ANALOG
DEVICES

Analog Devices: Trinamics -
|deal control for solenoids
to motors.

BP&M / ADI - Juliano K. Cioffi(FAE)
WE Tour 2026

analog.com


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

Trinamics - Agenda ANALOG

DEVICES
. Trinamics Overview
. History and Concept
. Wide view Portfolio
. Motor control solutions(HW)
. Advantages and unique features
. Ecosystem Picture

. Highlighted Part Numbers

. Solenoid and contactors control solutions(HW)
. Advantages and unique features
. BDC control feature

. Highlighted Part Numbers

. Software Platform
. SW tool overview (MAX22216)
. SW tool overview (BLDC)
. Useful links

2 ©2026 Analog Devices, Inc. AllRights Reserved.






Trinamics Overview - History and Concept ANALOG

DEVICES

1101000011100010101001
0011101000011100010101
0100100100011101000011
0101000100100100100011

We Transform
Digital Information
Into Physical Motion.



Trinamics Overview - History and Concept ANALOG

ADI TRINAMIC™ PRODUCT PORTFOLIO: A FOCUSED HISTORY

75, FOUNDATIONS & ORGANIC GROWTH (1996 - 2004)

I Start-up in Hamburg, Germany | Specialized Motion Control ICs
Private, Bootstrapped Growth | Early Prototypes & Patent Filings
Customer Focus: Performance, Quietness, Precision

>

Expansion of Industrial Automation Portfolio | Specialized IP
in Stepper & BLDC Drivers | Smart Power & Intelligent Modules |
Integrated Motion Solutions | Global Sales Channels

MEGA-MERGER: UNDER THE ADI UMBRELLA (2021 PRESENT)
DAD Strategic Combination with Analog . 2
Devices, Inc. | "ADI Trinamic™" ™

Brand Identity | Consolidated Precision Analog

& Power | Board-Level Modules & TMCL-IDE Tools |
Advanced Industrial Ethernet Integration

RESULT: Comprehensive
Motion Control Solutions

5 ©2026 Analog Devices, Inc. AllRights Reserved.
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Trinamics Overview - History and Concept

. How does a typical System look like?

Module/
MotionCookie ™

Fieldbus

—

Motor Types: Stepper, BLDC, Brushed DC
Motor Sizes: mW ... TkW / 0.1A ... T00A
Voltage Range: 1.8...80V

©2026 Analog Devices, Inc. AllRights Reserved.

CDriver™

Controller + Driver

Motion
Controller

Driver

Predriver
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Trinamics Overview - History and Concept
| soution | Deseription

PANdrive Ready to go smart motor with ADI Trinamic motor driver &
controller solutions, advanced software algorithms and
industrial bus stacks, e.g. CANopen, CoE, TMCL for smallest
time-to-market.

Board Ready to go ADI Trinamic board-level single or multi-axes
product with ready to go ADI Trinamic motor driver & controller
solutions, advanced software algorithms and industrial bus
stacks, e.g. CANopen, CoE, TMCL for smallest time-to-market.

SoM System On aModule with ready to go ADI Trinamic motor driver
& controller solutions, advanced software algorithms and
industrial bus stacks, e.g. CANopen, CoE, TMCL for smallest
time-to-market.

sDriver Dedicated IC that integrates ADI Trinamic motor driver and
controller hardware IP building blocks and a microcontroller for
software algorithm and application support.

cDriver Dedicated single IC that integrates ADI Trinamic motion control
and driver hardware IP for smooth, reliable, efficient and fast
positioning, ramping, as well as closed loop/FOC control.

Motion Dedicated single IC that integrates ADI Trinamic motion control
Controller |P to be used with ADI Trinamic or standard drivers, e.g. for
positioning, ramp generation, FOC

Driver Dedicated single IC that integrates ADI Trinamic driver IP and H-
bridges for smoothest and most efficient motor control.

Pre-Driver Dedicated single IC that integrates ADI Trinamic driver IP, with
or without current controller and sequencer for smoothest and
most efficient motor control to use with external MOSFETS.

©2026 Analog Devices, Inc. AllRights Reserved.
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Industrial strength Drives fPANdrive \
Industrial strength Boards fBoard or SoM ‘: \
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Q K Encoder Feedback
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Advanced Ramping,
Positioning,
Step Generation

Optional:

Closed Loop/FOC

Smooth & Efficient, Driving
Load Diagnostics



Trinamics Overview - History and Concept ANALOG

. Product Families - 3 Levels of Integration

} _— ASP
PANdrive™ I & $125 to $600

1-1k+ pcs/Project

ASP
S50 to $400
1-5k+ pcs/Project

ASP
S1to S10

10k - TM+
pcs/Project

Solution proposition, up the stack

8 ©2026 Analog Devices, Inc. AllRights Reserved.
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Trinamics Overview - History and Concept

. TMCL-IDE

Connect & get Started
Parametrize & Program
Analyze & Debug
Intuitive

It's free to download & use!

©2026 Analog Devices, Inc. AllRights Reserved.

A TMCL-IDE 3.0

'@ Direct mode
¢J Global parameters

B Parameter calculator
i2 User variable display
v Axis 0
%] settings
i coolStep
v Control mode
[#] velocity mode
[#] position mode
v Info graph
. Velocity graph
.~ Position graph
v Info display
2 Axis parameter display
v Axis 1
[£] settings
bt coolStep
v Control mode
[#] velocity mode
[] position mode
v Info graph
2 Velocity graph
- Position graph
v Info display

[D TMCL crestor @TMOM-3110 : COM3-14 1

12kW % NB® DEE ¥00@BQ

leftRight.tmc &

Toop:

/7 move repeatetly left and right

WVP 1,0,100000 // move 100000 ticks right
WAIT P0S.0.0 // wait to arrive

MVP 1,0,-100000 // move 180000 ticks left
WAIT POS,0.0 // waat to arrive

JA loop T

12:8

Modified Insert

1.0
0.8
0.5
0.2
0.0
0.2
-0.5
-0.8

-1.0

A

| TMCL: 146 cmds/sec | MEM: 135344 KB [CPU: 23 %

ANALOG
DEVICES






Seamless Movement ANALOG

DEVICES

. Microstepping

Fullstep Halfstep
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Seamless Movement ANALOG
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Microstepping

A Motion Controller
generates pulses to move
the motor forward.

256 times micro-stepping
enables a sinusoidal current
wave form.

Trinamic Motion Controllers
can take care of the step
pulse generation as well as
advanced ramping of the
step frequency.

Full steps Half steps Microsteps

12 ©2026 Analog Devices, Inc. AllRights Reserved.



MicroPlyer™
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Hybrid Stepper Motor
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MicroPlyer™ adds
equidistant steps
between micro steps
to interpolate to 256
micro steps onthe
motor.

MicroPlyer™ reduces
required processing
power for smooth
motion.

MicroPlyer™ works
seamlessly. There are
no software adaptions

required



Microstepping ANALOG
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Fullstep Halfstep

Quarterstep

But my

Your new .
friends

| have an
idea!
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Microstepping

May | have
your car?

15 ©2026 Analog Devices, Inc. AllRights Reserved.

256 Microstep

Micro-stepping adds
equidistant steps
between each native
full step of a stepper
motor.

This enables a way
smoother motor run
and higher torque
output at low speed.
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Advanced Ramping
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» 3rd gen. motion controller - multi point

» TMCb240, TMC5130 ... all cDrivers
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Advantages:

» Proven Hardware Blocks

» Offloading the Processor

» Parameter Change onthe Fly

» Reference Switch input (Hard- /Soft-

~N: .\



Current Control ANALOG
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. Current Controller - SpreadCycle™ vs. StealthChop™
StealthChop™ = Silent, smooth motion at lower/medium speeds.
SpreadCycle™ = High torque, dynamic responsiveness, and fast acceleration at higher speeds.

HMO3524 (Hw 0x10110024; SW 04.202) 2014-10-16 14:49 HMO3524 (Hw 0x10110024; S 04.202) 2014-10-16 1517

Morm-Trig. / Complete Auto-Trig. / Complete

TB:Sms  T:-200Ws CH4: -57.5mA SDCLP 100ksa HR: Refresh - TB:20ps T:0s CH1:15.05Y /DC 25MSa : m

q T INTENSITATEN '

e 4 - oy . ey W7o P NACHLEUCHTEN
' ha iz v T b M NACHLEUCHTEN (D
Jy w Aus

! L] Autamatisch Q.)
j MANUELL s} e

; = —

F,
D unendiic e 5
\ S0
LOSCHER ‘ '
EN \ Q i T
\
\ / YW B HINTERGRUND i
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CH4: 250 mA

HMO3524 (Hw Dx10110024; Sw 04.202) 2014-10-16 14:52 HMO3524 (Hw Dx10110024; Sw 04.202) 2014-10-16 15:16
Norm-Trig. / Complete Auto-Trig. / Complete

TB:Sms  T:0% CH4: 7825mA FDCLP 100ksa HR: Refresh TB:20us  T: 0% CH1:15.05V FDC 25Msa

INTENSITATEN
MACHLEUCHTEN

NACHLEUCHTEN

ST

xS
p % ac
b " aus
" o Autormatisch
S . MANUELL )
‘l.‘ M
“q\“ D Unendlid{\/\-
\
) § LOSCHEN
Q

i

HINTERGRUND
An AU

N A

9|2AHpealds

CH4: 250mA e
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Current Control ANALOG

DEVICES
. Current Controller - SpreadCycle™ vs. StealthChop™
. StealthChop™ = Silent, smooth motion at lower/medium speeds.
. SpreadCycle™ = High torque, dynamic responsiveness, and fast acceleration at higher speeds.

Refresh c TB:1 -105 v

Conventional constant t ¢

7E8E5Hz

& Low Speed High Speed >

TRINAMIC SpreadCycle™

Sinusoidal current waveform enables B S T "
maximum torque and smooth motor run

18 ©2026 Analog Devices, Inc. AllRights Reserved.




Referencing

. Real World Position

» After the system is powered off, there is no information
of the motor position.

» The motor position might be manipulated.

» The absolute maximum travel distance might differ due
to mechanical tolerances.

Reference search algorithms aligns motor step
positions to real world positions.

19 ©2026 Analog Devices, Inc. AllRights Reserved.

ANALOG
DEVICES

Trinamic offers StallGuard

for sensor-free load
detection.



Using StallGuard... Lo

...for sensorless homing
Instead of using limit switches, the mechanical hard stops can be used.

By adjusting the StallGuard values, it only kicks in when the normal load
is exceeded.

If the load angle value is exceeded, the system knows it reached the end
of the axis.

Bonus
Unexpected hard
stops will make the
system stop as well,
adding a level of
security.

20 ©2026 Analog Devices, Inc. AllRights Reserved.



Using CoolStep...

...for cooler motors
Originally designed for medical and lab automation,
CoolStep keeps the motor cool using only the minimum

current needed.

This safeguards sensitive tissue samples leading to more
reliable test results.

Running the motor at alower temperature allows for
temporary boosts.

21 ©2026 Analog Devices, Inc. AllRights Reserved.
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B A

Bonus
It also saves up to
/5% energy.

Enables smaller
motors.



StallGuard & CoolStep

CURRENT

TODE FTIAN OB P ot s 00 8 0 B A B
safety marginl / \

LOAD /

StallGuard™

Sensorless Load Angle Detection
« Blocking Detection
« Referencing

« System Check

22 ©2026 Analog Devices, Inc. AllRights Reserved.

CoolStep™
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Load dependent Current Control

Saves up to 75% Energy

100% max load
with boost current

CURRENT BOOST

TORQUE PEAK

100% max load
at nominal
motor current

CURRENT
LOAD

i —
: ] \\__\\




Development Time

. Solutionsin Silicon
SmallestMCU i  cDriver™
sufficient for Controller +

. . Driver
simple linear

Interpolation.

e.g. ATtiny

Advanced
Ramping

Positioning

23 ©2026 Analog Devices, Inc. AllRights Reserved.

-----------------------------------------------------

Driver

Predriver | == | H-Bridges

Driver

M T

Driving

Stepper
Motor

Stepper
Motor

ANALOG
DEVICES

Why?

Reduce time to market trough
integrated Motion Controller

Reduce size & part count

Meet expected quality on motor
and motion control



Development Time ANALOG
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. o\ 4:,.\.-
\ ‘E = {I,.
. it I &
Start with the Connect the Discover powerful
| andungsbriicke evaluation board technologies
: : , Connect the preferred eval Explore the full potential of
D d Evaluation Kit, : : : : : :
epetnhénl_gacr)]rc; L}J/rc:;;brvugclliz :)c;n | board with the interface board | Trinamic's solutions using the free
Startrampe interface board forms using the Eselsbricke TMCL-IDE software. This allows for
the bridae between vour PC and connector board. You caneven | easyprogramming with ready-to-
Tringmic’s powexr/ful Cs link a few together. use code libraries.

