G@ : GS66508T-EVBHB 650V
ystems R .
GaN E-HEMT Half Bridge Evaluation Board

User’s Guide

GS66508T-EVBHB 650V GaN E-HEMT Half
Bridge Evaluation Board

User’'s Guide

Visit www.gansystems.com for the latest version of this user’s guide. E .

DANGER!

Electrical Shock Hazard - Hazardous high voltage may be present on the
board during the test and even brief contact during operation may result

in severe injury or death. Follow all locally approved safety procedures
when working around high voltage.

Never leave the board operating unattended. After it is de-energized,
always wait until all capacitors are discharged before touching the board.

This board should be handled by qualified personnel ONLY.

CAUTION:

This product contains parts that are susceptible to damage by electrostatic
> 4, discharge (ESD). Always follow ESD prevention procedures when

handling the product.
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Introduction

The GS66508T-EVBHB evaluation board (EVB) is designed to demonstrate the performance of GaN
Systems’ 650V GaN enhancement mode high electron mobility transistor (E-HEMT) devices. The EVB is a
fully functional half bridge power stage consisting of two 650V GaN E-HEMTs (top side cooled
GS66508T, 30A/55m0Q), gate drive power supply, half bridge gate drivers and heatsink. To evaluate the
performance of GaN E-HEMT devices in real power circuits, the EVB can be easily configured into any
half bridge based topology. The EVB and this USER’s Guide serve as a reference design for the gate
driver circuit, half bridge PCB layout and thermal management.

Functional Overview

Please refer to the circuit schematic in appendix for all signal names, circuit nodes and test points.

The block diagram of the GS66508T-EVBHB can be seen in Figure 1. All components are mounted on the
top side except for E-HEMTs, Q1 and Q2, which are mounted on the bottom side of the EVB. A heatsink
is mounted from the bottom side as well, in order provide cooling for the two GaN E-HEMTs. The board
includes all necessary components for building a half bridge power stage and provides footprints for
output power inductors and capacitors to allow users to configure the board into different operational
modes.
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Figure 1 - GS66508T-EVBHB Evaluation Board Block Diagram
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Figure 3 - Board bottom view -showing 2x GS66508T with heatsink removed
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Power input (J1)

The board can be powered by 9-12VDC on J1. The
supply voltage absolute maximum is 15V. On-board
voltage regulators create +5V for the logic circuit and
+6.5V for the gate driver.

Figure 4 - Power Input (J1)

Gate input (J2/J5)
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Figure 5 - Gate signal input (J2/J5)

Set signal generator output level to 5V with 50Q impedance for the gate PWM signal input on connector
J5. The high side gate drive signal can be configured by jumper J3. By default, J3 is set to the INT position
(internal, created by an on-board circuit). The on-board logic circuit inverts the PWM input on J5 to create
a complementary signal for the high side gate drive with dead time. To implement independent control
of the high side gate set ]3 to EXT position (external, supplied by user on J2). Remove R13/R14 (R5/R6 for
J2) if high impedance input is required (e.g. from the logic output of a microcontroller).
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Dead time control
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Figure 6 - Dead time control circuit

Dead time is controlled by two RC delay circuits, R16/C15 and R22/C19. By default, 100ns dead time is
used. Additionally two potentiometers locations are provided (TR1/TR2, not included) to allow fine
adjustment of the dead time if needed.
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Figure 7 - Half bridge gate driver circuit

Gate drive power supply

A low side adjustable LDO (U5) steps down the input 9-12V to 6.5V for optimal gate drive. Bootstrap
diode (D1) and capacitor (C4) are used to create a floating gate drive power supply for the high side gate
drive circuit. The bootstrap voltage on C4 is then regulated by LDO (U2) to create a nominal 6.5V for

optimal gate drive.

