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Library Scope

The AVR® MCU Motor Control Library is a library for the AVR EB family of devices with support for spinning
a Brushless Direct Current (BLDC) motor and Permanent Magnet Synchronous Motors (PMSMs) using either
a sensored or sensorless setup. The library interface offers motor-specific and power board customizations,
microcontroller (MCU) settings, and pinout functionality. The drive algorithm takes advantage of the MCU
peripherals, ensuring the CPU does not have a big overhead and optimizes memory usage and resource
consumption. User layer APIs are generated for a simple run-time configuration and control.

The generated code works on the user hardware or the Microchip available demonstration kit comprising a
Power Board, an adapter for the microcontroller, and the Curiosity Nano.

* Multi-Phase Power Board (EV35Z86A)
+  AVR16EB32-CNANO MPPB Adapter (EV88N31A)
+ AVR16EB32 Curiosity Nano (EV73)36A)

This user guide will go through all the capabilities the interface and generated code offer to the user.
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1. Operating Environment

MPLAB® X IDE v6.20 or newer
MPLAB® XC8 Compiler v2.50 or newer
MPLAB® Code Configurator (MCC) v5.5.1 or newer

MCC Core v5.7.1 or newer

Melody Core v2.7.1 or newer

MPLAB® Data Visualizer plug-in v1.3.1665 or newer

DFP - Microchip AVR-Ex Series Device Support v2.10.205 or newer
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2. Supported MCUs
This library supports the following 8-bit AVR devices:
+ AVR16EB20
+ AVR16EB28
+ AVR16EB32
+ AVR32EB20
+ AVR32EB28
+ AVR32EB32
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3. Current Version Capabilities (v1.2.0)

Motor specification in the interface and configuration file (BLDC)

Trapezoidal drive

Sinusoidal drive (Space Vector Pulse-Width Modulation (SVPWM) profile, Saddle profile)

Hall sensor feedback support

Back-Electromotive Force (BEMF) sensing (only for Trapezoidal mode)

Motor-Drive (Rotor-Stator) synchronization (Open loop)

Phase Advance selection

Start and stop ramps

MPLAB Data Visualizer Run Time (DVRT) communication support for plotting parameters in real
time

Proportional-Integral (Pl) algorithm with fixed parameters for Closed Loop control over speed
regulation

Fault support for Hardware Peak Overcurrent Protection (Peak OCP) and Software Average
Overcurrent Protection (Avg OCP), Overvoltage Protection (OVP), Undervoltage Protection (UVP),
Overtemperature Protection (OTEMP), and Stall Detection and Hall sensor disconnection

Current, Voltage Bus, Temperature and Potentiometer analog measurements at run time
Variable switching frequency from 15 kHz to 45 kHz

Low-speed sensored control (5% of the motor's nominal speed)

Hall sensors auto-detection algorithm at start-up
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4. Motor Control Library Specifications

Motor Type support: 3-phase BLDC or PMSM
Feedback type: Sensorless with BEMF measurement or HALL sensor
PWM Drive frequency: Configurable from 15 kHz to 45 kHz

Drive Modulation capabilities: Block Commutation (Trapezoidal), Sinusoidal (Sinus, SVPWM,
Saddle Mode)

Drive to Feedback synchronization method: Phase-Locked Loop (PLL) approximation

Electrical RPM modulated frequency: 20-2000 Hz

Synchronization lost for speeds lower than: BEMF ~15% Motor RPM; Hall ~20 Hz

Ramp APIs: Single Ramp-up and Ramp-down with only two points (no multipoint ramp)
Minimum to maximum speed acceleration time: 1.6384s (one bit increment from 16-bit speed)

Current measurement capabilities: Comparator peak trigger and Analog-to-Digital (ADC)
averaged accumulation

ADC resolution: 12-bit single measurement/16-bit average accumulation
Dead-Time control: 8-bit control with 50 ns steps, 0-12750 ns

Open-loop response time on step change: 300-500 ms

Closed-loop response time on step change: 500-750 ms

Fault capabilities: Over-Voltage Protection (OVP), Under-Voltage Protection (UVP), Temperature
monitoring, Over-Current Protection (OCP) - peak and average

Fault response time (Peak current using comparator): Minimum 100-150 ns (see Figure 4-1)

Fault response time (using ADC): 30-35 ms with analog filter enabled (software filtering to get
smoother values) or 1.5-2 ms with analog filter disabled (see Figure 4-2)

Feedback response time: One drive PWM period (50 us for 20 kHz drive)
Total Interrupt window occupation in Sinusoidal mode: ~23 us (see Figure 4-3)

Total Interrupt window occupation in Trapezoidal mode: ~19 ys between sectors or 30 ps at
sector switch (see Figure 4-4)

Delay safe time between stop and restart: Ramp-down duration [ms] divided by two is the safe
time between stop and restart after the ramp-down finish

Phase advance control: Fixed 0-90 degrees

Hall sensor detection latency: One drive PWM period for detection and from 30 to 120 electrical
degrees for adjustment

BEMF detection latency: One drive PWM period for detection and from 30 to 120 electrical
degrees for adjustment

Sinusoidal distortion capabilities: No

Regen breaking capabilities: No

Start while the motor is spinning capabilities (windmilling): No
Field weakening capabilities: No
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Figure 4-1. Peak Current Trigger Fault Protection Response Time
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Figure 4-2. Overvoltage Fault Protection Response Time
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Based on the MOSFET switching frequency, the Interrupt window is split into two consecutive
Interrupt Service Routines (ISRs) or executed in a single ISR: When the PWM frequency is above

20 kHz, the computation is done during two ISRs, when under 20 kHz, only one ISR. Examples for 20
kHz and 40 kHz, see the figure below:
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Figure 4-5. Motor Interrupt Window Time Diagram
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5. Installation

This section presents the installation steps for the MPLAB Code Configurator (MCC) version, how to
use the embedded version, and how to complete the first programming and debugging.

1. Open MPLAB X IDE version 6.20 or newer.
2. Open Content Manager.

53 MPLAR 20

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help
I g @ &F'El;j‘ﬁ::' LE@Z‘:&,“E \ip"@'@'\ﬁ"ﬁ' " t,a zdcuw:oxn:bankn[

= ’Slartpage x|

3. Inthe MCC Content Manager tab, find “AVR MCU Motor Control Library” under Content
Libraries and select the latest version.

