ANALOG
DEVICES AN-2607

How to Use Analog Position Feedback with TMC4671

Field-oriented control (FOC) is a state-of-the-art control scheme to run two-phase stepper motors
or three-phase permanent magnet synchronous motors (BLDC or PMSM) in closed loop. The posi-
tion feedback is essential in a closed loop FOC motor drive. Using analog position feedback, the
TMC4671 provides hardware closed loop torque control, velocity control, and position control de-
coupling motor control from application .

Contents
1 Analog Position Feedback and TMC4671 3
2 Analog Encoder with TMC4671 3
2.1 CoNNeCioN . . . . o e e e 3
2.2 Analog Encoder Configuration . . . . . . . . . . e e e 3
2.3 Analog Encoder Clock . . . . . . . o e e 4
24 AnalogEncoder Mode . . . . . .. e e 4
2.5 Encoder Resolution . . . . . . . . e 4
2.5.1 Analog Encoder PPRFullRange . . .. ... ... . . . .. e 5
2.6 Analog Encoder ADC Offsetand Scale . . ... ... .. . . . . . .. 6
2.7 Encoder Initialization . . . . . . .. e 6
270 TMCA67TWizard . . . . o e 6
2.7.2 AUtomatic . . .. e e e e 6
2.7.3 OneTime Initialization . . . . . . . . . . e 8
2.8 Feedback Selection . . . . . . . . e 8
3 How to Configure a BLDC with Analog Encoder with TMCL-IDE 8
3.1 TMC4671 Evaluation Board . . . . . . . . . o e e e 8
3.2 SeNsSe RESISTOIS . . . . v o e e e e 9
33 Overview Wizard Configuration . . . . .. . . . . e 10
3.4 Open TMCA671 Wizard . . . . . . o e e e e e e e e e e e e e 10
3.5 Wizard Selection . . . . . . 11
3.6 Settings - Powerstage and Motor . . . . . . . ... e e e 11
3.7 OPEN LOOP . v v e e e e e e 12
3.8 ADC Current Configuration . . . . . . . . ot i e e e e 13
3.9 Analog ENcoder . . . . .. o e 14
3.10 Encoder Test Drive (Torque Mode) . . . . . . . . i et 18
3.11  Save Configuration . . . . . . L o e e 19
3.12  Feedback Selection . . . . . . . . e e e 20
3.13  Drivingthe MOtor . . . . . o e e e e e e 20
4 Analog Hall with TMC4671 22
4.1 CoNNECioN . . . . o o e e e e 22
4.2 Analog Hall Configuration . . . . . . . . . . . e 22
43 Analog Hall Clock . . . . . o o o 22
4.4 AnalogHallMode . . . . . . e 23
4.5 Hall PPR . . 23
4.6 Analog Hall ADC Offsetand Scale . . . . . . . . . . . e e it 23
4.7 Analog Hall Phase Offset . . . . . . . . . i e e e e e e 24
4.8 Feedback Selection . . . . . . . . . e 24
5 How to Configure a BLDC with Analog Hall with TMCL-IDE 24
5.1 TMC4671 Evaluation Board . . . . . . . . . o e e 24
Rev 0 DOCUMENT FEEDBACK TECHNICAL SUPPORT

One Analog Way, Wilmington, MA 01887-2356, U.S.A Tel: 781.329.4700 ©2025 Analog Devices, Inc. All rights reserved.


https://form.analog.com/Form_Pages/feedback/documentfeedback.aspx
https://www.analog.com/en/support.html

AN-2607

5.2 Overview Motor Configuration . . . . . . . . . . e e e e 25
53 Open TMC4671 Wizard and Selection . . . . . . . . . . . . it it 25
5.4 Settings - Powerstage and Motor . . . . . . . . .. e 25
5.5 OpPeN LOOP . o o o e 26
5.6 ADC Current Configuration . . . . . . . . . L e 27
5.7 Analog Hall . . . o e e 28
5.8 Analog Hall Test Drive (Torque Mode) . . . . . . . . i i e e e e et e 31
5.9 Save Configuration . . . . . . . .. e e 31
510 Feedback Selection . . . . . . . . . 32
511 Drivingthe Motor . . . . . . . e e 33
6 How to Configure a BLDC with ABN Encoder Using an Analog Encoder 34
7 Additional Ressources 35
7.1 Automatic Analog Encoder Initialization TPC Script . . . . . . . .. .. ... . .. ... 35
7.2 Automatic Analog Hall Initialization TPC Script . . . . . . . .. .. . o 36
7.3 ABN Incremental Encoder Initialization Using Analog Encoder TPC Script . . . . ... .. .. 38
7.4 Useful Links . . . . . o o 40
8 Revision History 41

analog.com Rev 0 2of41


https://www.analog.com/en/index.html

Application Note AN-2607

1 Analog Position Feedback and TMC4671

The TMC4671 controls a motor using the servo control modes of torque control, velocity control, and
position control. To close the loop, the TMC4671 provides an ADC engine as well as multiple position
feedback options that can be configured:

* Incremental encoder
+ Digital hall
+ Analog hall
+ Analog encoder
This application note covers the configuration and operation of an analog encoder and analog hall with

the TMC4671.

STEPPER/BLDC
MOTOR

Servo Controller

: SPI Predriver
Micro Controller R s TMC4671 + Powerstage MOTOR

ANALOG
ENCODER/HALL

Position Feedback

Figure 1: TMC4671 and Analog Position Feedback

2 Analog Encoder with TMC4671

In this architecture, a two-phase analog (sin/cos) encoder provides the feedback for commutation (respec-
tive to the torque loop) as well as velocity and position control of the TMC4671. Analog encoders provide
high resolution and (depending on the pole pair) absolute position within a revolution, making them a
good choice for high precision and lower speed application.

2.1 Connection

For two-phase analog sine wave and cosine wave signal (also called sin/cos encoder) channels, AENC_UX
and AENC_WY are used. The signals can be used as differential or single-ended inputs with negative inputs
(AENC_UX_NEG, AENC_WY_NEG) to GND.

[}/ \When the analog encoder is connected to AENC_VN, the wiring can be compen-
sated in the TMC4671. An example is given below step by step.

2.2 Analog Encoder Configuration

Table 1 gives an overview of the most important registers of the TMC4671 for an analog encoder:

analog.com Rev 0 3 of 41


https://www.analog.com/en/index.html

AN-2607

Address Register Name Function

0x06p, dsADC_MCLK_B Delta sigma modulator clock for group B (include
analog encoder)

0x07y dsADC_MDEC_B_MDEC_A Filter for delta sigma modulators for group B (in-
clude analog encoder)

0x40y, AENC_DECODER_PPR Number of periods per revolution for analog en-
coder

0x3By, AENC_DECODER_MODE Basic configuration for the analog encoder

0x0Dy, AENC_O_SCALE_OFFSET Calibration data for ADC channel AENC 0

O0x0Ep, AENC_1_SCALE_OFFSET Calibration data for ADC channel AENC 1

0xO0Fy, AENC_2_SCALE_OFFSET Calibration data for ADC channel AENC 2

0x11y, AENC_SELECT Correct analog encoder ADC to compensate
wiring twists

0x3Ep AENC_DECODER_PHI_A_OFFSET Offset of PHI_A for phase alignment

0x45, AENC_DECODER_PHI_E_PHI_M_OFFSET | Offsets for electrical and mechanical angle for the
analog encoder

0x50y, VELOCITY_SELECTION Selection of velocity signal source

0x51h POSITION_SELECTION Selection of position signal source

0x52, PHI_E_SELECTION Selection of electrical angle used for commuta-
tion by FOC

Table 1: Registers Overview Analog Encoder

The following provides a guideline for the configuration.

2.3 Analog Encoder Clock

To set up the analog encoder clock, do as follows:

Action:

Set dSADC_MCLK_B register 0x06 = 0d536870912 = 0x20000000 (default value)
Result:

The analog encoder clock group B is active at 25Mhz.

2.4 Analog Encoder Mode

To set up a connected analog encoder, do as follows:

Action:

Set AENC_DECODER_MODE[0] = 0b0 (AENC_DECODER_MODE register 0x3B)
Result:

Selects processing of analog position signals of 0° and 90° (sin/cos encoder).

2.5 Encoder Resolution

For correct commutation, itis important to set the analog encoder resolution (AENC_DECODER_PPR, 0x40),
which is defined by periods per mechanical revolution.
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Analog Encoder Output [V]% EL“S: /

‘ 90° 180 270° 60° Motor Angle[o]

Figure 2: One Period per Revolution, PPR = 1

Analog Encoder Output[V]m /><\ sin —
cos —

‘ 90° 180° 270 36> Motor Angle [°]

Figure 3: Two Periods per Revolution, PPR =2

Refer to the manufacturer data sheet to determine the PPR.

I\ [eJj7 The used PPR in 0x40 AENC_DECODER_PPR must be 1 or a power of 2
(=1,2,4,8,..). When using different PPR AENC_DECODER_COUNT, must stay within
[-23': -276] and [2'6; 237]. For this case, 0x41 AENC_DECODER_COUNT must be
overwritten during encoder initialization.

2.5.1 Analog Encoder PPR Full Range

Analog encoder PPR values that are not a power of 2 can be used only within a limited position range as
follows:

1. Write AENC_DECODER_COUNT 0x41 = 23" (or other value within [-23'; -2'6] and [2¢; 237]).
2. Configure the encoder initialization as described in 2.6.

3. Make sure that the AENC_DECODER_COUNT 0x41 stays within [-237; -2"®] and [2"; 23"] during motor
movement.

231
_23]

16

Figure 4: ABN_DECODER_COUNT, PPR Full Range

In this case, the maximum position range is 32767/PPR motor revolutions in each direction.
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Example:
A motor has an analog encoder with 10 periods per revolution. The resulting maximum position range is
32767/10 = 3276.7 revolutions in each direction.

2.6 Analog Encoder ADC Offset and Scale

The analog encoder offset is determined automatically using the TMCL-IDE wizard. For a code example,
see the Python code example.
The scale factor is set to 256 for analog encoder:

* AENC_O_SCALE in register Ox0OD = 256
* AENC_1_SCALE in register OXOE = 256
* AENC_2_SCALE in register OxOF = 256

2.7 Encoder Initialization

The purpose of the encoder initialization is to obtain a known motor and encoder position within the
motor electrical period.

2.7.1 TMC4671 Wizard

To initialize an analog encoder, the wizard in the TMCL-IDE provides inbuilt functions. The aim is to adapt
AENC_DECODER_PHI_M_OFFSET so that OPENLOOP_PHI matches AENC_DECODER_PHI_E.

2.7.2 Automatic

The principle is to align the motor into a known position by applying a defined magnetic field. In this state,
the analog encoder angle offset can be determined:

1. Clear analog encoder offsets
— Set AENC_DECODER_PHI_E_PHI_M_OFFSET 0x45 = 0

2. Apply a fixed voltage at electrical position 0 @.

For this initialization method, the motor should be able to move one pole pair. The resulting motor
position is then well-defined as it is the beginning of the electrical period, as shown in Figure 5:
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Cc Cc

(a) Before initialization, electrical position is unkown (b) Fixed voltage, electrical position = 0

Figure 5: Analog Encoder Initialization

— Set PHI_E_SELECTION 0x52 =1
— Set PHI_E_EXT 0x1C =0
— Set UD_EXT in register UQ_UD_EXT 0x24

UD_EXT value depends on motor, determine suitable value for example from open loop drive.

3. Read outanalog encoder value @ — Read AENC_DECODER_PHI_M from AENC_DECODER_PHI_E_PHI_M
0x46

4. Write negative analog encoder value as offset
— Set AENC_DECODER_PHI_M_OFFSET in register AENC_DECODER_PHI_E_PHI_M_OFFSET 0x45

40000 T

30000 + A Py
20000 | AENC_DECODER_PHLE
AENC_DECODER_PHI_A
10000 + /OPENLDOP_PHI
0 I Il - l I 1 1 ! I l 1 Il Il - l I 'l ! I l l 1 V- l ' 1 1 l I l l 1 - 1 1 1 } ! l I l 1 '/l I - l ' I >
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Figure 6: Encoder before Initialization
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Figure 7: Encoder after Initialization
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For a code example, refer to the:
» TPC script.
+ TMCL-IDE TMC4671 wizard summary page generates tpc and c-code examples.
* Function tmc4671_doEncoderinitializationMode3 in the TMC4671 API.

