Application Note AN 2013-02
V1.1 June 2014 -
(Infineon

AN2013-02 MA3L120E12 EVAL
Evaluation Adapter Board for EconoPACK™ 4 3-Level
Modules in NPC2-Topology

IFAG IPC APS

www.infineon.com



Evaluation Adapter Board for Application Note AN 2013-02
EconoPACK™ 4 3-Level NPC2 Modules

V1.1 June 2014

Edition 2011-05-15

Published by

Infineon Technologies AG

59568 Warstein, Germany

© Infineon Technologies AG 2011.
All Rights Reserved.

Attention please!

THE INFORMATION GIVEN IN THIS APPLICATION NOTE IS GIVEN AS A HINT FOR THE IMPLEMEN-
TATION OF THE INFINEON TECHNOLOGIES COMPONENT ONLY AND SHALL NOT BE REGARDED
AS ANY DESCRIPTION OR WARRANTY OF A CERTAIN FUNCTIONALITY, CONDITION OR QUALITY
OF THE INFINEON TECHNOLOGIES COMPONENT. THE RECIPIENT OF THIS APPLICATION NOTE
MUST VERIFY ANY FUNCTION DESCRIBED HEREIN IN THE REAL APPLICATION. INFINEON
TECHNOLOGIES HEREBY DISCLAIMS ANY AND ALL WARRANTIES AND LIABILITIES OF ANY KIND
(INCLUDING WITHOUT LIMITATION WARRANTIES OF NON-INFRINGEMENT OF INTELLECTUAL
PROPERTY RIGHTS OF ANY THIRD PARTY) WITH RESPECT TO ANY AND ALL INFORMATION
GIVEN IN THIS APPLICATION NOTE.

Information
For further information on technology, delivery terms and conditions and prices please contact your
nearest Infineon Technologies Office (www.infineon.com).

Warnings

Due to technical requirements components may contain dangerous substances. For information on the
types in question please contact your nearest Infineon Technologies Office. Infineon Technologies
Components may only be used in life-support devices or systems with the express written approval of
Infineon Technologies, if a failure of such components can reasonably be expected to cause the failure of
that life-support device or system, or to affect the safety or effectiveness of that device or system. Life
support devices or systems are intended to be implanted in the human body, or to support and/or maintain
and sustain and/or protect human life. If they fail, it is reasonable to assume that the health of the user or
other persons may be endangered.

AN 2013-02

Revision History: date (2014-06), V1.1
Previous Version: V1.0

Subjects: Email address updated

Authors: Alain Siani

We Listen to Your Comments

Any information within this document that you feel is wrong, unclear or missing at all? Your feedback will
help us to continuously improve the quality of this document. Please send your proposal (including a
reference to this document) to: [WAR-IGBT-Application@infineon.com]



http://www.infineon.com/
mailto:WAR-IGBT-Application@infineon.com

Evaluation Adapter Board for Application Note AN 2013-02
EconoPACK™ 4 3-Level NPC2 Modules

