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LEGAL DISCLAIMER

THE INFORMATION GIVEN IN THIS APPLICATION NOTE IS GIVEN AS A HINT FOR THE
IMPLEMENTATION 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 the 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 the nearest Infineon Technologies Office.

Infineon Technologies components may be used in life-support devices or systems only 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 fall, it is reasonable to assume that the health of the user or other
persons may be endangered.
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Introduction

Warnings

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

1 Introduction

The gate driver evaluation board EVAL_2EDO020112-F2 was developed to show the functionalities and
key features of the Infineon IGBT gate driver 2ED020112-F2.

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

The design of the EVAL_2EDO020112-F2 was performed with respect to the environmental
conditions described in this document. The design was tested as described in this document, but
not qualified regarding manufacturing, lifetime or over the full ambient operating conditions.

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

Due to their purpose Evaluation Boards are not subjected to the same procedures regarding Returned
Material Analysis (RMA), Process Change Notification (PCN) and Product Discontinuation (PD)
as regular products. These Evaluation Boards are used for development support only and should not
be used as reference design for volume production.

See Legal Disclaimer and Warnings for further restrictions on Infineons warranty and liability.

Application Note 5 Revision 1.0, 2013-07-26
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Design feature

2 Design feature

This chapter provides an overview of the main features, key datas, pin assignments and mechanical
dimensions

2.1 Main features

Figure 2-1 top view of the EVAL_2EDO020112-F2

The EVAL_2EDO020112-F2 contains an Infineon IGBT gate half bridge driver 2ED020112-F2 and two
Infineon IGBTs IKP20NGOH3.

The evaluation board provides the following main features

Galvanic isolation by the coreless transformer technology of the Infineon gate driver. The gate
2ED020112-F2 is suitable for basic isolation

Isolation inside the half bridge by defined creepage

Short circuit protection

Under voltage lock out

Active miller clamp

Bootstrap functionality for high side IGBT

Connector for 5V digital supply, 15V supply, Reset, High voltage supply, external load

Status LED for 5V supply, 15V supply, ready and fault separated for high- and lowside driver
DC link capacitor

Application Note 6 Revision 1.0, 2013-07-26
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IGBT half bridge gate driver

HV-supply input V+HV

Status LED Ready / Fault
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Figure 2-2 overview functionalities on top-side

2.2 Key data

All values are values at an ambient temperature of 25°C.

Table 2-1

Parameter | Description Typ. Min. Max. Unit
+15V 15V voltage supply 15 13 17.5 V
5V 5V voltage supply 5 4.5 5.5 Vv
HV High voltage supply - - 600 Vv
lout Output current - - 20 A
lgmax Max. peak gate driver output current - - 2 A
Remin Min. gate resistor to limit gate driver output - 10 - Q

* Please make sure that the maximum rated values never get exceeded. Also the performance and quality can
not be guaranteed when using the board with all parameters in maximum rated value at the same time.

Application Note 7 Revision 1.0, 2013-07-26
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2.3 Pin assignment

Design feature

Table 2-2
Connector name | Pin no. Pin name | Description
Right terminal | /RST same as X1-B1
NSl Left terminal GND same as X1-A16
Left terminal +5V positive 5V logic supply
e Right terminal | GND same as X1-A16
Right terminal | +15V positive 15V supply for secondary side
M oes) Left terminal GND
A16 GND reference for 5V supply and input signals
B1 /IRST input — OV to reset circuit
B2 [FLT output combined /Fault T, /Fault B, 0..5V
X1 B5 IN-T inverting input top IGBT; internal pull up
B6 IN-B inverting input bottom IGBT; internal pull up
B7 IN+T non-inverting input top IGBT,; OV off; 5V on
B8 IN+B non-inverting input bottom IGBT; OV off; 5V on
B16 +5V positive 5V supply
GND HV reference for high voltage supply (Power-GND,
— internally connected to GND)
V+HY positive high voltage supply (up to 800V related
to GND_HV)
ouT Output HV half bridge (related to GND_HV)

Application Note
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3 Electrical features

3.1 Supply voltages +5V and +15V

The supply voltage for the digital part (+5V VCC1) and for the driver output (+15V VCC2) has to be
supplied externally over the dedicated connectors. The evaluation board does not provide an over
voltage supply monitoring, therefore the user has to ensure that the voltages are in the correct range.
Voltages above the max. values will lead to damages of the IGBT drivers. The availability of the
supply voltages is visible over the green status LEDs.

The high-Side gate driver is supplied over a bootstrap diode DBOOT. To ensure that the bootstrap
capacitor is charged before the high side IGBT is switched on, the low side IGBT has to be switched
on for a dedicated time.