2.7.3 One Time Initialization

As the encoder offset usually changes with the motor position in general, the encoder initialization is
required after every power up of the TMC4671.
However, the encoder offset is constant in the following cases:

* Analog encoder PPR =1
* Analog encoder PPR = motor pole pair number
* Analog encoder PPR x N = motor pole pair number, N =1,2,34...

In these cases, the encoder initialization can be determined once and the resulting offset is written to the
TMC4671 at power up.

2.8 Feedback Selection

The feedback selection registers define the type of the position feedback (example, digital hall, analog
position, incremental encoder). There are following options:

* 6: phi_e_aenc — electrical position (analog position within an electrical period) is used.
+ 7: phi_a_aenc — analog position (analog value after scaling and offset) is used.
* 9: phi_m_aenc — mechanical position (analog position within an mechanical period) is used.

Usual recommendation is to configure the TMC4671 using the electrical position:

Action:
Address Register Name Value
0x50y, VELOCITY_SELECTION | 6 (phi_e_aenc)
0x51p POSITION_SELECTION | 6 (phi_e_aenc)
0x52;, PHI_E_SELECTION 6 (phi_e_aenc)
Result:

Analog encoder electrical position is used as feedback for torque, velocity, and position modes.

3 How to Configure a BLDC with Analog Encoder with TMCL-IDE

3.1 TMC4671 Evaluation Board

The ADI Trinamic evaluation boards are being used as hardware platform for this guide. Following parts
are used:

* Landungsbruecke interface board
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TMC4671-EVAL
+ TMC-UPS-2A24V-A-EVAL (powerstage)
+ TMCL-IDE

+ BLDC motor with analog encoder Faulhaber 2232S 024 BX4 - 5327
Motor pole pair = 2
Motor maximum rated current = 0.54A
Analog encoder periods per revolution = 2

Figure 8: Hardware Setup Analog Encoder

3.2 Sense Resistors

The TMC-UPS-2A24V-A-EVAL powerstage is rated to 2A. To account for the smaller motor current, the
parallel sense resistor R37 and are R35 removed.

7593/18 :
. Fire
3 57460038 i %mga Etﬁ
A :
TRINAMIC &

—

..........

TMC-UPS-2,24-EVAL v1.1 e/

Figure 9: Remove R37 and R35 from the TMC-UPS-2A24V-A-EVAL
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To calculate the resulting motor current, use the following equation 1.

UADCRange
Apeak/LSB = 1
Peak RSense X GSenseAmp x 32767 ( )

2.5V
Areak/LSB = 555 5 20V x 32767 — O-076MA/LSE 2)

The sense resistor value of 0.05 Q results in conversion factor 0.076mA/LSB. From the motor data sheet,
the resulting current limit is determined and written to PID_TORQUE_FLUX_LIMITS Ox5E:

1
PID_TORQUE_FLUX_LIMITS 0x5E = 500mA x 0.076mA/LSB — 6553LSB (3)

3.3 Overview Wizard Configuration
Configuration by TMCL-IDE wizard

1. Powerstage and motor

2. Motor current ADC

3. Analog encoder configuration and initialization
Configuration with TMCL-IDE tools
1. Feedback selection

2. Pltuning and position mode

3.4 Open TMC4671 Wizard

[Fil Tools Options Views Help ]

4 B Ao © @

Connected devices x

v & UsB

[~ @ 10t Landungsbruecke (small V 3.09)

3 Direct mode

ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

Toolbar for implements 209 cmds/sec

Figure 10: TMCL-IDE Wizard Location

1 Refer to TMC4671 data sheet
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3.5 Wizard Selection

COM20/USB/id/Landungsbruecke (Small)/ TMC4871-EVAL [M1]
Introduction

Weasel configurator wizard (TMC4871)(1/8)

Select your prefered wizard pages

commissioning. The wizard is structured in seven main steps which can be used dependent of your hardware setup.

Please select the wizard pages you like to use:

Introduct This page

General Settings Bring up the PWM
Open Loop Let the Motor run for the first time with open loop control
ADC Selection Select ADC measurement
ADC Configuration Configure ADC Scaling Factors and Of

1 Digital Hall Configuration  Configure Digital Hall Feedback 3(if available)

1 Digital Hall Test Drive Test Digital Hall Feedback s available)

[ ABN Encoder Configuration | Configure AB(N) Encoder Interface for feedback of position and velocity

[ ABN Encoder Test Drive Test ABIN) Encoder Interface for feedback of position and velocity

The TMC467X family provides high performance hardware FOC controllers. For starting up the system several settings have to be made. The Weasel Wizard guides you through this configuration process and helps you to achieve best controller performance and fast

Analog Encoder Configuration (Configure Analog Encoder like analog hall sensors or Sin/Cos encoders

Analog Encoder Test Drive | Test Analog Encoder like analog hall sensors or Sin/Cos encoders

Summary Generate TMCL Scripts and save configurations,

case o failure. Therefore, you need to cut power supply or disable the power stage.

(TMC4671-EVAL website )

Please follow instructions carefully for quick startup. Be careful with voltage references in open loop control mode and check motor currents vith current probes if possible. Make sure that all supply voltages are applied correctly and that you can safely turn off your drive in

Special for Evaluation boards: If you are using a Trinamic power stage and evaluation board, you might be able to use standard values at some configuration steps.

o ~intro: @ »Settings: O »0penloop: O »a0C config: O O »Analeg encoder: O O »Summary: O

Figure 11: Selection of Function Blocks

3.6 Settings - Powerstage and Motor

Select the powerstage and set number of pole pairs = 2 for the BLDC. The pole pairs number is set accord-
ing to the motor setup specified above. Adapt pole pairs to own motor (from motor data sheet).

analog.com
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COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

Type of motor & PWH

General settings

Weasel configurator wizard (TMC4671) (2/8)

Which basic parameters must be checked?

- ’T\ ’T\
[MoToR_TYeE | SThreephaseE .
049 2.

PWHM_BBH_H —
7: centered PWM .4
O pwn

Choose Motor_T,

Select a Power driver: [TMC-UPS-2A24V-EVAL o

Set defaults for DC motor|  [Set defaults for stepper motor]  [Set defauts for BLOC/PMSM motor
e according to your motor and power stage. The TMC467X supports IC motors, two phase stepper motors (FOC2)and BLOG/PMSM motors (FOC3).

Motor type: [3:Three phaseBL. &

3.
I Export to TMCL/PC host below. Stepper Motors usually have 50 pole pairs (1.8
60 * _nom [Hz])/n_nom [rpm] ~e.q. n_nom = 3000 rpm, f_nom =200 Hz, p =4
P = 360 / (step_angle * 4) e.g. step_angle = 1.8°, p = 50
Pole pairs:
4. SetPWN_MAXCNT (0x18) to change switching frequency.
Calculation: PWM_MAXCNT = 1/(f [Hz] * 10 ns) -1
25kHz ¢

5. SetBrake Before Make (B8M) times according to your power stage. These values can be defined separately for high side and low side switches.

BBM low side: BBM high side

6. Select the pwm chopper mode. For typical applications use ‘centered PWM for FOC” to enable the pwm and PWM = OFF for free running.

PWM chopper mode: [7: centered PWM... ¢

PWM off

Before starting up the motor with open loop control, the PWM has to be adjusted to your power moduleinverter. T you are using a standard evaluation board from Trinamic, you can set Default values with the following buttons. First select a universal Power Evaluation.

Set number of pole pairs according to your motor. xfynu don't know the number of pole pairs of your motor, we can determine the number of pole pairs in the next steps. You can also determine this value from your motor's nameplate data using the formula

3.7 Open Loop

Run the motor in open lo

CDMZDIUSB/IdW/Lar\dur\gsbruenke(Small)/TMCkEﬂ -EVAL [M1]

Open

@ »0penloop: O »ADC config: O O »Analogencoder: O QO »Summary: O

rintro: Q »Setii

Figure 12: Powerstage and Motor Settings

op for ADC and encoder configuration.

Open Loop settings

Weasel configurator wizard (TMC4671) (3/8)

Name \ [ Value: ]

Description

[PHLESELECTON | [2:phi-e_openloop

.
m Brunuien .
MUEE RAMP [0: no velocity ramping v

0xB3 MUEE FF 0: disabled 3

‘MUEE PID_SMPL I[ 1=

[moDEPDYPE ] [0:paraliel PI .

[un_exr [ a7 [£]
024

[vozext [ =]

OPENLOOP_PHLDIRECTION | [ OPENLOOP_PHLDIRECTION

1. You can enable Open Loop mode by choosing the commutation angle source (PHI_E_SELECTION, 0x52) and the correct MOTION_MODE (0x63).

3. Now we are at the critical point. Watch the motor currents with the current probe measurement if available. Increase UD_
increase UD_EXT too much, very high currents can be impressed into the motor and you might damage your power stage and/or your motor.

HINT: Some Motors start spinning only at very low target velocities and high currents. Try varying these parameters.

2. Enter a target velocity in rpm for the open loop angle generator and a value for the acceleration in rpm/s. Typical values are 30 rpm (0.5 Hz) and 120 rpm/s.
EXT in small steps until the motor is running. If you increase UD_EXT, also the current amplitude willrise. If you

Running the motor with Open Loop Control allows further configuration. For Open Loop mode, the motor should be decoupled from any load or the load should be as low as possible.

How to use the open loop mode?

To start the motor in open loop made do the following:

1. select the phi_open_loop mode in register 0x52 (def: 1)

2. select ug_ud_ext mode without ramp in register 0x63 (def: 8)

3. select the used pwm amplifier in register 0x24 (def: UD_EXT=1, U

4. set an acceleration in register 020 (def: 60 [rpm/s]) and a target velocity in register 0x21 (def: -30 [rpm])

[opentoopacceeration ] | 50 2] | | vou can lso clck "set defauts® to set the defaut volues and start the motor. Aferwards, You can use the control box to set new target velocities.
[ oPeNLooP_vELOCITY_TARGET | | 0 Direction swap
| [N_pore_paRs I 28] | || When enabled direction is swapped exery time interval
e 3 Trves prse BLEC Suep drection 1

[PrLEExT I

Swap time[ms]

I Export to TMCL/PC host|

s ED s Bs Bs 17s 85 s 205

no

0.6 OPENLOOP_VELOCITY_ACTUAL

10.2 OPENLOOP_VELOCITY_TARGET

9.8

9.4

b I R RV RN B B SR SR SR P R R B
22s Bs 24s 2%s

OPENLOOP_VELOCITY_TARGET

A Sneak UD_EXT up to 4000:
For higher values edi register directly .

Set defaults|

How to estimate the motor pole pair count?

For an estimation of the motor pole pair count of your motor, the motor must be rotated with a controlled commutation angle, a defined force, and o load.

