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Isolated gate driver IC with a configurable floating
bipolar auxiliary supply for SiC MOSFETs
KIT_1EDB_AUX_SiC

About this document

Scope and purpose

KIT_1EDB_AUX_SiC is a complete driving solution for silicon carbide (SiC) MOSFETSs that includes an isolated
single-channel gate driver IC (EiceDRIVER™ 1EDB9275F) and its floating auxiliary supply enabled by a compact
dual-channel non-isolated gate driver IC (EiceDRIVER™ 2EDN7533B).

The board is pin-out compatible with the EiceDRIVER™ 1EDB9275F itself and with equivalent drivers in the
industry-standard 150 mil DSO-8 package. Therefore, it is an easy plug-in solution in designs that already
include those isolated gate drivers and allows testing the EiceDRIVER™ 1EDB9275F in combination with an
isolated bipolar auxiliary supply; one potential replacement scenario is for example when bootstrap is
originally used in the design but cannot be used due to the modulation scheme or topology change. Compared
to the standard 150 mil DSO-8 footprint, the output ground pin (GNDO) on the main board is replaced with the
midpoint of the auxiliary supply; this allows testing with bipolar supply that is particularly relevant to drive SiC
MOSFETSs with poor Cgp/Cgs ratio or low Vs threshold.

The board allows driving of SiC MOSFETs with typical bipolar gate-to-source voltages that can be easily
configured by means of R5, R6 and R7 resistors. It also allows 1 percent regulation of the positive rail
independently of the driven device, switching frequency and temperature. High common-mode transient
immunity (CMTI) is also ensured thanks to the very low input-to-output capacitance (3 pF) of the XT04
transformer and the high robustness of EiceDRIVER™ 1EDB9275F (more than 300 V/ns).

Intended audience

This document targets power electronic engineers and designers who are interested in a bipolar auxiliary
supply for their SiC design featuring compactness, high efficiency, good regulation and attractive cost.

EiceDRIVER™ EiceDRIVER™ v v t
2EDN7533B 1EDB9275F ICE XT04 pos neg @ Vea R5. R6. R7
regulated | 10mA e

2 +18V -1V 10V | 31.6kQ,5.1kQ,5100
(=1
8 +18V 5V 12Vt | 31.6kQ,5.1kQ,3 kO
R +15V -4\ 10V | 31.6kQ,6.2kQ,2.4kQ
(=]
Re +20V -3V 12V¢ | 36kQ,5.1kQ,1kQ

1 This combination is possible only by replacing EiceDRIVER™ 1EDB9275F with
EiceDRIVER™ 1ED3124MU12F, which has a higher Voo rating.
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Figure 1 Overview of KIT_1EDB_AUX_SiC
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1 Driving a SiC MOSFET - requirements

1.1 High Ros(on) to Ves dependency of SiC MOSFETs and the need for an
accurate positive supply

Figure 2 gives a market overview of the gate-to-source voltage (Ves) requirements for several SiC MOSFETSs.
Technology limits in DC and transient are shown, including the recommendation (at the time of Revision 1.0 of
this application note) from each vendor in terms of operating Ves; it considers several factors as proper margins
from the technology limits and the device re-turn-on immunity (see Section 1.2).

SiC supplier 1 - SiC supplier 2 SiC supplier 3 SiC supplier 4 SiC supplier 5
Infineon
High recommended (DC) I AbsMax High (transient) Low recommended (DC)
m AbsMax Low (transient) m—mmHigh (DC) =—== | 0w (DC)
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Figure 2 Overview of gate-to-source voltage requirements for available SiC MOSFETs

Compared to standard silicon (Si) MOSFETSs, the driving voltage requirements for SiC devices increases with
positive gate-to-source voltages from 15V to 20 V (18 V is recommended for Infineon CoolSiC™). Additionally,
SiC devices show a strong linear behavior of the transconductance g,.: small Vs differences (e.g., 1 or 2 V) can
cause significant Rosn) change. Therefore, it is fundamental to consider auxiliary supplies with high accuracy.
KIT_1EDB_AUX_SIiC can be dimensioned for a typical 15V, 18 V or 20 V driving and by default offers a regulated
positive rail with 1 percent accuracy. As an example, driving Infineon CoolSiC™ IMW65R027M1H at 18 V with
+1 percent accuracy ensures less than 2 percent Rosen) changes at a given temperature (see Figure 3).

40
38 IMWG65R027M1H
_ 36
G
éé 34
=32
Z 30
o
28 - = q
26 — -
24
16.5 16.75 17 17.25 17.5 17.75 18 18.25 18.5 18.75 19 19.25 195
Ves [V]
Rdson @ 25°C [mQ] Rdson @ 100°C [mQ] e Rdson @ 125°C [mQ]
Figure 3 Infineon CoolSiC™ IMW65R027M1H and Rps(on) Variation with Vs
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1.2 Parasitic re-turn-on and the need for negative Vss voltage

It is well known that in a half-bridge configuration, during hard-switching turn-on of either the low-side or high-
side MOSFET, the high dV/dt of the switching node induces a Miller current; this current flows through the Cgs
and Cep gate capacitances of the complementary device and pulls up its gate-to-source voltage. This induced
voltage at the gate must be kept below the Ves)in gate threshold voltage to avoid extra losses or severe re-turn-
on. An example is provided in Figure 4; it refers to an hard-switching turn-on transition at 16 A of Infineon’s
CoolSiC™ IMZA65R048M1H driven with unipolar 18 V and with 6.8 Q on/off gate resistors; the platform used for
the measurement is EVAL_2EDB_HB_SiC_Si (see [1]) in reverse double pulse.

