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Technical description

1ED312xMU12H, 1ED3131MU12H
Single-channel 5.7 kV (rms) isolated gate driver IC with active Miller clamp or separate output

About this document

The Infineon EiceDRIVER™ 1ED-X3 Compact products are single-channel high-voltage gate driver ICs with
integrated coreless transformer (CLT) technology and a maximum offset voltage of 1200 V. The ICs are designed
for use with 600V, 650V and 1200 V IGBTSs, silicon and silicon-carbide MOSFETSs.

Scope and purpose

The scope of this application note includes an explanation of general gate driver input and output features, and
a description of how to use them in an application.

Intended audience

This document is intended for application circuit designers and concept engineers in power electronics.
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1 Introduction

1 Introduction

The Infineon EiceDRIVER™ 1ED-X3 Compact products are available in a 300 mil package with UL 1577
certification with either separated source sink outputs or a single output with an additional clamping function.
1ED31xx Compact UL 1577 certified device types

There are six variants in the wide body PG-DSO-8 (300 mil) package. Please refer to the data sheet for their
individual isolation ratings.

Product type Typical output current and uvLo Certification Package
configuration (VyvroL2,min) (planned)
1ED3120MU12H |5.5 A separate source and sink 8.0V UL PG-DSO-8
1ED3121MU12H |5.5 A separate source and sink 10.5V UL PG-DS0O-8
1ED3122MU12H |10.0Aand 3.0 Aclamp 8.0V UL PG-DSO-8
1ED3123MU12H | 14.0 A separate source and sink 8.0V UL PG-DSO-8
1ED3124MU12H | 14.0 A separate source and sink 10.5V UL PG-DSO-8
1ED3131MU12H |5.5 A separate source and sink, 180 ns 10.5V UL PG-DSO-8
minimum input pulse suppression
time
2 Input features

The input features of the gate driver IC include undervoltage lockout of input supply, pull-up and pull-down
resistors of logic inputs, and signal filtering.
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Figure 1 Block diagram of input section
The gate driver IC input section consists of the following functional blocks:
« input undervoltage lockout circuit
+ signalfiltering
+  pull-up resistor for inverting input
+  pull-down resistor for non-inverting input
« signal transmission to isolated output section
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2 Input features

2.1 Input supply and undervoltage lockout (UVLO)

The input supply range has absolute maximum ratings of -0.3 V to 17 V. Static operation beyond the absolute
maximum voltage (abs max) damages internal structures and is therefore considered a forbidden area.
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Figure 2 Input supply areas and UVLO threshold

At a crossing of the turn on undervoltage lockout threshold(Vy on1) during a positive ramp at VCCI pin, the
input section starts to operate. It evaluates the input signals IN+ and IN- and transmits their current state to the
output section. During Vy,cc; ramp down and crossing of the turn-off undervoltage lockout threshold (ViyyioL1),
the input section will send a final off signal regardless of the IN+ or IN- state. Vjy 011 and Vyyion1 form a
hysteresis which offers stable operation even at low levels.

Any voltage overshoot above the absolute maximum voltage (abs max) rating can damage the driver circuits. In
this area, the current consumption increases dramatically and therefore results in a violation of the maximum
allowed input power loss. The operating area is defined between the turn-on undervoltage lockout threshold
(Vyvion1) and the maximum operating voltage (op max).

2.2 Pull-up and pull-down resistor for input 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 50 kQ. Even with the maximum allowed voltage at VCC1 pin, the input
current due to these resistors stays below 1 mA.

The pull-up and pull-down resistors are designed to be connected to an external supply or ground potential for
permanent activation of the individual driver input.

Application note 3 v1.0
2020-04-07



o~ _.
EiceDRIVER" 1ED31xxMU12H (1ED-X3 Compact) |nf| neon
Technical description

2 Input features

2.3 Input signal filtering (active filter)

The input section of the driver IC filters both input signals to suppress short pulses triggered by external
influences.
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Figure 3 Input pulse suppression and turn-on/turn-off propagation delay

Every pulse at IN+ shorter than the input pulse suppression time for pin IN+ (tynin+) Will be filtered and won't be
transmitted to the output chip. Longer pulses will be sent to the output with the shown propagation delay tppon
and tppore. The same behavior is implemented at IN-. Every pulse shorter than the input pulse suppression time
for IN- (tyinin-) Will be omitted, and longer pulses transmitted with the same propagation delay.

Table 1 Typical filter and propagation delay times

The 1ED-X3 Compact family offers two dedicated input filter times resulting also in two different propagation
delay times.