3.2 Under voltage lockout

The +15V supply VCC2 is monitored by the 2ED020112-F2. In case of an undervoltage of <13V the
driver output is switched off. This status is visible over the yellow READY LEDs for top and bottom
side. If the LED is on, the +15V supply is >13V

3.3 VCEsat monitoring for short circuit detection

The Infineon gate driver 2ED020112-F2 provides a short circuit detection by measuring the Vcgsat
voltage of the IGBT. If a short circuit occurs, the collector current and the saturation voltage increase.
If the IGBT is commanded on stated and the Ve reaches 9V a short circuit is detected and the gate
driver output is switched off. This status is reported by the /FLT signal and the dedicated FAULT LED
is switched on.

Figure 3-1 shows the signals of the bottom side driver and IGBT during a shoot through.

Tel g M Pos: 256005 CURSOR
+
Typ
lc Arnplitude
Y

Quelle

VCEsat

Cursar 2
.00y

CHZ S00WE, M 1.00us CHZ .~ 1364
CHI 20ovew CHA 50.04 13-Mai-13 11:02 =10Hz

Figure 3-1 the signals of the bottom side driver and IGBT during a shoot through
(Ic curve with 1.2us delay due to slow current probe)

The FAULT status is latched by the 2ED020112-F2 and must be resetted by switching the RESET
Signal to ground

Application Note 9 Revision 1.0, 2013-07-26
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3.4 Active Miller clamping

Electrical features

On this evaluation board the Infineon gate driver 2ED020112-F2 is supplied with a unipolar voltage
+15V/QV instead of a bipolar supply voltage e.g. +15V/-8V. To avoid a parasitic turn on of the gate by
switching on the opposite IGBT, the feature “Active Miller Clamp” of the 2ED020112-F2 is used. During
turn-off, the gate voltage is monitored. If the gate voltage goes below 2V related to VEE2, the clamp
output is activated and clamps the gate voltage to VEEZ2 till an on-command for the gate driver output

OCcCurs.

Tek A K Pos: 133,905 CH4
+

Kopplung

Bandbreite

ol
200MHz

WoltssDiv,
Girob)

+
Tastkopf
100

S v ::: Stram

e : i Irertieruna

o lc
CHZ S.00%Ey M 1,005 CH2 5 Sany

CH3 500y CHA 1004 15-Apr-13 1409 < 10Hz

Figure 3-2 the clamping of the top side gate at voltages < 2V
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Electrical features

3.5 IGBT turn - on/ off

The switching characteristic of the IGBTs is defined by the gate resistors RG1B, RG1T, RG2B and
RG2T.

ouT-2
UflRJ’HU KDSN1,5/2-5,08
17} ucciiscczLs 22 i\
A5 TS
18! meTrT
- 20 R1B D1B
DESATLS 1 >
14 RDYLS 8 1k sTTH112U
cLAMPLS (22 oK &
120 piss RG1R et T1B
13 ouTLs 22 . o ) IKP2@NGBH3_IGBT
il - wb. 108R
INLS c2s| o RG28 | Y35 %223
—— —— g
=Tor/250D61B b, ezeor 8 | ©
i oNDzLs 2L T

=

av

48! onp1 ueezLs [E3 GND_HU

IC-DRU-2ED@20112-F2

Figure 3-3 bottom side driver output

The gate resistors are adapted to the Infineon IGBT IKP20N60H3 to get signals with less oscillation
as possible by keeping a fast slope at the output. There is the possibility to adapt the switching
characteristic to specific applications or to different IGBTs by replacing the values of RG1B and RG1T.
The use of RG2B and RG2T together with DG1B and DG1T makes it possible to change the on-
switching and the off-switching slopes of the IGBT independent to each other.

To avoid a shoot through between top- and bottom IGBT, the operator needs ensure sufficient dead
time. With this setup the deadtime should be > 1.5us.

Tel L M Pos: 20,58
+

VCE bot

Girab)
‘
24
T R
a
CH2 S.00%E,  h1.00us CHZ & 580y

CH3 5000 CHA 10.04 15-Apr-13 14110 =10Hz
Figure 3-4 turning on bottom IGBT
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Tek T M Pos: 1348 s
+

Oc
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CH2 S.00%Ey M 100 us CH2 ./ Sa0y
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Figure 3-5 turning off bottom IGBT
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CHZ S00ME B .00 03 CH2 & 5.0
CH3 500%  CH4 10,04 15-Apr-13 1412 =10Hz

Figure 3-6 turning off bottom IGBT and turning on top IGBT with delay of 2.5us

3.6 DC-Link capacitor

Due to the available space there is only a small DC-Link capacitor of 220nF available. If a bigger DC-
Link capacity is necessary it has to be connected externally to the connectors V+HV and GND_HV.

