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DESCRIPTION

Inallapplications where reliability and performance are the main
goals, aproper cooling system is needed. The A89333 isamotor
controller device suited for different cooling fans. The ability to
choose the most suitable MOSFETs makes the A89333 suited for
awide range of applications. With the APEK89333 evaluation
board (EVB)and Allegro-provided graphicuserinterface (GUI),
itis possibleto testthe device inapplication, determine configu-
ration parameters needed for the application, and program the
A89333 with the parameters. The GUI also provides the oppor-
tunity to visualize the plots of the main electrical quantities.

This user manual describes how to use the EVB and how to set
the algorithms and underlying features that make this device
suited for different scenario and suitable for many motors. The
step-by-step procedures provided in this manual provide the
quickest way to set up the IC and configure its parameters.

EVALUATION BOARD CONTENTS
« APEKS89332GEX-01-T-3 evaluation board

Table 1: A89333 Evaluation Kit/Board Configurations
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Figure 1: APEK89333 Evaluation Board
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INTRODUCTION

The A89333 is a three-phase sensorless motor controller used for
brushless DC (BLDC) motors or permanent-magnet synchronous
motors (PMSMs).

The A89333 integrates a code-free sensorless field-oriented con-
trol (FOC) algorithm using a single-shunt resistor. The FOC algo-
rithm contains a faster inner current loop to control the current
during dynamic load conditions, guaranteeing minimum torque
ripple and maximum efficiency. The integrated buck converter
allows operation from the maximum Vg with high efficiency
and good thermal performance. The A89333 requires minimal
external components, thanks to the single-shunt technique used
for current sensing and the advanced algorithm that reconstructs
the current on each phase.

Allegro-proprietary algorithms have been used to achieve high
efficiency, minimum acoustic noise, fast startup, and high
dynamic response in a single easy-to-use device.

The A89333 features multiple options to control the motor—
pulse-width modulation (PWM), analog voltage, or inter-inte-

IH

grated circuit (I2C)—depending on the application. The variable
control loop allows motor control in speed, torque, or power
mode with the FOC algorithm maintaining regulation in the pres-
ence of load and supply voltage changes. The A89333 integrates
advanced diagnostic functions to detect internal and external
power-stage and motor faults. Faults are reported through a
dedicated fault pin, and the detailed diagnostic status is available
through the 12C register. An internal nonvolatile memory (NVM)
allows configuration of the motor parameters and FOC algorithm
based on the specific application.

This guide provides all the steps required to spin a BLDC or
PMSM motor using the EVB and the GUI. This guide is divided
into three parts:

» A89333 Evaluation Board Quick Startup Guide

* Basic Startup of Motor: Fast procedure to easily spin a motor
for basic startup

GUI Tab Explanations and Advanced Features: Advanced
procedure to set all the features of the device
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Figure 2: Typical Application Diagram
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A89333 EVALUATION BOARD QUICK STARTUP GUIDE

The APEK89333 evaluation board is designed to aid users in Evaluation Setup
evaluating the operation and performance of the A89333 motor

controller IC. It features USB communication to allow GUI soft-
ware to control and program the device via I2C interface and test ~ * A89333 evaluation board (board number: 85-0955)
points to monitor and evaluate performance.

The evaluation set up requires:

* A89333 application GUI program (available for download
The A89333 evaluation board is connected to a PC with a stan- from http://registration.allegromicro.com/login)

dard mini-USB cable. A switch (SW2) on the evaluation board .
is used to select the USB connection directly to A89333 or to an GUI and controlling the motor
external connector (CN4). The external connector can be used to . .
program A89333 which is already built into a fan module through ~ * A BLDC or PMSM motor to be tuned and its electrical
PWMY/SPD and FG/RD pins. See Figure 3. parameters

* A DC power supply rated for the application

PC or laptop computer with USB port capable of running the

» Basic laboratory equipment: Oscilloscope with voltage and
current probe.

Fan Module
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Supply - ) WEEIN
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Figure 3: EVB and GUI Interface Setup
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1. Make Evaluation Board Connections
Make the following connections, as shown in Figure 4:
A. Mini-USB connection (CN2): Connect the USB cable

from the computer.

B. Power supply input (J1, J2): Connect the power supply to

J1 (POS) and J2 (GND).

C. Motor terminal connection (J3, J4, and J5; or CN3): Con-

nect to the motor terminal.

CAUTION: The default settings in the A89333 may not

. Jumper (JMP2, JMP3):

i. JMP2: External PWM/SPD pin pull-up to 3.3 V selec-
tion. [11 The default is without the jumper.

ii. JMP3: External FG/RD pin pull-up to 3.3 V selec-
tion. 11 The default is without the jumper.

. Jumper (JMP1): 48 V transient-voltage suppressor (TVS)

protection diode selection for application with Vg less
than 48 V. The default is without the jumper.

be appropriate for the motor used, which could cause G. Jumper (JMP6): nFLT brake function selection. The de-
damage to the IC or motor. Initially, limit the power sup- fault is without the jumper, function disabled.
ply current to 25 — 50% of the rated current of the motor; H. Jumper (JMP4, IMP5):

when the optimal setting is reached, remove the limit.
5 . ) . i. JMP4: External nBRAKE pin pull-up to 3.3 V selec-
D. I2C selection (SW2): Toggle the switch to the Ul PROG tion. [1] The default is without the jumper.

position to enable the I2C interface with the device.
ii. JMPS: nFLT LED selection. The default is without the
jumper.
I. Current sense resistors (R3/R4).

J. Set the power supply to the appropriate voltage and cur-
rent, and turn on.

[1] Device internal pull-ups are used.

ABI333EC Demo Board
85-0955-001 Rev.2
Harlboro Apps. 2023

Front of the Board Back of the Board

Figure 4: Evaluation Board Connections
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2. Launch A89333 GUI
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3. Read EEPROM and Show Settings

Click on Read EEPROM and Show Settings. This displays the programmed EEPROM values in the console window to the right. For

an unprogrammed device, all zeros are displayed.

=' ARSI BE Application (Merson 0.129) - <no filenams ipacified >
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Some error messages that may occur while using the GUI and the recommended course of action follows.

If this error message occurs:

of the FTDI D2XX driver my be
required.

If this error message occurs:
Ensure the power supply is ON
and SW2 is set to the U1 PROG
position.

If this error message occurs:

1. Attempt to communicate with
the device a few more times.
These additional attempts may
be success ful because 12C_SDA
is shared with the FG/RD pin,
and it could be pulled low by
typical FG function.

2. RD function could be selected,
which can also pull the pin low.

less than the UVLO level of

In this case, reduce VBBB to
the device and try again. /

Could not find any FTDI devices.

[I] D&mummadﬂmbﬂrﬂ
fonce set, restar the app to use with a demo board)

If the board is connected, you may try reinstalling/updating the FTDI D2X(X
driver on this PC. The driver can be installed from the FTDI website here
Ensure the USB Cable iS Connected. http://www. ftdichip.com/Drivers/D2XX.htm
If the cable is connected, installation

7

Did not receive an ACK from the AB9333

oK

It appears SDA is not floating

OK

Allegro MicroSystems
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4. Read Status

Click on Read Status. A snapshot of the current device status displays. Note the highlighted reading of Vgg. It should match the power
supply voltage; this is a good indication that the setup is functioning.
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5. (If Required) Load Saved Configuration or Restore EEPROM to Default
If the device already has the desired configuration data programmed in the EEPROM, skip this step.

A. The A89333 uses a set of configuration data for a particular application. This configuration data can be programmed to EE-
PROM or saved to a file. If a file for this (or similar) application has been created, open that file as follows:

i. Navigate to the Save/Open Configuration tab.
ii. Select the open device configuration file.

iii. Follow the prompts from the GUI software.
E’ AB9312 BE Application (Version 0.128) - <no filename specified>

Save/Open Configuration | Read/\\rite Options  Application Info Dizctaimer Console  Plofting
Save this configuration to a file...

Open device configuration file...

Export this configuration as readable text...
Import configuration from readable text...

Reset the settings in the application to default settings (doesn't write to EEPROM or Shadow)

Restore Alagro-only bits in EEPROM to default configuration

Daotnra antea CEDDOM tn Aafaul ~onfisorakinn

B. After the file is loaded, click on Write All Settings to EEPROM; this programs the device. EEPROM programming requires
Vg of at least 25 V.

& 139332 BB Application (Version 0.129 ._1_SW_BBTO_25Mhz_hx_v115_witMotorParam_OcpEnabled.89333

Save/Open Configuration Read\Write Options Applcation info Disclaimer Console  Plotting

show settings EEPROM

Read EEPROM and || Wirke al settings to ] Toggle Rumisiop | U

0.00% (0) in — 0.00% = 0 Hz (0 RPM)

Status Motor Configi Config2 Config3 Configd Startup Brake Soft-off UCC curve Faults Advanced Startup test

C. For nonprogrammed devices, the default configurations (12 V default and 48 V default) are provided as a starting point by
selecting the appropriate option.

# A89333 BB Application (Version 0.129) - <no filename specified>

Save/Open Configuration ' Read/Write  Options  Application Info  Disclaimer Console  Plotting
Save this configuration to a file...

Open device configuration file...

Export this configuration as readable text...
Import configuration from readable text...

Reset settings in this app to 12V default settings (doesn’t write to EEPROM or Shadow)
Reset settings in this app to 48V default settings (doesn't write to EEPROM or Shadow)

D. After the file loads, click on Write All Settings to EEPROM; this programs the device.

Allegro MicroSystems
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6. (If Required) Load Configuration from EEPROM into Shadow Registers in RAM

If the device already has the desired configuration data programmed in the EEPROM, skip this step.

A. Cycle the power; this loads the configuration from EEPROM into the shadow registers in RAM. Configuration data needs to
be loaded from EEPROM to shadow registers in RAM for A89333 to operate, which happens upon power up.

7. (If Required) Verify EEPROM Contents
If the device already has the desired configuration data programmed in the EEPROM, skip this step.

After the power-cycle process completes, click on Read EEPROM and Show Settings (this is the same as step 3) and verify that the
EEPROM contents are correct.