- 40 ns/div

Figure 4 Induced gate-to-source voltage during hard-switching of the complementary switch

Thanks to the good re-turn-on immunity and the relatively high gate threshold (min. 3.5V) of Infineon’s
CoolSiC™, this induced gate-to-source voltage is usually not critical and therefore unipolar 18 V driving is
recommended. Eventually, for more safety margin, bipolar supply can be considered with a negative voltage
down to -1.5 V (Infineon SiC allows -2 V static operating Ves and it is good practice to keep some margin for
undershoots in the auxiliary supply). Per default configuration, KIT_1EDB_AUX_SiC allows bipolar driving with a
regulated 18 V positive rail and unregulated -1 V rail at 10 mA (see Figure 10) that is roughly the current
required to drive Infineon’s IMZA65R048M1H at 100 kHZ.

Not all available SiC on the market has a good re-turn-on immunity (see Figure 5) due to poor Cep/Ces ratio
and/or low Vs threshold. Clearly, for those devices the use of bipolar driving is strongly recommended (see
recommendation in Figure 2); whenever this is not possible due to degradation phenomena at negative Vs, the
use of drivers with a Miller clamp feature is needed.

Datasheet comparison of 650 V SiC MOSFET devices having a nominal on-state resistance of 60-80 mQ.
Cgd/Cgst oos
Worse corner
0,05
0,04
Lower is
better 0,03 E
Supplier 3
Supplier 5 Pe Infineon
0,02 IMZA65R072M1H
S lier 2
001 upplier [}
0
0 0.5 1 15 2 25 3 3,5 4 4,5 5 Vgs,th
Higher is better
Figure 5 Re-turn-on immunity of several 650 V SiC MOSFETs
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2 Board description

2.1 Schematic and general description

The schematic of KIT_1EDB_AUX_SiC is shown in Figure 6.
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Figure 6 KIT_1EDB_AUX_SiC schematic

The board includes the EiceDRIVER™ 1EDB9275F, a single-channel isolated gate driver IC featuring 3 kVeus
input-to-output isolation thanks to Infineon’s coreless transformer (CT) technology. This driver is optimized to
drive high-side SiC devices and can be used in combination with EiceDRIVER™ 1EDN9550B for low-side driving
as described in Section 6.4 of [2].

The circuit on the top side of the schematic is the auxiliary supply that operates as an isolated DC-DC converter
and provides the floating supply Voor to Vst to the secondary side of EiceDRIVER™ 1EDB9275F.

The board operates by default with a single supply voltage (Vcci), which supplies both the EiceDRIVER™
1EDB9275F primary side and the isolated DC-DC converter; alternatively, different voltages (Vcci and Vee) can
be used by disconnecting the jumper J1 and shorting the jumper J2.

The operating voltages of the auxiliary supply are shown in Figure 7 for ease of understanding.

Application Note 5 V1.0
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Figure 7 Operating waveform of the auxiliary supply for the default configuration with V¢, =10V

andV,,,=18V,V, . =-1V

The V¢ voltage (10 V by default) is shaped by the EiceDRIVER™ 2EDN7533B in a three-level waveform (see
brown, OUTA-OUTB) with levels Ve, 0V, -Vcen; the frequency and duty cycle are set via feedback components
C1,R1and R2to 2.1 MHz and 50 percent duty cycle. With 1:1 ratio, the XT04 transformer is only responsible for
isolation and therefore the signal on the transformer’s secondary side still shows an amplitude equal to two
times Vcci. This voltage is rectified by D1 and D2 Schottky diodes and with 50 percent duty cycle the capacitors
C4 and C7 charge to approximately Vcc while C5 and C6 charge to a voltage set by the TL432 shunt regulator
(see blue Vpos, gray Vieg). If the midpoint is connected to the MOSFET source, then C5 and C6 represent the
positive and negative bipolar supplies, respectively; by default, the positive rail is regulated to 18 V and the
remaining unregulated portion stays across C6 (see Section 3.1.1).

2.2 Auxiliary ring oscillator concept

The auxiliary supply is based on the EiceDRIVER™ 2EDN7533B, a two-channel non-isolated gate driver IC. This
driver has inverting outputs and one of them (OUTA) is feedbacked to the input to create a “ring oscillator”.
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Figure 8 Ring oscillator behavior
The oscillator behavior of the circuit is explained by referring to the start-up behavior shown in Figure 8:
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(A) When the supply Vca is below the 4 V undervoltage lockout (UVLO) level of the EiceDRIVER™ 2EDN7533B,
both outputs are actively held low by the driver.

