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- MBD Development Process with MATLAB
Ecosystem — Value Proposition

- NXP MBD Toolbox SW Development Flow

« NXP MBD Toolbox for S32K Features

- S32K Core & Systems Support

- S32K Motor Control Support

- S32K Communication Support

- Various S32K MCU Configuration Modes

- Code Generation and Cross-compiler Support
- Simulation Mode Support (Normal, SIL, PIL)

- MBDT S32K Utilities: AMMCLIB, FreeMASTER,
BootLoader, Profiler, Registers
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Model-Based Design Development @
Process with MATLAB Ecosystem

Simulate, Test, Build and Deploy




Model-Based Design (MBD) Introduction

- MBD is becoming more common during the normal course of software
development to explain and implement the desired behavior of a system. The
challenge is to take advantage of this approach and get an executable that can
be simulated and implemented directly from the model to help you get the
product to market in less time and with higher quality. This is especially true for
electric motor controls development in this age of hybrid/electric vehicles and the
Industrial motor control application space.

- Many companies model their controller algorithm and the target motor or plant so
they can use a simulation environment to accelerate their algorithm
development.

- The final stage of this type of development is the integration of the control
algorithm software with target MCU hardware. This is often done using hand
code or a mix of hand code and model-generated code. NXP’'s Model Based
Design Toolbox allows this stage of the development to generate 100% of the
code from the model.

r
COMPANY PUBLIC | 3 4\



Traditional vs. Model-Based Design Dev. Process

Redefine the design based on test insights

P o

Update design based on
prototype results

Integrate tested existing code to new design

Integrate

_'- Prototype Deploy -a#
. e

Test
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Reduce TTM With Model-Based Design (V-Model SW Dev)

: Fewer defects found
Functional in this phase of

Testing testing, where finding
defects is expensive.

Use MBD and
start testing at System

very earliest stage. BIRETe (V=10 E1a1 S

Convert model to SIL and :
now can test ANSI- Modeling/
generated software. Can Simulation
also use MDB library with
SIL testing.

Now that more testing on
HIL Testing target has occurred earlier in
the process, HIL testing time

is reduced.

Use AMMCLIB library and MBD Toolbox to Rapid
test the Model using target MCU and compiler
through PIL testing. PrOtOtype

With MBD Toolbox, auto-generate code for direct Target MCU
interface of peripherals for target hardware without any Implementation
manual hand code.
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MATHWORKS Model-Based Design Environment

Embedded Coder is production code generation environment from
MATLAB/Simulink models that generates ANSI C source code.

Simulink is graphical environment for building controls algorithms as well as simulation of these algorithms.
Stateflow is a special case of Simulink blocks for state based design and flow chart controls of execution.

Simulink allows for a basic solver to execute either in discrete time or continuous time modes.

MATLAB is the base tool environment, very powerful and scriptable and
allows access to complex functionalities

Simulink / Stateflow
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NXP Model-Based Design Toolbox Environment

MCU embedded target and bootloader support
NXP Simulink Blocks for algorithm components, place holders

for peripheral drivers, and other functional utility block interfaces.
NXP Embedded Target, basic main functions + MCU specific infrastructure code

and make file generation to build .elf/s-record/mot files on back end of code

generation process.
Standard MathWorks Tools for Model-Based Design

NXP MBD Toolbox — Embedded Target MCU Specific Interface
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NXP Model-Based Design Steps
Code Validation Final Product
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R
Electric Motor Model Electric Motor Model Real Electric Motor
. . o1 PC Environment f/\i_: MCU with Embedded
i PC Environment i PC Environment S P % + MCU % Control Module (ECM)
Step 1 — System Requirements: Step 2 — Modeling/Simulation: Step 3 — Rapid Prototype: Step 4 — Target MCU Implementation
Model-in-the-Loop Software-in-the-Loop Processor-in-the-Loop MCU Final Application
» Software requirements » Control algorithm design + Controller code generation » Validation/verification phase
+ Control system requirements * Code generation preparation » Determine execution time on MCU » Controller co_de generatio_n _
* Overall application control strategy + Control system design  Verify algorithm on MCU * Testsystem in target environment using
« Start testing implementation - See memory/stack usage on MCU tools for data logging and parameter tuning
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MathWorks Ecosystem

Control & Design

Event Based Modeling

Code Generation Certification &

« Control Design . Stateflow
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Validation
Simulink Coder « |EC Certification Kit
Code generation, legacy code IEC 61508, 1SO26262, EN50128,
integration, XCP, HIL, PIL, External IEC62304
mode
T I - 1EC Certification Kit

Embedded Coder
: Polyspace Bug Finder
> Polyspace Code Prover

Ci waralioe Tarpats
HNumber of Active Workers. 2el6
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= Simulink Design Verifier
— B = [Eapaea s - Simulink Verification and Validation
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ontrol_quadrantd Building . o
arness Butdng : Supporting Artifacts
contral Completed 00:00-26

« Simulink Requirements

Requirements, Trace PRD, Track
Status

e
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https://www.mathworks.com/products/stateflow.html
https://www.mathworks.com/products/simulink-coder.html
https://www.mathworks.com/products/iec-61508.html
https://www.mathworks.com/products/simulink-requirements.html
https://www.mathworks.com/products/simcontrol.html
https://www.mathworks.com/products/simscape-electrical.html

Embedded Coder

Automatic code generation
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Embedded Coder Introduction

- A set of optimization and code e [ o

= = A b
Rl = ] “aet 4w ik w T

configuration options that extend MATLAB e |

Coder and Simulink Coder to generate
code for a specific MCU. - e
- Storage class, type, and alias definition » oo
using Simulink® data dictionary R e e R T T T -
capabilities. sy — =

MCU specific code optimizations

Code verification, including SIL and PIL
testing, custom comments, and code
reports with tracing of models to and from
code and requirements

Standards support, including ISO 26262, =
and MISRA-C
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Embedded Target Code Generation Requirements

- Simulink Model must use a discrete
time solver

- Must NOT contain any
continuous/special blocks

- Code Generation Add-on: To build
MCU target executable must have
embedded target selected (NXP MBD
Toolbox provides all Embedded
Coder configuration files for the S32K
MCUSs).