& ABS3I3 BB Application (Versiom 0.12%) - <no filename specifieds= - =
SaveDipen Configuration  ReadVWribe Opbions  Applcation indc  Dmclaimer Console  Piolting
Resd EEPROU ass || wiree stsemnga o | Togy Runsicp | ] oo |[sa% Costrumusly ool
show sefirgs EEFROM Siripidri i | - " S repd SiatuY
BL.00% (D) i — 0.00% = O HI (0 RPM)
Sus  Ugter Configl Config? Coafig) Configd Starkep Buain Sof-off UCC curve Faulls  Advenced  Steriup test i Tl
read EEPRON
Thile bs Ul Conlrol, sl with ha desasd Enbar APP mode !
contrel abave, and are nol atered in EEPRDM Uniock the IC, f & cusiomer passwond & sel in WVl . Brom (00 {01 300) = GuFEDMETED (407481 1]
sl £ I Enter USER mode 1 {fh1 304] = G ZBAFFRLL (BEMAGETE)
Orecten (B a8C () AcB Customer paasweed = 0n | 0000 Unlock e e G402 (01 308) » G D60 100F (S6430543)
4 i ' OB (0 30C) = OnFE4DBEES (4268450660
Brae ) Braie @) Normal | Chack K mode D404 (D 1310) » 0xd BFCECTZ (135209508
DWO4CS (D 1214) » CuDDSOSSSE (E312304)
D408 [T 318) = (u02CHO18D [4E858552)
CoRiCT (B 1 305) = ool 1 HO0SCE (20STE024)
Siat CCCE (0m1 320) » CufiS4d0800 | 1EER0SE84 )
] CrcfCD {01 324 w B BB OO (20450284 )
—— CxD40A (R 320) = QxFOQO0S00T (40085520
FreA '| Bl ks iy ot avirsgs |0 (BT (fe132C) = OxHEO03C (Z25T2124)
e ® of pamples currently sversped = 1 DD4CC (01330} = CaeDADO0000 {VETTTZ160)
O04CD (013} = OwDCOCO000 (20211 2024)
CoaD4CE 0w 308) = GuOOGIA0N [10358)
% CRCF (0w X35 ) = Oda2F 2C40 (ETIS0ETG)
contrl mode empen Wotor frequency
pi . eyl & - X240 (D1 34) = TXDODDO000 (D)
L Dt tempatratre = o0 (0o ) = BoelOOITEO0 [22TXIE)
T 1 Rotor postion = (eD4012 e 343 = CuQOEO0000 (8388508)
Qvelsge = 0403 {134} = (eBOEBO0D0 { 14520064}
CooD 4064 {01 220) = Ooe0I2000000 (34408800
itor contrel F3A atate Gowrent = oS () 244 = GSRO12332 (1583510066)
= s Ovelapt = Coold Dol {01 388) = G TFFFSO00 (1TE18102)
stanay Ackirpes 8 wieke oDT (01356 ) = CER0000E (D)
ks Over-volage Oowrent = eQADE {01 2600 = GuDODDG000 ()
" B Unsdprvokage 0 volage estmate = D040 (Owl 354) = CoeDOOOOO00 (D)
Over-tmp D040, (0 368) = (hel0000003 (0}
Drvar-current laich (OCP) VBB = 0408 (0136} = CxTFFFOOOO (Z14T418112)
et s e xuDE P 370) = (eDOGO00DS (0
Pk abaled kil ORADED (B 2T4) = POGO000% (D)
B = Vemd = {01378 = ecDOOMG000 (3)
Syahem 0K (B 3TC) = Cacld00000 (D)
Wi it hpul CUD (ref_cmd) =
Vi et Input CHD {mca_sxtcommand) = daste
Speed bl Read from Ox04E 1 (Ti384) = CxB0000000 (0]
it Processed CMD (mca_command) = Wrode B CoeME 1 (Sori384) : DxDOOO0004 (4)
Velbph (pbaraion) it O drtycyche = Wrote b OxdO4 | (Sx0104) | OxDOGOCADE ($1034) -
Crraravolage varabie D uty-cycie = !
Rofior synced

Cormtsretd (VD) Suty-Cycle =
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8. Set Command Duty and Start Motor

To set the command duty and start the motor, follow this iterative process, starting from the default setting and making adjustments
to the configuration parameters until a good result is achieved for the application:

A. Set the command duty using the command slider; begin with a low demand.

B. Start the motor by clicking Toggle Run/Stop.

C. Start the evaluation.

D. To control the motor through the GUI, ensure EXT CMD_SRC is set to I2C in the Config] tab.

NOTE: When adjusting the parameters using the GUI, the motor must be stopped then started for changes to take effect. To run/
stop the motor, click Toggle Run/Stop.

o 480333 BE Application (Version 0.129 1 S\W BETC

™y ICkAhr hy
ol b

Save/Open Configuration Read/\VWrite Options Application info Disclaimer Console Plotting

Read EEPROM and Write all settings to n/Sto .
show seftings EEPROM el

16.60% (5439) in — 16.60% = 151 Hz (4533 RPM)

Status Motor Configl Config2 Config3 Config4é Startup Brake,Seft-off UCC curve Faults Advanced Startup test

External Command Source; 0- 2C, 1- Vemd, 2- Duty Cycle (PYWM), 3-Fr ...
- S vers
() Duty cycle (O Frequency
Default External Command value; N*1.5625% of Max Command

9. Save Configuration to EEPROM or File

After a satisfying configuration is achieved, the configuration can be written directly to EEPROM as follows:
A. Ensure Vg > 25V (this is required to program the EEPROM).

B. Click Write All Settings to EEPROM or save the configuration to a file using the Save/Open Configuration tab and following
the prompts.

‘-.E AB9333 BB Application (Version 0.129) - ..._1_SW_BBTO_25Mhz_hx_v115_witMotorParam_OcpEnabled.893;

ISave.iLOpen I:nnﬂguratiun] Read'Vrite Options  Application info  Disclaimer Conscle Plotting

show settings EEPROM

Read EEPROM and || Write all settings to J Toggle Run/Stop E

16.60% (5439) in — 16.60% = 151

Status Motor Config! Config2 Config3 Configd Startup Brake Soft-off UCC curve Faults Advanced

1"
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Tips: Load Configuration File and Start Evaluation Without EEPROM Programming and Power
Cycling

After the configuration file is loaded as in step 5, use the Read/Write tab to write the configuration file to shadow registers directly
without affecting the existing data in EEPROM. Once the file is written to the shadow registers, the device is ready without the need

for power cycling. For the few parameters that are marked in the GUI, changes made to the shadow registers do not take effect until a
COMMAND_OFF and COMMAND_ON cycle is applied by using the Toggle Run/Stop button.

4% AB9333 BB Application (Version 0.129) - ..._1_SW_BBTO_25Mhz_hx_v115_witMotorParam_OcpEnal

Save/Open Configuration | Read\Write | Options  Application info  Disclaimer Console  Plotting
. . l
Read EEPROM and Write all settings to EEPROM '
show settings Read EEPROM and show all settings
e (5303) in — 16.1
Read EEPROM & compare to settings in the app
Status Motor Config1 ( urve Faults Ad
Write all settings to Shadow
Read Shadow and show all settings
Align type; 0- Align, 1- , , Align D/Q curren
Read Shadow & compare to settings in the app
AlignType 7 AN D sfocAlgnDQcurr

NOTE: Because motor parameters and configurations may be different for different motors, it is advisable to save a specific configura-
tion file for each motor when different motors are used. If the wrong configuration is loaded, it is possible to damage the motor or the
evaluation board.

This concludes the EVB quick startup process.
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BASIC STARTUP OF MOTOR

1. Set Maximum System Variables

Important application parameters accessed via the Motor Tab of
the GUI (as shown in Figure 5) are:

» Single shunt (SENSE_RESISTOR): Defines the maximum
system current and bus current sensing.

* Gain of the CSA (SFOC_CS_AGAIN): Defines the
maximum system current and bus current sensing.

e DC voltage supply (VBB_NOM)

* Frequency resolution (SFOC FREQ RES): Defines the
maximum speed of the system.

These parameters are selected as described next.

MAXIMUM SYSTEM SPEED

The maximum system speed (f,,,, [Hz]) is the maximum electri-
cal frequency of the system, and the value is determined by the
frequency resolution, f,,,, according to:

Equation 1:
Sonax = round(213 x f,, ),

where the frequency resolution, f,,, [Hz/LSB], is set through the
SFOC_FREQ RES register according to:

Equation 2: 1 [Hz]
fres = Q . 9 SFOC_FREQ RES [LSB] .

SFOC_FREQ _RES must be selected so that the resulting
maximum system frequency is greater than the rated maximum
electrical speed [Hz] of the motor at nominal Vg supply voltage.
For motors with lower speed, it may be preferred to use a lower
SFOC_FREQ_RES in order to have a higher resolution.

NOTE: Motor speed depends on the supply voltage, Vgp; there-
fore, the maximum demand may not result in maximum motor
speed if a voltage lower than rated Vg supply voltage is applied.

MAXIMUM SYSTEM CURRENT AND BUS CURRENT
SENSING

A89333 uses a single shunt resistor to measure motor phase cur-
rent involved in the FOC algorithm. The shunt resistor is con-
nected through the SENN and SENP pins. The maximum system
current depends on:

» Reference ADC voltage of the ADC (ADCyprgr), which should
equal 1.2 V.

* QGain of the sense amplifier (CSAgan), Which can be set in
the SFOC_CS_AGAIN parameter in NVM to 10 V/V or 20
V/V.

 Shunt resistance (Ry,,,), which can be set in the
SENSE RESISTOR parameter in NVM, usually 100 mQ.

Status Wotor  Config! Config2 Configd Configd Startup Braks Soft-off UCC curve Faulls Advanced Startup test

Senge resistor value, 12 bits, 0-500 mid
[ | = 100.0 mQ)

SFOC C5A (Current Sense Amplifier) gain (lower gain regires higher se

O 20w ® 10w
Hominal Vbb votage; N0 515625V
[ ] =480V
SFOC Frequency Resolution (sef as high as can achieve required max
[ | = 0.031 Hz

Motor parameters

Enter winding resstance, Rs, in ohms (Rs = Rphase-phase / 2)
Rs = 33 | Please enter Rs value so sfocRs can be sef
Enter winding inductance, Ls, in henrys (Ls = Lphase-phase [ 2)
Ls= 000158 | Pease enter Rs value 50 sfocls can be set
Enter motor Ke, K& = phase-neutral = phass-phase / sgri(3)

Ke= | 00054 | Please enter Ke valie 50 sfocke can be set

Configured maximum values

These are the highest potential system values, based on the configuration
set to the left. Other varous seitings are configured as a percentage of
these values

910 Hz (27307 RPW) Based on: “sfocFraqRes”

(RPM uses “FGpp™)

Max syshem spesd =

Based on: "sfocCSAGaN"
“senseResistor

Max systém currént = 1.200 A

Based on: “stocCSAGan™
“senseResisior, “vbbNom"

Max sysiem power = 43.546 W

Figure 5: Motor Tab
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The maximum current can be expressed as:
Equation 3:
AD CVREF
Rspunt X CSAgain

1

max[ I=

The maximum system current must be greater than the maximum
current rating of the motor. The recommended shunt resistor is
one that allows the maximum system current to match the motor
used, with 20% margin. Different maximum system current val-
ues require different shunt resistors (see Table 2).

