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EiceDRIVER™

Real-time adjustable gate current control IC 1EDS20112SV
1EDU20I12SV

Main features 1EDI20112SV

e Single-channel isolated IGBT Driver

e Supports IGBT up to 1200 V

e |GBT off-state: 2 A pull down to rail

e Overcurrent protection for sense IGBTs and conventional IGBTs

e Desaturation detection

e Soft turn-off shut down: 1 A pull down to rail

e Two-level turn-off

e Operation at high ambient temperature up to 105°C

e Compatible PWM inputs for 3.3 V, 5V, and 15 V logic voltages PG-DS0O36

Product highlights

Optimized short circuit control for 3-level inverters

Online adjustable current source slew rate control during IGBT turn-on

UL certification according UL1577 (Viso = 5 kV, 1EDS20112SV and 1EDU20I12SV only)

Isolation tested according VDE 0884-10 (standard expired Dec. 31, 2019, Vioru=1420V, 1EDS20I12SV only)

Potential applications

AC and brushless DC motor drives
High-voltage DC/DC converters
UPS systems

Welding

Servo drives

Description

The 1EDS20112SV is a single-channel IGBT driver in a PG-DS0O-36-64 package with a galvanically isolated
barrier according UL1577 and testing according to VDE0884-10. The driver IC controls three external p-channel
MOSFET or even more as a controlled current source during turn-on. The IC is therefore able to control
precisely the turn-on process in order to avoid excessive dvce/dt or dic/dt transients. The IC has a peak sinking
capability of 2 A for turning off the IGBT. An external PNP transistor can be used to support IGBT with currents
ratings higher than 75 A.

The 1EDU20I12SV offers the same set of function including a galvanically isolated barrier according to UL1577.

The 1EDI20I12SV offers the same set of functions including the unigue slew rate control with the exception that
its isolation barrier offers functional isolation.
All three devices together are the 1IEDS-SRC family.

The logic input pins of the 1EDS-SRC family are 3.3V, 5V, and 15V CMOS-compatible. The data transfer
across the galvanic isolation barrier is accomplished with the integrated coreless transformer technology. The
1EDS-SRC family provides several protection features such as IGBT desaturation shut down protection for
IGBT, overcurrent protection for sense IGBT, soft turn-off shut down, and two-level turn-off.

Final datasheet 6 <Revision 2.3>, 31.1.2020
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1 Block diagram
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Figure 1 Block diagram for the 1IEDS-SRC family
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2 Pin configuration, description, and functionality
2.1 Terminal configuration
VEE2 [1|O 36| GND1
DESAT [ 2| 35] PADN
OFF [3] 34]vcel
OCOFF [ 4| 33] PADP
cs [5] 32] INN
GATE [ 6 | 31]INP
SOFF [7] 30] EN
GND2 [ 8] 29| SPEED
VEE2 [ ] 1EDS-SRC family 28] GND1
RSENSE [10 27] IFLT
vcez [1L 26] RDY1
ON [12 25] RDY2
NC [13 24] NC
PRB [14 23] SIGI
cz [ 22] SIGO
vz [16 21] TST1
TST2 [17 20] NC
VEE2 [18 19] GND1
Figure 2 Terminal configuration of the 1IEDS-SRC family (Top View)
Table 1 Terminal Description
Terminal Terminal Description
number name
1 VEE2 Negative power supply, output side
2 DESAT Desaturation shut down protection
3 OFF Gate turn-off
4 OCOFF Overcurrent protection on/off
5 CS Sense IGBT overcurrent
6 GATE Gate voltage sense
7 SOFF Gate soft turn-off
8 GND2 Signal ground, output side
9 VEE2 Negative power supply, output side
10 RSENSE Sense resistor input
11 VCC2 Positive power supply, output side

Final datasheet
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Table 1 Terminal Description

Terminal Terminal Description

number name

12 ON Gate control for external p-channel MOSFET

13 NC Not connected, connection to GND2 recommended
14 PRB Preboost current adjustment

15 cz Two-level turn-off time set

16 VZ Two-level turn-off voltage set

17 TST2 Reserved terminal, to be connected to VEE2

18 VEE2 Negative power supply, output side

19 GND1 Ground, input side

20 NC Not connected, connection to GND1 recommended
21 TST1 Reserved terminal, to be connected to GND1

22 SIGO Signature test output

23 SIGI Signature test input

24 NC Not connected, connection to GND1 recommended
25 RDY2 Ready signal, monitoring the output side

26 RDY1 Ready signal, monitoring the input side

27 [FLT Fault output

28 GND1 Ground, input side

29 SPEED Setting of IGBT gate current level (analog)

30 EN Enable, shutdown, and fault reset input

31 INP Non-inverting driver input

32 INN Inverting driver input

33 PADP Input side logic reference voltage

34 VCC1 Positive power supply, input side

35 PADN Input side logic reference ground

36 GND1 Ground, input side

2.2 Terminal functionality

GND1

Logic ground terminal of the input side.

PADN
Input side logic reference ground. Direct connection to GNDL1 is required.

VCC1
5 V power supply for the input side.
The reference terminal for VCC1 is GND1.

PADP
3.3V, 5V or 15V input side logic reference voltage.
The reference terminal for PADP is PADN.

Final datasheet 9
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INN inverting driver input

INN control signal for the driver output while INP is set to high. The IGBT is turned on, if INN is set to low, and is
turned off, if INN is set to high, respectively. A minimum pulse width is required to prevent from glitches while
controlling the IGBT. An internal pull-up resistor ensures that the IGBT is kept in off-state, if terminal INN is left
unconnected.

The reference terminal for INN is PADN.

INP non-inverting driver input

INP control signal for the driver output while INN is set to low. The IGBT is turned on, if INP is set to high, and is
turned off, if INP is set to low, respectively. A minimum pulse width is required to suppress glitches while
controlling the IGBT. An internal pull-down resistor ensures that the IGBT is kept in off-state, if terminal INP is
left unconnected.

The reference terminal for INP is PADN.