4 MPLAB X IDE v6.20
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

PEES DE R B L2 QOh Q2w 208

projecs x| Fies | 0 | sertpose x| D mec conenionsge

aQmn
(el EIe N MCC Core Versions
| Component 1. Version Status Update progress
~  Libraries
(D 16 Bit Data EEPROM Emulation = el
(1) 16-bit Bootloader - o
(D) &-bit Bootloader - il
() AVR-loT AWS Sensor Node - W
(D) AVR-10T Google Sensor Node -- v
() AVR® MCU Motor Control Library
1.1.1 - [remote] K
(D) Board Support Library . .
<No Project Open> 1.0.0 - [remote]
Ecocticader
() CAN-TP B e

4. Click the Apply button to install the library and dependencies in MCC.

o
EEES D EEE LI O OB 208E [ iwer
rojects = | Fes [ Stwthuge x| ECC Comtart Warager

5. The installation is now complete.
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After creating a new project using the supported MCUs and opening MCC, the library is available
and can be added from the Device Resources window. The demonstration chapter will describe

how to create a new project and get to this step.

m MPLAEB X IDE v6.20 - UserGuide_Example : default

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

TIPS B @ [ BBy -E- DR

Projects | Files | Classes | Resource Management [MCC] x |

MCC v5.5.0

Project Resources l Generate ‘

¥ System
@ = CKCTRL
@ = Configuration Bits
0 ¥ Interrupt Manager
® = Main
0 £ Pins

Device Resources

Content Manager

¥ Libraries

» £ Generic Driver Interfaces

v £ Motor Control

€ AVR® MCU Motor Control Library

¥ Drivers
> AC
» ADC
> CCL
» CRC

o

I
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6. Configurations

The picture below presents the first interface the user encounters after adding the library to the
project. The interface is comprised of the following elements:

+ Resource Management Panel: The Resource Management Area has two views: The tree and
flat views. Both provide access to the complete list of software/peripheral components and the
selected components for the current project configuration.

+ Application Builder Panel: A structured relationship manager with the used resources,
providing a clear visualization of a component's related dependencies and context in the project

+ Composer Panel: When a peripheral, library or other external component is selected from the
Project Resources area, its corresponding configuration GUI is displayed in the Composer area

+ Pins Package Panel: Displays pins in graphical view and provides a zooming feature enabled by
the scrolling mouse wheel when hovering with the cursor over the package view

* Pin Grid Panel: Displays pins in a structured table format, with lock and unlock features

[ Project Resources Panel ][ Device Resources Panel ][ Application Builder Panel ] [ Composer Panel ]
= : w &

-

- ~
'[ Pin Package Panel } 4| Pin Grid Panel

6.1 Composer Panel

The Composer Panel includes all the configurations related to the library functionality, while the Pin
Grid Panel contains the exact pin functionality and position.

Taken individually, each sector in the Motor Control library has the following options:

1. General Settings

The general settings keep the control settings for drive and feedback modes while allowing the
user to generate a demonstration example.
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¥ General Settings

Commutation Feedback Sensored b
Drive Mode | sinusoidal (Continuous) v |
Wave Profile SVM v

Generate Example ()

- Commutation Feedback: A choice for motor synchronization source between sensors or
sensorless feedback algorithm

¥ General Settings

Commutation Feedback Sensorless b
T— _ Sensorless

sensored
Drive Mode Trapezoidal (Stepped Block Commutation) v

Generate Example D

- Feedback Source: Allows to change the source of the feedback itself

For Sensorless feedback, the option is grayed out, as only BEMF is accepted as a source
in this version. It is fixed to Hall for the current version (if Sensored), but the Quadrature
Encoder and the Inductive sensors will be among the selection options in future versions.

- Drive Mode: The actual PWM Low-Frequency Drive Modulation mode can be selected from
Trapezoidal drive, also known as six-step commutation, and Sinusoidal drive

Sinusoidal drive modulation has three different Look-up Tables (LUT) generating options:
normal Sinus, Space Vector Modulation (SVM) or Saddle mode

¥ General Settings

Commutation Feedback Sensored W

Drive Mode Sinusoidal (Continuous) W

Trapezoidal (Stepped Block Commutation)
Generate Example

Sinusoidal (Continuous)

- Generate Example: This option enables the generation an example application that uses the
necessary APIs to spin the motor with a potentiometer-controlled speed. The initialization
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and loop logic functions are called in the main. c file demo.
¥ General Settings

Commutation Feedback Sensorless W

Drive Mode Trapezoidal (Stepped Block Commutation) W
Generate Example (3

2. Motor Specifications
In this section, the user can customize the motor-related characteristics used for control and
speed measurement.
- Pole pairs: This value is taken from the Number of Poles section in the Motor data sheet -
divide that value by two to get the pole pairs value. As the pole pair information is used
for speed measurement, the motor will spin even if this is written wrong, but the measured
speed will not be accurate.

¥ Motor Specifications

Pole Pairs 1|4 ~ | 528
Phase Advance [?] 0<]|15 : <80
Start-up Current [A] 0<|25 o |10

- ~ -
Kv [V/RPM] 0 </0.00 v |£5
F:]ese—to-:’hsse Resistance 0<o04 : <100

- Phase Advance: Can range from 0 to 90 electrical degrees. The sensing algorithm estimates
the rotor’'s position and then calculates the difference between the stator (driving field) and
the rotor (motor field). The result (in electrical degrees) represents how much the drive field
is out of phase with the motor field. Based on this difference, the drive speed is updated
to keep a constant phase shift between the stator and rotor. If the phase shift is too small,
the torque might not be enough to keep the synchronization. If the phase shift is too big,
the synchronization is also lost. An optimal value is determined to ensure sufficient torque is
produced and power consumption is efficient.
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——— Stator Position

— Rotor Position + Phase Advance Angle

angle[®] 4

-

359.99

- Start-up Current: The voltage supplied to the motor phases during the start-up phase is
given in volts. Based on the voltage supplied, this is transformed into a duty cycle in

software. If the supply voltage is below the start-up voltage, the application will show an
error message, and the motor ramp-up will fail.

0

¥ Motor Specifications

Pole Pairs 12\|4 “ |528
Phase Advance [°] 0<|15 > =90
Start-up Current [A] 0|25 - l<10
Kv [V/RPM] 0 < (0.007 - | =5
Phase-to-Phase Resistance 0<loa : <100

(9]

- Kv [V/RPMI: In the library, it represents the inverse of the motor Speed Constant (also known
as BEMF constant) and it is measured in volts per revolutions per minute (RPM). You can
find this value in the motor data sheet. It can be measured when the motor is driven as a
generator without load. The voltage measured on the terminals is perfectly proportional to
the RPM per the Kv of the motor/generator.

E.g.: Measuring 1V while spinning the motor at 100 RPM results in Kv = 100, while in the
library, itis 1/100, so the user has to enter 0.01.

¥ Motor Specifications

Pole Pairs 1|4 v | =28
Phase Advance [°] 0<]|15 : <80
Start-up Current [A] 0<|25 < 210
Kv [V/RPM] 0 < |0.007 < |=<5
iglese—to-ﬂhase Resistance 0<l|oa > <100

@ MICROCHIP



- Phase-to-Phase Resistance: The electrical resistance (in Ohms) measured between any two
phases of the motor.

¥ Motor Specifications

Pole Pairs 1<|4 > <28

Phase Advance [] 0<|15 o =90

Start-up Current [A] 0<|25 % e
~

Kv [V/RPM) 0 < |0.007 < =5

[D:]sse—tc—?hsse Resistance 0<loa : <100

When Sensored mode is selected in General Settings>Commutation Feedback, more options
are available in the Motor Specification settings.