Table 2: Maximum System Current as Function of Shunt
Resistance

Shunt Resistance [mQ] Maximum System Current [A]

20 6
50 24
100 1.2

NOTE: There are advantages and disadvantages in the selection
of CSA gain. With the same current, I ,,.:

* Low value 10 V/V requires use of an Ry, that has double
the value with respect to 20 V/V Cg, gain; this implies more
power dissipation.

* High value 20 V/V causes more noise in the measure.

Sense resstor value, 12 bds, 0-500 md)
' = 100.0 mi}

SFOC CSA (Current Sense Amplifier) gain (ower gain regires higher se

O 20w ® 10 v

Nomanal Vbb vokage, N*0 5156825V

n =480V
SFOC Freguency Resolution (set as high as can achieve reguired max

' = 0031 Hz

DC-LINK VOLTAGE

The nominal DC-link voltage should be set in the VBB NOM
parameter in NVM.

NOTE: For proper device function, the nominal Vgg used to
power the device must be configured correctly in the VBB NOM
parameter in NVM.

MAXIMUM ELECTRICAL POWER

The maximum electrical power [W] value is calculated according
to:

Equation 4:

BNom

For example, for I, = 6.25 A and VBB
mum electrical power is 64.95 W.

=12V, the maxi-

nom

Verify that the desired values of the nominal supply voltage,
maximum system current, maximum frequency, and maximum
power, match with the configured values reported in the right box
of the GUI motor tab as shown in Figure 6.

Proper system operation requires these parameters to be set cor-
rectly.

Configured maximum vakses

These are the highest potential system values, based on the configuration
sel to the keft. Other various settings are configured as a percentage of
these values

810 Hz (27307 RPM) Based on: “sfocFregRes”

(RPM uses “FGpp~)

Max system speed =

Based on: "sfocCSAGaIn"™
“senseResmstor

Max system current = 12004

45 848 W Based on: “sfocCSAGan"

"senseResstor, “vbbNom"

Max $ysiem power =

Figure 6: Motor Tab—Configured Maximum Values
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2. Set Motor Electrical Parameters

The Electrical Parameters of the motor must be written in the
GUI motor tab (Figure 5); the A89333 algorithms needs the
values of:

» Winding stator resistance, R, (phase to neutral)
o R, phase to neutral = R, (line to line)/2 [Q]
» Winding stator inductance, L (phase to neutral)
o L phase to neutral = L (line to line)/2 [H]
* BEMF constant of the motor, K, (phase to neutral)
o K, phase to neutral = [K, (line to line) /(V3)] [Vpi * sec/rad]

CALCULATION OF BEMF CONSTANT (K,)

To measure the BEMF of the motor, an external source of torque
is often used. For instance, the source of torque can be another
motor (M1 on scheme) with its shaft mechanically connected to
the test motor (M2 on scheme). This allows spin of the test motor
by driving M 1. One motor wire of M2 is connected to the voltage
probe of the oscilloscope and another wire is connected to the
ground end of the probe. An example of the suggested measure-
ment is shown in Figure 7.

Measurement workflow:
A. Connect the test motor M2 shaft to the drive motor M1.

B. Connect one phase of M2 to the oscilloscope voltage
probe and connect another phase of M2 to the ground of
the voltage probe.

C. Drive motor M1 to rotate at a speed that is approximately
20% to 40% of the rated speed of M2.

D. When both motors are rotating at steady speed, capture
phase voltage data from the oscilloscope (a few periods)
and the rotation speed of the test motor.

E. Stop M1.

The motor electrical constant for both the delta-connected motor
and the wye-connected motor can be evaluated using the formula
for the motor electrical constant:

Equation 5:
Upeak V.s

2nf %,

where U, is the peak voltage amplitude of the M2 phase-to-
phase BEMF voltage (any two phases can be used for calcula-
tion), = 1/T (Hz) is the electrical frequency of BEMF voltage,
and T[s] is the period of BEMF voltage, as shown in Figure 8.

ke tine to tine =

In the formula, the number of pole-pairs is not considered, so
the unit of radian stands for electrical rotational frequency, not
mechanical frequency.

The measured K, is calculated between two phases of the motor,
so it is a line-to-line quantity, where the line-to-neutral constant
is:

Equation 6:

ke line to line V.s
[
V3 rad

|

ke tine to neutrar =

External
P el Motor [| Power
(e.0. speed, Controller Stage
power, etc)

Figure 7: Back EMF Measurement Setup

back emf

peak

t[s]

Figure 8:

BEMF Phase-to-Phase Voltage
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3. Set Torque Control Mode

Select the torque control mode—which is among the speed,
power, and torque options on the Configl Tab in the GUI—for
the SFOC_ VAR _CTRL MODE parameter in NVM, as shown
in Figure 9.

The other speed/power PI controller is not involved in the torque
control mode. The rotor position observer, on the other hand, is
active and should be appropriately configured with the respective
parameters. For the first tuning, set the torque mode to use only
the inner current loop control and position observer, avoiding the
outer loop that can control the speed or power.

Status Motor Configl  Config2 Config3 Configd Startup Brake Soft-c

External Command Source; 0- 2C, 1- Vemd, 2- Duty Cycle (PWM), 3- Fr.

® ec ) vemd
() Duty cycle () Frequency
Default External Command value; N*1.5625% of Max Command

' = 0.000

‘ariable Control Mode (variable select): 0- speed control, 1- power con

() Speed () Power

(®) Torgue

Figure 9: Config1 Tab—Variable Control Mode

4. Set PWM and Dead Time

Select the PWM output frequency applied to the motor windings
through the PWM_PERIOD parameter in NVM on the Configl
Tab in GUI. In general, any value around 25 kHz is good. For
high-speed applications, there could be a benefit to running at a
higher PWM frequency because there are more PWM cycles per
electrical period. With more samples per period, the sine wave
profile has more resolution, which can result in an improved cur-
rent waveform. For applications where the motor needs to run at
very low speed, the applied duty can be very small, in the 10%
range. In this situation, because the calculated duty cycles may
approach the dead time of the output stage, there can be a limita-
tion that introduces distortion in the driving waveform. Using

a lower PWM frequency improves the distortion at low duty.
Decreasing the PWM output frequency may lead to discontinuous
phase current for very-low-inductance motors.

() reserved

To avoid shoot-through current in the MOSFET bridges, dead
time is implemented, which delays the high side from turning ON
after the low side turns OFF, and delays the low side from turning
ON after the high side turns OFF. The desired dead time can be
programmed using the PWM_DEAD_TIME parameter in NVM.

The dead time depends on the switching characteristics of the
selected MOSFET and the available current from the gate drive;
therefore, the dead time is affected by the gate-drive slew-current
rate. The dead time is set according to the time needed to switch
ON or OFF the MOSFET: It must be set sufficiently high that it
avoids a short circuit in the single leg of the inverter, yet suffi-
ciently low that it does not increase harmonic distortions.

For the evaluation board and the MOSFET mounted to the board,
the recommended dead time is 700 ns. This time is given by:

e Lowest slew current setting.
* MOSFET characteristics.

NOTE: With higher slew rate, the dead time setting can be
reduced.

Configé Startup BrakeSoft-off UCC curve Faulls Advanced Startup test

Gate driver slew current setting, four settings, 0- 10, 1- 30, 2-50,3-7 ..
® 10735ma (O 35/55ma
O 52175 mA QO 75/75mA

ed () Enabled

- 88.88Hz, 1- 133.3Hz, 2-177
Figure 10: Config 4 Tab—Gate Drive Slew-Rate Settings
Turn Off

Turn On

Figure 11: Turn-Off and Turn-On Behavior—C2 Power
MOSFET, Vgg; C3 Power MOSFET, Vpg
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Stall detection algorithm: Disabled by setting
ROT STALL DET CTRL =0 on the Faults tab.

NOTE: The focus of this step is to set the base parameters to spin
the motor, advanced parameters related to the limiters and the

5. Disable Advanced Feature .

For the basic tuning, all the advanced parameter settings must be
disabled initially. This includes:

* All the rate-limit variables on the Config2 tab: Select the
highest value to avoid the limiting action of these controls, as

shown in Figure 12.

* BEMF compensation algorithm: Disabled by setting

protection could influence the action of the motor controller. For
this reason, they are disabled at this time and are detailed in the

GUI Tab Explanations and Advanced Features section later in this

user manual.

BEMF_COMP_AMPLITUDE = 0 on the Config3 tab.
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Figure 12: Config2 Tab—Set Limits and Rates to Maximum
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6. Set Startup Variables

Startup variables are selected via the Startup tab of the GUI.

With any sensorless motor driver design, a startup process is used
to spin the motor from standstill so that BEMF voltage is suf-
ficiently high for the algorithm to detect the rotor position.

The startup has three distinct areas of operation, as shown in
Figure 13:

1. Align or initial position detection (IPD)

2. Ramp-up

3. Drive to the target speed or reference variable
The GUI is shown in Figure 14.

Standby Align Ramp-Up

PHASE 1: ALIGN OR IPD

The purpose of the align or IPD phase is to move the rotor to a
defined location: The rotor is aligned to a known position (align)
or the actual position of the rotor is determined (IPD), then the
ramp-up acceleration stage begins.

For the align phase, two methods are available:

* DC align: Fixed DC currents
(SFOC_ALGN_D CURR_REF) are applied to the motor for
a fixed duration (SFOC_ALGN_TIME).

e AC align: AC currents (SFOC_ALGN D CURR_REF) with
frequency equal to 1/SFOC_ALGN_TIME is used.
NOTE: AC align can be very useful in some cases, such as

when a startup failure results from an initial rotor position that
is 180° out of phase with the fixed DC alignment.

The most common method to start the motor is the align method.
This is because the IPD method does not work for a motor that
has zero or very small saliency.