- May generate code only or generate
code and compile for a target
environment .exe, .dll, .s19, .elf...).

& Configuration Parameters: FOC TC/Configuration (Active) — O x
Category List
Select: Target selection
Solver System target file: |mbd_s32k14.tlc Browse...
Data Import/Export
Optimization Language: C
Diagnostics i Description: Model Based Design Toolbox S32K14x Code Generation Target
Hardware Implementation
Model Referencing Build process
Simulation Target }
Code Generation Makefile configuration
Generate makefile
Make command: Imbd_s32k14_make_rtw COPY_MDLREF_INCLUDES=0 |
Template makefile: |mbd_532kl4.tmf |
Data specification override
[] Ignore custom storage classes [ Ignore test point signals
Code Generation Advisor
Prioritized objectives: Execution efficiency Set Objectives...
Check model before generating code: Off Check Model...
[[] Generate code only Build
[ Package code and artifacts Zip file name:
< >
J OK Cancel Help Apply
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Control System Anatomy
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Embedded Target Requirements for Application Algorithm

- Start from ldealized model (double precision unconstrained mathematics).

- Need to move to target constrained model (integer code, fixed point
mathematics, or single precision mathematics).

- Tradeoffs are made in this process depending on how the user chooses to
implement the controller on the target MCU.

- The simulation environment supports simulation in any of the target data
types also code generation is supported when targeting the MCU.

- What is executed in simulation should be exactly the same as on the
embedded target.

-
L |

COMPANY PUBLIC | 14



Embedded Target Code Generation Considerations

- Must have modeling style guidelines that takes into account code generation and target
software architecture

- Plan code generation to meet target software architecture

- Use of an interface Data Dictionary to minimize software integration issues is industry best
practice

- Design/Refine models for code generation to target MCU
- Learn and understand code generator optimizations (Know the Tools)
- Optimize model for code generation with target MCU in mind
= Data Types
= Optimize Function/File Partitions
= Utilize target optimized functions for key bottlenecks (custom)

= Utilize target optimized block sets whenever possible

COMPANY PUBLIC | 15 4\



NXP MBD Toolbox for S32K @
Development Flow

Quick Introduction




NXP Model-Based Design Toolbox — Installation

&

e

3
a
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@ @ Community

Get Add-Ons

Manage Add-Ons

Package Toolbox

Package App

ﬁ Get Hardware Support P;

Check for Updates

|7 Request Support

QLeﬂ'nHA'ﬂ_AB

4\ Add-On Explorer - o X
A a -
4 @& R2018b now available 532K u
ilter by Category
Using MATLAB 31 RESULTS
Language Fundamentals 1
Mathematics B NXP Support Package S32K1XX s
J— ) ;ers‘gm 2T 071by NXP Model Based Design g 0
oolbox feam Updated 25 Jul 2018
Advanced Software Development 2
This package represents the MATLAB Installer
Applications add-on for the FREE of cost, NXP's Model-
Science and Industry 5 Based Design Toolboes.
Image Processing and Computer 4 Following are the steps to install NXP's Model-
Vision
4\ Add-On Explorer - [m]

Data Analytics and I
Learning

Signal Processing a
Communications
Mathematics and Op
Robotics and Autonol
Systems

Hardware Interfacing|

Filter by Type
[ Toolboxes and Produf
[ Hardware Support P:

[ Functions

Filter by Product Fa
[IMATLAB
«

Contribute | Manage Add-Ons

2018b now available ISearch for add-ons Q

4 Ratings

NXP Support Package S32K1xx

version 2.0.1 (732 KB) by NXP Model-Based Design Toolbox Team 79 Downloads

Updated 25 Jul 2018
This package represents the MATLAB Installer add-on for the FREE of cost, NXP's Model-Based /gy License
Design Toolboxes.

https://community.nxp.com/community/mbdt

23x Toolbox

Functions

Overview

Following are the steps to install NXP’'s Model-Based Design Toolbox for 832K 1xx Automotive Microprocessors family

1. Go to Add-On Manager in MATLAB and select the NXP Support Package S32K1xx toolbox.

2. Select Open Folder option to navigate to the installation path.

3. Run NXP_Support_Package S32K1xx script and follow the next quick steps as guided by the installer:
3.1 Create an account with NXP (toolbox is for free but account is requested to download the tool, generate the free license
and access training & support on NXP Model Based Design Toolbox Community)

3.2. Download NXP Model-Based Design Toolbox for S32K1xx

3.3. Install the toolbox

3.4. Verify the correct installation

3.5. Generate a free of charge license

3.6. Activate the toolbox

3.7 Verify the license activation

The NXP's Model-Based Design Toolbox is a quick solution for prototyping applications on top of NXP's MCUs

It provides an integrated development environment and tool chain support for configuring and generating applications
(including initialization routines and device drivers) to execute complex applications (e.g.: motor control algorithms,
communication protocols CAN, SPI, 12C, UART, FlexIO and sensor based applications).

This toolbox includes integrated Simulink® embedded target for NXP S32K1xx MCUs, peripheral device blocks and drivers,
the Math and Motor Control Library, GCC compiler and additional tools for debugging and real time data visualization . It

4\ NXP's Model-Based Design Toolbox for S32K Do Installation Guide - X
Installation Guide for NXP's Model-Based Design Toolbox for S32K1xx Automotive Microprocessors Family

The NXP's Model-Based Design Toolbox provides an integrated development
environment and toolchain for configuring and generating all of the necessary
software automatically (including initialization routines and device drivers) to
execute complex applications (e.g.: motor control algorithms, communication
pratocols or sensor-based applications) on NXP S32K1xx MCUs.

This wizard is design to guide you throughout download, installation and
activation of the Model-Based Design Toolbox for S32K 1ed

Select one of the available actions below to proceed...

valid NXP account is nesded to access to NXP Download and License generation pages.