24 ©2026 Analog Devices, Inc. AllRights Reserved.



Driver Eco System ANALOG
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m Motor Type m Product Type | Motor Supply | Phase Current (RMS)

TMC2240 2-Phase Stepper Motor  S/D, SPI Smart Driver  4,75-36V 2.1A(int | sense) TOFN32
. . TMC2130 2-Phase Stepper Motor  S/D, SPI Smart Driver  4.75-46V 1.4A eTOFP48
» Medical equipment
. POS Printer TMC2209 2-Phase Stepper Motor  S/D, SPI/Pin  Smart Driver  4.75-29V 2A QFN28
» White goods TMC2300 2-Phase Stepper Motor  S/D, SPI/Pin  Smart Driver  1.8-1V 1.2A QFN20
» 3D Printer TMC2160 2-Phase Stepper Motor  S/D, SPI/Pin  Smart Gate 8-60V Ext. MOSFETs eTQFP48
Driver

TMC2209: Stepper Driver IC
» Trinamic Driver Technology
» Miniaturization

-------------------------------------------------------------------------------------------------------

_ : cDriver™
» BOMReduction i Controller + Driver
» Simplification : g
Fieldbus _ : | SPl :
Host — Micro : Motion e Predriver | = | H-Bridges Motor

Controller B Controller S/D

-------------------------------------------------------------------------------------------------------

25 ©2026 Analog Devices, Inc. AllRights Reserved.



Predriver Eco System ANALOG
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» Pumps » Packing machines . » Medical equipment
» Medical equipment » Small industrial robots » CCTV/ conference cameras
» POS Printer » Semiconductor equipment » Textile machinery
» White goods » Analyzers (Gas / Liquid) » Dental milling
» 3D Printer
TMC2160: Predriver IC
» StallGuard
» CoolStep
> StealthChop TR AN NN NN AN AN AN A AN NN NA NN AR ANANARANANSEANANANARARARSRNARSRSRSESmsmazat, )
» SpreadCycle ' cDriver™ :
» MicroPlyer Controller + Driver Driver

» Microstepping

Fieldbus _ , SPI
Host — Micro : Motion IR Predriver | —> | H-Bridges : Motor
Controller i Controller S/D :

-------------------------------------------------------------------------------------------------------

26 ©2026 Analog Devices, Inc. AllRights Reserved.



cPredriver Eco System ANALOG

DEVICES

» Pumps » Packing machines . » Medical equipment

» Medical equipment » Small industrial robots » CCTV/ conference cameras
» POS Printer » Semiconductor equipment » Textile machinery

» White goods » Analyzers (Gas / Liquid) » Dental milling

» 3D Printer

TMC5160: cPredriver IC .
» Trinamic Driver Technology
Trinamic Motion CONTrOlIP rierseetsesesseresseresearesesrasessasarsararnasnsesrasassasassasarnarasassnsassasassasannnnnnny, ]
Miniaturization :
BOM Reduction
Simplification

v

v

cDriver™
Controller + Driver

v

v

Fieldbus . : : SPI
Host — Micro : Motion R Motor
Controller 3 Controller S/D

-------------------------------------------------------------------------------------------------------

27 ©2026 Analog Devices, Inc. AllRights Reserved.



cDriver Eco System ANALOG

DEVICES
m Motor Type / Feature Motor Supply | Phase Current (RMS)
Type

TMC5240  2-Phase Stepper Motor  cDriver™ 4,75-36V 2.1A TOFN32 » Medical equipment
TMC5130A  2-Phase Stepper Motor  cDriver™ 4T5-46N  14A eTOFP48 » CCTV/ conference camet
TMC5160  2-Phase Stepper Motor  cDriver™ 8-60V Ext. MOSFETs eTOFP48/ QFNss | extile machinery
» Dental milling
TMC4361  S-Shaped Ramping/ Motion digital = QFN4O
Closed loop Controller

TMC5130: cDriverIC

» Trinamic Driver Technology
Trinamic Motion Control IP
Miniaturization

BOM Reduction
Simplification

v

-------------------------------------------------------------------------------------------------------

v

cDriver™
Controller + Driver

v

v

Fieldbus _ SP| . SPl
Host — Micro  BEusgll Motion B Predriver H-Bridges

Controller S/D Motor

Controller

-------------------------------------------------------------------------------------------------------

28 ©2026 Analog Devices, Inc. AllRights Reserved.



Board Level Turnkey Solutions ANALOG
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Motor Type Product Motor Phase Why Boardlevel?
Type Supply Current
(RMS) » Short Time to Market

TMCM-1260  2-Phase Single Axis ~ 12-48V BA B0mmx60mm  CAN, RS485, USB, GPIO, > E'ardW?re Design Resouces /

Stepper Open Loop 2.36"x 2.36" Encoder xpertise

Motor » Samefor Firmware
TMCM-3351 2-Phase 3 Axis 12V - 24V 3A 160mm x CAN, RS485, RS232, USB,  » Small/ Medium Demand

Stepper S-Ramps max 28V 100mm GPIO, Encoder

Motor Closed loop 6.2"x3.9"
TMCM-1640 3-Phase Single Axis 12V -24V 5A 42mmx 42mm  RS485, USB,

BLDC/ EC Board 1.7"x 1.7 HALL, Encoder
TMCM-1636  3-Phase  _ Single Ais  12V-24V__  30A _ 45mmx90mm _ CAN, . ... ... ... . a

BLDC /:EC Board 12V -60V 20A 1.8"x 3.5" HALL, ENCODER E

Board Level
Driver

U -

----------------------------------------------------------------------------------------------------------------------------------------

Fieldbus:

Host — Micro Motion

Controller Controller

29 ©2026 Analog Devices, Inc. AllRights Reserved.



Smart Motor Turnkey Solutions ANALOG
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Why PANdrives? (and what is the PAN

Motor Type Product Motor Phase
Type 8upp|y Current » One-Stop Solution
(RMS) » Matching Motor + Electronics
TMCM-1260 2-Phase Single Axis  12-48V 6A 60mm x 60mm CAN, RS485, USB, GPIO, > Short Time to Market
Stepper Open Loop 2.36"x 2.36" Encoder
Motor » Wide Range of Solutions
TMCM-3351  2-Phase 3 Axis 12V - 24V 3A 160mm x 100mm  CAN, RS485, RS232, USB,

Stepper S-Ramps max 28V 6.2"x3.9" GPIO, Encoder
Motor Closed loop
TMCM-1640 3-PhaseBLDC Single Axis 12V -24V 5A 42mm x 42mm RS485, USB,
/EC Board 1.7"x 1.7 HALL, Encoder
TMCM-1636  3-Phase BLDC Single Axis 12V -24V 30A 45mm x 90mm CAN,
/EC Board 12V -60V 20A 1.8"x 3.5" HALL, ENCODER
: PANArive

Driver

Fieldbus

Host — Micro Motion

Predriver | = | H-Bridges

Controller Controller

--------------------------------------------------------------------------------------------------------------------------------------------------------------------

30 ©2026 Analog Devices, Inc. AllRights Reserved.



Smart Motor Turnkey Solutions oo

&, TMCL-IDE 3.6.5.1

|Fi|e Tools Options Views Help

b

» Fully Integrated Mechatronic 8

Velocity mode @ TMCM-1260 <1st Axis> : VC1-Id1 @

w Easymode Standard mode

» SensOstep Encoder |
A

v «[> 1D1: TMCM-1260 [virtual] / O\ / o)

» Serial interface & Direct mose \j \ j

Q Global parameters

> I/ OS TMCL creator Target speedl lDDDDD[pps]Hﬁ Maximum accelerationl lDDDDD[ppsz]E
E Parameter calculator
Actual velocity [pps]: 0 [ meas. velocity
[pps]

. o v @ Axis 0 0.0 102 i I 10° 108
» Easy to builtin S R N R

il CoolStep & StallGuard f
» NEMA 8 - NEMA 34 e oo j‘

I= User variable display

v Control mode Motor player
Position mode < [P : » >
> Stand Alone MOde Velocity mode

[y TMCL creator @TMCM-1260 : VC1-id1
» TMCL Firmware et Veloly oo

4 Position graph 00k @hwe NDEORMN ¥00O0OHE>»

~ Info display [New File 1180

¥ Info graph

H—] n n

I= Axis parameter display SAP 6, @, 128 //set Maximum current

SAP 5, 8, 1E0800 //set Maximum acceleration [pps®]

SAP 4, 8, 100800 //set Maximum positioning speed [pps]

loop:

GIO @, @ f/read ING®

iC ZE, loop //iT input #@ is @ --> jump to looo

MVP REL, ®, 51208 //move relative to actual position
WAIT POS, @, 51200 //wait to reach position

JA loop

STOP

1:1 Modified Insert
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TMCb5271: 20V / 1.6A RMS

Stepper Motor Driver and Motion Controller

Features and Specs

Supply voltage: 2.1to 20V
Motor current: 1.6A RMS
Fully Integrated Lossless Current Sensing

TriCoder Sensorless Standstill Steploss Detection and
Full Step Encoder

EightPoint Motion Controller
256 microsteps per fullstep

Smooth and silent stepper motor motion with
StealthChop™ and SpreadCycle™

Sensor less load & stall detection with
StallGuard2/4™

32 ©2026 Analog Devices, Inc. AllRights Reserved.

DEVICES
ENCODER, REFERENCE REF w
SWITCHES, EXTERNAL STEP/DIR | s
REF SWITCH
e unIT TiiCoder ‘_MOTOR DAC e
DIAGK PULSE ENCODER OUTPUTS @ o
POSITION OUT UNIT
DIAGNOSTICS
AND Ste pper
PROTECTION Motor
UART ¢ COMMUNI- /\/ SpreadCyde J\'
SPI ¢ CATON fe— PO —y PROFIMBLE oRY R
USEL €—| INTERFACE RAMP P SkeathChop?2
GENERATOR
SEQUENCER
SLEEPN —+—»
ClK - CLK/OSC | Cool Step StallGuard2/4 | ICS |
TMC5271

Competitive Positioning
More efficiency than the competition
« 155 mQ vs 400 mQ RDSON
Advanced control optimizes power delivery to the motor
Up to 50% PCB space over integrated competition

¢ 9Imm2vs (9mm? + external sense resistors)

Integrated best in class diagnostic functions



TMC5271: 20V / 1.6A RMS Lo
Stepper Motor Driver and Motion Controller

Product Features Customer Benefit TMC5271 “m

Integrated Motion Offload calculation power from Micro Controller, reduce time to

Controllerin HW market, easier qualification of end product No No
Isnteg.rated STt Saves power dissipationand board space Yes No No
ensing

Saves power dissipationand enables higher continuous motor
RDSON - 155mQ 310mQ 1000mQ
TriCoder Standstill . I
Movement Detect Detect Movement in Standstill without Encoder or Sensory Yes No No
Motor Temperature Get an estimation of the motor temperature in standstill Ye N N
Estimation P S o 2

Omits reference switches and allows for continuous monitoring of

TH
StallGuard28&4 the load situation. Yes No No
CoolStep™ Helpsto save up to 75% power losses in the motor. Yes No No
SpreadCycle™ Enables fastest silent movement Yes No No
StealthChop™ Enables non audible movement at slow speed. Yes, StealthChop4 LG, U ElU No
cycle only
2 2 2

Package Saves Board Space 3.2 x Smm Sx3mm Sx3mm

WLCSP36 VFQFPN* WOFN*



Wrap Up / Problems we are solving

Pulsationin movement / vibrations
High-resolution microstepping

SpreadCycle™

Dynamic load changes / overload and pot. positionloss StallGuard?2/4™
Sensorless load monitoring

Energy consumption / heat and power dissipation ™
COO|Step
Current control based on sensorless StallGuard™ values

Audible noise / mechanical resonances -
StealthChop
Advanced current control

Jerky motion / position overshoot EightPoint™

Advanced multi-segment / jerk-limiting acceleration ramps

ANALOG
DEVICES



Solenoid and
contactors control
solutions (HW)



Markets and Applications

Industrial Automation

Hydraulics, Power and Control systems

Valve Manifolds DC Motor Drive
Proportional Valves Electromechanical Brakes
Relays/ Contactors Heat Pumps

Broad Market
Consumer Products

Vending Macines Electronic Faucet
Coffee Machines Smart Door Locks

36 ©2026 Analog Devices, Inc. Allrightsreserved.