1. select a slow velocity in register 0X21 (e.g. -1 [rpm]) and start the ot in controlled mode with the actual open loop settings
2. clear the estimated result at a motor position which is easy to remen
3. read the estimated number of motor poles after exactly one revolution ond update register 0x18

Estimated motor pole pairs: |80 % |Clear counter

analog.com

wintro: @ »Se © r0pentoop: @ »A0C config: O O ranalogencoder: O O »Summary: O

Figure 13: Open Loop Drive
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COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1] Weasel configurator wizard (TMC4671) (4/8)

ADC Registers ADC selection
Name Value How to select the correct ADC inputs?
ADCI0.SELECT | [0:ADCSDIORA.. ] || The TMC487X has ts for phase current measurement and you can also provide digitalized phase current values via SPI. Allthese input signals are provided to the internal A
ADCNSELECT | [RADCSDALRAWL | | | You"Meroware design.Choose the correct ADCS by matching your ardware design. The A signalsshould ook ke sinuscida signal. For stepper mofors they have a phase ofS0° and for BLOC/PMSM motors they
508 | [ADEUXSELEDT ] [orUX= ADED (@, o] | | OFfoctsand gainscan be configured inthe next steps of tis wizard.
ADCLV_SELECT | [2V=ADC.2 o] | | [fummotor siowy
ADC_LWY_SELECT] [LWY=ADCT ¢
_— 0
cfg dsmodulator_a| [D:int.dsMOD ¢ 06 External ADC inputs via register

melk_polarity-a | O melk_polaritya 05 ADCILEXT
O mdat_polaritya 03 LE=y
sel_nclk_melk_i_a elnclk_melk_ia
004

cfg dsmodulator_b] [B:int.dsMOD ¢
melk_polarity-b | O melk_polarity_b
mdat_polarity b _| [ mdat_polarity_b
selnclkmelk b el_nclk_melk b Sigma-Delt ADC inputs
L— ADCSD_I_RAW
dsADC_MCLK A 536670912 3] ADCSD_ID_RAW
dsADC_MCLK B 536670812 [

007

I Export to TMCL/PC host|

f the controller. You can cenfigure the ADC Scaler to fit
should have a phase of 120°.

scaler component

© »0penioop: Q »ADC config: @ O *Analogencoder: O O summary: O [ORINC)

o »intro: Q »Settin

Figure 14: Open Loop RAW Motor Current

3.8 ADC Current Configuration

COM20/USB/id1/Landungsbruecke (Small)/ TMC4871-EVAL [M1] Weasel configurator wizard (TMC4671) (5/8)

ADC scale & offset ADC configuration

Name Value How to adjust the ADG offset settings?
Update the ADC_I0_OFFSET and ADC__OFFSET in register 0x09 and 0x08 until the ADC_I0_scaled, ADC_I1_scaled, and ADC_{2_scaled values in the right diagrams are centered at zero.
ADC_IT_OFFSET 33085 [5] 33800 800
008 33640 puns
ADC_I0_F

ADC_IUX (ADC scaler output)

]

33320 ADC_ID_OFFSET

ADC_IO_SELECT _] [0: ADCSD_IO_RA.. ket 200
[ancnserect | fizADCSDIRAW. 33000 0 I :
32840 -200
0x0A [o:Ux= ADC 10 (0. 32680 B7s
32520 S
ADC_LV_SELECT | [2:V=ADC_2 360 800
— e e o Lo L L s

P
B
B
v
[rwy-scn o
o

ADC_11_RAW (ADC scaler input) ADC_IV (ADC scaler output)

007 33640 600
dsADC_MDEC_B 33480
s ADC_IL_RAW ADC_N_OFFSET 400
[ Export to TMCL/PC host| 33160 200
33000 0 I >
32840 00
32660 00 14
32520 b
32360 -600
gpoo0 L2t v v L v b v by e b Ly 800
565 595 0s Ts 25 3s
ADC_2 caleulation ADC_IWY (ADC sealer output)
ADC_IUX =>
12=40+11)| = ADCIWY
How to adjust the ADC scaler amplifier? ~
] sitro: © »Settings: O »Openloop: O »AC config: O @ »Anslogencoder: O O »Summary: O @ o

Figure 15: Motor Current Offset Configuration
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COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

ADC scale & offset

ADC configuration

Weasel configurator wizard (TMC4671) (5/8)

H

33080

ADC_I0_SCALE

256

33083

oA :UX=ADCI0(d... ¢

256
0:ADCSD_I0RA.. o

[1: ADCSD_ILRAW... &

How to adjust the ADC

scaler signs?

Update the signs of ADC_I0_SCALE and ADC_I_SCALE until phase voltages and phase currents are in phase.

Phase voltage PWM_UX

and ADC_LUX

ADC_I_V_SELECT 2: V= ADC_I2 +

dsADC_MDEC_A 334 [F]

dsADC_MDEC_8 334 ]
D) Export to TMCL/PC host

3.9 Analog Encoder

rintro: Q »Settings: QO *Openloop: O »ADC config: O @ »Analogencoder: O O »Summary:

Figure 16: Motor Current Phase Selection

First the analog encoder CLK needs to be set @. Then AENC_DECODER_MODE (0x3B) Bit0 is set to 0 (=
analog encoder) @. As next step, the offset of each phase is compensated using the Set button @.

COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

Weasel configurator wizard (TMC4871) (6/8)

[

- ]

Value

How to adjust the

offset sattings?

GSADC_MCLK B ]

536870912 [+

AENC_DECODER_PPR ]

Update the ENC_0_OFFSET, AENC_1_OFFSET, AENC_2_OFFSET, and AEN
centered at zero,

AENC_UX_RAW (scaler input)

til the AENC_UX, AENC_V

AENC_UX (scaler output)

AENC_WY, and AENC_N scaler output values in the right diagrams are

Turn motor with default
Open Loop settings

AENC_DECODER_MODE[O] __|0:90.deg v
AENC_DECODER_MODE[ 12] 10: positive 3 50000 40000 —
) 15 “
AENC_0_OFFSET [ 0[z] ||| 44oo0 20000 (RIS
AENC_0_SCALE I 256 [ [ || 38000
= o N
AENC_1_OFFSET Il 0E] ||| s2000 5 o
et
AENC_I_SCALE I 258 ] | | | 2000 20000
AENC_2-OFFSET I[ FIE | || 7R A R P o IR 0000 L
[aenc2_scaLE Il 255 [2 ‘e 5a e 3o b
[Evcosaer  |pamcucas AENC.V_RAW (scaler input) AENC.. (scaler output)
o | [AENCSELECT 1 <AENC_VNRA... 50000 40000
AENC_2_SELECT [2: AENC_WYRA..4 .
p 20000
AENC_DECODER_PHLA_OFFSET | 0 EEE I AENC.1.OFFSET
38000
AENC_DECODER_PHLM_OFFSET | [ 0 > —+ I —+
52000
AENC_DECODER_PHLE_OFFSET | 0 355
26000 [
@ Export to TMCL/PC host
20000 Limsd TR N 40000 L
36s 37s 38s 39s 4s
AENC_WY_RAW(scaler input) AENC.WY (scaler output)
3bs 36s 37s 38s 39s 40s
5340 SR T T T T T o
33430 that 11 32100 4
AENC_WY_RAW AENC_WY
33420 ! 32110
> N
33410 -32120
33400 52130
o T B B BN I o
36s 37s 38s 39s 4s
How to adjust the analog encoder scaling values? 5
I~3 ~intro: © 0c config: © O »Analog enceder: @ O »Summary: O @ ©

analog.com

Figure 17: Analog Encoder Configuration

Rev 0 14 of 41


https://www.analog.com/en/index.html

Application Note

AN-2607

COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

Analog encoder

Analog encoder

Weasel configurator wizard (TMC4671) (6/8)

[ R I Value | How to adjust the analog encoder offset settings? ~
dsADC_MCLK B J[ 536670912 [5] | | Update the ENC_0_OFFSET, AENC_1OFFSET, AENC_2_OFFSET, and AENC_3_OFFSET i register 0+00, OXOE, OxOF, and DxI0 until the AENC_UX, AENC_Y, AENC_WY, and AENC_N scaler output values in the right diagrams are
centered at zero.
AENC_DECODER_PPR I S|
AENC_UX_RAW (scaler input) AENC_UX scaler output)
AENC_DECODER_MODE[0] ] [o:90 deg 3
AENG_DECODER_MODE[12] | 0: positive A sooee 1800
) 44000
AENC_0_OFFSET Il 33325 [2] MR e — AENC_UX
AENC_0_SCALE I 255 ] 38000 | [ [ [ |
> T T e RN
AENC_1_OFFSET I 53466 3] 32000 T I I T T T
555 s 57, 585 s 0
AENC_I_SCALE I 258 B [ || 28000 7500
AENG 2 OFFSET J[ LIS | NN A B I
P I 2 B 5 57s 585 595 0s
[RENG 0.seLECT ] [o-<AENCUX AR o] AENC.V_RAW (scaler input) AENCV (scaler outpu)
01 | [AENC_SELECT ] [1:<AENCVNRA... 8] 50000 15000
[ENC_2_seLEcT | [2: <AENC_WY_RA... 9] 44000 /
| ; ; 7500
AENG_DECODER_PHLA_OFFSET || o ! AELE LY
38000
AENC_DECODER_PHIM_OFFSET [ o] . R I At I T A I — s
32000
AENG_DECODER_PHLE_OFFSET || =] 555 565 575 585 595
26000 800
[ Export to TMCL/PC host
20000 [ R B P B g
5 s 595 0s
AENC_WY_RAW(scaler input) AENC.WY (scaler output)
55 565 575 585 595 0s
35450 B e e L B o e e B L B
33438 — 32100 1
AENC_WY_RAW AENC_WY.
33426 v’ 3210
» »
33414 32120
33402 32130
s LB L L by oo
E 575 ES 595 0s
How to adjust the analog encoder scaling valuss? S

rintro: Q »Settings: O *Openloop: O »ADC config: O O »,

Analog encoder: @ QO »Summary: O

Figure 18: Analog Encoder Configuration after Offset Compensation

The used analog encoder has two periods per revolution. Thus, the PPRis set to two (ANALOG_DECODER_PPR)
© . As shown in the bottom graph, the resulting AENC_DECODER_PHI_E does not linear increase or de-
crease @, which needs to be corrected.

CCOM20/USB/id1/Landungsbruecke (Small)/ TMC4B71-EVAL [M1]

Analog encoder

Weasel configurator wizard (TMC4871)(6/8)

How to adjust the analog encoder scaling values?

20000
13333
6667

5667
-13333
20000

26667
33333
-40000

[0: <AENC_UX_RA

1: <AENC_VNRA...

How to adjust the encoder direction?

[2: <AENC_WY_RA...

40000

30000
20000
10000

D Export to TMCLIPC host

-10000
20000
-30000
40000

1

AENC_DECODER_PHIE
OPENLOOP_PHI

{::/:/":

|
I
8

How to initialize the motor?

by Wizard

by Firmware

»intro: © »Setting:

nfig: O O »

Analog encoder: @ O »Summary: O

Figure 19: Analog Encoder Example of an Unusable Signal
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The analog encoder input expects the signals at the channels AENC_UX, AENC_WY. The current hardware
connection (AENC_UX, AENC_VN) can be compensated as shown:

CCOM20/USB/id1/Landungsbruecke (Small)/ TMC48TI-EVAL [M1]

Weasel configurator wizard (TMC4671) (6/8)

Analog encoder

[ Name [ Value ] How to adjust the offsst settings? ~
dsADC_MCLK B [ ssemen 5 OFFSET, AENC_1_OFFSET, AENC_2_OFFSET, and AENC_3_OFFSET in register 0x0D, OXDE, OxOF, and 0«I0 until the AE ENC_WY, and AENC_N scaler output values n the right diagrams are [Turm motor with default
Open Loop settings
AENC_DECODER_PPR I A :
AENC_UXRAW (scaler input) AENC_UX (scaler output)
AENC-DECODER_MODE[0] (0:30 deg o
AENC_DECODER_MODE[12) | [O:positive. . 50000 T 15000 —
AEN FFSET 33325 [ 44000 + rai
ENC_0_OFFSE ][ 25 AENC_UX_RAW AENC.0.OFFSET || 7500 T AENC_UX
AENC_0_SCALE I 256 5 38000
> o A A
AENG.I_OFFSET I[ e ||| 2000 T T T T T f
6 7s 9 106
AENC_ISCALE I 256 |5 26000 7500
AENC_2.0FFSET I 593 || 30000 A PR R A S
AENC_2_SCALE I 256 [ i e i os fod
[ENCosEecT  |[DeAENCUXRAL® AENC_V-RAW (scaler input) AENC.V (scaler outputh
oxt il AENC_1SELECT [2: AENC_WY_RAW 4 50000 15000
AENC_2_SELECT 1: AENC_VN_RAW 4 o, e~
AENG.DECODER_PHLALOFFSET | o AENC_V_RAW AENC.IOFFSET L AENC.Y
= — 38000
AENC_DECODER_PHLH_OFFSET] [ 1S S 0 ettt ettt ettt >
12000 T 1 T T T T
AENC_DECODER_PHLE_OFFSET | [ 15 . 55 6s 7s 8s 9s 10s
26000 7800 T
) Export to TMCLIPC host
20000 L Loy Ly PRI S| -15000 L
6s 7s 8s 35 0
AENC_WY_RAW (scaler input) AENC_WY (scaler output)
3440 - 15000
w0 L My Ih1
AENC_WY_RAW 7500 + AENC_WY
33420 \
R by b St N SN
a0 A A
5s Bs 7s 8s 9s 10s
33400 .
ssso0 L v Lo v bvv v v b v Lo | 15000 L
Bs 7s 8s 9s 10¢
How to adjust the analog encoder scaling values? K
o wntro: © »Settings: O »Openloop: O »ADC config: O O »Analog encoder: @ O »Summary: O [ORENC]

Figure 20: Analog Encoder Channel Compensation

The direction is compensated with setting bit 12 in register AENC_DECODER_MODE (0x3B):

COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

Weasel configurator wizard (TMC4671) (6/8)

Analog encoder

[aar ][ Name J[ vaue

How to adjust the scaling values?

dsADC_MCLK B ][ ssesmanz

AENC_DECODER_PPR

33351

AENC_0_OFFSET

AENC_0_SCALE I 256

AENC_ILOFFSET I 33480 [£
AENC_I_SCALE Il 256 £
AENC_2_OFFSET I s e
[aenc_2_scaLe ][ 256 5
AN RA
a1 [2: AENC_WY_RAW &
i AENCYN_RAW o
AENC_DECODER_PHLA_OFFSET | [ o
AENC_DECODER_PHIM_OFFSET | [ [
[Fec.oecoem e e orrser] | e

) Export to THCL/PC host

analog.com

15000
1250
7500

How to adjust the encoder direction?

h the direction bit

AENC_DECODER_PHLE
OPENLOOP_PHI

N
encoder nit voltage
by Wizard
by Firmware
wintro: © »Settings: O »Opentoop: O »ADC config: O O »Analog encoder: @ O *Summary: O [OENC]

Figure 21: Analog Encoder Direction Setting
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The offset is compensated by setting AENC_DECODER_PHI_M_OFFSET.

