and surface-mount
package (SOP 29x12) on the right

AN2018-38 6 of 46 Revision 1.0
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2.3 Input and output pins

(infineon

=
=

st ]
=19

i

Figure4  Module pinout
Table 2 Pin Assighnment

Pin Name Description

1 COM Logic ground

2 Vi High side floating supply voltage 1

3 Vop1 Low side control supply 1

4 HIN1 Logic input for high side gate driver - Phase 1

5 LIN1 Logic input for low side gate driver - Phase 1

6 RFE RCIN / Fault / Enable

7 Ve High side floating supply voltage 2

8 Vo2 Low side control supply 2

9 HIN2 Logic input for high side gate driver - Phase 2

10 LIN2 Logic input for low side gate driver - Phase 2

11 VTH Thermistor output

12 Vi3 High side floating supply voltage 3

13 Voos Low side control supply 3

14 HIN3 Logic input for high side gate driver - Phase 3

15 LIN3 Logic input for low side gate driver - 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 Vrs Phase 1 low side emitter

20 Vr2 Phase 2 low side emitter

21 V/Vs, Output - phase 2, high side floating supply offset 2

22 Vs Phase 3 low side emitter

23 W/Vs; Output - phase 3, high side floating supply offset 3
AN2018-38 7 of 46 Revision 1.0
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2.4 Pin descriptions

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

These pins are positive logic and they are responsible for the control of the integrated IGBTs. The internal
structure of these pins is depicted in Figure 5. The Schmitt-trigger input thresholds are designed to guarantee
LSTTL and CMOS compatibility down to 3.3V controller outputs. A pull-down resistor of about 800 kQ is internally
provided to pre-bias inputs during supply start-up, and an ESD diode is provided for pin protection purposes.
The input Schmitt trigger and a noise filter provide beneficial noise rejection to short input pulses. See Section
3.5 for more details about the advanced input filter featured in IM231-x6.

ciros™
Schmitt-Trigger
HINX | INPUT NOISE
LINX I i) FLTER |
08 SWITCH LEVEL
COM Vi Vi

Figure 5 Input pin structure

The integrated gate drive also provides a shoot-through inhibiting capability, which prevents the simultaneous
on-state of the high-side and low-side switch of the same inverter phase. A dead time of 300 ns (typical) is also
inserted between the corresponding HIN and LIN signals by the gate driver ICin order to reduce cross-conduction
of the IGBTs.

Voo, COM (Low-side control supply and reference)

Voo is the control supply, which provides power both to input logic and to output power stage. Input logic is
referenced to COM ground.

The undervoltage circuit enables the device to operate at power ON when a supply voltage of at least a typical
voltage of Vppuy+ = 11.1 Vis present.

The IC shuts down all the gate drivers power outputs, when the Vpp supply voltage is below Vppuy- = 10.9 V. This
prevents the external power switches from critically low gate voltage levels during the ON state, and therefore
from excessive power dissipation.

Vi(1,2,3 and Vs(12,3) (High-side supplies)

Vg to Vs is the high-side supply voltage. The high-side circuit can float with respect to COM following the external
high-side power device emitter voltage.

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

The undervoltage detection operates with a rising supply threshold of typically Vssw+ = 11.1 V and a falling
threshold of Vgsuv-=10.9 V.

Vsu23 provide a high robustness against negative voltage in respect of COM. This ensures very stable designs
even under rough conditions.

VR(1,2,3) (Low-side emitters)

The low-side emitters are available for current measurements of each phase leg. It is recommended to keep the
connection to the COM pin as short as possible in order to avoid unnecessary inductive voltage drops.

AN2018-38 8 of 46 Revision 1.0
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VTH (Thermistor output)

A UL-certified NTC is integrated in the module with one terminal of the chip connected to COM and the other to
VTH. When pulled up to a rail voltage such as Vpp or 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 three functions in one pin: RCIN or RC-network-based programmable fault clear timer,
fault output and enable input. See Section 3.2 for more details.

U/Vsi1, V/Vs2, W/Vs; (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 IGBTs are connected to the bus voltage. Note that the bus voltage does not exceed 450 V.

AN2018-38 9 0of 46 Revision 1.0
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2.5 Outline drawings
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Figure6  DIP29x12 (dimensions in mm)
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2.6 Maximum electrical rating

Absolute maximum ratings indicate sustained limits beyond which damage to the module may occur. These are
not tested in production. All voltage parameters are absolute voltages referenced to COM unless otherwise
stated in the tables. These values can be viewed in the specific part’s datasheet. Appropriate design margins
should be implemented to ensure that all absolute maximum ratings are observed at all times during
operation. This includes abnormal conditions like start-up, shut-down, overload, short-circuit, and system
failures. Section 6 provides detailed instructions to help assess the temperatures of the device based on
operating conditions. Please see references below for more in-depth descriptions of these ratings.

Table 3 Module
Parameter Symbol | Description

Storage temperature Tste Storage temperature range for reliable performance over
life of device

Operating case temperature Tc Temperature range of package top surface (surface with
part marking)

Operating junction temperature T, Temperature range of the internal junction of power
switches and gate drivers.

Isolation test voltage Viso 60 Hz voltage that can be applied for one minute between
all pins and top surface of the module. This is a UL-certified
rating (File number E252584).

Table 4 Inverter

Parameter Symbol | Description

Max. blocking voltage Vees/l Voltage that can be applied across each IGBT.

Output current lo Current class to aid in selection of right part number.

Peak output current lop Pulsed output current capability from single switch at
specified temperature and te (duration of time at peak).

Peak power dissipation per IGBT Piot Total peak power dissipation per switch

Short-circuit withstand time tsc At specified conditions

Table 5 Control

Parameter Symbol | Description

Low-side control supply voltage Voo Voltage range of input supply voltage

Input voltage LIN, HIN Vin Voltage range in reference to Voo

High-side floating supply voltage | Ves Voltage range of input supply voltage

(Vs reference to Vs)

AN2018-38
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3 Protection features

3.1 Overcurrent protection

IM231-x6 is equipped with an ITRIP input pin. Together with one or more external shunt resistors, this
functionality can be used to detect overcurrent events in the negative DC bus. The internal high-voltage gate
driver will continuously monitor the voltage on the ITRIP pin. Whenever this voltage exceeds the reference
voltage (Virw: = 0.5V with a £5% variation), a fault signal will be generated on the RFE pin, and all six IGBTs will
be turned OFF.

HIN(U, V, W)
LIN(U, V, W)
50% # X  50%
Itrip / \
TFLT
-
RFE 50%
U, Vv, w
<TITRIP > - TFLT-CLR »

Figure9 Timingchart for the overcurrent protection function

The threshold of overcurrent protection can be determined by Vir i / Rsuunt, if a single bus shunt is used and is
directly connected to the ITRIP pin without any voltage-dividing circuit.