V1.1 June 2014

R Y (o To I¥ Yo Lo [PPSO PR PPRPR 4
1.1 Part NUMDBEr @XPIanation ..........cccuiiiiiiieiii e e s e e e e s e st e e e e e e e s e nanb e e e e e aeeesannnnneens 4
A 1= [ LT 1 DT =P PP PP PPOPPPPON 5
P R |V =] B (T LT =S T PP PP PRPPPPPPPRN 5
2.2 KBY DALA ..oieeiieiiree et e e e e e e e et e e e s e e e e e e e s e e 5
2.3 MechaniCal dIMENSIONS. .....c.uiiiiiiitei ettt e et sn e e r et e ss e e neeesnreeenneen 6
3 PN @SSIONMIENTS ..ttt ettt e s a b bt e e e R b bt e a4 e a ket e e e AR et e e e R b et e e e bt e e e nb e e e e nbr e e e e nnee 7
4 Functionality Of the DOAIU ........eoiii e 8
AL POWEE SUPPIY . ettt ettt ekt e b bt e sk b et e e e h b e e e e hbn et e e n b b e e e s annnee s 8
L = T Lo 11 (=] PP 9
4.3  VCE monitoring for short CirCUIt detECHION ............uuuuiiiiiiiiiiiiiiiiieieiieeee e 10
4.4 Active Clamping fFUNCHION .......uiiiiiiii ettt e s et e e et e e e e neee 10
4.5  Maximum SWItChING frEQUENCY ........uuuiieiiiiiiieiiiiieiiieieieeieieaea e e rere e reeerereeerseeserssssnrsrssnsnnnnnrnnes 11
I - 1= 1= [T o T O OO P PP PP PTPPR 12
5.1  Static Current iMDAIANCE ........oouiiii et e e st e e e s nnnneeas 12
5.2 Dynamic current imbalanCe ............ooovviiiiiiiiii i 12
5.3  Paralleling With MASLL20E12 EVAL......uuiiiiiiiiiiiiiiit ettt e e e e e eeeeeeas 12
6 SChemMAtiCS AN LAYOULS ..ooouiiiiiiiieiie ettt ettt r bt e e et e e e e e rab bt e e e enbb e e e e anbeeeeeneee 14
8.1  SCREMALICS. ... teeieiiiteei ettt ettt e et e e okt e e e b bt e e e e be e e e e be e e e e e bb e e e e abneeeeaa 14
LT I Yo 11 | £ T PRSP 16
7 Bill of Material 0f MASLL120EL12_EVAL ....ooiiiiiiiiiiiete ettt ettt 19
8 How to order the Evaluation Adapter BOArd..........cooiiiiiiiiiiiieeiie ettt 20
LS 1 =T 2= LU = PP PRPTPSR 20

The board described is an evaluation board dedicated for laboratory environment
only. It operates at high voltages. This board must be operated by qualified and
skilled personnel familiar with all applicable safety standards.




Evaluation Adapter Board for Application Note AN 2013-02
EconoPACK™ 4 3-Level NPC2 Modules

V1.1 June 2014

1 Introduction

The evaluation adapter board MA3L120E12_EVAL for 3-level NPC2 EconoPACK™ 4 modules as shown in
Figure 1 was developed to support customers during their first steps designing applications with
EconoPACK™ 4 3-level NPC2 modules. This evaluation board was designed in addition to the module driver
board F3L2020E12-F-P_EVAL' [1] or could be a complementary part for an existing customer driver
solution. For more details about the 3-level topology, please refer to [2].

The board is available from Infineon in small quantities. The properties of this part are described in the
design features chapter of this document, whereas the remaining paragraphs provide information to enable
the customers to copy, modify and qualify the design for production, according to their own specific
requirements.

Environmental conditions were considered in the design of the MA3L120E12_EVAL. Components qualified
for a lead-free reflow soldering process were selected. The design was tested as described in this document
but not qualified regarding manufacturing and operation over the whole operating temperature range or
lifetime.

The boards provided by Infineon are subject to functional testing only.

Due to their purpose evaluation boards are not subject to the same procedures regarding Returned Material
Analysis (RMA), Process Change Notification (PCN) and Product Discontinuation (PD) as regular products.

See Legal Disclaimer and Warnings for further restrictions on Infineon’s warranty and liability.

Figure 1: The evaluation adapter board MA3L120E12_EVAL for EconoPACK™ 4 3-level modules

1.1 Part Number explanation

Part number explanation:

MA 3L 120 E12 EVAL
‘ "L Evaluation Board
E12 - Suitable for 1200V IGBT Module

12 A output driver current

3-Level EconoPACK™4

MA - Module Adapter board

! Evaluation Driver Board for 3-Level EconoPACK™4 AN2012-03 [2]
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2 Design features

Electrical features of the evaluation board and mechanical dimensions including necessary interface
connections are presented in the following sections.

2.1 Main features

The evaluation board is developed to work in combination with the F3L2020E12-F-P_EVAL driver board?.
The MA3L120E12 adapter board provides following features:

Electrically and mechanically suitable for 3-level NPC2 EconoPACK™4 module family

[ ]

o Different gate resistor values for turning-on and -off are possible
e Active clamping protection for all IGBTs

e Desaturation output signals for short circuit monitoring

e Suitable for -8V/+15V or up to +20V *

2.2 Key Data

All values given in Table 1 are typical values, measured at an ambient temperature of Ty, = 25 °C.