CCOM20/USB/id1/Landungsbruecke (Small)/ TMC4B71-EVAL [M1] Weasel configurator wizard (TMC4671) (6/8)
i Analog encoder

M Mw” mww\HWWW wa : Do .../. VT i |
33410 \ u H AENC:?:U:FiU . { \ ‘S\ 2s // 3s

33400

33390

Set

How to adjust the analog encoder

AENC_DECODER PHLE

AENC_DECODER_PHLA _~

OPENLOOP_PHI

@ sintro: © »Settings: O »0pentoop: O »A ;O O »hnalog encoder: @ O »Summary: O ®@ 0o

Figure 22: Analog Encoder before Offset Compensation

The offset can either be determined manually or automatically. For the automatic offset estimation, first
set the encoder init voltage @. Then use the by Wizard or by Firmware button @. The by Wizard option sends
the commands from the TMLC-IDE. The by Firmware option sends the commmands from the Landungs-
bruecke. After the end of the automatic offset estimation, AENC_DECODER_PHI_M_OFFSET is updated
0.

The analog encoder is configured successfully when OPENLOOP_PHI matches AENC_DECODER_PHI_E @:
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COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1] Weasel configurator wizard (TMC4671) (6/8)

Analog encoder

Gl = T

How to adjust the scaling values?

J[ssesman

2[5 15000

By + 11250

1: negative N S

333851 (£ 370

= ]

3750

256 £ S

303 B | s

256 B 1| 5000
[0: <AENCUX RA.. ¢
[2: AENC_WY_RAW
1: AENC_VNRAW &

AENC_DECODER_PHLE

20000
[ Export to TMCL/PC host 10000 OPENLOOP_PHI
01 >
10000
20000
30000
40000
How to initialize the motor?
et estimation
o encoder init voltage
o by Wizard
| I r—
ar »intro: O »Settings: O »0penloop: O »ADC config: O O »Analog encoder: @ O »Summary: O @ ®

Figure 23: Configured Analog Encoder Automatic Offset Estimation

The analog encoder is configured successfully when OPENLOOP_PHI matches AENC_DECODER_PHI_E:

COM20/USB/idV/Landungsbruecke (Small)/ TMC4ETI-EVAL [M1] Weasel configurator wizard (TMC46T1) (6/8)
Analog encoder

Analog encoder

[ Name il Value How to adjust the analog encoder scaling values? F
dsADC_MCLK_B J[ sssemsn [£]
AENG_DECODER_PPR I 2B | om0
AENC_DECODER_MODETD] | [0: 80 deg S| 20
AENC_DECODER_MODE[12] | [1:negative A 7500
AENG_0_OFFSET I 33351 [5] 750
AENC_0_SCALE I 258 7] )
AENC_I_OFFSET I s@ ] || o
AENC_I_SCALE I 56 E] [ | e
AENC_2_OFFSET I 3343 5] 250
AENC_2_SCALE I 256 5] | | w000
[Enc_o_seLECT ] [o: <AENC_UX RA.. ¢
o1 | [AENC_ISELECT | [z RENC_WY_RAW o] [Leleeiriiia e aril ez it
[RENC_ZSeLECT ] [z AENCYN_RAW 4] | | 1 the direction of movement s wrong, you can switch the polarity of one encoder signal or switch the direction bit
[#Enc_DECODER_PHLA_OFFSET || 40000
AENC_DECODER_PHLM_OFFSET | | 30000
[AENC_DECODER PHLE 0FFSET ] | 0] || 20000 AENC_DECODER-PHLE
i OPENLOOP_PHI
0 >
-10000
20000
30000
40000

How to initialize the motor?

Init with offset esti

encoder init voltage

by Wizard

wintro: Q »Settings: O +Openloop: O +ADC config: O O »Analogencoder: @ O »Summary: O

Figure 24: Analog Encoder, Configured

3.10 Encoder Test Drive (Torque Mode)

Using the analog encoder, the motor is driven in closed loop torque mode.
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COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

Analog encoder test drive

Weasel configurator wizard (TMC4671)(7/8)

Analog encoder test drive

[ — I Value | How to drive a motor with analog encoder feedback?
[MooE_MoTioN | [i:torque-mode | | | To start the motor with digial hall sensor feedback in torque mode do the following
[MoDE_RAMP ] [o:novelocityra... o 1. select the torque mode in register 063 (def: 1
2. sellect phi_e_hallin register 0362 to select digital hll sensor
0x83 ‘MUDEJF HD disabled 0‘ 3. set P and | parameters for torque and flux control in register 0x54 and 0x56 (def: P=256. I~
[MopE_PiD_StPL Il bS] ;szahga;g:wcnu‘;rrl:u\rrzerlq:gn;r‘En<rsg-<q\‘§ErE[EE‘dTiFGE 5 TOROUE_TARGET-
[MODE_PDTYPE J [:paralBIPL ] | | oy canaieo i Set defaits and streto st with defoutt vaues.
[PHLE sELECTION | [b:phiesenc o]
[Pio-FLuxa I 26 [ || 133
[Pio_FLux P I EE N ST G T
e m—— || - S
[Pi_TorouE P I 25 [£] = PID_TOROUE_TARGET
[Pro_toroue_FLxcimrs | [ 1000 ] o ]
[Pio_FLux_TaRgET I CIG -
[ Pro_ToRoUE_TaRGET [ FIE | .
[vELociy_seLecTIon | [orPHLE sELEC.. o] .
[VELOCITY_METER SELECTION ] [0: default ¢
5338
4000
i PID_VELOCITY_ACTUAL
1558 N
0 L e
355 555 s 575
2667
4000
PID_TORQUE_TARGET
51 [H = B [>]

vintro: Q »Settings: O *Openloop: O »ADC config: O O »Analog encoder: O @ »Summary: O

Figure 25: Analog Encoder Closed Loop Torque Test

3.11 Save Configuration

On the summary page, choose analog encoder for a preconfigured script, which includes the encoder
offset compensation. Then, save the script using the Export Script button.

CCOM20/USB/id1/Landungsbruecke (Small)/ TMC4B71-EVAL [M1]

Weasel configurator wizard (TMC4671) (8/8)

Summary

// select module
#module 1 "COM20/USB/id1/Landungsbruecke (small)®

// Use TMC4671 register addresses
#include THC4671_register_addresses.tpc

// Motor type & PWM configuration

WMC MOTOR_TYPE_N_POLE_PAIRS, 0, $00030002, 1
WMC PWM_POLARITIES, 0, 500000000, 1

WMC PWM_MAXCNT, 0, SO0000F9F, 1

WMC PlM_BBM_H_BBM L, 0, S00000A0A, 1

WMC PWM_SV_CHOP, 0, 500000007, 1

/J ADC configuration

WMC ADC_I_SELECT, 0, 518000100, 1

WMC dsADC_MCFG_B_MCFG_A, 0, $00100010, 1

WMC dSADC_MCLK_A, 0, 520000000, 1

WMC dsADC_MCLK B, 0, 20000000, 1

WMC dSADC_MDEC_B_MDEC A, O, SO14E014E, 1

WMC ADC_IG_SCALE_OFFSET, 0, $01008129, 1

WMC ADC_T1_SCALE_OFFSET, 0, $0100814A, 1

// Analog encoder configuration

WMC AENC_DECODER_MODE , 0, 500001000, 1
WMC AENC_DECODER_PPR, 0, 500000002, 1
WMC AENC_O_SCALE_OFFSET, o, 501008247, 1
WMC AENC_1_SCALE_OFFSET, 0, $010082C8, 1
WMC AENC_2_SCALE_OFFSET, 0, 501008285, 1
WMC AENC_SELECT, 0, 503010200, 1
WMC AENC_DECODER_PHI_A_0 . 0, 500000000, 1
WMC AENC_DECODER_PHI_E_PHI_M_OFFSET, 0, S0000A2A6, 1

// Feedback selection
WMC PHI_E_SELECTION, 0, 00000006, 1
WMC VELOCITY_SELECTION, 0, 500000006, 1

/7 Limits
WMC PID_TORQUE_FLUX_LIMITS, ©, S000003E8, 1
// P1 settings

WMC PID_TORQUE_P_TORQUE_I, 0,
WMC PID_FLUX_P_FLUX_I, 0, S

501000100, 1
1000100, 1

// Init encoder (mode 3)
WMC PID_POSITION_ACTUAL, O,
WMC PHI_E_SELECTION, 0, $00000001, 1
WMC PHI_E_EXT, 0, $00000000, 1

WMC MODE_RAMP MODE_MOTION, 0, $00000008,
WMC AENC_DECODER_PHI_E_PHI_M_OFFSET, 0,
WMC_UQ_UD_EXT, 0, $0D0003E8, 1

WAIT TICKS, 1, 1000

500000000, 1

1
500000000, 1

/7 (¢:/users/joshua.phamxuan/AppData/Roaming/ TRINAMIC Motion Control GmbH & Co. KG/TMCL-IDE/TMCL-Script/THC4671_register_addresses.tpc)

IAns\cq encoder I

D Export to TMCL/PC host | Export Script B Export C-Code

analog.com

mintro: O »Settings: O »Openloop: O »ADC config: O O »Analog encoder: O O »Summary: @

Figure 26: Save the Configuration to TPC Script
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For an example of the exported script, see to the example tpc script.

3.12 Feedback Selection

Close the wizard and open the Feedback Selection tool from the device tree view. Then, select the analog
encoder (electrical positions) as depicted:

Selectors @TMC4671-EVAL <Ist Axis> (Landunqegruecke (Small)): COM20-1d1
Selectors
[Cadr ]| Name ][ Value
[0x0052] [PHLE_SELECTION |[6: phieaenc o
[VELOCITY_SELECTION lo: PriesLeC.. o
L [VELOCITY_METER_SELECTION | [o: defautt v
[ox0051| [POSITION_SELECTION ||o; phi_e selected ... ;l
[MoDE_MOTION | /3: position_mode ¢
|MODE_RAMP | 0: no velocityra... ¢
0x0063 | [MODE_FF | |o: disabled <
[MODE_PID_SMPL || e
[MoDE_PID_TYPE | |0: paraltel Pi v
[ADC_I0_SELECT | |o: AncspioRA.. &
[ADC_1_SELECT | 1: AncsD_i_RAW... ¢
0x000A | [ADC_I_UX_SELECT | lo: ux=Apc_0(d... ¢
[ADC_LV_SELECT | j2:v=apc_12 v
[ADC_LWY_SELECT |:wy=aocn o
Reload Export Import

Figure 27: Feedback Selection for Analog Encoder

3.13 Driving the Motor

For Pl tuning, refer to the Pl tuning appnote. Position mode step response test run with analog encoder:

analog.com
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Tuning mode Velocity ramp Step settings Position sampling settings  Torque contraller Velocity controller Pasition contraller
: : /] : 7]
Enable ramp: B Target: | 131072 E" Samples: | 500 E“ Start from zero Pl: Start from zero Pl: Start from zero Pl: B
Acceleration: |2000 [rpm/s’s] W00 P 500 [ 5
Auto @ Manual | | pod Foreard = Frequency: ||lZHzl25) p‘ Rate: |'I.00 kHz ol L : B
L — )
Torque/Flux Velocity Position Settings
Position response
== mazximum error == ramp position == actual position
131030
121725
12360
102395
93830
B4265
§ 7o
= 6ss3s >
& s
4BB05
37480
28075
%710
9345
-20
0 50 100 150 200 250 300 350 400 450 500
Measurement tick
oms 50ms 10oms 150ms 200ms 250ms 300ms 350ms 400ms 450ms 500ms
Time
Figure 28: Position Step Control using the TMCL-IDE
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4 Analog Hall with TMC4671

In this architecture, a three-phase analog hall sensor provides the feedback for commutation/torque loop
as well as velocity and position control of the TMC4671.