3. Start-up Specifications
In this section, the user can customize the time it takes for the drive voltage (identified by
the PWM duty cycle) to ramp up from 0 to the value dictated in the Motor Start-up Voltage
parameter and back to 0 in a ramp down situation. The parameters are linked to the motor
start-up routine and include switch-over speed transition from forced commutation to Drive and

Motor synchronization.

4

WdY
[ oberon
>

>

l€——paads 1aA0-UoIMG—— |

l&— abejjon dnuejg

.
>

Time [ms]

\ 4

Ramp-up Time

A

- Ramp-up Time: The time, in milliseconds, provided to the start-up algorithm to ramp up the
voltage from OV to the desired value and to ramp up the drive speed from 0 RPM to the
desired switchover speed
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¥ Start-up Specifications

IF{amp-up Time [ms] 10 < [1000 2 | < 10000
Ramp-down Time [ms] 10 < [1000 < | < 10000
Start-up Speed [RPM] 10 < 400 > | < 5000

Forced Commutation

- Ramp-down Time: The time, in milliseconds, provided to the motor-stopping algorithm to
ramp down the voltage from the current value to OV and also to ramp down the drive speed
from the current RPM to 0 RPM

W Start-up Specifications

Ramp-up Time [ms] 10 < |1000 « | < 10000
[Remp-down Time [ms] 10 < {1000 | < 10000
Start-up Speed [RPM] 10 < 400 < 5000

Forced Commutation

- Start-up Speed: Used as target RPM speed by the ramp-up algorithm, spinning up from zero
to the target speed. This is the speed at which the switchover between forced commutation
and synchronization loop starts. If Sensorless mode is used, this parameter must be set to at
least 15-20% of the nominal speed of the motor.

W Start-up Specifications

Ramp-up Time [ms] 10 < | 1004 « | < 10000
Ramp-down Time [ms] 10 < [1000 < | < 10000
Start-up Speed [RPM] 10 < (400 > | <5000

Forced Commutation

- Forced Commutation: When this function is enabled, the drive will not synchronize with the
motor feedback. Instead, it will stay forced to a desired voltage and speed.

¥ Start-up Specifications

Ramp-up Time [ms] 10 = (1000 « | £ 10000
Ramp-down Time [ms] 10 < [1000 - | < 10000
Start-up Speed [RPM] 10 < |400 : < 5000

Forced Commutation

4. Pulse-Width Modulation Settings

@ MICROCHIP

17



In this section, the user can customize the driving PWM signals, starting from the main
frequency, dead-time insertion to the output pair configuration. This allows for a low-level
peripheric configuration to the abstract motor control.

- Frequency: The PWM frequency for any drive mode, user selectable from 15.0 to 45.0 kHz

¥ Pulse-Width Modulation Settings

Freguency [kHz] 15 < (20 C |x45
Low-Side Dead-time [ns] 50 £ (100 > | =500
High-Side Dead-time [ns] 50 < [100 > | <500

|WCO and WO1 W
WO2 and WO3
WO4 and WO5
WO6 and WO7

Qutput Pair A
Output Pair B

Cutput Pair C

- Low-Side and High-Side Dead-time: The complementary signals that drive the High-Side and
Low-Side MOSFETs need a dead time, when both signals are low, to prevent current shoot-
through and hardware damage. The value is in nanoseconds, and the step is dependent on
the MCU main clock period (e.g., for a 20 MHz main clock, there will be a 50 ns dead time
step).

¥ Pulse-width Modulation Settings

Frequency [kHz] 15 < (20 v |545
Low-Side Dead-time [ns] 50 = |100 o 12500
High-Side Dead-time [ns] 50 < [100 s | =500
Qutput Pair A WOO0 and WO1 v
Qutput Pair B W02 and WO3 e
Output Pair C |WQO4 ana WO5 e

- Output Pair [A, B, C]: The library allows the driving complementary pair signals to be placed

at different port pins. This option permits the change of a given pair on the MCU Input/
Output (I/0). The capability to change the position of the driving signals provides flexibility

during the hardware design of the control board.
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¥ Pulse-Width Modulation Settings

Freguency [kHz) 15 2|20 v |45
Low-Side Dead-time [ns] 50 < (100 = | =500
High-Side Dead-time [ns] 50 < |100 > | =500

R [Wooanawor v |
Qutput Pair B WOO0 and WO1

WO2 and WO3

Output Pair C WO4 and WO5

WOB and WO7

5. Sensing Settings

In this section, the user can customize the physical values of the components for the sensing
layer.

- Shunt Resistor: The current sense shunt resistance, given in ohms, dependent on the power
board

- Current Amplifier Gain: The current sense amplifier gain, dependent on the power board

- Voltage Reference: The ADC voltage reference value must be the Vpp value of the
microcontroller. It is used for ADC measurement computation and interpretation. Changing
this value will not change the ADC reference because it is set to Vpp.

- Voltage Divider: The VBUS measuring resistor ladder dividing factor

- Temperature Offset: The added ADC measurement point offset for the temperature sensor,
dependent on the power board

- Temperature Sensitivity: The used temperature sensor sensitivity as provided by the device
data sheet

¥ Sensing Settings

Shunt Resistor [Q] 0.01 -
Current Amplifier Gain 75 >
Voltage Reference [V] 3.3 -

s = "~
Voltage Divider 16 -
Temperature Offset [mV] 400 :
:rg?wperature Sensitivity [mV/ 19.53 ~

6. Control Settings
In this section, the user can customize the control layer wrapper and the input for the dynamic
speed requirement.
- Loop Control: This option allows the user to switch between the Open Loop Control (Drive
and Motor synchronization without speed regulation) and Closed Loop Control (where a
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slower control layer is added for speed control besides the drive and motor synchronization
control). When the Forced Commutation option is enabled, this option is unavailable.

- Regulator Min Speed [RPM]: The minimum speed allowed to be achieved when the
potentiometer is at 0%

- Regulator Max Speed [RPM]: The maximum speed allowed to be achieved when the
potentiometer is at 100%

¥ Control Settings

Loop Control Closed Loap v
Regulator Min Speed [RPM] 0 = [500 : < 12000
Regulator Max Speed [RPM] 0 < 3000 > 1< 12000

- External Control: The selected input source for PWM amplitude (duty cycle). This option is
unavailable now and is locked on “Potentiometer” input, meaning that the user can change
the motor voltage amplitude (by doing this, the rotational speed is increased or decreased)
only from the on-board potentiometer. The user can add their own source, such as a PWM
input or a different analog source.

¥ Control Settings

Loop Control Closed Loop v
Regulater Min Speed [RPM] 0 = |500 : < 12000
Regulator Max Speed [RPM] 0 = |3000 ~ |=12000

7. Safety Settings

In this section, the user can customize the fault events and stop the motor when needed to
prevent irreversible damage.

- Fault Enable: An activation switch for the Fault Handling layer. The Fault options are hidden
when this option is disabled.