Use hitps:/fwww.nxp.comisignupiregister to create a new

account. The NXP account gives access to free content on Sigl"l up now!
the NXP's Model-Based Design Community:
hitps:iic NXp.COm/c
Choose the NXP Model-Based Design Toolbox revision you wish to download and install: |2018.R1 (latest recommended) v

Note: Only one version of the Toolbox can be active as Add-Ons.

Step 1: Download the NXP Vision Toolbox from NXP website and
install is as Add-On using MATLAB installer

Step 2: Generate a free-of-cost license from MXP website,
download and install into toolbox License folder

Go To NXP Download Site Generate License File

Install MLTBX File as Add-On Activate NXP MBD Toolbox

Verify MBD Toolbox Installation Verify MBD Toolbox License

Go To Support Site ... Go Ta MXP MBOT Site Close
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NXP Model-Based Design Toolbox — Preview

Search Documentation

= New Variable > Analyze Code - Community
@ o2 3 [ Find Fies & @ =
Open Vi E] Block Parameters: MBD_S532K 14x_Config_Information X Request Support
New New Mew  Open lg Compare  Import Save =
Script Live Script v v Data Clear MBDTBX_EC_S32K14 (mask) (link) ~ ] Leamn MATLAB
FILE VARIABLE Model-Based Design Toolbox Config block for S32K14x family of processors. URCES
<@ EE 0 » G ¥ Users b nxald941 ¥ Documents » MATLAB » A MU - - - ; . M.
Cument Folder ®][Comd Build Toolchain ~ Target Connection  Diagnostics o @ Help @ x
Name ~ i Target MCU 4 = 3 - @ | LPUART Configuration Block ¢ | + | BOBO
external_devices ~ Family S32K144 - D tati -
help S32K142 ocumentaton
lic Package
mbdtbx_s32k SRAM S32K146 = CONTENTS Close
mbdtbx_s32k14x 532K148
< Documentation Home ) .
El " 532 Examples Clock LPUART Configuration Block
common ¥ NXP Model-Based Design Toolbox for
adc Clock Frequency MHz ‘80 M ‘ S32K1xx Automotive Microprocessors Low Power Universal Asynchronous Receiver/Transmitter
amclib Family (Supplemental Softiare) The main functionality ofthe block is to confi
gure LPUART
cmp XTAL Frequency MHz External 8 - + Releace Hows
i init * Getling Started Block Image
custom_ini .
edma ’i puart_hello_w Step Tick 4 > Licensing
fean i - ¥ S32K14x Blocks Reference
. File Edit View Timer |LPIT Channel 0 ‘
flexio $32K14x Configuration LPUART Cantg
fm = - Priority |15 " . e - v Communication Baud rate : 115200
ftm L - > Flex CAN
gdflib Ipuart_hello_world [ ok | ‘ Cancel | | Help | Apply > Flex 10
ofiib - . LonPon LPUART_Config
Ipuart_hello_world_s32k14x W LowPower I2C
gr_ﬂclib > LowPower SPI Inputs:
Ipi2c v UART :
Ipit [IT——— = Mone
o g o Lruercoms
Iptmr g P — LUART_Recsive Outputs:
P = < i o Stz LPUART_RxTx_ISR
Ipuart TGS Shecoanr i vato W meszsce s segsaped i has AR st Al e Evmal 8 i e T - - = None
" Ipuart_relay.mdl ] B S > Core and System Parameters and Dialog Box
3 Ipuart:s32k1‘4x‘mdl E‘ * GPIO The block dialog consists of the following tabs:
me * Motor Control » General Seftings
mlib O e n > Utility « Break and Idle Configuration
pdb e S —— EEE—— m > Extemal Davices . Fns
p" D-\' o NXP's Model-Based Design Toolbox
. (] - Website General
P il @ g Bartir NXP's Model-Based Design Community The General Settings tab contains the following parameter
profiler _
- Suppart T
reg » . ‘ [l Block Parameters: LPL
xamples |
e — el o R —— | lpuart_s32k14_config (mask)
Ipuart_hello_world_s32k14x.mdl (Simulink Model) eady Ixedstepliscrete Tt Bk slvives 1 sfiiire I PUART: fondile. -
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S32K MBDT — SW Development Flow

Step 1: Open Simulink L|brary Step 2: Open a new Simulink Canvas. Drag&Drop Blocks

.,J 8 Simulink Library Browser m} x *ﬁ untitled * - Simulink X
& M fé« R R u File Edit View Display Diagram Simulation Analysis Code Tools Help
:)::o T::ll_r::s:lzc Dk:‘}‘:l;‘l:":::‘l:: for S32K MCUs/S32K14x MCUs/S32K14x Core, System, Peripherals and Utilities/ P ~3~ %g @ - M=) % w\b) > @ - Normal - @ - [:] -
HDL Coder P untitled
Image Acquisition Toolbox @® untitied " .
Neural Network Toolbox
3 et T Each model MUST have a S32K Configuration Block
v External Devices Conversion Mode: 8-bit conversion @A N -
v System Basis Chip H E] Block Parameters: MBD_S32K14x_Config_Information X
UIAL16x .
v S32K14 MOUS Tafgelgéfk?f_“gﬁfgggm” MBDTBX_EC_S32K14 (mask) (link) ~
v S32K14x Core, System, Peripherals and Utilities = Syst gl .k - 80 MH Adodol D A DN T L D lleal £ LNV T ST R
v Communication Blocks ADC_Config &= XTAEScﬁ)TkC' DECxte.rnaI 8 l‘\ﬁHZ E Block Pa ADC S *
CAN Blocks . oc rameters: tart
Vv FlexIO Blocks = Tar%ZT'F;;?; : (I?I(_:ESH )
FlexI0 12C Block ) [ : I .
Hloxto 571 Blocks NS function b Download Code after build : off adc_s32k14_start_block (mask) (link)
FlexTO UART Blocks et Py 0 dota rosult O Step Tick Interrupt Priority : 15 .
12¢ ks ST Repieterh samab @ This block allows to configure channel parameters, start the
locks . . -
UART Blocks E h S32K P conversion and get the result when interrupt is not enabled.
— [=acC er

v Core and System Blocks

(CSEc Blocks ADC_ISR
DMA Blocks 1 n
LPTMR Blocks I O C K
FHC Blacks ; ] General
RTC Blocks : ABC:0 ADC: 0
GPIC‘JNI;:I’S:?(: focks Inpnmé?%ri%!éé%iwsm 4 Conversion Mode: 12-bit conversion ADC 0 hd
“ Motor Control Blocks
ADC Blocks .
CMP Blocks % SC1 Register (A v
FTM Blacks ADC_Start ADC_Config
PDB Blocks
Uiy Blocks Input Channel PTB13: [ADCO_SE8 | ADC Single Ended Input] -
¥ 532K14x Automotive Math and Mator Control
AMCLIB v
GoFUB oo (] Interrupt Enable
GFLIB
GMCLIB SC1 Register: A | 4| |
oy 20, s
v