4.1 Connection

For three-phase analog hall (with 120-phase shift) signals, following channels are used: AENC_UX, AENC_VN,
and AENC_WY. The signals can be used as differential or single-ended inputs with negative inputs (AENC_UX_NEG,
and AENC_VN_NEG, AENC_WY_NEG) to GND.

4.2 Analog Hall Configuration

Table 3 gives an overview of the most important registers of the TMC4671 for an analog hall sensor:

Address Register Name Function

0x06y, dsADC_MCLK_B Delta sigma modulator clock for group B (include
analog hall)

0x07, dsADC_MDEC_B_MDEC_A Filter for delta sigma modulators for group B (in-
clude analog hall)

0x40y, AENC_DECODER_PPR Number of periods per revolution

0x3By, AENC_DECODER_MODE Basic configuration for the analog hall

0x0Dy, AENC_0_SCALE_OFFSET Calibration data for ADC channel AENC 0

OxOEy, AENC_1_SCALE_OFFSET Calibration data for ADC channel AENC 1

Ox0F AENC_2_SCALE_OFFSET Calibration data for ADC channel AENC 2

0x11h AENC_SELECT Correct analog encoder ADC to compensate
wiring twists

0x3Ep AENC_DECODER_PHI_A_OFFSET Offset of PHI_A for phase alignment

0x45y, AENC_DECODER_PHI_E_PHI_M_OFFSET | Offsets for electrical and mechanical angle for the
analog encoder

0x50y, VELOCITY_SELECTION Selection of velocity signal source

0x51h POSITION_SELECTION Selection of position signal source

0x52p, PHI_E_SELECTION Selection of electrical angle used for commuta-
tion by FOC

Table 3: Register Overview Analog Hall

The following provides a guideline for the configuration.

4.3 Analog Hall Clock

To set up the analog encoder clock, do as follows:

Action:

Set dsADC_MCLK_B register 0x06 = 0d536870912 = 0x20000000 (default value)
Result:

The analog encoder clock group B is active at 25Mhz.
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4.4 Analog Hall Mode

To set up a connected analog hall, do as follows:

Action:

Set AENC_DECODER_MODE[0] = 0b1 (AENC_DECODER_MODE register 0x3B)
Result:

Selects processing of analog position signals of 0°, 120°, 240° (analog hall).

4.5 Hall PPR

For correct commutation, it is important to set the analog hall resolution (AENC_DECODER_PPR, 0x40),
which is defined by periods per mechanical revolution. The analog hall periods per mechanical revolution
depends on the motor pole pair number:

track 0° B
track 120° ——
track 240° ——

& Motor Angle[°]

Figure 29: Analog Hall Signals, Motor Pole Pair = 1

track 0° —_—
track 120°
track 240° ——

Motor Angle[°]

o

Figure 30: Analog Hall Signals, Motor Pole Pair = 2

Set the PPR to the motor pole pair number:
AENC_DECODER_PPR = motor pole pair (4)

Refer to the motor data sheet to determine the motor pole pair number.

4.6 Analog Hall ADC Offset and Scale

The analog hall offset is determined automatically using the TMCL-IDE wizard. Also, refer to the Python
code example.

The scale factor is set to 256 for analog hall:
* AENC_O_SCALE in register Ox0D = 256
* AENC_1_SCALE in register OxOE = 256
* AENC_2_SCALE in register OxOF = 256
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4.7 Analog Hall Phase Offset

The purpose of the hall offset configuration is to obtain a known motor and encoder position within the
motor electrical period. The hall sensors are fixed within the motor. Thus, the hall offset is determined
once.

To initialize the analog hall sensor, the wizard in the TMCL-IDE can be used.

The aim is to adapt AENC_DECODER_PHI_M_OFFSET manually so that OPENLOOP_PHI
matches AENC_DECODER_PHI_E.

Usually, due to wiring, the hall offset is one of the following cases:

+ 180° — AENC_DECODER_PHI_E = +/-32767
* 120° — AENC_DECODER_PHI_E = +/-21844
* 60° — AENC_DECODER_PHI_E = +/-10922
* 30° — AENC_DECODER_PHI_E = +/-5461

Due to motor tolerances, it may be required to tune these values.

The hall offset can be automatically determined. The procedure is the same as described in the section
analog encoder initialization. For a code example, see the TPC script.

4.8 Feedback Selection

See the analog encoder section.

5 How to Configure a BLDC with Analog Hall with TMCL-IDE

5.1 TMC4671 Evaluation Board

The ADI Trinamic evaluation boards are being used as hardware platform for this guide. Following parts
are used:

* Landungsbruecke interface board
+ TMC4671-EVAL

* TMC6100-EVAL (powerstage)

+ TMCL-IDE

+ BLDC motor with analog hall Faulhaber 4490 H 024 B K1155
Motor pole pair = 1
Motor maximum rated current = 7.45A
Position feedback: analog hall
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Figure 31: Hardware Setup Analog Hall

5.2 Overview Motor Configuration
Configuration by TMCL-IDE wizard

1. Powerstage and motor

2. Motor current ADC

3. Analog Hall (configuration and initialization)
Configuration with TMCL-IDE tools

1. Feedback selection

2. Pl Tuning and Position mode

5.3 Open TMC4671 Wizard and Selection

See the steps in analog encoder section.
5.4 Settings - Powerstage and Motor

Select the TMC6100-EVAL as powerstage. For the motor in this example, Set defaults for BLDC/PMSM motor
is used and number of pole pairs is set to 1.
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COM20/USB/id1/Landungsbruecke (Small)/ TMC4GTI-EVAL [M1] Weasel configurator wizard (TMCA671) (2/8)
Type of motor & PWH i General settings
Name Value Which basic parameters must be checked?
Before starting up the motor with open loop control, the PWM has to be adjusted to your power modulefinverter. If you are using a standard evaluation board from Trinaric, you can set Default values with the following buttons. First select a universal Power Evaluation.
x

MOTOR_TYPE_ [3: ThreephaseB... o | | 1. Select a Power driver: [TMCB100-EVAL .
PWM_MAXCNT 5999 [5] Set defaults for DC motor|  [Set defaults for stepper motor]  [Set defauits for BLOC/PMSM motor| [ PWM off
H RLEET 2. Choose Motor_Type according to your motor and power stage. The TMC&67X supports IC motors, two phase stepper motors (FOCZ)and BLOC/PMSM motors (FOC3)

Motor type: [3: Three phase B... ¢
PWM_CHOP 7: centered PWM ... ¢

PWM_SV O pwM_SY
3. Setnumber of pole pairs according to your motor. xfynu don't know the number of pole pairs of your motor, we can determine the number of pole pairs in the next steps. You can also determine this value from your motor's nameplate data using the formula
I Export to TMCL/PC host below. Stepper Motors usually have 50 pole pairs (1.8

60 = £_nom [Hz])/n_nom [rpm] e.g. n_nom = 3000 rpm, f_nom = 200 Hz, p =4

Putcon = 360 / (step_angle * 4) e.g. step_angle = 1.8°, p = 50

Pole pairs:

Set PWM_MAXCNT (0x18) to change switching frequency.
Calculation: PWM_MAXCNT = 1/(f [Hz] * 10 ns) -1

5. SetBrake Before Make (B8M) times according to your power stage. These values can be defined separately for high side and low side switches.

BBM low side: BBM high side

W

6. Select the pwm chopper mode. For typical applications use ‘centered PWM for FOC” to enable the pwm and PWM = OFF for free running.

PWM chopper mode: [7: centered PWM... ¢

@ »0penloop: O »ADC config: O O »Analogencoder: O QO »Summary: O

[&] rintro; Q »Setti

Figure 32: Powerstage and Motor Settings

5.5 Open Loop

Run the motor in open loop and configure the motor current ADC.

CDMZDIUSB/IdW/Lar\dungsbruenke(small)/TMCkEﬂ EVAL[M1] Weasel configurator wizard (TMC4671) (3/8)
Open Open Loop settings
[ Name I Value | Description
[PHLE SELECTION ] [2: phi_e_openloop A Running the motor with Open Loop Control allows further configuration. For Open Loop mode, the motor should be decoupled from any load or the load should be as low as possible.
\ MODE_MOTION \ ‘3 ug_ud_ext ,\ 1. You can enable Open Loop mode by choosing the commutation angle source (PHL_E_SELECTION, 0x52) and the correct MOTION_MODE (0x63).
2. Enter a target velocity in rpm for the open loop angle generator and a value for the acceleration in rpm/s. Typical values are 30 rpm (0.5 Hz) and 120 rpm/s.
[Mo0E_RaMP ] [0:n0 velocity ramping ¥ 3. Now we are at the critical point. Watch the motor currents with the current probe measurement f available. Increase UD_EXT in small steps until the mator is running. If you increase UD_EXT, also the current amplitude will rise. If you

‘ increase UD_EXT too much, very high currents can be impressed into the motor and you might damage your power stage and/or your motor.
oF
[MooE_Pin_TYPE ] [o: paraile I 3
‘ UDEXT ‘ ‘ 01 E” To start the motor in open loop made do the following:

1. select the phi_open_loop mode in register 0x52 (def: 1)
[uoext Il ] 2. select ug_ud_ext mode without ramp in register 0x63 (def: 8)

3. select the used pwm amplifier in register 0x24 (def: UD_EXT=1, UQ_EXT=0)

OPENLOOP_PHLDIRECTION _| [J OPENLOOP_PHLDIRECTION 4. set an acceleration in register 0x20 (def: 60 [rpm/s]) and a target velocity in register 0x21 (def: -30 [rpm])

063 | [MODE_FF ] [0: disabled

HINT: Some Motors start spinning only at very low target velocities and high currents. Try varying these parameters.

[mope_pio_stpL

How to use the open loop mode?

0x24

‘ OPENLOOP_ACCELERATION ‘ ‘ 60 E” “ou can also click "Set defaults” to set the default values and start the motor. Afterwards, you can use the control box to set new target velocities.
[ oPeNLooP_vELOCITY_TARGET | | 0 Direction swep
| [N_pore_paRs il T[] | || when enabled. direction is swapped every time incerval
e [MoTor_TvPE | [3: Three phase BLDC Swap direction [
[PALEExT I Swap time[ms]

I Export to TMCL/PC host| 0

,91----|----.----.----|----|----.----|----|----|----|----|-’”i----i--

:g ns 12s Bs s 15s 16s 7s 18s 19s 20 21s 2s 2s
-10
OPENLOOP_VELOCITY_TARGET
A Sneak UD_EXT up to 4000: . N . . . . . . . . .
For higher values edit register directly . v . . . . . . ' '

How to estimate the motor pole pair count?

For an estimation of the motor pole pair count of your motor, the motor must be rotated with a controlled commutation angle, a defined force, and o load.
1. select a slow velocity in register 0X21 (e.g. -1 [rpm]) and start the ot in controlled mode with the actual open loop settings

2. clear the estimated result at a motor position which is easy to remen
3. read the estimated number of motor poles after exactly one revolution ond update register 0x18

imated motor pole pairs: 4
© *0penloop: @ »ADC config: O O »Analogencoder: O O »Summary: O

Est

sintro: © »5e

Figure 33: Open Loop Drive
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COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]

ADC Registers

Weasel configurator wizard (TMC4671) (4/8)

ADC selection

How to select the correct ADC inputs?

