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Scope and purpose

This application note explains how to setup and use thd | F ' Integretted Power Stage (IPS) hddfidge
evaluationd ; L > @7 ; N O4$600-NGI60FHI@A MIpsed Ahe board features aisolated power
supplies for the gate drivers along with inplagic that provides djustable dead time. Additionallythe board
providesdirect access to the logic inputs of the | | F ' IPSchibset to drive the chipset witlan external
microcontroller or digital signal processor (DSR)sing an external inductothe board can be setup for buck,
boost, inverteroperation, double-pulse testing or continuougpulse width modulation (PWM)peration and
hard or softswitching at power levels up to 10&/ and frequencies up to MHz range.

Intended audience

This applicaton note is intended for poweelectronic design engineerspplications engineers and students
who are familiar with MOSFET or IGBased converters.
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Figure 1 Front and back view of the# | | F ' IPS hlfbridge evaluation board
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1 ) HNLI >O=NCI H

This hardware provides an easy and quiGk;, S N | M? NOJ s#H> FN [PShhib)idge@Gpse?. | H A
The hardware is configurable for boost, buck, inverter operation, pulse testing or continuouspimier

operation. Multiple test points are provided to connect signals to an oscilloscope for observation and
measuring the switching performance & | | F ' transistors and gate driver embedded in the chipset. This
board provides a quick way to evaluate the digital-power-out feature of the installed? | | F ' IPS hél§

bridge chipset.

The circuit board has a single PWM input intended for connectibh  ; pulsd or signal generator. Moreover
direct access to the digital inputs of the IPS is provided for microcontroller interface. The power for the low
voltage side will be provided from a single 5 V external power supply. Default deadtime bettexchigh and
low-side is preset to 100 ns, but is adjustable via trimpots by the user. An external (gapplied) inductor is
needed to configure the hardware in multiple possible test setups through the supplied pluggable terminal
block connector. The otput and bus voltage can range up to 450 V which is limited by the capacitor rating. This
half-bridge can switch continuous currents of 4 A, and peak currents of 10 A, hard eswdfthing. Depending

on the IPS chipset power dissipation, the operatimgduency can be up to 1 MHz (limited to about\Bper

device with appropriate heatsink and airflow).

1.1 %P:; FO; NCIH <I|I :L> MJ?=C@C=; NCI HM
Table 1 Evaluation board specifications and limits
Parameter Values Unit | Note
Min. |Typ. | Max.
V. input voltage 48 |50 |52 |V
Ve input current 25 mA
PWM logic input levels 0 5 |V 3N; H>; L> 5 6 44, F?P
(Applied to J1 terminal)
PWM logic input levels 0 5 Vv Standard 3.3/5 V CMOS/TTL levels
(Applied to TP1 and TP2)
Vin+ tO M 0 400 | 450 |V Limited bycapacitor voltage ratings
Vot0 V- 0 450 |V (There may be +£30 V spikes appearing gh V
Chipset tansistor current, DC 4 A Keepthe case temgerature below 125 °C
Chipset tansistor current, pulse 23 |A Keepthe case temperature below 125 °C
(non-repetitive)
Chipset total power dissipation 3 w No heatsink (T,.<125 °C, £25°C)
6 W With heatsink, airflow to keep J.<125 °C
Operating frequency (DC) 1 MHz | Within dissipation, temperature limits
PWM pulse width 100 a ns With 100 ngleadtime setting
Deadtime adjustment range 0 180 |ns | Default setting is 100 ns. If longer deadtime i:
necessary, C9, C15 can be increased, theret
extending the adjustment range.
Note: The PCB dimensions are 6017 (max).
Application Note 30f27 V1.0
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Functional description

2 &OH=NCI

supply. A 8400 V power supply provides the DC bus voltage and the input PWM signal is provided by a lab pulse

H; F

>?M=LCJNCI

For a typical doublepulse testingFigure 2shows the proper configuration with this hardware. The 5V power
supply provides the circuit power whitalso powers the IPS logic section and the isolated gate driver power

H

generator. A test inductor is needed to connect from the DC bus to théchanode output. An oscilloscope is
used to observe and measure the inductor current (with a current probe), switdde voltage or any other
signal on the hardware boardl'able 2includes all the available test points.

