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EiceDRIVER™ F3 - Single-channel enhanced
isolated gate driver family with short-circuit
protection

Technical description - 1IED332xMC12N

About this document

Scope and purpose

This document gives an overview of the basic behavior and application-related considerations of the
1ED332xMC12N family listed in Table 1, and describes, in particular, the dimensioning of external components
that are used in a typical application.

Table1 EiceDRIVER™ 1ED332xMC12N (F3) product family

Product name Gate driver current | Outputs uvLO Fault switch-off
(typ.)

1ED3320MC12N +3.3A/-6A OUTH/OUTL 12V Soft-off

1ED3321MCI2N +6A/-85A OUTH/OUTL 12V Soft-off

1ED3322MCI12N +6A/-85A OUTH/OUTL 136V Hard-off

1ED3323MCI2N +6A/-85A ouT 12V Hard-off

Intended audience

The intended audience for this document are hardware design engineers of power electronic systems.

Please read the Important Notice and Warnings at the end of this document
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1 Introduction

1 Introduction

The 1ED332xMC12N family is a group of enhanced, galvanically isolated, single-channel driver ICs in a
DSO-16 300 mil package. These driver ICs provide typical peak output currents of up to 8.5 A. The
1ED332xMC12N family includes a combination of features aimed to address the market, including soft-
off and hard-off fault turn-offs, IGBT and SiC undervoltage lockout (UVLO) settings, two different output
current strengths, and two different output configurations.

The 1ED3323MC12N is designed to be a direct replacement for the Infineon EiceDRIVER™ 1ED020112-F2
and comes with a much stronger output stage.

The input logic terminals of LED332xMC12N operate safely with supply voltages of 3.3V and 5 V. All input
structures have threshold levels proportional to the supply voltage.

A wide range of output-side supply voltages (up to 40 V) can be configured for positive and negative
voltages as long as the absolute maximum of 40 V is not exceeded. All driver ICs have output sections
with active shutdown.

Data transfer across the isolation barrier is achieved by the coreless transformer technology.

Note: For easy evaluation and better understanding of the Infineon EiceDRIVER™ 1ED332xMC12N gate
driver IC family, the Eval-1ED3321MC12N evaluation board can be used.

Application note 3 V1.2
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2 Input side

2 Input side

The input side of the gate driver IC contains two inputs IN+ and IN- for the control signals, two power terminals
VCC1 and GNDI for the reference and supply of the input chip, an RDY output for internal state feedback, a /FLT
output for fault state feedback, and a /RST input for resetting the fault state.

Its input features also include undervoltage lockout of input supply, pull-up and pull-down resistors of logic
inputs and outputs, and signal filtering.

Digital core :

/FLT

/RST |14
GND1 GND1
Figure 1 Block diagram of the input side
2.1 Input side power supply

The supply voltage on the input side can range from Vycc: = 3.3V to 7 V. This provides margins for spikes and
coupling on the supply rail in non-optimal layouts with respect to the standard supply voltage of 3.3 V.
Operation outside the absolute maximum voltage ratings may result in internal IC damage, and is prohibited.

The supply voltage should be blocked by a suitable low-impedance capacitor and a low-impedance layout to
the origins of the supply voltage. The capacitor should be placed in immediate proximity to the driver IC. This
will stabilize the supply conditions of the IC’s input side. The highlighted loop in the Figure 2 showns the supply
stray inductance that should be minimized as much as possible.

A1 pF decoupling capacitor is generally suitable for most operations.

9:SGND

10: INP_H

11:INPL

12:RDY

13:FLT_N

14:RST_N

Figure 2 Good layout practices for supply capacitor at terminal VCC1
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2 Input side

2.2 Pull-up and pull-down resistors for the input side signals

The input pull-up or pull-down resistors ensure an off state in case the corresponding input is not connected.
These resistors have a minimum value of 25 kQ. Even with the maximum allowed voltage at VCC1 pin, the input
current due to these resistors stays below 1 mA.

For the input pins, IN+ and IN-, the pull-up and pull-down resistors are designed such that they can be
connected to an external supply or ground potential for permanent activation of the individual driver input.