The DC align method can be selected in the GUI as follows:

Align type; 0- Align, 1- IPD

) Algn ) PD
ACTDC Akgn Type: 0= DC.Akgn, 1= 4C Algn
() DC Algn {_} AC Algn
Figure 13: Motor Phase Current During Startup
Sislus  Molor Configl Config? Confg3 Confgd  SE0UP  BrakeSofi-off UCCourve Fouls Advanced Siariup lest
ARgN type; G- Algn, 1- PO Alpn DVQ current P Controler iegral gain (signad), 2N
) Akge - o ' =§

Allgn D curneed referance; (W+1 73 125% of Max cyurngnd

8 = 04504
ANgn time; 20487H=1) VCL updates

[ ] = 1657.2 ms
Ramp-up time; [40 » Z5ExH] WL updaies
[ | =631 ms
Ramg-up ireguency (speed] rade: J(H=1)°0 02441 40825% of Max (sysd
. -3 THZI
End treg = 210 H

Ramp=up D curnent reference; (N+1)"3.125% of Max el

. = 0,450 4
Command On thresheld; (H=11*0.390625%, poat-UCC procesaing

[ | 9.35%

ca

Erocessing

ACDE Algn Type: 0. B Akgn, 1- &0 adgn
® DC AN {0 A Axgn

Akgn DA cusrent P Controlier propoitonal pain (sgned), 2*H

' -3

Figure 14: Startup Tab
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DC align is controlled by the current reference
(SFOC_ALGN_D CURR_REF) and align duration
(SFOC_ALGN_TIME) parameters.

* Align duration (SFOC_ALGN_TIME) holds the position
for a programmed duration. This parameter should be set
to a value that provides the rotor sufficient time to settle to
the align position once the oscillations cease. The duration
selected should provide consideration for various stopping
locations of the rotor. The worst-case time to settle typically
occurs at the point located halfway between two defined
motor stopping positions. For initial setup, an align time of
approximately 1 s is suggested.

* Current reference (SFOC_ALGN D CURR_REF) sets the
applied current during the align phase. This parameter should
be set high enough to move the rotor and overcome the inertia
and friction. The suggested current setting is approximately
25% of the maximum system current. (Ensure that the
maximum system current is set properly for the motor that is
used.)

SaveOpen Configuralisn  Opload  Appboalion mhs Do imer

" Resd SHADOWand || Wrlle slselingsto |
show semngs SHADOW

Status  mgler  Configh

o 9

Confgsd  Configd Slarup  Dreke SoR-off  Speed cunig  Fauls

Tuning Align PI Controllers

In the DC align phase, the PI controller gains are

defined by the SFOC_ALGN D _Q CURR _ KP and
SFOC_ALGN_D_Q_CURR_KI parameters in NVM. These K,
and K; gains apply to the DC align phase only.

AC align is actually part of the ramp-up phase, and the PI con-
troller gains are defined by SFOC_D CURR_KP and SFOC D
CURR KI, and its tuning is detailed in the Current Loop PI
Tuning section.

Because torque is linearly proportional to current, in torque
mode, the command reference is the current flowing through the
motor. Select the current command value using the slider at the
top of the GUI (see Figure 15).

To tune the DC align PI controller, the default configuration of
the universal curve controller (UCC) is recommended (see Figure
16); for detailed information, refer to the datasheet. With the
default UCC, the slider assumes values between 0 and maximum
system current.

The recommended reference level is at least equal to 25% of the
maximum system current. If the motor struggles to align, increase
both the command reference and SFOC_ALGN D CURR REF

NOTE: Motor startup requires a command reference greater

than the threshold of the CMD_ON_TH parameter in NVM;
similarly, motor turn-off requires a command reference less than
the threshold of the CMD_OFF_TH parameter in NVM. The
difference between the two thresholds defines the hysteresis.
Both thresholds are also in the startup tab, as shown in Figure 13.
Ensure that both thresholds are set properly.

Aeadiirite EEPROM  Plefting  Conschs

AN 2033 % D.I54A

PD, W fesl  SEartup teat

Figure 15: Command Slider in Torque Mode, Showing Current as Reference

Apphcation infe Desclamer

Consche  Folng

| i

SavelQpen Confgurabon ReadWirie Opions
Rend EEPROM and Virie al sattings ta
show settings EEPROM

| B (XATET) in — 100 00% = 1 -

Status Motor Configl Config2 Configd Configd S30rup  Brake Sof-off UCC curve Fauls  Advanced  Startup best

Figure 16: Command Slider, Showing 100% Demand Equal To Maximum System Current
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Align Pl Tuning

To tune the align PI controllers:

A. Initiate the align test as follows:

i. Select the Record/Plot Startup Data on the Plotting tab
of the GUI.

ii. Set the duration of the test to Run/Record of the Test
coherent with the choice of the align time.

The duration of the test is set by writing to the Dura-
tion to Record field.

iii. Start the test by clicking Test Startup Now.

After clicking the button, the GUI starts and runs the
test for the set time, then turns off automatically.

iv. (If desired) To stop the motor, click Command Off.
Stopping the motor is not required.

B. Perform the align PI controller tuning procedure as fol-
lows:

1. Start with configuration K = 1 and K; = 1.
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Fead EEPROM and Wribe ol seftings to
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o e with Suner

Reset zoom
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gty 8 CuPR
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(0 a1 e o
o AT B

_,___
E
== \
__E
-
E——
f___
—
—_'Fni______

SR EimA

i | o | 'I"!. 4

ii. Increase K one step at a time, up to the instability.
Take the last K, before the instability.

iii. Increase Ki one step at a time to speed up the action
of the controller and reach the current reference of
SFOC_ALGN_ DCURR_REF until the instability oc-
curs. Take the last K; before the instability.

The results of the tuning process are shown in the figures pre-
sented next in the Align PI Tuning Examples that follow:

* When K, and K; are tuned correctly, the align current of Phase
A has no ripple, as shown for K, =2, K; =7 in Figure 19.

* When K, is too high, unstable PI controller action is observed
in the D current, and oscillations around the current reference
are observed on the phase current, as shown for K, =4, K; =7
in Figure 20.

* When K; is too high, a ripple is observed in the D current, as
shown for K, =2, K; =8 in Figure 21.

NOTE: Tuning results are application-dependent; results will dif-
fer from those shown in this user manual.

Piol reaktime data (speed, current, efc.)
[ Record & plot start-up data (higher time: resolution).. |

24 90% (B158)

Figure 17: Plotting Tab
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Figure 18: Startup Test Plotting Example
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Align PI Tuning Examples

Figure 19: Good Tuning—GUI Plot (left) and Phase Current Plot (right)

Figure 21: K, Instabilities—GUI Plot (left) and Phase Current Plot (right)
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PHASE 2: RAMP-UP

In the ramp-up phase, an open-loop acceleration increases the
speed of the motor to an acceptable rate, after which the rotor
position can be reliably measured from the positioning observer;
the rotor frequency is increased until it reaches the open-loop to
closed-loop (OL-CL) transition frequency, end freq.

To accelerate the motor, the driving current reference of the
motor must be defined in the SFOC_RUP D CURR REF
parameter in NVM. This reference must be sufficient to generate
enough torque to spin the rotor up to the desired end frequency
indicated on the startup tab of the GUI, as shown in Figure 22.

During the ramp-up phase, the acceleration rate is defined by the
SFOC _RAMP_STEP value, and the total time of acceleration is
equal to the SFOC_RAMP TIME. The SFOC_RAMP STEP
and SFOC_RAMP_ TIME together define the end frequency.
Ramp-up speed is not affected by the value of the current.

The inertia of the load is used to set the SFOC_RAMP_STEP
and SFOC_RAMP_TIME: Due to the current demand, the
higher the inertia, the lower the SFOC_RAMP_STEP.

The end frequency is where the transition from open-loop to
closed-loop operation occurs. The set value must be high enough
to produce reliable estimates of the rotor position from the
observer. A general rule is to set the end frequency to approxi-
mately 5-10% of the rated speed.

Generally, a fast startup demands higher current.

Ramp-up frequency (speed) rate

}
™ 1

PHASE 3: DRIVE—CLOSED-LOOP TUNING

In this phase, the inner current PI controller and the position
observer controllers are tuned to spin the motor.

The tuning procedure has two parts:

1. Current controller tuning using SFOC_D_ CURR_KP then
SFOC D CURR_KI; the procedure is the same for the align
PI controller.

2. Positioning observer tuning using SFOC_PO THETA K
and SFOC PO FREQ K.

These parameters are on the Config2 tab, shown in Figure 23.

Whenever monitoring of currents, voltages, and frequency is
possible, the Record/Plot Startup Data button is available on the
plotting tab of the GUI.

NOTE: That motor phase current during the driving phase is
limited by SFOC_DRV_CURR DRV _LMT.

Because torque mode is still in use in this phase, the command
reference is still current. Similarly, select the command reference
with the slider at the top of the GUI, as shown in Figure 15.

Just like the align PI Controller Tunning, it is advisable to leave
the Universal Curve Controller in the default configuration. With
the default UCC, the slider assumes values between 0 and maxi-
mum system current.

To start the tuning procedure, select a current reference. The
recommended current reference is in the order of 20 — 30% of the
maximum system current.

During tuning, the motor must not rotate at the maximum rated
speed. This is important because, at maximum speed, the BEMF
generated is almost equal to the supply voltage, so a further cur-
rent increase is not possible. If the motor were to rotate at the
maximum rated speed, the motor would be limited by the supply
voltage and might not reach the desired current set point. To
avoid the problem, select a lower current reference command.

=180Hz/s
end freq = 36.2 Hz

Figure 22: OL-CL Transition Frequency (End Freq)
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=3

w 095

= 1024

Wariable Control (SpeadPovwer) intagral gain (signed), 2N
sfochark 5] .2
Variable Control (Speed®ower) proportional gain (signed), 2°N
sfocVarkKp ' =]
VoRage ImE; 100%+N"0.T8125% of Hominal voRage
afocbbl mi '
VoRage imil threshold (below Vollage imit); (N+1)x0.78125% of Nomina ..
sfochiooLmiT! '

Power it Mx1 SE255 of ((M2)x((max Current) % 1.154Ts(neminal Vol
stocPwrlmi ' = 49.068 W

=573V

=532V

Spead Wi, (N+1}"0.TE125% of Max (aystam) spaed

= 9102 Hz
= 27307 RPM

Confgi  Config3 Configd Startup Brake Soft-off UCC curve Faulls Advanced Startup test

Speed kmt threshold (below Speed i), (H=10. 7TE125% of Speed b ..
sfocFreglmiTh ' = 8031 Hz

= 27053 RPI
Generator (regenerative brake) @ Current Limit; N*1 5525% of Maox cur

' = 0.281 4

Current rate Bmit in Drive mode, [24(N=11) x 0,7T45u%) of Max current p

P -os00a
I'VCL update

Current rate Bmit in Generator mode, [22(N+11) x 0.T450%] of Max curr ...