Table 1: General key data and characteristic values

Parameter Description Value Unit
Vbe maximum DC supply voltage +20 Vv
Is continuous output current +12 A
fs maximum PWM signal frequency 60 kHz
Top operating temperature (design target) -40...+85 °C
Tstg storage temperature (design target) -40...+85 °C

The EconoPACK™4 3-level IGBT module has two vertically and two horizontally aligned IGBTs. The
nomenclature of transistors and diodes inside Infineon’s 3-Level NPC2 IGBT modules are defined as shown

in Figure 2.
—_— 3-Level NPC2
T1 - High side IGBT
D1 - High side Diode
T1J D1
_> T2 - Inner right side IGBT
K T3 b2 D2 - Inner right side Diode
NCLAMP [J‘ 1 [ ﬂ\l AC_OUT
D3 "I?] T3 - Inner left side IGBT
J } D3 - Inner left side Diode
T4 D4
_> T4 - Low side IGBT
D4 - Low side Diode
Be-

2 Evaluation Driver Board for 3-Level NPC2 EconoPACK ™4 (AN2012-03)
% |GBT short circuit performance is specified for a value of Vgg ~15V

Figure 2: IGBT module with the designation of each IGBT
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Figure 3 shows the functional groups of the MA3L120E12 evaluation board top side.

Booster for high side IGBT
Booster for inner right side IGBT
Booster for inner left side IGBT
Booster for low side IGBT

% =
7 RautRase R0 R0

Figure 3: Functional groups of the evaluation board MA3L120E12_EVAL top side

2.3 Mechanical dimensions
The dimensions of the MA3L120E12 adapter board are given in Figure 4.

| 114mm |

Riai 3289 Q718 R211

i
£
:

=

60mm

B

RLLE 109 (e C
EconoPACK4 q%evc:l NPC2
MA3L12BE12_EUAL Rev. 1.9

Figure 4: Mechanical dimensions of the MA3L120E12_EVAL
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3 Pin assignments

All PWM, logic signals and voltage supplies have to be applied as listed in the following tables.

Table 2: Pin assignment of the connector X100 of the high side IGBT

Pin name Pin function
X100-1 +15V T1
X100-2 GND T1
X100-3 -8V T1
X100-4 PWM T1
X100-5 DESAT1

Table 3: Pin assignment of the connector X200 of the inner right side IGBT

Pin name Pin function
X200-1 +15V T2
X200-2 GND T2
X200-3 -8V T2
X200-4 PWM T2
X200-5 DESAT2

Table 4: Pin assignment of the connector X300 of the inner left side IGBT

Pin name Pin function
X300-1 +15V T3
X300-2 GND T3
X300-3 -8V T3
X300-4 PWM T3
X300-5 DESAT3

Table 5: Pin assignment of the connector X400 of the low side IGBT

Pin name Pin function
X400-1 +15V T4
X400-2 GND_ T4
X400-3 -8V T4
X400-4 PWM T4
X400-5 DESAT4
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4 Functionality of the board

The MA3L120E12_EVAL adapter board is a complementary part of the evaluation kit to drive one 3 level
IGBT module as shown in Figure 5. The adapter board should be pressed onto the EconoPACK™ 4 as
described in the AN2010-06.

F3L2020E12-F-P_EVAL

MASL120E12_EVAL

F3L400R12PT4_B26

Figure 5: Mounting sequence of the Evaluation Kit

The IGBT module is not a part of this evaluation kit. The IGBT module needed can be purchased separately.

4.1 Power supply

The evaluation kit as shown in Figure 5 needs four external isolated power supplies of -8V/+15V. The
magnitude of each power supply should not exceed the maximum allowed supply voltage of 28V*. The
power supply of the evaluation kit with four isolated -8V/+15 V voltage sources can be done using a
MAO40E12_EVAL® evaluation board.