For the status output pins, /FLT and RDY, the resistors are used to ensure that the open drain outputs return to
high when the gate driver is in a normal operation mode. When operating in harsh environments, use of
external pull-up resistors (e.g. 4.7 kQ) is recommended for increased application safety. Similarly, for the /RST
input, the pull-up resistor ensures that it can be driven by an open drain signal.

2.3 Input side filtering

RC filters are a common way to suppress or reduce cross talk and parasitic coupling effects. However,
external RC filters are imprecise and their tolerance is unsymmetrical as depicted in Figure 3.This can
make the calculation of deadtime for half-bridge-based power converters more difficult, especially if

the time constant is large.

The Infineon EiceDRIVER™ 1ED3332xMC12N IC family offers integrated noise filters with symmetric
tolerance and high precision. The integrated noise filters help reduce the external RC filter to a
minimum, thus reducing the tolerances to a minimum. The performance of this combined solution is
often superior compared to gate driver ICs without integrated noise suppression filters.

Input pad structure

Input pad
structure

VC Capacitor charge curve:
Vmax & ____________________
tig |- ——"——"—"—"—" "~~~ —————, I ig |TTTTTTT |
A | min | |
N PRI
Tight and | 4 | | 'h: Wide and
symmetric “ | | unsymmetric
tolerance | : |t : : :tolerance ¢
> >
1 T | Cal 1 1
tmin ttrig fmax tmin ttrig tmlax
Figure 3 Tolerance of integrated filters (left) and external filters (right) for noise suppression

The input section of the driver IC filters all the input signals to suppress short pulses triggered by external
influences.

Application note 5 V1.2
2023-05-08



o _.
EiceDRIVER™ F3 - Single-channel enhanced isolated gate driver ‘ |n f| neon
family with short-circuit protection

2 Input side
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Figure 4 Input pulse suppression and turn-on/turn-off propagation delay

Every pulse at IN+ shorter than the input pulse suppression time for pin IN+ (tin) is filtered and not transmitted
to the output chip. Longer pulses are sent to the output with the propagation delay trpon and teporr as shown in
Figure 4. This same behavior is implemented at /IN- and /RST inputs.

2.4 Application usage of IN+ and IN-

The inverting (IN-) and non-inverting (IN+) input pins offer multiple possibilities to connect PWM input and logic
signals for various control and protection uses.

INLS

Figure 5 Input IN+ and IN- usage

Apart from using both inputs with a differential signal (A) (VCC1 and GND1 levels), using only one input signal for
actual switch control leaves the second input available for functions like Enable (B), Shutdown (C) or Interlock

(D).
A) Differential signal

Applying a logic-level differential signal on both IN+ and IN- with the positive level of VCC1 pin and the negative
level of GNDI pin improves common-mode noise rejection.

Application note 6 V1.2
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2 Input side

B) Enable

Using the IN+ pin as enable signal leaves the IN- to control the output PWM with an inverted logic input signal.
The enable signal can then be shared between gate driver ICs of a complete inverter to start operation with a
single control signal.

C) Shutdown

Using the IN- pin as shutdown signal leaves the IN+ to control the output PWM with a non-inverted logic input
signal. The shutdown signal can then be shared between gate driver ICs of a complete inverter to interrupt
operation with a single control signal.

D) Interlock

Interlocking is often used in half-bridge configurations to avoid a shoot-through current from a high-voltage DC
bus supply. Connecting together the following input signal pins of the top and bottom driver ICs inhibits a static
turn-on for both channels at the same time:

e Top driver non-inverting input (/N+) with the bottom driver inverting input (/N-)
e Bottom driver non-inverting input (/N+) with the top driver inverting input (IN-)

Dynamic turn-on and turn-off characteristics of gate drivers and power switches can often lead to a short term
shoot-through. To avoid overlapping turn-on times at the power switches, a proper deadtime setting for PWM
generation at the microcontroller is recommended.

2.5 State feedback and reset signals
The gate driver comes with two state feedback outputs: RDY and /FLT plus a reset input /RST.

RDY is an open-drain ready status output. It is used to signal the correct operation of the gate driver IC. When
RDY is high, both input and output sides of the gate driver IC supply voltages are above the UVLO level, and
internal communication between the two chips works correctly. During normal operation the internal signal
transmission is monitored by a watchdog timer. If the transmission fails for a given time, the driven transistor is
switched off and the RDY output reports an internal error.

