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CoolGaN™ BDS-based H4 PFC evaluation board
with isolated bias supply

EVAL_1K6W_H4_GaN_BDS

About this document

Scope and purpose

EVAL_1K6W_H4_GaN_BDS is an evaluation board solution designed for configurations using two devices
connected in a back-to-back arrangement, featuring CoolGaN™ bidirectional switches (BDS) with several gate
driving solutions, including a single-channel isolated gate driver IC (EiceDRIVER™ 1EDB7275F), and a
configurable isolated bias supply enabled by a simple single-channel non-isolated gate driver IC (EiceDRIVER™
1EDN7511B).

This evaluation board is compatible with Infineon system solution EVAL_1K6W_PSU_CFD7_QD, whichisa
server power supply composed of a continuous conduction mode (CCM) bridgeless power factor corrector
(PFC) with back-to-back arrangement and a half-bridge LLC DC-DC resonant converter.

This document provides the board using CoolGaN™ BDS, CoolMOS™ MOSFETs, and CoolSiC™ Schottky diodes in
top-side-cooled SMD package (TOLT and D-DPAK). It further details the specifications and the main results
obtained from testing the PFC stage of a 1600 W server power supply. In addition, it covers the CoolGaN™ BDS
gate-drive circuit design including schematic and PCB layout.

Intended audience

This document is intended for power electronics engineers and designers interested in learning how to design
the BDS gate-drive circuit and integrate Infineon’s configurable isolated bias-supply circuit to simplify the BDS
power-supply design. It includes a demonstrating the performance of CoolGaN™ BDS 650 V G5 IGLT65R055B2
with 1.6 kW CCM PFC stage of EVAL_1K6W_PSU_CFD7_QD.

About this product group

Target applications

e 1-phase string inverter solutions
e 3-phase stringinverter solutions
e Microinverter solutions

e Motor control

e Server power supply unit (PSU)

Product family

Infineon’s CoolGaN™ solution offers unmatched quality that operates at higher switching speeds resulting in
lower power losses, higher efficiency paving the way for smaller, and lighter power supplies with the same
power supplies with the same size but increased power capability.
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About this product group

Evaluation Board

This board is to be used during the design-in process for evaluating and measuring characteristic curves, and
for checking datasheet specifications.

Note: PCB and auxiliary circuits are NOT optimized for final customer design.
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Safety precautions

Safety precautions

Note: Please note the following warnings regarding the hazards associated with development systems.

Table1l Safety precautions

Warning: The evaluation or reference board is connected to the grid input during testing.
Hence, high-voltage differential probes must be used when measuring voltage waveforms
by oscilloscope. Failure to do so may result in personal injury or death. Darkened display
LEDs are not an indication that capacitors have discharged to safe voltage levels.

Caution: The heat sink and device surfaces of the evaluation or reference board may
become hot during testing. Hence, necessary precautions are required while handling the
board. Failure to comply may cause injury.

Caution: Only personnel familiar with the drive, power electronics and associated
machinery should plan, install, commission and subsequently service the system. Failure to
comply may result in personal injury and/or equipment damage.

Caution: The evaluation or reference board contains parts and assemblies sensitive to
electrostatic discharge (ESD). Electrostatic control precautions are required when installing,
testing, servicing or repairing the assembly. Component damage may result if ESD control
procedures are not followed. If you are not familiar with electrostatic control procedures,
refer to the applicable ESD protection handbooks and guidelines.

Caution: A drive that is incorrectly applied or installed can lead to component damage or
reduction in product lifetime. Wiring or application errors such as undersizing the motor,
supplying an incorrect or inadequate AC supply, or excessive ambient temperatures may
result in system malfunction.

Caution: The evaluation or reference board is shipped with packing materials that need to
be removed prior to installation. Failure to remove all packing materials that are
unnecessary for system installation may result in overheating or abnormal operating
conditions.
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1 Introduction

1 Introduction

Based on the EVAL_1K6W_PSU_CFD7_QD platform [1], the power board has been modified by replacing the
original two back-to-back CoolMOS™ switches with a CoolGaN™ bidirectional switch (BDS), as shown in Figure 1
and Figure 2. The gate-drive implementation adopts the circuit design from KIT_1EDB_AUX_GaN [2] and
DEMO_AC_ZVS_HVBDS [3]. The following sections provide an overview and description of the modified board.