Gate resistance

Turn-on gate resistors, R7/R18, are populated with 24.9Q) resistors. These resistors can be adjusted to
control the turn-on slew rate. Generally it is recommended to select turn-on gate resistance between 15-
25Q) for optimal performance. Smaller turn-on gate resistor values may create fast switching speeds
causing unnecessary Miller turn-on and oscillation. For turn-off it is recommended to use a small value
of less than 2Q) for the turn-off gate resistors R10/R21. This will provide a strong pull-down during turn-
off and reduce the Miller voltage effects.

GS66508T-EVBHB UG rev. 150917
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Gate capacitor and clamping diode

An additional gate capacitor per drive circuit (C11/C18) is used to help shunt the Miller current and
reduce the Miller effect. The recommended value is between 100-220pF. A clamping diode is placed close
to the gate of each E-HEMT (DZ1/DZ2) for clamping negative gate voltage spikes induced by negative
dv/dt on the drain. It should be a fast Schottky diode or a zener diode (6.8V, 200mW, P/N: MMSZ5235BS-
7-F).

Ferrite bead

Ferrite bead on the gate helps to damp the gate ringing and reduce the risk of gate oscillation. On the
other hand adding ferrite bead increases the gate inductance and risk of miller turn-on. A small surface
mount device (SMD) EMI suppression ferrite bead with impedance of 10-20Q @100MHz is sufficient for
suppressing gate oscillation while having minimal impact on the gate miller voltage. On this board a
ferrite bead is used on the high side only, FB1, (150 @100MHz, 0.5A, Wurth Electronics P/N: 74279268) to
stabilize the gate driver and suppress the gate ringing.

Testing your own gate driver
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Figure 8 - Layout of testing pads for gate driver

Six square pads are provided around the gate driver as testing points as well as providing connection
pads for a user designed add-on gate driver board. The pads are on a 0.1” grid to allow users to
experiment with their own gate driver circuit. In this case the existing gate drive circuit(s) should be de-
populated from the EVB.
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Measurements

Drain voltage (VDS, J8)

Use a probe tip-to-BNC adapter and high voltage probe
for low side drain voltage VDS (switching node)
measurements. Avoid using a long ground lead for best
accuracy.

Gate drive signal (VGL, VGH)

The board includes two SMA connectors, J4 (high side
VGH) and J7 (low side VGL), for gate drive signal
measurements.

WARNING!
A ALWAYS use high voltage differential or isolated probes for measuring high
side floating signals.

Attaching probe to high side gate signal may affect the switching behaviors
due to the added parasitic and coupling capacitance introduced by the
probe. To obtain best switching performance it is recommended to only
measure VGH for verifying gate driver operation at low voltage and remove
the probe during operation.

Measuring device temperature

Q1 and Q2 are located on the bottom side, as previously
indicated. Two PCB holes are aligned at the center of
package for measuring the device package temperature.

Use a thermal camera or attach thermocouples through
the two PCB holes for monitoring the device
- temperature.
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Cooling

GS66508T

FAN
Heatsink central
block 20x20mm
Cross section view Airflow direction

Figure 9 - Board thermal management

The board includes a customized heatsink attached to the PCB from the bottom side via 4 push pins. The
heatsink has a central pedestal copper block (20mmx20mm, 3mm height) that makes contact with the
thermal pads of two top side cooled GaN devices (GS66508T). A layer of thermal interface material (TIM,
Bergquist® Hi-Flow phase change 300P) is applied between heatsink and device thermal pad to provide
the required electrical insulation. Note that each thermal pad is connected to the substrate of the E-
HEMTs and is also internally electrically connected to the Source of the device.

Forced air cooling is recommended for power testing. The airflow direction should be controlled from
the left side as shown in Figure 9 for best cooling performance.