3.7 Input PWM-Signals

The PWM input pins of the 2ED020112-F2 can be configured in non-inverting input logic or inverting
input logic.
e [N+ Non Inverting Driver Input
IN+ control signal for the driver output if IN- is set to low, e.g. the IGBT is on if IN+ = high and
IN- = low
e IN- Inverting Driver Input
IN- control signal for the driver output if IN+ is set to high, e.g. the IGBT is on if IN- = low and
IN+ = high

Application Note 12 Revision 1.0, 2013-07-26
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The EVAL_2EDO020I112-F2 is designed in that way, that the non-inverting input is used. There is the
possibility to use also the inverting input logic by replace RIN1T, RIN1B and RP1T and RP1B.

U-5u

UCCIL®CC2LS

FLTLS

DESATLS

T\ i7
rffﬁ=1$\ 15
)
E E rﬁgf\ 16
RDY_B> 14
r—E: 12
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D]Nkﬁ
[N-B —1 , 13
RINZB
,J_ CINIB 1B

CINZ

UJI
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BrR
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—
-3

GND2LS

GND
Figure 3-7 bottom side driver input
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22
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23

21

There is also the possibility to use low pass filters inside the PWM input signals to avoid a undesired
switch on an IGBT by disturbances. This feature is not used in this evaluation board, but there is the
possibility to test it by changing the resistors RIN1T, RIN1B, RIN2T, RIN2B and the capacitors CIN1T,

CIN1B, CIN2T, CIN2B.

Application Note
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4 Schematic and Layout

4.1 Schematic
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Figure 4-1 HV supply input and DC-Link
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Schematic and Layout
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Figure 4-4 Infineon driver 2ED020112-F2 top and bottom

Application Note

15

Revision 1.0, 2013-07-26



il . . )
e EiceDRIVER™ Driver IC Evaluation Board
@Ineﬂ EVAL_2EDO020112-F2 Application Note

Schematic and Layout

U-15U-HY u-5U
o s D
LR E‘[]g
4]z .
fd M B o | }_l.(bJ
L% ol
PAV
-
= =z
ml ml g[]E TL2 g E
8
PAVdniw] PAVASTH! L EDv_T]
£ ¥ou ¥¥ou _ - ROY_T -
—
—e 2 =
1 | = L
£ V25 YTis
L v L. BCR142
GND_HY GND

Figure 4-5 LEDs, FAULT and READY logic
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Schematic and Layout

4.2 Layout

4.2.1 Creepage distance

The isolation between input and output is ensured by the coreless transformer of the 2ED020112-F2
IGBT gate driver. The creepage distance ensured by the layout is 8mm between low- and high
voltage supply and 0.9mm inside the high voltage supply area.

4.2.2 Layouttop

(-

........E

Figure 4-6 Layout top of the EVAL_2ED020112-F2

4.2.3 Layout bottom

7

Figure 4-7 Layout bottom of the EVAL_2ED020112-F2
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Schematic and Layout

4.2.4 Top place
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Figure 4-8 top place view of the EVAL_2ED020112-F2
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4.3 Bill of material

Schematic and Layout

Part Value Package
C1,C4,C5,C6 100nF/10V X7R SMD0603

Ci1B, C1T, C3 1uF/10V X7R SMD0805

C2 100uF/16V 6.3x6.3x7.7mm
C2B, C2T 1uF/25V X7R SMD1206

C3B, C3T 220pF/50V X7R SMD0603

C7 4u7F/25V X7R SMD1206
C_BULK 220nF/1000V C22.5B10

D1, D2, D2B

D2T, D3B, D3T BAT165 SOD323F

D1B, D1T STTH112U SMB_DO-214AA
DBOOT MURS160T3G SMB_DO-214AA
R1B, R1T 1k SMD0805
RBOOT 10R SMD1206
RG1B, RG1T 100R SMD1206
RIN1B, RIN1T

RP2B, RP2T OR SMD0603

RL1 820R SMD0805

RL2, RL3, RL4

RL5, RL6 270R SMDO0805

RP3B, RP3T, RP4B

RPAT, RP5 10k SMDO0603
2ED020I112-F2 IC-DRV-2ED020112-F2 PG-DS0-36-58
T1B, T1iT IKP20N60H3 _IGBT TO220BH

TL1, TL3 BCR192 SOT23

TL2, TL4 BCR142W S0OT323

X1 FAB32Q2 FAB32Q2

+5V, +15V, RESET 22-23-2021 22-23-2021
GND_HV, OUT, V+HV MKDSN1,5/2-5,08 MKDSN1,5/2-5,08
IFAULT B, IFAULT T LED_RT CHIPLED 0805
15V, VCC LED GN CHIPLED 0805
READY B, READY T LED GE CHIPLED 0805
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