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CAUTION

Please carefullyread the following contentsince it contains critical

information about safety and the possible hazard it may cause by

A ELECTRICALSHOCKHAZARD

Thereis a dangerousvoltageonthe demoboard, and exposureto high voltage may
leadto safety problems suchasinjuryordeath.

Properoperating and safety procedures mustbe adheredto and used only for

laboratory evaluation demonstrations and not directlyto end -userequipment.

& HOT SURFACE
The surface of PCB can be hot and could cause burns. DO NOTTOUCHTHE PCB WHILE
OPERATING!!

ALy REMINDER
This product contains partsthatare susceptibleto electrostaticdischarge (ESD).

When using this product, be sure to follow antistatic procedures.
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1. Overview

1.7. Introduction

INNEHB100D6 is a half-bridge evaluation board equipped with two
100V,7mQ GaN FETs to evaluate the performance of INS2002 100V half-bridge
driver for enhancement-mode GaN FETs. This board can simplify the test
process, it can easily realize Buck or Boost converter with single PWM input.
The board includes all the necessary informationyou need, and the layout has
beenoptimizedto achieve the best performance. Test points are also included
for the waveform measurement and efficiency evaluation. This board is not
intended to be used as a standalone product, but rather for evaluating the

performance of INS2002.

1.2. Test Equipment Requirement

To evaluate the performance properly, you need to prepare the following
test equipment:
1) High speed digital oscilloscope (=500MHz Bandwidth)
2) 300W Low voltage DC power supply
3) PWM generator
4) Digital Multimeter

5) DCload (E-load or Power Resistor)
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2. Performance Summary

Table 1 Electrical Characteristic (Ta=25°C)

Symbol ‘ Parameters ‘ Min ‘ Nom ‘ Max | Units
Gate Drive Regulator

VDD Supply Range 6 12 v
Vin Input Voltage 8o V
Pout Output Power 250(2) w
Input Logic ‘High' 3.5 5 V

Vpwm(3) — ;
Input Logic 'Low 0 1.5 V

(1) Maximum input voltage depends on inductive loading, maximum switch node ringing must
be kept under 100 V.

(2) Maximum output power depends on die temperature - actual maximum output power with

be subject to switching frequency, bus voltage, load current and thermal cooling.

(3) The PWM input threshold here is the logic gate on the EVB, not INS2002

POWER THE FUTURE WWW.innoscience.com 2
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3. Block Diagram

C R BUCK: Vin
" BOOST: Vout
VAUX
o—— LDO VvCC BOOT
BUCK: Cin R
HGP INN1OOWO70A BOOST: Cout ==
. HGN
Bus Buffer/ it Driver Rg_of f BUCK: Vout
EN LineDriver | T LITL BOOST: Vin
=1 with 3-State PWM INS2002 Sw ’
Output L1
LGP INN10OOWO70A
DTH BUCK: Cout
LGN BOOST: Cin
RDTH DTL GND
RDTL PGND

Figure 1 INNEHB100D6 Block Diagram
Features:
1. Single PWM Input with Three

GND VCC PWM Input States: High, Low,
and Tri-State.

DTH 2. Split Outputs for Adjustable

Turn-on/-off Speeds.

3. Strong 1-Q Pullup and 0.2-Q

Pulldown Resistance.

4. Internal Strong and Smart
Bootstrap Switch.

5. Adjustable Dead Time
Optimized for GaN FETs.

6. Adaptive Shoot-Through

Protection.

7. Fast Propagation Delay (22ns

Figure 2 12-Lead FC-QFN(3mmx3mm) Package

Typical).

8. High-Side Floating Supply
Operates up to 80V DC.
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4. PCBA Overview and Schematic

4.1. PCBA Overview

‘ Innoscience
® O Lm RBHE
WS GNDS  |NNEHB100D6
11/23/2023

INS2002

Figure 4 Bottom view of INNEHB100D6
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4.2.Schematic
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Figure 5 Schematic
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5. Testing Guide

5.1. Test point location

Ground
oscilloscope probe Innoscience
® O l.m RiEHH g Ground
o Vsw WS GNDS |NNEHB100D6 oscilloscope probe
Oscilloscope probe 11/23/2023 7\
2 /?‘ BST-node
= Oscilloscope probe
W
Ground

oscilloscope probe

Enable signal Input
Oscilloscope probe

pper FET Gate
Oscilloscope probe

Switch-node
Oscilloscope probe
Ground
oscilloscope probe

Ground
oscilloscope probe

Low-PWM Input
Oscilloscope probe

QO

GND'S VOURS

vccC

Oscilloscope probe Ground Ground Lower FET Gate

oscilloscope probe oscilloscope probe Oscilloscope probe

Figure 6 Measurement points
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5.2. Test setup