¥ Safety Settings

Fault Enable

- Fault State: The state of the driving signals during a Fault condition. If unchecked, it means
that the I/0 will be set to 0, if checked, then the the I/0 will be set to 1.
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¥ Safety Settings

Fault Enable D

WARNING: Verify H-Bridge Configuration to avoid permanent damage!

Fault Pin Pin Pin Pin Pin Pin
State 0 1 2 3 4 5

b
Over-Voltage Treshold [V] 0< (30 : < 100
Over-Voltage Return [V] 0< |49 o | =49
Under-Voltage Treshold [V] 0<|6 : < 100

>

<
A
—t
Q
L)

Under-Voltage Return [V]

4

QOver-Heating Treshold [°C] 0< |60 v |£150

Over-Heating Return [°C] 0<|50 : <59

Over-Current Peak Treshold ~ -
gl 0 < |44 - | =100

[A]

Over-Current Average 0</[10 ~ 1 ¢ a0

Treshold [A]

- Over-Voltage Threshold: The voltage bus limit given in volts. It serves to protect the
hardware setup from any irreversible damage

- Over-Voltage Return: The voltage bus restore value given in volts. When reaching this value,
the OVP fault is cleared.

- Under-Voltage Threshold: The minimum voltage bus limit given in volts. If this value is not
reached, the motor will not start.

- Under-Voltage Return: The minimum voltage bus restore value given in volts. When reaching
this value, the UVP fault is cleared.

- Over-Heating Threshold: The temperature limit given in degrees Celsius. It serves to protect
the MOSFETs or Motor from irreversible damage.

- Over-Heating Return: The temperature restore value given in degrees Celsius. The fault can
be cleared, and the motor drive can restart when reaching this value.

- Over-Current Peak Threshold: The peak current limit given in amperes. It serves to protect
the MOSFETSs from irreversible damage.

- Over-Current Average Threshold: The continuous average current limit given in amperes. It
is used for overload protection or if the phase advance difference between the stator and
the rotor is too big.
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¥ Safety Settings

Fault Enable c

WARNING: Verify H-Bridge Configuration to avoid permanent damage!

Fault Pin Pin Pin Pin Pin Pin
State 0 1 2 3 4 5

| b'
Over-Voltage Treshold [V] 0<(50 < | <100
Over-Voltage Return [V] 0 < |49 > lz49
Under-Voltage Treshold [V] D=6 : < 100
Under-Voltage Return [V] 727 : =100
Over-Heating Treshald [°C] 0= |60 : < 150
Over-Heating Return [°C] 0 < |50 s |=59

e . —
QOver-Current Peak Treshold 0 < a4 > 1< 100
[A]
Over-Current Average 0<[10 A <20
Treshold [A] -

8. Communication Settings

In this section, the user can customize the communication type. The library supports two
communication interfaces: serial interface and Data Visualizer Run Time (DVRT). When enabling
any of the communication methods, the USART module is added to the used project resources.

- Communication Support>printf. The serial interface is enabled with a default of 460800 baud
rate. The reading can be done with any tool, including the MPLAB Data Visualizer extension.
The terminal depicts the motor speed in RPM, average current consumption, input voltage,
temperature sensor, and the potentiometer value in percentage.

¥ Communication Settings

Ensure that the appropriate TX and RX pins are selected ir
Communication Support the Pin Grid.

[prlntf v ]

Off !

printf

DVRT

- Communication Support>DVRT: The MPLAB Plug-in Data Visualizer has a run-time option that
can plot real time in a graph the desired variables. The generated DVRT option allows for
depicting the potentiometer variable and the motor speed variable.
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¥ Communication Settings

= dig aeie

Communication Support

6.2 Application Builder Panel

Figure 6-1. Builder in MCC

Layouts Zoom Info Settings Save Image
[+ ESEN[NHAES]EN (a) (B

o Add Component Legends

{ i i !
TCED J (7] VREF J o ACO J ] AC1 £ J WEX0 J
[= System
¢ CLKCTRL £ ] ) Interrupt Manager ] Configuration Bits |
[e \
= AVR1GEB32
AC 2 ADC 1 BOD 1 CCL
@ CcPU 1 CRCSCAN NVMCTRL
RSTCTRL 1 RTC SLPCTRL SR
MICROCHIP = S o Fah
AVR16EB32
USART REF 1 WDT 1 EX

6.3 Pin Grid Panel

+ BEMF Neutral: The neutral connection for the comparator input that detects the motor BEMF
+ BEMF A-C: The BEMF acquisition lines for the A-C phases of the motor
+ Hall A-C: The Hall acquisition lines for the A-C phases of the motor

+ Current Sense Sum: Signal that provides the amplified sum current from the measuring shunt
resistor

+ Current Sense Ref: The reference input for the current sense amplifier

+ Voltage Sense: Divided input voltage signal

+ Temperature: Input for the temperature sensor

+ Potentiometer: Input for the on-board potentiometer that controls the motor speed
+ Button: Input for the on-board button that controls the motor start and stop state

« LED: Output for the on-board indication LED

+ UART: Serial communication lines
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+ WEXO: The driving signals that connects to the half bridge drivers

Figure 6-2. Pin Grid View With BEMF

Output | MNotifications [MCC] | Pin Grid View x |

Package: Pin No: 3o|31|3z|1|2|3|4‘5 6|?|8|9 1o|11|12|13‘14|15|15|1? 20|21|22‘23|24|25|26|27
PORTA PORTC PORTD PORTF
Module Function Direction | 0| 1|2 |3|a|s5|6|7|0|1]|2|3|o|1|2|3|a|s5|6|7]|0|1|2]|3|a|5|6]7
ACt > |- -
BEMF Meutral input | a B B
BEMF A input B B IR
BEMF B input B B GO
BEMF C input h h BB A
Current Sense Sum |input IR A I N A R e A A R ARG R
Motor Control w |Current Sense Ref |input O O O O OO O O OO - - - - - - - - B B
Voltage Sense input R R R T T I O T T O O T T N - O T I - O B B
Temperature input R RO T N O T T B T T T M T T A I BB
Potentiometer  |input TR R T T O T T N - T - - T - - - B
Button input R R R T T T T O R A - R T O M R R - T B
LED output Bb|B|B|b|a|d B |a|d|d|d | |d B |B|E|E BB |s B |E|E BB
CLKCTRL CLKOUT output ]
RXD input -] B B a8 B -
s . ™D output B a a a B (]
HCK output B (] w -]
XDIR output & B (-
woo output a8 B B B (]
wol output a8 i B i ]
woz output a B - - (] -]
w03 output a8 B B B B B
WEX0 -
wo4 output a B h (] ]
Wos output a8 ] -] (-] ]
WCe output B (|
wo7 autput B |
ACO > |-
Pins =
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Figure 6-3. Pin Grid View With Hall

Output | Notifications [MCC] | Pin Grid View x |

Package: Pin No: 3o|31|32‘1|2|3|4|5 6|?|8|9 10‘11|12|13|14|15‘15|1? 20|21|22‘23|24|25|26|27
PORTA PORTC PORTD PORTF
Module Function Direction |0 | 1|2 |3 |4a|5|6|7|0|1|2|3|0|1|2|3|4|5|6|7|0|1|2|3|a|5]|6]|7