(B) When the supply reaches the UVLO the driver wakes up; due to the discharged capacitor C1 (INA low) and
the inverting nature of the driver, OUTA goes high and OUTB stays low (OUTA is indeed directly feedbacked on
INB and is high). At the same time, high OUTA starts to charge C1 via the resistive feedback path; INA increases.

(C) When INA reaches the driver input high threshold (Vinu =2.1V), the EiceDRIVER™ 2EDN7533B drives OUTA
(and then INB) low. Consequently, OUTB goes high after one propagation delay period (19 ns typ.). At the same
time, INA is discharging on the parallel R1//R2.

(D) When INA reaches the driver low input threshold (Vinue = 1.2 V), everything is reversed again; the oscillation is
then established.

2.3 Dimensioning of the bipolar split Vpos/Vneg

As introduced in Section 2.1, the shunt regulator TL432 is responsible for the bipolar Vpos/Vaeg split by regulation
of the positive rail. Alternatively, whenever the 1 percent regulation is not required and the required Vpos and
Vheg are not too unbalanced (Vpos/2 Ve less than 80 percent as a rule of thumb), the split can be obtained by
simply tuning the duty cycle of the OUTA-OUTB signal to the desired Vpos/2 Vce ratio. In this case the TL432
regulator (U3) and surrounding resistors (R5, R6 and R7) can be removed and R8 should be shorted. This use
case is not considered here; however, waveform examples and indications of proper dimensioning can be
found in Appendix A.

In the default configuration, TL432 regulates the positive rail to 18 V but a different regulation is possible by
simply adapting either R5 or R6. When active, the regulator establishes 2.5 V between its reference node and
cathode and therefore on R6; the target positive voltage Vs can be obtained by a simple voltage divider as
follows:

R6

m Vpos = 25V (1)

It is important to ensure that a cathode-anode current higher than 0.7 mA polarizes the TL432 to ensure proper
regulation; this means correctly setting the value of R7 from equation (2). As it can be seen in Section 3.1.1, the
voltage drop A target load on the negative rail depends on the auxiliary load, and a margin of 2 V is reasonably
considered here for R7 dimensioning. It is not recommended to increase R further, because this would not
have any benefit but rather would have a negative impact on the efficiency.

R7 < Vnezc:’targetload _ 2 VCCI - Vpos(reg) - Atargetload (2)

0.7 mA 0.7 mA

By default, KIT_1EDB_AUX_SiC is dimensioned as per Conf. A to drive Infineon CoolSiC™. Table 1 also shows
the dimensioning for different bipolar splits (Conf. B, C and D), relevant for driving SiC MOSFETs from other
suppliers, as previously shown in Section 1. Relevant data such as voltage regulation and efficiency for the
different configurations can be found in Section 3.

Table 1 Recommended dimensioning for different bipolar voltage levels
Conf. Vpos, regulated Vpeg at 10 mA? Vea R5, R6, R7
A +18V -1V oV 31.6 kQ,5.1kQ,510Q
B +18V -5V 12V 31.6 kQ,5.1kQ,3kQ
C +15V -4V Vv 31.6kQ, 6.2 kQ, 2.4 kQ
D +20V -3V 12V 31.6kQ,5.1kQ, 1kQ

The negative rail is unregulated; see Section 3. 1.1 for Vneg behavior with the auxiliary load.

Application Note 7 V1.0
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Attention:
1. Do not use Conf. B, C or D with Infineon CoolSiC™ MOSFETS because of voltage ratings (static Ves below
-2 Vis not allowed). For more information, please refer to the respective product datasheet.

2. When using a V¢q supply voltage higher than 10V (e.g., Conf. B and D), the supply voltage delivered to
the EiceDRIVER™ 1EDB9275F would exceed its maximum rating (20 V\pp max. operating). In this case, a
different gate driver with higher output voltage capability should be used; one recommendation is the
equivalent and pin-out compatible EiceDRIVER™ 1ED3124MU12F.

2.4 Use case example and mounting

The board is intended to replace a single-channel isolated gate driver IC on a main board, as shown in Figure 9.
With 2.8 mm thickness, the KIT_1EDB_AUX_SiC can be directly soldered into the 8-pin DSO 150 mil footprint,
with the shortest possible connection to the main board; this is important for the connection to the gate
resistance to minimize the gate loop toward the SiC MOSFET. Alternatively, proper connectors with 1.27 mm
pitch could also be used.

Compared to the standard 150 mil DSO-8 footprint, the output ground pin (GNDO) on the main board is
replaced with the midpoint of the auxiliary supply; this enables the testing with bipolar supply. It also includes
an additional input supply pad (Vccr) that can eventually provide flexibility to supply the EiceDRIVER™
1EDB9275F input side and the auxiliary circuit with different voltages.