8 fseDrvCurrRateLmt

sfocCenCurrRatelmt ' = 01504
I'VEL update

Down current rate bmi, [2*(H=11) x 0.745u%] of Max current per VCL .

sfpcOwnCurrRatel imi ' = 00384
IVEL update

Reference rate bmt, [0.09312u% x 2°N] of Max (sysiem) speed per VT .

Figure 23: Closed-Loop Current Pl and Observer Parameters

Current Loop PI Tuning

Select the Record/Plot Startup Data on the Plotting window of the

GUI:
1. Set the starting configuration to K, = 1 and K; = 8.

2. Increase K one step at a time, until instability occurs, then
select the last value before the instability occurred.

3. Increase K; one step at a time to increase the speed of the
controller and reach the slider-defined current reference until
the instability occurs, then use the last value before the insta-
bility occurred.

The procedures and results for the PI tuning for the current con-
trol loop follow.

sfocRefRatelimi = 28.4 Hz
v VEL update
Driwe O Current Limit, (N+1)73,125% of Max current
ls.:\..'\-:..l:.-'..:.l-".: ' .umA
CCL PI Tuning, Step-by-Step Procedure
1. Initial settings and behavior are as shown:
I
ey
™
ol

- | -

SFOC_D_CURR_KP =1, SFOC_D_CURR_KI =8
SFOC_PO_THETA_K =9, SFOC_PO_FREQ_K =4

p—

For these settings, the plot shows that the motor reaches the
end of the ramp up, but the gains of the current controller
are too low, and the motor position observer is not able to
synchronize. For this reason, SFOC_D_CURR_KP must be
increased.
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SFOC D Q CURR _KP is increased to 2, resulting in the 5. SFOC D Q CURR _KP is increased again and instability is
behavior shown: observed:

i

SFOC_D_CURR_KP =2, SFOC_D_CURR_KI=8 SFOC_D_CURR_KP =5, SFOC_D_CURR_KI =8

SFOC_PO_THETA_K =9, SFOC_PO_FREQ_K =4 SFOC_PO_THETA_K =9, SFOC_PO_FREQ_K =4
This setting is still too low, and the motor position observeris 6. Configure the device to the value used before the instability
not able to synchronize. The SFOC D Q CURR_KP param- was observed. The results shown in both steps 3 and 4 are
eter must be increased further. good options, showing the correct tuning is achieved with
SFOC D Q CURR_KP is increased again and instability is K, =3orK,=4.
not observed: 7. Tune K; and increase K; by one click. As shown in the third
plot that follows, with K, = 4 and K; = 64, a good result is
achieved.
ey ||I : i "
i . ﬂmww Yoy '.
—
| Lok i M = |
A
SFOC_D_CURR_KP =3, SFOC_D_CURR_KI =8 Ll S
SFOC_PO_THETA_K =9, SFOC_PO_FREQ_K =4 o~ e ——
SFOC_D_Q CURR_KP is increased again and instability is SFOC_D_CURR_KP =4, SFOC_D_CURR _KI =16

SFOC_PO_THETA_K =9, SFOC_PO_FREQ_K=4
not observed: _FO_ _ _PO_ _

P

PR "

SFOC_D_CURR_KP =4, SFOC_D_CURR_KI =8 SFOC_D_CURR_KP =4, SFOC_D_CURR_KI = 32
SFOC_PO_THETA_K =9, SFOC_PO_FREQ_K =4 SFOC_PO_THETA_K =9, SFOC_PO_FREQ_K =4
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SFOC_D_CURR_KP =4, SFOC_D_CURR_KI = 64
SFOC_PO_THETA_K =9, SFOC_PO_FREQ_K =4

These settings are used next, for the starting inputs in the
Position Observer (PO) Tuning section:

Position Observer (PO) Tuning

Using the Record/plot startup data feature in the Plotting window
on the GUI:

1. Start with configuration that obtained good results in the CCL
PI Tuning, Step-by-Step Procedure section: In this example,
SFOC PO THETA K =9and SFOC PO FREQ K=4.

2. Increase both parameters in unison, one step at a time, until
the instability occurs. Use the values that were input before
the instability occurred.

3. To improve control at high frequencies, maintain the observer
parameters that guarantee the fastest dynamics.

The PO tuning results follow. In this case, the step needed

is lower than the previous examples due to the high initial
gain setting. As shown, the best configuration for the position
observer is achieved with SFOC_ PO THETA K =10 and
SFOC PO FREQ K =35.

L

SFOC_D_CURR_KP =4, SFOC_D_CURR_KI = 64
SFOC_PO_THETA_K =9, SFOC_PO_FREQ_K =4

i

SFOC_D_CURR_KP =4, SFOC_D_CURR_KI = 64
SFOC_PO_THETA_K =10, SFOC_PO_FREQ_K =5

PHASE 4: DRIVE—SPEED-LOOP TUNING

The current PI and the position observer have been tuned, now

it is time to tune the speed-loop PI parameters SFOC_VAR_KP
and SFOC_ VAR KI, located on the Config2 tab. To enter speed
mode, select it with SFOC_VAR CTRL MODE parameter in
NVM in Configl Tab in GUI. The control variable is the speed,
the action of the PI is completely different from CCL, now the
UCC goes from 0 to the maximum speed, the reference is the
speed of the motor.

Save/Open Configuration  Read?vrte  Options  Applcationinfo  Disclaimer  Comscle  FPiotting
 ResdEEFROMand || WWrte al setings to T
show settings EEPROM } - A

Status Mofor Configl Config? Configd Configd Starhap BrakeSoft-off UCC curve Fauls Advanced Startup fest

2.03% (3943) in — 12.03% = 110 Hz (mm;]

External Command Source; - BC, 1-Vemd, 2- Duty Cycle (P, 3- Fr
e ® ec O Wemd
O butycyce O Fraguency
Default External Command value; N*1.5625% of Wax Command

defaulExiCmd .
Wariable Control Mode (varablie Seicctl L speed control, 1- power an
s rilods O Power

------- O Tarque O reserved

= 0.000 %

Status Motor Configl Config2  Config Configd  Startup  Brake,SoR-off

Current Pl Controlier proportional gain (signed), 2°H

e . =4
Cament Bl Gontroler ntegral gan (signed). 2°H
Po DT '. =32
Position Obaerver Theta gan (sipned). 2*N
B . ' = F4E
Posltish ObServer Froguency gan (Snsa), 240
focPO fragk . =5
riakds Controd [ SpesdPower) ntegrad gan (signed). 3N
vk | ] =32
Wariabie Conbrod (SpeedPower) proportienal gain (signed), 2°H
shocuiaeK ] .z

Figure 24: Config1 Tab—Speed Control Selection
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Speed-Loop Pl Tuning

Select the Record/Plot Startup Data menu on the Plotting window
of the GUL:

1. Start with configuration K, =1 and K; = 1.

2. Increase K, one step a time up to the instability and take the
last value before instability.

3. Increase K; one step at a time to speed up the action of the
controller and reach the speed reference defined with the
slider until the instability occurs and use the last value before
instability

To start the tuning procedure, it is good to select a speed refer-
ence that is approximately 20% to 30% of the maximum system
speed.

Step-by-step tuning procedures for K, and K; follow.
Speed-Loop K, Tuning, Step by Step
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SFOC_VAR_KP =8, SFOC_VAR_KI = 1

At K, = 8, the system becomes instable, so the process is
stopped and the previous setting, K, = 4, is used next in the
Speed-Loop Ki Tuning, Step by Step procedure.
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Speed-Loop K; Tuning, Step by Step
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Overshoot begins to be observed, so the previous setting,
K; =32, is used.
SAVING PARAMETERS TO EEPROM

As explained in the preceding sections, all the settings adjusted
using the GUI are written to the shadow registers. Parameters set
via the shadow registers are stored in RAM, so they persist as
long as the A89333 is powered ON.

To use the same parameters after a power cycle of the part, the
parameters must be saved to the EEPROM of the A89333.

To save parameters to EEPROM:
1. On the top of the GUI, click Write All Setting to EEPROM.

For more details, refer to the A89333 Evaluation Board Quick
Startup Guide section, Step 9: Save Configuration to EEPROM
or File.

This concludes the Basic Startup of Motor section.
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GUI TAB EXPLANATIONS AND ADVANCED FEATURES

After the motor has been driven successfully following the basic
startup procedure, set the advanced parameters. Each tab contains
a description of each parameter. For more-detailed descriptions of
parameters and their controls, refer to the datasheet.

Status Tab

The user controls section of the status tab is used to make the fol-
lowing selections:

¢ Motor control mode

e Motor control FSM state

¢ IPD status
¢ Windmill status

¢ Command the direction of the motor * Fault flags

» Force the brake state (not forced is the typical operation
setting) using the BRAKE CTRL register. When the brake is
selected, the A89333 remains in the brake state.

* FOC algorithm variables

The status section of the status tab is used to monitor the follow-
ing variables and modes of operation:

The status tab is particularly useful for troubleshooting: By set-
ting the Continuously Read Status menu, variables and states
can be displayed in real time. The current running states of the

machine are displayed in blue font, while the faults in address 0

are displayed in red font when a corresponding fault occurs.

Variables related to FOC and demand control are displayed in the
status pane at right. User password unlock and IC mode control
are also provided on the status tab.
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Figure 25: GUI—Status Tab
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Motor Tab
MOTOR CONTROL MODE AND STATE

A89333 implements the FOC algorithm through a state machine,
composed of four modes and six distinct states.

The four modes of the motor controller application (MCA) are:

» Standby (SBY) mode: Activated after completion of the
system startup routine or after receipt of a command to stop
driving the motor (MCA finite state machine, FSM, enters
standby state. (See Figure 26).

» Rotate mode: Activated after receipt of a command to start the
motor (upon exit from the standby state).

» Brake mode: Activated after receipt of a command to brake
the motor.

¢ Fail mode: Activated after detection of an enabled fault. Active
fail mode is reported by activation of the nFLT pin.

The states of the MCA FSM are shown in Figure 26.

NOTE: For a detailed description of the MCA FSM states, refer
to the A89333 Datasheet.

Faultrake detected and processed
Motor driving is stopped

Brake Mode AND
ABS{Rolor Speed) <= STPD_TH

System starbup finished

Refer to the Basic Startup of Motor section.

go back to Windmill for
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Brake interrupt occurmed
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Low side FET braking
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Figure 26: MCA FSM
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CONFIG2 TAB

Pl Controller Parameters

In this tab, there are the PI current controller variables, posi-

tion observer variables and the PI speed control variables. The

PI controller’s variables are expressed as values in powers of 2,
increase the PI gain by one means a power of 2. The tuning of the
PI parameters is explained in the Basic Startup of Motor section
Step 6: Set Startup Variables.