CAUTION:
Device temperature must be closely monitored during the test. Never
operate the board with device temperature exceeding T, max (150°C)

Power Stage Setup
Power connections (CON1-6)

CON1-CON6 mounting pads are designed to be compatible with:
e  #10-32 Screw mount,
e Banana Jack PCB mount (Keystone P/N: 575-4), or
e PC Mount Screw Terminal (Keystone P/N: 8191)

Output passives (L and C17)

An external power inductor (not included) can be connected between VSW (CON3) and VOUT (CON4)
or VBUS- (CON5/6), depending on the operation mode (see below). Users can choose their inductor size
to meet the test requirement. Generally it is recommended to use toroid power inductor with low inter-
winding capacitance to obtain best switching performance. For pulse testing we used 2x 60uH/40Amp
inductor (CWS, P/N: HF467-600M-40AV) in series.
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C17 is designed to accommodate a film capacitor as output filter (not included). It has a universal
footprint that is compatible with Vishay MKP1848 series film capacitor 700V 1 to 35uF (P1=27.5-37.5mm,
P2=0-10.2mm, 2 or 4pins).

Operation mode

The board can be configured to any half bridge based topology and used as the building block for real

power conversion circuits. There are generally three operation modes:

Pulse test mode

Trigger
# —>Ton e
oML VT [
INPUT T
+ . o ov====r  Neydes
— GS66508T CON3 CON4 — — N - —
400V VGH
& VDS

Figure 10 - Pulse test mode and waveforms

Similar to a standard double pulse testing circuit, the user can test half bridge inductive switching
performance by connecting the inductor from VSW to VBUS-. In this mode, the high side device Q1 is
hard switching (control) and low side Q2 is used as free-wheeling device (sync), which is driven
synchronously.

Figure 10 shows an example of the PWM input signal and pulse test switching waveforms for the pulse
test mode. Since a bootstrap circuit is used to create the high side gate voltage, the low side device Q2
must be turned on first before the first testing pulse to ensure that the high side gate driver is powered
up. This can be implemented by setting the signal generator output to “Inverse” mode on the signal so
the PWML is always high before and after the testing pulses. It is recommended to use a single trigger
burst mode and manually trigger the signal generator for each test to avoid any heating of the devices.

The maximum switching current for pulse test can be calculated by:

It max=Ton* N * Vps / L, (Eq.1)
Where Ton is the turn-on time per cycle, N is the total number of testing pulses and L is the inductance.
Set N = 3-5 to test the switching performance at different current ranges. Choose the inductance value
between 50 to 200uH and use the inductor with a current rating higher than your switching test current to
avoid saturation.

GS66508T-EVBHB UG rev. 150917 © 2015 GaN Systems Inc. www.gansystems.com 10
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CAUTION:

Limit the maximum switching current to 30A and ensure maximum
drain voltage including ringing is below 650V for pulse testing.
Exceeding this limit may cause damage to the devices.

Buck/Standard half bridge mode

This is standard half bridge configuration that can

be used in following circuits :
e Synchronous Buck DC/DC
cona e Single phase half bridge inverter
e ZVSLLC
e Phase leg for full bridge DC/DC or
e Phase leg for a 3-phase motor drive

C6-C10

+ e
G Qt
GS66508T

400V DC

Q2
G
=—4 GS66508T Cout

Boost mode
& veuse When the output becomes the input and the load
conL conz is attached between VBUS+ and VBUS-, the board
. DQf"'Cl": is converted into a boost mode circuit and can be
55005087 used for:
§ o e Synchronous Boost DC/DC
[ Qi INPUT e Totem pole bridgeless PFC
cons cone
VBUS-

Quick start procedure (pulse test mode)

1. Equipment and components you will need to get started:
e Four-channel oscilloscope with 500MHz bandwidth or higher
¢ high bandwidth (§500MHz or higher) passive probe
¢ high bandwidth (500MHz) high voltage probe (>600V)
e AC/DC current probe for inductor current measurement
e 12V DC power supply for board gate drive circuit
e Signal generator capable of creating testing pulses
e High voltage power supply (0-400VDC) with current limit.
e HV Differential probe for high side measurement (optional)
e External power inductor (recommend toroid inductor 50-200uH/40A)

1. Check the board for any visual damage and ensure jumper J3 is properly installed at “INT”

position.
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2. Connect 12VDC power supply to J1 (positive on the top). Turn on the output and ensure that
standby current is below 20mA. (Typical 10-15mA).