S$32K14x Example Projects 2
v 532K14x Generic Simulink Models c Cancel HElp Apply
ADC_Start
T

Add ACTION blocks to control the S32K Peripheral

AMMCLIB
Ready 100%

Communications
Core & Systems

Eebmnd A

v (@ E

v

Cancel Help Apply
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S32K MBDT - Limitless Design Options

’i GenericModel * - Simulink — O X
File Edit View Display Diagram Simulation Analysis Code Tools Help
. EE — - - ™
e -E - @ we-E-ed®P Wy~ [0 [Normal D&~
GenericModel
GenericModel »
& - Fuecor IFC s L T ) Betu p
Batle VDC1" pt” VECT
[ﬂ ADC: 0 -_. i 1Bal_maxD*
= Conversion Made' 12-bit conversy 5C VDG < VDGZ 1.0 Tiu)
1 ComECout IBatt_rmanC: | ]
B> e . O
A &4 [ rmonl s
E‘ ADC_Config T iy Load OM f——#- Hy
0 Energy Management System Lo Fiails SIKVA)
\ 2 Y - ~ | N
1 s . [ > e’ e 1 |
) p— |r_)_' De I D‘* - DC
Mesures1 — [ - =]
pc AC
In| g . " )
2 e FC DC/DC Boost Converter DCIAC Canverter Fphase AC load
Fuel Cell Power Module (FCPM)
—i—  |Frotecting Resistor
*| bC i -
Dc
P
7 f DCIDC Boost Converter —
-t
m
21 Measurements
be Supercapacitor
Discrate |
- o o000 e DC/DC Buck Converter
The Ts" parameber used in this model Ware Inf=
@ is set 1o 100e-6 by the Moded Properties Gallbacks Energy Management Systems for a Hybrid Electric Source [Application for a More Electric Aircraft) |
o L Tt 7 | g )
Ready 87% FixedStepDiscrete
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NXP MBD Toolbox for S32K
Features @

One common frameworks for simulation, testing and deploying embedded

applications for S32K processors without any hand-written code
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NXP Model-Based Design Toolbox — Overview

Collection of Tools & Libraries
designed to Assist customers with
prototyping and accelerate algorithm
development on NXP MCUs

MCU Peripherals Initialization &
Configuration through GUI from a
Model-Based Design environment like
Simulink®

Supported Platforms for automatic
Code Generation: MagniV
S12ZVMx/S12ZVC, MPC56xx,
MPC57xx, Arm®-based S32K, DSC
and Kinetis families

Customer Support and Training:
https://community.nxp.com/community/
mbdt

Current Folder

|4 <@~

ian Toolbox for S3ZK Serles/532K/532K14x Blocks/

'S32KLdx/Moter Control Blocks/

zzzzz

HDL Support

Blocks

CMP Blacks

oaul
nnnnnnn
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NXP Model-Based Design Toolbox — Preview

Built-in Tools,
Scripts and

Simulink Blocks for S32K Peripherals g

Configuration, RW, ISR Documentation & Examples

Sources

1
1 Curentkolder 4 Simulink Library Browser 1
| Name 1
SICRICT
: e Ko [sfan A~ B -3 @ i
external_devices Model-Based Design Toolbox for S32K1xx MCUs/S32K1xx Core, System, Peripherals and Utilities/Communication Blocks, -
1 xternal_d / / / .
I FreeMaster SLIEEET Jocumentation I
1 lic )i NXP Model-Based Design Toolbox for MPC57xx MCUs ~ ~ 1
bdtbx s32k L e model-Based Design Toolbox for S32KLi MCUs JE CONTENTS
1 mhe s I | Autosar application Layer FaN Module: o MY
1 mbdtbx_s32k11x ; Tx : PTES: [CANO_TX | CAN Tx Channel] . 1
1 I v External Devices Rx - PTE4: [CAND RX | CAN Ry oh I I« Documentation Home . .
S FPTEA: I X channel] Target Configuration Block 1
1 1 1 > Motor and Solenoid Drivers Rx FIFO : off 1
. . CAN FD : off
1 mbdtbx_s32k_as > System Basis Chip ing - ¥
S22 Examples I I % 532K11x Automotive Math and Motor Contral Pretended Networking : off I ¥ NXP Model-Based Design The main functionality of the block is to configure the MCU target, build toolcha I
I = P l I S S37K14x Aut tive Math and Mator Control I Toolbox for S32K1xx Automotive
1 532_Platform_SDK K] * Automotive Math and Motor Control Microprocessors Family Block Image 1
t00ls “ S532K1xx Core, System, Peripherals and Utilities FCAN_Config 1 (Supplemental Software) 1
| 1 ] “ Communication Blocks 1 1
1 || Chrome HTML Document 11 CAN Blocks I Release Notes i
L i " — "
1 :l LA_OPT_NXP_Software_License.htm 1 1 > FlexIO Blocks b Quick Start Guide Target : S32K148 192KBSRAM
1
1 | © Function 11 12C Blocks FCAN Module : 0 1 Licensing Guide sf::ek;g:bclcaaﬁii
1 ) mbd_find_s32k_rootm 11 ;’; ::x'k‘: Wake up Message Buffer: 0 Data » I AMMCLIB Guide XTAL clock : External 8 MHz :
C iler : GCC
1 ) mbd_s32k_path.m 11 UART Elacks Length > | 7 S32KioBlocks Referance o 'I;arg:et:u:’pé :ﬂI;L.T]SH 1
i ownloal e after build :
I | = seript I I~ coreand system Blocks 1 Step Tick Interrupt Priority : 0 1
- lacks 1 * Communication
FCAN_Get_WMB 1
I | = PNG Fil 11 DMA Blocks :
e lock : B 1 » Core and System 1
1 nxp_logo.png 1 1 LPTMR Blocks I I y e MBD_S32K1xx_Config_Information I
- PMC Blocks 'ME Index |
N E Text Document 11 RTC Blocks o 1 * Motor Control Inputs: 1
| || readme.txt 11 WDOG Blacks N o 1 > Ulility 1
vent : Rx Compl Data « None
! XML iment 1 1 iPI:; ls;zcnl‘(]s | Blacks tap I > Extemal Devices 1
1 _) infoxml 11 v wmoror © 8loc Length b 1
l I I ADC Blocks S I AUTOSAR Application Layer Outputs: I
Timestam
1 11 CMP Blocks I P NXP's Model-Based Design . None 1
1 ] FTM Blocks FCAN_Isr : Toolbox Website 1
PDB Blocks . _
1 11 Utility Blocks NXP's Model-Based Design Parameters and Dialog Box 1
x-; I Community - Support I
I I l v 532K1xx Example Projects FCAN Module : 0 I c ' The block dialog consists of the following configuration tabs: I
1 11 > AUTOSAR Simulink Models Mode : Rx Mailbox Non-blocking I Famples v Tageticy I
ic simuli Message Buffer : 0
1 > Generic Simulink Models 3 i
I : : 5 532K11x MCU Simulink Models Messags ID : 0 1 = Build Toolchain 1
> 532K14x MCU Simulink Models 1 = Target Connection 1
: I I Simulink v I Diagnostics I
1 mbdtbx_s32k14x (Folder) "l 1 1
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NXP Model-Based Design Toolbox — Installation