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

[3]— VDDI VDDO

[ in+ OUT_SRC
[—{in- OUT_SNK
|
[ e ) GNDO
|
| EiceDRIVER™ 1EDB9275F Copt.> UCCI2
L o o o UCCI1
IN+
IN—
GNDI
Figure 9 Mounting of KIT_1EDB_AUX_SiC on a main board
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3 Experimental results

3.1 Output regulation

As previously described, by default only the positive rail is regulated while the negative rail is not. Ve, therefore
changes with the auxiliary load that depends on the switching frequency and on the selected SiC MOSFET (by
means of its charge). Additionally, if the Ve input voltage is different from the nominal value due to some
inaccuracy, this is also reflected in the value of V.eg; in the worst case, if Vcc gets too low it will definitely affect
the regulation. Those two aspects are investigated in the next two subsections, where the output regulation
with load and the output regulation with inaccurate V¢ are shown.

3.1.1 Output regulation with load

Figure 10 shows the behavior of the auxiliary output voltages Vyos and Vi with different loads. The
characterization over different loads is performed on the auxiliary circuit alone by removing the EiceDRIVER™
1EDB9275F and simply using resistors as loads. The voltages are measured with a 6% digit multimeter.

Note: On this board the regulation is made on the positive rail but alternatively it could be performed on the
negative rail by moving the regulator and adapting its surrounding resistors. In the second case, if TL432 is
properly polarized, Vneg would be 1 percent regulated and Vpos would become load-dependent and show a load-
dependent drop similar to the one measured in Figure 10 for V.. This drop is in fact only given by the primary-
to-secondary parasitics and components (rectifier diodes, transformer).
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18 —8—Vpos 18 o-o0—o—0—e ® ®
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Figure 10 Auxiliary output voltage V., V,., over output current load lour
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For Conf. A, the 1 percent positive rail regulation is lost around 35 mA output current because the negative
voltage (voltage on R7) becomes very low and therefore the minimum 0.7 mA polarizing current for the TL432 is
not ensured anymore. This is normal due to the very large Viot/2 Vcc ratio considered for Conf. A; a compromise
should then be considered and eventually accepted. 35 mA load current covers most of the potential use cases
for this board; e.g., it allows driving Infineon’s CoolSiC™ IMW65R048M1H up to 1 MHz with 1 percent Vs
regulation. If higher current is needed, then R7 can be further reduced.

Clearly, because of the tight split, an inaccuracy of the auxiliary supply could also impact the regulation for
Conf. A more easily compared to the other configurations. As can be seen in Section 3.1.2, Conf. Ais
recommended to supply the auxiliary circuit with a Vcq voltage with at least 2 percent accuracy.

Figure 11 also shows the auxiliary output voltage behavior with different input currents. This is just a different
view of Figure 10, and is provided for convenience because, when driving a SiC device with the
KIT_1EDB_AUX_SIC, the user can more easily read Iy from the DC power supply providing Vcc.. Here the Iy
mapping has been provided for Conf. A when driving Infineon’s CoolSiC™ IMW65R048M1H at different
frequencies. It should be mentioned that, in this measurement, no bulk voltage or current is applied to the
switch and therefore loyr was only the current needed to turn on the Qes; when bulk voltage is applied, the
(small) contribution made by Qqp is added, and when current is applied a Qs contribution from current is also
added.
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Figure 11 Auxiliary output voltage Vs, Vie; OVer output current load Iy
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3.1.2 Output regulation with input supply voltage Vcc

The input supply of the auxiliary DC-DC converter will have a certain inaccuracy that should be considered
when looking at the voltage regulation. Figure 12, Figure 13, Figure 14 and Figure 15 show the output
regulation for the different configurations considering a typical 5 percent accuracy. A 2 percent accurate Ve
supply is recommended for Conf. A and could also be adopted for Conf. D only in case of heavy load needs.

23 Vp05+Vneg 21 VPOS 4 V”eg
22 VDD=10.5V VDD=10.5V VDD=10.5V
21 ——\/DD=10V 20 —&¢—VDD=10V 3 —&—\/DD=10V
20 e \/DD=9.8V 19 —&—\/DD=9.8V 5 —te—\/DD=9.8V
19 N 1S g
. N . N\\
17 17 ‘K . , -
16 16 0
0.00 0.02 0.0 0.06 0.08 0.00 0.02 0.0, 0.06 0.08 0.00 0.02 0.0 0.06 0.08
lour flA] lour flA] louT flA]

Figure 12 Regulation over output current with 2 to 5 percent inaccurate V, voltages for Conf. A
(18V,-1.5V)

+
27 Vpos Vneg 19 Vpos 9 Vneg
26 xggjxv VDD=12.6V 8 VDD=12.6V
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g J re——
71 R 4
20 3
19 17.5 2
000 002 004_ 006 0.8 000 002 004 006 008 || 000 002 004, 006 008
IOUT [A] IOUT [A] IOUT [A]
Figure 13 Regulation over output current with 5 percent inaccurate V¢ voltages for Conf. B (18 V,
-5.5V)
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Figure 14 Regulation over output current with 5 percent inaccurate V¢ voltage for Conf. C (15V,
-4.5V)
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Figure 15 Regulation over output current with 2 to 5 percent inaccurate Vc, voltage for Conf. D (20 V,
-3.5V)
3.2 Efficiency

Figure 16 shows the efficiency for Conf. A, B, C and D with output power and input supply Vca. As shown
previously for the voltage regulation, the efficiency is measured with the auxiliary circuit alone without the
EiceDRIVER™ 1EDB9275F; simple resistors have been used as load for the auxiliary supply. 0.1 Q shunts are used
for input and output current measurement, and a 62 digit multimeter is used to measure the voltages.