/FLT is an open-drain fault reporting output used to signal a desaturation (DESAT) fault of the power transistor
thatis being driven. /FLT is actively pulled low if desaturation has occurred.

/RST is an open-drain input that has the following two functions:

e Function 1: Enables or shuts down the gate driver IC. The outputs of the gate driver IC are actively pulled low
when /RST is low. The integrated filter ensures that the gate driver IC is robust against glitches.

o Function 2: Resets the DESAT fault state of the gate driver IC. For the gate driver IC to reset the DESAT fault
state, signaled by the /FLT output, the /RST pin has to be pulled low for a time tgsr.

Application note 7 V1.2
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3 Output features

3 Output features

This section describes the gate driver output section of all the EiceDRIVER™ 1ED332xMC12N family variants.

T

| uvLo 5 |vee2

| K:

. 7 [CLAMP

| Veuawe

' ,—-{ P

VEE2

: VCCQ:g

Digital core

Veianre

VEE2 VEE2
Figure 6 Block diagram of the output side
3.1 Output side power supply

The output supply range has a positive absolute maximum rating of 40 V for all variants. The gate driver ICs are
therefore capable of providing a bipolar gate voltage to a connected power switch.

The undervoltage lockout thresholds of different gate driver variants are optimized to be used with IGBTSs, Si
MOSFETSs, or SiC MOSFETSs. All variants provide unlimited functionality for use with both IGBTs and MOSFETSs.

Table 2 Output undervoltage lockout threshold levels

Parameter Symbol Value | Unit
1ED3320, 1ED3321, 1ED3323 maximum turn-on level Viviomz 126 |V
1ED3322 maximum turn-on level Vvionz 142 |V
1ED3320, 1ED3321, 1ED3323 minimum turn-off level VivioL2 104 |V
1ED3322 minimum turn-off level Vuvorz 119 |V

The 1ED332xMC12N driver is designed to support two different supply configurations - bipolar supply and
unipolar supply.

For example: as shown in Figure 7, for an IGBT operation, in a bipolar supply configuration the driver is typically
supplied with a positive voltage of 15V at VCC2 and a negative voltage of -8 V at VEE2. The negative supply
prevents a dynamic turn-on during fast dV/dt transients. If an appropriate negative supply voltage is used,
connecting CLAMP to IGBT gate becomes redundant but it is still recommended.

Application note 8 V1.2
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3 Output features
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RST /RST VEE?2 mell
Figure 7 Application example of bipolar supply

In a unipolar supply configuration, the driver is typically supplied with a positive voltage of 15V at VCC2. VEE2
has to be connected to GND2.

To avoid erratic turn-on of the IGBT due to fast dV/dt, the active Miller clamp function can be used. As shown in
Figure 8, the CLAMP output is directly connected to the IGBT gate.

+
T T00n veer veez REE
== DESAT
SGND 1
T CNPT cramp
ouTt L0 |
1IN+ IN+ D> {1
RDY gl e "er
RDY
— GND2
FLT JFLT
RST /RST  VEE2
Figure 8 Application example of unipolar supply
3.2 Output terminals OUTH and OUTL or OUT

With separated outputs for current sourcing and sinking in a gate driver IC, individual gate resistors can be used
for turning a power switch on and off. To maintain footprint compatibility with the Infineon EiceDRIVER™
1ED020I112-F2, the 1ED3323MC12N has only one output pin, OUT, that both sources and sinks current.

The driver IC’s output section at output terminal(s) provides a rail-to-rail output. This feature enables tight
control of the gate voltage during the on state. It ensures that even during short-circuits the gate voltage does
not increase above the VCC2 supply voltage. Due to the low internal Rpson Of the IC, the switching behavior of the
power transistor is mainly dominated by the gate resistors. This generates a low internal voltage drop, reducing
the power that is dissipated by the driver IC.

The active shutdown feature of output(s) ensures a safe off state of the power transistor in case the output side
is not connected to a power supply or an undervoltage lockout is in effect. The transistor’s gate is clamped at
terminal OUT/OUTL to VEE2.