Step 1: Get Add-on

f% @ (% Community

Step 2: Install & Validate

|4 NXP's Model-Based Design Toolbox for S32K1x¢ Installation Guide - X

Help

3 Request Support

Installation Guide for NXP's Model-Based Design Toolbox for $32K1xx Automotive Microprocessors Family

Contribute | Manage Add-Ons

2

532K 13x

Get H
ﬁ M Filter by So

Check for Up Community

Filter by Cat
Applications

Control Sysf

Filter by Typ

Toolboxes al
Hardware S

Functions

Filter by Pro
MATLAB

Simulink

Contribute | Manage Add-Ons

Q

|Search for add-ons

NXP Support Package S32K1xx 10 Ratings
version 2.1.0 (734 KB) by NXP Model-Based Design Toolbox Team 75 Downloads
Updated 23 Jul 2019

This package represents the MATLAB Installer add-on for the FREE of cost, NXP's Model-Based View License

Design Toolboxes.
https:/fcommunity. nxp.com/community/mbdt

The NXP's Model-Based Design Toolbox provides an integrated development
environment and toolchain for configuring and generating all of the necessary
software automatically (including initialization routines and device drivers) to
execute complex applications (e.g.: motor control algorithms, communication
protocols or sensor-based applications) on NXP $32K1xx MCUs.

This wizard is design to guide you throughout download, installation and
activation of the Model-Based Design Toolbox for S32K 10

Select one of the available actions below to proceed...

Mote: A valid NXP ac

Use hittps:/iwww. nxp.comisignuplregister to creste s new

account. The NXF account gives access to free content on Sign up now!
the NXP's Model-Based Design Community:
https: X, ComY i
Choose the NXP Model-Based Design Toolbox revision you wish to download and install: |41.g (latest recommended) w

Mote: Only one version of the Toolbox can be active as Add-Ons.

28 Toolbox

Functions

Overview

Note: It is recommended to uninstall and delete all files/folder of the older versions of NXP Model-Based Design S32K1xx
Toolbox before installing the new versions.

The steps to install NXP Model-Based Design Toolbox for S32K1xx Automotive Microprocessors family:

1. Go to Add-On Manager in MATLAB and select the NXP Support Package S32K1xx toolbox to install the Installer Guide.

2. Select Open Folder option to navigate to the installation path.

3. Run NXP_Support_Package S$32K1xx script and follow the next quick steps as guided by the installer:

3.1 Create an account with NXP (toolbox is for free but account is requested to download the tool, generate the free license

and access training & support on NXP Model Based Design Toolbox Community).

3.2. Download NXP Model-Based Design Toolbox for S32K1xx MLTBX file

3.3. Install the toolbox

3.4. Verify the correct installation

3.5. Generate a free of charge license -

Step 1: Download the NXP Vision Toolbox from NXP website and
install is as Add-On using MATLAB installer

Step 2: Generate a free-of-cost license from NXP website,

download and install into toolbox License folder

Go To NXP Download Site
Install MLTBX File as Add-On

Verify MBD Toolbox Installation

Go To Support Site ..