In case of a short-circuit event, the current level will rise very quickly to the saturation current of the IGBT. It is
then critical to ensure that all IGBTs are turned OFF as soon as possible. Since IGBTs in IM231-x6 are short-circuit
rated (see Table 6), the safe operation of the IPM is guaranteed by minimizing the delay of external current-
sensing circuits and making sure its delay, plus the intrinsic IPM delay time, is lower than the IGBT short-circuit
rating time. Since the IGBT short-circuit rating depends on its junction temperature and gate voltage
(approximately equal to Vop for low-side IGBTs and Vgs for high-side IGBTS), it isimportant to consider all possible
operating conditions when designing the overcurrent protection scheme. Figure 9 shows the variation of short
circuit time with Vpp and Vin.

AN2018-38 13 0f 46 Revision 1.0
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Figure 10 [M231-x6 tsc vs Voo with Voc =400V and T,= 150°C

For safe operation, taking into account Vi and Vpp variations, layout designs are advised to be done with tsc=3
MS

Table 6 Short-circuit withstand time
Item Symbol Condition Value Unit
Short-circuit withstand time tsc T,<150°C, Vpc =360V, Vpp =15V 3 Us
3.1.1 Selecting the current-sensing shunt resistor

The value of the current-sensing resistor is calculated by the following expression:

VIT'I'HJr
Roy = ’

(1)

IOC

Where V114, isthe ITRIP positive-going threshold voltage of IM231-x6, typically 0.50 V. loc is the trip current
level.

loc should be lower than the repetitive peak collector current in the datasheet.
The following should be considered to determine the power rating of a single shunt resistor:

e Maximum load current of inverter (Iims)

e Shunt resistor value at Tc=25°C (Rsn)

o Power derating ratio of shunt resistor at Tss=100°C according to the manufacturer’s datasheet
o Safety margin

The shunt resistor power rating is calculated by the following equation:

o _ 12 xRg, xmargin o)
' derating ratio

AN2018-38 14 of 46 Revision 1.0
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For example, in case of IM231-L6 and Rsy=89 mQ:

e Max. load current of the inverter: 4 Ams
e Power derating ratio of shunt resistor at Tsx=100°C : 80%
e Safety margin:30%

4% x0.089 x1.3

P., = —23W
st 0.8

A proper power rating of a single shunt resistor should then be over 2.3 W. A strategy to reduce the power
dissipation requirement for one single shunt resistor is to use two or more shunt resistors in parallel.

3.1.2 Delay time

When an overcurrent event occurs in the inverter, there is a delay between the occurrence of this event and the
IPM turning off allits IGBTs. This delay arises from circuit-design choices made external to the IPM, and from
intrinsic delays within the IPM.

Let us examine the delay due to circuit design choices external to the IPM first. An RC circuit is typically placed
between the shunt resistor and the ITRIP pin. This low pass filter is necessary to prevent spurious triggering of
the overcurrent protection feature due to noise. Assuming no voltage-dividing circuit is present, when the
sensing voltage on the shunt resistor exceeds ITRIP positive-going threshold (Virr:), this voltage is filtered by
the RC network and then applied to the ITRIP pin of IM231-x6 with a delay determined by the RC time constant,

tre.

Next let us examine the intrinsic delays within the IPM. The IPM has a built-in filter of tr e =500 ns (typical) to
reject pulses on the ITRIP pin that are that shorter than trmre. In addition there is the shutdown propagation
delay of ITRIP (trre) shown in Table 7. With no capacitor on RFE, the IPM requires a typical 1.3 ps to shut down
all the IGBTSs after ITRIP crosses Virru. If a capacitor is placed on RFE, this delay will increase by the time
required to discharge the capacitor to a voltage below Vgse.. To minimize the overall delay, keep the
capacitance connected to RFE low (~1nF), and pull up RFE to 3.3V or 5V rather than Vpp. Refer to Section 3.2 for
more information on RFE.

Table7 Internal delay time of OC protection circuit
Parameter Condition Min. Typ. Max. | Unit
trrip V+=300 V, no capacitor on RFE - 1.3 - s

Therefore, the total time from the ITRIP positive-going threshold (Vir+) to shut down all six IGBTs becomes:
trotaL = trc* tirrip (Wlth no capacitor on RFE)

troraumust be designed to be less than the short-circuit withstand time of the IGBT under the operating
conditions of the system.

AN2018-38 15 of 46 Revision 1.0
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3.2 RFE functions

The RFE pin is normally connected to an RC network on the PCB as per the schematic in Figure 10. Under normal
operating conditions, Rrein pulls 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 the Enable function.

+3.3V

To Microcontroller

Figure11 Typical PCB circuit connected to the RFE pin

The Fault function allows the IPM to report a Fault condition to the microcontroller by pulling the RFE pin low in
one of two situations. The first is an undervoltage condition on Vpp, and the second is when the ITRIP pin detects
a voltage rise above Vir y.

The programmable fault-clear timer function provides a means of automatically re-enabling the module
operation to a preset amount of time (tr.r-cir) after the fault condition has disappeared. Figure 11 shows the RFE-
related circuit block diagram inside the IPM.

The length of Trir.cir can be determined by using the formula below.
Veee(t) =3.3V * (1 - e'RC)
trr-cir = -Rraw * Crain * ln(l—V|N,TH+/3.3 V)

For example, if Rrenv is 1.2 MQ and Cren is 1 nF, the trircir is about 1.7 ms with Vinmws of 2.5 V. Itis also important to
note that Cran Needs to be minimized in order to make sure it is fully discharged in case of an overcurrent event.

Since the ITRIP pin has a 500 ns input filter, it is appropriate to ensure that Crew will be discharged below Vi 1. by
the open-drain MOSFET, after 350 ns. Therefore, the max Crein can be calculated as follows:

Vrre(t) =33V etk < Vin,TH-
Cran<500ns/ (- In (VinTn-/ 3.3V) * Rree_on)

Considering a Vinu- of 0.8 V and Rrre_on 0f 50 Q, Cren should be less than 7 nF. It is also suggested to use a Rren of
between 0.5 MQ and 2 MQ.

Finally, to minimize the delay in the overcurrent protection circuit, we recommend pulling up RFE with Rgcin to
3.3Vor5Vinstead of Vpp.
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Figure 12 RFEinternal circuit structure

3.3 Undervoltage lockout

The gate drivers inside IM231-x6 provide Undervoltage Lockout (UVLO) on both the Vpp-3 (logic and low-side
circuitry) power supplies, and also Vesq-3 (high-side circuitry power supplies). UVLO’s threshold, labeled as
Voouv+/- (Or Vesuvs.-) in Figure 12 below, is the voltage level of Vopu-3) or Vesi-3 where UVLO is enabled or disabled
depending on whether the power supply voltage is rising or falling.

