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EVB User Guide

Quick Start:

Pin Description
1,2,17,18 Ground 0V
3,4,15,16 Voltage Input, Vin (see table 2)

5 High-side Phase 1 input (SW1)

6 Low-side Phase 1 input (SW2)

8 Low-side Phase 2 input (SW4)

9 Gate driver supply Voltage VCC,
Max = 14V

10 Low-side Phase 3 input (SW6)

11 High-side Phase 3 input (SW5)

12 Current sense output 3

13 Current sense output 2

14 Current sense output 1

Table 1: PCB Pin Legend
Figure 1: DDB099R1 Connector and Pin Number

Figure 1: Motor Output Connections

Set channel 1 of the PSU to 12/24/48V (see table 2) and the current limit to 20A.

Set channel 2 of the PSU to 12V and the current limit to 0.3A.

Connect channel 1 to pins 3, 4, 15, 16 (Vin).

Connect channel 2 to pin 9 (Vcc).

Connect GND to pins 1, 2, 17, 18 and connect the ground of the PSUs together.

Pins 5, 6, 7, 8, 10, 11 are inputs from the microcontroller to drive the phases. The current sense pins (12, 13, 14) need to be
connected to an analog input pin on the microcontroller. Ensure the MCU and the board have a common ground.

7. Connect the MOT1-MOTS3 outputs to phases 1-3 of the motor respectively.
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Description:

Figure 2: DDB099R1 Demo Board

The DDB099R1 demo board is a three-phase motor driver board with three high-side/low-side gate drivers and three dual N-channel
MOSFETSs in the PowerDI®5060 package. It is designed for driving three-phase brushless DC motors (BLDC motors) by taking input
controls from a microcontroller or motor control IC. The PCB offers good thermal performance and can drive more than 20A maximum
continuous current. See Table 2 for build variants for different voltage applications.

The dual N-channel MOSFETs come in the PowerDI5060 package, only 5Smmx6mmx1mm. They offer remarkable power density, able to
handle high continuous currents. The high- and low-side MOSFETSs of each phase are driven by high-frequency high- and low-side gate
drivers for N-channel MOSFETSs. These devices can source 1.5A and sink 2.5A to ensure rapid and therefore efficient switching of the
output devices and provides output gate drive voltage up to 14V to ensure that the MOSFETSs are fully enhanced. Additionally, the internal
logic prevents the high and low outputs being on at the same time. The logic inputs are MCU compatible.

The connector J4 provides access to power and input/output connections between the board, external microcontroller, and power source.
J1-J3 headers can be used to disable the gate drivers. They are enabled by default and can be disabled by shorting the header pins.

The DDB099R1 demo boards are suitable for an input voltage range from 12V-48V depending on the components used and their ratings,
which are shown in the table below:

Board Voltage Suggested Automotive .
Rating* Use Input Voltage Gall (Bl HOEIHETE
40V 12v DMTH45M5LPDWQ
DGD05473FENQ
60V 12/24V DMTH6010LPDQ
100V 12/24/48V DGDO0O579UFNQ DMTH10H017LPDQ

Table 1: DDB099R1 Driver Board Component Legend for Different Input Voltages
*Note: 40V and 60V builds use 50V capacitors.

From here on, the boards will be referred to by their maximum voltage rating.
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Description (continued):

The theoretical maximum continuous current the MOSFETSs can conduct based on their Rpsionmax. The maximum power dissipation
mentioned in their datasheets is shown in Table 3 and was calculated with the following formula:

PMAX

Ivaxcont = Roc

DS(ON)MAX
MOSFET Rosonmax Maximum Power dissipation ImAxcont
DMTH45M5LPDWQ 5.5mQ 3W 23.35A
DMTH6010LPDQ 11mQ 2.8W 15.95A
DMTH10HO017LPDO 17.4mQ 2.6W 12.22A

Table 2: Maximum Theoretical Current Rating

Figure 4 shows the layout of the switches in the three-phase half-bridge, which device each switch is part of, and the switching sequence
required to drive a BLDC. Each device has two switches, and each switch is ON one third of the switching cycle. If each switch conducts the
Imaxcont CUIrENt value given in Table 3, during one rotation cycle the power dissipated in the device will average out at two thirds of the rated
power of the device. This means that the MOSFETSs can conduct higher than Iyaxcont CUrTeEnNts.

Switching |High Side|Low Side

Figure 3: Component layout in the three-phase half-bridge and BLDC switching sequence

The MOSFETS’ gate resistors were chosen accordingly to get the best performance. The gate resistance was selected to be 10Q to
optimise switching without excessive ringing.
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Description (continued):

The gate voltage was measured during switching and the waveform obtained can be seen in Figure 5. Commutation and dead time control
is handled by the external microprocessor.

Figure 4: MOSFET gate voltage

Thermal Performance:

Test Setup
The board was set up as detailed in the Quick Start part of this document for its thermal performance analysis.