The inducbr can be connected to either the positive DC bus (showFigure 2), and for inverting doubleoulse

test, as shown irFigure 3, it can be connected to negative busi{) In this case the higkideis the active

switch, and the lowside is the freewheeling synchronous rectifier.

This evaluation board can also be configured as a buck, boost, or inverter topology. See sdcfitor further

details.
Evaluation Board Vin+ |
)
Deadti I | o T
eadtime ™ i est
Circutt [ CDDIGEN W | § Inductor
B Vew ! +
500 Pulse PWM Half-Bridge <
Generator © IPS Vo | 0-400V DC
L (E Laboratory
Deadtime || ! Power Supply
Circuit 2
+5V PR
5 VDC |solated Gate B w7 Vin-
Laboratory oV Drive Power i
FPower Supply - -
Figure 2  Evaluation board typical application example (double -pulse test)
" EvaluationBoard Vins |
o g
- | 0-400 VvV DC
Deadti ™ i
e A CoolGaN L | Laborstory
. Ve | ower Supply
500Pulse | L PWM Half-Bridge |="o—
Generataor : IPS EO é ! Test
MDeadtime | | E ; Inductor
Circuit 2
L +5Y L :7
5 VDC y Isolated Gate B v Vin-
Laboratory oV Orive Power i
Power Supply - -

Figure 3
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Circuit description

3 #CL=OCN >?M=LCJNCI H

The following sections explain each part of the hardwaredietail.

3.1 ) HIONCF ; H> >7?; >NCG? A?H?L; NIL

Two logic inputs are provided on this board. First input is a logic level PWM input connected to J1 (MMCX
=1l HH? =Nl Le QBC=B CM N?LGCH; N?>-18.Shegnputidbuf@emdoy J; L; FF
noninverting buffer U3 for the higiside, and inverting buffer U4 for the loaide (show irFigure 4). These

buffers are compatible with the standard logiE ? P? F ©F | Q Y5IV)] Whe® the, PMVM inBuCisAd®v, e
switch nodeVy,is low (the lowside GaN transistor turns on). Conversely, when the PWM input is highsthe V
node is driven high as the higbide GaN transistor turns on and whendPWM input is low then the loside

GaN transistor is turned on andMode is conmected to V.. Make sure that the jumpers on P1 header is placed
to apply the PWMs to the IPS chipset (showirigure 5). The outputs can be observed from TP1 and TP2.

Digital PWM Inputs

HS ON Delay
“luz A2

]_ Yoo
4
1
»—
GND
FAAHCTLGOE
= o5 —F"”F

T
~ A PWN_HS
3 4
MHEDRIE

PWh_LS

LS OM Delay

Complementary PWM Generator with Adjustable Dead Band

Figure 4  Input logic and deadtime generator

The logic unit in thdPS chipset does not have a shettitrough protection. Applying logic high and low to INL
and INH simultaneouslwvill turn-on both high and lowside GaN and this will short the DC bus and result in
damaging the IPS chipset permanently. To avoid this sitoat a deadtime circuit is provided to make sure that
the high and lowside GaN transistors are never turned on simultaneously. For the function of this circuit refer
to section 3.1 in reference [1].

The second logic source for the IPS is the external P3fivice through the TP1 and TP2 testpoints for high and
low-side logics. The jumpers on P1 header must be removed as showigime 6. This feature is provided in
case a microcontroller is used to drive the IPS for evaluatiomngiependent control of the GaN transistors is
desired. Also a ¥ header (P2) is provided to supply power to the external digital control card.

Application Note 50f27 V1.0
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Circuit description

H

Attention: ) H NBCM =srésponshilty t€rivike Guithattisimultaneous turrron for both high
and low signal will not happen. In case of using microcontroller PWM a minimum deadtime of

50nS is recommended.

Single PWM
from function
generator

Place the
jumpers

Figure 5 PWM source provided by the function generator and onboard complimentary PWM generator

Remove the
jumpers

High side and low side
PWMs from an external
microcontroller

Gate Drver Isolated Power Supply

Infineon

Figure 6 PWM source provided by and external microcontroller

V1.0
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Circuit description

3.2 ) MI FANNR?> >LCP?L JI Q?L MOJJFS

Figure 7shows the isolated powerwgply provided for high and lowside gate driver. For the operation detall
and the transformer typerefer to section 3.2 in reference [1].