Upon power-up, should the Vppu-3) voltage fail to reach the Vopuys threshold, the driver will not turn ON.
Additionally during operation, if the Vopu-3) voltage decreases below the Vppuyv- threshold during operation, the
UVLO circuitry will recognize a fault condition and shut down the high and low-side gate drive outputs.

Upon power-up, should the Ves1.3) voltage fail to reach the Vesuy: threshold, the driver will not turn ON.
Additionally during operation, if the Ves(1.3) voltage decreases below the Vgsyv. threshold, the UVLO circuitry will
recognize a fault condition, and shut down the high-side gate outputs of the driver.

UVLO ensures that the drivers will turn on the corresponding IGBTs only when the gate supply voltage is
sufficient enough to fully enhance the IGBTs. Without this feature, the gates of the IGBT could be driven with a
low voltage causing the IGBTs to conduct current with a high saturation voltage. This could result in very high
conduction losses within the power device, and could lead to IPM failure.
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Vbpuv+

Vobuv- __i/(or Vesuv+)
__\ (or Vesuy)
Time
UVLO Protection
(Gate Drive Outputs Disabled)
Normal Normal
Operation Operation

Figure13 UVLO protection

Table 8 describes the functionality of the IPM over a range of control power supply voltages. We recommend
connecting a low-impedance (low ESR, low ESL) electrolytic capacitor and high-frequency decoupling
capacitors as close to the Vpp pins of the IPM as possible. Maximum ripple of the supply should not exceed + 1

V/us to prevent the internal drivers from malfunctioning.

The potential at the module’s COM terminal is different from that at the Vru.3) power terminals by the voltage
drop across the shunt resistor(s). All control circuits and power supplies should refer to COM and not to the

Va3 nodes.
Table 8 CIPOS™ IPM versus control power supply voltage
Control voltage [V] Functionality
0-2.5V IPM gate drivers are not functional, supply is not sufficient to have

working active devices.

2.5-9.6 V (positive going)
2.5-8.6 V(negative going)

Gate driver logic circuits are working, the gate drivers are in UVLO,
IGBTs are kept off.

11.2-13.5V

Conduction and switching losses will be higher than under normal
conditions. High-side transistors may not operate after Vg3 initial
charging, as the Vg3 voltage level may not reach Vasyys.

13.5-16.5V for VDD(1,3)
12.5-17.5V for VB(1.3)

Normal operation.

16.5-20V for VDD(1.3)
17.5~20V for VB(1.3)

Because the control supply voltage is above the recommended
range, the transistor’s switching will be faster, which will cause an
increase in system noise. Peak short-circuit current might be too
large for proper operation of short-circuit protection.

Over20V

Damage of module may occur.

3.4

Over-temperature protection

All IM231-x6 IPMs have an internal negative-temperature coefficient (NTC) thermistor to sense the module
temperature. The NTC thermistor is integrated in the module with one terminal of the chip connected to COM,
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and the other to the VTH, which can be used to monitor the line temperature of the IPM. The resistance of the
NTC can be calculated at any temperature as follows:

1 1
Rry = Rys° e[B(m_E)]

B (B-constant), Rys (resistance at 25°C), and Rixs (resistance at 125°C) are given in the specific datasheet where an
NTC is implemented. Characterization of the thermistor’s resistance depending on temperature is shown in
Table 9 below.

Table 9 Raw data of the thermistor used in IM231-x6
T[°C] Rmin [kQY] Riyp [KQ] | Rmax [kQ)] Tol [%] T[°C] Rmin [kQY] Riyp [KQ] | Rmax [kQ)] Tol [%)]

-40 1438.40 1568.15 1705.34 8.7% 45 18.930 20.097 21.282 5.9%
-35 1040.65 1130.82 1225.73 8.4% 50 15.448 16.432 17.436 6.1%
-30 761.64 825.03 891.47 8.1% 55 12.695 13.531 14.385 6.3%
-25 563.53 608.58 655.58 1.7% 60 10.4830 11.1942 11.9238 6.5%
-20 421.23 453.57 487.16 7.4% 65 8.6961 9.3033 9.9279 6.7%
-15 317.53 340.93 365.14 7.1% 70 7.2454 7.7652 8.3016 6.9%
-10 241.62 258.72 276.33 6.8% 75 6.0619 6.5084 6.9703 7.1%
-5 185.51 198.10 211.02 6.5% 80 5.0922 5.4767 5.8755 7.3%

0 143.62 152.98 162.53 6.2% 85 4.3017 4.6342 4.9800 7.5%

5 112.35 119.37 126.51 6.0% 90 3.6482 3.9366 4.2372 7.6%
10 88.440 93.740 99.109 5.7% 95 3.1056 3.3565 3.6186 7.8%
15 70.033 74.055 78.112 5.5% 100 2.6533 2.8721 3.1012 8.0%
20 55.770 58.837 61.918 5.2% 105 2.2748 2.4661 2.6669 8.1%
25 44,650 47.000 49.350 5.0% 110 1.9567 2.1245 2.3009 8.3%
30 35.772 37.737 39.711 5.2% 115 1.6886 1.8360 1.9913 8.5%
35 28.801 30.449 32.110 5.5% 120 1.4616 1.5915 1.7287 8.6%
40 23.298 24.682 26.084 5.7% 125 1.2690 1.3837 1.5050 8.8%

An external resistor network should be connected to the NTC to provide temperature readings. When pulled up
to a rail voltage such as Vpp or 3.3 V by a resistor, the VTH pin provides an analog voltage signal corresponding
to the temperature of the thermistor. This circuit can be connected to the ADC terminal of the microcontroller
to shut down the module if the temperature reading is too high. An example of this circuit is shown below in
Figure 13.
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Figure 14 Example of over-temperature protection circuit

Please note that it remains the responsibility of the system designer to implement protection strategies against
overheating that are appropriate for the system operating conditions. While the NTC provides temperature-
reading outputs, it is remote from the power switches, which are the major heat source inside the IPM. Because
of this, the NTC does not necessarily reflect the temperature of all internal components, as there will always be
a timing and temperature difference. The actual NTC reading is affected by the thermal system design specified
by the system designer, so some calibration of readings and actual temperature may be required depending on
the application.

3.5 Advanced input filter

IM231-x6 includes an advanced noise filter providing beneficial noise rejection to short input pulses applied to
LIN and HIN. The noise filter suppresses control pulses which are below the filter time Trun. The filter acts
according to Figure 14.

a) —N‘ trn :47 b) —N‘ triLn :47
| | | |
HIN l HIN 1
LIN ‘ LIN !
high
HO HO
Lo low Lo

Figure 15 Input filter timing diagram

Compared to noise filters in competitor products, the advanced input filter also allows for an improvement in
the input/output pulse symmetry of the gate driver. The working principle of the filter as compared with the
standard competitor input filter is shown in Figure 15.