EN input
Terminal EN needs to be set high for INP and INN to control the IGBT switching.
The EN input terminal serves two purposes:

Feature 1: Enable / shutdown of the output side. The IGBT is turned off by a soft turn-off, if terminal EN is set to
low. A minimum pulse width is defined to help suppress glitches on terminal EN.

The IGBT is switched on without preboost on the rising edge of terminal EN, if terminal INP is set high and
terminal INN is set low before activating EN.

Feature 2: Resets the desaturation or overcurrent condition signaled on terminal /FLT, if terminal EN is set to
low for more than 870 ns. A reset of signal /FLT is asserted at the rising edge of terminal EN.

The reference terminal for EN is PADN.

SPEED

IGBT on-state gate current setting sent from input side. This is an analog input terminal. The reference voltage
of the internal ADC is PADP.The reference terminal for SPEED is PADN.

[FLT fault output

Open-drain output terminal to signal desaturation of conventional IGBTs or overcurrent of sense IGBTSs.
Terminal /FLT is set low, if desaturation or overcurrent occurs. The /FLT terminal has to be connected via a pull-
up resistor to PADP.

The reference terminal for /FLT is GND1.

RDY1 ready status

Open-drain output to signal the proper operation of the input side. RDY1 is set to high if the input side terminals
VCC1 and PADP are above their respective undervoltage thresholds. The RDY1 terminal should be connected
a via pull-up resistor to PADP.

The reference ground terminal for RDY1 is GND1.

RDY?2 ready status

Open-drain output to signal the proper operation of the output side. RDY2 is set to high, if the output side supply
is above the UVLO2 level and the internal chip data transmission is operating properly. The RDY2 terminal
should be connected via a pull-up resistor to PADP.

The reference ground terminal for RDY2 is GND1.

SIGI

I/O signature check input terminal.
The reference terminal for SIGI is GND1.

Final datasheet 10 <Revision 2.3>, 31.1.2020
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SIGO

I/0O signature check output terminal
The reference terminal for SIGO is GND1.

TST1
Terminal TST1 is a reserved terminal and has to be connected to GND1.

TST2
TST2 is a reserved terminal and has to be connected to VEE?2.

VEE2

Negative power supply terminal for the output side: All VEE2 terminals must be connected to GND2, if no
separate negative supply voltage is used.

DESAT

Monitoring of the IGBT saturation voltage Vceeay to detect desaturation caused by a short: The IGBT is shut
down by activating soft turn-off, if the voltage at this pin is above a given threshold. Two additional filters provide
a large robustness against noise and coupling effects. One of these filters is adjustable in terms of the filter time.

The reference terminal for DESAT is GND2.

OFF
Gate turn-off terminal in normal operation mode
The reference terminal for OFF is VEE2.

OCOFF

Input terminal to inhibit the automatic turn-off of the IGBT in case of a desaturation or current sense failure. The
fault status continues to be signaled on terminal /FLT. This feature is deactivated by an internal pull-down
resistor to GND2, if the terminal is left open.

The reference terminal for OCOFF is GND2

CSs
Current sense comparator input terminal for sense IGBTs or standard IGBTs with external emitter shunts.
The reference terminal for CS is GND2. This feature is deactivated, if terminal CS is connected to GND2.

GATE
Input terminal for sensing the gate voltage at resistor ROFF, for example according to Figure 3.
The reference terminal for GATE is GND2.

PRB

The preboost current is adjusted by means of a voltage divider between GND2 and VEE2 for a bipolar supply.
The voltage divider is connected to VCC2 and VEE2 for unipolar supply.

The reference terminal for PRB is VEE2.

SOFF

Output terminal for IGBT soft turn-off in case of short circuit or overcurrent events
The reference terminal for SOFF is VEE2.

GND2
Reference ground terminal of the output side.

Final datasheet 11 <Revision 2.3>, 31.1.2020
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RSENSE
Current sense feedback input of the turn-on gate current control loop.
The reference terminal for RSENSE is VCC2.

VCC2
Positive power supply terminal of the output side.

ON

Terminal for the connection to the gate terminal of an external p-channel MOSFET, such as OptiMOS™
BSD314SPE. This transistor is used to control the IGBT turn-on gate current.

The reference terminal for ON is VCC2.

Ccz

This terminal sets the two-level turn-off timing via an external capacitor against VEE2. A short between
terminals CZ and VEE2 deactivates the two-level turn-off.

The reference terminal for CZ is VEE2.

VZ

Voltage adjustment terminal for the two-level turn-off feature: This terminal can be connected to VEE2 via a
resistor of 27 kQ (V110 = 9.3 V), shorted against VEE2 (V110 = 11.4 V), or left floating (Vriro = 10.3 V).

The reference terminal for VZ is VEE2.

Final datasheet 12 <Revision 2.3>, 31.1.2020
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3 Functional description

3.1 Introduction

The 1EDS-SRC family is an advanced IGBT gate driver family with various control and protection features to
allow the design of highly reliable systems. The integrated circuit consists of two galvanically isolated sides,
called input side and output side. The input side is typically interfaced with a CMOS-compatible DSP or a micro-
controller. The galvanically isolated output side is connected to the high voltage domain. The adjustable gate
current source allows the tuning of the IGBT turn-on slew rate to control the EMI of power electronic systems.

The turn-off process is accomplished with an internal MOSFET stage capable of driving 2 A. An internal
MOSFET switch capable of driving 1 A could be connected to an external gate resistor with higher resistance to
prevent from an overvoltage at the IGBT in case of a short circuit or an overcurrent shut down.

The driver also includes IGBT desaturation protection for conventional IGBTs and overcurrent protection for
sense IGBTs with the fault status signal at the input side. Two ready status output terminals indicate whether
the driver is properly supplied and operates normally. A two-level turn-off feature with adjustable delay protects
against excessive overvoltage at turn-off in case of an overcurrent or a short. The same delay is applied at turn-
on to prevent pulse width distortions.