Replacing the original two back-to-back CoolMOS™ switches with an IGLT65R055B2 CoolGaN™ BDS reduces the
power-loop area. To use CoolMOS™ G7 devices in the LLC stage, it lowers the losses and improve figures of
merit [4], [5]. Additionally, the CoolSiC™ G6 diode’s lower forward voltage reduces diode losses [4]. These lower
losses, combined with improved thermal resistance, which offsets the smaller heat-spreading area compared
with leaded packages, and the low profile of the top-side-cooled SMD packages; enabling the PFC and
half-bridge switches to share the same heatsink. This board is vertically placed in the central part of the PSU in
front of the fan (highlighted pink area in Figure 3. In this case, five parts are soldered to the power board and
share the same heatsink, which is attached by using pressure clips.

External Power 12V

CoolMOS™ MOSFETs CoolSiC™ G6 Schottky diode
(a) Top-side (b) Bottom-side
Figure 1 EVAL_1K6W_H4_GaN_BDS board to replace power board PFC and HB LLC
£
£
b
uodulju| {5y
NNNNNNRNENN A
.\ ) \ W,
Y
LLC PFC Switch PFC diodes
half-bridge (back-to-back) 8A CoolSIC™ Gen6
2x 50 mQ 2x 75 mQ
Figure 2 Power board PFC and HB LLC of EVAL_1K6W_PSU_CFD7_QD platform
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Thput o Control board Bias
Inrush limiter
EMI-Filter
Figure 3 Power board of EVAL_1K6W_PSU_CFD7_QD platform
1.1 EZDrive: Gate driver circuit

The EZDrive gate driver circuit is the typical design choices for CoolGaN™ switches. For design rules, see [6] and
for optimizing PCB layout for CoolGaN™ power transistors in SMPS applications, see [7]. The following figure
shows the driver circuit for the evaluation boards (EVBs).

_________

Figure 4 Typical EZDrive interface circuit for Infineon CoolGaN™ transistor

The definition of parameters shown in Figure 4 ([6], [7]) are as follows:

Rony Rosit Transient switching speed dV/dt tuning resistor
Rez: Keeps the steady-state gate current I

Rcs: Resistor to reduce the gate-source voltage to 0 V when the input signal is open-circuited. Sets Vgs to OFF
bias (0 V/-V), bleeds leakage/Miller charge

C:z: Coupling capacitor as a charge pump to provide fast-switching transient as well as negative gate bias
ZD,, ZD,: Zener diode to clamp the positive and negative gate voltage
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Typical switching waveform for GIT GaN transistor

Figure 5 Typical switching waveform for GIT GaN devices
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2 EVAL_1K6W_H4_GaN_BDS board

EVAL_1K6W_H4_GaN_BDS board
The EVAL_1K6W_H4_GaN_BDS demonstration board is based on the EVAL_1K6W_PSU_CFD7_QD power board,

2

with the back-to-back devices in the PFC section modified, as highlighted in green in Figure 6.
It requires a 12 V supply for VDDI. Figure 7 shows EVAL_1K6W_H4_GaN_BDS functional block diagram.
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|
Figure 6 Simplified diagram of 1600 W Titanium server PSU with D-DPAK and Q-DPAK TSC
(EVAL_1K6W_PSU_CFD7_QD)
+12V. — ——  Choke
Single channel driver IC
PWM | .(lED87275!=) . BDS with EZDrive
+Bias supply circuit
(1IEDN7511B)
SGND —— ——— GNDiso
Figure 7 EVAL_1K6W_H4_GaN_BDS boardfunctional block
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2.1 Connections and operating instruction
Table 2 Connection
Label Description
VDDI Connect the external 12 V to this pin
Note: Ensure that VDDI is provided before turning on supplies.
2.2 Schematics
i
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Figure 8 Schematic of the auxiliary supplies and gate drivers
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2 EVAL_1K6W_H4_GaN_BDS board

v+ Chole
* m |1
s O (JDDD08G65C6
@ IDDDOSG65Cs 79 ., £
| ol IO S N Z 2
iA "s il
| [(SSES * £
100k 5 IPDD60R050GT 2
Q1
PWM A * 2 IGLT65R035B2 V+
. . HB c3
Aurrase ¥ % - &
; 10 10 IPDD60ROS0GT GiNDpri il
100k
S5 IS -
"""" ({ o
i)
LS “EC] ch
ImnF I‘D‘J"F
R ¥R
V+ GNDizo GNDwpri
Figure 9 Schematic of the power components
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Figure 10 Schematic of the connectors
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2.3 Layout
33
Figure 11
2 8
Figure 12 EVAL_1K6W_H4_GaN_BDS board - Layer 2
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2 EVAL_1K6W_H4_GaN_BDS board
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Figure 13 EVAL_1K6W_H4_GaN_BDS board - Layer 3
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Figure 14 EVAL_1K6W_H4_GaN_BDS board - Bottom layer (layer 4)
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2 EVAL_1K6W_H4_GaN_BDS board