If the MA3L120E12 adapter board is not used in conjunction with the F3L2020E12-F-P_EVAL driver board, it
can be supplied with isolated power supplies providing up to maximum £20V.

The input PWM voltage level should be selected according to the power supply voltage level. If an
asymmetrical supply voltage of -8V/+15V is applied, the PWM signal should not exceed +15V and should not
be lower than -8V.

The voltage sources are applied to the corresponding driver channels using the connectors X100, X200,
X300 and X400.

MA3L120E12_EVAL 3-Level EconoPACK4

+16V_T1
DC+
=—* Driver high side IGBT
-8V_T1
+15V.T3 T H =01
=—= Driver inner left side IGBT S
T3
-8V_T3
+15V_T2 |
T2 A
=— Driver inner right side IGBT .
-8V_T2 —N T
+15V_T4 25
~ " Driver low side IGBT oC-

Figure 6: Principle diagram of the MA3L120E12_EVAL and 3-level EconoPACK ™4

4 Maximum power supply voltage output side of the EiceDRIVER™ 1ED020112-F2
®> AN2010-04 MAO40E12_EVAL lIsolated Gate Driver Power Supply and Logic Interface for MIPAQTM Serve
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Figure 7 gives hints about the power consumption of one IGBT gate driver channel on the
MA3L120E12_EVAL, as a function of the switching frequency. The whole power demand of the board is the
summation of the power demand of the four gate driver channels. The conditions during the measurement
were Tease = 125°, Tamp = 25°C. The adapter board is supplied with -8V/+15V.

DC-DC power consumption vs. f ., per channel
@T,,,=25°Cand T =125°C

16 _——

0 10 20 30 40 50 60
f_sw [kHz]

e P(+15V) [W] e P{-8V) [W]

Figure 7. Power consumption of one gate driver channel on the MA3L120E12_EVAL board vs. the
switching frequency

4.2 Booster

Figure 8 depicts the booster circuit where three complementary pairs of transistors are used to amplify the
input PWM signal. This allows to drive IGBTs that need more current than the driver IC can deliver. Three
NPN transistors are used for turning-on the IGBT and three PNP transistors for turning-off the IGBT.

The transistors are dimensioned to provide enough peak current to drive all EconoPACK™4 3-level IGBT
modules.

TP1Q1 /N p107
D101
R181
(OESAT T . - >~
Y
D105
c101 == C102 == Clos=
R114 R112
FISUTT "
R106 R108
1p102 T101 T102 7103 D103\ D1@6
R107 R109
103 R104 R105
e i = § —— R110
< - G1
= — >
104 1105 7106 proz A
[(Pumz - 010428
R115
[FBU_TZ 3 R113
C104 == €105 == C106 ==
TP103
R116
[oNO_TT o >

Figure 8: Schematic details of the output stage for a single IGBT driver

Gate resistors are connected between the booster stage and the IGBT module’s gate terminals. These
resistors should have a suitable rating for repetitive pulse power to avoid degradation.
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4.3 VCE monitoring for short circuit detection

The short circuit protection of the four IGBTs is based on the monitoring of the collector emitter voltage for
the corresponding IGBT, using the active clamping feature as represented in Figure 9. If the IGBT conducts
a current several times higher than the nominal value, the transistor desaturates and the voltage across the
device increases. This behavior can be used for short circuit detection and to turn-off of the IGBT. The short
circuit needs to be detected and the IGBT has to be turned off without exceeding its maximum blocking
voltage, within 10ps.

When the MA3L120E12_EVAL is connected to a F3L2020E12-F-P_EVAL driver board, each 1ED020112-F
Coreless Transformer driver IC of the four IGBTs detects and handles the short circuit separately.