Application note 9 V1.2
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3 Output features

3.3 Short circuit clamping

During a short-circuit, the power transistor gate voltage tends to rise because of the feedback via the Miller
capacitance. An additional internal protection circuit connected to OUT or OUTH and CLAMP limits this voltage
to a value slightly higher than the supply voltage. A current of maximum 500 mA for 10 ps can be fed back to the
supply through one of these paths. If higher currents are expected or a tighter clamping is desired, external
Schottky diodes have to be added.

3.4 Active Miller clamp terminal - CLAMP

The active Miller clamping function reduces the risk of a parasitic turn-on during a high dV/dt transition at the
connected IGBT or power transistor.

Displacement currents through the intrinsic gate collector, Csc, and gate emitter, Cqe, capacitances can lead to a
voltageincrease at Vee. When the voltage reaches the IGBT threshold, the power switch is dynamically turned
on. It stays on until the regular discharge path through R; reduces the gate voltage. For example, in a half-
bridge configuration, the switched off IGBT tends to dynamically turn on during the turn-on phase of the
opposite IGBT.

The implemented CLAMP function of this gate driver IC monitors the gate voltage during the clamp inactive
state. It activates an additional discharge path between CLAMP and VEE2 as soon as the gate voltage drops
below 2V (related to VEE2). The clamping circuit stays active until the gate driver is turned on again. To achieve
the most effective clamping results, the circuit layout between the gate and CLAMP pin has to be optimized for
lowest possible inductance.

Figure 9 shows a simplified block diagram snippet with only the CLAMP function and the connection to an IGBT.

I::initZi_ 1 CLAMP

i

Figure 9 Simplified output block diagram showing only the CLAMP function and connection to an IGBT
3.5 Short-circuit protection - DESAT

A desaturation protection ensures the protection of the IGBT during a short-circuit (i.e. current larger than 5
times the rated value, not for over-current). The DESAT pin of the EiceDRIVER™ 1ED332xMC12N family monitors
the collector-emitter voltage, Vce of the IGBT to detect desaturation caused by short-circuits. When the DESAT
voltage rises and reaches a defined value, the output of the driver chip is driven low and the /FLT output is
activated.

A programmable blanking time, toesarsiank is used to provide enough time for the IGBT saturation during a
normal turn-on operation. This blanking time is provided through a highly precise internal current source and
an external capacitor.

Application note 10 V1.2
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As shown inFigure 10, fault detection circuit monitors the IGBT’s emitter to collector voltage, Vce. A high current
in IGBT might cause the transistor to desaturate. This condition results in an increase of Vce. Due to the
presence of diode, Doesar, after the leading-edge blanking time, toesatien €lapses, an internal current source, Ipesatc
(500 pA) starts charging up the external capacitor, Coesar. When the DESAT voltage at Coesar rises and reaches the
DESAT reference level, Voesarin (9 V), the gate is turned off by the digital core of the output section.

VCC2
To digital  /oesaTe pesat  RDEsAT
core i
1
VbEsaTth — l
Coesat Vi
ouT
From digital
core : IEQ l
GND2
1 ? Dprot

Figure 10 DESAT circuit snippet

It is recommended to use a protective diode, Deo: at DESAT-GND2 to limit the amount of negative voltage to the
DESAT input. Itis not allowed to go below -0.3 V according to the absolute maximum ratings. The diode, Dpesar
should be chosen based on the IGBT collector-emitter’s absolute maximum ratings, low stray capacitance, and
low recovery current (to minimize noise coupling and switching delays).

Depending on the EiceDRIVER™ 1ED332xMC12N variant used, this could be a hard-off or a soft-off.

As shown in Figure 11, if the hard-off variant is used, the gate is switched off faster during a normal operation.

toesaTiiter >
toesatour !

—> toesaTieb }4—
DESAT ! I

,,,,,,,,,,,,,,,,,,,

! 1
—> blanking time l(— !
|
I

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 11 DESAT timing diagram with a hard-off turn-off
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In the case of a soft-off variant, as shown in Figure 12, an internal current source is used to turn-off the gate ina
controlled way. This minimizes the power transistor turn-off overshoot generated by circuit inductance and
high short-circuit currents.