The figure shows the advanced input filter of the gate driver in IM231-x6, and the symmetry between the input
and output. The upper pair of waveforms (Example 1) show an input signal with a duration much longer then
trn; the resulting output is approximately the same duration as the input signal. The lower pair of waveforms

AN2018-38 20 of 46 Revision 1.0
www.infineon.com 2018-12-18



o _.
CIPOS™ Micro IPM Application Note In f| neon
For IM231-x6 Only

Protection features

(Example 2) show an input signal with a duration slightly longer then tqn; the resulting output is
approximately the same duration as the input signal.

Standard input filter Advanced input filter
IN trILIN IN

triLin

ouT ouT

Example 1
Example 1

triLiN

triL,iN

ouT

Example 2
Example 2

ouT [

Figure 16 Standard input filter found in competitor products (left) and the advanced input filter in IM231-x6
(right)
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4 Interface circuits and layout guide

4.1 Input/output signal connection

The following shows the 1/0 interface circuit between microcontroller and IM231-x6. The IPM input logic is high-
active with weak 800 kQ internal pull-down resistors. It is recommended to use external pull-down resistors on

each PWM input pin in the range of 10 kQ) to 100 kQ). The RFE output is configured as an open-drain MOSFET.

This signal should thus be pulled up to 5V or 3.3V external logic power supply with a resistor. The resistor
should be carefully chosen as per Section 3.2.

5V-Line (or 3.3V-Line)

1.2MQ

HIN / LIN

33k

1nFi

Micro 1kQ
Controller

)
T
m

I 1nF
1

COM

A

Figure 17 Recommended microcontroller I/O interface circuit

Table 10 Maximum rating of input and RFE pin

Item Symbol Condition Rating Unit
Modul l It v Applied between 0.3~20 v
odule su voltage -0.3~
ppty g DD Voy — COM
Applied between HIN(1,2,3)- COM, N
Inputvoltage Vi LIN(1,2,3) - COM, ITRIP to COM 0.3~20 v
Fault output supply voltage RFE Applied between RFE - COM -0.3~20 v

The input and fault output maximum rating voltages are listed in Table 10. The fault output is open-drain
configured and is rated up to 20V. However, it is recommended that the fault output be pulled up to 5V or 3.3V
logic supply used for the inputs. We recommend connecting bypass capacitors as close as possible to the RFE
pin to avoid any noise that might turn on the open-drain MOSFET .
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4.2 General interface circuit example

Figure 17 shows a typical application circuit interface schematic with control signals connected directly to the
microcontroller.

vs3/w
#3‘._\ vs2/v 3-ph AC
,,,,,,,,,,,,, 5qr3a3v Motor
—_— ==
- = ; Vs1/U
na s Yoo
""""""""" e L 2 #5-
i5 orw =
i i | = ITRIP VR3
Micro ﬂﬂﬂﬂﬂg Vo RFE .
HINL 4
Controller | ) T toz—— #6,
- o HINZ WR2
1 HING S >
IU N LINL i Power GND
:(sz N2 L014{ ‘
HNs LIN3 VR1 - o
o
)
=
9]
z
o

#1 ‘

Figure 18 Example of application circuit

1. Input circuit
- Pull-down resistors on each PWM input (~30 kQQ)
2. Itrip circuit
- To prevent faulty operation of the protection function, an RC filter is recommended
- The capacitor must be located close to Itrip and COM terminals.
3. VTH circuit
- To define suitable voltage for temperature monitoring, this terminal should be pulled up to the bias voltage
of 5V/3.3V by a proper resistor.
- Itis recommended that the RC filter be placed close to the controller.
4.VB-VS circuit
- Capacitors for high-side floating supply voltage should be placed close to VB and VS terminals.
- Additional high-frequency capacitors, typically 0.1 mF, are strongly recommended.
- Overlap of pattern-to-motor and pattern-to-bootstrap capacitors should be minimized.
5. Snubber capacitor
- The snubber capacitor and shunt resistors should be as short as possible.
6. Shunt resistor
- SMD type shunt resistors are strongly recommended to minimize internal stray inductance.
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7. Ground pattern

- Pattern overlap of power ground and signal ground should be minimized. The patterns should be
connected at the common end of shunt resistors only for the same potential.
9. RFE circuit
- To set up Rand C parameters for fault-clear time.
- RFE is low-active. The pin should always be pulled upto3.3Vor5V.
- This Ris also mandatory for the fault-reporting function because it is an open-drain structure.
- Please refer to Section 3.2 for additional details.

4.3 Recommended circuit current of power supply

Control and gate driver power is normally provided by a single 15-V supply that is connected to the module VDD
pins. The circuit current of Vpp control supply is shown below in Table 11. Please note these values are for
reference only, and are not tested during production.

Table 11 The circuit current of control power supply of IM231-L6T2B [mA]
Item Static (typical) Dynamic (typical) | Total (typical)
Fsw=5 KHz 6.6 1.2 7.8
VDD=15 V
Fsw=15 KHz 6.6 1.8 8.4
Vop=20V Fsw=20 KHz 10.2 2.9 13.1

And, the circuit current of the 5-V logic power supply (VTH, RFE and input terminal) is about 20 mA.

Finally, the recommended minimum current of the power supply is shown in Table 12 below. This value
considers ripple and sufficient margins at given conditions.

Table 12 The recommended minimum circuit current of power supply [mA]
Item The circuit current of +15 V control supply | The circuit current of +5 V logic supply
Vops20V
DD ’ 90 45
Fsw=<20 KHz
4.4 Recommended layout pattern for OCP and SCP functions

It is recommended that the ITRIP filter capacitor connections to the IM231-x6 pins be as short as possible. The
ITRIP filter capacitor should be connected to the COM pin directly without an overlapped ground pattern. The
signal ground and power ground should be as short as possible, and connected at only one point via the filter
capacitor of Vpp line. The ITRIP function combined with the external shunt resistor can be used to detect
overcurrent events in the ground path that will result in the damaging of the IPM. The internal gate driver will
continuously monitor the voltage on the ITRIP pin. If this voltage exceeds the reference voltage (typ. 0.5V) a
fault signal will be generated on the RFE pin, and all six IGBTs will be turned OFF.
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VDDline CIPOS™ Micro
IM231-XX
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) VDD
é =
. COM —
Micro E | —_
Controller | T ITRIP
50r3.3Vliine
EAMA
RFE
HINX/LINX VRX 1)_ '
MV
Figure19 Recommended layout for ground and overcurrent protection traces.
4.5 Recommended wiring of shunt resistor and snubber capacitor

External current-sensing resistors are applied to detect the overcurrent of phase currents. A long wiring pattern
between the shunt resistors and IM231-x6 will cause excessive surges that might damage the IPM’s internal gate
drivers and current-detection components. This may also distort the sensing signals that may lead to loss of
control when driving a motor. To decrease the pattern inductance, the wiring between the shunt resistors and
IPM should be as short as possible, and any loop should be avoided.