Lv Switching Gate Driver Isolated Power Supply
= N EEESnp 5
i L
D1
s o
1 8 3 N
o CK_RS ST1 r
IE 4 Voo Gnd g pia
2 a Voo Gnd ] pLg
1.2k
d Mode ST2 2 -
ED1 == e
o MAX256
-2 | ERRRRERRRN RRRRSRARY D RNERRURENC : RRRRRNARA ERARREN] d) _____________________________________________________________________________
e Inputlow
DGND
Figure 7  Isolated gate drive power supply
3.3 #1 1 FH); Q3 &BL ¢Ex08R2 =0OCNL S

Figure 8shows the circuitry aroundt | | F ' IPS hélibridge IGI06F1414A1Thedetails are as the following:

3.3.1 , I AC= J1 Q?L =CL=0OCNLS

R9, C10 is placed to use the internal ¥.3upply irthe chipset. Note that the internal 3.8 is enabled but
pulling down the SLDON pin (#23). R9 value will provide abaut®6supply to VDDI pin which is sufficient to
operate the chipset. For R9 calculation refer to the datasheet.

3.3.2 , | 8MC>? A; N? >LCP?L

Thegate driver is supplied by the isolated gate driver power supply (VDD_LS) with abduiT@&e RRC network
for this channel consist of R17, R19, addl7. Additionally, a fast turoff circuit including D9 and R20 is
provided to reduce R19alue during the urn-off on lowside GaN transistor. R18 is a standard 22k gate-pull
down resistor that helps ensure the gatsource voltage remains at zero even when the gate driver is
unpowered. For sizing the circuit values refer to the datasheet.

3.3.3 (CAB>? A; N? >LCP?L

The gate driver is supplied by the isolated gate driver power supply (VDD_HS) with abautl® RRC network
for this channel consist of R5, R6, and C3. In here D3, R3, and R18 functions are same as D9, R2{h kovd R18
side gate driver. In additiona bootstrap circuit consist of D2, and R22 is provided to evaluate using boaystr
circuit to power up the highkside gatedriver of this IPS from the lowgide gate driver power supply. To enable
this, remove R15 to disconnect VDD_H and solder the bridge Bgck side of the PCB). Note that to charge the

Application Note 7of 27 V1.0
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Circuit description

bootstrap capacitor C11, the lowide GaN transistor has to turan with enough pulse width to charge C11
first.

Switching
Al H
D3 H
| LE H Vin+
a3 : > .
2 —= & i c19 LZIE L
@ R ¥ G ey ey H ;:&HF E3uF |7 2
i 50V ; R23
i i 450V ’Fsox 1u R23,
{ HV
SRS s 1], BN I — /- S (1}) : . =
IGI60F1414A1L 5| A Vin- =
™6 = = I
+5V g VDD 1 s g E ] - slan n .
| VDDI > © DH
cs - i}
clo DH Vsw =
10uF 220F RN A p
SW [z 6
= Py SW —= 600% vin} |
wn g DOND [ o I SW notpbpulated gy Vo 4
— 21 SW = T
e === TN 7 y &
PWM L5 B | 3 +5V
: - I S o S e : ARy A i :
I 5. | 1 e ————L._ L2 B Ty = L)
- EN SL 600V
Gate Driver Enabled SL R21
17, sp (12 ot populated s lu U FH5M L8 |
s NC AL 5 4
; !
Internal 3.3V Enabled 23 . SL = =
S DOR SL (2 PGND — DGND
GN]é)é o - SL PGND
)| GNDI E i)
23 a o NC =
Lt GNDI > 0 0 @ tputLow
DGND vDD Ls = & = Siz i
ci3
ClE:L RI7 RI18 Ref
5V P2 10on| 1008 ¢ - t
820
1 ) R19 2 30F 22%0hm E==2
2 = PGND
ne PGND R20
H OUT_LS =
| Do 33
DGND PGND
Figure 8 Chipset circuitry and the output connection
3.4 (, &®#¥@C>A? | ONJON =CL=0OCN

This evaluation board makes it easy to access to the IPS power termifaks.drain of the higkside GaN

transistor (DH) is connected to the DC bus.{Mand a combination of ceramic and electrolytic capacitors (C7,
C18, and C19) is included to providestbC bus bulk capacitance. This will provide a surge current source with
minimum inductance loop through the power return path to IPS chipset. R23 is a bleeder resistor to discharge
the DC bus capacitors after disconnecting from the source.

