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LX7720 and SAMRH71F20 PMSM FOC Motor Demo 
 Description 
These instructions cover a reference design controlling a Hurst DMA0204024B101 3-phase permanent magnet 
synchronous motor (PMSM) with built-in quadrature encoder and 120° Hall-effect sensors with demonstration firmware 
running on a radiation hardened SAMRH71F20 MCU. 
 
The reference design landing page is here: High-End Radiation Hardened PMSM Motor Control Demonstration 
Application. The MPLAB Harmony repository on Github is here: PMSM FOC using Quadrature Encoder with SAMRH71-
EK and LX7720 boards. 
 
The LX7720 drives 3 MOSFET half-bridges for the 3 motor phases, senses motor phase currents, and monitors the 
motor's two-channel quadrature optical encoder via the BLI1 and BLI2 comparator inputs. The SAMRH71F20 (200 DMIPS 
Cortex M7 with 100krad TID capability) operates as the PI loop controller using field oriented control (FOC). A useful 
application note on FOC is here: AN2757 - Sensored (Encoder-Based) Field Oriented Control of a Three Phase 
Permanent Magnet Synchronous Motor (PMSM). 
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Figure 1. LX7720 and SAMRH71F20 Motor Driver Demo Top Level Block Diagram 
 

1 Hardware and Setup 
1.1 Hardware Requirements 
• Either a SAMRH71F20-EK evaluation kit or a SAMRH71-TFBGA-EK evaluation kit for the SAMRH71F20 MCU 
• An LX7720-DB daughter board 
• Linker board between SAMRH71 board and LX7720-DB 
• A Hurst DMA0204024B101 24V, 10 pole, 3-phase BLDC with built-in quadrature encoder 

1.2 Linker Boards 
The SAMRH71-EK linker (Figure 2 on page 2) interconnects a SAMRH71F20-EK evaluation kit and an LX7720-DB. 
 
The SAMRH71-TFBGA-EK linker (Figure 3 on page 2) interconnects a SAMRH71-TFBGA-EK evaluation kit and an 
LX7720-DB. 
 
An additional small board provides pushbutton switches and LEDs for control and status. 
 
Table 2 on page 4 shows the MCU resource mapping used by the reference design. 
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Figure 2. LX7720 Daughter Board Connected to SAMRH71F20-EK Evaluation Kit Using Linker Board 
 

 
Figure 3. LX7720 Daughter Board Connected to SAMRH71-TFBGA-EK Evaluation Kit Using Linker Board 

1.3 Motor Connections 
Connect the Hurst DMA0204024B101 BLDC motor windings to connector J9, and its built-in quadrature encoder to 
connector J15 on the LX7720 board as shown in Table 1 below. 
 
Table 1. Motor Connections 

Hurst Motor Connection Wire Color LX7720-DB Connector LX7720-DB Signal 
Motor winding phase A white J9 pin 1 Phase A 
Motor winding phase B black J9 pin 2 Phase B 
Motor winding phase C red J9 pin 3 Phase C 

Encoder VDD red J15 pin 1 VCC (+3.3V) 
Encoder GND black J15 pin 2 GND 

Encoder Output A white J15 pin 3 BLI1 
Encoder Output B blue J15 pin 4 BLI2 

1.4 SAMRH71 Firmware Implementation 
The demo firmware implements an FOC algorithm using two D/Q space current PI loops, and a speed regulation loop 
using the two-channel quadrature optical encoder built into the motor. The current sense processing and the FOC 
algorithm sustaining a 20kHz PWM (fast) loop and 4kHz torque (slow) loop bring the SAMRH71 CPU to < 55% loading. 

https://www.microchip.com/en-us/development-tool/SAMRH71F20-EK�
https://www.microchip.com/en-us/development-tool/SAMRH71F20-TFBGA-EK�
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The control algorithm is from the Harmony 3 Motor Control module. An additional algorithm is used to filter the currents on 
phase A and B from the LX7720, which are second order sigma delta modulated streams.  
 

 
Figure 4. LX7720MLF EVB to SAMRH71F20-EK Demo Detailed Block Diagram 
 
The SAMRH71 functions are summarized as follows: 
• Generates six 20kHz PWM waveforms for the LX7720's half-bridges (independent high and low drives to incorporate 

dead-time) 
• Generates the LX7720's 25MHz ∆Σ modulator clock using PCK0, and the 150kHz charge pump clock using PCK2 
• Senses rotor position using the motor's two-channel quadrature optical encoder connected to the LX7720's BLI1 and 

BLI2 comparator inputs. SAMRH71 TIOs monitor the LX7720's corresponding BLO1 and BLO2 comparator outputs 
• Calculates motor currents using digital filters on the LX7720's SNS_OUT_A and SNS_OUT_B current sense ∆Σ 

modulator output streams: 
 Integrator using a timer/counter   
 SINC³ decimation filter 
 Median filter 
 Motor phase C current calculated as sum of motor phase A and B currents, to avoid the processing overhead of 

filtering the phase C current's ∆Σ serial stream 
• Monitors LX7720 fault outputs via GPIO 
 
The motor phases A and B current stream sampling is done with a timer-counter each. The timer counters are clocked at 
50MHz, and count the number of high periods of the 25MHz ∆Σ modulator streams for a 4µs interval to form a  SINC¹ filter 
with over-sample ratio OSR1=50. The maximum counter value for full scale (all ones on a SNS_OUT_x output) is 50MHz 
x 4µs = 200. 
 