ACT |-
HALL A input I T R O B A N T T T T B O O B T T T B B O - - - B
HALL B input R R R M - T B O O R R T T I B B - - T
HALLC input B|v|% 8|55 |a|d b |E|E|E|8|E|h B |E|E BB |E|E 6B BB
Current Sense Sum |input s b|h|B b BB |E BB BB |G E|E B |E|E BB BB

Vot o  |CUTEN SE0SE Re? | inpus: I T T B O I T T M B O O O T T T - B B
Valtage Sense input B b|b|B|d|d B|ha|B|E|E BB |B|h|d E|E B E|E BB
Temperature input I T T B O O T O O O AT BB
Potentiometer  |input B b|B|B|B|d bbb || 8|88 |B|d BB B BB B|B|B
Button input R R T T B R A T T T M M I
LED output R T T T B O O R A T T - B B - A

CLKCTRL CLKOUT output B
RXD nput B B (T a (] ]

I B ™D output k| k- - a8 | (]
XCK output 0 & h -]
XDIR sutput B B B
‘WOoo output a B B i B
WO output a8 B B ] i ]
wo2 output a B B B B B

. L |wes output a8 B - B (] -]
W04 output a8 F k- B B
Wos output a -] ] -] -]
W06 output B B
wo7 output B (-

ACO » |-

Pins » |-
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6.4 Resource Management Panel

Projects IF!’E TSEW!G& [Rmumeﬁmmgenmﬂ[ﬁ[(] x]

=

MCC v5.5.1

Project Resources | Generate ‘

0)©

¥ Libraries

¥ Motor Control

@ = AVRE® MCU Motor Control Library

¥ Drivers
¥ AC
® = a0
® =
Timer
® = 1o
v UART
@ = uarmo
¥ VREEF
@ = vrer
¥ WEX
® = weo
¥ System
@ = cikcTRL
& = Configuration Bits
@ = Interrupt Manager
©® = Main
0 £ Pins

L |
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7. Generated APIs

The generated library offers a list of user-friendly APIs that abstract and simplify the low-level
configuration.

The APIs from the Motor Control Stack found in motor control.h are the following:

MC Initialize - Theinitialization function must be called before any other function

MC_StartStop - Starts or stops the motor depending on which state it is found in when the
start-stop event is received

MC_DelayMs - Performs a delay using a timer in the background, without interrupts

MC ReferenceSet - Sets the reference point for speed in closed loop or the amplitude level in
open loop synchronization

MC_ PotentiometerRead - Returns potentiometer value, expressed in percentage

MC FastPotentiometerRead - Returns potentiometer value, expressed in raw Analog-to-Digital
(A/D) format

MC VoltageBusRead - Returns voltage bus value expressed in volts

MC TemperatureRead - Returns MOSFET transistors temperature, expressed in degrees Celsius
MC CurrentRead - Returns mean application current consumption, expressed in milliamperes
MC Speed_ Get - Returns the rotational speed expressed in mc_speed t

MC PeriodicHandlerRegister - Registers a custom software callback for the main application.

This function must be called from the main and not the interrupt context.

MC_StatusGet - Returns the state of the motor (MOTOR_IDLE, MOTOR_RUNNING or
MOTOR_FAULT), direction of the motor (MC_DIR_CW or MC_DIR_CCW), and the fault status
(FAULT_UNDERVOLTAGE, FAULT_OVERVOLTAGE, FAULT_STALL, FAULT_OVERTEMPERATURE or
FAULT_OVERCURRENT)

Users must only use the public APIs from the motor control.h file so as not to alter the library's
functionality.
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8. Communication

The following steps depict establishing communication with the board in either supported mode
using the Multi-Phase Power Board Kkit.

8.1 Communication via Terminal (printf)
Select “printf” support in the Communication Settings section of the library.

¥ Communication Settings

Communication Support Off v
_—
printf
DVRT

If a warning of pin conflict appears, switch to the Pin Grid View tab and select PORTC pin
connections for RXD and TXD. If using another setup besides the one described at the beginning
of the document, select the desired port pin configuration.

Output | Motifications [MCC] x| Pin Grid View

Cate... Source . AL - Description
& Interrupt Manager HINT Interrupts are enabled, enable Global Interrupt to make interrupts work.
I ,iw, Pins WARNING Conflicts on Pin PAQ: WEXO[WOQ], USARTO[TXD] set as Output. I

A act WARNING Configure VREF module as Negative MUX Input

A AVR® MCU Mator Contral Library WARNING Set the WEX setting Update Source to TCPWMO

& AVR® MCU Motor Control Library  HINT The W?vefnrm Qutputs can be set.to ther pins by selecting a different

group in the WEX module in the Pin Gnd.
A WEXD HINT The Waveform Extension has one or more of its features enabled, This has

disabled the pins control for the Timer/Conter Type E.

Output | Wotifications [MCC] | Pin Grid View x |

Package: QFN32 w | Pin Mo: -;0|3|J32]|i2i3[-l|5 ] 'I'|E 9 tl}|1lj12]l3ill[l5|1&|1? 20|2||22|23|2-I]25]26i27
PORTA PORTC PORTD PORTF
Module Function Direction (0 (1 (2|3 |4|5|6|T7 |01 (203 (0(1(2|3|4|5|6|F7 (01|23 (4|56 | 7
Buttan input R R R R R I R R R R R R R
LED autput R R R R R N I R A R I R G G R R
CLKCTRL CLKOUT output B | |
R input B 'hl J'h ] | - B
THD output ?_ ?l-__ i i—_ [ Ii_ | T - j J_b
USARTD ¥ (=R e | NEN 8 | I I N . | -
K output ‘ | 'h 'i | i |
NDIR output 'hl T B

Generate, build the project, and program the device. Open Data Visualizer in the MPLAB toolbar.

File Edit View Source Refsctor Preduction Debug Team Tooks Window Help

PEES DE B HE R R QUB{0lR w2 DT e

In the MPLAB Data Visualizer tab, select the Curiosity Nano COM channel settings and update the
baud rate to 460800.
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|t Window x | 1) MPLAB Data Visualizer x| Bulder x|

Workspace: [ Cear A lozc. [Msave =+ views B Timeriot [ Terminal s+ | Protocols:  [FE) DVAT Session B ressa

AVR16EB32 Curiosity
[ nano v e
@ D.ill.;valuts
Debug GPIO % |

Connections

COM7 'n' COMT Setlings

=

Baud Rate: 4E0500

Char Length: & bits *

Parity: Nane ¥

Stop Bits: 1bit =

&4

Bs 1

Select the Connect button to start the communication.

COM?7 &[]

When prompted, select the Send to Terminal option.

® Start visualizing data X

Data capture has staried on COMY7, but the data is not being visualized or logged to file.