Healthcare
Medical Equipment

Dialysis Machines
Oxygen Concentrators
Ventilators

Automotive (MAX22216V)

Subsystems
Suspension Systems Valves
Heating Systems
Battery charging

Fuel Pumps

ANALOG
DEVICES
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Solenoids consist of an insulated copper wire wound
around a ferromagnetic core

By applying a voltage, a current flows through the coil,
generating a magnetic field:

« Asolenoid actuator's plunger then movesto the
other state (OFF/ON)

« Aspring pushesthe plunger back to its original
position when the voltage is removed

A lower current is typically sufficient to hold the plunger
in the ON position

The state of the solenoid isunknown without feedback

©2026 Analog Devices, Inc. Allrightsreserved.

Basic Introduction to Solenoid Actuators
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How Valves Fail

GRADUALLY, AND THEN SUDDENLY

Faults build slowly at first, without detectable
signatures. Then the valve crosses the tipping point!

] | Sealabrasion

) | Fouling

S | Coil burnout

38 ©2026 Analog Devices, Inc. Allrightsreserved.

S~ |

MagneticFie'd

N
N s
<D 3
"L\N\Y «— Coil
S~ |

“ Core

2 %
|+ Disk

ANALOG

How to Detect Valve DEVICES

Failure

EXTERNAL MONITORING HAS A COST

Periodic manual
inspections can be
effective but maintaining
the paper trail while
ensuring quality adds
complexity. As the
number of valve points
increases, so does the
challenge.

Designers can add
various sensors
(pressure/temperature/
flow meters) but they
must balance the benefit
of extra data with the
cost of installation.




Analog Device’s Solution Overview

CURRENT ®

A

Enables...

« Detection of Plunger
Movements

Energy Efficiency
« Lower Heat Generation

STANDARD “HIT” EXCITATION TIME . . .
 Predictive Maintenance
HIT EXCITATION

CURRENT
C

D

ANALOG
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File Tools Options Views Help

]
oV
Connected devices:

§ Directmode
~ Pawer driver
v S MAX22216-EVAL

[ e

3 0P Programmer

® cvelBoardags
~ Channeld
|74 Current graph
(@) Solenoid Sequencer
(@) Solenoid nductance

¥ Oirect Coil Control
¥ Repidfire
~ Channel 1
|4 Current graph
(@) Solenoid Sequencer

~ b 01: LandungsbrueckeV3[V 3.08 30951

£ Register browser MAX22216)

MAX22216 General Settings |

BEME/DPM Tuning

saalrweow
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.
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Slider Values Clearflags | | Reload flags
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DPM_MINNBR | 2[PWM Cycles] = O oceo O oce1 O oce2 O oces
Measurements O w0 O HeA O vHr2 O HHF3
LOPM_PEAK. L4748 [mA] Cor Oon Oorz O o
LOPMVALLEY 292.80[mA] O oMo O oemt O oemz O 0Pz
REACTION_TIME 4.28[ms] SAULTI

TRAVEL TIME 20.62[ms] < .

) INDD ) INDI _JIND2 () IND3
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I
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ADI SOLUTION

® No external encoders

® Reduce current to minimum
needed )

® Alert on slowing or stuck core

® Reduce coil temperature by 50°C



Detection of Plunger Movement in Solenoid Valves DRVICES

OFF POSITION ON POSITION CURRENT SIGNATURE

Properly Working
Solenoid Valve

Current

\ MAX22216 detects plunger
movement based on current

dip andissues DPM flag

1
I
I
1
I
I
I
I
1
I
I
I
1
I
I
1
I
1
I
|

Time(ms)

A L
MAX22216 does not detect current
dip,

Solenoid actuates correctly and liquid can
pass through.

Current

Faulty Solenoid
Valve

so no DPM flag thrown --> FAULT!

Time (ms)
Solenoid does not actuate and liquid is
40 ©2026 Analog Devices, Inc. Allrightsreserved. blOCked- SyStem iSSU eS alarm-
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Detection of Plunger Movement in Solenoid Valves

90

80

70

24 VAC—-SIMPLE RELAY CONTROL

0

5000

1

0

10000 15000 20000 25000 30000 35000

Test Steps, 50 ms each

Current, Amps / Power, Watts

—T1/°C

e T2 [ °C
T3/°C

= Ambient, °C

— Amps

Watts

Basicrelay control

©2026 Analog Devices, Inc. Allrightsreserved.

TUNED SOLENOID DRIVE WITH MAX22216

/ 3

1

0

5000 10000 15000 20000 25000 30000 35000

Test Steps, 50 ms each

Current, Amps / Power, Watts

ANALOG
DEVICES

—T1/°C

s T2 [ °C
T3/°C

= Ambient, °C

— Amps

Watts

“Just enough” current with MAX22216
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MAX22216 Inductance + Resistance Measurement

AC stimulus for

TL2H
4/?nductance measurement

CONTROL

A N
{ / AC SCAN o Dither ENABLED )
| 4
ACscan
CH only if
DCL>AC
Dl amplitude
RAMP UP Time

MAX22216 includes onboard

circuitry for measuring What's the

benefit?

solenoid inductance and
resistance

Insights Into Solenoid State & Health!

Inductance canbe used to estimate
plunger position and coil health

Resistance canbe used to estimate
coil temperature and coil health

©2026 Analog Devices, Inc. Allrightsreserved.
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Connected devices:

Fie Toos Ogtions Views Help
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ANALOG

Estimating Plunger Position via Inductance DEVICES
Measurements

CLOSED

VALVE OPEN

CLOSING

Sensorless position feedback

Inductance measurements verify
plunger movement in real time,
supporting accurate dosing and
dependable assay performance

Benefits:

This real-time validation helps
prevent dosingerrors, reduces
calibration drift, and increases
confidence across high-throughput
and point-of-care diagnostic
platforms.

Inductance (L)

Open Plunger Position Clos;d

43 ©2026 Analog Devices, Inc. Allrightsreserved.
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Predictive Maintenance

Monitoring Reactionand Travel Time over the Lifetime of a Solenoid

Current
A

Travel Time

ANALOG
DEVICES

Travel Time Limit

.  Generate
- —_ Reaction Time Limit Alarm
Tra\_lel Timé. % -----------------------------------------------------------------------
St o- 0
L <}
[&]
@
--------------------- 3
(]
E
|—
4
i Baseline

“Reaction Time:
: t :

P »
o »

Reaction Time t,

Internal wear, friction, and
contamination can cause slower
valve response

©2026 Analog Devices, Inc. Allrightsreserved.

Early detection would allow
proactive maintenance before
valve failure occurs

Time

Drifting reaction time and
travel time indicate gradual

Time, cycles, etc..

. Travel Time . Reaction Time

Exceeding defined drift
thresholds trigger maintenance
events before functional failure

degradation
occurs.



MAX22216-17 - Single Ended Operation

45

Energy Efficient 2-Level Sequencer
= Configurable Excitation, Hold and Low Levels

= Configurable Excitation Time

Level Transition RAMP Control

= Reduces mechanical acoustic noise

PWM Control

= Globally Configurable 2.5 to 100 KHz

» ChannelIndependent Divider up to 1/8
= PWM Slew Rate Control to reduce EMI|

Sine Wave Generator

= Dithering(get rid of static friction issues / Drive of
Proportional Valves)

= |nductance measurement (ON/OFF Status Detection and Coil
Health, only in VDR)

©2026 Analog Devices, Inc. Allrightsreserved.
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MAX22216-17 - Full Bridge Operation

Everything Single-Ended operation can do...

And more!

Center-Aligned PWM
= The effective PWM Frequency is doubled

= Better HEAT distribution trough the IC

Fast Demagnetization (zero x-ing)

» Toshorten solenoid on-off cycles

©2026 Analog Devices, Inc. Allrightsreserved.

CNTL

VM
4
L
OUTH m o [
-
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CONTROL
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TL2H

DCH

Time

DCL
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CURRENT
DRIVE

HIT

IHOLD
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Time
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Driving Proportional Solenoid Valves DEVICES

THIT

« Current Drive Regulation Mode (CDR): I R A e R
« Thedriverregulates the output current using
internal sensing and feedback e

« You can configure Proportional and Integral gains to
fine-tune the response for the whole position range

« Dithering Feature:

« With configurable frequency the plunger “vibrates”
to avoid getting stuck

« Real Time Current Feedback: -
« You can read the coil current via SPI which o —

translates to the position

47 ©2026 Analog Devices, Inc. Allrightsreserved.



ANALOG

Block Diagram DS

- MAX22216

Quad Smart Serial-Controlled Solenoid and Motor Driver with Advanced Diagnostics
( ) C SOLENOID
p
/O INTERFACE el DIAGNOSTICS W= 2 —
GATE
SPIINTERFACE e DRIVER
OSCILLATOR P ‘ Reaction and Travel Time Measurement ‘ . i
‘ Detection of Plunger Movements ‘ f
CURRENT REFERENCE |— | Open-Load Detection | CURRENT
‘ Inductance Measurement ‘ :
MUX + 1/0 INTERFACE )—L oy . SENSE g
igital Current Sense Monitor ‘ = =
I y \ J | H

FAULT

48 ©2026 Analog Devices, Inc. Allrightsreserved.



Target Applications AN
. Valve Manifolds/Hydraulic Systems
CHALLENGE MAX22216 SOLUTION

Miniaturization Control up to 4 Channels + Integrated Current Sense and Shunts

Heat (Coil deterioration) Resistance Measurement

Stuck plunger Detection of Plunger Movements(DPM)

Plunger deformation
Current/Voltage Ramp Control

Acoustic noise

Long on-off cycles Fast Demagnetization to Shorten On-0ff Cycles

Predictive maintenance Impedance measurement + Detection of Plunger Movements

Two Level Current/Voltage Control

Energy efficiency

Automatic HIT to HOLD Transition

49 ©2026 Analog Devices, Inc. Allrightsreserved.




Additional Benefits ANALQS

. Fault/Protections—Robustness

Miniaturization with Analog Device's Solutions

General Protections/Alarms
Undervoltage lockout (UVM)

Overtemperature protection (OVT)

Communication error(COMER) 13x16mm?2 46x18mm> 34x43mm?

: Single Actuator Single Actuator Current Control
DPM Example  Fast Demagnetization Example  (Including Current
YT ——— Sensing) Example
. wn O O o O \ J
Open-load detection(OL) | cmomomom

Channel Faults/Alarms

DDDDDDDDDDDDDD

Overcurrent protection(OCP) S
Hit current not reached alarm (HHF)- CDR

Detection of plunger movement error (DPM) . . ‘@
Resistance/inductance alarms (RES/IND) oW

15x16mm?, up to 4 Actuators
C ADI Trinamic Solution—MAX22216

50 ©2026 Analog Devices, Inc. Allrightsreserved.
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OTP and Standalone Mode

Customer OTP via SPI Interface

All writable registers!

STANDALONE CONFIGURATION
2 Stat Output Pins w Multiple Alarms
CNTL Pin(OR config with registers)
UVM Control with Hysteresis
Internal Voltage Regulator (3.3 or5V)

nFault Pin + fault Stretching + Fault masking

©2026 Analog Devices, Inc. Allrightsreserved.

(] Chip Click @MAX22216-EVAL <1st Axiss [LandungshrueckeYd) : COM33-1d1 @
o = E 2
S 285522 : -
B
IREF / 23 | FGND
N_FAULT O i | PoND
STATO B|our
STAT1 21 | Bl
MAX22216-17
GND ¥M
YOO ouT2
CNTLO PGND
CNTL1 . - PGND
= [ H
L L 5

ANALOG
DEVICES



MAX22216-17 - DC Motor Drive Operation B

Programmable VDR (Speed) and CDR (Torque)

Control

SAME coil diagnostics as solenoids

Special Motor Drive Mode

= Current Control then Voltage Controlled

= | imitsthe Start Inrush Current

N o__ 1. .. v _

KEY MOTOR CONTROL FEATURES IN MAX22216:

Feature Details
VDR Mode Voltage Drive Control for Speed Regulation
CDR Mode Current Drive Control for Torgue Regulation (12-bit Pl Controller)
Motor Drive o
Mode Current Control — Voltage Controllaed, Limits Start Inrush

Brake Function

Integrated brake capability

Diagnostics

Plunger Movement Detection, Open Load Detection, Temperature
Approximation

Current Sensing

Integrated Current Sense with Scaling

Package

Sx5mmE TOQFN

CNTL

VM
- —
¢ >
F oo -3 o [
- —
< >
— r| S
B i — 4
ON ‘ OFF

{ OFF

OUT1-0UT24

TIME

PWM OUT

CURRENT, 4
BEMF

2H=ILIM

INOM |

A

!

|

|

|

! |

! |

! |

! 1

! |

; |

; HH’H/\ AVERAGE
| VOLTAGE
| ; = DCH

| |

| I -

| |

! 1

i
| | ! |
i CURRENT LIMITER LIMITS THE CURRENT 1} VDR CONTROL TAKES OVER i BRAKE/COAST
| ! |
i

TIME



Design Resources and Evaluation System BRS

Product Home Page:
« MAX22216

Evaluation Board:
MAX22216-EVAL-KIT

Software:
« TMCL-IDE

Landungsbricke FW:
« TMC-EvalSystem

Open Source

53 ©2026 Analog Devices, Inc. Allrightsreserved.


https://www.analog.com/en/products/max22216.html#product-overview
https://www.analog.com/en/products/max22216.html#product-overview
https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/max22216evkit.html#eb-overview
https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/max22216evkit.html#eb-overview
https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/max22216evkit.html#eb-overview
https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/max22216evkit.html#eb-overview
https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/max22216evkit.html#eb-overview
https://www.analog.com/en/design-center/evaluation-hardware-and-software/motor-motion-control-software/tmcl-ide.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/motor-motion-control-software/tmcl-ide.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/motor-motion-control-software/tmcl-ide.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/motor-motion-control-software/tmcl-ide.html
https://github.com/trinamic/TMC-EvalSystem
https://github.com/trinamic/TMC-EvalSystem
https://github.com/trinamic/TMC-EvalSystem
https://github.com/trinamic/TMC-EvalSystem
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Independent Half Bridges
Current Capability (Channel) TA

Channel Configurations Pairs of channels

Voltage Mode YES: only DUTY
Current Mode YES: Peak Detection
DPM YES: Current
Ramp generator NO
Inductance Measurement NO

Current Monitor NO
DC-Motor Drive NO

BTL Mode - Fast Demag YES: w/0 zero x-ing

Dither NO

Temp Grade Industrial (-40°C, 85°C)

©2026 Analog Devices, Inc. Allrightsreserved.