OUT+CLAMP
OUTH + OUTL + CLAMP

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

VD ESAT

—
DESAT '

Figure 12 DESAT timing diagram with a soft-off turn-off

The external capacitor, Coesar defines the DESAT blanking time, toesateiank. It can be expressed as per the
following equation:

IpgsaTC * tDESATBLANK
Cpgsat = (1)
VbEsaTth

If the Cpesar value is too big, it will slow down the charging procedure and result in slow sensing of desaturation
current. This can be dangerous considering the short-circuit withstand time, tsc of IGBTSs (typically <10 ps). The
choice of Coesar must fulfill the following condition:

tpEsaTBLANK T tDEsaTouT < fsc (2)

here the toesarour is the desaturation sensing delay to out low that is defined in the product datasheet. It is
recommended to choose a DESAT capacitance of Coesar = 56 pF that corresponds to a blanking interval of

toesatLank = 2 HIS.

In series with the desaturation diode, Dpesar, an external decoupling resistor, Roesar is required to limit the
current flowing in and out of the DESAT pin which can occur due to noise coupled through the desaturation
diode, Doesar during the DESAT sensing time. Roesar can be calculated using the following formula:

VRDESAT + VRDESAT + VCE(sat) < VDESATth (3)
VRDESAT (4)
Rpgsat = 77—
IpgsaTc
Application note 12 V1.2
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The recommended value for a decoupling resistor Roesar is 1 kQ for a half-bridge topology. A higher Rpesar value
results in a higher sensitivity of this function with respect to collector current, but this increased sensitivity can
also lead to wrong triggering.

This function should, therefore, be used only for the detection of full desaturation instead of overcurrents. The
desaturation capacitor Cpesar and decoupling resistor Rpesar should be placed as close as possible to DESAT pin.

Application note 13 V1.2
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4 Design consideration

The design aspects describe the gate resistor and output supply capacitor selection as well as the power
dissipation estimation for a selected design.

4.1 Output supply capacitor selection

A general design rule for the location of the driver output supply capacitor is that it be placed as close to the
IC's supply pins VCC2 and VEE2 as possible.

Additionally, the value of the capacitor needs to be big enough to limit the voltage drop during the power
switch turn-on. A first approximation for this capacitor can be calculated using the following equation:

C = IQZ/fsw + QG 1.2 (5)
AVycc

Here, lq. is the gate driver supply current, f.. is the switching frequency, Qs is the total gate charge of the

selected power transistor for the selected operating conditions, and AWicc is the maximum allowable voltage

variation for the gate supply voltage. An additional margin of 20% is added to cover the typical tolerance

variations in the capacitor and gate charge parameters.

For example, if an Infineon TRENCHSTOP™ IGBT4 IKW40N120H3 with a gate charge, Qs = 160 nC is being driven
with a frequency of 15 kHz, and we accept a gate supply voltage variation of 200 mV, the minimum capacitance
needed would be:

o 3 mA/15 kHz + 160 nC
- 200 mV

1.2 = 2.16 uF (6)

In this case, the next larger capacitor size should be chosen. This capacitor is needed to decouple the gate
supply voltage and should be placed as close as possible to the VCC2 and VEE2 pins. To provide proper
decoupling, a 100 nF capacitor should be placed between pins VCC2 and GND2, and GND2 and VEE2.

4.2 Gate resistor selection

The gate resistor selection is an important step in designing the gate driving circuit. The gate of the power
transistor (e.g. IGBT) is charged to Wcc. and discharged to Viee. using the gate driver IC internal source and sink
transistors via gate resistors. This is shown in a simplified way in Figure 13.

VCC2
VDC
@)
VDS:suurce
RDS‘source CGC

R IG.source et A
GonN S

-
Reore I aink

VDS sink

y

VEE2

Figure 13 Simplified gate charging circuit
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The MOSFET-based gate driver outputs can be simplified as dynamic resistors (Rps source, Ros,sink) With a voltage
drop (Vbs source, Vbs,sink) during switching. Figure 14 shows the typical switching waveforms of an IGBT.

In the initial state, at time t,, the gate is discharged and it has the same potential as the VEE2 pin. At this point
the supply voltage, VCC2-VEE2, is split between the inner gate resistance, Rps source, the turn-on resistance, Rgon,
and the IGBT internal gate resistance, Rgnt. This is the highest current that needs to be supplied by the gate
driver IC and can be used to select the appropriate pulse current class for the external gate resistor.