5vo—T—< <[ 5V
VCCl VCC2

RDESAT
IFLT DESAT I_E:}ﬂ—-
D
C DESAT
RDY2 cs |rp esaT]
RDY1 OCOFF _ RS
CcD
RSENSE
T1
PADP ON QJE T2
INP \\\\ t:
GATE
INN
cz
EN RSOFF
VZ
PADN ROFF
SPEED OFF
SIGI SOFF
SIGO PRB
VCC2
RPRBZ RPRBl
GND1 VEE2 i c2
GND2 -I?_
GND L

Figure 3  Typical application

3.2 IC Supply

There are three supply voltage domains available having individual undervoltage lockout levels. The IC is in a
safe state during undervoltage lockout of any domain under all circumstances, meaning that the gate drive
outputs are never activated before each part of the IC is ready to operate.
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3.2.1 Input side

The driver is supplied with 5V between terminals VCC1 to GND1. This supply voltage manages the basic
functions of the input side. The input side contains a second voltage domain for the logic input signals INP, INN,
and EN. This special voltage domain is supplied by the terminals PADP and PADN and can range from 3.3V
over 5V to 15V. It is mandatory to connect directly the terminals PADN and GNDL1. It is important to note, that
the voltage domains VCC1 and PADP have independent undervoltage lockout levels and both domains must be
supplied appropriately for operation.

VCC1 can be shorted to GND1 in order to deactivate the driver. No turn-on signals will be transmitted from the
input to the output side even if terminal VCC1 is left floating. Therefore, the IGBT won’t be turned on.

3.2.2 Output side

The EiceDRIVER™ 1EDS-SRC family is designed to support both bipolar and unipolar power supply
configurations. The driver IC is typically supplied with a positive voltage of 15V on terminal VCC2 and a
negative voltage of -8 V on terminal VEEZ2, if configured for bipolar supply. The driver IC is typically supplied
with a positive voltage of 15 V on terminal VCC2 for a unipolar supply configuration. VEE2 and GND2 have to
be connected together as short as possible for unipolar supply.

3.3 Non-inverting and inverting input terminals INP and INN

There are two input modes to control the IGBT. In non-inverting mode, terminal INP controls the driver output
while terminal INN is set to low. In inverting mode, terminal INN controls the driver output while terminal INP is
set to high. A low signal at terminal INN will activate the output ON. A minimum input pulse width is defined to
suppress potential glitches.

3.4 Driver output terminal ON

The output side contains an integrated feedback control for the IGBT gate current. The gate current control is
completed by the external current sense resistor and a p-channel MOSFET. Several resistors and MOSFETs
can be placed in parallel in order to limit the individual power dissipation. The recommended P-channel
transistor is BSD314SPE (OptiMOS™-P 3, 30 V, 140 mQ).

The entire turn-on procedure of an IGBT is separated into three phases according to Figure 4: the preboost, the
turn-on, and the VCC2 clamping phase.

The preboost phase controls a high current to drive the gate of the IGBT. The gate voltage is increased from its
starting point to a voltage lower than the gate-emitter threshold voltage of the IGBT, i.e. Veate < Veen), Within a
period of typ. 135 ns. It is important that the IGBT is not turned on during the preboost phase. The value of the
preboost current Iprs is proportional to the voltage Vers at terminal PRB. The preboost current Iprs is defined as:

I = |2'VPRB
PRB 3-RS

@

The change from the preboost phase into the turn-on phase needs less than typically 25 ns. This time must be
considered for the setting of the preboost current amplitude in order not to overcharge the gate during the
preboost phase.

The gate current during the turn-on phase can be selected out of 11 levels for the proper adjustment of the turn-
on transition. The fine granularity between levels 1 and 10 allows accurate slope control. It behaves similar as a
traditional driver at level 11. The driver controls the voltage drop across the sense resistor RS. The
corresponding gate current lgg is

I = Vrsense
99 —

)

RSENSE

The selection of the gate current for the turn-on phase is accomplished with terminal SPEED on the input side.
Terminal SPEED is an input terminal with voltage levels between 0 V and 3.3 V. The lowest voltage at terminal
SPEED corresponds with the highest gate current level, e.g. by connecting SPEED to GND1.
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Figure4  Timing diagram for turn-on

Finally, the IGBT gate voltage saturates at VCC2 in the VCC2 clamping phase. The driver clamps the gate
voltage of the external P-channel transistor 6 V below VCC2 according to Figure 4. This provides a low-resistive
connection between the gate of the IGBT and terminal VCC2

It is good board layout engineering to keep tightest proximity of the control loop consisting of driver IC, sense
resistor, p-channel MOSFET, and the VCC2 / VEE2 blocking capacitors to avoid oscillations.

3.5 SPEED setting

The 11 levels of gate current can be selected by applying an analog voltage Vspeep at terminal SPEED
according to the table below.
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Table 2 Switching speed levels on input and output side
Voltage at terminal SPEED | Typ. reference Vrsense % of turn-on gate current amplitude

Level 1 3.3V Vveee-0.197 20%
Level 2 291V Vveee-0.287 29%
Level 3 263V Vvce2-0.376 38%
Level 4 235V Vvceo-0.466 46%
Level 5 2.08V Vvcea-0.556 56%
Level 6 1.80V Vvcer-0.645 64%
Level 7 152V Vvee2-0.735 73%
Level 8 125V Vveeo-0.825 82%
Level 9 0.97V Vveee-0.912 91%
Level 10 0.69 V Vveee-1.003 100%
Level 11 0 Vvecea-1.543 154%
3.6 Preboost setting

The preboost control is always active, both in bipolar or unipolar power supply configuration. The only exception
is, if the IGBT is turned on via EN according to section 3.8

The preboost current may be set by a simple voltage divider for bipolar gate supply as well as for unipolar

supply. In case of bipolar power supply, connect the voltage divider between GND2, PRB, and VEE2. In case of
a unipolar power supply, use VCC2, PRB, and VEE2 according to Figure 5.