Conf. A:18V,-1.5V Conf.B:18V,-5.5V
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80% i gt 80% 2 — v —*
< 70% < 70% 4
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c —e—\/DD=10V c —e—\/DD=12V
2 50% 5 50% VDD=11.4V
= —=—VDD=9.8V S =11.
& 40% o 40%
30% 30% |
20% 20%
000 025 050 075 1.00 125 150 0.0 0.5 1.0 1.5 2.0
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Conf.C:15V,-45V Conf.D:20V,-3.5V
90% 90%
80% e — 80% g
<70% v < 70%
= VDD=10.5V = VDD=12.6V
560% — 2 60%
g —e—VDD=10V 2 —e—VDD=12V
Zs0% VDD=9.5V 5 50% —#—VDD=11.75V
5 40% / i 40% VDD=11.4V
30% @ 30%
20% 20%
000 025 050 075 1.00 125 1.50 0.0 0.5 1.0 1.5 2.0
POUT [W] POUT [W]
Figure 16 Efficiency over output power for inaccurate 2 to 5 percent V
A different view with the efficiency over output current and input current is provided in Figure 17.
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Figure 17 Efficiency at nominal V¢, over output current (left) and input current (right)

The efficiency graph with input current in particular allows easy reading for the user, who can simply read I
from the DC power supply while providing Vcci. Here the Iy mapping has been provided for Conf. Awhen driving
Infineon’s CoolSiC™ IMWG65R048M1H at different frequencies; the same considerations as in Section 3.1.1

apply.

90% IMZA65R048M1H 90% [ 1MZzA65R048M1H
80% driven at 1 MHz S ?

IMZA65R048M1H

80% driven at 1 MHz

70% 20% IMZA65R048M1H

f

g i i g \ driven at 2 MHz
~ 60% riven a z ~ 60%
5 IMZA65R048M1H § IMZA65R048M1H
E 50% driven at 500 kHz —e—18V, -1V g 50% driven at 500 kHz 18V, -1V
&
= 40% = 40%
IMZA65R048M1H
IMZA65R048M1H
30% driven at 100 kHz 30% driven at 100 kHz
20% 20%
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
lour [A] I [A]

Figure 18 Efficiency contextualized to drive Infineon’s CoolSiC™ IMZA65R048M1H with
recommended 18 V positive voltage

3.3 Operating waveforms

The operating waveforms for the auxiliary supply are shown in Figure 19 and Figure 20. The switching
frequency is selected to provide the highest efficiency while still fulfilling the 6 V/us saturation limit of the XT04
transformer. The duty cycle of the signal on the transformer (see purple line) is set to almost 50 percent with
nominal 10 V V¢q and is slightly smaller with 12 V V.
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Figure 19 Auxiliary supply operating waveform at V¢ =10Vand V¢ =12V

Figure 20 shows the gate-to-source voltage waveforms when driving Infineon’s CoolSiC™ in bipolar Conf. A
with the KIT_1EDB_AUX_SiC. This measurement only intends to provide a look and feel of how the on and off
gate voltage behaves with the different SiC and switching frequency; however, for the exact voltages it is
recommended to refer to Section 3.1.1 and in particular to Figure 10 and Figure 11.

Driving Infineon’s CoolSiC™ IMZA65R027M1H | LSVGS, 100kHz.
: : : : I LS VGS, 250kHz

[ LS VGS, 500kHz .

1
1
1
1
1
1
1
1

+
1
1
1
1
I

_ Driving Infineon’s CoolSiC™ IMZA65R048M1H

Figure 20 Operating waveforms - driving Infineon’s CoolSiC™ IMZA65R027M1H and IMZA65R048M1H
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3.4 Start-up behavior

The power supply is designed to work at nominal Vcc; however, when the input supply is ramping up and down
(e.g., start-up, shutdown) the auxiliary power supply could work in an unwanted condition. The power supply
must be able to leave this operation mode safely. Figure 21 and Figure 22 show an auxiliary supply start-up
with, respectively, a fast and slow Ve ramp in high-load condition (270 Q load resistor, 150 mA input current);
high load is the most critical case to look at.