I Innoscience

5.2.1. Buck Mode
Vin mAeasure
g oo )
@
Inl Single EN input Vin
Signal + | :::===::::::: .—_
generator—T® +l— I' -|'i||||
o (X :
® ll-|l||I| ®
oo I
1—
_ @ v
VDDGZ_. "= ] | 1
S . il +
I
e

Vout measure

Figure 7 Single-PWM input Buck mode

The driver of the EVB has a single input to control high-side and low-side

drivers in three states:

High, Low, and Tri-State, and the driver has split

outputs to adjust turn-on and turn-off speeds separately. Independent dead

time can be adjusted through externalresistors R10 and R11. The default value

for R10 and R11 is 220Q. The value of C1 and C8 is 220 pF. At this time, the

corresponding measured dead time between lower FET shutdown and upper

FET opening is 10ns, and the dead time between upper FET shutdown and

lower FET openingis also 10ns.

POWER THE FUTURE
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5.2.2. Boost Mode

Vout measure

~ oo R

e
DC Load
'J_L + Single EN input [ 1 ] .-.-------- -
Signal - | G0 GREENNNEE By Ny
generator[—— ® |- - "on =il
o (K1 E™
® ll-ll"" ®
e _°
oo NI _
t ®
{
— _. L Vin
Romn-HL T
® i
S ’ +
\m measure

Figure 8 Single-PWM input Boost mode

5.3. Power up and down sequence
5.3.1. Power-up sequence (Buck Mode)

1. Check every power supply is off.

2. Connect the DC voltage source to VIN terminal and common ground GND

terminal, as shownin Figure 6 (Pay attentionto the polarity).
3. Connectthe electronic load to VOUT terminal and common ground GND.

4. Connect the auxiliary source to the VDD terminal P4 (Pay attention to the

polarity).
5. Connectthesignal generatorto pin P5.
6. Turnontheauxiliarypowersupply. Notethe voltage ranges from 6V ~ 12V.
7. Turnonthesignalgenerator withthe required duty ratio and frequency .

8. Under no-load conditions, turn on the bus power supply and slowly

increase the voltage to the desired value (do not exceed the absolute

POWER THE FUTURE WWWw.innoscience.com 8
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maximum voltage). Probe switch-node and view the switching operation.

9. Aftertheoutputvoltageisestablished normally, then addtheload current,
do not exceed the maximum temperature required by the device

specification.

5.3.2. Power-up sequence (Boost Mode)

1. Check every power supply is off

2. Connectthe DC voltage source to VOUT terminal and common ground GND

terminal, as shownin Figure 8 (Pay attentionto the polarity).

3. Connect the electronic load to VIN terminal and common ground GND

terminal, as shownin Figure 8 (Pay attentionto the polarity).

4. Connectthe auxiliary source to the VDD terminal P4 (Pay attention to the

polarity).
5. Connectthesignal generatorto pin P5.
6. Turnontheauxiliary powersupply. Note the voltage ranges from 6V ~ 12V.
7. Turnonthesignalgenerator withthe required duty ratio and frequency.

8. Under no-load conditions, turn on the bus power supply and slowly
increase the voltage to the desired value (do not exceed the absolute

maximum voltage). Probe switch-node and view the switching operation.

9. Aftertheoutputvoltageisestablished normally, then addtheload current,
do not exceed the maximum temperature required by the device

specification.
10.
5.3.3. Power-down sequence
1. Turn off the E-load first
2. Turn off the Bus powersupply
3. Turn off the PWM generator

4. Turn off the auxiliary power supply

POWER THE FUTURE WWW.innoscience.com 9
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6. Evaluation Results

6.1.1. Efficiency Results

97.0% 15.0 Testconditions
Buck Mode
96.0% 120 —~ ,
< = Vin=48Vdc
X =
> 95.0% 9.0 Q Vout=12Vdc
3 _ fsw=600kHz
'S 94.0% 6.0
B ° 2 Airflow=1400LFM
O
. 93.0% 30 & Rg_on=5.1Q
Rg_off=0Q
92.0% 0.0
0 50 100 150 200 250
Output Power(W)

6.1.2. Thermal performance

Test conditions

Buck Mode
Vin=48Vdc
Vout=12Vdc
lout=20A
fsw=600kHz
Airflow=1400LFM
Rg_on=5.1Q
Rg_off=0Q