Regenerative Mode—Antivoltage Surge

When a motor is driven, energy is transferred from the power
supply to the motor. Some of this energy is stored in the form of
inductive and mechanical energy. If the speed command suddenly
reduces such that the BEMF voltage generated by the motor

is greater than the voltage applied to the motor, the mechani-

cal energy of the motor transfers as electric power to the power
supply and—if the reverse-protection diode is present—the Vg
voltage increases. During the deceleration, the motor starts to

Save/Open Configuration  ReadiWrte  Options  Application nfe  Disclaimer Console  Piotting

produce regenerative current. The regenerative current can be
limited using the SFOC_CURR_GEN_LMT parameter.

Due to the reverse-protection diodes, the current cannot be
absorbed by the power supply during regenerative braking; there-
fore, the current can go only toward the DC-link capacitance. The
current is integrated in the capacitance, which increases the Vyg
voltage.

To prevent Vyp going too high with the risk of breaking the
power stage, the configurable Vg limit can be adjusted using the
SFOC_VBB_LMT parameter. The A89333 controls the negative
current to limit the voltage increase.

To control the regenerative current that comes from the motor,
reduce the Vg limit, as shown in Figure 28.
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Figure 28: Regenerative Current Control Using
SFOC_VBB_LMT

The A89333 can limit the Vg pump up using the following
parameters:

+ SFOC VBB LMT sets the limit of the Vg pump up in
generator mode.

« SFOC VBB LMT TH increase leads to a smoother
approach to the Vyg limit defined by SFOC_ VBB LMT.

NOTE: These Vgg limit parameters are active only in generator
mode; they are not engaged during low-side brake.

To prevent Vg pump-up when deceleration is required, the
SFOC_CURR_GEN_LMT parameter must be set to 0. During
this state, the motor is controlled in coast mode up to the refer-
ence.

If Vg pump-up is allowed, this parameter can be set to a
value that differs from 0 and Vgg. The pump up is limited to
SFOC_VBB_LMT.

NOTE: Vg limits acts reducing the magnitude of braking cur-
rent. Because current is proportional to torque, this limit reduces
the braking force.

Power Limit

The SFOC_PWR_LMT parameter limits the maximum power
and it works for all speed, torque, and power modes, and it is
particularly useful in speed and torque modes.

Speed Limit

The SFOC_FREQ_LMT parameter limits the maximum rotation
speed. It works for all the controlling modes—speed, torque and
power—but is typically used in power and torque modes.

To limit the rotor frequency up to the limit specified by the
SFOC FREQ LMT parameter, a threshold must be set

in the SFOC_FREQ LMT TH parameter. This threshold

must be less than the SFOC_FREQ LMT parameter. A high
SFOC FREQ LMT TH value achieves a smoother approach to
the SFOC _FREQ LMT limit.

When the motor frequency exceeds SFOC_FREQ LMT TH,
the controller starts to limit the rotor frequency by acting on the
driving current.

Motor Drive Current Limit and Slew Rate Control

Motor current during the drive phase is limited by

SFOC DRV _CURR DRV _LMT, and the slope of the current
is limited by SFOC_DRV_CURR_RATE LMT (when current
rises) and SFOC_DWN CURR_RATE LIMIT (when current
decreases). The rate limit is used to smooth the current increase
or decrease: Small values result in slow dynamics, and higher
values result in a faster response.

NOTE: It is important to act on the rate limits only after the
motor has rotated properly in the closed-loop mode.

SFOC DRV _CURR _DRV_LMT also limits the IBB current.
IBB is proportional to SFOC_DRV_CURR_ DRV _LMT.

Command Reference Limit

In speed mode and power mode, the maximum rate of command
change can be limited using the SFOC _REF RATE LMT
parameter. This feature can be useful to prevent sudden changes
in the torque applied to the motor, which could result in acoustic
noise.

NOTE: The SFOC_REF RATE LMT parameter also works
during deceleration.

In torque mode, the SFOC_REF RATE LMT parameter
has no influence. The reference variable in torque mode is
motor current. The rate of the current change can only be
limited through the SFOC_DRV_CURR RATE LMT and
SFOC_DWN CURR_RATE LIMIT parameters.
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CONFIG 3 TAB
BEMF Compensation

The BEMF compensation algorithm compensates the side
harmonics produced by the motor. The compensation is used to
reduce torque ripple, allowing reduced acoustic noise and preser-
vation of the motor bearings.

NOTE: The BEMF compensation algorithm is useful when the
motor BEMF voltage does not have a pure sinusoidal shape.

The algorithm can compensate only one harmonic component.
The suggested harmonic component of focus is the one that
causes the greatest distortion; i.e., the one with the greatest
amplitude, excluding the fundamental. Compensation for the
undesired harmonic is made using the BEMF _COMP_N and
BEMF _COMP_AMPLITUDE parameters.

Using the procedure reported in the Basic Startup of Motor sec-
tion, BEMF can be measured and the harmonic content of the
voltage can be analyzed.

The phase of the harmonics can be determined using the fast
Fourier transform (FFT) plot of the BEMF waveform. The side
odd harmonic could be in phase or out of phase with respect to
the fundamental:

» If the BEMF voltage has saddles in the shape of Figure 31, set
BEMF_COMP_PHASE to 180°.

This method, used to recognize the phase of the harmonic, is not
useful for even harmonics.

Figure 31: Harmonics 180 Degrees Out of Phase from

Fundamental
» If the BEMF voltage has peaks in the shape of Figure 30, set
BEMF _COMP_PHASE to 0°.
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Procedure to Set the Correct BEMF Compensation

1. Order of Side Harmonic

Through an FFT plot of the BEMF voltages, the side har-
monic with the greatest amplitude in addition to the funda-
mental can be determined. In the example of Figure 32, the
component with the greatest amplitude after the fundamental
is the fifth harmonic.
; ] . Ea-::k -El:\F pr?ﬁlt (experimental data)
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Figure 32: Measured BEMF (top) and
FFT of Measured BEMF (bottom)

2. Amplitude
Once BEMF COMP N is set, step through the
BEMF COMP_AMPLITUDE parameters to select the value
that produces the best sinusoidal phase current by looking at
one of the phase currents with the oscilloscope.

The phase current of a motor that has the fifth harmonic with-
out the compensation algorithm is shown in Figure 33 and
with compensation applied in Figure 34. It is clearly evident
that the phase current is completely compensated and the
shape obtained is sinusoidal.

Figure 34: Motor Current With Compensation
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IPD Settings
The configurable IPD settings on the Config3 tab are:

« IPD_STG2 PULSE DURATION: Sets the injection pulse
duration.

+ IPD STG2 SATURATION TH: Sets the trigger level of
current difference.

To configure the IPD:
» Start with a low IPD_STG2 PULSE DURATION value.

* Perform multiple starts, where
IPD_STG2 PULSE DURATION is increased for each
start until the difference between the peak values of the two
currents, I, and I,, is at least 3.125% or 6.25%, depending on
the value selected in IPD_STG2 SATURATION_ TH.

* The peak value of I; and I, must be less than the maximum
system current in order to be correctly read by the device.

Three output voltages and the phase current related to phase A are
shown in Figure 35.

ipdStg2PulseDuration

Figure 35: Output Voltages and Phase A Current

FG

The FG signal is a square wave signal that is proportional to the
frequency of the motor.

After the rotor synchronizes and FOC starts, the FG signal is
available in the ramp-up state or the drive state, according to
FG_START TYPE.

The FG_GAIN parameter in NVM can be used to scale the
output FG frequency based on internal electrical frequency; this
allows the setting of the FG frequency to differ from the actual
electrical frequency.

FG_PP is used to set the number of motor pole-pairs.

RD

When the RD feature is enabled (EN_RD FUNC), the stalled
condition is reported on the FG/RD pin according to the
RD ACTIVE_LEVEL parameter in NVM:

« IfRD ACTIVE LEVEL =0, FG/RD pin is set high in the
event of a stalled condition

 IfRD ACTIVE LEVEL =1, FG/RD is set low in the event
of a stall condition. The pin remains in the active level for the
duration of the presence of the stalled latch.
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CONFIG 4 TAB
Clock Compensation

When the PWM duty cycle is set as the external command, to
achieve greater speed-control accuracy, a clock-compensation
feature can be used to synchronize the internal clock of the IC
with the external PWM signal frequency. This eliminates the
requirement of the precision external resistor on the ROSC
terminal because the external PWM signal is used to compensate
for the inaccuracy of the integrated oscillator and enables speed
accuracy better than 0.1%. This requires a highly accurate and
stable external PWM signal.

This feature is activated using CLK_ COMP_ENABLE.

The input maximum frequencies of the external PWM signal
are fixed and must be specified using the CLK_COMP_REF
parameter.

The input duty cycle of the PWM signal must be greater than 0%
and less than 99% to detect the frequency (close to 50% is recom-
mended). If a 0% or 100% duty cycle value is applied, the clock
compensation does not work properly.

Fampen Configuraticn Aesdiirts  Opticns  Applcation infe  Discisimer  Consols  Pioling

Read EEFROM and

irte 8l se=rg o ([ e—— [ ]
show seftngs EPROM
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Pull-Up Enable

Pull-up control of the Config 4 Tab of the GUI is used to enable/
disable the internal pull-up of various pins:

« IPUP PWM _SPD DIS: Controls the 5 V internal pull-up of
the PWM/SPD pin.

« IPUP _FG_RD DIS: Controls the 12 V internal pull-up of the
FG/RD pin.

« IPUP NBRAKE DIS: Controls the 5 V internal pull-up of
the nBRAKE pin.

Gate Driver Control

The PWM_GD SLEW_RATE parameter is used to control the
slew rate of the external MOSFETs and can be estimated by the
Qgp specification of MOSFET and the chosen gate drive current
according to:

Equation 7:
tgew = Qap/(Isrc or Igng)-

A high slew rate produces high emissions, voltage spikes and
coupling. This effect can be reduced using a smaller slew rate;
however, a smaller slew rate can increase power dissipation, so it
is important to find the correct trade-off among all the factors.