Between time intervals t, and t; the gate-emitter capacitance, Cqe gets charged. As the gate voltage, Ve
increases, the gate current, /g, decreases.

At t,, the gate voltage reaches the Miller plateau level voltage, V,. This is where the IGBT collector current
reaches its nominal application current, Ic nom. This current also determines the amplitude of the Miller plateau
voltage. So, the higher the application current, the higher the plateau voltage will be.

Between t, and t;, the gate voltage and gate current are constant while the gate-collector capacitance, Cqc gets
charged. This is an important step in the turn-on of the power transistors. The duration of this interval is
decided by the gate current amplitude. Thus, a gate driver that can deliver higher average current would make
the turn-on faster. During this time interval, the collector-emitter voltage, Vce decreases to its on-state value
and the dV/dt across the device is defined. The shorter the Miller plateau interval, the higher the dV/dt.

At t;, after the gate-collector capacitance is charged and the Vce reaches its approximate on-state value, the
gate voltage starts increasing again to reach the VCC2 level. During this time, the Ve continues decreasing until
it reaches its saturation voltage, associated with the VCC2 voltage selected. Here, the capability of the gate
driver to reach the rail voltage and the time it takes is important because it reduces the IGBT losses.

[ 3

leepi

i

- ’C_nom

VCE on

to iy t

Figure 14 IGBT turn-on waveforms

From the above explanation it can be shown that one of the most important part in IGBT switching is between
t, and t; during the Miller plateau, when the gate-collector capacitance is charged and the collector-emitter
voltage decreases. As the collector-emitter voltage for the application is known, the collector-emitter voltage
transition time, ton can be calculated using the following equation:
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RG,on + RDS,source + RG,int .

Qcc (7)

ton =
Weez = Vi

As the desired collector-emitter voltage transition time ton is known, Reon can be derived using the following
equation:

toN
RG,on = ' (VVCCZ - pl) - RDS,source - RG,int (8)
Qac
4.3 Power dissipation estimation

Apart from the power losses in the gate resistor during switching of any power switch, there is also
considerable power loss inside the driver IC.

Every package can achieve a maximum power dissipation at a certain operating condition without exceeding
the maximum junction temperature. The internal power loss of the output section (POUT) of the gate driver IC
can be estimated as follows:

Poyr = PQ + Psource + Psink (9)

Pour is the operating power loss of the output side of the gate driver. It can be calculated by multiplying the
operating supply current, I, and the supply voltage of the output stage Weca - Weea:

Pq = Igz * Wyccz — WeE2) (10)

The turn-on (Pseurce) and turn-off (Psink) losses can be estimated using the resistive voltage divider between inner
gate driver resistance, Ros and outer gate resistor, Rs with the total gate charge, Qs and switching frequency, fo:

1 Rps source
P == Qg fow" ' (Wyeez — Vi 11
Source 2 QG fsw RDS,source +RG,on ( VCC2 VEEZ) ( )
1 Rps sink
Pgink ==+ . . : - (I - W 12
sink = 5 Qc " fsw Rosamk + Raon (Weez — Vweez2) (12)
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5 Application examples

In this chapter, a few examples of the 1ED3321MC12N operation are shown using the Eval-1ED3321MC12N
evaluation board. For easy evaluation and better understanding of the Infineon EiceDRIVER™ 1ED332xMC12N
gate driver IC family, the Eval-1ED3321MC12N evaluation board can be used.

The Infineon EiceDRIVER™ 1ED332xMC12N gate driver IC family can deliver currents up to 8.5 A. This makes
them suitable for both high gate charge switches such as IGBT modules, and applications where fast switching
frequencies are needed.

5.1 IGBT short-circuit turn-off

The DESAT function is designed to protect the application against short-circuit events. When a power
transistor, in this case an IGBT, is turned on into a short circuit, the gate driver with added DESAT circuit
components can protect it from a catastrophic failure. Figure 15 shows such an event.

In this example, an Infineon TRENCHSTOP™ IGBT4 IKW40N120H3 is used.