Two MY1020D 48V, 5600 max RPM motors with Hall sensors and concentrated windings were used for the analysis: one of them was used
as the actuator and the other as the load. The actuator and load motors were fixed to a metal base and their axles were linked together
through a chain. The load that the actuating motor was driving could be adjusted by modifying the phase resistance on the load motor side
and connecting them to a star point as shown in Figure 6. The inputs of the DDB099R1 demo board were connected to the power supply
unit and an Arduino Mega 2560 that generates three PWM trapezoidal waveforms using the actuator motor's Hall effect sensor outputs as
feedback. The outputs of the demo board were connected to the corresponding phases of the motor. A thermal camera was placed right
above the demo board which allowed for the constant monitoring of the demo board’s temperature.

Load Phase
Resistance

Load Phase
Resistance

Star point

Load Phase
Resistance

Figure 5: Actuator Load Representation

This setup was used to test the demo board configurations mentioned in Table 2. The 40V, 60V and 100V boards were tested at an input
voltage of 12V, 24V and 48V respectively. To find the current rating of each board the load resistance had to be adjusted accordingly.
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Thermal Performance (continued):

Test Procedure

The speed of the motor was increased to achieve an increase of the input current in increments of 1A every 2 minutes for the MOSFETS to
reach a steady-state temperature which was then measured. By the time the maximum current was achieved the demo board would reach
a steady-state maximum temperature. This test method is intended to show the reliability of the MOSFETSs in extended continuous use. At
every increment the following were measured: power supply unit input current I;,,(4) and temperature difference between warmest
MOSFET and ambient temperature AT (°C). The relationship between AT and input current and AT power dissipated per MOSFET were
plotted in Figure 7 and Figure 8 respectively using the recorded measurements.
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Figure 6: AT vs. Input current
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Figure 7: AT Vs Power dissipated per MOSFET
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Thermal Performance (continued):

Table 4 shows the test conditions and their results:

DDBO099R1 Build 40V Board 60V Board 100V Board
Input Voltage 12v 24V 48V
Load Phase Resistance 0.3Q 1Q 50
Cont. Current
20.3A 16.31A 12A
@Ta=25°C
Twmax 115.2°C 129.7°C

Thermal Image
After 15 minutes Continuous
Running at Cont. Current

Table 3: Thermal Testing Parameters and Results

Test Conclusions

The thermal images resulted from the tests show that the MOSFETSs can easily handle the continuous current passing through them with
some additional headroom up to the maximum rated temperature of the MOSFETSs at 175°C. The 40V, 60V and 100V boards can now be
determined to have conservative maximum current ratings of 20A, 15A and 10A respectively.
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PCB Layout:

The DDBO099R1 is a four-layer PCB on FRA4.
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PCB Layout (continued):

Mid Layer 2:

Bottom Layer:
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Bill of Materials:

Qty. Indents Description Footprint

8 C1, C3, C5, C15, C16, C30, C31, C32 100nF X7R 50V® Ceramic SMD capacitor 0805

6 C2, C4, C6, C17,C18, C19 100nF X7R 50V® Ceramic SMD capacitor 0603

18 g;]_cgzggcggocg:lcgslzcgg3c§;4cggoczg 1uF X7R 50V® Ceramic SMD capacitor 1206

2 C33,C34 470uF 50V electrolytic capacitor P5D13 ELEC
3 J1,J32,33 2W Header 0.1" 2w

1 J4 Molex Type Header Connector Molex_18_Way
3 Q1,Q2, Q3 Bmmgmﬂ‘?xgg / DMTHBO010LPDQ/ PowerDI5060
6 R1, R2, R5, R6, R9, R10 10R SMD Resistor 0603

9 R3, R4, R7, R8, R11, R12, R13, R14, R15 10k SMD Resistor 0603

3 R16, R17, R18 1k SMD Resistor 0603

3 R_ISENSE1, R_ISENSE2, R_ISENSE3 10m® SMD Resistor 2512

3 U1, U2, U3 DGD05473FNQ / DGD0579U U-DFN3030-10

@ Note: Capacitor voltage rating should be selected according to the application voltage
@ Note: Current sense resistor should be selected based on application maximum current
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IMPORTANT NOTICE

1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
WITH REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any
product described herein. This document is intended for skilled and technically trained engineering customers and users who design with
Diodes’ products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are
responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their
intended applications, (c) ensuring their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory
requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including
testing, validation, quality control technigues, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to
minimize the risks associated with their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes
from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated with such
use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all damages
and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign
trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this
document.

5. Diodes’ products  are provided  subject to Diodes’ Standard Terms  and Conditions of  Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document
does not alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in respect
of any products purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or
sale is prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any
applicable laws or regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any
damages, losses or penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its representatives
and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim relating
to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may
contain technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is
error-free and Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves
the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and any
product described herein. This document is written in English but may be translated into multiple languages for reference. Only the English
version of this document is the final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of their respective owners.
© 2024 Diodes Incorporated. All Rights Reserved.

www.diodes.com
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