Start visualizing data as it is captured;

! Plot Raw Send to Terminal f¥ variable Streamer

Visualize the raw data See a text view of the serial data from Configure a variable streamer to
from COM7 on a COM7 with options for configuring how decode the incoming serial data
graphical time plot. it is presented. from COMT.

Visualizations and logging can also be added using the controls for data sources in the |eft side bar. For detailed
configuration of visualizations, use the options in the sidebars on the right.

Show this dialog on data capture start Close

The COM port will change the status to “CAPTURING” when the communication line is active. Long
press the MPPB button to reboot and see the starting message prompt on the terminal.
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START
Drive mode: Trapezoidal
Scale mode: Bottom
Sense mode: Sensorless
Pole-pair number: 4

Long-press the button to reboot

Short-press the button to start or stop the motor

otor idle
Ramping-up ... CW

Speed: 535RPM, Current: 1l6mA, VBUS: 24392mV, Temperature: 26A°C, Pot: 99%

Speed: 2595RPM, Current:
Speed: 3744RPM, Current:
Speed: 3744RPM, Current:
Speed: 3739RPM, Current:

378mA, VBUS:
584mA, VBUS:
585mA, VBUS:
582mA, VBUS:

24252mV, Temperature:
24190mv, Temperature:
241850V, Temperature:
24185V, Temperature:

2 o -
A 8-bit ASC v
Input Filtaring:
Output
26A°C, Pot: 99% R croie s
B Character: £
26A'C, Pot: 9%% Echo to Screen:
26A'C, Pot: 99%
26A°C, Pot: 99% Clzar Terming

SOUrcE o7 on
avrigeaz v (LR W
Curiosity Nano

Display

8.2

Ramping-down

otor idle

After a short press, the motor is ramping up, and the terminal depicts the Motor Speed in RPM,
average current consumption, input voltage, temperature sensor, and the potentiometer value in

percentage.

Communication via DVRT

Select the DVRT option in the Motor Control Library>Communication Support. Follow the instructions

provided above the selection drop-down icon.

¥ Communication Settings

Communication Support

Please add the Data
Visualizer Runtime library
to the project and
configure it accordingly.
|DVRT

=

]

Off
printf

Add DV run-time from Device Resources>Libraries>Data Visualizer.

Device Resources

(Z Content Manage

¥ Libraries

.. - -
¥ = Data Visualizer

£ DV run time

Select UARTO from Project Resources.
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' Projects [ Files [m [ Ilsmreeﬂanagement[ﬁ...x] [=]
MCC v5.5.1

Project Resources | Generate | |_9_| |@
> Libraries

¥ Drivers
> AC
» Timer
¥ UART
@ L uarTO

Update the requested baud rate to 460800.

AVR® MCU Motor Control Library [WEXD DV run time [I.IARTﬂ x]

» Toolbar (i) -

Easy View

¥ Configuration Settings

Custom Name :UARTD

Configure field to 115200
to match with value
requested by dependent
module

460800 =

Requested Baudrate

Select PORTC pin connections for RXD and TXD.
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Output | MWotifications [MCC] | Pin Grid View x |

Pach (aFn3z v Pin No: aanJ:zliizlz[a[s 6 1|aTmJnleil:lulislﬁln;|z||zzJ23Jqusts|zz
PORTA PORTC PORTD PORTF
Module Fumction Direction |0 [1[2[z]a]s][s]7|oft]2]3]ala]2]a]a]s]e]la|a][1]2]3]a]s]s]z
Buttan input R R I R T R R R R - R R R R R
LED output R R R I R R R R A R R R R R B
CLKCTRL r |CLKOUT output B
RXD: input -] -] B a B B
USARTO . THD output "] B B 8 B B
XCK output -] m i ] i1 |
NDIR output (] n ] I

Generate, clean build, program, and open DVRT for the Main Project.
File Edit Wiew MNavigate Source Refacter Production Debug Team Tools Window Help
ST LY e —] R S ST

Projects | Files | Services | Resource Management[MCC] x| @ | KiWindow x| Buide x|

:Pc |Ithsvn1c H

Select the COM"X" for the AVR16EB32 CNANO connection.

4 H[EO

[ bt Window | (] MPLAB Dita Visuslizes x| Buider x|

workspace: [ Cear A iosd. [Msave ==+ Views: B Tmerot [ Termnal s+ Protocols [ OVAT Sessien

B Messages 1

© Hes

Dark Thame

MotorStart-test-rc3 ok O

Change Streaming ticks to 1.

s
Mame [
Ly
COMT on AVR18£832 Curicsity Nana - ) - _ Fiat 5
H ) Precision
MaotarStart.test-re3 Options o ¥
Expected FW s i
261 - I -
Coge: rout
Sounce
L]
1] iy hlo ]
Sreaming Tick 0 i, ~ 1
Streaming Shoty 8 Displ
s | aohascn
Adgress Size: 2
Input Fittering:
Command Intenal: 300 Cutpiit
Command — Mewaiine .
Timeout = Craracten g
EchotoScree: [
Command Ratriss: 2
MotorStart-test-rcd Status i CTest Terming -
- L1ne q »
LR e e . e ————— R b S|
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it Window » [0 MPLAB Data Visuslizer = | Buider x|

Workspace: [ cewr  Aieed. [Flsswe oo Views B Tmepiet [ Terminal ser | Protocols: [ DVRT Sessien

... heessapes (1) 0 Halg Dark Théme
MotorStart-test-red © B Steaming Table X =
Name Type Address Value Tebie Options @
COMWT on AVRIEER32 Curiosity = ﬂ' s Freess
Nana Nawe '
o
Start StreaTng E!m? D
Symbois Loaded 2 . Fioat
Precision:
Variables H -
WetorBiart-test rc3 Optiors - k
- = N Torminal x
Code & Impat
e 4 - SURE | Ny
-; Streaming Tickc | - I o ~ R
2| seamingsiots & -
T D gonasa
E =t < Inpit Filtering:
Command inlenal: 500 Cutput
Caenmand a Newine R
Tm:Dlﬂ: o Charscies 8
; Echoto Soreen: [
Command Rstriss: 2
WotorSatest-re3 Satus = Ciear Termina
e R —— A el Rl SR ad L4
Add the Speed and POT variables.
2 MPLAB Data Visualizer v1.3,1665
File Edit View Tools Window Help
' @ 4
) MPLAB Data Visualzer x|
Workspace: [ Cerr A lced. [Fseve ==  Views B Timesiot [BolTerminai ss+ | Protocols:  [EE] DVAT Session
T
DvrtProtocol 1 or @ T Seameg T X
Name Type Address Value

COM18 on AVR16EB32 Curiosity _ 2

MNano
-, t =
Start Streaming

a My_ipeel 1

Symbeis Loaded

Variables B :

Click the Play button and Plot all variables button.
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B MPLAB Data Visualizer v1

File Edit View Tools Window Help

[0} MPLAB Data Visuakzer x|

| Workspace: D Ciear J'llj Load H save ===  Views: B Timerot [=]Terminat ===  Protocols: [EE DVRT Session

DvrtProtocol 1 o P

T marker
COM18 on AVR1EER32 Curiosity = ﬁ 77535
Hano Data values
| rva
Siart Streaming 2004 Ir‘r‘a
Symbols Loaded :l':| i
Variables s
0=
m t
e
my_speed
g -
200 <

Adjust the data axis. On my_speed set from 0 to the motor nominal RPM speed and on my_pot from
0 to 100. See the results while changing potentiometer values.