)

VCC2

GND2
q

VEE2 VEE2
1EDS-SRC 1EDS-SRC

Figure 5 External circuit for setting of preboost current (left: unipolar supply; right: bipolar supply)

The selected preboost current amplitude should charge the IGBT gate from the negative voltage VEE2 to a
value between 0 V and Vcea) of the IGBT within 135 ns. The corresponding IGBT gate charge curves should be
consulted for the various collector-emitter voltages Vce for best accuracy.

3.7 Gate turn-off terminal OFF

The driver IC is able to sink a minimum gate current of 2 A peak. The closed loop controlled sink MOSFET
establishes the two-level turn-off function according to section 3.9.6 by controlling the second level during the
turn-off process for an adjustable time period Triser. An external turn-off boost transistor is recommended for
larger sink current capability.
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3.8 Terminal EN

Terminal EN is used to enable the input side for normal operation. A soft turn-off is initiated, when the signal at
terminal EN is logic low regardless of the status of signals at terminals INP and INN. The status of EN is
dominant over all communications over the insulation barrier. If therefore a shutdown is initiated via terminal EN
during normal operation and an overcurrent is detected simultaneously, the IGBT is turned off via soft turn-off.
However, /FLT is not activated as the chip is already being reset. /FLT will be activated after IC enable, if the
overcurrent still exists on the next IGBT turn-on command.

Signals on terminal EN have also priority over INN and INP. The signals at terminal EN have to pass a noise
filter. The EN signal is suppressed, if the pulse duration is shorter than the filter time and the driver reacts as
described in Table 3.

Table 3 Driver IC status for EN, INP, and INN
EN INP INN Result
high high high regular turn-off / soft off*
high low low regular turn-off / soft off*
high high T low turn-on
high high low 4 turn-on
high T high low turn-on without preboost
low high low Soft off

* soft turn-off only in case of simultaneous CS / DESAT event

A second function of the EN terminal is to reset the driver IC after an overcurrent event, which was triggered by
the DESAT or CS function. The IC is reset by holding EN low. The fault indication at terminal /FLT follows on the
next rising edge of signal EN

3.9 Protection and diagnosis features

391 Undervoltage lockout (UVLO)
The device is equipped with a system of defined undervoltage lockout (UVLO) levels on both the input and
output side to ensure proper operation of the IGBT.

Any triggering of UVLO will turn-off the IGBT by means of the soft turn-off function. All signals at INP and INN
are ignored until the voltage at terminals VCC1 recovers above Vyvion: at terminals VCC1 and Vuvions at
terminal PADP.

The IGBT is switched off via terminal OFF in case of an UVLO event at pin VCC2. Signals from the input side
are ignored until VCC2 recovers to the power-up level of VuyiLorz. The IC will perform an immediate turn-on after
recovery of VCC2 according to Table 4.

3.9.2 Ready and status output terminals

The ready signal RDY1 for the input side covers the following conditions:

e UVLO status of the input side supply voltage domains at terminals VCC1 and PADP
e Establishment of correct signal transmission from input side to output side across the insulation barrier

The ready signal RDY2 for the output side indicates after a short delay:

e UVLO status of the output side supply voltage VCC2
e Establishment of bidirectional signal transmission across the insulation barrier

Both signals are monitoring signals only and need not to be reset actively.
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Table 4 Driver IC status UVLO at VCC1, VCC2 and PADP (EN = high)
VCC1 VCC2 PADP RDY1 RDY?2 Result
UVLO | good good low X SOFF and 5us watchdog
uvLo T good good high high acc. INP / INN (turn-on with preboost)
uvLo T good UVLO low high OFF
good UVLO J good high low activate OFF and SOFF simultaneously
good uvLo T good high high acc. INP / INN (turn-on with preboost)
UVLO uvLo t good low high OFF
X X uvLO | low high SOFF and 5us watchdog
good good uvLo T high high acc. INP / INN (turn-on with preboost)
3.9.3 Fault indication (terminal /FLT)

Terminal /FLT is the indicator for a triggered DESAT or CS event. It is pulled low by an internal FET. The /FLT
function is reset by means of a low signal at terminal EN.

3.94 Watchdog

The bidirectional signal transmission across the insulation barrier is monitored by watchdogs on the input and
output side. These are the most important ones:

e The IGBT is switched off via terminal SOFF and additionally switched off via terminal OFF, if the
transmission fails for a given duration.
e A watchdog activates the terminal OFF after typically 5 ps in any case of a soft turn-off event.

3.95

The 1/O signature check is a feature that allows the confirmation of switching commands sent by the
microcontroller to the driver IC. The SIGO output terminal is an exclusive-or (XOR) combination of the terminals
INN, INP, and EN according to Figure 6. The desaturation status on terminal DESAT and the correct voltage at
terminal PADP are also monitored.

I/O signature check

EN
D ivPADP
NN VPADN DESAT/CS* \L/,Cﬁg':()q 7V)
/S LFAIL OFAIL
0:NO FAIL '
N 1:NO FAIL
INP
VPADN %
‘ ) v
AND || AND |

Figure 6  1/O sighature check
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To save PCB space, the SIGI and SIGO terminals of a series of drivers can be interconnected via a daisy chain.
In this case, terminal SIGI of the first driver in the daisy chain should be connected to VCC1 or GND1. Terminal
SIGI of the next driver should be connected to terminal SIGO of the previous driver. Terminal SIGO of the last
driver in the daisy chain should be connected to the microcontroller.

The 1/0O signature check does not monitor the status of the IGBT.

Monitored status

e INN/INP and EN
e DESAT
e PADP undervoltage

The reference terminals are VCC1 and GND1.

3.9.6 Two-level turn-off (TLTO)

The TLTO function is activated, if a capacitor is applied between terminal CZ and terminal VEEZ2. It affects any
turn-on and turn-off process, which is either initiated by the input signals INP, INN or EN or by any protection
function on the output side. Connecting terminal CZ with terminal VEE2 will deactivate the two-level turn-off
function.