3. Connect 50Q impedance output from signal generator to J5 (PWML). Set up the signal generator
in pulse and single trigger burst mode to generate signals as shown in Figure 10. Set Ncycle =5
and use the Eq.1 to calculate Tox to ensure the maximum switching current is <30A at 400VDC.

4. Trigger the signal generator and confirm that gate drive signals VGL and VGH are present and
the gate voltage levels are correct.

5. Connect the probes as shown in Figure 11, for the following measurements:

a. VGL (J7): low side gate signal, passive probe

b. VDS (J6): low side drain voltage, HV probe

c.  VGH (J4): high side gate signal, HV differential probe (optional)
d. IL: current probe for inductor current

6. Set the High Voltage (HV) DC supply voltage level to 0V and ensure that the output is OFF.
Connect the HV supply output to CON1 (VBUS+) and CON5 (VBUS-). Attach the external
inductor between CON3 (VSW) and CON6 (VBUS-).

7. Set the oscilloscope to single trigger mode. Turn on the output of the HV supply and slowly ramp
the voltage up. Then trigger the signal generator and observe the voltage and current waveforms.

8. After the test is complete, slowly ramp down the HV supply voltage to 0V and turn off the
output. Then turn off the 12V power supply and signal generator output.

Figure 11 - Example of pulse Test set up

GS66508T-EVBHB UG rev. 150917 © 2015 GaN Systems Inc. www.gansystems.com 12
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Test results
Pulse test (VDS=400V, IMAX = 30A, TON=2LIS, N=5, L=1 ZOUH)

Pulse test results show that the gate driver is stable for the entire operating range from 0-30A with no
oscillation and minimum drain voltage overshoot.

Figure 12 - Pulse Test waveforms (400V/30A)

The measured rise time for turn-on is 10ns and the fall time at 30A turn-off is 6ns. The miller voltage is
under good control with a peak value of 0.8V which is lower than gate threshold of 1.6V at a dv/dt =
40V/ns and the turn-off negative voltage is clamped by the diode with a peak negative spike of
approximately -2V.
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Figure 13 - Pulse test switching waveforms turn-on and turn-off
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b) Turn-off waveforms (400V/30A)

Synchronous Buck Test (L=1 ZOUH, V|N=4OOV, VOUT=200V, D=50%, F5W=1 00 kHZ, Pou'r =0-2kW)

The board is converted to a synchronous buck DC/DC converter and demonstrates efficiency >98.5% from
1kW to 2kW. With forced air cooling, the peak device temperature Tj_max was measured at <80°C at

1500W output.
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Figure 14 - Synchronous Buck Efficiency (Vin=400V, Vour=200V, D=50%, Fsw=100kHz)
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-

Synchronous Buck {V\y=400V, Vour=200V, Pgur=1.5kW)