ANALOG

MAX22216/17: Internal Positioning and Comparison DRVICES
MEE@_IIE@_

1.7A 0.55A
All possible combinations
YES: DUTY + VM Comp
YES: Pl Control
YES: Currents + Timing
YES
YES
YES
YES
YES: with zero x-ing
YES
Auto (-40°C, 125°C)



MAX22216/MAX22216V: Competition DS

b wwemewwazoy o coz

Operating Voltage (V)

Maximum Current (A RMS) 1.7 2 1.6
(per channel)

Nr Channels 4 4 3
Internal Current Sensing YES YES YES
Current Drive Regulation YES, Pl Control NO YES, Current Limitter
Interface SPI1, 1/0 SPI SPI1, 1/0
DPM YES NO NO
Open-Load Detection YES YES YES
Dithering YES NO YES
Motor Temp Estimate YES NO NO
Position Estimation (inductance YES NO NO
Measurement)

RDSon (Q) 0.17 0.5 0.25

Package Size 5x5mm? 5x4.4mm? 15.9 x 14.2 mm?

55 ©2026 Analog Devices, Inc. Allrightsreserved.



MAX22216/MAX22217 and MAX22216V B

. Value Proposition
5 £ g § 8§ §
« Low on-resistance (170 mQ)provides high efficiency solution i s W‘T
« Independent channel configuration settings programmable via :;w ? = ace e
SPlor OTP o) v [ g () —
« Intelligent diagnostics include detection of plunger movement , 1
(PDM), plunger displacement sensing (PDS), and reaction time o w
measurement (RTM) il I | s H I T
- MAX22216V version automotive qualified (AECQ100) B o L] e :' 1 Lo
i E]_ Lg&? FAULT MANAGEMENT
« Easier system-level SIL/ASIL certification with MAX22216V 3 - jm
. IREF cURRENT | l
. Key Benefits T |Lreeeme
« Reduced heat in module allows for more compact form factors . | s s
« Advanced diagnostics and controls provide improved system si e | | r—
reliability and enable predictive maintenance | A g0
« Highly configurable solutions dynamically fits wide variety of

applications o . o

56 ©2026 Analog Devices, Inc. Allrightsreserved.



Software Platform
(MAX22216)



TMCL IDE

Software:
- TMCL-IDE
« |nstall & RUN

58 ©2026 Analog Devices, Inc. Allrightsreserved.

A TMCL-IDE4.1.0

File Tools Options Views Help

Connected devices x

4 ADI THinamic-

[0 cmas/sec.

ANALOG
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https://www.analog.com/en/design-center/evaluation-hardware-and-software/motor-motion-control-software/tmcl-ide.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/motor-motion-control-software/tmcl-ide.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/motor-motion-control-software/tmcl-ide.html
https://www.analog.com/en/design-center/evaluation-hardware-and-software/motor-motion-control-software/tmcl-ide.html

Landungsbriucke FW Update BES

[C:

Landungsbricke FW:
« TMC-EvalSystem

&, Firrrnwvare Update - [m| X

Select module

Inside the |1D E/ click onthe ICON Module: COM33/USB/idl/LandungsbruecksV3 o [2 Fetremn

Actual firmware: 0026v304

Inside the tool, select the firware file Sefect firmuars

Filename: ‘insertfile name | B Browse... |+

P re SS U p d at e C Size[Bytes]: Checksum: Version:

Update firmware

Hex version: Madule version:

Progress: .. Update

@ Cancel

Update history

59 ©2026 Analog Devices, Inc. Allrightsreserved.


https://github.com/trinamic/TMC-EvalSystem
https://github.com/trinamic/TMC-EvalSystem
https://github.com/trinamic/TMC-EvalSystem
https://github.com/trinamic/TMC-EvalSystem

MAX22216-EVAL in the TMCL IDE BRAE

A Warning X

o The ACTIVE box from the MAXZ2Z2216 General Settings window needs to be

» Connect power to the MAX22216-EVAL-KIT

» Connect the MAX22216-EVAL-KIT to your PC e e s treteardpeverres

A TMCL-IDE41.0 -

[n ]
X

|File Tools Options Wiews Help |

UelFyeoe

ov

Connected devices X

B4 % COM3Z:USE port
~ o 101: LandungsbrueckeV3 [V 3.09]
W Oirect mode
~ Power driver
~ S MAX22216-EVAL
O' Register browser (MAX22216)

atagram made
B thip Ciick
u 0TP Prograrnmer
MAX 22216 Beneral Settings
|™ Evalmoard Flags
~ Channel 0
1 Current graph
Solenoid Sequencer
@ Solenoid Inductance
BEMF/DRM Tuning
X Direct Coil Control
Y Rapid Fire

~ Channel 1

%MI Trinamic

74 Current graph
@ Solenoid Sequencer
. Saolencid Inductance

> (&) BEMF/DPM Tuning
Y Direct Cail Cantral
Y rapidFire

v Channel 2

21 Current graph
Solensid Ssquencer
@ Solenoid Inductance
BEMF/DPM Tuning
x Direct Coil Cantrol
M Ranid Fire =

Toolbar for implements 8 cmds/sec
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MAX22216 General Settings

> TurnonthelC
« ENABLE PIN HIGH and ACTIVE Register HIGH

> Select the channel configuration
« CHS(l:Independent, P:Parallel, HB:Half-Bridge, FB:Full-Bridge)

e Pleasesetitto CHS6:1FB_2IHB

> DUTY or Internally Compansated VDR
« VDRnVDRDUTY - affects only channels using VDR

> Set Global PWM Frequency

« F_PWM_M(2.5t0 100 KHz)-can bedivided further for each channel

©2026 Analog Devices, Inc. Allrightsreserved.

MAX 22216 General Settings @M. [

ACTIVE
CHS

C] ACTIVE
0: 4IHE

VORNVDROUTY [] VORNVDROUTY

STAT_POL (] STAT_POL
CNTL_POL (] CNTL_POL
F_PWM_M 0: 100KHz 3
OC_HZL =
(] Enable CRC
Reload

ANALOG
DEVICES



Chip Click s

> Can control/read pin status

B Chip Click ®MAX22216-EVAL <18t Axis= (LandungsbrueckeV3): COM33-Id1 (=]
= - .
« ENABLE Pin must be HIGH (HIGH by default inthe 2 23 8B §F S 2z 2
MAX22216-EVAL-KIT) B =
IREF(NE i | PGND
N_FAULT O i | PonD
« CNTL Pins are on OR configuration withthe CNTL o m | o
registers ik MAX22216-17 | ™"
el - | ¥M
« CRC_EN startsthe CRC on the SPI LED e
CNTLD PGND
CNTLL PGND
FEEEB
SRR
z z g 0 77 3
VCC IO

62 ©2026 Analog Devices, Inc. Allrightsreserved.



OTP Programmer

» All writable registers can be
OTPd by the customer

> You can also start the internal
bV or 3.3V requlator

> You can also control the UVM
and Mask Flags

63 ©2026 Analog Devices, Inc. Allrightsreserved.

B arte Programmer @MAX22216-EVAL <1st Axis= [Landungsbruecke¥ 3] : COM33-1d]
Hints
WM while programming must be 8.7V £ 0L13 V.

Temperature while programrming must be 25°C + 10°C,

WYalue Include

Current ¥M:

(=]

12.2[V]5

> 0=00 GLOBAL CTRL  Ow00
> =01 GLOBAL CFG  O=B016
> 0x03 STATUS_CFG 0=00
> 0=04 OC_HzL 0=00
> 0x06 WM_THRESHO... Owx00
> 0=07 F_AC 0=00
> 0x08 U_AC_SCAN 0=00
> 004 CFG_OC_LZH_0  0=00
> IFry CFG_OC_H_0 00
> 0=0B CFG_OC_L_0 00
> 00C CFG_LZH_TIM... 0=00
> 000 CFG_CTRLO_D OO0
> 0=0E CFG_CTRLIZO OO
> 0=0F CFG_0PMO_0 0=00
> 0=10 CFG_OPMI_D 0=00
> 011 CFG_IDC_THL... 000
> 012 CFG_R_THLO_O 000
> 013 CFGINDO_O_0 000
> D=14 CRG_INO-1_0 0=00
> D=1k CFG_P_0 0=00
> 0x16 CFG__0 0=00

| P e e T B BT B S uTal

nooooooooooooooooood

Include all | |Include none
1 Lock OTP memary permanently after programming

Refresh Program

ANALOG
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ANALOG

EvalBoard Flags DS

™ EvalBoard Flags @MAX22216-EVAL «<1st ﬁl..

» Easy Overview of the FAULT Registers

Clear flags Reload flags

[4] Auto Reload E00[ms] | |
FALLTO

» (Can be setto automatically reload for near real-time
Flag updates

Ocrao AacH OcP2 OCP3
HHFO HHF1 HHFZ HHF3
OLFo OLF1 OLFz2 OLF3

» Always clear the UVM Flag at the start of the IC DPMD O DPMI O DPM2 L DPM3

FAULTT
(MO0 MO INDZ MO
® VM COMER avT RESO

RES1 RESZ RESA
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Register Browser

» FEasyoverview and control of all the registers

» Can exportsettingsas C Code

] A~

Address

Marme [set checked fol

WO W W WY WY WY WY Y YW

Ox00..0x56

Group select
Group select
Group select
Group select
Group select
Group select
Group select
Group select
Group select
Group select
Group select
Group select

L] All reqgisters
: [] GLOBAL..ISTERS
: [ ] COMFIG.._CH_D
: [ COMFIG.._CH_1
: [] COMFIG.._CH__2
: [ ] COMFIG.._CH_3
: [ DIAGKO.._CH_0
: (] DIAGNO.._CH__1
: (] DIAGMWO.._CH__2
: ] DIAGMO.._CH__3
+ (] FAULT_LOG

: [ TEST_REGS

: [] RESERVED

©2026 Analog Devices, Inc. Allrightsreserved.

Marme ACS SizeMask

Active registers

To write I'-'IaluE!

Function | Descriptiongs)

B Register browser (MAX22218) @MAX22216-EVAL : COM33-Id1 E
e.g.velmatchallnamescnn...| > lm B B B ?
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Channel Configuration - Settings + DPM

| L, e.g. vel

match all names contains vel

0:00..0=86

0x0919)
004 (10]
008 (11
0=0C 12]
0:00013]
0=0E (14]
0x0F (15)
0:10(16)
01110171
0x12 (18]
0x13019]
0x14120)
015 (21)
01622
Group select
Group select
Group select
Group select
Group select
Group select
Group select
Group select
Group select
Group select

Group select:
~ Group select:

Mame [set checked for auto update]

(W] All registers

[] GLOBAL_REGISTERS
COMFIGURATION_REGISTERS_CH_D
CFG_OC_L2H_0

CFG_OC_H_O

CFG_OC_L_D0

CFG_LZH_TIME_D

CFG_CTRLO_D

CFG_CTRLIO

CFG_OPMO_N

CFG_OPMI_D

CFG_IDC_THLO_O

CFG_R_THLO_0

CFG_INDO_O_0

CFG_IND_1_0

CFG_P_0

CFG_I_0

: [] CONFIGURATION_REGISTERS_CH_1
: [ CONFIGURATION_REGISTERS_CH_2
: [] CONFIGURATION_REGISTERS_CH_3
: [ DIAGNOSTICS_CH_0

: [ DIAGNOSTICS_CH_1

: [ DIAGNOSTICS_CH__2

: [ DIAGNOSTICS_CH_3

: O] FAULT_LOG

: ] TEST_REGS

: (] RESERVED

©2026 Analog Devices, Inc. Allrightsreserved.