The two-level turn-off introduces a second (lower) gate voltage level during the turn-off process according to
Figure 15This additional level ensures lower collector-emitter voltage overshoots during turn-off. The second
gate voltage level reduces the collector current of the IGBT when reaching this level. The obtained dic/dt is
therefore slower and generates less induced overvoltage. The required timing, which can be adjusted by the
capacitance value at terminal CZ, depends on stray inductance and overcurrent at the beginning of the two-level
turn-off period.

Three voltage levels are available:

e The voltage level is setto 11.4 V, if terminal VZ is connected to VEE2,
e the voltage level is set to 10.3 V, if terminal VZ is floating,
e the voltage level is set to 9.3 V, if terminal VZ is connected to VEE?2 via a 27 kQ resistor

The second voltage level is set in a way that turn-off losses are the same as during normal turn-off for nominal
current values. The turn-on signal is delayed by the duration of the two-level turn-off in order to achieve identical
pulse lengths.

The duration of the plateau is set by the capacitor connected between terminals CZ and VEE2.

The IC starts charging the capacitance on CZ for obtaining the two-level set time TrLser, when a turn-on signal is
given. The IC starts the turn-on sequence and resets the capacitor at terminal CZ as soon as the voltage at
terminal CZ exceeds 2.5 V.

The IC activates additionally a soft turn-off sequence, if a turn-off is initiated due to a desaturation condition on
terminal DESAT.

3.9.7 Desaturation shut down protection

Desaturation protection ensures the protection of the IGBT in case of a short. When the desaturation voltage on
terminal DESAT rises and reaches 9 V, the output is driven low by soft turn-off and the /FLT output terminal is
activated. The blanking time is determined by the combination of the highly precise internal current source and
an external capacitor. Desaturation protection is only set active at Tpesatien = 400ns after the preboost phase.

3.9.8 IGBT overcurrent detection

The IGBT overcurrent detection is a protection feature that senses the emitter current on current-sense IGBTs
or standard IGBTs via using an emitter shunt resistor. The voltage is measured by a comparator that triggers at
0.35 V. The current sense signal at terminal CS is ignored while the IGBT is off. An external blanking circuit is
necessary to prevent false tripping during turn-on. With non-sensing IGBT types, a low resistance shunt is used
to sense the emitter current. When a short is detected, the IGBT is switched off by a soft turn-off. Both the
desaturation and the current sense features can be used at the same time. This function is therefore not limited
to current sensing. It can be used for any shut down condition as well. The fault status is signaled on terminal
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/FLT. The fault status has to be reset via terminal EN. IGBT overcurrent detection is only active 400ns after the
preboost phase.

3.9.9 Overcurrent protection ON/OFF

The IGBT is switched off via a soft turn-off in case of a CS or DESAT event, if terminal OCOFF is connected to
GND2 or left unconnected. If terminal OCOFF is connected to VCC2, the IGBT is not switched off in such
cases. However, the signaling of CS or DESAT events to output /FLT is done in any case. The IGBT can be
turned off externally instead, e.g. via control input EN.

3.9.10 Soft turn-off

The IGBT can be turned off smoothly via an external higher-ohmic gate resistor attached to terminal SOFF. The
soft turn-off speed can be adjusted by selecting the appropriate resistor value. The soft turn-off reduces the
voltage overshoot considerably and may be used in combination with the two-level turn-off function of the IC.
The regular turn-off function at terminal OFF supports the soft turn-off as soon as the voltage between terminals
GATE and VEE2 drops below 3 V. An additional safety feature is installed by means of a watchdog timer, which
starts at the same time the soft turn-off is triggered. The watchdog turns off the IGBT in any case via terminal
OFF after 5 us. If the soft-off function is not used, both the terminals SOFF and OFF can be combined to
increase the turn-off current capability of the IC.

Trigger conditions for a soft turn-off:

Desaturation condition at terminal DESAT
Overcurrent condition at terminal CS

Driver Enable OFF (EN equals GND1)
UVLO1 of the input side supply VCC1

UVLO of the input side logic reference PADP
Internal signal transmission error
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4 Electrical parameters

4.1 Absolute maximum ratings

Note: Absolute maximum ratings are defined as ratings, which may lead to destruction of the integrated circuit

when being exceeded. Unless otherwise noted all parameters refer to GND1 and to Ta = 25°C.

Table 5 Abs. maximum ratings

Parameter Symbol | Min. Max. Unit

Offset voltage Veno1 — Vvee2 VorrseT -1200 1200 Y,

1EDI20112SV and 1EDU20I112SV only

Positive power supply input side Vvcer -0.3 6.5

PADP voltage Veapp -0.3 16.05

PADN voltage VpaADN -0.3 0.3

Positive power supply output side ! Vvcez -0.3 20.3

Negative power supply output side * Vvee2 -12 0.3

Maximum power supply voltage output side (Vvcce - Vveez) Vimaxa - 28

Voltage at terminals INN, INP, EN, RDY1, RDY2, /FLT V1ermiNaL | -0.3 Vpapp

Voltage at terminals SIGI, SIGO, SPEED -0.3 Vveer

Voltage at terminal DESAT? -5 Vveez

Voltage at terminals OCOFF 1, GATE 2, OFF 2, SOFF 2 -0.3 Vvcez

Voltage at terminal GATE 3 -0.3 5.5

Voltage at terminals CS 1, VZ 2, CZ 2, PRB 2 -0.3 5.5

Voltage at terminal RSENSE, ON* -7 Vvcez

Open drain output current (/FLT, RDY2, RDY1) loo - 10 mA

Output current at terminals SIGO Isico -6 6

DC output current at terminal ON (Vvcez - Vvesz = 20 V) lon,oc - 10

Peak output current at terminal OFF (tp =2 us, f =20 kHz) lorr - 24 A

Peak output current at terminal SOFF (tp = 2 ps, f = 20 kHz) Isorr - 1.05

Junction temperature 1EDS20112S8V | T -40 125 °C
1EDI201125V -40 150

Storage temperature Ts -55 125

Total power dissipation® Po ot - 980 mw

Thermal resistance (Both chips active), Ta = 25 °C Ring-a) - 102 K/wW

¥value Pin(j-top) - 6.69

1 with respect to terminal GND2
2 with respect to terminal VEE2

3 with respect to terminal OFF
4 with respect to terminal VCC2

5 Power dissipation is derated linearly with 9.8 mW/°C above an ambient temperature of Ta = 25°C. See Figure 17 for
reference layouts for these thermal data. Thermal performance may change significantly with layout and heat dissipation

of components in close proximity.
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Table 5 Abs. maximum ratings

Parameter Symbol | Min. Max. Unit

ESD Capability HBM 1 | Vesp - 750 Y,
CDM 2 1000

Common mode transient immunity [dViso/dt] | - 50 kV/us

4.2 Operating range

Note: The IC operates as described in the functional description within the operating range. Unless otherwise
noted all parameters refer to terminal GND1 and Ta = 25°C.