2.4 Bill of materials (BOM)

Table 3 Bill of materials

Designator Value Tolerance |Voltage | Description Comment

C1,C2,C3 100 nF X7R 630V 630V, X7R, 1812 SMD
capacitor ceramic

C4,C17 3.3nF NPO 50V 50V, NPO, 0603 SMD
(1608)

C5,C18 1uF X7R 25V 50V, NP0, 0603 SMD
(1608)

C6,C19 100 nF X7R 25V 25V, XTR, 0603 SMD
(1608)

C7,C8,C20 100 pF NPO 50V 50 V, NP0, 0603 SMD
(1608)

C9, C10, C11, 4.7 uF X5R 25V 50V, X5R, 0603 SMD

C12, C14,C15, (1608)

Cl16,C21, C22,

C23,C24, C25,

C26

C13 47 nF X7R 25V 25V, XTR, 0603 SMD
(1608)

'D1,D2 IDDD08G65C6 - 650V 6th generation SMD
CoolSiC™ 650V SiC
Schottky diode
D3,D5

D3,D5 BAT5404E6327THTSAL | - 30V Silicon Schottky SMD
diode

D4, D6 MM3Z5V6T1G - 56V Zener voltage SMD
regulator 300 mW
MM3Z5V6T1G

Q1 IGLT65R055B2 - 650V BDS SMD

R1 1R - 1R 1R/0805 SMD

R2 7.5k - 7.5k 7.5k/0603 SMD

R3 22k - 22k 22k/0603 SMD

R4,R5,R6,R12, | 10R - 10R 10R/0603 SMD

13, R14

'R7,R15 820R - 820R 820R/0603 SMD

R8, R16 10k - 10k 10k/0603 SMD

R9, R10 100k - 100k 100k/0603 SMD

R11,R17 1k - 1k 1k/0603 SMD

R18,R19 OR - OR 0R/0603 SMD

T3, T4 IPDD60R050G7 - 600V 600V CoolMOS™ G7 | SMD
power transistor
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Designator Value Tolerance |Voltage | Description Comment

TX1, TX2 XT01 - - ICE components / SMD
XT01/2.25kV

Ul 1EDN7511B - - EiceDRIVER™, fast SMD

single channel
4 A/8 A low-side
gate driver, UVLO -

42V
U2, U3 1EDB7275F - - Single-channel SMD
isolated gate-driver
ICs
X1, X4, X6, X7 MMT-103-01-L-SH - - Pin header 3 pole SMD
X2, X3, X5 MMT-105-01-L-SH - - Pin header 5 pole SMD
User guide 14 V1.0
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3 Measurement results

3.1 Measurement suggestion

Along ground wire introduces unwanted inductance into the probe measurement path. This results in
overshoot and ringing, associated with the rising and falling edges of the signals. Minimizing the length of the
ground loop is especially important for CoolGaN™, which has very fast rise and fall times, affected by the
probe's ground inductance. The following are a few examples of measurement setups.

SHORT LOOP

— T

LONG LOOP

Do not use probe
ground lead

Use ground clip attached
/to probe ground sleeve

i o i v Place probe tip
Minimize loop \\\ ¢\ on probe pad

AT N
\/

V222 ///%//%// )

Probe pads close to device under test

Figure 15 Examples of the scope probe with a short ground clip

3.2 Double pulse test with the evaluation board

The double pulse test (DPT) is the most commonly used and effective test for verifying switching performance.
It is highly recommended to verify the power stage switching performance before powering up the system, as
GaN is more sensitive.

e Should emulate high-power switching conditions without generating heat
o Asafertest: Hard failures usually do not happen even with bad design
e Increase confidence for new users of CoolGaN™