5 Register browser (MAX22216) @MAX22216-EVAL : COMA3-d]

v Active registers

W

<

<

<

<

<

<

@& CFG_DC_L2H_D
DC_L2H

& CFGE_DC_H.O
DC_H

) CFG_DC L 0
DC_L

(& CFG_L2H_TIME_D
TIME_LZH

) CFG_CTRLO_O
RAMP
RLUPE
RMDE
ROWVE
H2L_EM
OL_EM
HHF _EM
CTRL_MODE

) CFG_CTRLL_O
SNSF
GAIN
SLEW_RATE
T_BLANKING
F_Phif
HSMLS

(& CFG_DPMO_O
DPM_THLD

&) CFG_DPM1_0
DPM_START
DPM_MIN_NBR.
END_HIT_AUTO
END_HIT_TO_HIZ_AUTO
DPM_EN

&) CFG_IDC_THLD_O
IDC_THLD

0x09

004

0B

0x0C

0D

COx0E

0x0F

010

0x11

R\WP
R\WP
RWP
R\WF
R\WF
R\WP
RWP
R\WF
R\WF
RWP
R\WP
RWP
R\WP
RWP
R\WP
RWP
R\WP
R\WF
R\WP
R\WP
R\WP
R\WF
R\WP
R\WP
RWP
R\WF
R\WF
R\WP
RWP
R\WF
R\WF
RWP
R\WP
RWP

15
FFFF
15
FFFF
16
FFFF
15
FFFF
16
BeFF
BlEe
B2EB6
BABE
Bage
1626
28886
oc]clc)
16
BER3
c1:1:18
BR3E
BeCe
@38
BARE
15
@FFF
16
Ba@FF
clclc)
1268
phclclcl
480
15
FFFF

ooooon

oo

0x0000

0

0x0000

u}

w0000

0

0x0000

u}

w0000

0

o o o o o o

id:

w0000
]

0x0000

u}

w0000

u]
u]
u]
u]
u]

0x0000

0

o o o o

u}

Ox0000
Signed
Ox0000
Signed  +
Ox0000
Signed
Ox0000
Unsigned ¢
Ox0000
Unsigned  +

| Sethits disabled
@ Sethitg disabled
[m] Sethit 10 disabled
m] Sethit 11 disabled
m Sethit 1z disabled
| Sethit 13 disabled

Choice & 0: YDR/...

Ox0000
Choice  + o IFS
Choice  + o1
Chojice & 0: Fast
Choice 4 0 Ous

Choice  + 0 F_P..

W] Setbit 10 LS

Ox0000
Unsigned ¢
Ox0000
Unsigned ¢
Unsigned &

m] Sethit 12 disabled
[m] Sethit 13 disabled
m] Sethit 14 disabled

Ox0000
Signed ¢

Sl
?
= CFG_DC_|2H
Sets the DC_L2H level
= CFG_DC_H
Sets the DC_H level
» CFG_DC_L

Sets the DC_L level

= CRG_L2H_TIME

Sets the HIT Time

= CFG_CTRLO

Sets the Ramp up Slew Rate

Ramp UP enable

Rarnp Mid Enable bit

Rarnp Down Enable bit

HZL Fast Demagnetization Enable bit, "1" enforces DC_H2L..
Cpen Load Circuit Enable (enable pull up/dwe

Current not reached Fault detection

Control mode setting

» CFG_CTRL1

Sets the Sense Scaling Factar

Sets 3 3 digital GAIM for the Current Driver Regulation (COR
Slewr rate control bits

Defines an additional blanking tirme for current measurerm...
Defines the PYWH frequency that is used for the channel, 5.,
HSAS: Bit Single Ended Mode Only

= CFG_DPMO

DPr Fault Threshold

= CFG_DPFML

The detections starts once the actual current has succeed..,
The condition in order to detect a valid BEMF dip has to be..
Enable Autormatic DC_L2H to DH_H switchover

Enable automatic DC_L2H to HIZ switchover

DFM Enabile bit,

= CRG_IDC_THLD

IDC_THLD thresholds IDC for mapping to status output ST...
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v (&) CFG_IDC_THLD_O Ox11
IDC_THLD

v (& CFG_R_THLD O Ox12
RES_THLD

~ (¥ CFG_IND_0_0 0x13
L_MBR_CALC
L_ME&S_WCYCLES
L_ME&S_H
L_MEAS_L2H
L_ME&S_EM
DITH_EM

v () CFG_IND_1_0 D14
I4C_THLD

v (&8 CFG_P_D 0x15
CFG_P

v (& CFG 10 Ox16
CFiG_I

FutdP
FAwWP
FwP
FutdP
FAwWP
FutdP
FAwWP
RiP
FutdP
FAwWP
FwP
FutdP
FAwWP
FutdP
FAwWP
FiwP
FuwtdP

1s
FFFF
1s
FFFF
18
BEEF
BEFE
B1eE
ARG
ARG
BERE
1s
BFFF
1s
FFFF
1&
FFFF

L1000 O

Cx0000
0
Cx0000
0
Cx0000
0

o o o o

0
Cx0000
0
Cx0000
0
Cxa000
0

Cx0000

Signed &

Ox0000

Unsighed

+

0000

Unsigned

+

Unsighed

+

m  Sethbit s
@ Sethito
@ Setbit 10
@] Setbit1l

0x0000

disabled
disabled
disabled
disabled

Lnsigned

+

Cx0000

Lnsighed

+

0000

Unsighed

+

Channel Configuration - Inductance + Pl Settings

» CRG_IDC_THLD

IDC_THLD thresholds IDC for mapping to status output ST...

- CFG_F_THLD

Threshold of measured resistance that friggers the corres...

= CRG_IND_O

Murmber of AC scan periods used o calculate the inductan...
Mumber of AC scan periods {Tscan,/1/F_AC) starting from ..

Used to enable inductance measurement during hold time,

Used to enable inductance measurement during L2H excita.
LI_AC_SCAN iz superimposed onto DC_L2H, DC_H, DC L if ..

Used to enable dithering function.
= CRG_IND_1

[AC_TLHD thresholds I_AC for mapping to status output 5.,

- CFG_P
Set P parameter of PI controller
- CFG I

Set I parameter of PI contraller

+ Oefault ﬁ}-

©2026 Analog Devices, Inc. Allrightsreserved.
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Channel Diagnostics DS

ﬁ Register browser (MAX22216] @MAX22216-EVAL : COM33-d1
| £, e.g. vel match all names contains vel > pmd B @ B 2
Address Mame [set checked for auto update]
Dx00.0:66 W) Allregisters Mame 4 ! k ead value To write value Function
* Group sslect: [] GLOBAL REGISTERS v Active registers
Group select: [] CONFIGURATION_REGISTERS_CH_0 v @ LDPMPEAK D Oxdl R 16 00000 ~ LDPM_PEAR
> Group select: (] CONFIGURATION_REGISTERS_CH_| [_DPM_PEAK R FFFF 0 BEMF Current Local Peak during ramp up. I_DPM_PE&K= Ko
Group select: [] CONFIGURATION_REGISTERS_CH__2 v (& _DPM_WALLEY_ O Ox42 R 15 00000 v I_DPM_WALLEY
> Broup select: [J CONFISURATIOM_REGISTER2_CH_3 I_DPM_WALLEY R FFFF ] BEMF Current Local Walley during ramp up. YDR or Duty Mode onl.,
v (Group select: v DIAGNOSTICS_CH_0 v (& TRAVEL TIME_O  Ox43 R 16 0%0000 - TRAVEL_TIME
(41 [65) |_OPM_PEAK_D TRAVEL_TIME R FFFF 0 Trawel tirme from local maximum to local minimum detection: Exp...
(42 (66) LLOPM_VALLEY.D v () REACTION_TIME_O Ox44 R 18 O0x0000 » REACTION_TIME
giii :E;]] ;ET}E?IELT:'IIEP;E_D REACTION_TIME R FFFF u 0 Reaction time from CHTL L2H to local minimum detection: Expres...
045 (64) L MOMITOR_O v & I_MOMITOR_O 0x45 R 186 0x0000 v I_MONITOR
a7 (1) LAC_O I_MONITOR, R FFFF r 0 I_MOMNITOR Istantaneous current sampled Current sarmpled. Retur,
D48 (72] RES_0 hd @ I AC_O Owd7 R 18 0x0000 »[_AC
Ox4d (73] PwWHM_OUTY_0 [_AC R FFFF 0 AC current measured
> Group select: (] DIAGNOSTICS_CH_ v (%) RES_D Ox48 R 16 0x0000 = RES
Group select: [] DIAGNOSTICS_CH_2 RES R FFFF 0 Measured resistance
+ Group select: [] DIABNOSTICS CH_3 { v @PWMDUTY.D  0x49 R 16 %0000 * PYi_DUTY
Group select: L] FAULT_LDG PUUM_DUTYCYCLE R FFFF 0 Duty cycle
Group select: [] TEST_REGS
Group select: [] RESERVED
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FAULT Logs BN

& Register browser (MAX22216) @MAX22216-EVAL : COM33-1d1 |E||E|
| L. 6.0, vel match all names contains vel > m B B = ?
et checked for auto updata)
D00.0:68 (8] Al egisters Marme : g 4 2ead valie To write valle Function
Group select: [] GLOBAL_REGISTERS v ACtve registers
Group select: [] COMFISURATION_REGISTERS_CH_0 v (J FAULTD Ox65  RIWCP 15 o000 Dx00d | - UL
Group select: [ ] COMFIGURATION_REGISTERS_CH_1 OCPO RWCP jclclch ) [ 0 Clear bit 0 ok Cwer Current Protection Detection Bit
Group select: ] COMFIGURATION_REGISTERS_CH__2 OCP1 RANCP BEE2 O ] Clear bit 1 ok Ower Current Protection Detection Bit
Group select: (] COMFIGURATION_REGISTERS_CH_3 OCR2 RACP BEES O o Clear bit 2 ok Ower Current Protection Detection Bit
~ Broup select: [] DIAGNOSTICS_CH_D OCP3 RIWCP geeg [] 0O Clear bit3  |ok Ower Current Protection Detection Bit
Oxél (65] - [] LDPM_PEAKD HHFD RWCP  sele  [] O Clear bit4  |ok Hit Current nat Reached Detection Bit
0x42 (66) [] LLDPM_VALLEY_O HHF1 R\WCP BR28 [ 0 Clear bit 5 ok Hit Current not Reached Detection Bit
Eiii EEE]] g ;Ei\éﬁ'llggﬂllzf‘;g_ﬂ HHFZ RWCP feleRlc] O 0 Clear hit6 ok Hit Current not Reached Detection Bit
0x45(64) [ LMONITOR_O HHFZ RWCP BRER ] 0 Clear bit 7 ok Hit Current not Reached Detection Bit
Q7T [ 1LAC_O OLFO RIMCP g1ee [ 0 Clear bit 8 ok Open Loop Detection Bit
Mx48(72) [ RES_0 OLF1 RWCP B2EE ] a Clear bit 9 ok Open Loop Detection Bit
0x49073) [ PwM_DUTY_0O OLF2 RAWCP B486 O o Clear bit10 ok Open Loop Detection Bit
Group select: [] DIAGNOSTICE_CH_ CLF3 RAWCP chicle) [ 0 Clear bit 11 ok Cpen Loop Detection Bit
Group select: [] DIAGNOSTICS_CH_2 DFMOD RINCP ieee [] O Clear bit 12 |ok DPM Status Bit
Group select: [] DIAGNOSTICS_CH_3 DPMI1 RAWCP g8 [] O Clear bit 13 |ok DPM Status Bit
~ Group select: [ FAULT_LOG DFM2 RWCP  4see  [] 0 Clear bit 14| ok DPM Status Bit
Ei:: 3312]] Eiﬂ:j:]u DPM3 RWCF BEREE ] 0 Clear hit 15 ok DFM Status Bit
Broup select: [ TEST_REGS v (] FAULTL Ox66 RWCP 18 Ox0010 0x0010 FALLT1
Group select: [] RESERVED INDO RAWCP geal [ 0 Clear bit 0 ok Bit iz get if measured inductance was not compliant according to Excitation H...
IND1 RAWCP clcich) O 0 Clear bit 1 ok Bit iz set if measured inductance was not compliant according to Excitation H...
MNDZ RAWCP clclch ! [ 0 Clear bit 2 ok Bit is set if measured inductance was not compliant according to Excitation H...
MD3 RWWCP clc]et:] [l 0 Clear bit 3 ok Bit is set if measured inductance was not compliant according to Excitation H...
LI RAWCP gel1e 1 Clear bit 4 fault Bit is set if under voltage was detected, Is active after IC startup
COMER RWCP BR28 [ 0 Clear bit 5 ok Bit is set if communication error is detected
ovT RAWCP clckdc) [ 0 Clear bit 6 ok Bit is set if over temperature was detected
RESO RWCP BRER [ 0 Clear bit 7 ok Bit is set if measured resistance exceseds R_THLD value of according channel.
RES1 RWCP B1ER Il 0 Clear bit2 ok Bit is set if measured resistance exceseds R_THLD value of according channel.
RESZ RWCP 8288 ] 0 Clear bit 9 ok Bit is set if measured resistance exceeeds R_THLD value of accarding channel,
RES3 R\WCP 2456 [ 0 Clear hit 10 ok Bit is set if measured resistance exceeeds R_THLD value of according channel.
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VVUVVUVUVUY
TIME