As shown in Figure 19, snubber capacitors should be installed in the right location so as to suppress surge
voltages effectively. Generally, a high-frequency non-inductive capacitor of around 0.1 ~ 0.22 pF is
recommended. If the snubber capacitor is installed in the wrong location (‘1’ as shown in Figure 19), the
snubber capacitor cannot suppress the surge voltage effectively. If the capacitor is installed in location ‘2’ the
charging and discharging currents generated by the wiring inductance and the snubber capacitor will appear
on the shunt resistor. This will impact the current-sensing signal, and the SC protection level will be a bit lower
than the calculated design value. The ‘2’ position surge suppression effect is greater than in location ‘1’ or ‘3’.
The ‘3’ position is a reasonable compromise with better suppression than location ‘1’ without impacting the
current-sensing signal accuracy. For this reason, the location ‘3’ is generally used.
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—— Capacitor
Bank

Wiring Leakage
Inductance

com Vki23

Shunt
Resistor

Please make the one point connection
point as dose as possible to the GND ¢
terminal of shunt resistor

Wiring inductance should
be less than 10nH

Figure 20 Proper snubber capacitor use

General suggestions and summary:

e PCBtraces should be designed as short as possible and the area of the circuit (power or signal) should be
minimized to avoid any noise.

e Make sure there is a good distance between switching lines with high dI/dt and dV/dt and the signal lines, as
they are very sensitive to electrical noise. Specifically, the trace of each OUT phase carrying significant fast
current and voltage transition should be separated from the logic lines and analog sensing circuits (ITRIP,
RFE).

e Place shuntresistors as close as possible to the low-side emitter pins of the IPM. Parasitic inductance should
be as low as possible. Use of low inductance SMD resistors is recommended.

e Avoid any ground loop. Only a single path must connect to COM.
e Place each RC filter as close as possible to the IPM pins to increase their efficiency.

o Fixed voltage tracks such as GND and high-voltage lines can be used to shield the logic and analog lines from
electrical noise produced by the switching lines.

4.6 Pin and screw hole coordinates for IM231-x6 footprint

Figure 20 shows the pinout of IM231-x6T2B. The coordinates of each pin and screw hole (in mm) relative to Pin

Bottom View
(PCB side)

D
(© 0 © 0 ©O

2C

& i §_

Figure21 IM231-x6 pin positions on PCB
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Pin and screw hole coordinates respectively relative to Pin 1

Table 13

Pin X y

1 0.00 0.00
2 -2.54 3.00
3 -5.08 0.00
4 -6.35 3.00
5 -7.62 0.00
6 -8.89 3.00
7 -11.43 0.00
8 -13.97 3.00
9 -15.24 0.00
10 -16.51 3.00
11 -17.78 0.00
12 -20.32 3.00
13 -22.86 0.00
14 -24.13 3.00
15 -25.40 0.00
16 -26.67 3.00
17 -1.11 -14.00
18 -5.01 -14.00
19 -8.91 -14.00
20 -10.86 -14.00
21 -14.76 -14.00
22 -22.56 -14.00
23 -26.46 -14.00

AN2018-38
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A 0.47 -8.50

B -27.14 -8.50
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5 Bootstrap circuit

5.1 Bootstrap-circuit operation

The Vgs voltage, which is the voltage difference between Vg (1-3) and Vs (1-3), supplies voltage to the high-side
circuitry of the gate driver, and must be in the range of 12.5~17.5 V. As described in Section 3.3, all CIPOS™
Micro IPMs including IM231-x6 have an undervoltage protection function for Vgs.

Vce BolitlFet Vb

-

Figure22 Simplified BootFET internal connection

Internal bootstrap circuitry consists of three high-voltage bootFETs that eliminate the need for any external
high-voltage diodes and resistors. One bootFET is integrated for each high-side output channel, and is
connected between Vpp supply and its respective floating supply (Vei, Ve2, Ves) as shown in Figure 21. The
integrated bootFET is turned ON during the time when LO is ‘high’, and has a limited source current due to
intrinsic Res. Ves will increase each cycle depending on the duration of LO, value of the Cgs capacitor, the
collector-emitter drop of the corresponding low-side IGBT, and the low-side, free-wheeling diode drop.

The bootFET of each channel follows the state of low-side output stage, i.e. the bootFET is ON when LO is ‘high’,
unless the Vg voltage is higher than Vpp. In that case, the bootstrap FET is designed to remain off until Ve returns
below that threshold. This conceptis illustrated in Figure 22.

' BootFET
v ' disabled !
BS

Vcee
97% Vce

. ;

BOOtFET |
state |

[

ON

ON

Figure 23 BootFET timing diagram

A bootFET is suitable for most PWM modulation schemes, and can be used either in parallel with an external
bootstrap network (diode + resistor) or as replacement of it. The use of the integrated bootstrap as a
replacement of the external bootstrap network may, however, have some limitations. An example of this
limitation may arise when this functionality is used in non-complementary PWM schemes and at very high PWM
duty cycles. In these cases, superior performance can be achieved by using an external bootstrap diode and
resistor in parallel with the internal bootstrap network.
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5.2 Initial charging of bootstrap capacitor

To charge the bootstrap capacitor, a sufficient on-time duration of the low-side IGBT is required for initial
bootstrap charging. The initial charging time (tcharge) can be calculated from the following equation:

Cps " Rps Vbp
techarge 2 5 *In(

Vop = Vs(min) = Vis
Where,

e Vgsmin) = The minimum value of the bootstrap capacitor voltage
e Vis=Voltage drop across the low-side IGBT
e & =Dutyratio of PWM

CIPOS™ Micro

LIN O

| ST

Figure 24 BootFET circuit operation and timing chart of initial FET charging

5.3 Bootstrap capacitor selection
The bootstrap capacitance can be calculated by:

liear * At
Cpo = —2¢
Where,

e At=maximum ON pulse width of high-side IGBT
e AVgs=the allowable discharge voltage of the Cgs

e liea= maximum discharge current of the Cgs mainly via the following mechanisms:
o Gate charge for turning on the high-side IGBT

Quiescent current to the high-side circuitin the IC

Level-shift charge required by level shifters in the IC

Leakage current in the bootstrap diode

Css capacitor leakage current (ignored for non-electrolytic capacitors)

Bootstrap-diode reverse-recovery charge

O O O O O

In practice, a leakage current of 1 mA is recommended as a calculation basis. By taking into consideration
dispersion and reliability, the capacitance is generally selected to be 2~3 times higher than the calculated one.
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The Cgsis only charged when the high-side IGBT is off and the VS voltage is pulled down to ground. Therefore,
the ON-time of the low-side IGBT must be sufficient to ensure that the charge drawn from the Cgs capacitor can
be fully replenished. Hence, inherently there is a minimum ON-time of the low-side IGBT (or OFF-time of the
high-side IGBT).