Table 6 Operating parameters
Parameter Symbol | Min. |Typ. | Max. Unit
Positive power supply input side Vveel 485 |5 55 Vv
Input side logic reference voltage ranges Vpapp - Vpaon AVpap 3 3.3 55

7 15 15.75
Control voltage by terminal SPEED at terminal RSENSE Vinrsense | Vveee- | — Vveez-

1.7 0.2v
Voltage at terminal SPEED 3 VspeeD 0 - 3.3
Positive power supply output side 4 Vvee? 0 15 20
Negative power supply output side 4 Vver2 -12 -8 0
Power supply voltage output side (Vvcez - Vveez) Vinax2 - - 25
Output current at terminal SIGO Isico -3 - 3 mA
Ambient temperature Ta -40 - 105 °C

1 According to EIA/JJESD22-A114-B
2 According to EIA/JESD22-C101

3 With respect to voltage Veaon

4 With respect to voltage Veno2
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4.3 Electrical characteristics

Note: The electrical characteristics given below include the spread of values for the junction temperature range
of -40°C < T, < 125°C. All values refer to the supply condition of Vvcci = Veaor =5 V, Veaon = Venp1 =0V,
Vveez = 15V, Vverz = -8 V and the given test conditions. Typical values represent the median values at
Ta = 25°C under the above mentioned supply conditions. Unless otherwise noted all voltages are given
with respect to their respective reference terminal (GNDL1 for terminals 19 to 36, GND2 for terminals 1 to

18).
4.3.1 Voltage supply
Table 7 Voltage supply
Parameter Symbol Values Unit | Test condition
Min. Typ. Max.
UVLO threshold for VCC1 power up Vuvion: | — 4.63 4.85 Y
power down | Vyy o1 3.5 4.47 -
UVLO hysteresis VCC1 (Vuvioni - VuvioL1) Vuvioihys | 0.08 - -
UVLO threshold VCC2 power up Vuvionz |- 11.9 12.6
power down | Vv, | 10.4 11.0 |-
UVLO hysteresis VCC2  (Vuvion2 - Vuvior?) | Vuvihys2 0.3 — -
UVLO threshold for PADP power up Vuvions | — — 2.95
power down | Vyviors | 1.6 — —
Quiescent current input side VCC1 lo1 - 9.6 13 mMA | Vine = Veaor, Vinn =
VpaDN
Vroy1 = Vrov2 = VELT
= Vpapp
Quiescent current input side VCC1 - 9.6 13 Vine = Vpapp = 15V
VeLt = Vroy1 = Vroy2
=5V, Vinn = Veaon
Quiescent current output side VCC2 lo2 - 7.3 9.5 Vine = Veaoe, Vinn =
VpaDN
Vroy1 = Vrov2 = VELT
= Vpapp
Quiescent current output side in UVLO lg2,uvio - 45 6 Vveez =10.4V
mode
Quiescent current output side VEE2 lgs - 4.7 - Vine = Vpaoe, Vinn =
VpaDN
Vroy1 = Vrov2 = VELT
= Vpapop
Quiescent current PADP lga - 1 - Vine = Veapoe, ViNN =
VpabpN
Vroy1 = VrRoy2 =5V
VEir=5V
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4.3.2 Logic input and output

Table 8 Logic input and output

Parameter Symbol Values Unit | Test condition
Min. Typ. Max.

Low level input voltage terminals INP, INN, | Vi 15 - - \Y

EN

High level input voltage terminals INP, INN, | Vi - - 3.5

EN

Low level input voltage terminal SIGI ViLsiGi 1.5 - -

High level input voltage terminal SIGI Vinsicl - — 3.5

Low level output voltage terminal SIGO VoiLsico |Venpr |0.1 0.3 liLsico = 3 MA

High level output voltage terminal SIGO Vousico | 4.3 4.7 Vveet linsico =- 3 MA

Low level output voltage terminal /FLT VoLFLt - 0.08 0.3 liLpin = 3 MA

Low level output voltage terminals RDY1, VoLrovy, |~ 0.1 0.3 liLpin = 3 MA

RDY2 VoL Rrby2

Input bias current INP lin.ne 30 60 100 HA | V=5V

Input bias current EN linen 30 60 100 Ven=5V

Input bias current INN ITIINY -1200 |-700 -350 Vine = 0V

Input bias current SPEED linsreep | 6 10 16 Vspeep =5V

Input filter time terminals INP, INN, SIGI TriLN 22 - - ns VTermINAL = 5 V

Input filter time terminal EN TriLEN 45 - - Ven=5V

Fault reset duration terminal EN TenRrsT 870 - - Ven = 0V, Vvee=0V

Propagation delay EN to ON (Turn-On) Ten.on - 530 -

Shut down propagation delay EN to SOFF | Tensorr | — 530 680 Vveez= 0V

(Turn-Off)

4.3.3 Gate driver

Table 9 Gate driver

Parameter Symbol Values Unit | Test condition
Min. Typ. Max.