For proper setup and connections for double pulse testing as shown in Figure 16, provide DC power supply
connections. The inductor also connects to the terminal block (Vpc, and Vsy). It is recommended to use the high
current with minimal inductance reduction for the inductor (L), as it can handle high pulse current without
being saturated. No load is required for double pulse testing. The inductor energy is dissipated in the
freewheeling diode.
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3 Measurement results

Test conditions:

e DUT:IGLT65R055B2

o Diode: IDDD08G65C6

e Cin: 100 uF

e V400V

e I 16A

e V.. Depends on the driver solution (12 V/-3V, 6 V/0V, and 4 V/-3V, etc.) and with RC or EZDrive circuit
e L:1mH

e T,:25°C

VDC+
@

L
Vsw CN e DC d:>
-
Raialed I
— [
Ves a I
Gate H"I_ Vs
Driver |
VGS_B I
___l

Figure 16 Double pulse test setup

This example shows how to set up the board for double-pulse testing. The test waveforms are shown in

Figure 17. In the first pulse, CoolGaN™ BDS turns on and ramps the inductor current to the target value. It then
turns off, and the current freewheels through the SiC diode. The second pulse captures the hard-switched
turn-on at the leading edge (at the test current) and continues the ramp to a higher current level.

CoolGaN™ BDS performs especially well in double pulse tests, as the freewheeling diode has very low
reverse-recovery behavior. Double-pulse testing is usually done one burst at a time (rather than continuously)
to minimize power dissipation while quickly evaluating voltage and current limits. Table 4 lists the oscilloscope
channels for Figure 17, Figure 18.
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3 Measurement results

Table 4 Description of oscilloscope channels

Channel Description

CH 1 (yellow) Low-side GaN gate-to-source signal, 5 V/div
CH 2 (cyan) Low-side GaN drain-to-source signal, 100 V/div
Ch 3 (red) Inductor current, 10 A/div

Measured peak Vps =500V, Vs =3.6 V.

Reliable hard-switching with IGLT65R055B2 to achieve the target current.

Utility

Ch ch2
5.00 V/div 100 V/div

20 MHz 8 200 MHz & § 250 MHz 8

Zone 2

Zone 1

First Pulse Second Pulse

Zero Current switching-on

S

Hard|switching-off

SR:2.50 GS/s
RL:10 Mpts.

Tekfronix

Cursors  Measure

Results

Search il

Draw

2 More ...
Zoom ore

Preview

10 Dec 2025
14:20:25

Figure 17
aux power circuit

Double pulse test waveform with single-channel isolated driver IC and isolated standby

590 Vidiv | %0 Vid
a 1M0 0%
20men | 200w

Rl 5.00 vidv | 00 Vrdv [ 100 Aldv
] A 1o 05 1w o5
("0 | Sowue | Sconmen, | Ssamaten

Figure 18
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3 Measurement results

3.3 Typical operating waveform
System operating with CoolGaN™ BDS in H4 PFC of EVAL_1K6W_PSU_CFD7_QD.
The H4 PFC switching frequency is 65 kHz.

Figure 19 to Figure 22 show the steady-state waveforms at 100% load for the IGLT65R055B2 at an input voltage
of 176 VAC.

Figure 23 to Figure 26 show the steady-state waveforms at 100% load for the IGLT65R055B2 at an input voltage
of 230 VAC.

Table 5 lists the oscilloscope channels for Figure 19, Figure 20, Figure 21, Figure 22, Figure 23, Figure 24,
Figure 25, and Figure 26.

Table5 Description of oscilloscope channels

Channel Description

CH 1 (blue) BDS gate A to kelvin source signal, 5 V/div
CH 2 (cyan) AC input voltage, 250 V/div

CH3 (magenta) BDS source to source voltage, 250 V/div
Ch 4 (green) AC input current, 10 A/div

AC-ZVS BDS demonstration board configuration for H4 PFC:

e V=176 VAC
o Fuig=60Hz

e f,=65KkHz

o V,, =400V

o Pu.=1600W

Tek Prevu [ - 1 : : : : - —

5.00V & 250 V 10.0A )
value Mean Min Max std Dev
4.70V 4.70 4.70 4.70 0.00

585V 585 585 585 0.00 [10.0m5 ][SU.UMSls }[ s 240 VJ

15.4 A 15.4 15.4 15.4 0.00 5M points
246 V 246 246 246 0.00

9.21 A 9.21 9.21 9.21 0.00 20 Jan 2026
10:27:00

Figure 19 Typical operating waveform at 176 VAC
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Figure 20 Peak of the positive half-cycle at 176 VAC, zoom in
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Figure 21 Peak of the negative half-cycle at 176 VAC, zoom in
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Figure 22
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Figure 23 Typical operating waveform at 230 VAC
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Figure 24 Peak of positive half-cycle at 230 VAC
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Figure 25 Peak of the negative half-cycle at 230 VAC
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Figure 26 Zero-crossing point at 230 VAC
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Important Notice