] [o:AncsDI0RA.. o
[izaDcSDN_RAW.. &
5
o:wr=pocio o
DintdsMoD o
O melk_polarity_a

[ mdat_polarity_a
el_nchk_mclk ia
DintdsMOD o
O3 melk_polarity_b

[ mdat_polarity_b
el_nchk mclk b
| |

007

I Export to TMCL/PC host|

0x0A :ux=ADc e

[2:v=AnCc2

0xD4

The TMC4B7X has di
your hardware design

Offsetsand gains can be configured in the next steps of this wizard.

ts for phase current measurement and you can also provide digit
00se the correct ADCs by matching your hardware design. The ADC signals should look like sinusoidal signals. For stepper motors they have a phase of 80° and for BLDG/PMSM motors th

f the controller. You can configure the ADC Scaler to fit
y should have a phase of 120°.

scaler component

ized phase current values via SPI. All these input signals are provided o the internal Al

Turn motor slowly|

External ADC inputs via register

Sigma-Delta ADC inputs

ADC_IEXT
ADC_ID_EXT

ADCSD_ID_RAW

rintro: Q »Settin

Q »openloop: O »ADC config: @ O »Analogencoder: O QO »Summary: O

Figure 34: Open Loop RAW Motor Current

5.6 ADC Current Configuration

COM20/USB/id1/Landungsbruecke (Small)/ TMC4871-EVAL [M1]

Weasel configurator wizard (TMC4671) (5/8)

ADE configuration

ADC scale & offset
Name Value
009
ADC_ILOFFSET 3303 [£]
008
—
ADC_I0_SELECT _| [3:ADCSDI0.RA.
: ADCSD_I_RAW..
ADG_LV_SELECT | [2:V/=ADC_12
24
U0_EXT 0
007
D Export to TMCL/PC host

analog.com

How to adjust the ADC offset settings? =
Update the ADC_I0_OFFSET and ADC_1_OFFSET in register 0x08 and 0x08 ntil the ADC_I0_scaled, ADC_1_scaled, and ADC_2_scaled values in the right diagrams are centered at zero.
ADC_IO_RAW (ADC scaler input) ADC_IUX (ADC scaler output)
35000 1500
34850 1125
34300
33950 ADC_I0_RAW ADC_I0_OFFSET 0 ADC_IUX
33600 315
33250 0 »
5% ik
32200 70
31850 | I | | | 125
31500 PR I M I A A 1500
475 48 s 505 5is
ADC_I_RAW(ADC scaler input) ADC_IV (ADC scaler output)
34500 1600
34200 1200
33900 800
e ADC_I_RAW ADC_ILOFFSET 400
33300 0
33000 -
32700 7;’33
32400
32100 1200
31800 | 1600
31500 : 2000
475 [ 495 505 515
ADC_2 caleulation ADC_IWY (ADC sealer output)
1500
ADC_IUX => fhos
750
375
12=40+11)| = ADCIWY 0
375
750
1125
-1500
How to adjust the ADC scaler amplifier? ~

rintro: © »Settin

»0pen loop: O »ADC config: O @ »Analog encoder: O O »Summary: O

Figure 35: Motor Current Offset Configuration
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COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1]
ADC scale & offset

ADC configuration

Weasel configurator wizard (TMC4671) (5/8)

Cao [ wame ]

ADC_I0_OFFSET 33309 ‘

How to adjust the ADC scaler signs?

ADC_I0_SCALE 256

ALE until phase voltages and phase currents are in phase.

Phase voltage PWM_UX and ADC_LUX

[ ADCSD_ILRAW.
0x04 | [ADC_LUXCSELECT | [1:Ux= ADEN

ADC_I1_SCALE

ADC_I_V_SELECT 2: V= ADC_I2

-

-

dsADC_MDECA_| 334 [F]

Phase voltage PWM_V and ADC_LLY

D) Export to TMCL/PC host

ADC_LY

5.7 Analog Hall

wintro; Q »Settings: O »Openloop: O »ADC confi: O @ »

Analogencoder: Q QO »Summary: O

Figure 36: Motor Current Phase Selection

First, the analog hall clock needs to be set @. The used motor has one motor pole pair per revolution.
Thus, the PPR is set to one (ANALOG_DECODER_PPR) @ . Then, AENC_DECODER_MODE (0x3B) Bit0 is set
to 1 (= analog hall) @. Next, the offset of each phase is compensated using the Set button @.

COM20/USB/idV/Landungsbruecke (Small)/ TMC4B71-EVAL [M1]

Weasel configurator wizard (TMC4671)(6/8)

Anal Analog
[ Name ] How to adjust the analog encoder offset settings? -
CLK_B ] SET, AENC_2_OFFSET, and AENC in register 0x0D, OXOE, OXOF, and Ox10 until the X, AENC.Y, A scaler output values in the right diagrams are [Turn motor with default
Open Loop settings
_DECODER_PPR |
AENC.UX_RAW (scaler input) AENC.UX (scaler output)
_DECODER_MODE[0)
55000 40000
47000
/ AENC_UX_RAW AENC0OFFSET || 20000 /\ AENC_UX "
39000
R oy b b [N
: 1000 t L e e O ML o e B
Set o 3s 4 55 65 7s 8s
26 [5 23000 e
|| G I (RN RS S ke
o 4s 55 6s 7s
56 2
0 AENC_UXRA-. ¢ AENC_V_RAW (scaler input) AENC. (scaler output)
1: <AENCVNRA... & 55000 40000
[2: <AENC_WY_RA..¢
46000
o AENC.V_RAW AENC_1OFFSET || 20000 \/ —
. e | | | | | |
HLoFFseT S - > 0
LDMUH o[£ a 3s 4s 5s 7s 8s
19000 K
to TMCL/PC host|
oo e v L v Lo v T T | -
4s 5 6 7s 8s
AENC_WY_RAW (scaler input) AENC_WY (scaler output)
55000 40000
46000
AENC_WY_RAW 20000 AENC_WY
37000
R P P T A B [N R T IR
JU e AR Lo e e
AENC_2_OFFSET 3s as 5s os 78
19000 K
oo Lo Lo T T T o000
4s 55 6s 7s 8s
How to adjust the analog encoder scaling values? K
o sitro: O »Settings: O »Openloop: O *ADC config: O O »Anslog encoder: @ O »Summary: O [CHINC)

analog.com

Figure 37: Analog Hall Configuration
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COM20/USB/idl/Landungsbruecke (Small)/ TMC4671-EVAL [M1] Weasel configurator wizard (TMC4671) (6/8)

Analog encoder Analog encoder

[ Name I Value ] How to adjust the analog encoder offset settings?.

dsADC_MCLK B 536870912 [£] | | Update the ENC_0_OFFSET, AENC_I_OFFSET, AENC_2.0FFSET, and AENC_3_OFFSET in register 0400, DXOE. 0xDF, and DxI0 until the AENC_UX, AENC_V, AENC_WY, and AENC_N scaler output values n the right diagrams are [Turn motor with default
Open Loop settings

AENC_DECODER_PPR I S|

AENC_DECODER_MODE[D] 1:120deg N
20000

AENC_DECODER_MODE[12] [0: positive . 55000 "
) . 47000
AENC_0_OFFSET Il 3261 [£] MR AENC_0.0FFsET || 10000 AENC_UX
AENC_0_SCALE 256 ] 33000 | | | | | |
N o RSP P e S AR PR N

|
-10000 /

AENC_1_OFFSET I 52883 3] 31000
-20000

centered at zero.

AENC_UX_RAW (scaler input) AENC_UX (scaler output)

AENC_I_SCALE ‘ ‘ 256 @‘ 23000

AENG_2_OFFSET Il 5297 2] 15000
0s s 25 135 0

AENC_2_SCALE I 258 7]

[0: <AENC_UX_RA... ¢ AENC_V_RAW (scaler input)
01 | [AENC_1_SELECT [ <AENCVNRA.. & 55000 20000

AENC.V (scaler output)

AENG_DECODER_PHLA_OFFSET || AENCVCRAN)
37000
AENC_DECODER_PHLM_OFFSET | [ > 0
28000
AENG_DECODER_PHLE_OFFSET ||
19000 -10000
[ Export to TMCL/PC host
oo T T T T Tl .
0s 1s 25 s %
AENC_WY_RAW (scaler input) AENC WY (scaler output)
55000 20000
45000
AENC_WY_RAW 10000
37000 |
, R
28000
9s
19000 -0000
P e I P I RS -
0s s 25 155 %
How to adjust the analog encoder scaling values? 5
o »intro; @ »Settings: O »Openloop: @ »A0C config: O O »Analog encoder: @ O »Summary: O [ORINC)

Figure 38: Analog Hall, Compensated ADC Offsets

The phase offset is compensated by setting AENC_DECODER_PHI_M_OFFSET.

COM20/USB/idV/Landungsbruecke (Small)/ TMC4B71-EVAL [M1] Weasel configurator wizard (TMC4671)(6/8)

Analog encoder

How to adjust the analog encoder scaling values?

20000

15000
10000
5000

5000

-10000

-15000

20000

0: <AENC_UX_RA...

1: <AENC_VN_RA. How to adjust the encoder direction?

[2: <AENC_WY_RA

Gle e e

40000

30000

AENC_DECODER_PHLE +—"
OPENLOOP_PHI

20000

10000

04
-10000
-20000
-30000

-40000

How to initialize the motor?

by Wizard

by Firmware

@& sintro: O »Settings: O »0penloop: O »ADC config: O O »Analog encoder: @ O »Summary: O [OANC]

Figure 39: Analog Hall Offset Compensation

The offset can either be determined manually or automatically. For the automatic offset estimation, first
set the encoder init voltage @. Then, use the by Wizard or by Firmware button @. The by Wizard option sends
the commands from the TMLC-IDE. The by Firmware option sends the commmands from the Landungs-
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bruecke. After the end of the automatic offset estimation, AENC_DECODER_PHI_M_OFFSET is updated ©.
The analog hall is configured successfully when OPENLOOP_PHI matches AENC_DECODER_PHI_E @:

(COM20/USB/id1/Landungsbruecke (Small)/ TMC4871-EVAL [M1] Weasel configurator wizard (TMC4671)(6/8)

Anal Analog

\E [ Name ][ Value ] How to adjust the analog encoder scaling values?
dsADC_MCLKB ][ sseemsn [

AENC_DECODER_PPR I[ gl

AENC_DECODER_MODE[0] 1:120 deg
AENC_DECODER_MODE[ 12] 10: positive

AENC_0OFFSET ][ 32840

AENC_0_SCALE | 256

AENC_I_OFFSET [ 3288

AENC_1_SCALE [ 256

[Aenc_2-orFseT [ 32987

[Aenc_2_scaLe ][ 256

AENC_0_SELECT 10: <AENC_UX_RA...
oxi1

How to adjust the encoder direction?

0
AENC_1_SELECT 1: <AENC_VN_RA... ¢
AENC_2_SELECT [2: <AENCWY_RA.. ] | | ! the direction of movement is wrong. you can switch the polarity of one encoder signal or swit

the direction bit

AENC_DECODER_PHLA_OFFSET

 enc_oecoper_prim_oFFSET 1157
0x45
AENC_DECODER_PHLE OFFSET 0

D Export to TMCL/PC host | 10000

AENC_DECODER_PHLE =2
OPENLOOP_PHI

How to initialize the motor?

Init with offset estimation

o encoder init voltage 1500 |5
o by Wizard
by Firmware
sintro: © »Settings: O »Openloop: O »ADC config: O O »Analog encoder: @ O »Summary: O [OENC]

Figure 40: Configured Analog Hall with Automatic Offset Estimation

Alternatively, the offset is configured manually with one of the common offset values.

(COM20/USB/id1/Landungsbruecke (Small)/ TMC4671-EVAL [M1] Weasel configurator wizard (TMC4671)(6/8)

Anal

[ Name 1[ Valve ] How to adjust the analog encoder scaling values? [

dsADC_MCLK_B ][ ssesmanz [F]

AENC_DECODER_PPR ][ 1B

AENC_DECODER_MODE[12]) \0: positive 3+

AENC_0_OFFSET ][ 32840 [5

AENC_O_SCALE [ 256 [5]

AENC_IOFFSET ][ 32881 [

AENC_ISCALE [ 256

AENC_2_OFFSET | 32987 [£

[Aenc_2_scaLE I[ 256

AENC_D_SELECT [0: <AENC_UX_RA...
o

How to adjust the encoder direction?