The bootstrap capacitor should always be placed as close to the module pins as possible. At least one low ESR
capacitor should be used to provide good local de-coupling. For example, a separate ceramic capacitor close to
the IPM is essential if an electrolytic capacitor is used for the bootstrap capacitor. If the bootstrap capacitor is
either a ceramic or tantalum type, it should be adequate for local decoupling.

5.4 Charging/ discharging of bootstrap capacitor during operation

The bootstrap capacitor Css charges through the bootFET from the Vpp supply when the high-side IGBT is off,
and the VS voltage is pulled down to ground. It discharges when the high-side IGBT or diode are on.

5.4.1 Example 1: Selection of initial charging time

An example calculation of the minimum value of the initial charging time:

Conditions:

° CBs =4.7 |.1F, RBs =200 Q, Duty Ratio (8): 05, VDD =15V
L] VBS (min) = 12.5 V
[ V|_s =0.1V

o tenarge = A7PF X 2000 X — X In(——=

15V-12.5V-0.1V

)

In order to ensure safety, it is recommended that the charging time must be at least three times longer than the
calculated value.

5.4.2 Example 2: Minimum value of bootstrap capacitor

Based on the conditions given above, a minimum value of bootstrap capacitor can be chosen based on
switching frequency.

Conditions:

e AVps=0.1V, lica= 1 mA

0 5 10 15 20
fowm [KHZ]

Figure 25 Bootstrap capacitance as a function of switching frequency
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Figure 24 shows the curve for a continuous sinusoidal modulation if the voltage ripple (AVgs) is 0.1 V. The
recommended bootstrap capacitance for a continuous sinusoidal modulation method is therefore in the range
of up to 2.2 uF for most common switching frequencies.

It is recommended that the system design considers the actual control pattern when designing the bootstrap
circuit.
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6 Thermal system design

The thermal design of a system is a key issue included in electronic systems such as drives. In order to avoid
overheating and/or to increase the reliability, two design criteria are of importance:

e Low power losses
e Low thermal resistance from junction to ambient

The first criterion is already fulfilled when choosing CIPOS™ Micro as an intelligent power module for the
application. A good thermal design allows the user to either maximize the power or to increase the reliability of
the system (by reducing the maximum temperature). This application note will give a short introduction to
power losses and heat sinks, helping to understand the mode of operation, and to find the right heat sink for a
specific application if needed.

For the thermal design, the following is required:

e The maximum power losses P, of each power switch

e The maximum junction temperature T, max Of the power semiconductors

e The maximum allowable ambient temperature Ta max

e Thejunction-to-ambient thermal resistance impedance Zw, ,.a. For steady-state considerations, the static
thermal resistance R s.ais sufficient. This thermal resistance comprises the junction-to-case thermal
resistance Rth ,.c as provided in datasheets, the case-to-heat sink thermal resistance Ric.nsaccounting for
the heat flow through the thermal interface material between heat sink and the power module, and the heat
sink-to-ambient thermal resistance Ri,us.a. Each thermal resistance can be extended to its corresponding
thermal impedance by adding the thermal capacitances.

6.1 Online motor-drive-simulation tool

The CIPOS™ IPM Motor Drive Simulation Tool, which is available on Infineon’s website
(www.infineon.com/plex-ipm), offers help to users for part selection and design decisions. This tool allows the
user to simulate and compare IPM parts using three-phase motor conditions to determine which module best
suits their needs. The tool shows the expected temperature of the selected IPM, the approximate losses of the
system, and also generates output voltage, current, junction temperature and loss waveforms. It is
recommended to test parts with planned motor conditions in the simulation tool prior to physical design. A
user manual and video tutorial to aid in tool use is provided on the webpage.
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Figure 26 CIPOS™ IPM motor-drive-simulation tool example for IM240-M6Y1B

This tool provides a breakdown of losses, and can provide a glimpse of the tradeoff between switching and
conduction losses in the module for given conditions and design. Alternatively, these losses can be calculated
based on the formulas discussed in the next sections.

6.2 Power loss

Total power losses in the module are composed of conduction and switching losses in the power switch.

Detailed equations are provided below to calculate both conduction and switching losses of the module for a
three-phase continuous sinusoidal modulation scheme. For other cases, like three-phase discontinuous
modulation, please see [1].

6.2.1 Conduction loss

Conduction losses depend on the DC electrical characteristics of the device, i.e., saturation voltage. Therefore,
itis a function of the conduction current and the device’s junction temperature.

The typical characteristics of forward drop voltage are approximated by the following linear equation for the
IGBT and the diode, respectively:

Viger =Vi+R; -

Vpiope =Vp + Rp - i

Where,
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e V,=Threshold voltage of IGBT

e Vp=Threshold voltage of monolithic body diode

e R/=ON-state slope resistance of IGBT

e Rp=ON-state slope resistance of monolithic body diode

e Assuming that the switching frequency is high, the output current of the PWM inverter can be assumed to be
sinusoidal and can be calculated by:

o i =lIpeqxcos(8 — @)

Where,

e (¢ =phase angle difference between output voltage and current.

e Using the equations above, the conduction loss of one IGBT and its monolithic body diode can be obtained
as follows:

I I Ipeak? Ipeak?
o Poons = %f:ﬂVmBT -1)df = —”;;k vV, + ”Z“k V,MI cos ¢ + pegk R, + p;:‘ R;MI cos ¢

1 . Ipea Ipea Ipea z Ipea z
e Ponp = Efo"(l ~ 8)(Vpropr  1)d6 = 2 Vy — L2V, Ml cos @ + 2R — 22— Rp M1 cos ¢

e Peoon = Peont + Peonp
e Where,

e §=duty cycle given in PWM method.

e This can be calculated by:
.« 5= 1+MIcos(6)

2
o Where,
e MI=PWM modulation index (Ml, defined as the peak phase voltage divided by half of DC link voltage).
e Itshould be noted that the total inverter conduction losses are six times that of Pcon.

6.2.2 Switching loss

Switching losses are determined by dynamic characteristics like turn-on and off time as well as the presence of
overvoltage and overcurrent transients. Hence, in order to obtain the accurate switching loss, the DC-link
voltage of the system, the applied switching frequency and the power circuit layout, operating current and
operating temperature should be considered.

