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This application note describes TRINAMIC's software APl for TRINAMIC chip solutions and evalua-
tion boards and how it can be used to develop your own firmware.
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1 Introduction

This application note describes the structure of the TRINAMIC software APl and how it can be used to
simplify and speed up your firmware development based on hardware with TRINAMIC motion control
chips. The software API is part of the Technology Access Package (TTAP) [1][2], a comprehensive collection
of technical support information and tools for TRINAMIC's chip and module solutions. This application
note explains, which compiler and tools can be used to compile the TMC-EvalSystem project and how to
upload the firmware to a module using a third party programmer or the standard bootloader with the
TMCL-IDE.

1.1 Software API Project Structure

The API is designed for C applications and can be used for different CPU types. For example the API is
used for TRINAMIC's modular evaluation system boards called Landungbrticke (Freescale MK20 cortex M4
processor) [5] and Startrampe (STM-F205 cortex M3 processor) [6].

The API is structered as shown in figure 1:

High level functions
(homing, software ramps, step/dir generator, ...)

Mid level functions
(setTargetVelocity, getActualPosition,
real-world scaling, encoder initialization, ...)

Low level functions for register access
(SPI read/write)

IC register descriptions (*.h)
(TMC4670, TMC5130, ...)

General definitions (s32, int32_t, ...)

Figure 1: TMC-API structure

The folder tmc/helpers contains general definitions for data types and bit handling, independent of the
processor used. The folder tmc/ic contains a folder for each TRINAMIC chip, e.g. tmc/ic/TMC4670. Each of
these folders contain a header file with the chip's register address list (e.g. TMC4670_Register.h). Another .h
and .cfile (e.g. TMC4670.h/.c) provide low level, mid level, and high level functions for the specific chip. Low
level functions are necessary for SPI read and write access. Mid level functions like setTargetVelocity(...)
or getActualPosition() demonstrate the typical register access for different application scenarios, e.g. for
velocity or position mode. For some chips, there are also functions for encoder initialization and real-world
current scaling available.

The next chapter shows the use of the APl in a firmware project on the example of the TRINAMIC evaluation
board firmware project for Landungbriicke and Startrampe.
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1.2 Evaluation Board Project Structure

The evaluation board project demonstrates the usage of the TMC-API and can be used as starting point
for your own firmware development. It should be an example for you to simplify and speed up firmware
development based on hardware with TRINAMIC motion control IC's. The structure of the evaluation board
project is shown in figure 2:

Evaluation boards
(based on Landungsbriicke/Startrampe)

- TMC4670-EVAL
- TMC5130-EVAL
- TMC5160-EVAL

Hardware
abstraction layer

i (digital 10, ADC, SP!I,
UL UART, PWM, ...)
CPU

(STM32F205, FS-K20)

Figure 2: TMC Eval System structure

The evaluation board project is a makefile project and supports two processor types: a Freescale MK20
(cortex M4 processor used in the Landungbruecke) [5] and a STM-F205 (cortex M3 processor) [6]. The
processor can be selected according to a build-command for the makefile. The complete firmware project
is provided as is available for free use and adaption [2]. The project uses the Eclipse IDE for C/C++ develop-
ers and can be extended for further processor types and evaluation boards.

On top of the CPU specific firmware part, a hardware abstraction layer has been implemented, to abstract
the access to digital 10, the ADC measurement, SPI, communication, PWM, and eval board detection from
the CPU specific firmware part. The eval board firmware detects connected eval boards automatically and
loads a board specific firmware part dynamically corresponding to the actual connected eval board. This
firmware part uses the TMC-API for the header file and the *.h/*.c file for the specific functionality of the
actual used TRINAMIC motion control IC. Using the hardware abstraction layer, each eval board has access
to a wide range of CPU functions in a CPU independent way.
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2 Requirements and Installation Guide

This section describes the list of tools needed to compile the firmware project and upload it to the Lan-

dungsbrucke or Startrampe. For the installation and configuration, a step-by-step guide with screenshots
is presented.

2.1 Tools

These are the software packages you need in order to use the TMC-API in your project:

Eclipse

= eclipse

An open-source integrated development environment (IDE)
GNU ARM Embedded Toolchain

@\
Pre-built GNU toolchain for ARM Cortex-M processors %
A

TMCL-IDE
The visual software to control and update TRINAMIC modules and evaluation boards TRINAMIC

MOTION CONTROL

2.1.1 Eclipse

Eclipse is used to organize, program and compile your software projects. Other IDE’s can be used instead,
but the TMC-API project was developed with it and the Eclipse project files are provided along with the code.