Voltage of sense resistor for gate current VRSENSE Vvee- | Vweez- | Vwee- |V Vspeep = 3.3V

level 1 0.165 |0.197 |0.230

Voltage of sense resistor for gate current Vvee- | Vveez- | Vvece- Vepeep = 2.91V

level 2 0.250 |0.287 |0.324

Voltage of sense resistor for gate current Vvee- | Vveez- | Viveee- Vspeep = 2.63 V

level 3 0.340 |0.376 |0.413

Voltage of sense resistor for gate current Vvee- | Vveez- | Vivece- Vspeep = 2.35 V

level 4 1 0.420 |0.466 |0.512

Voltage of sense resistor for gate current Vvee- | Vweez- | Viveee- Vspeep = 2.08 V

level 5 0.510 |0.556 |0.601

1 Default state after power on (Vvecr > Vuvioni)
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Voltage of sense resistor for gate current VRSENSE Vveez- Vveez- Vveez- \Y Vspeep = 1.80 V
level 6 0.600 |0.645 |0.691
Voltage of sense resistor for gate current Vveez- | Vveeo- | Vveeo- Vspeep = 1.52 V
level 7 0.680 |0.735 |0.790
Voltage of sense resistor for gate current Vveceo- Vveeo- Vveeo- Vspeep = 1.25V
level 8 0.770 ]0.825 |0.880
Voltage of sense resistor for gate current Vvee- | Vveez | Vveee- Vspeep = 0.97 V
level 9 0.825 |0.912 |0.999
Voltage of sense resistor for gate current Vveez- | Vwveea- | Vveez- Vspeep = 0.69 V
level 10 0.910 |1.003 |1.095
Voltage of sense resistor for gate current Vveez- Vveez- Vveez- Vspeep =0V
level 11 1.420 |1.543 |1.667
Vspeep hysteresis VspeeDnys | — - 60 mv
Low level output voltage terminal OFF VorrL - Vvee2 Vveet |V lorr = 20 MA
+0.03 | 0.09
- Vvee2 Vveeat lorr. = 200 MA
+0.3 0.85
- Vveg2 Vveeat lorrL=1A
+2.3 6
- Vveet |- lorr =2 A?
7.6
Low level output voltage terminal SOFF VsorrL - Vvee2 Vvee2+ IsorrL = 20 MA
+0.06 |0.18
- Vvee2 Vveeat IsorrL = 200 mA
+0.6 1.7
- VvVeg2 Vveeat IsorrL = 500 mA
+1.9 4.9
- Vvee2 - lsorre =1 A1
+7.2
Turn-on clamping voltage terminal ON Von,on - Vveez- | Vveez-
6.5 5.0
Turn-off threshold voltage terminal GATE 2 | VeateEt - 3 -
Active Shut Down Voltage (VCC2 open) Vactsp - 1.4 2.4 lorr = 200 MA,
Vvee =0V,
Output current of terminal ON lon+ 50 - - mA | tp=2 us
Output current of terminal ON lon- - - -50
Preboost time Ters - 135 180 ns
Speed setting propagation delay?! Tspeep — — 120 ps IGBT is turn on
Fall timel TraLL - 8 - ns CLoap=1nF
Turn-on propagation delay without PMOS Teoon - 500 540 Ta=25°C, Vvee=0V
Turn-on propagation delay over junction Troont - - 570 Vveez = OV
temperature?!
Turn-off propagation delay Teoorr - 485 535 Ta=25°C, Vvee=0V
Turn-off propagation delay over junction Trporrt - - 565 Vveez=0V
temperature?!
Matching delay (TPDON - TpDOFF) MT — 15 30 Vveez=0V

1 The Parameter is not subject to production test - verified by design / characterization

2 Reference to Vveez
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434 Desaturation protection

Table 10 Desaturation protection

Parameter Symbol Values Unit | Test condition
Min. Typ. Max.

Desaturation trigger level VpEsaT 8.4 9 9.4 V

Blanking capacitor charge current IpesaT.c 450 500 550 MA | Vpesar =2V

Blanking capacitor discharge current Ibesatp |- 12.5 - MA | Vpesat =6 V

Desaturation leading edge blanking time * | Toesatien | — 400 - ns

Desaturation filter time * ToesatriL | — 230 -

DESAT to /FLT propagation delay ToesaTrLT | — 760 995 Vveez= 0V

DESAT shut down propagation delay to Tsorr - 360 540 Vveez= 0V

SOFF

DESAT shut down watch dog ToesaTorr | — 5.2 8 pus | OCOFF = low,

Vveez= 0 V

4.3.5 Overcurrent protection disable

Table 11 Overcurrent protection disable

Parameter Symbol Values Unit | Test condition
Min. Typ. Max.

High level input voltage terminal OCOFF Vinocorr | 11.4 12.5 13 \%

Low level input voltage terminal OCOFF ViLocorr | 7 7.5 8.2

Input bias current OCOFF limocorr | — 150 250 MA | Vocorr =15V

4.3.6 Current sense

Table 12 Current sense

Parameter Symbol Values Unit | Test condition
Min. Typ. Max.

Current sense trigger threshold Ves 320 350 380 mV | Vsorr <5V

Input bias current CS lincs -200 -125 -45 A |Ves=0V

Over current detection blanking time * Tes plank - 420 - ns

Shut down propagation delay CS to SOFF 1 | Tcs - 280 540

Propagation delay CS to /FLT ® TesrLr - 760 995

1 The Parameter is not subject to production test
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437 Two-level turn-off

Table 13 Two-level turn-off

Parameter Symbol Values Unit | Test condition
Min. Typ. Max.
Two-level voltage terminal VZ V1Lto 10.7 11.4 12.1 Y, Terminal VZ
connected to VEE2
9.6 10.3 11.0 VZ open
8.6 9.3 10.0 Rvz = 27 kQ
Two-level turn-off threshold voltage * VrLToth - 2.5 -
Two-level turn-off charging current lcz -1150 | -950 -750 MA | Vcz=Vem + 1V
Two-level turn-off time limitation Trium 3 5 7 ps | Vveez=0V
Two-level voltage slope 2 dVriro/dt | — 20 - V/us | CLoap = 10 nF

1 Referenced to Vvee2

2 The parameter is not subject to production test - verified by design / characterization
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5 Insulation characteristics

Insulation characteristics are guaranteed only within the safety maximum ratings which must be ensured by
protective circuits in application. Surface mount classification is class A in accordance with CECCOO0802.