A digital third order cascaded integrator-comb (CIC) aka SINC³ filter performs anti-aliasing filtering and decimation with 
over-sample ratio OSR2=5. This filter is applied to the SINC1 sample stream, and produces filtered output data every 
20µs. This corresponds to 2.5 current measurement results per 50µs (at fPWM=20kHz) PWM periods (Figure 5 on page 4). 
 
The final calculation for phases A and B currents is performed in the FOC control interrupt routine. The currents are 
calculated with a weighted average on the last 4 samples. 
 
The FOC control loop is executed in an interrupt routine generated by a timer counter. This counter starts when the PWM 
event signal is raised. Then the interrupt is triggered after 20µs using the timer compare mode. This ensures that there is 
at least one current SINC³ sample calculated before the weight average calculation. 
 

https://github.com/Microchip-MPLAB-Harmony/motor_control�
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Figure 5. PWM and Filter Timing 
 
The final filtered output has a full scale of 200 x 53 = 25000. The LX7720 current sense input has a differential full scale of 
±350mV. Therefore: 
• 25000 corresponds to +350mV across the phase's current sense resistor 
• 12500 corresponds to 0mV across the phase's current sense resistor 
• 0 corresponds to -350mV across the phase's current sense resistor 
 
The 4µs sampling period for the counter and decimation by 5 at the SINC³ filter is a compromise, mostly driven by the 
capacity of the SAMRH71 to process the high sampling rate part of the SINC³ at 4µs intervals. The radiation tolerant 
SAMV71Q21RT offers more CPU capability, and SNR can be optionally improved for this MCU by reducing the 
decimation performed by the SINC¹ counter and increasing the decimation performed by the SINC³ digital filter. 
 
Table 2. SAMRH71F20 Resource Mapping and LX7720 Functionality 

LX7720 Signal LX7720 Function SAMRH71 Function Pin Timer 
Motor Phase Waveform Generation 

LD_IN_A Motor phase A lower FET PWM PWMC0_PWML0 PA4 TC0 
UD_IN_A Motor phase A upper FET PWM PWMC0_PWMH0 PA0 TC0 
LD_IN_B Motor phase B lower FET PWM PWMC0_PWML1 PA5 TC0 
UD_IN_B Motor phase B upper FET PWM PWMC0_PWMH1 PA1 TC0 
LD_IN_C Motor phase C lower FET PWM PWMC0_PWML2 PA6 TC0 
UD_IN_C Motor phase C upper FET PWM PWMC0_PWMH2 PA2 TC0 

Motor Phase Current Acquisition 
SNS_OUT_A Motor phase A current ∆Σ serial stream TCLK9 PC21 TC3 
SNS_OUT_B Motor phase B current ∆Σ serial stream TCLK10 PC28 TC3 
SNS_OUT_C Motor phase C current ∆Σ serial stream TCLK11 PC25 TC3 

Motor Quadrature Encoder Acquisition 

BLO1 Bi-level (comparator) output 1. Quadrature 
encoder output A is connected to BLI1 TIOA3 using QDEC module PB9 TC1 

BLO2 Bi-level (comparator) output 2. Quadrature 
encoder output B is connected to BLI2 TIOB3 using QDEC module PB10 TC1 

LX7720 Clock Generation 
CP_CLK 150kHz charge pump clock Programmable clock PCK2 PA10 - 

MOD_CLK 25MHz ∆Σ modulator clock Programmable clock PCK0 PA11 - 
LED Drive Signals 

- - GPIO output - LED drive 1 PB15 - 
- - GPIO output - LED drive 2 PB16 - 

LX7720 Status Outputs and RESET Input 
PR_FAULT Power rail fault logic output GPIO input PA8 - 
OC_FAULT Over current fault logic output GPIO input PA9 - 

OTW_FAULT Over temperature fault logic output GPIO input PC9 - 
RESET Fault reset logic input GPIO output PC10  

LX7720 Switch Inputs 
RESET Reset push switch, active low GPIO input PA20 - 

DIRECTION Direction push switch, active low GPIO input PA21 - 
START/STOP Start/Stop push switch, active low GPIO input PA22 - 

INCREASE SPEED Increase Speed push switch, active low GPIO input PA23 - 
DECREASE SPEED Decrease Speed push switch, active low GPIO input PA24 - 

 
 

https://www.microchip.com/en-us/product/SAMV71Q21RT�
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2 Revision History 
2.1 Revision 1 - May 2023 

First release. 