At time t=0 ns, the IGBT is turned on. As the gate voltage rises, the IGBT starts switching on, as it can be
observed in collector-emitter voltage, Vce, and current, Ic. The current increases rapidly to its saturation value of
approximately 150 A.

The DESAT pin voltage is kept low by the internal DESAT-clamp until the leading-edge blanking time elapses,
after approximately 400 ns. After this, the clamp releases the pin and the internal DESAT current source starts
charging the DESAT capacitor, Cpesar With a controlled current, ipesarc (500 pA.)

After the DESAT pin voltage, Vpesar, reaches the DESAT threshold voltage, Voesarn, the internal filter is activated,
and after the desaturation sense to out low delay elapses, toesatout, the output is turned low.

The short circuit is turned off in approximately 1.3 ps.
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Figure 15 Turn-off of Type | short circuit
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5.2 Short circuit turn-off with CoolSiC™ MOSFETs and Cpesar =51 pF

The DESAT function can also be used to protect SiC MOSFETSs. In this example, an Infineon CoolSiC™
IMW120R045M1 MOSFET is used.

To correctly drive the gate of the SiC MOSFET, the output side power supply is adjusted so that the secondary
sides of the gate driver IC can be supplied with +15V/-2 V. The SiC MOSFET is connected directly to a 400 V DC-
link capacitor.

Similar to the example in Section 5.1, the SiC MOSFET is turned on into a Type | short circuit as shown in Figure
16. The SiC MOSFET goes into saturation with the current rising up to 250 A. After the leading-edge blanking
time elapses, the DESAT pin voltage starts increasing. Once it surpasses the desaturation reference level,
Voesattn, desaturation is detected and the internal circuitry initiates a turn-off.
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Figure 16 Turn-off of Type I short circuit with CoolSiC™ and Cpesar = 51 pF

The CoolSiC™ turns off in approximately 2 ys. This protection is adequate for the CoolSiC™ IMW120R045M1
MOSFET, which has a short-circuit withstand time capability of 3 ps.

5.3 Short circuit turn-off with CoolSiC™ MOSFETs without desaturation
capacitor

In the example provided in Section 5.2, an approximately 2 us short-circuit protection time was achieved. If a
faster desaturation protection time is needed, the desaturation capacitor can be reduced or completely
removed. However, note that there will always be a parasitic capacitance component due to the layout and the
parasitics of the other components connected to the DESAT pin of the gate driver. By removing the DESAT
capacitor, the DESAT protection times can be reduced to a minimum allowed by the circuit.

Figure 17 shows the SiC transistor turning on directly into a type | short circuit. The transistor goes into
saturation with the current rising up to 250 A. As described in Sections 5.1 and 5.2, after the leading-edge
blanking time elapses, the DESAT pin voltage starts increasing. As there is no desaturation capacitor to be
charged, the voltage rises much faster. After the desaturation reference level, Voesatin is reached, the protection
mechanism is activated.

Application note 18 V1.2
2023-05-08



o~ _.
EiceDRIVER™ F3 - Single-channel enhanced isolated gate driver ‘ |n f| neon
family with short-circuit protection

Table of contents

In this case, the short circuit is detected and turned off in approximately 1.2 ps
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Figure 17 Turn-off of Type I short circuit with CoolSiC™ without desaturation capacitor

5.4 Short circuit turn-off with CoolSiC™ MOSFETs with overdrive circuit for

DESAT charge circuit

In the rare cases when even reducing the desaturation capacitance is not sufficient, the desaturation detection
circuit can be overdriven by external circuitry. The DESAT circuit current source can be supplemented by
connecting the DESAT pin to the transistor gate via a resistor (R9) and a diode (D5). The resistor limits the
charge current and the current going into the DESAT pin while the leading-edge blanking time is active. Without
the resistor, the power dissipation inside the DESAT-clamp transistor will unnecessarily increase. The diode is
required to prevent the DESAT pin from being pulled below ground when the gate of the transistor is driven
negatively. The increased current decreases the DESAT reaction time.

D1

DESAT H R8
1k STTH112A
Ds
. VCC2H_ N
i(:4 cs

T 100F | 4F

J HRQ IRP?

OUTH H %ﬁm GATE H] '
Figure 18 DESAT pin overdrive circuit
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