— T

TP2RL B K nzar
2201 Dzal
—t %]

Desaturation monitoring

DESAT_Z }

L 0205

ol = craz=s= cre3==

2
BT — ¢

Active Clamping

ez 1203 - a3k —
Tozge sz ) 202 3 o - nzeafl | Y nzes
R202 —
——— -
e ! )
E = 282 -
v ) D242

Cro4 ==

Purz

R215
—auTZ >——F

p2g3
R21E %

Figure 9: Desaturation protection and active clamping diodes

4.4  Active clamping function

Active clamping is a technique which keeps transient overvoltage below the critical limits when the IGBT
turns off. The standard approach for active clamping is to use a TVS diode connected between the auxiliary
collector and the gate of an IGBT module. When the Collector-Emitter voltage exceeds the diode breakdown
voltage the diode current sums up with the current from the driver output. Due to the increased Gate-Emitter
voltage, the transistor is held in an active mode and the turn-off process is prolonged. The dlc/dt slows down
which results in a limited voltage overshoot. Avalanche diodes conduct high peak currents during the time in
which the clamping is actively limiting the overvoltage.

A typical turn-off waveform of a F3L400R12PT4 _B26 module at room temperature without overvoltage
limiting function can be seen in Figure 10a. Figure 10b shows the waveform with the same load conditions
as Figure 10a but with active clamping function.

YOKOGAWA 10 T 1GS/5 20003 YOKOGAWA z 1GS/5 ZOBNsAtiv
< Maini2k > << MaimiZk 3>
e ] fmtmmrm g,
| ' / VCE_max =958V
\/ |
;UGE /
Hax (C1) [ N 1 Max (C1)
966 667U Hlz 958,333V
Hin (C1) '1J Wi a f‘ Min (C1)
-8.3333V IR A e 0. 00000
hax (C2) I W ...-.,.».f&\,,/«\— Max (C2)
500.000U [ 500.000U
I Min (€2) ! Hin (C2)
. | 2500000 U CE \ | C 125 0000y
< | . Hax (C3) 4 A Max (C3)
k> UMM- d o 1 15.41670 E: 'J\WMH—W:——- 1541670
Hin c3) Min (C3)
12,9167V 11.8750u
CH1 160:1 | CHZ 160:1 O3 1611 Edge (i3 CH1 100:1  CHZ 160:1 (3 10:1 Edge (il3 £
0.200kU/div | 0,100k div  5.00 Usdiv Normal 0.200kU/div | 0.100KUsdiv  5.00 Usdiv Nornal
a) IC Full  OC Full  DC  Full z.00 U b) DC Full DC Full DC  Full 2.00 U
Figure 10: turn-off a) without active clamping b) with active clamping function
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45 Maximum switching frequency

The switching frequency on the adapter board is limited either by the maximum output power of the driver
power supply or by the maximum temperature of the PCB due to the power losses in the external gate
resistors. These power losses in the gate resistors depend on the IGBT gate charge, gate voltage magnitude
and on the switching frequency of the IGBT. Due to the power losses in the external gate resistors, heat will
be generated, which leads to an increase of the PCB temperature in the neighborhood of these resistors.
This temperature must not be higher than the maximum working temperature of the PCB, i.e. 105°C for a
standard FR4 material.

The calculation of the power losses in the gate resistors can be done by utilizing equation (1):

Piis = P(Req ) + P(Ryyr) = AV, - f - Qg 1)

where:

Pgis = dissipated power

P(Rexr) = dissipated power of the external gate resistors

P(Rnt) = dissipated power of the IGBT module internal gate resistor

AV, = voltage magnitude at the driver output
fs = switching frequency
Qs = IGBT gate charge for the given gate voltage range

The complete gate resistor consists of the internal gate resistor together with an external gate resistor and
due to that, a part of the IGBT drive power losses will be dissipated directly to the PCB, whereas the other
part of the losses will be dissipated to the ambient air. The ratio of the losses dissipated internally P(Rnt)
and externally P(Rext) corresponds directly to the ratio of the mentioned Ryt and Rexy resistors. According
to -8/+15V operation, the datasheet value of Qg needs to be reduced by 20%.

Due to the PCB temperature criteria, the power dissipated in external gate resistors P(Rext) has to be
considered for the thermal design.

Figure 11 illustrates the PCB board temperature around the gate resistors depending on the switching
frequency. Measurement was done at Tease = 100°C, Tamp = 25°C, Ve = -8V/+15V. The high IGBT module
case temperature leads elevated temperature level at the PCB. This results in a temperature rise event at a
switching frequency of 0 Herz.