Please download the latest version of Eclipse from the website https://eclipse.org/downloads/, choose
the package “Eclipse IDE for C/C++ Developers” as shown on figure 3, and follow the installation wizard.

eclipse

type filter text Q

x Eclipse IDE for Java Developers

o The essential tools for any Java developer, incuding a Java IDE, a Git dient, XML
Editor, Mylyn, Maven and Gradle integration

~n  Eclipse IDE for Java EE Developers

\,”L- Tools for Java developers creating Java EE and Web applications, including a Java
DE. tools for Java EE. JPA. JSF, Mylyn. EGit and others.

Eclipse IDE for C/C++ Developers

An IDE for C/C+ developers with Mylyn integration.

q Eclipse IDE for JavaScript and Web Developers

The essential tools for any JavaScript developer, including JavaScript, HTML, C55,
XML languages support, Git client, Mylyn, and tools for Cordova applications.

Eclipse IDE for PHP Developers

-
@ The essential tools for any PHP developer, including PHP language support, Git
client, Mylyn and editors for JavaScript, HTML, €55 and XML.

Figure 3: Eclipse package selection

©2017 TRINAMIC Motion Control GmbH & Co. KG, Hamburg, Germany

Terms of delivery and rights to technical change reserved.

Download newest version at www.trinamic.com ~
@ Read entire documentation.


https://eclipse.org/downloads/
https://www.trinamic.com

ANO038: Using TRINAMIC's IC Software APl and Examples * Application Note * Document Revision V1.00 « 2017-May -16 5/11

For older versions of Eclipse or other installation methods, it is necessary to either download the “Eclipse
IDE for C/C++ Developers” package directly or install the Eclipse CDT plugin available at: https://eclipse.
org/cdt/.

2.1.2 GNU ARM Embedded Toolchain

The GNU ARM Embedded GCC can be use to compile the firmware. You can download the most recent
release here: https://launchpad.net/gcc-arm-embedded/+download. Please follow the installation wizard
to set up the toolchain in your system.

2.1.3 TMCL-IDE

The TMCL-IDE software tool is developed by TRINAMIC and offers many tools and wizards to con-
trol various TRINAMIC modules and evaluation board products. You can use the TMCL-IDE to update
the firmware of a TRINAMIC evaluation board. Please download the latest TMCL-IDE release here:
http://www.trinamic.com/support/software/ and install it in your system.

If you want to update the firmware of a module without bootloader feature (e.g. self-designed boards),
you will need a programmer device. The following are two common options for some of the most popular
embedded processor families:

+ ST-LINK: In-circuit debugger and programmer for STM8 and STM32 MCUs
http://www.st.com/en/development-tools/st-link.html

*+ Segger J-Link: USB powered JTAG debug probe supporting a large number of CPU cores
https://www.segger.com/jlink-debug-probes.html

2.2 How to create and update a new firmware image

This section explains the steps you need to follow in order to set-up the programming environment to use
the TRINAMIC TMC-API project. Afterwards, you can create your own firmware image and updateitto a
TRINAMIC evaluation board.

+ Download TMC-API [3] and TMC-EvalSystem [4] projects
« Download TTAP from the TRINAMIC website [2]

+ Configure GNU Toolchain

* Import TMC-API and TMC-EvalSystem Eclipse projects

* Build the firmware

+ Update your evaluation board

2.2.1 Download TMC-API and TMC-EvalSystem from TRINAMIC website

You can download the TRINAMIC TMC-API [3] and TMC-EvalSystem [4] source code projects from the
TRINAMIC website for free use and adaption. Extract the *.zip files “TMC-API.zip" and “TMC-EvalSystem.zip”
to a folder of your system.
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2.2.2 Configure GNU Toolchain

The makefile of the TMC-EvalSystem project uses “cs-make.exe” and “cs-clean.exe”. You can find these files
in the folder “Firmware/Toolchain” of the TTAP package [3]. Copy these files and browse to the installation
folder of the GNU ARM Toolchain (which you have installed in Section 2.1.2). The path of the folder should
be like “C:\Program Files (x86)\GNU Tools ARM Embedded\5.4 2016q2" (where “5.4" is the installed version
and “201692" the release date). Open sub-folder “bin” and paste the files “cs-make.exe" and “cs-clean.exe"
there.