Generate License File
Activate NXP MBD Toolbox

Verify MBD Toolbox License

Go To MXP MBDT Site .. Close
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NXP Model-Based Design Toolbox — Approach

E. Simulink Library Browser - O X ’i BLDC_ClosedLoop_s32k14x * - Simulink

& h ,|E, D'| «a @ File Edit View Display Diagram Simulation Analysis Code Tools H:
v

¢ L HEe-E-RegOP " 4

Normal
NXP Model-Based Design Toolbox for S32K MCUs/S32K14x MCUs/S32K14x Example Projects/S32K14x Generic Models I
~ NXP Model-Based Design Toolbox for 532K MCUs ~ BLDC Closedloop s32kl4x > Control_Logic
h E:‘e"‘“' DE"'BZ‘: o BLDC_ClosedLaop_s32k14x b -
v 532K14: MU)SS ? i i
X ) - Math and Motor oseonen. . Mot et " ;
v 532K14x Core, System, Peripherals and Utilities Control Library VB Satp bal Terma LOFT_HOST_TOOL£.t
~ Communication Blocks
e | ..u,...ml ‘.M..M,_.I | e :
lacks Re— Ere pE EET
T e AmmcLIB = e e e | LELB
g T T N LA e . e || e ] || [ )
SPI Blocks o o R || =1 =—)
UART Blocks A R S s v T e e e
~ Gore and System Blocks e L T e
CoEc Blocks [ , D = | e J
DMA Blocks Emamanan
LPTMR Blocks i

PMC Blocks s JER—
RTC Blocks Communications Core & Systems

- L o ‘L o | L e ‘

GP10 Blocks
v Motor Control Blacks
ADC Blocks
CMP Blocks
FTM Blocks
PDB Blocks
Utility Blocks
~ S32K14x Automotive Math and Motor Control External Mode Motor Control

S32K144 EVB

> GDFLIB
> GFLIB
» GMCLIB
> MUB
~ 532K14x Example Projects
> S32K14x Generic Simulink Models " I B o
> 532K14x MCU Targeted Simulink Models PIL s e R, -
> Phased Array System Toolbox |
Report Generator
> Simulink 3D Animation
> Simulink Coder

> sim Extras - e — . ]
Simulink Requirements ey - -
Stateflow o ) —wmmrm e
Recentiv LIser o ot
< > Timers Utilities »
Ready View 1 warning 52% FixedSteEDis:rete
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NXP ModeI-Based Design Toolbox — S32K Features

Generic

- Digital & Analogue I/Os

- HW Timers (normal/low power)
- Various ISR sources

- Communication

- CAN and CAN-FD
- SPI, 12C, UART, FlexIO, LIN

« Motor Control

- PWM (edge/center/combined, SW)
- ADC & CMP

- FTM (Flex Timer Module)

- PDB (Programmable Delay Block)

- Core & Subsystems

- CSEC

- DMA

- PMC (Power Management)
- RTC

- WDOG

MCU Options
- Multiple packages (LQFP and BGA)
- Multiple crystal frequencies

- Compilers

- GCC6.3

Green Hills MULTI
IAR

RAM/FLASH support
Custom Memory Map

- Simulation Modes

Model in the Loop (MIL)
Software in the Loop (SIL)
Processor in the Loop (PIL)

External Mode
AUTOSAR (SIL/PIL/Profiling)

AMMCLIB Library 1.
- MLIB

- GFLIB/GDFLIB

- GMCLIB/AMCLIB

S32 FreeMASTER
- Data acquisition / Calib

- Customized GUI

S32 Bootloader

- Program application int
Flash/RAM

Profiler Function

- Exec. time measureme
- Available in PIL

- Available in standalone

Read and Write Blocks

- Memory
- Registers

1.7 S32K142
S32K144
S32K146
S32K148
S32K116
S32K118

External Devices

SBC UJA 113x

SBC UJA 116x
nt - MC33GD3000
MC34GD3000
MC33937
MC34937

ration

o MCU
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NXP MBDT 2018.R1 release — S32K Peripheral Mapping

—
[}
E
=
@
T
%
<

=
o
©
=
=

[
[o°]

Peripheral
Bridge

Cortex M4F
112 MHz
FPU, DSP, MPU,
4 KB I/D-Cache

Crossbar Switch with MPU

1t

security

EEPROM
Up To
4KB

MCU Core
and Memories

Digital
Components

5V Analogue
Components

MATLAB/Simulink

Support

Communications / /0O System

3x Flex CAN
1 with FD

Flex 10

3x UART/LIN

EE Simulink Library Browser

L] ‘ function

ey = @

NXP Model-Based Design Toolbox for $32K MCUs/S$32K14x MCUs/S32K14x Example Projects/

532K14x MCU Targeted Simulink Models

~ NXP Model-Based Design Toolbox for $32K MCUs
v External Devices
v System Basis Chip
UJA116x
W 532K14x MCUs
w S532K14x Core, System, Peripherals and Utilities
v Communication Blocks
CAN Blocks
“ Flex1O Blocks
Flex1O 12C Blocks
FlexIO SPI Blocks
FlexIO UART Blocks
12C Blocks
5PI Blacks
UART Blocks
~ Core and System Blocks
CSEc Blocks
DMA Blocks
LPTMR Blocks
PMC Blocks
RTC Blocks
WDOG Blocks
GPIO Blocks
“  Motor Control Blocks
ADC Blocks
CMP Blocks
FTM Blocks
PDB Blocks
Utility Blocks
v 532K14x Automotive Math and Motor Control
AMCLIB
GDFLIB
GFLIB
GMCLIB
MLIB
“ 532K14x Example Projects
v S532K14x Generic Simulink Models
Analog
AMMCLIB
Communications
Core & Systems
External Mode
Motor Control
FIL

en

~

Downlead in FLASH

Download in RAM

GPIO

GPIO

SBC
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https://community.nxp.com/docs/DOC-341052

Automotive & Math and Motor Control Library

- Precompiled software library containing building
blocks for a wide range of motor control applications

- Easy migration between platforms with minimized
effort

- Production ready SW (SPICE Level 3, CMMI and
1SO9001/TS16949)

- Control loop modeling with MATLAB/Simulink®
models and examples

General Motor Control Library
Advanced Motor Control Library

«Park/Clark Transformation
sInverse Park/Clark

*Space Vector Modulation
+DC Bus Ripple Elimination
*PMSM Decoupling

GMCLIB

AMCLIB

*BackEMF Observer
«Tracking Observer

ol 22
/F&&/

B

NN S
ZSZSZS
DN BN

<a |funct\or| V|&k' i e I L”J

NXP Model-Based Design Toolbox for S32K MCUs/S32K14x MCUs/S32K14x Automotive Math and Motor Control