Start-up via Vea on (fast ramp)

T UINA
. OUTB |
. OUTA |
o2 e

Pri Current
Trafo Vpri

250 ng 500 ns

PriCurrentl . .
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thi 4 5 Ch6 Math 1 Math 2 Math 3 Horizontal Offline
10Vidi 5 Vi 5Vidie 2V 5 Vidie 10V 10Vidv 10Vid 5 Afdiv 1 rns/div 10ms

1hQ 1MQ THMQ THE S0 1hQ h3-Cha fCh7-Cha | Ch8*10 SR: 125 MSAs 8 nsipt 02 Sep 2022
1TH 1TH 1TH 1TH 1TH: 1 TH RL: 1.25 Mpts ¥ 12.4% 6:56:12 P

Figure 21 Fast start-up of auxiliary supply alone in Conf. A with a 270 Q load
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Figure 22 Slow start-up of auxiliary supply alone in Conf. Awith a 270 Q load
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Three aspects should be checked during start-up:

a. If the reverse current stress can be handled by the driver
b. If the transformer is not saturating due to low-frequency operation
C. If the generated positive and negative rail voltages show undershoots or overshoots that are

not critical for the driven SiC MOSFET

a. Reverse current conditions are caused by the high current (green, waveform M3) flowing in the auxiliary
during start-up. Reverse current can be avoided by a limiting resistor (R3); however, in this design R3 is set to

0 Q for best voltage regulation and efficiency thanks to the high reverse current robustness of EiceDRIVER™
2EDN7533B. On this board, the worst reverse current condition is highlighted with the yellow frame in the detail
views of Figure 21 and Figure 22; here a reverse current of around 3 A on average flows into the driver nMOS
body diode of channel B (OUTB is at -0.8 V) for 150 ns and 202 ns respectively in the fast and slow start-up case.
This current is only limited by the parasitics and by the gate driver’s output stage resistances. The reverse
current is caused by an unwanted toggling of INB, induced by the high primary current. During the discharging
phase of INA, OUTB (green, waveform C4) is supposed to be high and OUTA (blue, waveform C2) is supposed to
be low; however, the high primary current causes a significant voltage drop on the driver output resistance
Roson),snka that brings OUTA (and then INB) above the Viny threshold (see part highlighted in yellow).
Consequently, OUTB is pulled down and this causes the toggling and the induced reverse current.

b. In case of an input supply (Vcc) rising slowly, the auxiliary start-up operates for long time with a supply
voltage lower than the nominal value; therefore, it works at a very low switching frequency, as seen in the
upper detail view in Figure 22. This can become critical for the transformer flux balance; however, in this
design the stress on the transformer stays well below the 6 V/us saturation limit.

c. No significant over- and undershoots are visible on the supply rails. In particular, the ratio of the
capacitances C5 and C6 are selected to keep the undershoot above -2 Vin Conf. A to respect Infineon’s
CoolSiC™ static Ves ratings. A complete overview for the different configurations is provided in Figure 23.

B ? i ) o ) . ‘ N ',.__:':;_:'_:.—__ ';'_L'.:.".:.':.H..._":'.'..__:.'.'.::.';.',..'.“_"..‘;:..'._é':‘.'..h.' _'__.""V r= _m_"'ﬁ:
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El-o v/ns Q,/gggf Sonf8 -+ Jhov/nd \\//Fégss', ot o
== “ontn . T Vneg, ConfA - - /p0s; CONFC =1~~~y
_‘_..\.’p_os'__c;o.nf.n_f__._ o V_nfe_g._ccn_fB ‘ovll o1 Vpos, ConfD :\\f,neg. Cc°”?§ .
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s Vneg, ConfD: o ________\/neg, ConfD . 4y
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Figure 23 V,os and Vi, during fast and slow start-up for Conf. A, B, C and D
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For completeness, Figure 24 shows the start-up of the auxiliary supply when driving a real load: CoolSiC™
IMW65R048M1H switching at 500 kHz in Conf. A.

Fast start-up driving Infineon’s CoolSiC™ IMZAGSR048M1H

| ——

1 ms/div

“Slow start-up driving Infineoh’s CoolSiC™ IMZA65R048M1H

LSVGStoLSKS ~~ ~ b o 4 ms/div

Figure 24 Fast and slow start-up driving Infineon’s CoolSiC™ IMZA65R048M1H at 500 kHz in Conf. A

3.5 Shutdown behavior

Figure 25 shows two shutdown scenarios: on the left the input voltage Vcc is turned off via the DC power
generator (with its impedance) and on the right side the input voltage is disconnected to emulate a “sudden
open”. For shutdown the more critical condition is the open load, because the auxiliary takes longer to
discharge its output capacitors and then stays longer in this condition.

Fle  Edit  Utily  Help Tektronix CUtyR S telp Tekironix

10 ms/dive P Cuprent Ll

Wms d0ms S0ms ms 16 ms

( Math2  Math3 Math?  Math3

0 V] R ! :
0 4 0
10V | 5Vide i 10V | 5Vide
e | tha-cit Jcha-co | chernn e |
- E I E

Figure 25 Auxiliary supply shutdown of the auxiliary supply at no load in Conf. A
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Figure 26 provides an overview of Vp.s, Vneg during shutdown for the different configurations. No critical
under/overshoots are appearing.