———— Y

Figure 16 - Thermal image showing Q1 and Q2 temperature (Pour=1500W, T;max=80°C, Tame=25°C)
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PCB Layout
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Bill of materials
REFERENCE QUANTITY  DESCRIPTION MANUFACTURER MANUFACTURER PN NOTE
c1,C2 2 CAP CER 10UF 25V 10% X5R 0805 MURATA GRM21BR61E106KA73L
C3,C4,C13,C14 4 CAP CER 1UF 25V 10% X7R 0603 TAIYO YUDEN TMK107B7105KA-T
C5,C16 2 CAP CER 2.2UF 25V 10% X7R 0603 TAIYO YUDEN LMK107B7225KA-T
C6,C7,C8,C9 4 CAP CER 0.1UF 1KV 10% X7R 1812 KEMET C1812C104KDRAC7800
c10 1 CAP FILM 10UF 700V P=27.5MM VISHAY MKP1848610704K2
Alternate CAP FILM 10UF 5% 600VDC RADIAL KEMET C4AEHBU5100A11]
C11,C18 2 CAP CER 220pF 25V 5% NP0 0603 KEMET C0603C221J3GACTU
c12 1 CAP CER 0.22UF 25V 10% X7R 0603 TAIYO YUDEN TMK107B7224KA-T
C15,C19 2 CAP CER 100PF 25V 5% NP0 0603 KEMET C0603C101J3GACTU
c17 1 CAP FILM 10UF 700V Vishay MKP1848610704K2 DNP
DZ1,DZ2 2 DIODE ZENER 6.8V 200MW SOD323 DIODES INC MMSZ5235BS-7-F
D1 1 DIODE GEN PURP 600V 1A SMA FAIRCHILD ES1]
D2,D3,D4,D5 4 DIODE SCHOTTKY 20V 1A 2DFN NXP PMEG2010EPK
FB1 1 FERRITE BEAD SMD 15 OHM 0.5A 0603 WURTH ELECTRONICS 74279268
FB2,R10,R21 3 RESSMD 0.0 OHM JUMPER 1/10W VISHAY DALE CRCWO06030000Z0EA
1 1 TERM BLOCK HDR 2POS R/A 5.08MM TE CONNECTIVITY 796638-2
J2,)5,)6 3 CONN BNCJAC STR 50 OHM AMPHENOL 112538 DNP J2
J3 1 CONN HEADER 3POS 2.54MM WURTH ELECTRONICS 61300311121
Ja,)7 2 CONN SMA JACK SMD VERT 500HM LINX CONSMAO001-SMD-G
Q1,Q2 2 TRANS GAN E-HEMT 650V 30A GAN SYSTEMS INC GS66508T-E01
R1 1 RESSMD 1.0 OHM 1% 1/8W 0805 VISHAY DALE CRCWO08051RO0FKEA
R2,R15 2 RES SMD 42.2K OHM 1% 1/10W 0603 VISHAY DALE CRCWO060342K2FKEA
R3,R11,R17,R23 4 RES SMD 10K OHM 1% 1/10W 0603 VISHAY DALE CRCWO060310KOFKEA
R4,R12 2 RES SMD 100 OHM 1% 1/10W 0603 VISHAY DALE CRCWO0603100RFKEA
R5,R6,R13,R14 4 RES SMD 100 OHM 1% 1/4W 1206 VISHAY DALE CRCW1206100RFKEA
R7,R18 2 RES SMD 24.9 OHM 1% 1/10W 0603 VISHAY DALE CRCWO060324R9FKEA
R8,R19 2 RES SMD 332 OHM 1% 1/10W 0603 VISHAY DALE CRCWO0603332RFKEA
R16,R22 2 RES SMD 1K OHM 1% 1/10W 0603 VISHAY DALE CRCWO06031K00FKEA
TR1,TR2 2 RES TRIMMER 2K OHM 1/2W TH MURATA PV36W202C01B00 DNP
u1 1 ICREGLDO 5V 50MA SOT-23-5 ST MICRO LD2980ABM50TR
u2,Us 2 ICREGLDO ADJ 0.15A SOT23-5 MICREL MIC5225YM5 TR
u3,ue 2 ICISO GATE DRVR 4A 3.75KV SILAB SI8261BAC-C-IS
u4 1 IC GATE NAND 4CH 2-INP 14-SOIC FAIRCHILD 74VHC132M
OFF THE BOARD COMPONENTS
J1-PLUG 1 TERM BLK PLUG TE CONNECTIVITY 796634-2
J3-SHUNT 1 JUMPER SHUNT TE CONNECTIVITY 382811-8
STANDOFF 6 HEXSTDOFF 6-32 ALUM 1-1/4 KEYSTONE 8420
HEX NUTS 6 HEXNUT STEEL 6-32 KEYSTONE 4701
HEATSINK 1 heatsink, push pin Customized design MALICO INC CMFA0660502900-00
DNP = Do not populate
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Evaluation Board/kit Important Notice