Increasing the slew rate reduces the dead time needed to avoid a
short, but increases the probability of introducing electromagnetic
interference (EMI) through coupling.
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STARTUP TAB
The startup tab is detailed in in the Basic Startup of Motor section Step 6: Set Startup Variables.
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BRAKE, SOFT-OFF TAB

Pulsed Low-Side Braking

When BRAKE IF OFF _EN is enabled, low-side braking is
applied if the IC is commanded to turn off. Four parameters are
used to define the low-side braking behavior:

- BRAKE_FET PULSE _AMOUNT
- BRAKE_SEQ LENGTH

- BRAKE_FET_ON_DURATION
- BRAKE_FET OFF_DURATION

During low-side braking, current could be high. The A89333
uses a switching method (pulsed low-side braking) whereby
the low-side MOSFETs are closed for the duration of

BRAKE FET ON_DURATION and open for the duration of
BRAKE FET OFF DURATION, as follows:

1. One low-side brake pulse is:

A. On for the duration of BRAKE FET ON DURATION.

B. Off for the duration of
BRAKE FET OFF DURATION.

2. This pulse is repeated for the number of times set by
BRAKE FET PULSE AMOUNT.

3. Theresult of BRAKE FET PULSE AMOUNT can be
again repeated by BRAKE SEQ LENGTH.

This approach allows the speed of the rotor to be dampened until
it is zero. This braking sequence is illustrated in Table 3.

-

SarnUpen Cor iguratoe ReadYiris f=- - Apcicaion nfo CRORMET Tanmoe PioSEng

Dy EEMR0M ina
VRS TG

T A1 SeBAGE 16 Topye HuvSig [ ]

EEPRCAF

Table 3: Braking Sequence

Braking Sequence
on | off On off On off
Pulse Amount

Pulse Amount Pulse Amount

Sequence Length

Continuous Low-Side Braking

Continuous low-side braking is also available: When

BRAKE FET OFF DURATION is set to zero and

BRAKE FET ON DURATION is set to the maximum value,
the low side is ON during braking. This reduces the time needed
to stop the motor. However, it is important to ensure that the max-
imum current that the MOSFETs can support is not exceeded.

High-Current Damage Prevention

The following parameters control another feature used to prevent
high-current damage to MOSFETs during braking:

« BRAKE FREQ TOO HIGH TH
« BRAKE FREQ TOO HIGH COAST TI

If the motor speed (electrical cycle ) exceeds

BRAKE _FREQ TOO HIGH_TH when the brake com-
mand is received, the motor coasts for the duration defined by
BRAKE FREQ TOO _HIGH _COAST _TI. Before braking is
activated, the speed is checked again. Braking is applied when
speed is less than BRAKE _FREQ TOO HIGH TH.
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Pulsed Low-Side Braking

During the braking phase, Vg experiences pump-up caused by
diodes inserted between the power supply and the VBB pin. The
diodes block the current that returns to the power supply, so the
current is forced toward the capacitances, which "pumps up" the
voltage trough the capacitor terminal. During pulsed braking, cur-
rent decreases linearly and speed slowly decreases to a halt.

Figure 37: Pulsed Low-Side Braking

Continuous Low-Side Braking

During continuous braking, the low-side MOSFETSs are always
closed and the brake is constantly applied. In this case, Vi
pump-up is not present because the current is shorted by the low-
side MOSFETs. Continuous braking engages quicker and slows
the motor/rotor to a halt faster than pulsed braking.

Figure 38: Continuous Low-Side Braking

Soft-Off Deceleration

If SOFT_OFF _EN is enabled when a stop command is received,
the motor decelerates in a closed loop (see Figure 39, Area 1).
This is achieved by decreasing the reference command using

the rate configured by SFOC_DECEL RATE. Depending on
the correlation between SFOC DECEL OL SPEED TH and
SOFT OFF FREQ TH, two operating scenarios are possible:

« SFOC _DECEL_OL _SPEED TH>SOFT _OFF FREQ TH:
1. Closed-loop deceleration
2. Open-loop deceleration

3. Brake/Free-run:
For brake, SOFT OFF BRAKE EN=1
For coast, SOFT _OFF BRAKE EN =0

« SFOC _DECEL OL SPEED TH <SOFT _OFF _FREQ TH:
1. Closed-loop deceleration

2. No open-loop deceleration

3. Brake/Free-run:
For brake, SOFT_OFF BRAKE EN = |
For coast, SOFT _OFF BRAKE EN=0

NOTE: During the closed-loop deceleration phase, regenera-
tive current is produced. If SFOC_CURR_GEN LMT =0,
regenerative current is limited to 0 and the motor coasts.

SFOC DECEL OL D CURR_REF sets the driving current
during open-loop deceleration.

Speed |
command, %

Driving motor

FOC

“,  decelerating
{closed loop)

5 Fosition observer
| unoperationsl srea

sfocDeceld SpeedTh |- — — — — — — & — — — — — — _ _ _ _ 1
’ 1 G\ Openloop
decelersting

SoRCfFraqTh

Figure 39: Soft-Off Deceleration
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ADVANCED TAB

Soft Start

Soft start limits current before align or ramp-up and avoids the
onset of inrush current caused by the presence of current scaling
references that are required in the align and ramp-up modes.

Quiet Start

To achieve quieter operation during the open-loop to
closed-loop (OL-CL) transition, a quiet-start feature can

be enabled by selecting the value of phase-current limit
(SFOC_START_CURR_LMT) at the OL-CL transi-

tion. It is also possible to reduce the current in the ramp up
(SFOC _RUP D CURR_REF) toward the end of the open-loop
ramp-up period by properly configuring the OL-CL transition
duration (SFOC_QUIET START TIME). When the current
level is closer to the required current level in the feedback con-
trol, transition noise is minimized.

ALLEGRO
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SPEED/UCC CURVE
The motor command is passed through a universal curve control- ~ The UCC input is unsigned (MCA_EXT COMMAND [LSB])

ler (UCC; see GUI access in Figure 41) to create an arbitrary and the output is signed (MCA_EXT COMMAND [LSB]), as
command profile, then to the FOC algorithm. shown in Figure 42.
‘E‘ BB Appl o - 1.5 _ha w117 lot — =

Save/Open Configuration Read/\Write  Options  Application Info  Disclaimer  Console  Plotting

= 0.0 Hz (avg 0.0)
Cont
Toggle Run/Stop v r:gd‘"s”;fs" = 0 RPM (avg 0)

Read EEPROM and

‘ Write all seftings to

show settings EEPROM
17.84% (5846) in — 17.84% = 162 Hz (4672 RPH)
Status Motor Configl Config2 Config3 Configd Startup Brake,Soft-off UCC curve Fauts Advanced Startup test
UCE: point 0 HELP! 910 Hz (27307 RPM) Read stalus to show: App cmd (green) IC cmd (orange)
T | =0.000 % 100%
ucc_y0 ' =0.000 %
=0 Hz (0 RPM)
UCC: point 1
uce_x1 P -0z
uce_y1 ' = 100.000 %
=910 Hz (27307 RFM} +
UCC: point 2
uee_x2 ' =0.000 %
ucc_y2 ' =0.000 %
= 0 Hz (0 RPM)
UCC: point 3
weexs [ =0.000 %
uee_y3 ' =0.000 %
= 0 Hz (0 RPM)
UCC: point 4
ucexs =0.000 %
ucc_y4 =0.000 %
B ' = 0 Hz (0 RPM}
UCC: point 5 0%
wexs =0.000 % U
uce_ySs =0.000 %
. = 0 Hz (0 RPM)
UCC: point 6
X | =0.000 %
uce_y8 ' =0.000 %
= 0 Hz (0 RFI) »
UCC: point 7
uee_x7 ' =0.000 % -
uce_y7 ' =0.000 %
= 0 Hz (0 RPM)
UCC: point 8
ueexs = 0.000 %
uce_y8 =0.000 %
' = 0 Hz (0 RPM)
UCC: point9
weexs i = 0.000 %
uee_y3 ' =0.000 % "
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Figure 41: GUI—UCC Curve Tab
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The UCC is a transform curve defined by corner points. Each » Hysteresis can be implemented by setting the input value of an

point has a specific input value that corresponds to an output address lower than the input value of the previous address, for
value. The values between the points are calculated using linear example, as follows:
interpolation. Up to 10 corner points can be defined and saved . N S ————
in the EEPROM. Definition of all corner points available is not : s '
required—only as many as are needed for the desired curve. The o =
UCC curve examples that follow are just some examples. Many e
possibilities exist. ]
-
UCC Curve Examples oA
’
« The following base configuration (default curve) starts from .
zero and transitions linearly to the maximum value; if used, ' :
remapping is not required: — ]
e S D B Ridd e W IS A CFE e L IFD EgE = i L
¥ — ]
- § p— '
’ e - '
S
L] .
]
" In this example, as the input demand rises, the output demand
p p p
= jumps to the next-higher level, at the vertical lines on the right
' = of each transition; when the input demand reduces, the output
¢ demand reduces to the next-lower level, following the vertical
= L lines on the left of each transition. This prevents output jitter
’ when the input is around a boundary:
o
' * In the following configuration, if the input is:
"
¥ o Less than approximately 23%, the motor does not start.
L] .
——— o Less than 20% and the motor is ON, the motor turns OFF.
 The following speed curve can be used to avoid the resonant 0 Between approximately 90% and 96%, the output is 10.6%.
frequency of the motor, if required: o Greater than 96%, the output is 0.
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* The following curve can be used when bidirectional operation

is required:

¥SC pord & 7% g (T B A1 MO 11 Wi B 080 (O8N D1 B

[ s -
L) -
VL port 1
] FEPPTE
= 2N
L e
-
L ] K
ot -
"
S porta
L]
i ' =
= . o T -
L]
wori €
' =1IMi%
e v e
L
L
"
"
"

In this case, when the input is:

o 0%, the motor is at the selected maximum speed in the
reverse direction.

g 100%, the motor is at the maximum speed in the forward
direction.

o 50% (approximately), the motor is stopped.

NOTE: the SFOC_FREQ RES parameter has four settings.
Each setting corresponds to one of four maximum system
speeds (455 Hz, 910 Hz, 1820 Hz, and 3641 Hz) as shown

in the motor tab. The maximum system speed must be faster
than the maximum motor speed. For example, if the maximum
speed of the motor is 1000 Hz, the maximum system speed
should be set to 1820 Hz, and use of the UCC is recommended
to set the maximum speed at 1000 Hz at 100% duty, as shown

in Figure 43.
Widek Wale  Cavlyl  Cisfed  Cavigd Ty o e 4 A ol mrned e by
Ay i o e =t i | = L
] =
.
]
v
»
L]
»
L
’
. ™
’
.
L) -
L]
.
]
]
.
| ]

Figure 43: UCC Set to Maximum Speed For Motor Used
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FAULTS TAB
Faults and Protections

This tab contains all settings related to protection and fault detec-
tion features.

Hardware protections include over/undervoltage, overtempera-
ture, and short-circuit protection. Motor control-related faults
include lock detect (loss of synchronization) and no-motor start.