Solenoid Sequencer DEVICES
> A” |eve|S can be Contro”ed in Voltage or Current (@) Solenoid Sequencer @MAX22216-EVAL <1st Axis= [Landungsbruecke¥3]: CL
» RAMP control for all ramp sections ;:‘u":"m RAMP 0 2]
Ca . . } : O
» HSNLS only in Single-Ended Configuration OC_H 0.00[v] %] ::';E DE:EE
DC_H2L 0.00[v] 2
> Fast Demagnetisation (DC_H2L and H2L_EN) only in Full-Bridge oeL T
HZL_EN CIH2LEN
A | | i T;Mfl_:uj | CTRL_MODE |0: VOR/Duty 4
CONTROL |< i H e HEMLS CIHSHLS
|' I TIME_L2H |
| |f : On Off CFG_P 1]
DCL2H | 1 \AANAAAANNANT o CFG 0
| JUUVVVUVVUVVUVUY |
I I |’ _____ A T N
| : : RAMP : :
1 MD
DCH L Y A . \ppananNOaAR
: | VUUVUVUVUVUUUV RAMP!
| | DW |
| RAMP | |
' UP | L NAAAANNNDAN
|
|
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ANALOG

Current and PWM Channel Configuration B

Full Scale and Sense Scale

MAX
> |_MONITOR - Channel Current GAIN[1:0] | GAIN | SNSF | gygp | TYP-LSRon | TOTAL |\ 1ipLiIER | CURRENT
[1:0] Q) FACTOR A)
01 1/2 00 1 017 1/2 0.5 2.082
10 1/3 1/3 0.333 1.388
» F_PWM - Channel PWM Divider (up to 1/8) 11 1/4 1/4 0.25 1.041
00 1 213 0.667 2.776
» PWM_DUTYCYCLE - Ouput Dutycycle 01 12 216 0.333 1388
01 213 0.23
10 1/3 219 0.222 0.925
1 1/4 2112 0.167 0.694
00 1 1/3 0.333 1.388
01 1/2 1/6 0.167 0.694
10 1/3 0.43
10 1/3 1/9 0.111 0.463
11 1/4 112 0.083 0.347
@ CFRS_CTRL1_D 0x0E FvWF 1 0000 Q0000 | v CFE_CTRLL
SMSF E\WWP BEE3 id: 0 Choice 4+ \0: IFS Sets the Sense Scaling Factor
GAIM E\WP BEEC id: 0 Chaice 4+ |El: 1 Sets a a digital GAIM for the Current Driver Regulation (CDR)
SLEWW RATE EWWP BE3E id: 0 Chaice 4+ |El: Fast  Slew rate control bits
T _BLAMKIMNG AP BRCE id: 0 Choice 4+ |El: Ous Defines an additional blanking time for current measurement.
F_PWM WP B3RE id: 0 Choice 4+ |El: F_P... Defines the Py frequency that is used for the channel. See Table 5
HSMLS FWWP BAGE [] 0 [m] Sethit 10 LS HS/S: Bit Single Ended Made Only
EI I MOMITOR_D OxdS F 15 4 OxFFFF » [ MOMITOR,
[ MOMITOR =} FFFF 4 -1 [_MOMNITOR Istantaneous current sampled Current sampled. Returnes ...
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M ANALOG
otor Urive DEVICES
- DIFFERENTIAL i | | | |
VOLTAGE A | | | | |
PWM | I | ! |
» AVERAGE | | | | |
: » | RISING | I : I
—_ - |CURRENT| | | |
OUTX A e | - _ L I | . .
O | r l 5
DC_H | . DC_H
— - - — | ’/-’H i g “ AVERAGE VOLTAGE
| s &
I_l I_I : / lg : [~ OVER ONE PERIOD
| |
] | J i JjJljgyyu gy yduyidyy uy g o d
- T : | :
| ' | ' |
CDR tolimit inrush o i : i
| ! | ' |
current CURRENT, A | | | | |
BEMF | B N | :
VDR for es sy | ' CURRENTLIMITER LIMITS THE CURRENT ’:"‘ VDR CONTROL TAKES OVER -*:4 BRAKEICOAST
_ | | |
control DCAZH=1M | +___j|__ g :L __________ | i
| | | f(d |
| | 1
. | ! |
TIME_L2His a | SEMF - SPEED ¢ | i |
BRAKE | | | |
NomaocH | o f o~ LN ! I
—
TIME
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BEMF/DPM Tuning - Detection of Plunger Movement DRVIGES

(@) BEMF/DPM Tuning @MAX22216-EVAL <5t Axis | |
| |
Control CURRENT I | |
| |
Activate Cail Deactivate Coil DC_L2H=HIT == =77 _1_ _________ ':' ________
; | | |
Abort Downlead R/W CONFIGURATION , , |
REGISTERS | | DEGLITCH !
Run measurement : : (DPM_MIN | END_HIT_AUTO =0
. - . NBR) 1 | AND TIME_L2H ELAPSED
| - _
Deactivate cail immediately R/O OUTPUT REGISTERS | | # | :
N L
General Settings % : | | |
o= ' '
TME-LZH | 0.00[ms] +] | DPMPEAK ——— 15— ! END_HIT_AUTO = 1 |
OPM_EN (] OPM_EN I : AND DPM DETECTED |
END_HIT_AUTD [] END_HIT_&UTO : :
| DPM_VALLEY ———1 I
Slider Values |
|
DPM_START | 0.00[mA] 2] DPM_START - ———LJ !
OPM_THLOD | 0.00[mA] 3| |
DPM_MIN_MER | 0[PWM Cycles] 3| H=HOLD .___] I I
Measurements
I_OPM_PEAK |
la—» TRAVEL TIME
LDPM_VALLEY : g
|
REACTION-TIME eV TIE
| |
TRAVEL_TIME L'
' TIME_L2H
Capture Period A2TRA [PWM Cycles] [+ |
Idle
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Solenoid Inductance ANALOG

10.07mA] 10.0rmH]
@ Solenoid Inductance @MAXZ2216-EVAL <1! > |_AC is used to calculate L O Relative
- [ Auta ¥
. o, Reset
LAC | 0.00[mA]| » L -Solenoid Position i o 2 s
. | 0.00[mH] » R-Coil Temperature
: | LA} RESc_THLD and IAC_THLD b o
TR T | 0.00[m0] 2] > C_ an _ can be set 000mH]
IAC_THLD T 0.00[mAl 2] as alarms .
U_AC | 0.00[V] 3| S0[m]
F_AL | 0.00[Hz] 3] o
Coil Contral ‘ | | | :;AD(HTM ‘
On | Off | CONTROL : - } 7 13[590]_]D‘D[r?§[]sec] 20[sec] 21[sec] 23[sec] | 24[sec] | 25[sec] 26[sec] 28[5;]cﬂju[mH]
|
| ! |
! |
L MEAS_EN (] L_MEAS_EM DC_L2H _ | | o | |
\ | |
L MEAS_LZH (] LMEAS_L2H L N N S
RAMP | |
L_MEAS_H (] L_MEAS_H \D | |
|
L_NBR_CALL nls DC_H —1 Anananananan o
RAMP!
L_MEAS_WCYCLES = y DW
\ |
OITH_EN ] DITH_EN e L | |
_ | I 1
\ |
| \ I TIME
DCHAL &~ === | |
\ |
| | CURRENT
| | ZERO X-ING
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Settable Faults

Open-Load Detection(OL)

Hit current not reached Alarm (HHF) - CDRc

v Active registers

v (& CFG_CTRLO_O 0x0D
RAMP
RUPE
RMDE
RDWE
H2L_EM
OL_EM
HHF_EM
CTRL_MCDE

v (& I_MOMITOR_O Ox45
I_MONITOR

75 ©2026 Analog Devices, Inc. Allrightsreserved.

RAwP
RAP
RAWEP
RAwP
RAWEP
RAP
RAwP
RAWE
RAwP

15
BBFF
B1eE
BABE
BABE
BaeE
1G2E
2005
cCeea

1&
FFFF

HEEEEANE NN

r

Cx0000
0

o o o o o 4

icd: O
Ox0001
1

00000 |

Unsigned & |
m] Sethita disabled
m Sethito dizabled
[m] Sethit 10 dizabled
m] Sethitil dizabled
[m] Sethit 12 dizabled
m] Sethit 13 disabled

Choice & |0: VOR/...

= CRG_CTRLO

Sets the Ramp up Slew Rate

Ramp UFP enable

Ramp Mid Enable bit

Ramp Down Enable bit

HZL Fast Demagretization Enable bit, "1" enforces DC_H2L after CHTL HZL ...
©Open Load Circuit Enable {enable pull up,/dw)

Current not reached Fault detection

Contral mode setting

I _MOMITOR

[_MOMITOR Istantaneous current sarmpled Current sampled, Returnes Late..,
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5-phase BLDC Motor AR

> Basics:
« Three motor phases: U, V, W

» Sequential energizing:

« Coils need to be energized in a specific sequence

> Benefits: U
« Highvelocity
« Precise RPM control y —N
W
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Field Oriented Control (FOC)

> Whatis FOC:
« A methodto apply the optimal current to the coils.
> What is needed for FOC:
« Weneedto know the rotor position. Feedback required.
> Whatis a Torque (Current):
« Acoilcurrent that pullsthe motor into the turning direction.

> What is a Flux(Current):

« Acoilcurrent that pullsthe motor into the current angle position.

©2026 Analog Devices, Inc. Allrightsreserved.
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ABN - ENCODER

When to use:
High resolution
Every motor type

Initialization required

ANALOG
DEVICES



TMC9660: Motor Control Structure

Control Structure Includes:

80

Cascaded control sys
« Torque/ Flux Cont

« Velocity Controller

tem

roller

« Position Controller

Further Info:

« TMC9660 Parameter Mode Reference Manual

—Target Values—»

Ramper

Velocity Feedforward—-

Acceleration Feedforward

A

A

u ANALOG
DEVICES

TMC9660

.| Position

©2026 Analog Devices, Inc. Allrightsreserved.