Attention: Do not rely on the lab power supply discarding capability when shutting it off. Always ensure
that the capacitors are discharged before handling the board.

4B? $# <OMJFAE<CM?3>LI;AMC>%%> @ L <O=E =1 HP?L M@.lUtaldoL CHP
provides an easy way to connect the inductor back to a lawpedance DC bus for filtering. The Bus also has

a bleeddown resistor (R21) to drain the bus capacitors when it is disconnec8skFigure 10for the

connections in this mode. It is possible to configure the board in beostde operation. In this case,.V

becomes the input voltage node, and.vbecomes the output bus. Sesection4.2.3for complete details D6

and D7 are place holder for external freewheeling Schottky diode if user wants to compare the performance
insteaded of using the reverese channel of the GaN for freewheeling.

Application Note 80f27 V1.0
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Setup and use

4 3?7NOJ ; H> OM?

Attention: This evaluation hardware has highvoltage terminals and exposed areas. To avoid electric
shock, use appropriate measures. Théardware does not have any overcurrent and
overvoltage protection and shutdown system. Use appropriate protective epoxy shield or box
to cover the hardware to prevent any possible injury.

Attention: Always observe the input and output voltages and keep them below 450 Use lab test power
supply with current limit and set it in a proper value to avoid catastrophic damage to the
board in case of any failure. Eye and ear protection is recommended for safety as all power
electronic labs employ it. For any safety concern and technical question reach out to your
salesteam.

4.1 4?MN ?KOCJG?HN H??7>7>

For test equipment needed refer to section 4.1 in reference [1].

4.2 #1 HH? =NCI HM NI NB? N?LGCH; F <FI =E

For wiring an &oosition pluggable terminal is provided in the hardware kit. This terminal provides a convenient
way to connectthe hardware to the external inductor, power supply and output load.

%

Figure 9  Typical test setup with secured hardware and probes

Application Note 90f 27 V1.0
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Setup and use

4.2.1 #1 HH? =NCI HNM Q@i M? >N 20N-CH A

Figure 2shows a proper setup and connections for doubteilse testing. Terminal X1 has all 6 output power
connections. 5 V DC supply connection is provided in this terminal. The inductor also costecthe terminal
block. The inductor energy is dissipated in the freewheeling transistor; therefore, there is no need for external
load. For double pulse testing refer to section 4.8 in reference [1].

4.2.2 #1 HH? =NCI HM @Il L <O=E NI JI FI AS

Figure 10shows the setup in buck topology configuration. Connect the external inductor between the DC load
and the halfbridge output terminal (\) and the Vterminal DC load connects to,VThe output voltage is
proportional to the duty cycle oflhe PWM applied to the J1. If a resistive load is applied and the inductor
current is above the boundary condition (contiraus current mode) then the higiside will turn-on in a hard
switching condition. Therefore, select a proper switching frequey (<15KkHz), duty cycle (<75 percenand

load value (>10@hm).

Attention: It is recommended to monitor the temperature of the IPS chipset to not exceegEL25°C.
Evaluation Board Vin+ |
——
1
O +
Deadtime ™ | T | 0-400 V DC
Circuit || CoolGaN % | ;_Ei Laboratory
. | INQUCLor
500 Pulse PWM Half-Bridge |Ysw. Anom | Power Supply
Generator ' IPS Vo [ -
I 9 '
Deadtime || T DC
Circutt Load
.
| 45V s *
5VDC | |solated Gate [ v Vin-
Laboratory L OV Drive Power i
Power Supply e .

Figure 10 Connecting the evaluation board in the buck topology

4.2.3 #1 HH? =NCI HM @I L <I I MN NI JI FI AS

In the boost topology (shown ifrigure 11) \; is the input source and ¥ is the output terminal. This setup will
provide a boost testing hardware and the DC beslue and the duty cycle has to be carefully selected to ensure
the output voltage will not exceed 450 rating of the capacitors.

Attention: There is no closed loop control in the boost condition and losing the DC load will result in
charging the output capacitorsrapidly and will result in a catastrophic failure. All safety
measures must be considered setting up a boost topology.