PCB temperaturevs. f _,

@T,., = 25°C, T.,..=100°C, V, -8V/+15V

110

105
100

95

90

85

PCB 1ep [°C]

80
75

70

65

0 10 20 30 40 50 60 70 80
f_sw [kHz]

——PCB_TEMP_max [°C] PCB_TEMP [°C]

Figure 11: Local temperature development of the MA3L120E12_EVAL adapter board

11



Evaluation Adapter Board for Application Note AN 2013-02
EconoPACK™ 4 3-Level NPC2 Modules

V1.1 June 2014

5 Paralleling

In contrast to the operation of one single IGBT, where the operating point is relatively simple to set up, the
switching of paralleled IGBT modules on the same operation point is not trivial. This can be explained by the
fact that the IGBTs have a certain variation in their characteristics. A direct consequence of this is a slight
current imbalance between the IGBTs. The biggest challenge is to minimize the deviation of the leg current
to achieve highly efficient systems and an improved reliability.

Two main factors have a dominant role in the current maldistribution:
- the difference between the impedance of each leg of the paralleled setup
- the difference in the output voltages of the individual leg of the paralleled setup

5.1  Static current imbalance

The static current imbalance can be caused due to:
- the variation of the Collector-Emitter voltage of each leg of the paralleled setup
- the variation of the resistance of the main current path

5.2 Dynamic current imbalance
The dynamic current imbalance can be caused by
- the variation of the transmission characteristics caused by the different Vggy, of each IGBT
- the variation of the impedance of the main current path
- the stray inductance of the internal and external commutation path of the IGBT module
- the IGBT driver output resistance in the paralleled legs
- the transfer characteristic Ic = f(Vgg)

5.3 Paralleling with MA3L120E12 EVAL

The MA3L120E12_EVAL was designed primarily to work with the evaluation driver board
F3L2020E12-F-P_EVAL, which allows the parallel connection of up to three modules, each equipped with
one MA3L120E12_EVAL adapter board as represented in Figure 12a. In case of paralleling, the driver board
does not need to be plugged into the complementary adapter board. The connection from the driver to the
adapter boards is done utilizing the connectors on the top side of the driver board as shown in Figure 12b.

MA3L120E12_EVAL MA3L120E12_EVAL MA3L120E12_EVAL

- EE L 5 E

F3L2020E07-F-P_EVAL

a)

Figure 12: a) Principle of parallel connection, b) Photo of the setup
Figure 12b shows a parallel connection of three 3-level IGBT modules. The wires to connect the driver to the
adapter boards should have the same length to avoid differences in signal run time between the gates of the
three legs. Star connection of the IGBTs improves the reduction of cross flow in the auxiliary emitter paths
during the switching sequence. The MA3L120E12_EVAL boards are equipped with 4.7Q resistors in the
auxiliary emitter path and other power supply lines (-8V / +15V) to reduce the current cross flow between the
units of the paralleled circuits.

The MA3L120E12 adapter board is equipped with 4.7Q decoupling resistors in the power supply lines by
default. This avoids currents in the emitter path between the paralleled modules.

12
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Figure 13a gives a hint about the balancing current flowing in the emitter paths when MA3L120E12_EVAL is
equipped with 0Q instead of 4.7Q. Balancing currents of up to 4A can be measured after the turn-on of the
IGBT. With a standard equipped adapter board, the balancing current is reduced to a few mA as depicted in
Figure 13b.