Afterwards, the “bin” folder of the compiler (the folder where the files were copied) must be added to the
Windows PATH variable. The process may differ between Windows versions. In Windows 10, search for
and select “System (Control Panel)". Click the advanced system settings link and then click on Environment
Variables. Select the PATH environment variable and select it. Then click Edit as shown in Figure 4. If the
PATH environment variable does not exist, click New. Otherwise, add the path to the “bin” folder as shown
in the figure.

Benutzervariablen fiir Santamaria

Variable Wert )
PATH C\Program Files (x86)\GNU Tools ARM Embedded'4.8 2014q1\bin;...
PATH_codesourcery C\Program Files (x86)\CodeSourceny\Sourcery G++ Lite\bin;C\Pro...
PATH_kinetis? Ci\Freescale\KDS_2.0.0 colchain\bin; CA\Program Files (x86)\Nmap
QSYS_ROOTDIR Cialtera_lite\16.0\quartus\sopc_builder\bin
TEMP %USERPROFILESS\AppData\Local\Temp
TMP %USERPROFILE®\AppData\Local\Ternp

v

Neu... Bearbeiten... Loschen

Systen

>

C\Program Files (x&6)\GMNU Tools ARM Embedded\4.8 2014q1\bin Neu
C:\Program Files (x86)\Nmap
CA\Program Files\Inte\WiFi\bin\ Bearbeiten

C:A\Program Files\Common Files\Intel\WirelessCommon',
Chaltera_lite\16.04modelsim_ase\win32aloem Durchsuchen...
FUSERPROFILE3\AppData\Local\Microsoft\WindowsApps
Léschen

MNach oben

Mach unten

Figure 4: Add folder to PATH variable

2.2.3 Import TMC-API and TMC-Evalsystem Eclipse projects

Open Eclipse, choose a workspace path and click on “Workbench” to close the welcome screen. As next,
click on File - Import and choose “Existing Projects into Workspace” under “General” as shown in figure 5.
Then click on “Next".

Click on “Browse" and choose the path where you have downloaded the TMC-API and TMC-EvalSystem
projects. Select “TMC-API” and “TMC-EvalSystem” and check “Copy projects into workspace”. Proceed with
“Finish” as shown in figure 6.
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& Import O *
Select \
Create new projects from an archive file or directory. | g - 5 I

Select an import wizard:

v (= General -
& Archive File
=] Existing Projects into Workspace
(=} File System
[T Preferences
(= Projects from Folder or Archive

= C/C++
= Git
(= Install
(= Oomph
(= Remote Systems
(= RPM
(= Run/Debug
(= Tasks
o Taam v
® < Back Mext > Finish Cancel
Figure 5: Import TMC-API
S Import O x
Import Projects
Select a directory to search for existing Eclipse projects,
-
(®) Select root directory: | CATMCTechAccessPacki\Firmware v | | Browse... |
() Select archive file: Browse...
Projects:
] TMC-API {CATMCTechAccessPack Firmware\ TMC-API) Select All
[ TMC-EvalSystem (CATMCTechAccessPack\ Firmware\ TMC-EvalSy
Deselect All
Refresh
£ >
Options
[]Search for nested projects
[ Copy projects into workspace
[1Hide projects that already exist in the workspace
Working sets
[] Add project to working sets New...
Warking sets: Select...
® < Back Mext > Finish Cancel

Figure 6: Copy TMC-API to workspace
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Now you have imported both projects containing the source code into Eclipse. You can choose a file and
start to edit the file. For example, on the left panel, open the TMC-EvalSystem project and double click on
main.c to open the file. The source code will be shown on the central panel as shown in figure 7.

2.2.4 Build firmware

At this point, you are ready to build the firmware image. Click on the project “TMC-EvalSystem” to select it.
To start the compilation, you have to find “Build Targets” on the top right panel. In new Eclipse releases,
you can also find it on the file tree view under the project name shown in figure 7.

Select the appropriate target for your board. If you have a Landungsbricken evaluation board, double-click
on “Landungsbruecke_BL" (as highlighted in the image). If your board is a Startrampe evaluation board,
double-click on “Startrampe_BL". In the console (bottom panel) you will see the compile output finished
with a “Build finished” message when the process finishes successfully.