Shutdown via DC power off at 270 Q load DAMEZ shutdown via DC power off at no load E‘
[ e e e e/

S ’“C L “ Coel 4m5/d|V S WCCh : “ 10 mS/diV q
10V/ns o - J JLovps oo 8
: U ' S .....t....... ... VposConfg - _"
a1 Vpos, ConfA: 0v . ' : " Vpos, ConfC = 2V
_ Vpos, ConfB: : - Vpos, ConfD :
10 V/ns Vpos, ConfC oy 10V/ns: oo L Y
: : ! : Vpos, ConfD: : : : : : : : : .
- ) - - B - -Vreg, ConfA---:----i-----iuneein ey
w Vneg, ConfA ! Vneg, ConfB - ! : : : : :
3 __Vneg,C_o_nfB___ : : : : oyl & --Vn:eg,Coth-f- = 11
5V/nsV/neg, Confc 10V 5V/NS vneg, Confd : : : : : :
~-. “Vneg, ConfD e

=30V

il . .

Shutdown via Vcq open off at 270 Q load m- Shutdown via V¢ open off at no load E’ﬁﬂ
10 V/ns DM : : ﬂ : 4 mS/dIv W : AT el ﬂ 4 mjs/div q
Z"'T’I'Z T'".;T'"." T . T . :: S .“: L Ll - - . -25 S X : ) : 3UVL
L1 : ' : ﬂ":‘ V o8, chnff% - Y
: : - - 0s, Lon X X " = m : __Mh‘
-10V/ns. . .\’r;os,.c_onfc sy \ : : : | Vpos, ConfAa . NT

_ Vpos, ConfD : : : : : ; Vpos, ConfB :
D TE RSN SRS ‘ - : Do Vpes,CoRfL- - oo - v

— -Vneg, Com;Aﬁ : | : : : Vneg, ConfA : : Vipos, ConfD :
-Vneg,-CQnB- - i - - - o e ,'COI"lfB T a0V

5V/ns :Vneg, ConfC: : ! : : : V5 V_/n&lne%, ConfC :

o g, O s L= - Vneg, ConfD

Figure 26 V,os and Vi, during shutdown of the auxiliary supply for Conf. A, B, C and D

For completeness, Figure 27 shows the shutdown of the auxiliary when driving a real load: CoolSiC™
IMW65R048M1H switching at 500 kHz in Conf. A.

i ms/div

down via DC power off driving Infineon’s CoolSiC™ IMZA65R048M1H -
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Figure 27 Fast and slow shutdown driving Infineon’s CoolSiC™ IMZA65R048M1H at 500 kHz
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3.6 Output short circuit

In case of failure in the power stage, the SiC MOSFET gate-to-source and the EiceDRIVER™ 1EDB9275F output
stage itself could show a very low impedance toward the auxiliary supply leading to an increased load current;
the auxiliary circuit has to survive this special condition.

Figure 28, Figure 29 and Figure 30 show what happens on the auxiliary supply when its output (Viot, Vpos and
Vheg, respectively) is short-circuited. The auxiliary survives in the three stress conditions without prolonged
saturation of the main transformer and without IC failure.

The worst stress is represented by the short circuit of the complete output (Vit) of the auxiliary circuit. In this
case, the high current induces reverse current events like the situation described in Chapter 3.4 for the start-up.
Also in this case, thanks to the high reverse current robustness of EiceDRIVER™ 2EDN7533B, the driver can
handle this high-stress condition without the need for a limiting current resistor (R3).
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Figure 28 Output short circuit on auxiliary supply output V.. (detail on the right-hand side)
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Figure 29 Output short circuit on auxiliary supply output V. (detail on the right-hand side)
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Figure 31 Layout, from top to bottom: top layer, mid-layerl, mid-layer2, bottom layer
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5 Appendix A

5.1 Board functionality when 1 percent regulation is not needed

As mentioned in Section 2.3, the bipolar Vpes/Vneg Split is set via the shunt regulator TL432 and surrounding
resistors. However, if the 1 percent regulation of the positive rail is not needed and the required Vyos and Ve are
not too unbalanced (Vpos/2 Veor less than 80 percent as a rule of thumb), the split can be obtained by simply
tuning the duty cycle of OUTA-OUTB signal according to formula (3).

D = Vpos

= 2Veep — 0.5V ®

0.5 Vis the minimum potential drop expected on the auxiliary output at no load.

The OUTA-OUTB duty cycle can be tuned by adapting the oscillator feedback resistors R1 and R2. In this use
case the TL432 regulator (U3) and surrounding resistors (R5, R6 and R7) should be removed and R8 should be
shorted. Figure 33 shows a dimensioning example for 12 V Ve and Vpos = 18 V, Vieg = -5.5 V at no load.
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Figure 33 Dimensioning of the auxiliary supply for V¢ =12 V and unregulated V,os = 18 V, Vyeg =- 5.5V
when 1 percent regulation of the positive rail is not required

Figure 34 shows the operating waveform of the auxiliary supply with the default Conf. A dimensioning using
the TL432 regulator, and the dimensioning shown in Figure 33 without TL432.