Result
DriverINS52001:39.4°C
Switching GaN: 117.3°C
Continuation GaN:
98.9°C

Inductor: 33.2°C

POWER THE FUTURE WWWw.innoscience.com 10
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6.1.3. Switching Waveforms

Test conditions

Buck Mode
Vin=48Vdc

T l | Vout=12vdc

lout=20A

fsw=600kHz
Airflow=1400LFM
Rg_on=5.1Q, Rg_off=0Q

b

"
A
# \/J' | Y AP A ot bt s g

SW LG \ i

B | Result
SW Edge:
Falling Time=3.036ns

Falling Overshoot=-1.34V
e e | LG Edge:

chi

an a0 o
ch2

1vidiv | 95 vrdiv al -

o - 3 4

[T RIS

Risingtime=3.036ns,

Testconditions

Buck Mode

Vin=48Vdc

Vout=12Vdc

lout=20A

fsw=600kHz
Airflow=1400LFM
Rg_on=5.1Q, Rg_off=0Q

NV U HUVVIY Y P PSS TSy NSV \\
)I
sw . LG . . . ]

Result

| f SW Edge:
O m— " Rising Time=11.45ns
R o o o ae o Rising Overshoot=1.97V

2 ;i Acquisition —~—
1 Widiv 9.5 Vidi 3 |a Add|Add |Add | BTN 200 s Auto,  Analyze

o = 3 USSR <625 Gs's 160 psrot 9 26 Jan 2024 L G Ed e:
16 ~]1GHe = ¢ RL135kts ¥ 56% 0 Aas 5:40:38 Al g .

Fallingtime=1.334ns
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6.1.4. Delaytime

Test conditions

Buck Mode

Vin=0Vdc

Vout=5Vdc

fsw=600kHz
Airflow=1400LFM
Rg_on=5.1Q, Rg_off=0Q

Result
PWM falling to Vgs_h
falling delaytime: 20ns

e Testconditions
Buck Mode

Vin=0Vdc

Vout=5Vdc

fsw=600kHz
Airflow=1400LFM
Rg_on=5.1Q, Rg_off=0Q

Result
: PWM rising to Vgs_L
R | Al tora S Gy ]| & falling delaytime: 22ns

POWER THE FUTURE WWWw.innoscience.com 12
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6.1.5. Tri_State transition

Tektronix Testconditions

Buck Mode
Vin=0Vdc
Vcec=5Vdc
Duty=34.9%
— fsw=600kHz
~ Rg_on=Rg_off=0Q

Horizontal
/i 40ps
SR:6.25GS/s 160 psipt
50 kpts ¥ 75%

Edit  Utility

Tekironix Testconditions

Buck Mode
Vin=0Vdc
Vee=5Vdc
Duty=34.9%
fsw=600kHz
Rg_on=Rg_off=0Q

Cha h 5
1.1 Vidiv Tivdv [z vidi
) = a
500 MHz 500 MHz. 500 MHz
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6.1.6. High Side Gate Output Rise/Fall Time

Test conditions
Load:3.3nF//INN100WO70A

Result

Rise Time: 16.2ns

Tokdronx Test conditions
Load:3.3nF//INN100WO0O70A

HG

Result
Fall Time: 4.6ns

POWER THE FUTURE WWWwW.innoscience.com
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6.1.7. Low Side Gate Qutput Rise/Fall Time

Test conditions
Load:3.3nF//INN100WO70A

Result

Rise Time: 12.5ns

Horizontal
20nsidiv 20008
Al <625 Gsis 160 paipt
RL 125 kpts U 47%

Testconditions
Load:3.3nF//INN100WO070A

Result
FallTime: 5.8ns

Horizontal
Al 20 nsciv 200 ns alyze.
AN <+ 5 25 s 160 ppt 24 Jan 2024]
RL 125 kpts U 47% 2:4421 AW
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Appendix

Appendix A. PCB Layout

Innoscience
101 20
WS GNDS  INNEHB100D6 "

11/23/2023 Q

WN

7 TS TP4 .
P5 555355

TN | | W3
TPA P2 C -
o o
[E—
= —5 SHCH
T N\
“ e} GND
el e (( 1 ))

E| TPs TP3

en 2o
aﬂuu

il

0 || &
n

GND'S VOUTS

Figure 9 The top overlay of INNEHB100D6

Figure 10 The top layer of INNEHB100D6
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Figure 12 The second middle layer of INNEHB100D6
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Figure 13 The bottom layer of INNEHB100D6