&5 Simulink Library Browser - | X

“ NXP Model-Based Design Toolbox for S32K MCUs ~
External Devices
W 532K14x MCUs

“ S32Kl14x Core, System, Peripherals and Utilities
‘Communication Blocks
Core and System Blocks
GPIO Blocks
Motor Control Blocks
Utlllty Blocks

e

AMCLIB GDFLIB GFLIB

AMCLIB
‘GDFLIB
GFLIB
GMCLIB
MLIB

Phased Array System Too\box
Report Generator
Simulink 3D Animation v

GMCLIB MLIB

General Function Library
General Digital Filters Library

«Sine, Cosine, Tangent
sInverse Sine, Cosine, Tangent
*Hysteresis
*LUT, Ramp, Limitations

GFLIB |||GDFLIB

«First, Second Order IIR Filter

B
LT
+ _P|_
eI e
D]

N

Mathematical Library

*Absolute value
«Addition, Subtraction

@ e

M u|t|p||cat|on Division 2 ‘
“Right/Left shift MLIB >N X
*Type conversion
{F32toFloat (a*b)+(c*d)
r
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Application Example for PMSM/FOC with AMMCLIB

3-Phase Low Voltage Power St Resolver
= ase LOW Voltage rower stage
- g 9¢ Encoder
Automotive Math and U bob , y J
. _Dc bus
Motor Control Library o — JNF NF K F
Set for S32K144 8 PMSM
i — OJ\ % OJ\ 5 °J§ %
ACLIB - j ﬁ |
AMCLIB o i Load
FreeMaster START/STOP Resolver HW
J’\ Faults HEC 8 ol 2
PWM 8 o 8
¥ W > X .
v Yy Vv e y
LPUART] GPIO FTM (Pwm) <:> TRGMUX <:> PDB ADC FTM (QuAD)
Driver Driver Driver Driver Driver Driver Driver
P Fault Duty cyclea Is_al
Application Control . Duty cycleb €
ppiicatl Protection Dﬂ:; E§E|2c - ::—2 3
Us_alpha_comp g .g §
2|8 g
I 6L Res Us_beta_comp o
| ] Y /
. YVVY Anale Anale
1 Trackina Trackina
Current Observer Observer
Sensing
Processing
El Field |
E' Weakening theta_actualel _
E Controller g g g Software
s, ol e switch |
S Is_beta il o
<lE’ Is_q = ||| & A
° p
Is_alpha
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NXP S32K MBDT — “Ultimate” Abstraction Layer
S32K Model-Based Design Layer _
« MATLAB/Simulink oriented

I_
Q
* Drag-drop programming a8 Examples Applications Help
« Automatic C-code generation E _ ng’g
« Easy to port N TQ’OC . FESEL Utilities Bootloader
« Peripherals and Applications Examples % Configuration Control FreeMASTER

+ Dedicated online Community | MATLAB Embocded Codor (backeend)
S32K SDK Enablement Layer -

« Layered Software Architecture
* Documented Source Code and Examples
* Integrated with S32 DS and other IDEs

Comm Safety & SoC

S Security Clocks
Interrupts

S32K SDK
OSIF

« Featuring various Middleware UART EIM Power Start-up/

* FreeRTOS integration FlexIO EE'\C/' gg:é o
« Multiple toolchains supported CAL"I'&FD MPU g L Tes
» Several examples and demos Sp| e
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NXP S32 Design Studio — IDE

workspace$ - C/C++ - MTRDEVKSPNK144_S32DS/Sources/main.c - 532 Design Studio for ARM
Eile Edit Source Refactor Navigate Search Project Run Processor Expert Window Help

- Free of charge

- Unlimited code size

- GNU compiler & debugger integrated

- S32 SDK integrated (graphical configuration)

Processor Expert integrated (automatic code
generator)

- Not intended to compete with premium 3™ part
IDEs

[/ |®~R-@iCiEw|Sid

&5 Project Explorer &2

& Includes
8 FreeMASTER control
€ FreeMaster_S32x
2 Generated_Code
€8 Project Settings/Startup_Code
8 SDK

~ 68 Sources

& Peripherals
& actuate_s32kc
actuate_s32kh
maing
meas_s32kc
meas_s32kh
motor_structure.h
tate_machine.c
[ state_machineh

3 Dashboard 51

BB Ev@vitsvO Qv ® v dRE@ G vFvr v

2% O (@mainc @2 [0 meass32kc  [3 PMSM_appconfigh (& motor structureh (< PMSM_appconfig_bkph 4 state_machine.c

* Function: ADC1_IRQHandler()

* Description: ADCL interrupt service routine

28

PEEVSTRADC1_IRQHand1erQ)

330

static tBool getFcnStatus;

// Disable FTM initialization trigger to trigger ADC modules
// every second PUM cycle (10kHz)
FTM_HAL_SetInitTriggerCnd(FTM3, false);

/1 Board buttons to control the application from board
cntrState.usrControl.btSpeedUp = ((GPIO_HAL ReadPins(PTC) >> 12) & 1);
cntrState.usrControl..btSpeedDown = ((GPIO_HAL_ReadPins(PTC) >> 13) & 1);

// Board buttons control logic
BoardButtons();

- 8 x
Quick Access| | g5 |[E

= O 8= Outline 3 © Build Target =o
~ ER AR
+ AutomaticMode(void) : tBool ~

g " CalcOpenLoop(openLoopPospe_t*, tFloat)
¥ 0L SpeedRamplnc : volatile tFloa
¥ CL_SpeedRampinc : volatile
¥ CL_SpeedRampDec
main(void) : int
TPP_nitalizeOutputs(void) : void
PORTE_IRQHandler(void) : void
PDB0_IRQHandler(void) : vo
PDB1_IRQHandler(void) : vo
ADCT_IRQHandler( : void
MCAT_Init0) : voics
StateFault() : void
Statelnit() : voi
StateReady0 : void
StateCalib) : voic
StateAlign( - void
StateRun( : voic
#° FocSlowLoop() : t30ol

o o
L I Y )

o

~ Project Creation // User accessible switch for stopping the application. H " dPI: volatile unsigned int
if (cntrState.usrControl.btFlipFlop * cntrState.usrControl.btFlipFlopTemp) Y gPI: volatile uns