Table 14 Insulation characteristics
Parameter Symbol Characteristic Unit
Installation classification per EN 60664-1, Table 1 Overvoltage categories
For rated mains voltage < 150 Vims -1V
For rated mains voltage < 300 Vims -1V

For rated mains voltage < 600 Vims -1
For rated mains voltage < 1000 Vims -1l

Climatic Classification according to IEC 68 40/105/21

Pollution degree (EN 60664-1) 2

Minimum external clearance CLR 8.5 mm
Minimum external creepage CPG 8.5

Minimum Comparative Tracking Index CTI >400

5.1 Tested according to VDE 0884-10 (Standard expired on Dec. 31, 2019,

1EDS20112SV only)

While the standard has expired on Dec. 31, 2019, the 100% testing is continued although there is no continued
quarterly monitoring.

Table 15 Tested for reinforced isolation limits according to VDE 0884-10 (Standard expired on
Dec. 31, 2019, 1EDS20I12SV only)

Parameter Symbol Characteristic Unit
Maximum Repetitive Insulation Voltage Viorm 1420 \Y
Input to output test voltage, method b Vpd(m) 2662 (peak)

Vpdm) = Viorm * 1.875 , productive test, tm = 1 sec,
Partial discharge <5 pC

Highest allowable overvoltage Viotm 8000

Maximum Surge Isolation Voltage Viosm >6000

Insulation resistance at Ts, Vio = 500 V Rio >10° Q
Notes

This coupler is suitable-only within the safety ratings. Compliance with the safety ratings shall be ensured by
means of suitable protective circuits.

5.2 Recognized under UL 1577
(File E311313, 1IEDS20I12SV and 1EDU20I12SV only)

Table 16 Recognized under UL 1577

Parameter Symbol Characteristic Unit
Insulation withstand voltage / 1 min Viso 5000 V (rms)
Insulation test voltage / 1 s Viso > 6000 V (rms)
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6 Timing diagrams
INP TPDON INN TPDON
ON - > ON - >
Teoorr Tepore
OFF OFF
Figure 7 Timing of turn-on and turn-off propagation delay without two-level turn-off mode
EN ~ Tenon EN Ten.sorr
ON SOFF
Figure 8 Timing of EN turn-on and shut down propagation delay
INP INP Tp
SIGI SIGI
T|:||_|N TFILIN >
SIGO SIGO
Figure 9 Timing of short pulse suppression terminal INP and SIGI (Tp < TrLIN)
NN [T TP INN [ TP
< Trun Trun
SIGO SIGO
Figure 10 Timing of short pulse suppression terminal INN (Tp < TriLin)
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EN Te—> EN Tr >

Taun > Trn >

SIGO SIGO

Figure 11 Timing of short pulse suppression terminal EN (Te < TrLiN)

Tp> Tenrst

- Tp »

EN

—> TenRsT *—

[FLT

Figure 12 Timing for fault reset at terminal EN

— Tcs blank Vs
CS l—

—»
SOFF Tes k

< Tcsp 79

[FLT

TenRrsT
— —

EN
Figure 13 Timing of CS events incl. terminals SOFF, /FLT and EN
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LI\ L

|
Tsorr
SOFF
Toesatorr
OFF

o

TDESATFIL
ToEsATeb “V TbEsATIeb
DESAT
DESAT Y " —
TDESATFLT
IFLT L |
TenRsT!
_» —
EN
Figure 14 Timing for DESAT events incl. terminals SOFF, /FLT and EN (timing is same for related INN
input signal)
INP | =
TTLTO,th
CZ (¢ S
)
55
- > VTLTOX
OFF Triser / “Treer
\ Trim
ON (¢
))
((
INP, —
TrLto/th
CZ (¢
))
Triser>Trium f——
- > Vrirox Y ]
OFF / Triser 4
\ TTLLIM
ON (¢
))

Figure 15 Timing for two-level turn-off incl. terminals CZ and OFF
(top: Triser < Trium, bottom: Triser> Trium)
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7 Package
7.1 PG-DS0-36-64
Dﬂ
FD ___’_‘ hx45°
<|2] e ¥ N e
L e e ya==ss : h_ﬁﬁq_hd_/;
EI o’ & [ddd®||** T Tm
Aeee| >
sHHAANARARARRARARAR" |

@

1

—

ALl
INDEX MARKING E___L

DOCUMENT NO.
Z8B00168162
1) DOES NOT INCLUDE PLASTIC OR METAL PROTRUSIONS OF MAX 0.15MM PER SIDE.
?) DOES NOT INCLUDE DAMBAR PROTRUSION OF MAX 0.10MM.
o MILLIMETERS INCHES
MIN MAX MIN MAX
A - 265 - 0104
A1 010 0.30 0.004 0012
A2 205 255 0.081 0.100
b 022 041 0.009 0016
c 0.23 0.32 0.009 0.013 EUROPEAN PROJECTION
D 12.60 13.00 0496 0512
E 10.00 1065 0394 0419 ;
E1 740 760 0291 0.299 — | /;'r\\\
: 0.65 BSC 0.026 BSC — |
N 36 36 '
L 040 127 0016 0.050 |SSUE DATE
h 0.25 0.75 0.010 0.030 14.05.2014
) 0" g 0° g°
cee 0.10 0.004 REVISION
ddd 018 0007 02
Figure 16 Package drawing
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Dimension [mm?3] 25.0x315x%x1.5 Atherm [W/m-K]
Material FR4 0.3
Metallization [pum] 35 388
Vias & = 0.3 mm; plating 25 pm; 14 pcs.
Package Attach [50um] Solder 55

Figure 17 PCB reference layout (left: top layer, right: bottom layer)

Thermal performance may change significantly with layout and heat dissipation of components in close
proximity.
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