Product name Input pulse suppression time Propagation delay time (typical)
(typical)

1ED3131MU12H 200 ns 270 ns

1ED312xMU12H 35ns 90 ns
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2 Input features

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 4 Input IN+ and IN- usage

Apart from using both inputs with a differential signal (A) (VCC1 and GNDI 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 VCCI pin and the negative
level of GND1 pin improves common-mode noise rejection.

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 the high-voltage
DC bus supply. Connecting the following input signal pins of the top and bottom driver IC together inhibits a
static turn-on for both channels at the same time

« topdriver non-inverting input (/N+) with the bottom driver inverting input (/N-)
+  bottom driver non-inverting input (/N+) with the top driver inverting input (/N-)

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

3 Output features

This section describes the gate driver output section of the variants with separate source/sink outputs and
variants with single output and active Miller clamp functionality.

3.1 Output supply and undervoltage lockout (UVLO)

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.

Table 2 Output undervoltage lockout threshold levels

The undervoltage lockout thresholds of the different gate driver variants are optimized to be used with either
IGBT or MOS-based switches. Nevertheless, all variants provide unlimited functionality for use with both IGBT
as well as MOSFETs.

Parameter Symbol Value Unit
1ED3120, 1ED3122, and 1ED3123 maximum turn-on level VuvioHz,1 10.0 v
1ED3120, 1ED3122, and 1ED3123 minimum turn-off level VuvioLz,1 8.0 v
1ED3121, 1ED3124, 1ED3125, and 1ED3131 maximum turn-on VivLoH2,2 12.5 Vv
level

1ED3121, 1ED3124, 1ED3125, and 1ED3131 minimum turn-off level | Vyy o122 10.5 v
3.2 Active shutdown

The active shutdown function is a protection feature of the driver. It is designed to avoid a free-floating gate of a
connected power switch to trigger a turn-on.

An external Rgg usually provides this protection. The active shutdown function is implemented in all variants
and renders the use of this external resistor unnecessary.
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Figure 5 Block diagram of separate output variant showing active shutdown

In case of a missing or collapsing power supply at the VCC2 pin, the output section of the driver operates in the
active shutdown mode. In this case the driver uses the floating voltage of the connected gate to supply this
internal circuit. The maximum pull-down current in this mode is approximately 10% of the rated output current
of the individual driver variant. This solution is by far stronger than using the external Rge.
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3 Output features

3.3

Separate source and sink output variants

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.
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Figure 6

Circuit example for separate output variants

This optimization for a dedicated application saves a bypass diode for each power switch used.

It also helps reduce the gate loop by minimizing the number of components between the gate driver and the
power switch. It minimizes as well the required PCB space as well. An additional benefit of two separated gate
resistors is the power loss distribution. Because each of the two resistors is only active during turn-on or turn-
off, the power loss in each individual resistor is only halved compared to a single gate-resistor solution.
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Circuit example for separate output variants for bipolar supply

The variants with separate outputs are able to operate with a supply voltage of up to 35V between VCC2 and
VEE2 pins. This allows a gate switching with for example 0 Vto +15V, -8 Vto +15V or-15V to +15 V.

The connection of any voltage supply needs to connect the positive voltage to VCC2 pin, the negative voltage to
VEE2 pin, and the reference supply pin to the emitter of an IGBT. This common ground level is then unknown to
the driver IC, and therefore the UVLO protection is referenced to the negative supply.

3.4

OUT with CLAMP variants

In these variants a common output for turn-on and turn-off is combined with a separate pin for active Miller
clamping. The variants with output and CLAMP are able to operate with a supply voltage of up to 35V between

VCC2 and VEE2

+3.3V _
_I@On

SGND T

IN L
L

VCC1

GND1

IN+

IN-

ouTt

CLAMP

VCC2

VEE2

10R

1

+15V

:I: 4u7

4

Figure 8

Circuit example for output with CLAMP variants

The active Miller clamping function reduces the risk of a parasitic turn-on during a high dvcg/dt transition at the
connected IGBT. Displacement currents through the intrinsic gate-collector (Cgc) and gate-emitter (Cgg)
capacitances can lead to an increase at vgare. If the voltage reaches the IGBT threshold, a dynamic turn-on of
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4 Design aspects

the power switch occurs. It stays on until the regular discharge path through R can reduce the gate voltage
again.

| VCC2
_
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logic *
(s
- } VEE2
From logic !
v
Figure 9 Output block diagram for CLAMP variants

The implemented CLAMP function of this gate driver IC monitors the gate voltage during driver off state. It
activates the additional discharge path between CLAMP and VEE2 as soon as the gate voltage drops below 2 V.
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.