Control

| Velocity

Control

A

Torque /
Flux
Control

Voltage
Limiter

| Foc/pwm

A 4

Engine

A

y

LTorque / Flux measurementJ

Position measurement

Velocity measurement

ANALOG
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TMCL-IDE Brushless Motor Control Auto Tuning Flow DRVICES

4 Actions )

T c = N * Configure PWM Stage
) > Initial (?on.flgura.tlon o I g I Calibrate ADC Offsets & Signs
Inputs From Customer L Limit Setting J (_+ Configure V& I(UQ/UD, Torque/Flux, PWM)Limits
Motor Type - v ~ r Actions N
Motor Pole Pairs >
Encoder Types & Select L Torque / Flux System ID ) Estimate Motor R, L and 3dB Corner )
Motor Max Current - v 2 ( Actions h
J Torque Flux Pl Tuning » + Estimate Kp and Ki for Torque Loop.
Inputs From Customer A ~ ¢ d (_* Apply Coefficients and Verify. )
( A
Encoder Types —\_,[ : ,| Actions
Encoder PPR J L Encofer Configii) | Setting Encoder Parameters (PPR & Direction) )
f - T ) (" Actions )
Static Friction Current ) > Ramp Torque to overcome Static Friction.
- \_* Estimate Motor Constant )
- Y ) (" Actions )
End-Stop Detection T »| « Move the motor until each end-stop is detected.
~ v \_* Estimate multi-turn rotation range. )
r D ( . h
. | Actions
L Velocity System ID ) '\ * Estimate System w,, Damping Factor, J,Kandb. |
v . (" Actions
Velocity Pl and Limit .| + Estimate Kp and Ki for Velocity Loop.
L Tuning ) | + Estimate Velocity Limits based on Estimated K or Customer input
\_* Apply Coefficients and Verify
v . (" Actions
Position Pl and Limit .| + Estimate Kp for Position Loop.
L Tuning ) » Estimate Position Limits based on End stop Detectionor Customer input
\_*__Apply Coefficients and Verify
p
. . o 1 .| Actions
> W|Za rd DeS|gn ApproaCh [ E e J ﬁ\ + Set Ramper Velocity and Acceleration Limits ]

» Assume Minimal Customer Input - System does most of the work.
» At eachstepinthe process, the system learns more about the Motor and Mechanical System.
» Customers can repeat and iterate onindividual steps as required.
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Setup TMC9660 for BLDC Motors
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# Wizard Pool

COM10/USB/idV/ LandungsbrueckeV3/TMC9660-STEPPER-PARAM-EVAL [M1]

- x
[Beta] TMC9660 configurator wizard (TR5W)(1/7)
Application Setup
1. Specify your motor Infg
Welcome to the TMC86B0 parameter mode wizard.
Motor type: 3:BLOC motor ¢

Pole pairs:

This wizard will help you configure the basics of motor control. This includes the 1. S eIeCt B LDC MOto r
configuration of the following items:

* General configuration

* Current shunt amplifier (CSA)and ADC

* Automatic or manual setup of current Pl controller (Terque and Flux loop)

D - feedback (if applicable}
* ABN 28 : . )
. *® Automatic or manual setup ot v - -
Limits

PWM frequency: 26KHz

is Hall Conne

Is ABN Conne

the defaults for your EVAL board and motor.

Below

default values for your EVAL and motor.

find the default values for the evaluation boards offered. Seleg
Maximum Torque:

t of

Maximum Flux: TMCYB60-STEPPER-EVA)

2. Set ABN IS Connected.
Maximum Velocity 134277 TATT ,e‘rna\; = N 2a Set Ha“ IS Disconnected

Brake chopper

TMCOGE0-3PH-EVAL

Enable Chopper [ BRAKE_CHOPPER_ENABLE ‘

Voltage Threshold

Please specify the following values in any case:
Voltage Hysteresis

* Current Limits
* Feedback: Isan ABN encoder connected?
* Feedback: Is a Hall enceder connected (BLOC onl

* |s a brake chopper connected? If yes, specify the voltage threshold and
hysteresis.

It the used MOSFETs and gate configuration diverge from the offered evaluation
preset, you might need to configure the gate driver in the settings tool.

3. Set BLDC Maximum Torque and Flux Currents = 2000 mA

4. Move to next Wizard Page

o

H A Type here to search

©2026 Analog Devices, Inc. Allrightsreserved.

»Application: @ -0
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Shunt and Current Sense Amplifier (CSA) Configuration.

# Wizard Pool

COM10/USB/id1/LandungsbrueckeV3/TMC9660-STEPPER-PARAM-EVAL [M1]

X

[Beta] TMCO660 configurator wizard (TREW)(2/7)

CSA and ADC configuration |

Info

Calculation

" TMC9660

il ! Current Shunt Amplifier;

Rshunt

~

CURRENT_SCALING_FACTOR

i(mA)

/

formulas that can be found bellow.

1024 x 2,5 x 1000 39.06
Factor,, pp = =

1024 x 2.5 x 1000

(2" = 1) % Gesa X Rspune Gcsa X Rpum

Factory 4 gys =

This page helps to set to the current scaling factor and the current shunt amplifer (CSA) gain. The TMCI660 paramter mode
supports scaling all current related values to real world units. The parameter current scaling factor must be calulated based on the
current shunt resistor and selected CSA gain. Use the calculation box on this page to calculate the current scaling factor.

For Stepper and BLOC motors the both pesk to peak (PP)or root mean square (RMS) values can be used. Both have different

27.62

VZX (215 — 1) X Gegy X Ropune Ocsa X Rsnune

yd

This calculator helps to set up the curretn scaling factor and correct the current limits after that.
Instructions:
1. Select if the currents should be in RMS or peak to peak. Specify the resistance of the shunt resistors in mil depending on the PCB.

Then specify the gain of the internal CSA depending on the currents expected and the shunt resistors. The maximum ADC input
voltage is +1.25V.

2. The tool calculated a maximum allowed current and a current scaling factor. Click "Apply” to write the current scaling factor to the
system.

3. When changing the current scaling factor the maximum toruge and flux values must be rewritten again to still be correct. The
"Reapply Maximum Current” box shows you the current paramter values. Press "Apply” to correct the maximum values back to the
previous maximum terque and flux. The active maximum torque and flux represent the values currently active in the system.

‘Shunt values for the standard evaulation boards:

* TMCY660-3PH-EVAL: R Shunt
* TMC9660-STEPPER-EVAL =

=3 m(; Recomended CSA: 10x
m; Recomended CSA: 10x

1. Configuration 2. Current Scaling factor 3. Reapply Maximum Current

MeasurementType  [SECRINEEEE L Max Allowed Current: | £12[A] Original Max Torque | 1000 [mA]
R Shunt 10.000[m0] (=
Hn ) alculated Factor: 380[mA]

Original Max Flux 1000[mA]

=
Apply > Apply >
=
Active Factor: m Active Max. Togge® 1000[mA] =

£x. Flux: 1000[mA] [+

Select CSA gaj

J 7

3. Move to next Wizard Page

1. Make sure that Shunt Resistance to 10 mOhms /

2. Apply Current Scaling Factor and Maximum Current Normalization Settings.

——

——

at
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ADC Inversion Configuration & Test-BLDC Motor

84

# Wizard Pool

COM10/USB/id1/LandungsbrueckeV3/TMC9660-STEPPER-PARAM-EVAL [M1]

1. Set Duty Cycle =500, Target Velocity = 10,000, Press Play to actuate Motor Voltages,

CSA and ADC configur;

nll

[Beta] TMCOBBO configurator wizard (TREW)(3/7)

Info

Info EW

1. Control

2. ADC setup

This page provides a guide to configure ADC phase mapping as well as the inversion
of the ADCs. The correct configuration is critical.

Please follow the steps:

ycle and a target velocity.

he motor in open loop.
ty ),000 and a Duty le of

ycle and increase until the motor moves.

es and currents in the graphs below are in

ign. Change the ADC inversion or the phase

mapping if needed.

Defaults if CSA is not bypassed:

* ADC_I0 = Inverted
nverted

* ADC_I2 = Inverted

Spin the motor in open loop voltage mode using the conggfs below.

ADC_I0_INVE
] ADC_I_INVERTED

ADC_IZ_INVERTED

Phase mapping

0:ADCID ¢
1ADCH ¢

2:ADCIZ &

in

2. Select ADC Inputs and Inverted signals to ensure t

hat ADC and FOC_VOLTAGE Values arejin Pk

3. ADC mapping response

FOCVoltageUX & ADC[UX]

FOCVoltageV & ADC[VX2]

FOCVoltageWY & ADCIWYT]

ANALOG
DEVICES

nase.

6000 - 6000 - 6000 -
4500 + 4500 + 4500 +
T —— T —

3000 =+ ADC_IO 3000 =+ ADC_N 3000 =+ ADC_I2

4 ™ \ A e ) A 3 ) A
1500 1 FOC_VOLTAGE_UX 1500 1 / FOC_VOLTAGE_V 1500 1 FOC_VOLTAGE_WY

0
-1500 4+ i9s 20s 21s 25 _ 500 4+ 19s 208 225 _1500 4+ 19s 205 ™ 8 s 225
. h s / Y . “
om0 4 - 0w + e o 0w + 3. Move to next Wizard Page
-4500 + 4500 + R e —
-8000 L+ -8000 L+ -8000 L+
\\
.
ﬁ‘ +Application: O +ADC config: O @ »Current P&L O »ABN enc: O O +Velocity P&I: O @ @

©2026 Analog Devices, Inc. Allrightsreserved.



Current Loop System Identification and Tuning

85

Perform Motor R, L System Identification

# Wizard Pool - X

COM10/USB/id1/LandungsbrueckeV3/TMC3660-STEPPER-PARAM-EVAL [M1] [Beta] TMC9BE0 configurator wizard (TREW) (4/7)

Current P&I| Configuration

This page automatically tunes the current control loop. .
Please follow the steps ane by one on this page. 1. Select Find Parameters to Measure Motor R/L Values, Waveform updates when done.
Note:
* The system will automatically power the motor, but no movement is expected. [ J
* The general setup from previous pages must be completed.
* [t iz always possible to test the system response to a flux step using the box below.
Current P& Tuning / Test Flux response
QO Manual ® Auto Open Loop Flux Target:  75% = 750[mA]
Max Flux:  1000[mA] . ' ) Start
Step 1 - Define maximum current and find Tuning parameters R, L and -3dB i o Test
Max Flux: 1000 [mA] . Find
Parameters R
Maximum measured current  0[mA]
A
100% ]
OpenlLoop Flux Step response
Step 2 - Found Parameters and Current Pl Values - Fine tune Current Pl values using the bandwidth slider — Max measured current = OPENLOOP_VOLTAGE — TARGET_FLUX = ACTUAL FLUX
Average Flux of 992  Duty cycles 2992
. 2775
MEBEEEE Desired Torque/Flux loop bandwidth  30% = 1567.65[Hz] 2559
Inductance 0.011082 [H] y 2343
127
i EarE B3.560747 [Hz 30x  §3.560747[Hz] 197
Frequency : o 1635
S
J 5 17
SlepS—App\yTMﬂd Flux Pl values > 1262
046
Found Torque/Flux P&1 Active Torque/Fl | 830 y ) A PR A A A
614
p: [2935 | PNorm: P Norm |0: 8 bi® a3 //’
182
Il | 15785 I Norm: INorm  |1: 16 bit shi ¢ 34, M
o &7 95 142 130 237 285 332 380 427 475
Apply Reset Defaults Measurement tick
Oms 3Ims Ims Tims 15me 19ms 22ms 26ms 30ms 34ms 38ms
N - Time:
\\ J
1a. R, & & Motor Corner Frequency Values Update.
Q »Application: O +ADC config. O O wCurrent P& @ +ABM enc: O O +Velocity P&I: O @ @

©2026 Analog Devices, Inc. Allrightsreserved.

ANALOG
DEVICES



ply PlI(Proportional-Integral) Tuning Values and Test

ux Current Loo

& Wizard Pool

COM10/USB/id1/LandungsbrueckeV3/TMC9660-STEPPER-PARAM-EVAL [M1]

X

[Beta] TMC96B0 configurator wizard (TREW) (4/7)

Current P&I Configuration

This page automatically tunes the current control loop.
Please follow the steps one by one on this page.

Note:
® The system will automatically power the motor, but no movement is expected.

® The general setup from previcus pages must be completed.
* It is always possible to test the system response to a flux step using the box below.

1. Apply Pl Parameters

2. Start Test to measure Closed Loop Flux Response.
\

(

Current P& Tuning

Test Flux respunk

O Manual @ Auto

Step 1 - Define maximum current and find Tuning parameters R, L and -3dB

Duty cycle ramp Flux target  76% =750[mA]
Max Flux: 1000[mA] . .

Find
Parameters

o4 /

Step 2 - Found Parameters and Current Pl Values - Fine tune Current Plg#falues using the bandwidth slider

Average Fluxof B77[mA] at 2992 Dutycy

Resistance

Inductance

Motor Corner

30x  83.560747 [Hz]
Frequency

Step3 fAW'wque and Flux Pl values

Found Torque/Flux P&I Active Torque/Flux P&|

P Norm |D: 8 bit shif g
IMorm  |1: 16 bit shi ¢

Reset Defaults

Open Loop Flux Target:  75% = 760[mA]
Max Flux: 1000 [mA] . '

10% 90%

’ 100%

Maximum measured current 804 [mA]

OpenLoop Flux Step response

— Max measured current — OPENLOOP_VOLTAGE — TARGET_FLUX — ACTUAL_FLUX

804

504

Value
g

205

0 47 95 142 180 237 285 332 380 £27 475
Measurement tick
Oms ms Ims 5ms Tms ams Tims 13ms 15ms 17ms 1ams
Time

Q wApplication: O »ADC config O O »Current P&I: @ *ABN enc: O O »Velocity P&I: O
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Optional: Adjust Current Loop Bandwidth DS

# Wizard Pool — X
COM10/USB/id1/LandungsbrueckeV3/TMCI9660-STEPPER-PARAM-EVAL [M1] [Beta] TMC96B0 configurator wizard (TREW) (4/7)

Current P&I Configuration

This page automatically tunes the current control loop.