Therefore the linear dependency of the switching energy loss on the switched current is expressed during one
switching period as follows:

Er =Ejon+ EI.off
Ep =Epon + ED.off
Where,

e E/=switching loss energy of the IGBT
e Ep=switching loss energy of monolithic diode
e Eand Ep can be considered a constant.

As mentioned in the conduction-loss explanation, the output current can be considered a sinusoidal waveform,
and the switching loss occurs every PWM period for the continuous PWM schemes. Therefore depending on the
switching frequency, f.u, the switching loss of one device is the following equation:

1 (" . (E; + Ep) * fsw " Ipear
PSW:E_[O (EI+ED)'l'f:9wdq)= T[SW 2
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e These constants should be derived by experimental measurement. From the above equation, it should be
noted that the switching losses are a linear function of current, and directly proportional to switching
frequency.

6.3 Thermal impedance

During operation, power losses generate heat, which elevates the temperature in the semiconductor junctions.
High junction temperatures limit the performance and the lifetime of the module. Thus, the thermal design of
the package is a very important factor in the module development stage. Thermal design is also important in
the development of the motor drive system. The heat generated from the module must be properly transferred
to the environment using an adequate cooling system.

Thermal impedance qualifies the capability of a given thermal path to transfer heat in the steady state.

AT (t)
Zry () = P
Thermal impedance is typically represented by an RC equivalent circuit as shown in Figure 26.
Rthl Rth2 Rth3 Rth4
I 1 I 1 1 1
L L | I | I
L | | | | | | | | L
|| || || ||
Cthl Cth2 Cth3 Cth4

Figure 27 Thermalimpedance RC equivalent circuit (Foster model)

Under sinusoidal modulation, the power loss has to be calculated in each switching cycle, as the device current
changes within each half modulation cycle, as illustrated in Figure 27. The upper portion is the high-side switch
current which is used to calculate Eon and Eofr of the switch. The lower portion in Figure 27 is the low-side diode
current for Egg.

\ | — High Side IGBT Current
'| = — Low Side Diode Current

------------

;|
[ T B
1 — il I 1
0 30 60 120 150 180

Figure 28 Loss calculation of sinusoidal modulation

Because the loss is not constant over time, its shape depends on current waveforms and device parameters.
Figure 28 illustrates the power loss of a single switch in a typical case.
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Figure 29 Junction-temperature calculations under sinusoidal modulation

6.4 Heat sink selection guide

6.4.1 Required heat sink performance

If the power losses (Psw), junction-to-case thermal resistance (Ris-c)), and maximum ambient temperature are
known, the required heat sink thermal resistance and the thermal interface material can be calculated for the
specific application. This can be done using the formula:

T],max = TA,max + Z Psw,i ' Rth,HS—A + Z Psw,i ) Rth,C—HS + maX(Psw,i ' Rth,]C,i)
i i

For three-phase IPMs, it can be assumed that all power switches dissipate the same power and have the same
Rin-c)Within reason. The required thermal resistance from case to ambient can then be calculated:

_ _ T],max — Py Rth,]C - TA,max
Rinc-a = Rinc-s + Renps—a = SP
swW

6.4.1.1 Calculating required heat sink performance example

The power switches of an outdoor fan drive dissipate 0.8 W maximum each. The maximum ambient
temperature is 50°C, the maximum junction temperature is 150°C and R (s.c) of the module is 6°K/W. With this
information, Rthc.4) can be calculated:

150°C — 0.8W - 6% — 50°C %
4 —19.8—
6-0.8W W

Ripc-a <

If the heat sink temperature is limited to 100°C, an even lower thermal resistance is required:

100°C — 50°C °K

Rth,C—A < W = 104W
Smaller heat sinks with higher thermal resistance may be acceptable if the maximum power is only required for
a short time (times below the time constant of the thermal resistance and the thermal capacitance). However,
this requires a detailed analysis of the transient power and temperature profiles. The larger the heat sink, the
larger its thermal capacitance, i.e., the longer it takes to heat up.
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6.4.2 Heat sink characteristics
Heat sinks are characterized by three parameters:

e Heat transfer from the power source to heat sink
e Heat transfer within the heat sink (to all the surfaces of the heat sink)
e Heat transfer from heat sink surfaces to ambient

6.4.2.1 Heat transfer from heat source to heat sink

There are two factors which need to be considered in order to provide a good thermal contact between power
source and heat sink:

e Flatness of the contact area

e Due to the unevenness of surfaces, a thermal interface material needs to be supplied between heat source
and heat sink. Such materials have a rather low thermal conductivity (<10 K/W) and therefore should be as
thin as possible. The material still needs to fill out the space between heat source and heat sink, and an
unevenness of the inserted material should be avoided. In addition, the particle size of the interface material
must fit to the roughness of the module and the heat sink surfaces. Particles that are too large will
unnecessarily increase the thickness of the interface layer, and increase the overall thermal resistance.
Particles that are too small will not provide a good contact between the two surfaces, and will also lead to a
higher thermal resistance.

e Mounting pressure

The higher the mounting pressure, the better the interface material disperses. Excessive interface material is
squeezed out resulting in a thinner interface layer with a lower thermal resistance.

6.4.2.2 Heat transfer within heat sink

The heat transfer within the heat sink is mainly determined by:

e Heat sink material
e The material needs to be a good thermal conductor. Most heat sinks are made of aluminum (A = 200 W/
(m-K)). Copper is heavier and more expensive but also nearly twice as efficient (A = 400 W/ (m-K)).

e Finthickness

e Ifthe fins are too thin, the thermal resistance from the heat source to each fin will be too high, and the
efficiency of the fins reduced. Hence, it does not make sense to make the fins as thin as possible to increase
the surface area by including more fins.

Please note that heat sinks have a thermal spreading resistance in which not all points of the heat sink will be
at the same temperature, which may lead to local hotspots at the center of the IPM. This must be considered in
order to calculate heat transfer accurately.

6.4.2.3 Heat transfer from heat sink surface to ambient

Heat transfers to the ambient mainly by convection. The corresponding thermal resistance is defined as:

R =—1V
th,conv a-A
Where,

e a =heat transfer coefficient
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e A=surfacearea
e This leads to two important factors:
e Surface area

e Heatsinks require a huge surface area in order to easily transfer the heat to ambient. Since the heat source
is assumed to be concentrated at one point, and not uniformly distributed, the total thermal resistance of a
heat sink does not change linearly with length. Also, increasing the surface area by increasing the number of
fins does not necessarily reduce the thermal resistance as discussed in Section 6.4.7.2.

e Heat transfer coefficient

e This coefficient is strongly dependent on the air flow velocity, as shown in Figure 29. If externally induced,
air flow is used to aid in the transfer of heat; this is called forced convection. Otherwise, the transfer of heat
with no additional help is considered natural convection. Heat sinks with very small fin spacing do not allow
a good air flow. If a fan is used (forced convection), then the fin gaps of the heat sink may be reduced, as the
fan forces the air through the space between the fins.