GaN Systems Inc. (GaN Systems) provides the enclosed product(s) under the following AS IS conditions:

This evaluation board/kit being sold or provided by GaN Systems is intended for use for ENGINEERING
DEVELOPMENT, DEMONSTRATION, and OR EVALUATION PURPOSES ONLY and is not considered by GaN
Systems to be a finished end-product fit for general consumer use. As such, the goods being sold or provided are
not intended to be complete in terms of required design-, marketing-, and/or manufacturing-related protective
considerations, including but not limited to product safety and environmental measures typically found in end
products that incorporate such semiconductor components or circuit boards. This evaluation board/kit does not fall
within the scope of the European Union directives regarding electromagnetic compatibility, restricted substances
(RoHS), recycling (WEEE), FCC, CE or UL, and therefore may not meet the technical requirements of these directives,

or other related regulations.

If this evaluation board/kit does not meet the specifications indicated in the User’s Guide, the board/kit may be
returned within 30 days from the date of delivery for a full refund. THE FOREGOING WARRANTY IS THE
EXCLUSIVE WARRANTY MADE BY THE SELLER TO BUYER AND IS IN LIEU OF ALL OTHER WARRANTIES,
EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS
FOR ANY PARTICULAR PURPOSE. EXCEPT TO THE EXTENT OF THIS INDEMNITY, NEITHER PARTY SHALL
BE LIABLE TO THE OTHER FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user
indemnifies GaN Systems from all claims arising from the handling or use of the goods. Due to the open construction
of the product, it is the user’s responsibility to take any and all appropriate precautions with regard to electrostatic
discharge.

No License is granted under any patent right or other intellectual property right of GaN Systems whatsoever. GaN
Systems assumes no liability for applications assistance, customer product design, software performance, or

infringement of patents or any other intellectual property rights of any kind.

GaN Systems currently services a variety of customers for products around the world, and therefore this

transaction is not exclusive.

Please read the User’s Guide and, specifically, the Warnings and Restrictions notice in the User’s Guide prior to
handling the product. Persons handling the product(s) must have electronics training and observe good

engineering practice standards.

This notice contains important safety information about temperatures and voltages. For further safety concerns,

please contact a GaN Systems’ application engineer.
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In Canada: In Europe: In the United States:

GaN Systems Inc. GaN Systems Ltd., German Branch GaN Systems Corp.

1145 Innovation Drive Suite 101 Terminalstrasse Mitte 18, 2723 South State Street, Suite 150,
Ottawa, Ontario, Canada K2K 3G8 85356 Miinchen, Germany Ann Arbor, MI. USA 48104
T+1613-686-1996 T +49 (0) 8165 9822 7260 T+1 248-609-7643
www.gansystems.com

Important Notice — Unless expressly approved in writing by an authorized representative of GaN Systems, GaN Systems components are not designed, authorized or
warranted for use in lifesaving, life sustaining, military, aircraft, or space applications, nor in products or systems where failure or malfunction may result in personal injury,
death, or property or environmental damage. The information given in this document shall not in any event be regarded as a guarantee of performance. GaN Systems
hereby disclaims any or all warranties and liabilities of any kind, including but not limited to warranties of non-infringement of intellectual property rights. All other brand
and product names are trademarks or registered trademarks of their respective owners. Information provided herein is intended as a guide only and is subject to change
without notice. The information contained herein or any use of such information does not grant, explicitly, or implicitly, to any party any patent rights, licenses, or any other
intellectual property rights. General Sales and Terms Conditions apply.

©2009-2015 GaN Systems Inc. All rights reserved.
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