4
AENC_1_SELECT 1: <AENC_VN_RA... &
AENC_2_SELECT [2: <AENC_WY_RA..¢] | | !f the direction of movement is wrong. you can switch the polarity of one encoder signal or switch the direction bit

AENC_DECODER_PHLA_OFFSET 0 40000
N 2enc_oecover_prm_orser -10922

0x45
AENC_DECODER_PHLE_OFFSET 0

@ Export to TMCL/PC host 10000

30000

20000 AENC_DECODER_PHLE

OPENLOOP_PHI

-~

How to initialize the motor?

Init wi

encoder init volt

by Wizard

by Firmware

] sintro: O »Settings: O »Openloop: O »ADC config: O O »Analog encoder: @ O »Summary: O @ ©

Figure 41: Configured Analog Hall with Manual Offset
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5.8 Analog Hall Test Drive (Torque Mode)

Using the analog hall sensor, the motor is driven in closed loop torque mode.

COM20/USB/id1/Landungsbruecke (Small)/ TMC4B7-EVAL [M1] Weasel configurator wizard (TMC4871)(7/8)
Analog encoder test drive Analog encoder test drive
Name \ \ Value ] How to drive a motor with analog encoder feedback?

2. select phi_e_hallin register 0x52 to v
 Ox64 and 0x56 (def: P-256, 1-256)

[MoDEMOTON  |[itorquemode @) || Tostart the motor with digital hall sensor feedback in torque mode do the following
[mooEravP | [o:novelocityra. ¢ 1. select the torque mode in ) f: 1)
0483

[Pio_FLux_TaRceT il B

MUEE FF 0: disabled 12 3.setPand| parameters
5 4. 38t the maximum current limit n reqister DSE (def
‘”UEE PID_SMPL I 15| 5. set a target current in register x84 (def: FLUX_TARGET= 0, TORDUE_TARGET-500)
(oo riovPE ] [oiperstelPla] || o canatoo lck-Sot dofautsand sttt start ith et vlues
(o2 |[PHLESELECTON | [Biphicaenc o

2000
[Pro_rLux I 256 [5]

1800 " - ,
[Pio_FLuxp I EERE 11 y T
[Pro_ToRouEs [ 256 [5] a0 P\EJURUUE,AE;JAL

6 I

[Pio_roroue_p I 256 [F] 40 ‘ d i i ‘ f A
[Pio_TorouE_rFLux LmTs ] | 1000 0 bbbttt X et ket T H l IEAF IR i A

[Pio_ToRoUE_TARGET I 500 [£
ELOCITY_SELECTION 0: PHLE_SELEC... § -1200
VELOCITY_METER_SELECTION | |0: default v 160

[ Export to TMCL/PC host 5000

PID_VELOCITY_ACTUAL

olo v bw v lvvv b v s b e WA e b v v b v v b b b e b v b e b 0 1
47s s 495 505 5is 525 535 545 555 565 575 58

PID_TOROUE_TARGET

Soterasand s

) wintro: © »Settings: O ¥penloop: O »ADC config: O O »Analog encoder: O @ »Summary: O ®@ ©

Figure 42: Analog Hall Closed Loop Torque Test

5.9 Save Configuration

On the summary page, choose Analog encoder for a preconfigured script. Then, save the script using the
Export Script button.
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Weasel configurator wizard (TMC4671)(8/8)

COM20/USB/idV/Landungsbruecke (Small)/ TMCASTI-EVAL [M1]
Summary

Script for THCL/PC host | C-Code
// select module -
#module 1 *COM20/USB/id1/Landungsbruecke (Small)®

// Use TMCA671 register addresses

#include TMC4671_register_addresses.tpc
/1 (c:/Users/joshua.phamxiian/AppData/Roaming/ TRINAMIC Motion Control GmbH & Co. KG/TMCL-IDE/TMCL-Script/TMC4671_register_addresses. tpc)

/ Motor type & PWM configuration
WMC MOTOR_TYPE_N_POLE_PAIRS, 0, 500030001, 1
WMC PWM_POLARITIES, 0, $00000000, 1

0, SO0000F9F, 1
0, 500001919, 1
0, $00000007, 1

s 0, 509000100, 1
WMC dsADC_MCFG_B_MCFG_A, 0, $00100010, 1
WMC dsADC_MCLK_A, 0, $20000000, 1
WMC dsADC_MCLK B, 0, $20000000, 1
WMC dsADC_MDEC B MDEC_A, 0, SO14E014E, 1
WMC ADC_TO_SCALE_OFFSET, 0 1
WMC ADC_T1_SCALE_OFFSET, 1

, 501008223,
, $010080A8,

// Analog encoder configuration

WMC AENC_DECODER_MODE , 0, 500000001, 1
WMC AENC_DECODER_PPR, 0, 500000001, 1
WMC AENC_O_SCALE_OFFSET, 0, 501007504, 1
WMC AENC_1_SCALE_OFFSET, 0, $0100807€, 1
WMC AENC_2_SCALE_OFFSET, 0, $010080DA, 1
WMC AENC_SELECT, 0, $03020100, 1
WHC AENC_DECODER_PHI_A_OFFSET, 0, 500000000, 1
WMC AENC_DECODER_PHI_E_PHI_M_OFFSET, 0, $00000510, 1

// Feedback selection
WHC PHI_E_SELECTION, 0, $00000006, 1
WMC VELOCITY_SELECTION, 0, $00000006, 1

// Limits
WMC PID_TORQUE_FLUX_LIMITS, 0, S000003E8, 1

// PI settings
WMC PID_TORQUE_P_TORQUE_I, 0, 501000100, 1
WMC PID_FLUX_P_FLUX_I, 0, $01000100, 1

/ Init encoder (mode 3)
WMC PID_POSITION_ACTUAL, 0, 500000000, 1

WMC PHI_E_SELECTION, 0, $00000001, 1

WMC MODE_RAMP_MODE_MOTION, 0, $00000008, 1

WMC AENC_DECODER_PHI_E_PHI_M_OFFSET, 0, $00000000, 1
WMC UQ_UD_EXT, 0, $0000050C, 1

WAIT TICKS, 1, 1000

IAna\oq encoder ¢ I D Export to TMCL/PC host| (B Export Script B Export C-Code

O »0penloop: O »ADC config: O O »Analog encoder: O O »Summary: @

o sintro: O »Settin

Figure 43: Save the Configuration to TPC script

For an example of the exported script, see the example tpc script.

5.10 Feedback Selection

Close the wizard and open the Feedback Selection tool from the device treeview. Then, select the analog
hall (electrical positions) as depicted:
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rE§fi:==============================================================================iEEEE==I

electors @TMC4671-EVAL <Ist Axis> (I.andunqegruecke (Small)) : COM20-Id1

Selectors

[ adr || Name ][ Value

[0x0052 | [PHLLE_SELECTION

| 6: phi_e_aenc 3

|VELOCITY_SELECTION

lo:PrieseLec.. o

0x0050

|VELOCITY_METER_SELECTION

| :0: default 3

[ox00s1 | [POSITION_SELECTION

|I0: phi_e selected ... § I

[MODE_MOTION | 3: position_mode o |
[MODE_RAMP | [o: no velocityra... o
0x0063 | [MODE_FF | 0: disabled v
[MODE_PID_SMPL || 0[]
[MoDE_PID_TYPE | [o:parallelP o

[ADC_10_SELECT

| [o: ADCSD_I0RA... &

[ADC_11_SELECT

| [1: ADcsD_i_RAW... ¢

0x000A |ADC_I_UX_SELECT

| [o: ux=ADc_i0(@... &

[Apc_iv_sELECT

|[2:v=noce 4]

[ADC_LLWY_SELECT

| :wy=aocn 4

Reload Export Import

Figure 44: Feedback Selection for Analog Hall

5.11 Driving the Motor

For Pl tuning, refer to the Pl tuning appnote. Position mode step response test run with analog hall:

analog.com

1 Pl tuning @TMC4BTI-EVAL <1st Axis> (Landungsbruecke [Smalll): COM20-Id1 (@)=
Tuning mode Velocity ramp Step settings Position sampling settings Torque controller Velocity controller Position controller
Enable ramp: Target: | 65536 ) | Samples: | 1000 5] Start from zero Pl: Start from zero PI: [

Acceleration: P: 00z | P: 3000 [7] . e
. Fi : [z Rate:  [1.DDKH ([ uE]
Autor Manusl - goag-Forward renpency: (TR || e [ERETNNE || 2000018 |k 10000 [£]
. >
Torque/Flux Velocity Position Settings
Paosition R.sponse
— maximum error = ramp position — actual position
65720
61012
56305
51597
45830
42182
_E 37475
= 378 >
& 28080
23353
18645
13938
9230
4523
184
100 200 00 400 500 600 0 800 00 1000
Measurement tick
oms 100ms 200ms 300ms 400ms 500ms 600ms 700ms B00ms 900ms 1000ms
Time
Figure 45: Position Step Control using the TMCL-IDE
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6 How to Configure a BLDC with ABN Encoder Using an Analog En-
coder

It is possible to initialize an ABN incremental encoder using an analog encoder. With this approach, there
is no motor movement required to initialize the incremental encoder. This is helpful for applications
where the motor movement is limited by mechanical end or where a motor movement at start-up should
not happen (example, automated guided vehicle (AGV) or robots).

No motor movement during initialization can also be implemented by using hall sensor to initialize an
incremental encoder. When using hall sensors, the motor is driven with the hall sensors for a short pe-
riod (until the next hall sensor state change). In contrast, when using an analog encoder, the motor is
controlled (commutated) from standstill using the incremental encoder.

Itis required that the analog encoder offset is predetermined, which is for example the case if an encoder
with a magnetic period of one is used (PPR = 1). Also, see section 2.7.3.

To initialize an incremental encoder using an analog encoder, proceed as follows:
1. Write ABN_DECODER_COUNT 0x27 = 0.

2. Write ABN_DECODER_PHI_E_PHI_M_OFFSET 0x29 = 0.
3. Write predetermined analog encoder offset AENC_DECODER_PHI_M_OFFSET 0x45.
4. Read AENC_DECODER_PHI_M 0x46.
5. Read ABN_DECODER_PHI_M 0x2A.
6. Calculate offset: AENC_DECODER_PHI_E - ABN_DECODER_PHI_E.
7. Write calculated offset to ABN_DECODER_PHI_M_OFFSET 0x29.
8. The initialization is sucessful if AENC_DECODER_PHI_M 0x46 and ABN_DECODER_PHI_M 0x2A are
aligned.
o ST VL o e AT SO =
o ¥4 L0l L '.'_.i':"."-'.""._',::'— }’}}.{,_ ,,.:,.',_,}.{,{.; L }.; A _‘"_‘;j‘_j".'-"'_‘__}_:” ,. WA - ..{,;..;,..'..' ] H}{ N

9y g I a1 ks B L 475 ¥ 2 By
/ / | o /

Figure 46: ABN Encoder before Initialization
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Figure 47: ABN Encoder before Initialization

analog.com Rev 0 34 of 41


https://www.analog.com/en/index.html

21

23

25

27

29

31

33

3

@

37

3

©

41

4.

w

45

AN-2607

For a code example, see the example tpc script.

7 Additional Ressources

7.1 Automatic Analog Encoder Initialization TPC Script

Adapt motor/encoder configuration and UQ_UD_EXT value to own setup.