2

S
AN

0.5

Thermal resistance

\\

0 1 2 3 4 5
Air flow velocity [m/s]

Figure30 Thermal resistance vs. air flow velocity

In cases of natural convection, the heat sink efficiency depends on the temperature difference between heat
sink and ambient (i.e. on the dissipated power). Some manufacturers, like Aavid Thermalloy, provide a
correction table which allows the calculation of thermal resistance dependent on the temperature difference
[2]. Figure 30 shows the heat sink efficiency degradation for natural convection as provided by Aavid
Thermalloy in [2]. As per this correction chart, please note that the thermal resistance is 25% higher at 30 W
thanat 75 W.
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Figure31 Correction factors for temperature

The positioning of the heat sink also plays an important role. In the case of natural convection, the best heat
sink mounting position is with the fins of the heat sink mounted vertically, as the heated air tends to move
upwards. Furthermore, one should make sure that there are no significant obstructions impeding the air flow.

Radiation occurs as well supporting the heat transfer from heat sink to ambient. In order to increase the
dissipation via radiation, one can use anodized heat sinks with a black surface. While radiated heat is negligible
in forced convection conditions, it does slightly decrease the thermal resistance of the heat sink in cases of

natural convection. Black heat sinks are thus preferable in natural convection conditions.

The discussions in this section clearly show that there cannot be only one thermal resistance value assigned to

a certain heat sink.

6.4.2.4 Selecting a heat sink

Unfortunately, there is no straightforward method for selecting a heat sink. Finding a sufficient heat sink most
likely will include an iterative process of choosing and testing heat sinks. In order to get a first rough estimation
of the required volume of a heat sink, one can start with estimated volumetric thermal resistances, as given in
Table 14 below (taken from [3]). This table only gives initial values, as the actual resistance varies for multiple
parameters like dimensions, type, orientation, etc.

Table 14 Volumetric thermal resistance
Flow conditions [m/s] Volumetric resistance [cm3®°C/W]
Natural convection 500~800
1.0 150~250
2.5 80~150
5.0 50~80

It can be roughly assumed that the volume of a heat sink needs to be quadrupled in order to halve its thermal
resistance. This gives an idea about whether natural convection is sufficient for the available space, or forced

convection is required.
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In order to select an optimized heat sink for a given application, one needs to contact heat sink manufacturers
or consultants.

When contacting heat sink manufacturers, please check the conditions under which the given thermal
resistance values are valid. They might be given either for a point source or for a heat source which is evenly
distributed over the entire base area of the heat sink. Also take care that the fin spacing is optimized for the
corresponding flow conditions.
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7 Heat sink mounting and handling

7.1 Heat sink mounting guidelines

An adequate heat sinking capability of the IM231-x6 is only achievable if it is properly mounted. The following
general points should be observed when mounting IM231-x6 on a heat sink.

e There should be no burrs on aluminum or copper heat sinks.

e There should be no unevenness or scratches in the heat sink.

e The surface of the module must be completely in contact with the heat sink.
e There should be no oxidation, stain or burrs on the heat sink surface.

To improve the thermal conductivity, apply thermal grease to the contact surface between the IM231-x6 and
heat sink. Spread a homogenous layer of grease with a thickness of 100 um over the IM231-x6 surface. Non-
planar surfaces of the heat sink may require a thicker layer of thermal grease. Please refer to the specifications
of the heat sink manufacturer. It is important to note that the heat sink covers the complete top surface of the
module. There may be different functional behavior if there is a portion of the top surface whichis notin
contact with the heat sink.

In general, if your heat sink surface roughness is greater than 3 um Ra, we advise you to use a thermal pad. We
do not recommend using a heat sink surface with greater than 20 ym Ra even with a thermal pad.

It is considered the basics of good engineering to verify the function and thermal conditions by means of
detailed measurements. It is best to use a final application inverter system, assembled with the final
production process, to help achieve high-quality applications.

As shown in Table 15, the recommended tightening torque for M3 screws is 0.8 Nm (typical) for a standard
thermal grease interface. Table 15 also shows the recommended tightening torque for M3 screws for the
Bergquist® SIL-PAD 1500ST thermal pad. Thermal pads can vary significantly in their properties. We thus
recommend a detailed study of torque requirements be performed for thermal pads or interface materials not
shown in this table.

Table 15 Mechanical characteristics and ratings
Parameter Symbol | Conditions Min. Typ. Max. Units
Curvature of module BC See datasheet -50 - 50 pum
backside Figure9
Mounting Torque T M3 screw & washer, |- 0.8 1.2 Nm
thermal grease
M3 screw & washer, |- 0.6 1.0 Nm
SIL-PAD 1500ST
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Screws are commonly used to fasten the module to the heat sink. It is recommended that M2.5 or M3 screws are
used in conjunction with a spring washer and a plain washer of standard or small corresponding size. The
spring washer must be assembled between the plain washer and the screw head. The screw torque must be
monitored by the fixing tool. The tightening process is as follows:

e Align module with the fixing holes
e Insert screw A with washers only until the module surface, screw head and washers begin to come into
contact with each other

e Repeat forscrew B

e Tighten screw A to half the final torque
e Tighten screw B to half the final torque
o Tighten screw A to the final torque

o Tighten screw B to the final torque

When installing a module to a heat sink, excessive and uneven torque may degrade or damage the module.

[l

\:>

Figure32 Recommended screw tightening order

7.2 Handling guidelines

Properly apply thermal conductive grease over the contact surface between the module and the heatsink. This
is also useful for preventing corrosion to the contact surface. The grease should be of stable quality and long-
term durability within a wide operating temperature range. Ensure there are no debris remaining on the
contact surface between the module and the heat sink. All equipment, which is used to handle or mount the
module, should comply with the relevant ESD standards. This includes transportation, storage and assembly.
The module itself is an ESD-sensitive device. It may therefore be damaged in the case of ESD shocks.

Do not shake or handle the system board by gripping only the heat sink. This could cause the IPM package to
crack or the leads to bend.
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7.3 Recommended storage conditions
Temperature: 5~ 35
Relative humidity: 45 ~ 75%

e Avoid leaving the IM231-x6 exposed to moisture or direct sunlight. Be careful during periods of rain or snow.
e Use storage areas where there is minimal temperature fluctuation.

e Rapid temperature changes can cause moisture condensation on the stored IM231-x6, resulting in lead
oxidation or corrosion and degraded solderability.

e Do not allow the IM231-x6 to be exposed to corrosive gasses or dusty conditions.
e Do not allow excessive external forces or loads to be applied to the IM231-x6 while they are in storage.
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