Planse follow tha stepe ane by ane on this page 1. Effective Bandwidth Can be Adjusted to tailor Current Loop Response

Note:

® The system will automatically power the motor, but no movement is expected. 2. App Iy PI Parameters
® The general setup from previcus pages must be completed.
* It is always possible to test the system response to a flux step using the box below.

(

2 St e
v IOt s
Current P& Tuning // Test Flux response
O Manual @ Auto Open Loop Flux Target:  75% = 760[mA]
Max Flux: 1000 [mA] . ' )
Step 1 - Define maximum current and find Tuning parameters R, L and -3dB o T
Duty cycle ramp Flux target  76% =750[mA] ’ 0028
Max Flux:  1000[mA] . . § ind
Pafameters) ~
- o Maximum measured current 804 [mA]
0% 90%
Z y A 2
100% / / }
7 7 OpenlLoop Flux Step response
Step 2 - Found Parameters and Current Pl Values - Fine tune Curreq}'ﬁvalues using m/barldww'dlh slider — Max measured current — OPENLOOP_VOLTAGE — TARGET_FLUX — ACTUAL FLUX

Average Fluxof B77[mA] at 2992 Dutycy

804

it . 18574 T Tk
Resistance : | 6.818574[0] Desi = B 16[Hz] ca4
Inductance 1082 524
564
Motor Corner 604
Frequency @ G444
J 2 388
Step 3 - 4fply Torque and Flux Pl values > 315
265
Found Torque/Flux P&I Active Torque/Flux P&| 205
145
P: |2842 | P Norm: P Morm |0: 8 bit shif & 8
25

[ 835 I Morm: IMorm  |1: 16 bit shi ¢ 34 MF
0 47 5 152 130 237 285 332 380 &27 475
Reset Defaults Measurement tick
Oms ms 3ms 5ms Tms Sms ims. 13ms 15ms 7ms 19ms
- Time
J
Q wApplication: O »ADC config: O O »Current P&I: @ *ABN enc: O O »Velocity P&I: O @ ®
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Configure and Test ABN Encoder Setup

# Wizard Pool

COM10/USB/idV/LandungsbrueckeV3/ TMC8660-STEPPER-PARAM-EVAL [M1]

Encoder configuration

[Beta] TMC9BB0 configurator wizard (TREW)(5/7)

-

This page configures and checks the ABN encoder.

An ABN encoder can be used to determine the motor shaft angle.
This page helps to configure the basics to get the system running.
The motor will be slowly turned in open loop current mode. The ABN
measurement must move in the same direction with the same speed.

Please follow the steps:

1. Use the control panel to rotate the motor in open loop. Try a
slow velocity of 5000.

. Check the open loop angle in the diagram. The dot should
move around the circle.

. Configure the direction and the ABN enceder steps. The two
dots must move in the same direction with the same speed.

- If the ABN sensor is not moving, check the wiring and the
initial I0 configuration.

. If the ABN sensor is set up correctly. you can stop the motor
and proceed to the next page.

a

e

.

o

40° ° 300°
180° 0°
°
120° B0°
W OLAngle W Encoder Angle

Control —

Openloop current

1000[mA] |5

Target Velocity

ABN Direction
Motor Pale Pairs
Encoder steps

Estimated encoder steps

- 3.Encoder Angle should follow OL Angle with the same frequency. Adjust Encoder Param

2. Configure ABN Encoder.

1. Encoder Steps =4 X Encoder Pulses Per Revolution
2. Adjyst ABN1Direction - red do should move at the same speed and direction as the blue dot.

4. Move to next Wizard Page

1. Set Current to 50% of Max Current, Target Velocity = 5,000, Press Play

ANALOG
DEVICES

eters if Needed.
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Test Closed Loop Torque Loop DS
NOTE: Do not do this with an End-Stopped System.

# Wizard Pool - X
COM10/USB/id1/LandungsbrueckeV3/TMC9660-STEPPER-PARAM-EVAL [M1] [Beta] TMCO6B0 configurator wizard (TREW)(6/7)

Drive the motor with an encoder

On this page you can test the commutation with ABN feedback by rotating the attached motor in torque motar.
Please follow the steps:

1. To use this page the motor must be able to spin freely.
2. Configure a small target torque and increase until the motor starts spinning. (Recommended to start with 100mA}
3. If the motor is not spinning as expected return to the previous page. Verify that the ABN sensor setup is correct.

(

Torque Velocity

40000000
N 35500000
I N 31000000 +

ACTUAL TOROUE 1 ACTUAL VELOCITY
TARGET_TOROUE 26500000 e

Uu' L 1 22000000 +
U W U » 17500000 + >
13000000
8500000
4000000
-b00 000
-5 000000

4l

Control

ABN Initialization Torque

System Mode 1. Initialize Encoder
e | / 2. Adjust Current and press Play.

Active P&I

Initialization Mode

Control

0: Forced phi_e zero with active swing

Torque P e Norm [
Velocity Sensor  |0: Same as commutatio

(M) [E] M El Torque | I Norm
Position Sensor  |0: Same as commutat

N

= / 3.Turn SYStG m Off when done.

— 4. Move to next Wizard Page

—

ﬂ‘ +Application: O +ADC config: O O »Current P&L O »ABN enc: O @ wWelocity PEI: O \@
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Velocity & Position Loop System Identification & PI
Tuning

Step #1: Detect Static Friction Current and Initial Motor Constant Estimation.

90

# Wizard Pool

COM10/USB/idl/ LandungsbrueckeV3/ TMCI660-STEPPER-PARAM-EVAL [M1]

Velocity P21 Configuration

- o x

[WIP] TMO1 configurator wizard [TRSW)(7/8)

1. Start Motor Constant Estimation (Critical Current) Test.

g

Detect minimum current to overcome local friction and find ini

MaxTorque: 2800[ma]  Maximum Allowed Torque:  75% =ZI00mA]

Found critical current - Initial P&l parameters

<Some info>

Active Velocity PRI

P D ] PNorm |0: Noshift &

0 5 INorm |0:Bbitshift

Calculated Velocity Biguad

A Active Velocity Biquad

Velocity A 020925
Velocity A2

Velocity BO:

Velocity BT: | 1380
Velocity B2: | 63038

Enabled True

5951936 [
3685 |3
v 7529 [5
Velocity B2 3685 [+

Reset Defaults

Current Response

— TARGET_TOROUE — FOC_VOLTABE_LD

Velocity Response

== TARGET_VELOCITY == ACTUAL VELOCTTY = RAMP_VELOCITY

2. Apply Filter and Velocity Pl Values

»ipplication: O +20C config: O O

rCurrent PA1: O +aBNenc: QO O rVelocity PEL: @ »Summary: O

©2026 Analog Devices, Inc. Allrightsreserved.
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Velocity & Position Loop System Identification & PI

Tuning

Step #2: Acceleration Limit Estimation - Matches Target Velocity Acceleration Profile to Load

Response.

# Wizard Pool

COM10/USB/id1/ LandungsbrueckeV3/TMCO660-STEPPER-PARAM-EVAL [M1]

- o x

[WIP]TMO1 configurator wizard (TREW)(7/8)
Velocity P81 Configuration

Commutation mode: |52 FOC (ABN) +

This page automatically tunes the velocity control loop.
Please ps one by one on this page.

Movement is expected.

The general stup from previous pages must be completed.

1. Move to next Tab (Acceleration Limit) when done.
2. Run Acceleration Limit Test

O Manual @ Auto

(l. Critical Eurren(TZ. End S:nﬂs. Coarse sawtooth | & §ine Saw:ncrﬂ

Detect Mcunem to DM\DES\ frietion and find initial P& parameters

MaxTorqus: 2800[mA]  Meximum Allowed Torque:  75% - 2100mA]
a Find
L Current

5% 90%

Found Critical torque: 513 [mA]

0.655 [Sec]

7,550 [rads/Sec]

Maxvelocity  100% = V

64 10%

7

V.

100%

Found critical current - Initial P&I parameters

Critical Torque: 513[mA]
<Some info>
Motor constant K: | 0.0386845
Found Velocity P&I
P: | 355 P Norm ’7 P
[0 INorm: ’3— I

Calculated Velocity Biquad

Active Velocity P&I

P Norm |1: 8 bit shif

Active Velocity Biquad

1020925
Velocity -248501

2
AZ;

Velocity BD: | 69038
2:

Velocity Enabled True

B 138076
63038

Velocity B

Vi y 138076 [+
locity B2 69038 [+

Reset Defaults

‘ Apply

value

g/

value

1543557
86155
962808
769485
s7Bl162
382838
183515
3808
a7z
390455

Current Response

—TARGET_TORQUE — FOC_VOLTAGE_UQ

At any point, a test with the latest settings can be run.
2. Make sure that the Apply button has been applied to get the latest |

0 204 307 40 512 614 7 818 21 1024
Measurement tick

262ms 524ms 786ms 1048ms. 1310ms. 1572ms 1834ms. 2096ms. 2358ms 2621ms
Time
Velocity Response

— TARGET_VELOCITY == ACTUAL_VELOCITY = RAMP_VELOCITY

wApplication: O +ADC config: O O »Current Pak O »ABN enc: © O Velocity Pl @ »Summary: O @ ©

©2026 Analog Devices, Inc. Allrightsreserved.

ANALOG
DEVICES

ttings.



RAMDebug: TMCL-IDE tool

A TMCL-IDE443

|£i|e Tools Options Views Help

v . ID1: LandungsbrueckeV3 [V 3.10]
t Direct mode
~ Motion controller IC
v *- TMC8660-STEPPER-PARAM-EVAL
b Direct mode
Q) Global parameters
[B TMCL creator
m Import/Export
v [©] aiso
F Flags Overview
Settings
[l Protection Settings
v Info graph and display
271 Torque graph
271 Velocity graph
/"1 Position graph
EE Parameter browser
71 Parameter scope
¥ Control mode
Torque mode

f!f Velocity mode

Position mode

92

" Parameter scope @ TMC9660-STEPPER-PARAM-EVAL <Ist Axis> (LandungsbrueckeV3): COM3-Id1 = | =
Parameter scope
100 100
85 85
7 7
57 (57
42 42
o 28 28 -
- -
§ w % §
E E
g 0 oo 2
g g
s 14 -14 H
2 28 2
42 42
Fs7
1 -1
85 -5
2100 ~100
10 20 3 50 60 T 8 80 100
Measurement tick
e Measurement Dand 1 Measurement 2 and 3 Carceleditug i
@ Idle [ Use measurement 0 Process frequency 10000{Hz] Channel: MeasurementD ¢
7 Downsampling: ProcFreq/64
O Waiting Axis parameter & | AP 105: ACTUAL_TOROUE f s Y| Condition: [Risngedge e
Samples: 1365 =
Sanoh : '
O sampling [ Use measurement | RIS Value: 200
O Downloading Axis parameter | AP 125: ACTUAL_VELOCITY .
Start Stop Save
1562 cmds/sec

©2026 Analog Devices, Inc. Allrightsreserved.
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Measurement mechanism available in various
ADI Trinamic products

On-chip data acquisition

4 measurement channels

Up to 25 kHz sampling frequency
Edge-based trigger mechanism
TMC9660: Up to 8192 total samples



93

RAMDebug: Measurement result

A TMCL-IDE 443

IEiIe Tools Options Views Help

v & ID1: LandungsbrueckeV3 [V 3.10]
t Direct mode
v Motion controller IC
v * TMC9660-STEPPER-PARAM-EVAL
‘ Direct mode
Q Global parameters
[B TMCL creator
'3'.’., Import/Export
v [©] axiso
F Flags Overview
Settings
“ Protection Settings
v Info graph and display
™ Torque graph
271 Velocity graph
™ Position graph
EE Parameter browser
g Parameter scope
v Control mode

n Torque mode

4 Velocity mode

4| Position mode
v} Serial

QUE

@
c

ACTUAL_TOR

Status

® Idle

O Waiting
O Sampling

O Downloading

T

Parameter scope

g

136 PYi] 409 582 819
Measurement tick
Measurement Dand 1 Measurement 2 and 3
[ Use measurement 0
Axis parameter ¢ | AP 105: ACTUAL_TOROUE o]
[ Use measurement 1
Axis parameter ¢ | AP 125: ACTUAL_VELOCITY sl

955

General settings

Process frequency 10000 [Hz]

Downsampling:

Samples:

Start

1092

ProcFreq/64 ¢
Pretrigger samples:

1100000
H021428
Fa42857
1864285
F785714
F7o7142
F628571

550000

r471428

392857

ACTUAL_VELOCITY

314285

235714

157142

[78571

-0
1228 1365

Trigger settings

Channel: Measurement0 ¢

Value: 200 |+

Save ]

Toolbar for implements

©2026 Analog Devices, Inc. Allrightsreserved.
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