 
 SAMRH71F20 to LX7720 PMSM FOC Motor Demo 

 

 

© 2023 Microchip Technology Inc.  LX7720 and SAMRH71F20 PMSM FOC Motor Demo rev 1 - page 6 

The Microchip Website 
 
Microchip provides online support via our website at https://www.microchip.com. This website is used to make files and information 
easily available to customers. Some of the content available includes: 
 
• Product Support – Data sheets and errata, application notes and sample programs, design resources, user’s guides and  

hardware support documents, latest software releases and archived software 
• General Technical Support – Frequently Asked Questions (FAQs), technical support requests, online discussion groups, 

Microchip design partner program member listing 
• Business of Microchip – Product selector and ordering guides, latest Microchip press releases, listing of seminars and events, 

listings of Microchip sales offices, distributors and factory representatives 
 
Product Change Notification Service 
 
Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will receive email 
notification whenever there are changes, updates, revisions or errata related to a specified product family or development tool of 
interest. 
 
To register, go to https://www.microchip.com/pcn  and follow the registration instructions. 
 
Customer Support 
 
Users of Microchip products can receive assistance through several channels: 
 
• Distributor or Representative 
• Local Sales Office 
• Embedded Solutions Engineer (ESE) 
• Technical Support 
 
Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to help customers. 
A listing of sales offices and locations is included in this document. 
 
Technical support is available through the website at: https://microchip.my.site.com/s 
 
Microchip Devices Code Protection Feature 
 
Note the following details of the code protection feature on Microchip devices: 
 
• Microchip products meet the specification contained in their particular Microchip Data Sheet 
• Microchip believes that its family of products is one of the most secure families of its kind on the market today, when 

used in the intended manner and under normal conditions 
• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to 

our knowledge, require using the Microchip products in a manner outside the operating specifications contained in 
Microchip’s Data Sheets. Most likely, the person doing so is engaged in theft of intellectual property 

• Microchip is willing to work with the customer who is concerned about the integrity of their code. 
• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code 

protection does not mean that we are guaranteeing the product as "unbreakable" 
 
Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection 
features of our products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium 
Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you may have a right to 
sue for relief under that Act. 
 
Legal Notice 
 
Information contained in this publication regarding device applications and the like is provided only for your convenience 
and may be superseded by updates. It is your responsibility to ensure that your application meets with your specifications.  
 

https://microchip.my.site.com/s/�
https://www.microchip.com/�
https://www.microchip.com/pcn�
https://microchip.my.site.com/s�
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MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, 
WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT 
LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE. 
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life support and/or 
safety applications is entirely at the buyer’s risk, and the buyer agrees to defend, indemnify and hold harmless Microchip 
from any and all damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or 
otherwise, under any Microchip intellectual property rights unless otherwise stated. 
 
Trademarks 
 
The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, 
chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, 
LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, 
MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-
BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon, TempTrackr, TimeSource, 
tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology Incorporated in the U.S.A. and 
other countries. 
 
APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, FlashTec, Hyper Speed Control, HyperLight 
Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus, ProASIC Plus 
logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider, Vite, WinPath, and 
ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A. 
 
Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, BlueSky, BodyCom, 
CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, 
Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial Programming, ICSP, INICnet, Inter-Chip 
Connectivity, JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, 
MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, 
PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O, SMART-I.S., SQI,  
SuperSwitcher, SuperSwitcher II, Total Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless 
DNA, and ZENA are trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. 
 
SQTP is a service mark of Microchip Technology Incorporated in the U.S.A. 
 
The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of 
Microchip Technology Inc. in other countries. 
 
GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary of Microchip 
Technology Inc., in other countries. 
 
All other trademarks mentioned herein are property of their respective companies. 
 
© 2023, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved. 
 
Quality Management System 
 
For information regarding Microchip’s Quality Management Systems, please visit https://www.microchip.com/quality.
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Worldwide Sales and Service 
 

AMERICAS ASIA/PACIFIC ASIA/PACIFIC EUROPE 
Corporate Office Australia - Sydney India - Bangalore Austria - Wels 
2355 West Chandler Blvd. Tel: 61-2-9868-6733 Tel: 91-80-3090-4444 Tel: 43-7242-2244-39 
Chandler, AZ 85224-6199 China - Beijing India - New Delhi Fax: 43-7242-2244-393 
Tel: 480-792-7200 Tel: 86-10-8569-7000 Tel: 91-11-4160-8631 Denmark - Copenhagen 
Fax: 480-792-7277 China - Chengdu India - Pune Tel: 45-4450-2828 
Technical Support: Tel: 86-28-8665-5511 Tel: 91-20-4121-0141 Fax: 45-4485-2829 
https://microchip.my.site.com/s  China - Chongqing Japan - Osaka Finland - Espoo 
Web Address: Tel: 86-23-8980-9588 Tel: 81-6-6152-7160 Tel: 358-9-4520-820 
https://www.microchip.com China - Dongguan Japan - Tokyo France - Paris 
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Tel: 512-257-3370 China - Hong Kong SAR Malaysia - Kuala Lumpur Tel: 49-2129-3766400 
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Tel: 317-773-8323 China - Zhuhai  Norway - Trondheim 
Fax: 317-773-5453 Tel: 86-756-3210040  Tel: 47-72884388 
Tel: 317-536-2380   Poland - Warsaw 
Los Angeles   Tel: 48-22-3325737 
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