=
File Edit Source Refactor Mavigate Search Project Run Window Help |
nilg TR BIE-S -0 UIdE R SRS TRA KR RSE |
[QuiceAcces || g5 [ [
[?5 Project Explorer 52 = 0 [gmaine 3 = m @ BuildTargets 2 = O
Ble v 1 - @9 B
(25 TMC-API 2 #include "boards/Board.n" (5 TMC-API
v (5 TMC-EvalSystem 3 |#include “hal/derivative.h™ v (25 TMC-EvalSystem

4 #include "hal/HAL.h"
S #include "tmc/idDetection.h”

v @ Build Targets
(@) Landungsbruecke BL

(= _build_Landungsbruecke

> _build_Start
6 #include "tmc/TMCL.n" (= pule_artempe

@ tar‘:”"gtma‘:iﬂa;ﬁ“ 7 #include "tmc/VitalSignsMonitor.n" = = ;ﬂtl;\gs

(&) Lancungshruecke | 2 #include "tmc/Boardhssignment.nn 1= boards

® Landungsbruecke_NOBL_clean - = hal

© Startrampe BL 10 const char *VersionString = MODULE_ID"V291"; // mod (& tmc

@® Startrampe BL clean . (@) Landungsbruecke BL

(@ Startrampe NOBL 12 /* Keep as is! This lines are important for the upd: (@ Landungsbruecke BL_clean

@ Startrampe_NOBL_clean 13 Pt e (lasaTeraeers) (@ Landungsbruecke NOBL
3 Binaries 1 const uint8 Protection[] _ attribute  ((sectial (@ Landungsbruecke NOBL clean
(= _build Landungsbruecke 1 i (@ Startrampe_BL
(= _build Startrampe 1 Oxff, Oxff, Oxff, OxEf, OxEf, Oxff, Oxff, O: (@ Startrampe_BL_clean
(= boards 1 0xff, Oxff, OXIf, OXfE, o (@ Startrampe_NOBL
= hal 1g oxTe, (@ Startrampe NOBL_clean
= tme 19 ox£9,
3 [ F) Oxff,
' Makefile 2 OxEf

22 55
2 __attribute_ ((section(".bldata"))) uint32 BLMi
<IN >
& Console 3% OB EE R By =0 |
CDT Build Console [TMC-EvalSystem]
———————— end —-————-- W
| 16:53:53 Build Finished (took 43s.885ms)
v
< > < >
(@ 1item selected : HE:)

Figure 7: Build Firmware Image

Targets ending with “_NOBL" are for boards without a bootloader. The created firmware images will have
to be flashed with a programmer device instead of using the TMCL-IDE firmware update tool.

2.2.5 Update a module

Open the TMCL-IDE software. Power and connect your module. At the first start, the TMCL-IDE will ask you
for permission to install the TRINAMIC USB driver.

After installing the driver, your module will appear on the left panel. Click on Tools - Firmware Update
or on its icon on the top-right toolbar (an arrow pointing down, highlighted in figure 8). Check that the
selected module is correct and click on “Browse” to find your firmware image.
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Move to your Eclipse workspace path and open the build folder of your module inside the TMC-EvalSystem
project. There you will find an .hex file whose name indicates your module and firmware version.

Figure 8 shows an example with a Landungsbrticke evaluation board. You can see that the selected module
matches the one shown on the left panel. The “TMC-EvalSystem"” path appears in the smaller window.
There, the “Landunsbruecke_2.91_BL.hex" file from the “_build_Landungsbruecke” folder is selected.

P ‘
You nmp e
¥ 2R S ®

Connected devices x n 0

Device

v *& UsB Select module

o . WModule: | COM4/USB/id1/Landungsbruecke o | & Refresh
¥ Directmode Actual firmware: 0012v291