Figure 14 The bottom overlay of INNEHB100D6

POWER THE FUTURE WWWw.innoscience.com 18


http://www.innoscience.com/

EVBO21-INNEHB100D6 |_rj||nnoscience

100V Half-Bridge GaN Driver INS2002 EVB

Appendix B. BOM

Table 2 BOM
Designator Part Number Manufacturer Description Footprint Quantity
C1, C2, C8 0402N201J500CT Wwalsin CAP, 200pF/50V, +*5%, COG C0402 3
c3 TMK107BBJ475KA-T TAIYO YUDEN CAP, 4.7uF/25V, £10%, X5R C0603 1
c4 CGA2B3X7R1E104KTOYOF TDK CAP, 100nF/25V, *#10%, X7R C0402 1
C5, C6 CCO603KRX5R8BB 225 YAGEO CAP, 2.2uF/25V, £10%, X5R C0603 2
c7 TMK107BJ105KA-T TAIYO YUDEN CAP, TuF/25V, *10%, X5R C0603 1
c9 CCO0603KRX7R8BB 104 YAGEO CAP,100nF/25V, +10%, X7R C0603 1
C23, C24, C25, C26, C27 GCM21BC72A105KE36L muRata CAP,1uF/100V, +10%, X7S C0805 5
c11, C12, C13, C14, C15,
c28, €29, €30, C31, GRM32EC72A106KE05L muRata CAP,10uF/100V, +10%, X7S c1210 13
€32, €33, €34, C35
C20, C21, C22, CL10B104KC8NNNC SAMSUNG CAP,100nF/100V, *10%, X7R C0603 3
L1 MWLA17075-2R2MT Sunlord Inductance, 2.2uH, DCR: 2.7mQ, 17*17.5*6.6mm 1
Q1, Q2 INNT100W070A Innoscience GAN FETs, 100V/7mQ, Innoscience WLCSP 2
2.5x1.5mm
R1, R3 HQO2WAF510KTCE UNI-ROYAL Chip resistors, 5.1Q, 100mw, 0402 0402 2
R2, R4 HP02WAJOOOOTCE UNI-ROYAL Chip resistors, 0Q, 100mw, 0402 0402 2
R5 RC-02U2R20FT FH resistance, 2.2Q, 1%, 0402 0402 1
R6 ERJ3GEYOROOV PANASONIC Chip resistors, 0Q, 100mw, 0603 R0603 1
R7, R12 ERA3AEB103V PANASONIC Chip resistors, 10KQ, *0.1%, 0603 R0603 2
R8, R9 EMPTY Chip resistors, EMPTY, 0603, R0603 2
R10, R11 RTT022213FTH RALEC Chip resistors, 220kQ, +1%, 0603 R0603 2
R20 0201TWMF1002TEE UNI-ROYAL Chip resistors, 10kQ R0201_M 1
R21 0402WGF1002TCE UNI-ROYAL Chip resistors, 10kQ R0402 1
u1 INS2002FQ Innoscience Single-Channel Gate Driver FCQFN 3*3mm 1
u2 TPS70950DBVR-TP TECH PUBLIC | LDO voltage regulators , fixed 5V output, SOT-23 1
u3 74LVC1G125XN5G/TR SGMICRO Bus Buffer/Line Driver with 3-State Output SOT-23-5 1
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Revision History

Date Versions Description Author
2024/07/19 1.0 First edition AE Team

A Note:

There is a dangerous voltage on the demo board, and exposure to high voltage may lead to safety
problems such as injury or death.

Proper operating and safety procedures must be adhered to and used only for laboratory
evaluation demonstrations and not directly to end-user equipment.

Reminder:
dad This product contains parts that are susceptible to electrostatic discharge (ESD). When using this
product, be sure to follow antistatic procedures.

A Disclaimer:

Innoscience reserves the right to make changes to the products or specifications described in this
document at any time. All information in this document, including descriptions of product features
and performance, is subject to change without notice. INNOIC ACCEPTSURBIT ACCEPTS NO
LIABILITY ARISING OUT OF THE USE OF ANY EQUIPMENT OR CIRCUIT DESCRIBED HEREIN.
The performance specifications and operating parameters of the products described in this article
are determined in a stand-alone state and are not guaranteed to be performed in the same manner
when installed in the customer's product. Samples are not suitable for extreme environmental
conditions. We make no representations or warranties, express or implied, as to the accuracy or
completeness of the statements, technical information and advice contained herein and expressly
disclaim any liability for any direct or indirect loss or damage suffered by any person as a result
thereof. This document serves as a guide only and does not convey any license under the
intellectual property rights of Innoscience or any third party.
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