Stopped 16 S00HS/s  Zusdliv Stopped 1 S00HS/s  Zusiliv
s::lﬁﬂg << Maintilk »> Max (C1) g-\;&grg < Mainzik »» x (C1)
fin-ter 604 . 167U y .33
) ki in (C1) s Low balancing current \iwen
F L4, 16667V V.'f m 16667V
H i Max (C2) % (C2)
High balancing dlirrent  [','% P
Hin (C2) | Flin ({3
1666674 .333330
Hax (C5) x (C5)
n iy I—}' / 1687500 o | 16 87500
. in (C5) in (C5)
/- 1062500 10.4167V
H J Max (CB) ¥ x (CB)
6. 2500E 100 3.4375E+00
L Hin (C6) Min (C6)
[ L6 . 2500E +00 1-3.3333E+00
Hax (C?) Hax (C7)
13.542E+00 Z.5000E +00
Hin (C?) Hin (C?)
F10.417E+00 5.9375E+00
# : * . " "gxséggm ¥ ":xnggl:;u
= =Z0, 00y ' 4 -Z, 000 W c
feteln in (c8) Tl Hin 8
1. 400us .'Siéém 18, 600us 3. 333330 Frdoous -8 1ARED 12, £00us 604 . 167AY
CH1 CcHz CHS CHi cH? CHE THL CHZ CHS CHb CH? CHe
@.100kY 0. 100k 500U 500 5.00A5.00U 0. 100kY 0. 100k 5.00 U 0.500 A 0.500 A 0,500 U
a) DCiHa  DCiHo DCiMe  DCiMe  DCIMe | DCiMe b) DCiMe | DCiMe DCiMe  DCiHe  DCiMe  DCiMe

Figure 13: Current distribution in the auxiliary emitter paths
a) With 0Q as decoupling resistor b) With 4.7Q as decoupling resistor

Figure 14 shows the turn-on and turn-off behavior of 3 IGBT modules in parallel and their current sharing on
the AC terminals.

Stowiad 223 168/5 200054 Stopped 35 165/5 200Nzl
PR ey RIS “ B Tz 5
;""\""".L Ve ——
5 \ T e———tax (C1) Hax (C1)
VC-E / N Syt 304.167V 570,833V
Min (C1) Min (C1)
gt [ [-- [1z.e83330 -8.33333V
CL WG €3 hov c2) Max (€2)
z 475.000n 383.333A
! Min (C2) nin (cz)
20.8333A -8.33333A
Max (C3) ax (C3)
500.0000 408.333A
Min (C3) Hin (C3)
12916670 1-8.333330
Max (C4) Hax (C4)
450.000A 416.667A
Min (C4) Min (c4)
F16.66670 F8.33333R
X (C5) ax (C5)
H 166667V e 15,4167V
Min (C5) Hin (c5)
-0.400us 83! 304" 1.600us -7 . 29162V 0. 400us =g {G8K0 1.e0ms 11, 87500
1 CHZ i CH4 CHS CHZ CH3 CH4 CHS
50.0 U | 0.100kA kA 0.100kA 5.00 V 9. 100] 9.100kA 0.100ka 0.100kA 5.00 U
a) DCiMe [ DCiMe DCiMe  DCiMe  DCiMQ b) DCiMa | DCiMe  DCiMe  DCiMe  DCiMe
Figure 14: Current distribution on the AC terminals of 3 parallel F3L400R12PT4_B26
modules
a) Turn-on b) Turn-off

The Eqnand Eq values measured with a gate resistance Rgon = Rgort = 1.5Q and at an ambient temperature of
25°C are listed in Table 6.

Datasheet values of Eq, and Eq for F3L400R07PT4_B26: E,, =8.75 mJ; Egr = 18 mJ

Table 6: Overview of E,, and E of three paralleled F3L400R12PT4_B26 modules

Device under Test DUT1 DUT2 DUT3
Eon [MJ] 12.27 12.15 12.2
Eott [MJ] 19.2 23 20

Compared to the datasheet values, the measured E values are similar. The variation in E, is higher and in
general higher than the datasheet values. Nevertheless the influence of E. is dominating.
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6 Schematics and Layouts

To meet the individual customer requirements and to make the evaluation adapter board simple for
development or modification, all necessary technical data like schematic, layout and components are
included in this chapter.