Kt Window _x | ] MPLAB Data Visuskzer x| Bulder x| LEE[
| Workspace: [ Cesr A iesd. [ ssve oo Viewss B Timerwot BRlTermingl *e+  Protocols:  EE DVRT Sessien B wesssges () @ Hep C Dk Theme
MotorStart-test-rcd =~ © pt [ fLlTert X |
Y parker Time Axis
COMT on AVRIEESS2 Curissty | gy gy | Endas
o] Data values £84375 108 »
257k
Stop Streaming . I;' o Marc D Srapshot
Symbols Loaded Eil \/\ Dt Axis
_ | I« tim
Variables = -
'S my_speed on i
my speed Motorstart: v [ @ © [
e o
N 2 Add Pict
my_pot 1
fx) V_P " J| Data Avis
o 100 1+ o
o i my_pot on
100 = . . Motorsat: v I @ © [
x i \ testre3
B ' \ @ add Pot
g Motorsart-tast-re3 Options -] 804 ' \ ".II Al ®
h Add Data Axs
E Empetind AW 261 | ll'l ’( \I III \
2] cone : \ ; [\ . ’
. “7 1 [ |
Streaming Tick: 1 } 3 \ III \ | '}
[ "
) \ / \
Swreaming Siots: & : \ ’.' \/
an- H
Address Sizes 2 : -
Command Intervals 500
204
Command
= 300
Timeout:
CaffIERE b £ b T T T T T T T T T T 1
B0s4s LN aB48s 86473 Bedts a04es 0508 051 Be5za ae53s
Motorsian-test-re3 Status
ELF fle: TE3X ionelt il Temminal X
Detecied FW * |t "
Code: =l SOUrEE: | Nosource v I B
Commands Sen: 5 (e .
Commands Fafled: 0 e y i
- p .
|

@ MICROCHIP



o. Demo

In this section, a complete step-by-step guide to programming the trapezoidal sensorless using the
Multi-Phase Power Board kit is described.

Here is the list of hardware needed to recreate the demo:

* AVR16EB32 CNANO - EV73J36A
- AVR16EB32 CNANO

- 1x USB type-C cable

+  AVR16EB32 CNANO to Multi-Phase Power Board adapter - EVB8N31A
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https://www.microchip.com/en-us/development-tool/EV73J36A
https://www.microchip.com/en-us/development-tool/EV88N31A

- EV35Z86A

Phase Power Board

Multi

3-phase BLDC or PMSM motor

36

Universal adjustable Power Supply or at least a 24V/3A fixed power supply
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https://www.microchip.com/en-us/development-tool/EV35Z86A

Procedure

Step 1. Hardware Setup

1. Assemble the CNANO board with the MPPB Adapter and the Multi-Phase Power Board.
Voltage Supply

- tw
i1

AVR16EB32 Multi-Phase Power #_1‘_‘5 £ "l "I"
Curlosity Board (MPPB) 0 mo
Nano Board L [

MPPB Adaptor to
AVR16EB32

MicrRocHIP
—

**** rl_ optional Hall
sensors connection

Connect the CNANO board to the PC with the help of the USB-C cable.

Connect the Motor to the MPPB. When using Hall sensors, ensure the Hall sensor is in the same
order as the motor phases, as described in the motor data sheet).

4. Connect the Power Supply and set the voltage to the Motor's nominal voltage (24V). The 12V LED
must be ON. When the power is connected correctly and turned on, the MPPB LEDs indicate the
needed DC voltage levels.
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GOGRGAGGaGGR o
1$939393911939994 2@

The hardware setup is done.

102 gtep 2. MPLAB® Setup

1. Open MPLAB X IDE and create a new project for the AVR16EB32 device.
File Edit View MNavigate Source Re

il e
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Steps Choose Project
1. Choose Project Q, Filter: [
2R :
Categories:
;I3 Microchip Embedded
{C3) Other Embedded ilt (Hex, Loadable Image) Project
53 Generic User Makefile Project
Library Project
Description:
Creates a new appbcation project. It uses an IDE-generated makefile to buld your project.
I Fa I
< -
< Back MNext > Finish Cancel Help
Ed MNew Project
e
k_’i; Choose Project
2. Select Device
3. Sebect Header Family: All Familes &
4. Sedect Plugin Board
: Sedact Project Name and Device: S'A\rﬁmn -
Folder
§ e At ) Tool: | PROE nano-5H:MOD 2006180 1RYNODD. .. Dﬁ'ﬂw.ﬁl
____.---"'.""'---.____7
i
<Back Hidirober ot [ vez ] Frh Cancel ep
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X
\‘.' g
1. Choose Project
2. Select Device
3. Select Header
4.  Select Plugn Board =\Program Fles\Mrochiplxcv 2. 461bin]
i Stiect Compiler = XC8 (v2.41) [C:Program Fles Mirochplxca\v2. 411bi]
Fald : KA (v2.35) [C:\Program Fies Micodhip\xcdiv2. 38\bin]
7. (Optional) Add Broject KEB {v2.32) [C:\Program Fles\Miqochipxcaiva, 32\in]
<Back Add Anather Praject 1I| Frish _ Cancel Help
B3 New Project x

&
i
:
i

7

2. Select Device Praject Name: metor_cantrol_d

2 seecibew o B [rotor_canta_demo

4, Select Plugin Board : e :

5 SseciC _i Project Location: iC: \Projects Browse,..
e i e Project Folder: C:\Projects\motor_contral_demo. X

if
&
i

Creerwrite existing project.
Also delete sources,
[~] set as main project

= Open MCC on Fingh

[] Use project kacation as the project folder

Encoding: |150-8859-1

o1

< Back Add Anather Project Mext + II Cancel Help

2. Open MCC from the toolbar. Here you will find more information on installing the MCC plug-in.

Team Tools Window Help

BB D% - Q0B @ Bw 20
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https://onlinedocs.microchip.com/pr/GUID-1F7007B8-9A46-4D03-AEED-650357BA760D-en-US-6/index.html?GUID-D98198EA-93B9-45D2-9D96-C97DBCA55267

MCC Content Manager x| LI d] (=]}

mport N2 REN
MCC Content Manager Wizard
Select a Content Type
L2 7] 7]

Supports the MCC Builder

Supports contént versioning

at driver bevel

An iteration of MCC

Generated Code

[ Select MOC Melody )
Beleaze rates and sunoarted oevioes Reieage nates and sunaorted oevices Relesse notes and fuooprled cevices
MCC Content Mansger x| EIN3[6 ] (=]

Imiport ﬂ@

MCC Content Mana
Required Contd

All required content is available locally on your machine. No other download is needed to get started.
To change content versions later, access the Content Manager from Device Resources.