This evaluation board, demonstration board, reference board or kit and
any related Board documentation (“Evaluation Board”) is sold or
provided and delivered by Infineon Technologies AG and its affiliates
(“Infineon”). Evaluation Boards are part of Infineon’s non-serial products.
This Evaluation Board is delivered to customer "AS IS", without any
warranty (whether express or implied) or liability of Infineon of any kind,
including but without limitation any warranty of merchantability, fitness
for a particular purpose or non-infringement. These limitations and
exclusions shall not apply in case of Infineon's willful misconduct orin any
other case where liability is mandatory at law.

This Evaluation Board shall only be used by customer for test purposes
and not for series production. However, the Evaluation Board shall not to
be used for reliability testing. The Evaluation Board is exclusively
intended for technically qualified and skilled customer representatives.
The Evaluation Board shall not be used in any way where a failure of the
Evaluation Board, or any consequences of the use thereof, can reasonably
be expected to result in personal injury.

Evaluation Boards may not comply with CE or similar standards (including
without limitation the EMC Directive 2004/EC/108 and the EMC Act) and
may not fulfill other requirements of the country in which they are
operated by the customer. The customer shall ensure that each
Evaluation Board will be handled in a way which is compliant with all
relevant requirements and standards in the country in which it is
operated. Software and associated documentation and materials
included or referenced in the Evaluation Board (“Software”) is owned by
Infineon and is protected by and subject to worldwide patent protection,
worldwide copyright laws, and international treaty provisions. Therefore,
you may use this Software only as provided in the license agreement
accompanying the software package from which you obtained this
Software. If no license agreement applies, then any use, reproduction,
modification, translation, or compilation of this Software is prohibited
without the express written permission of Infineon. Unless otherwise
expressly agreed with Infineon, this Software is provided to customer "AS
IS", without any warranty (whether express or implied) or liability of
Infineon of any kind, including but without limitation any warranty of
merchantability, fitness for a particular purpose or non-infringement.
These limitations and exclusions shall not apply in case of Infineon's
willful misconduct orin any other case where liability is mandatory at law.

Infineon reserves the right to make changes to the Software without notice.
You are responsible for properly designing, programming, and testing the
functionality and safety of your intended application of the Software, as
well as complying with any legal requirements related to its use. Infineon
does not guarantee that the Software will be free from intrusion, data theft
or loss, or other breaches (“Security Breaches”), and Infineon shall have no
liability arising out of any Security Breaches. The Software shall not be used
in any way where a failure of the Evaluation Board, or any consequences of
the use thereof, can reasonably be expected to result in personal injury.

Safety & Operating Instructions:

Customer shall check the Evaluation Board for any physical damage which
may have occurred during transport. If customer detects any damages or
defects in the Evaluation Board, customer shall not connect the Evaluation
Board to a power source. Customer shall contact Infineon for further
support. If customer observes unusual operating behavior during the
evaluation process, customer shall immediately shut off the power supply
to the Evaluation Board and consult Infineon for support.

Customer shall not touch the Evaluation Board during operation and keep
a safe distance.

Customer shall not touch the Evaluation Board after disconnecting the
power supply, several components may still store electrical voltage and can
discharge through physical contact. Several parts, like heat sinks and
transformers, may still be very hot. Allow the components to cool before
touching or servicing.

The electrical installation must be completed in accordance with the
appropriate safety requirements.


mailto:erratum@infineon.com

	About this document
	About this product group
	Safety precautions
	Table of contents
	1 Introduction
	1.1 EZDrive: Gate driver circuit

	2 EVAL_1K6W_H4_GaN_BDS board
	2.1 Connections and operating instruction
	2.2 Schematics
	2.3 Layout
	2.4 Bill of materials (BOM)

	3 Measurement results
	3.1 Measurement suggestion
	3.2 Double pulse test with the evaluation board
	3.3 Typical operating waveform

	References
	Revision history
	Disclaimer