// Select module
#module 1 "COM20/USB/idl/Landungsbruecke (Small)"

// Use TMC4671 register addresses

#include TMC4671_register_addresses.tpc

// (C:/Users/user .name/AppData/Roaming/TRINAMIC Motion Control GmbH & Co. KG
< /TMCL-IDE/TMCL-Script/TMC4671 _register_addresses.tpc)

// Motor type & PWM configuration

WMC MOTOR_TYPE_N_POLE_PAIRS, 0, $00030002, 1
WMC PWM_POLARITIES, 0, $00000000, 1
WMC PWM_MAXCNT, 0, $00000F9F, 1
WMC PWM_BBM_H_BBM_L, 0, $00000A0A, 1
WMC PWM_SV_CHOP, 0, $00000007, 1

// ADC configuration
WMC ADC_I_SELECT, 0, $18000100,
WMC dsADC_MCFG_B_MCFG_A, 0, $00100010,
WMC dsADC_MCLK_A, 0, $20000000,
WMC dsADC_MCLK_B, 0, $20000000,
WMC dsADC_MDEC_B_MDEC_A, O, $014E014E,
WMC ADC_IO_SCALE_OFFSET, 0, $01008129,

0

WMC ADC_I1_SCALE_OFFSET, 0, $01008144A,

e e

// Analog encoder configuration
WMC AENC_DECODER_MODE , 0, $00001000,
WMC AENC_DECODER_PPR, 0, $00000002,
WMC AENC_O_SCALE_OFFSET, 0, $01008247,
WMC AENC_1_SCALE_OFFSET, 0, $010082C8,
WMC AENC_2_SCALE_OFFSET, 0, $01008285,
WMC AENC_SELECT, 0, $03010200,
WMC AENC_DECODER_PHI_A_OFFSET, 0, $00000000,
WMC AENC_DECODER_PHI_E_PHI_M_OFFSET, 0, $0000A8A6,

s e

// Feedback selection
WMC PHI_E_SELECTION, O, $00000006, 1
WMC VELOCITY_SELECTION, O, $00000006, 1

// Limits
WMC PID_TORQUE_FLUX_LIMITS, O, $000003E8, 1

// PI settings
WMC PID_TORQUE_P_TORQUE_I, 0, $01000100, 1
WMC PID_FLUX_P_FLUX_I, 0, $01000100, 1

// Init encoder (mode 3)
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WMC PID_POSITION_ACTUAL, 0, $00000000, 1

WMC PHI_E_SELECTION, 0, $00000001, 1 //0x52: Select phi_e_ext

WMC PHI_E_EXT, 0, $00000000, 1 //0x1C: Set electrical position to O

WMC MODE_RAMP_MODE_MOTION, O, $00000008, 1 //0x63: Select uq_ud_ext

WMC AENC_DECODER_PHI_E_PHI_M_OFFSET, 0, $00000000, 1 //0x45: Clear analog
< encoder offsets (phi_e, phi_m)

WMC UQ_UD_EXT, 0, $000003E8, 1 //0x24: Apply a fixed voltage at
— electrical position O

WAIT TICKS, 1, 1000

// Calculate and use offset

RMC AENC_DECODER_PHI_E_PHI_M, 0, 1 //0x46: Read out analog encoder value
CALC NOT, O

CALC AND, $000OFFFF

WMCA AENC_DECODER_PHI_E_PHI_M_OFFSET, 0, 1 //0x45: Set analog encoder offset

// Set voltage back to zero
WMC UQ_UD_EXT, 0, $00000000, 1

// Select PHI_E_AENC
WMC PHI_E_SELECTION, O, $00000006, 1

//===== Analog encoder test drive =====

// Switch to torque mode
WMC MODE_RAMP_MODE_MOTION, O, $00000001, 1

// Rotate right
WMC PID_TORQUE_FLUX_TARGET, 0, $03E80000, 1
WAIT TICKS, 1, 3000

// Rotate left
WMC PID_TORQUE_FLUX_TARGET, 0, $FC180000, 1
WAIT TICKS, 1, 3000

// Stop
WMC PID_TORQUE_FLUX_TARGET, 0, $00000000, 1

Listing 1: TPC Script Ezample

7.2 Automatic Analog Hall Initialization TPC Script

Adapt motor/encoder configuration and UQ_UD_EXT value to own setup.

// Select module
#module 1 "COM20/USB/idl/Landungsbruecke (Small)"

// Use TMC4671 register addresses

#include TMC4671_register_addresses.tpc

// (C:/Users/user .name/AppData/Roaming/TRINAMIC Motion Control GmbH & Co. KG
< /TMCL-IDE/TMCL-Script/TMC4671 _register_addresses.tpc)

// Motor type & PWM configuration
WMC MOTOR_TYPE_N_POLE_PAIRS, 0, $00030001, 1
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WMC
WwMC
WMC
WMC

PWM_POLARITIES,
PWM_MAXCNT,
PWM_BBM_H_BBM_L,
PWM_SV_CHOP ,

// ADC configuration

WwMC
wMC
WMC
WMC
WwMC
WwMC
wMC

ADC_I_SELECT,
dsADC_MCFG_B_MCFG_A
dsADC_MCLK_A ,
dsADC_MCLK_B,
dsADC_MDEC_B_MDEC_A
ADC_IO_SCALE_QOFFSET
ADC_I1_SCALE_OFFSET

>

H)

>

>

0
0
0
0
0
0
0

O O O O

-

, $09000100,
, $00100010,
, $20000000,
, $20000000,
, $014E014E,
, $01008223,
, $010080A8,

// Analog encoder configuration

WMC
WMC
WwMC
WMC
WMC
WMC
WwMC
WMC

AENC_DECODER_MODE ,
AENC_DECODER_PPR,
AENC_O_SCALE_OFFSET
AENC_1_SCALE_OFFSET
AENC_2_SCALE_OFFSET
AENC_SELECT ,

>

b

s

AENC_DECODER_PHI_A_OFFSET,
AENC_DECODER_PHI_E_PHI_M_OFFSET,

// Feedback selection

WMC
WwMC

PHI_E_SELECTION, O,
VELOCITY_SELECTION,

// Limits
WMC PID_TORQUE_FLUX_LIMITS, O, $000003ES8,

// PI settings
WMC PID_TORQUE_P_TORQUE_TI,

WwMC

PID_FLUX_P_FLUX_I,

$00000006 ,

0,

0,

// Init encoder (mode 3)

WMC
WwMC
WwMC
wMC
WMC

WwMC

PID_POSITION_ACTUAL
PHI_E_SELECTION, O,

b

$00000001 ,

0

$00000006 ,

1

e

0, $01000100,

$01000100,

1

, $00000000,

PHI_E_EXT, 0, $00000000, 1
MODE_RAMP_MODE_MOTION,
AENC_DECODER_PHI_E_PHI_M_OFFSET,

< hall offsets (phi_e,

1

1

0, $00000008,

phi_m)

UQ_UD_EXT, 0, $000005DC, 1

WAIT TICKS, 1, 1000

— electrical position O

// Calculate and use offset
RMC AENC_DECODER_PHI_E_PHI_M, 0, 1
CALC NOT, O
CALC AND, $0000FFFF

WMCA AENC_DECODER_PHI_E_PHI_M_OFFSET,
— offset

// Set voltage back to zero

analog.com

0,

$00000000 ,
$00000F9F ,
, $00001919,
$00000007 ,

$00000001 ,
$00000001 ,
$010075D4 ,
$0100807E ,
$010080DA ,
$03020100 ,
$00000000 ,
$0000D85A ,

1

$00000000 ,

1

N

//0x52:
//0x1C:

//0x24:

//0x46:

0,

1

e

Select phi_e_ext
Set electrical position to O
1 //0x63:

Select uq_ud_ext

1 //0x45:

Clear analog

Apply a fixed voltage at

Read out analog encoder value

Set analog encoder
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WMC UQ_UD_EXT, 0, $00000000, 1

// Select PHI_E_AENC
WMC PHI_E_SELECTION, O, $00000006, 1

//===== Analog encoder test drive =====

// Switch to torque mode
WMC MODE_RAMP_MODE_MOTION, O, $00000001, 1

// Rotate right
WMC PID_TORQUE_FLUX_TARGET, 0, $03E80000, 1
WAIT TICKS, 1, 3000

// Rotate left
WMC PID_TORQUE_FLUX_TARGET, 0, $FC180000, 1
WAIT TICKS, 1, 3000

// Stop
WMC PID_TORQUE_FLUX_TARGET, 0, $00000000, 1

Listing 2: TPC Script Exzample

7.3 ABN Incremental Encoder Initialization Using Analog Encoder TPC Script

// Select module
#module 1 COM6/USB/idl/LandungsbrueckeV3

// Use TMC4671 register addresses
#include TMC4671_register_addresses.tpc

MOTOR_RUN = 1
// User Variables
SETV 0,0,0 //init variable O --> ABN_DECODER_PHI_M

SETV 1,0,0 //init variable 1 --> AENC_DECODER_PHI_M
SETV 2,0,MOTOR_RUN //init variable 2 --> motor run flag

// Motor type & PWM configuration

WMC MOTOR_TYPE_N_POLE_PAIRS, 0, $00030007, 1
WMC PWM_POLARITIES, 0, $00000000, 1
WMC PWM_MAXCNT, 0, $00000F9F, 1
WMC PWM_BBM_H_BBM_L, 0, $00001919, 1
WMC PWM_SV_CHOP, 0, $00000007, 1
// ADC configuration

WMC ADC_I_SELECT, 0, $09000100, 1

WMC dsADC_MCFG_B_MCFG_A, 0, $00100010, 1

WMC dsADC_MCLK_A, 0, $20000000, 1

WMC dsADC_MCLK_B, 0, $20000000, 1

WMC dsADC_MDEC_B_MDEC_A, O, $014E014E, 1

WMC ADC_IO_SCALE_OFFSET, 0, $010081DE, 1
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WMC ADC_I1_SCALE_OFFSET, 0, $01008220,

// ABN encoder settings

WMC ABN_DECODER_MODE,

WMC ABN_DECODER_PPR,

WMC ABN_DECODER_COUNT ,

WMC ABN_DECODER_PHI_E_PHI_M_OFFSET,

// Analog encoder configuration

WMC AENC_DECODER_MODE ,

WMC AENC_DECODER_PPR,

WMC AENC_O_SCALE_OFFSET,

WMC AENC_1_SCALE_OFFSET,

WMC AENC_2_SCALE_OFFSET,

WMC AENC_SELECT,

WMC AENC_DECODER_PHI_A_OFFSET,

WMC AENC_DECODER_PHI_E_PHI_M_OFFSET,

// Limits

0,
0,
0,
0

5

b
)

5

3
b
b

0
0
0
0,
0
0
0
0

)

1

$00000000 ,
$00009100 ,
$00000000 ,
$00000000 ,

$00000000 ,
$00000001 ,
$01005211 ,
$01000000 ,
$01005106 ,
$03020100 ,
$00000000 ,
$0000FA24 ,

WMC PID_TORQUE_FLUX_LIMITS, O, $000003ES8,

// PI settings

WMC PID_TORQUE_P_TORQUE_I, 0, $01000100, 1

WMC PID_FLUX_P_FLUX_I, 0, $01000100,

// ==== ABN encoder init ====

// Stop the motor

WMC $63, 0, $00000000, 1 // write MODE_RAMP_MODE_MOTION

1

WAIT TICKS, 1, 500 // wait for motor stop

WMC ABN_DECODER_COUNT, 0, $00000000,

// Read abn encoder

RMC ABN_DECODER_PHI_E_PHI_M, 0, 1
CALC AND, $000O0OFFFF

COMP 32767

JC LE, positivel

CALC NOT, O
CALC AND, $O00O0OFFFF
CALC NOT, O

positivel:
STOA O, O

// Read analog encoder

RMC AENC_DECODER_PHI_E_PHI_M, 0, 1
CALC AND, $0000FFFF

COMP 32767

JC LE, positive2

CALC NOT, O
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CALC AND, $000OFFFF
CALC NOT, O

positive2:
STOA 1, O

// Calculate abn phi_m offset and write to register
CALCAV SUB, O
WMCA ABN_DECODER_PHI_E_PHI_M_OFFSET, 0, 1

// ==== motor test run ====

// Check if script should be continued
CALCV coMP, 2, O
JC EQ, script_end

// Feedback selection
WMC PHI_E_SELECTION, O, $00000003, 1
WMC VELOCITY_SELECTION, 0, $00000009, 1

// Switch to torque mode
WMC MODE_RAMP_MQODE_MOTION, 0O, $00000001, 1

// Rotate right
WMC PID_TORQUE_FLUX_TARGET, 0, $01F40000, 1
WAIT TICKS, 1, 3000

// Rotate left
//WMC PID_TORQUE_FLUX_TARGET, 0, $FC180000, 1
//WAIT TICKS, 1, 3000

// Stop
WMC PID_TORQUE_FLUX_TARGET, 0, $00000000, 1

script_end:

Listing 3: TPC Script Exzample

7.4 Useful Links
* TM4671 product page
* TMC4671 Pl tuning appnote

+ Driving a linear stage with TMC4671

TMC4671 APl on github

TMC4671 Python ressources

analog.com
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