Application Note 100f 27 V1.0
2021-04-30



o _.
#1 1 F' ;. H-bjdgetevaliatisn@oard with 1G160F1414a1L  (Infineon

EVAL _HB_GANIPS_G1
Setup and use

Evaluation Board Vin+ | This becomes output voltage)
]
—0O DC
- + Load
Deadtime ™ |
crewt [ CoolGaN v ¥ ;Ei
-Bri Wy | INEUCLOP
500 Pulse PWM Half Brldge (E;._ﬁr Y .
Generator ' IPS En 5 0350 V DC
Deadtime T | Laboratory
Circuit || 0 Power Supply
-
- +5\J . \.I.l
= VDC 1 |solated Gate [ v Vin-
Laboratory oy : |
; Orive Power |
Power Supply —1 T

Figure 11 Connecting the evaluation board in the boost topology

4.3 ) HION 07- A?H?L; NIL =1IHH?=NCI HM

The PWM input tdl is a single source PWM with zero t@ bmit. Provided that the jumpers are placed in P1
header (according td-igure 5) applying logic high onhtis input will turn-on the highside GaN transistor in the
IPS and the switchingode will be connected to the DC BuApplying logic low will turron the low-side GaN
transistor inside the IPS and the switching nod will be connected to #isg . Setting up the PWM sequence i
up to the user (continues, biidouble pulse)

4.4 - ?; MOLN GIIHCHNM

There are 7 test points to connect to oscilloscope for observation (either throigte padpair, or MMCX
connector). The paepairs reference is designated by thesymbol. Table 2includes the test point description.

Table 2 Test point descriptions

Test point label | Description

TP1 Input to the high-side logic of the IPS (INH)

TP2 Input to the lowside logic of the IPS (INL)

TP3 PWM inputkparallel to J1. Typical levels here should bex8 V

TP4 Low-side GaN transistogate votage: signal is the gate of lowide GaN transistor,

referenceis the Kelvin source of the lowide GaN transistor.

TP5 This is the tespoint to obseve the Dain-source of the lowside GaN transistor which is
the halt-bridge switchrnode output. This point switches between zero to 4¥0maximum
DC bus). Recommended probe is Tektronix TPP0850 50xvilihge 800 MHz probe with
its short ground pin.

TP6 This testpoint is to observé the VDDI logic supply of the chipset is active with about\3.:
voltage level respect to the digital ground.
J2 High-side GaN transistor gate vage: signal is the gate of higéide GaN transistor,

reference is the Kelvin source of this transistor. This test point is an MMCX connector :
is designed to be directly connected to the input of a Tektronix IsoVue isolated probe.
Do not use any notisolated probe since the referenda this test point is the switching
node (G450V switching)

Application Note 11o0f 27 V1.0
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4.5 01 QDU ; H>3JIQM? IM? KO? H=CHA

To powerup the board, make sure to turon the 5V power supply. Then ramp up the DC bus from zero to the
desired voltage (maximum 450). Depending to the kd, adjust the current limit. To power down the
hardware, reduce he DC bus to zero and then twaff the 5V supply.

4.6 62LC@SCHA ; H> : >DOMNCHA >?:; >NCG?
For adjusting and trimming the deadtime, refer to section 4.6 in referenceRidure 12and Figure 13show
the adjusted 10(hs deadtime in rising and falling edge of the PWM after trimming (default setting)

4.7 4?MN CH>O=NIL L?=1GG?H>; NCI H

A good highfrequency capable inductor issed for testing for best results. We recommend a #ngs inductor
with high saturation current (>2%\) and selresonant frequency >2MHz. Micrometals -Beries toroidal core
with wire winding in a singldayer is recommended for clean observation.
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Figure 13 Measuring deadtime on the falling-edge of PWM

4.8 ) HCNC; F =B?=EI ON

After setting up the board per sectio.6, the next step adding the external inductor for desired test topology.
This example shows how to setup the board for buck topology testing. Before powering up, you may want to
observe the gate voltagessigure 14shows an exmple of the gate voltage of lovgide GaN transistor captured
from TP4. In this conditionhe PWM applied to the J1 is 36 percdat buck mode testing.

Figure 14 Low-side GaN transistor gate voltagewaveform at 100 kHz
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