6.1 Schematics
Figure 15 to Figure 19 depict the driving circuit of the IGBTSs.
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Figure 15: Control circuit of the high side IGBT
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Figure 16: Control circuit of the inner right side IGBT

14



Evaluation Adapter Board for
EconoPACK™ 4 3-Level NPC2 Modules

Application Note AN 2013-02

V1.1 June 2014

c2 >
TP3Q1 /\ D307
301 D301
OESAT_3 . — B
‘ ‘ £3 >
‘ ( ( D305
€301 == €302 == €303 ==
R314 T T T R312
[+150_T3 —
1p302 7301 *[{T3@2 *[iraea o33N Y D306
0303 R304 | R385 l .
. . a3 >
1304 11305 1306
e l 0384
A15
[(=8U_T3 — ( []Q313
€304 == C305 == €306 ==
TP303
R316 T T T
[GND T3 3 - . . e3>
Figure 17: Control circuit of the inner left side IGBT
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Figure 18: Control circuit of the low side IGBT
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Figure 19: Configuration of the connectors of the MA3L120E12_EVAL
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6.2 Layouts

The MA3L120E12_EVAL adapter board was designed, following the rules for the copper thickness and the
space between different layers as shown in Figure 20.

Layers:
|\ Copper Ul Isolation

- % 1: 35 um o { 1-2:0.5mm

2: 35 um 2-3: 0.5 mm
| 3:35pm |t 3-405mm
4:35 pum

Figure 20: PCB - stack of the MA3L120E12_EVAL
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Figure 21: Component placement, top side
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Figure 22: Component placement, bottom side
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Figure 25: Layer 3
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Figure 26: Bottom-Layer
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7 Bill of Material of MA3L120E12_EVAL

The bill of material includes a part list as well as assembly notes.

The tolerances for resistors should be less or equal to £1 %, for capacitors of the type COG less or equal to
+5 % and for capacitors of the type X7R less or equal to +10 %.

V1.1 June 2014

Type Value Package QTY Name Part Manufacturer
Resistor 1.80 R-EU 1206 | 4 R112, R212, R312, R412 -
R106,R107, R108, R109, R110, R111,
BUIS resistors R206, R207, R208, R209, R210,
Resistor ootionl R-EU 1206 | 24 | R211, R306, R307,R308, R309, R310, -
P R311, R406, R407, R408, R409,
R410, R411
R114, R115, R116, R214, R215,
Resistor 470 R-EU 1206 | 12 R216, R314, R315, R316, R414, -
R415, R416
Resistor 1k R-EU 0805 | 4 R101, R201, R301, R401
R103, R104, R105, R203, R204,
Resistor 390 R-EU 0805 | 12 R205, R303, R304, R305, R403, ;
R404, R405
Resistor 10k R-EU 0805 | 4 R113, R213, R313, R413 -
€101, C102, C103, C104, C105,
€106, C201, C202, C203, C204,
Capacitor | 4u7/25V/X7R | C1206 24 C205, C206, C301, C302, C303, Murata
C304, C305, C306, C401, C402,
C403, C404, C405, C406
. D102, D106, D202, D206, D302,
Diode ES1D DO214AC | 8 D306, D402, D40
Diode P6SMB400A SMB 2 D107, D407 Diotec
Diode P6SMB300A SMB 4 D105, D207, D307, D405 Diotec
Diode P6SMB220A SMB 2 D205, D305 Diotec
Diode STTH112U SOD6 4 D101, D201, D301, D401 -
. D103, D104, D203, D204, D303, .
Diode BAT165 SOD323R 8 D304, D403, D404 Infineon
Bipolar T101, T102, T103, T201, T202, T203, .
transistor | 2 1N2010Z SOT89 12| 1301, 7302, T303, T401, T402, T403 Diodes
Bipolar T104, T105, T106, T204, T205, T206, .
transistor | 2X1P2012Z | SOT&9 12| 1304, 7305, T306, T404, T405, T406 Diodes
MOLEX
Connector 2993-2051 PITCH KK 4 X100, X200, X300, X400 Molex
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8 How to order the Evaluation Adapter Board

Every Evaluation Adapter Board has its own IFX order number and can be ordered via your Infineon Sales
Partner.

Information can also be found at the Infineon’s Web Page: www.infineon.com

CAD-data for the board described here are available on request. The use of this data is subjected to the
disclaimer given in this AN. Please contact: WAR-IGBT-Application@infineon.com

IFX order number for MA3L120E12_EVAL: SP001072010
IFX order number for F3L2020E12-F-P_EVAL: SP001000644
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