n_ﬂvpos/v?cs(_mV/div)_ i i) WVpos/VC5 (1OV/diV)
S e P With TL432, default (| | 0| Without TL432,
a' Conf.A L | Ve VEE BV with dim. in Fig. 33

g QUIAL V) L T

. : ‘ : : : : OUTA-OUTB (10 V/div)
M3 |f[ ............... “““ ““““““ “““ “““ ““““““

WeaTrafo (Qov/div) j - ) : Vo Trafo [0 g

| OUTA-OUTB (10V/div) | scale: 100 ns/div| | bome—' = Scale; 100 ns/div |
Figure 34 Comparison of auxiliary supply operating waveforms with and without TL432 regulator
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As per formula (3) the duty cycle is around 76.5 percent. Similar duty cycle would be required for Vyos = 15V, Vieg
=-4.5V split out of 10 V Vca. In the use case without TL432, OUTA-OUTB is still a three-voltage waveform with
levels Vca, 0V, -Veaii. However, here the duty is not 50 percent and therefore C6 is responsible for removing the
DC offset; the voltage seen on the transformer (violet) is therefore shifted down.

As a rule of thumb, for tuning duty cycle and frequency:

- Always consider the core saturation limit of the transformer (6 V/us for XT04). This limit must not be
exceeded in the charging and discharging phase. Therefore, please select the switching frequency accurately.

- Duty cycle only depends on R1 and R2. To reduce the duty cycle, increase R1 and reduce R2, and vice
versa to increase it.

- For a fixed R, = R1//R2, switching frequency can be increased by reducing C1, and vice versa to reduce
it.

More detailed formulas can be found in Section 5.1.1.

5.1.1 Ring oscillator dimensioning of R1, R2 and C1

The ring oscillator behavior has been described in Section 2.2. Clearly the duty cycle and the frequency of the
OUTA-OUTB signal can be tuned by acting on the charging and discharging phase of INA, as illustrated in Figure
35.

N
: : : —\
....................... QUTA(5.V/div) ... .. .5y
B seARSRiR | RN ERE—— IUY
5 - eUTAOUTET T
"""""""""""""""" ‘lﬂ
' Scale: 100 :ns/divf '
INA discharging phase INA charging phase
INA INA
QOUTA — OUTA= + +—1 1
lbw 10V/12V<>
c1] R1 -1 C R1
Figure 35 INA charging and discharging mechanisms
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Whenever you want to fix the auxiliary Vpos/Vneg Split without using the TL432 regulator, please follow the
dimensioning steps described below.

1. Calculate the duty cycle D according to formula (4):

V os
D~— P 4
2Veer — 0.5V )

Where 0.5V is the minimum potential drop expected on the auxiliary output (at no load).

Example: for 18V, -5.5V from Ve =12V > D = 76.5 percent

2. Calculate the minimum ton, torf (minimum switching period) allowed from the core-saturation limit of the
selected transformer (6 V/us for XT04). The minimum period T can be selected according to formula (5)
with some margin:

toff,max 6V Us

in = = )

Example: for 18V, -5.5V and D = 76.5 percent = Tmin = 1.42 ps > fsw = 704 kHz = fselected = 1.1 MHz with margin

3. Fix the value of C1 in the range of 100 pF to 1 nF.

Example: Selected 330 pF

4, Calculate R, = R1//R2 from equation (6):
1.75 % topg ~ 1.75% (1 =D)T
PT T T c1 ©
Example: With fciecea = 1.1 MHz and D = 76.5 percent > Ry = 1.1 kQ
5. Calculate R2 from equation (7).
0.57D R R
Vinu =€ 17D (VinL — R_; Veen) + R_; Vea (7)
Where Viny=2.1V, Vi = 1.2 Vis the input voltage threshold of the driver.
Example: With R, = 1.1 kQ - R2 = 5.8 kQ according to the dimension in in Figure 33.
6. Make sure that the selected values fulfill equation (8):
Vina = o Vbp > ViNHL (8)
Ri+ R,
This is necessary to ensure that the oscillation takes place.
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Complete calculation of equation (7).

Equation (7) is calculated from INA discharging phase as per equation (9):

t
Vina(t) = Vina(tp)e ReCl )

At the end of the discharging phase for t = tos:

—poft — toFr 1
Vina(torr) = Vin, = Ving e Rr €1 - Ry, = *—y (10)
C1 1n JINL
Vinu

Complete calculation of equation (8).

Equation (7) is calculated from the INA charging phase. From Kirchhoff laws:

Vina dVina
= NA o QYN

TTRRICPT: . (11)
Vina= Veer — Ry * i

This leads to the following first-order differential equation:

dVINA 1 VCCI

—— Viya = ——— 12
dt +RP c, MTR,( 12
Equation (12) has the following resolution:
_RL Rp Rp
Vina(t) = e ReCl [VINL R VDD] t Vear (13)
2 2
At the end of the charging phase for t = tox:
g LTI .
Vina(ton) = Ving = € Re [VINL R VCCI] + 77 Vea (14)
2 2
By including (10) in (14), equation (7) can be derived.
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