Optional Content

3. Inthe Resource Manager tab, click Project Resources>System>CLKCTRL. In the CLKCTRL tab,
disable the Prescaler enable switch (enabling the 20 MHz core clock).

MCC v5.3.7

Project Resources | Generate ‘ ‘2 8

» Drivers

¥ System

i == Configuration Bits
© = Interrupt Manager
= Main

= Pins
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CLKCTRL x| =

m Register Initialization

w CLKCTRL Settings

Main Clock
(Hz) 20000000

Clock select | internal high-frequency oscillator v

External
Clock (Hz) 5000000

Prescaler
enable

System Clock
ut Enable

Timebase 20

Prescaler
division

Prescaler B

division No division R

* PLL Settings

PLL

Multiplication | PLL Disabled =
Factor

PLL Source OSCHF v

PLL Source

Division DIVi i
Ciock Pt | NONE v
Division

¥ Advanced Settings

4. BOD settings. In the System resources, select the Configuration Bits. In the opened tab, change
BOD Operation in Active mode to “Enabled in continuous mode” and BOD Level to “2.7V". This
step allows a proper MCU reset when the power is turned off.
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Projects [ Files  Services [ Resuurc...x| = |
MCC v5.5.1

Project Resources @ GCenerate 0 @
> Libraries
» Drivers
¥ System

€& = CLKCTRL

9 ¥ Configuration Bits I

9' ¥ Interrupt Manager
£ Main
©® =L Pins L

CLKCTRL | Configuration Bits x |

» Toolbar (7,

Configuration Bit Setup|

¥ BODCFG

BOD Operation in Active Mode |Enab|ed in continuous mode v 10
BOD Level [27v v 10
BOD Sample Frequency |Samp||'ng frequency is 128 Hz v | o
BOD Operation in Sleep Mode |Disabled v | 0

MPLAB setup done with MCU settings set to a 20 MHz clock.

10.3 Step 3. AVR® MCC Motor Control Library Setup

1. To add the Motor Control library, go to Device Resources>Libraries>Motor Control>AVR MCU Motor
Control Library, and click the green plus button.

43
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Projects | Files  Services  Resource Management[M... x| [
MCC v5.5.1

Project Resources | Generate | 9 ©

¥ System
@ = CKCRL
9 %= Configuration Bits
@ = Interrupt Manager
£ Main

9 § Pins

Device Resources (Z Content Manager
¥ Libraries |

» L Data Visualizer

v =2 Motor Control |
€ AVR® MCU Motor Control Library _ ,

¥ Drivers

» AC

2. Inthe Motor Control Library Configuration tab, enable the Generate Example option to create
the out-of-the-box demo layer besides including the motor control layers. This completes the
default MPPB-related settings and PIN connections.

CLKCTRL | Configuration Bits | AVR® MCU Motor Control Library x |

» Toolbar (i

Motor Control

¥ General Settings

Commutation Feedback |Sensorless S
Drive Mode | Trapezoidal (Stepped Block Commutation) v
Generate Example O

3. Look for the Motor data sheet and find the number of pole pairs and nominal voltage. Set the
correct motor pole pair (the demo used an ACT57BLF02 that has eight poles, so a total of four
pole pairs). The Phase Advance and Start-up Voltage will remain unchanged.

¥ Motor Specifications

Pole Pairs 124 : <28 I
Phase Advance [°] 0z|10 2 l<90
Motor Startup Voltage [V] 1<|3 : <50

4. Turn off Forced Commutation and select “Open Loop".
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¥ Start-up Specifications
Ramp-up Time [ms] 10 = 1500 2 | = 10000
Switch-over Speed [RPM] 10 < |600 : ‘ < 5000
Forced Commutation
P Pulse-Width Modulation Settings
P Sensing Settings
¥ Control Settings
ILoop Control QOpen Loop hd I
external Control
5. Generate the Code demo with APIs and the Motor Control library.
T [ I
Projects [ Files | Services = Resourc... x | =
MCC v5.5.1

Project Resources I Generate I | 9 | @

6. Click Yes to confirm generation with warnings.

B MCC X

Confirmation o

Configuration has wamings. Generation may fail or produce
incorrect code. Do you want to continue?

Yes No

10.4 Step 4. Programming Setup
1. Build the project by clicking Clean and Build Project.

Tools Window Help

B> L Qn OB e
- -I'Gt Lﬂﬁi Clean and Build for Debugging Main Project

I Clean and Build Main Project
i —_— . —_—t & R
E_H— Clean and Build with PRO Comparison Main Project ———

#define AMPLITUDE STALL

2. Click Make and Program Device to program the project to the AVR EB CNANO board.

@ MICROCHIP

45



"B RROR- U w-20C
indow x| 2] Make and Program Device Main Project
Program Device for Debugging Main Project 2 | <

ree | History T 2| @
Yo 1 Program Device for Production Main Project g
¥define AMP TO

Erase Device Memory Main Project AME TO

#define

Programmer To Go Main Project

The microcontroller is programmed with the Synchronized Commutation demo.
10.5 Step 5. Demo Instructions
To start the motor drive, follow the instructions:

1. Long-press the button to reboot.

2. Short press the button to start/stop the motor. In Synchronization mode, the amplitude is
controlled using the MPPB potentiometer.
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3.
10.6 Step 6. Demo Tuning

If the motor has a hard time at start-up, consider tuning the following values:

Start-up Voltage - Changes the modulated voltage achieved at the end of the ramp-up time

@ MICROCHIP
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Ramp-up Time - The amount of time it takes to achieve from the offset voltage to the start-up
voltage

Switch-over Speed - The electrical RPM speed reached at the end of the ramp up procedure

¥ Motor Specifications

Bole Pairs 124 v (228
) =— ~

Phase Advance [*] 0|15 - |<€90
i 1 - -~

Motor Startup Voltage [V] 0<|(3 « |=100

¥ Start-up Specifications

Ramp-up Time [ms] 10 = |1000 v | < 10000
Ramp-down Time [ms] 10 £ |1000 S | < 10000
Switch-over Speed [RPM] 10 < |400 C < 5000

Forced Commutation (3

Rule of thumb for calculating the commutation values:

*  Vgevre: Back EMF(V/KRPM) - from the Motor data sheet

*  Sgrpm: X% of Rated Speed - from the Motor data sheet

* Ramp-up Time - The time it takes to achieve from the offset voltage to the start-up voltage
« Switch-over Speed - X% of Rated Speed

This formula is a good starting point. After that, tuning might be necessary to obtain the desired
results.

In Open Loop, we ensure drive synchronization with the motor's feedback, and the voltage
amplitude (duty cycle) is regulated by the potentiometer.
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11. Revision History

A 02/2025 Initial document release
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Microchip Information

Trademarks

The “Microchip” name and logo, the “M" logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN: 979-8-3371-0517-8

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications 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. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. 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 ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

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.

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip products are strictly prohibited and may violate the Digital
Millennium Copyright Act.

+ Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.
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