Select firmware

Filename: [insert file name || B prowse.. 4|
Size [Bytes]: Checksum: Version:
A, Select firmware file X
<« v <« workspace > TMC-EvalSystem 5 _build Landungsbruecke ) _build_Landungsbruecke" du.. B
Organisieren v Meuer Ordner = T @ —
- [ 2. update|
LeichtLast A Name Anderungsdatum Typ GroBe P—
0% (O cancel |
@ OneDrive dep Dateiordner e
{1 Landungsbruecke v2.91_BLhex HEX-Datei 294 KB
[ Dieser PC
& Bilder
[ Desktop
% Dokumente
¥ Downloads
Dateiname: | Landungsbruecke v291_BLhex o [ Firmware files (hex) v

v

TMCL: 206 cmds/sec | MEM: 128960 KB | CPU: 6% |

Figure 8: TMCL-IDE Browse image file

If the firmware image is compatible with the module, you can click on “Update” as shown in figure 9.
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¥ Firmware Update = m} X

Select module

Module: | COM4/USB/id1/Landungsbruecke ¢.| |s Refresh|

Actual firmware: 0012V291
Select firmware

Filename: |/IC-E\.raISystem;‘_buiId_LandungsbrueckefLandungsbruecke_\.r2.91_ElL.hexl | = Browse... ¢|

Size [Bytes]: 107424 Checksum: Oxa21b2d Version: 0012v291

Update firmware

Hex version: 0012v291 Module version:

Progress: | [ Update]

0% | '® Cancel |

Update history

Figure 9: TMCL-IDE Update image file

For a non-bootloader firmware image, connect your programmer device to your PC and your module (e.g.
via USB and JTAG respectively). Configure the programmer software for your module’s processor and open
the “_NOBL" .hex. Connect to the processor and proceed to flash the image.

Afterwards, please reboot your module and have fun with the evaluation board or your own designed
module.

3

References

TRINAMIC, “AN37: TRINAMIC Technology Access Package” www.trinamic.com/support/help-center/
downloads/ANO37-TRINAMIC_Technology_Access_Package

“TRINAMIC Technology Access Package (TTAP)" www.trinamic.com/support/software/
TRINAMIC, “TMC-API eclipse project” www.trinamic.com/support/software/
TRINAMIC, “TMC-EvalSystem eclipse project” wuw.trinamic.com/support/software/

TRINAMIC, "Landungsbruecke evaluation board” www.trinamic.com/support/eval-kits/details/
landungsbruecke/

TRINAMIC, “Startrampe evaluation board” www.trinamic.com/support/eval-kits/details/
startrampe/

Terms of delivery and rights to technical change reserved.
Download newest version at www.trinamic.com

©2017 TRINAMIC Motion Control GmbH & Co. KG, Hamburg, Germany
A

@ Read entire documentation.


www.trinamic.com/support/help-center/downloads/AN037-TRINAMIC_Technology_Access_Package
https://www.trinamic.com/fileadmin/assets/Support/AppNotes/AN037-TTAP_Description_Rev1.00.pdf
www.trinamic.com/support/software/
www.trinamic.com/support/software/
www.trinamic.com/support/software/
www.trinamic.com/support/eval-kits/details/landungsbruecke/
www.trinamic.com/support/eval-kits/details/landungsbruecke/
www.trinamic.com/support/eval-kits/details/startrampe/
www.trinamic.com/support/eval-kits/details/startrampe/
https://www.trinamic.com

ANO038: Using TRINAMIC's IC Software APl and Examples * Application Note * Document Revision V1.00 « 2017-May -16

11/711

4 Revision History

Version | Date Author | Description

V0.10 22.12.2016 | SK, ED | Added first content and structure

V0.20 23.01.2017 | BS Added Section 2: how-to guide.

V0.90 12.05.2017 | ED Added Section 1 and prepared final version.
V1.00 16.05.2017 | ED Final version.

Table 2: Document Revision

©2017 TRINAMIC Motion Control GmbH & Co. KG, Hamburg, Germany
Terms of delivery and rights to technical change reserved.
Download newest version at www.trinamic.com

@ Read entire documentation.


https://www.trinamic.com

	1 Introduction
	1.1 Software API Project Structure
	1.2 Evaluation Board Project Structure

	2 Requirements and Installation Guide
	2.1 Tools
	2.1.1 Eclipse
	2.1.2 GNU ARM Embedded Toolchain
	2.1.3 TMCL-IDE

	2.2 How to create and update a new firmware image
	2.2.1 Download TMC-API and TMC-EvalSystem from TRINAMIC website
	2.2.2 Configure GNU Toolchain
	2.2.3 Import TMC-API and TMC-Evalsystem Eclipse projects
	2.2.4 Build firmware
	2.2.5 Update a module


	3 References
	4 Revision History