4 Design aspects

The design aspects describe 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 always 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. The following equation helps to calculate a first approximation for this capacitor.

_ IQz-tp+QG
C2 = TCC - 1.2
Equation1

lq, is the gate driver supply current, tp the period of the switching frequency, Qg the total gate charge at the
selected operating condition, and AV the maximum allowable voltage variation. The additional margin of 20%
covers typical tolerances of capacitor and gate charge parameters.

Calculating this for the 100 A module FP100R12KT4 with Qg =800 nC, a switching frequency of f,,, = 15 kHz and
an acceptable voltage variation of AVcc =0.2 Vresults in
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_ 4mA-67pus+800nC
G = 200 mV 1.2
C,=5.6yF
Equation 2
4,2 Gate resistor selection

To optimize the gate resistor, it is recommended to have the appropriate gate charge diagram of the IGBT used
and the output characteristic of the gate driver available. Both diagrams depend on operation conditions such
as DC-link voltage (Vpc), collector current (Ic) and operating temperature.

The following representative diagrams show typical behaviors of an IGBT and the gate driver IC output without
scale.

VCC2 Ie
VGE
Vi VCC?2 level
bssouce | etEREEELLL
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ouT+ i : / Qo
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VEE2 veee V
VEE2 level level

Figure 10 Simplified gate circuit, IGBT gate charge diagram and driver output characteristics

The MOSFET-based gate driver outputs can be simplified as dynamic resistors (rps source; /ps sink) With a voltage
drop (Vps source; Vbs sink) during switching. The total gate charge (Qg) and the Miller charge (Qy) can be extracted
from the gate charge diagram using the given gate driver supply V¢, and DC-link voltage.

vCC le
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IDS,sink Vos.« I O 20T PO PUTUOUURUOe ‘
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4

VEE2 veez V
VEEZ2 level

Figure 11 Simplified gate circuit turn-on event: Initial phase

In the initial phase of an IGBT turn-on event the gate is discharged and at the level of the VEE2 pin. In the
diagram this is marked with (1). Therefore the total gate supply voltage is split between the inner gate driver
resistance (rps source) @and the turn-on gate resistor (Rg on). The graphical solution shows the initial gate current
(I6(1)) which can be located in the linear or in the saturated region of the gate driver output characteristic. This
maximum current can also be used to select the appropriate pulse current class for the gate resistor.
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Immediately after the initial phase, the gate current starts to fall, following the crossing point of the output
characteristic curve and the parallel translated gate resistor line while the gate-emitter voltage (Vgg) charges up.
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Figure 12 Simplified gate circuit turn-on event at Miller plateau

Beginning with the Miller plateau, marked with (2) above, the gate-emitter voltage remains nearly constant
while the transistor is reducing the collector-emitter voltage to its saturation level.

Given the condition at that phase, the resulting gate current is constant allowing a collector-emitter voltage
transition time (toy) calculation with the following formula:

fon = (RG,0N+VDS,source(2)) Q
ON Vee2-Vm) M
=_1 .
fon = 755 Qum
Equation 3

Tuning the value of a gate resistor requires extensive knowledge of all the parasitics in the gate circuit. Itis
therefore an iterative process of adjusting between switching losses and EMI.

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 (Pgy7) of the gate driver IC
can be estimated as follows:

Poyt = Pg + Psource + Psink

Equation 4

Pq is the operating power loss of the driver output stage. It is easily calculated by the operating supply current
(Iq2) and the supply voltage V¢c,between VCC2 and VEE2 pins:

Po=1Ig Ve

Equation 5

The turn-on (Psoyrce) @and turn-off (Psink) losses can be estimated using the resistive voltage divider between
inner gate driver resistance (Rps) and outer gate resistor (Rg) with the total gate charge (Qg) and switching
frequency (fyy):
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_1 RDS,source
Psource = 506 * fsw* Ve - R0S.s0urce * RG.ON
_1 Rps sink
Pgink = gQG‘fsw‘ Vccz‘m
Equation 6
Table 3 Gate driver output resistance
Driver type Rps,source OUtpPULt resistance Rps,sink Output resistance
typ [Q] max [Q] typ [Q] max [Q]
1ED3120MU12H, 1ED3121MU12H, 0.95 4.3 0.75 5.0
1ED3131MU12H
1ED3122MU12H 0.55 2.2 0.45 2.7
1ED3123MU12H, 1ED3124MU12H 0.45 14 0.35 1.7
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