Most settings are self-explanatory. Detailed information is avail-
able in the datasheet and is not repeated here. The settings for
lock detection are presented here.

Lock/Stall Detection

Stall detection is used to report the stall condition when the
algorithm determines that control has lost synchronization with
the motor for various reasons, such as mechanical obstructions,
sudden load change, etc.

In drive mode, ROT_STALL DET_ CTRL selects the method
used to detect the stall condition. The most common methods are
described next. Combinations of these methods are also possible.
Users are advised to experiment and select the best option for the
specific application.

* Frequency estimation compares the estimated
frequency (f,) with a threshold value,
ROT_STALL_TOO_LOW_SPEED_TH; if the estimated

Seveflpen Configuration  Readtirite Opficns  Applcation mfo  Dachimer  Conscle Pomsing

frequency is lower than the threshold, stall detection is
triggered.

* BEMF estimation compares the estimated BEMF voltage with
a threshold value, ROT_STALL TOO LOW_VBEMF TH;
if the estimated voltage is less than the threshold, a stall is
triggered.

¢V, estimation compares the estimated V, with the lower
and upper values of V, (ROT_STALL_DET_HIGH_TH
and ROT_STALL DET LOW_TH); if the estimated
V, is not within this range for a time equal to
ROT STALL DET TIME TH, the stall state is triggered.

NOTE: Stall detection is masked during the open-loop opera-
tion (ramp-up) and begins to function only after the controller
transitions to closed-loop operation (drive) and the duration of
ROT STALL BLANK DUR has elapsed.

After a stall is triggered, the device enters the coast state for a
duration set by ROT_STALL RETRY_ TOUT before it makes
the next retry attempt.

The restart behavior after a stall is set by

ROT STALL RETRY MAX ATTEMPTS. For example, this
parameter can be set to always retry or to retry only for a pro-
grammable number of times.

Pond EESROM aed || Virts ol sstings b E™Ter [ | a0 || Se% Comtnusualy D
show petings EEPROU L ] ‘ read satus Spesd
OL00% (0} in = 0.00% = & Hz (0 RPM)
Saghus Uolor  Configl Configd Configd Configd Stadue  Brake Sof.ob UCE cure Fluli  Advpaced Siacleptest
Chver Viokage Protection Hreshokd, BI85 Blotor Stall Detection Hight theeshoid. 100%+(N=1"12 4%
| B0V T § -omoos
Crver Violage Pratecton ensble’ 0 Saabied, 1- ensbied Rstor Stal Deiection Low Sresheld (N=1712 5%
() Dmabied ) Ensbied [ | » 3T 5%
Chver Carrent Protection VIS comparstor threshoid: G- 0.5V, 1. 0.7 Rotor S5l Too Low Speed threstold, (=19 05T EM20% of Max (sys
[ | "5V ] =44 Hz
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Figure 44: GUl—Faults Tab
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BILL OF MATERIALS

Quantity Designator Value Description PartType Footprint
1 C1 0.01 pF 50 V Capacitor Yageo CC0805KRX7R9BB103; Digikey 311-1136-1-ND 0805
2 C2,C3 0.1 pF 50 V Capacitor TDK CEU4J2X7R1H104K125AE; Digikey 445-7856-1-ND 0805
1 C4 4.7 uF 35 V Capacitor Chemi-Con EMZA350ADA4R7MD61G; Digikey 565-2553-1-ND UCC D61 Cap
1 C5 4.7 uF 10 V Capacitor Samsung CL21B475KPFNNNE; Digikey 1276-2972-1-ND 0805
1 c6 10 F 75V Ceramic Capacitor TOK ngggggm fggfgg(?fcg}gﬁgy 45 1210
3 C7,C15,C16 0.22 yF 50 V Ceramic Capacitor Taiyo Yuden UMK107B7224KA-TR; Digikey 587-5958-1-ND 0603
4 C8,C10,C12,C13 10 pF 100 V Capacitor Murata GRM32EC72A106KEO5L; Digikey 490-16266-1-ND 1210
1 C9 0.1 pF 100 V Capacitor TDK CGA4J2X7R2A104K125AE; Digikey 445-15961-1-ND 0805
1 cn 0.47 pF 100 V Capacitor TDK C2012X7S2A474K125AB; Digikey 445-5203-1-ND 0805
1 C14 100 pF 100 V Electrolytic Capacitor Chemi-Con EMVY101ARA101MKEOQS; Digikey 565-2511-1-ND UCC KEO KG5
1 c17 DNI 75V Ceramic Capacitor Not Installed 1210
3 CA, SW, VBIAS Mini Test Point Keystone 5000; Digikey 36-5000-ND Mini Test Point
1 CN2 USB 2.0 Connector EDAC 690-005-299-043; Digikey 151-1206-1-ND EDAC 690-005-299-043
1 CN3 Molex 3-Pin Vertical Receptacle Molex 0022022035; Digikey WM3201-ND Molex 3-Pin 4455-N Vertical
15 Pins CNjMJF',\f’D]MJP“’;'?fMJP'\gP3' Cut from 50-Pin Strip Samtec TSW-150-07-T-S; Digikey SAM1035-50-ND S'P"z‘_%;;_csoh”l:‘;"t"“
2 D1,D2 100 V/8 A Schottky Diode Microsemi HSM8100JE3/TR13; Digikey HSM8100JE3/TR13CT-ND DO-214AB
1 D3 100 V/1 A Schottky Diode Diodes Inc. SDM1100LP-7; Digikey SDM1100LP-7DICT-ND U-DFN2020-2 (Type B)
FG/RD, GHA, GHB, GHC,
GLA, GLB, GLC, LSS,
22 nlei\AI;EB nS%TSE\I{W\gg:D Large Test Point Keystone 5010; Digikey 36-5010-ND PAD 57 125 TP HB
SENN, SENP, VBB, VBBIN,
VIN1, VREF
4 Bumpon Foot 3M SJ-5303 (CLEAR); Digikey SJ5303-7-ND Bumpon Foot
1 J1 Red Screw Connector Terminal Keystone 7701-2; Digikey 36-7701-2-ND Keystone 7701
1 J2 Black Screw Connector Terminal Keystone 7701-3; Digikey 36-7701-3-ND Keystone 7701
3 J3, 04, J5 Screw Connector Terminal Keystone 7701; Digikey 36-7701-ND Keystone 7701 Bottom-Only
1 L1 Ferrite Bead Laird MI0805K400R-10; Digikey 240-2389-1-ND 0805
1 L2 10 pH 670 mA Inductor Coilcraft PFL4514-103MEC; Mouser 994-PFL4514-103MEC Coilcraft PFL4514
1 LED1 Red Surface-Mount LED Lite-On LTST-C150CKT; Digikey 160-1167-1-ND 1206 LED
1 PCB 85-0955-001 Rev. 2
6 Q1,Q2, Q3, Q4, Q5, Q6 100 V15 AN-FET Taiwan Semi TSM900N10CP ROG; Digikey TSMO00N10CPROGCT-ND D-PAK, TO-252
2 Pins QR13 Sockets for R13 Mill-Max 801-43-050-10-001000; Digikey ED6350-ND
2 R1, R2 271Q 1/8W Resistor Vishay-Dale CRCW080527R0OFKEA; Digikey 541-27.0CCT-ND 0805
2 R3, R4 0.05Q | 2W Sense Resistor with Kelvin Connections Ohmite MCS3264R050FER; Digikey MCS3264R050FERCT-ND 2512 - Sense
3 R5, R6, R7 4.99kQ 1/8W Resistor Panasonic ERJ-6ENF4991V; Digikey P4.99KCCT-ND 0805
3 R8, R9, R10 200 Q 1/8W Resistor Panasonic ERJ-6GEYJ201V; Digikey P200ACT-ND 0805
1 R11 787 Q 1/8W Resistor Panasonic ERJ-6ENF7870 V; Digikey P787CCT-ND 0805
1 R12 25kQ 1/10W Resistor TE Connectivity CPF-A-0805B25KE; Digikey A124124CT-ND 0805
1 R13 10kQ 1/4W Resistor Stackpole RNF14FTD10K0; Digikey RNF14FTD10KOCT-ND 0.3" Resistor
1 R14 10kQ 1/8W Resistor Stackpole RMCF0805F T10KO0; Digikey RMCF0805F T10KOCT-ND 0805
1 RNET1 10kQ 4 Isolated Resistors Yageo YC324-JK-0710KL; Digikey YC324J-10KCT-ND CTS 744 Series
1 SW2 Dual SPDT Switch Grayhill 76STCO2T; Digikey GH7720-ND 76STCO2T
1 u1 BLDC Motor Controller AB9333EC 28-Pin EC_wo11+25
1 U2 Dual N-CH Fet's Toshiba Semi SSM6N15AFU LF; Digikey SSM6N15AFULFCT-ND SOT-363
1 U3 USB 8-Bit FIFO IC FTDI FT240XS-R; Digikey 768-1127-1-ND SSOP-24 (150 mm)
2 W1, W2 22 Gauge Buss Wire (300 mm above PCB) Scope Ground
1 ZD1 70V TVS Zener Littelfuse SMBJ70A; Digikey SMBJ70ALFCT-ND DO-214AA
1 ZD2 48V TVS Zener Bourns SMBJ48A; Digikey SMBJ48ABCT-ND DO-214AA
1 ZD3 47V Zener Diode Diodes Inc. BZT52C4V7S-7-F; Digikey BZT52C4V7S-FDICT-ND
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RELATED LINKS

A89333 product page available at: https://www.allegromicro.com/en/products/motor-drivers/bldc-drivers/a89333
APEK®89333 GUI available from: https://registration.allegromicro.com/login
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Revision History

Number Date Description
- April 3, 2024 Initial release
Corrected evaluation board part number (page 1), updated quick startup tips (page 12), modified frequency
1 July 18, 2024 resolution equation (page 13), and added DC information to the Tuning Align Pl Controllers section (page

19), replaced soft-off deceleration figure image with higher resolution image (page 38), and updated GUI

advance tab (page 39) and UCC curves (page 40).

Copyright 2024, Allegro MicroSystems.

Allegro MicroSystems reserves the right to make, from time to time, such departures from the detail specifications as may be required to permit
improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify that the

information being relied upon is current.

Allegro’s products are not to be used in any devices or systems, including but not limited to life support devices or systems, in which a failure of

Allegro’s product can reasonably be expected to cause bodily harm.

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems assumes no responsibility for its use; nor
for any infringement of patents or other rights of third parties which may result from its use.
Copies of this document are considered uncontrolled documents.
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