3 $32D5 Application Project = s

£ S35 library Project ¢ ° FocFastloop()

| C/Ca+ - 532 Design Studio for ARM -—— — - . o@ %
Fie £t Souce Refactor Navigate Seorch Project Run Processor Epert_Window _Help

o8 | ®~& & NS E G CH O RS S EES R CRCRA-ES Quick Access | [ | B SOK_defauit 45 Debug [ C/Co ] Processor Expert
&5 Project Explorer 57 BE%le v=0 %) Component Inspector - pinmux 52 ) ] 7= 8 % Outine 3 B =0

4 5 532144 SDK Lab_Clocks: Debug
& Binaries

) Includes
5 Generated_Code.
G5 Project Settings/Startup_Code
@ oK

4 5 Sources

5D Processorbpertpe
3 $32K144 SDK Lab,GPIOs: Debug
55 $22K144 SDK_Lab Interupts: Debuy

. Components - S32K144 SDK Lab Clocks 31| = )
YR
& Genertor_Configurations
=
4 & Processors
@ Cpusazkizs 100
4 & Components
 pin_mucPinsettings
0 clockManLfsl_clock manager

Routing . Functional Properties Methods  Setings|

View Mode. Options
© Collapsed © Pins [ Show Only Configurable Signals

anc| can| cvp| Ewm|=rieo| FTM| Gpo| JTAG|= LPrC M LpSPr| = LPTMR| M LPUART| - Platform| - PowerAndGround | = RTC = swp| = TRGMUX

Sonat jsiensiin sl alaieaia] Slca St Name
4 cano
Recever lnput Nopin rauted it
Transmitter Output Nopin euted utpu
.o
Recever lnput Nopin rauted iput S
Transmitter Output Nopin reuted utput
.2
Recever lnput Nopin rauted iput
Transmitter Output No pin routed utput

D Console 52

(COT Build Console [$32K144_SDK Lab_ Clocks]
Finished building: ../Generated Code/clockiant.c

Finished building: ../Generated Code/pin_mux.c

An outine is not avalable.

Building target: S32(144_SDK_Lab_Clocks.elf
Executing target #16 532K144_SOK_Lab_Clocks.elf
Tnvoking: Standard S3205 C Linker
© -0 "532K144_SDK_Lab_Clocks.e1f" "§S32K144_SDK_Lab_Clocks.args"
arf

Finished building target: S32K144 SOK_Lab.Clocks.

16:01:09 Build Finished (took 85.73%ns)

4 pin_ mucPinsetings

Updates Availsble x

Updates are available for your software.
1| Clckto review and install updstes.

@ (| setvp emindercptions
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32 Design Studio — Application Debugging

* workspace5 - Debug - test/src/main.c - 532 Design Studio for ARM

File Edit Source Refactor Navigate Search Project Run PEMicro MQX Processor Expert FreeRTOS Window Help

AR Bixoossse.elbS S

4 Debug 2

~ & test_Debug [GDB PEMicro Interface Debugging]
v il testelf

~ o® Thread #1 <main> (Suspended : Breakpoint)
= main() at main.c:13 Ox45a

5 CANXP\S32DS_ARM_v2018.R1\eclipse\plugins\com.pemicro.debug.gdbjtag.pne_3.3.5.201801101746\

+ arm-none-eabi-gdb

s Semihosting Console

int counter = 9;

for(;;) {
jcounteriEE
if(counter > COUNTER_LIMIT) {
counter = 9;

H
}

A #if defined ( ohs )
<

B Console ® & Tasks 1 Problems

es B Debugge

i]

O Q-i®m P

%|H|» v =0

[@ mainc B

/* to avoid the warning message for GHS and IAR: statement is unreach:
v

[N =Nl

i viH v ooy

(=Variables ®s Breakpoints % Registers i3 =i

Name Value

~ 54 General Registers
W r0 1185
W 536838144
W2 536870912
W3 536870912
W 4 0
W5 0

>
=0 Disassembly i3
~ » 0000045a: movs r3, #0
0000045C: str r3, [r7, #4]

16 counter++;
0000045¢e : 1dr r3, [r7, #4]

00000456 adds r3, #1

00000462:  str r3, [r7, #4]

18 if(counter > COUNTER_LIMIT) {
00000464 : ldr r3, [r7, #4]

00000466 : cmp r3, #10e 5 9x64
00000468 : ble.n  @x4be <main+26>

19 counter = @;

0000046a: movs r3, #0

90046 : str r3, [r7, #4]

21
0000046e: b.n 0x45e <main+10>

>

test_Debug [GDB PEMicro Interface Debugging] C:\NXP\S32DS_ARM_v2018 R1\eclipse\plugins\com.pemicro.debug.gdbjtag.pne_3.3.5.201801101746\win32\pegdbserver_console
done .

o
-

A

x

e | | B8

“ EmbSys Registers 5
Project: [test] =>Arch: cortex-m4 Vendor: Freescale Chip: S32K144 Board: --- none --

Register Bin Reset Acc.
~ B TM3

> i SC 0x000000.. RW

> ol CNT 0x000000.. RW

~ i MOD 0x000000.. RW

1 MOD (pits 0-15) (RW)

> cosc 0x000000.. RW

> cov 0x000000.. RW

<

Enter locationhere || &1 & |SIB | et = =

c1v mO0NNnn  RW

HAE =0
Address  Descr ©
FlexTi

0x400260... Status
0x400260... Count
0x400260.. Modu

MOD

0x400260... Chanr

0x400260... Chanr

c1sC 0x000000.. RW  0x400260.. Chanr

vANMDRN  Chanr ¥
>

O E= Outline 2 ElRR e ¥ =0

~ o S32K144.h

. * Debug Configurations

Create, manage, and run configurations

CEX B3~

Name: ‘ test_Debug

|type filter text
[E] ¢/C++ Application
[&] C/C++ Remote Application
[c] GDB Hardware Debugging
~ [ GDB PEMicro Interface Debu
& MTRDEVKSPNK144 532D

CMD>PM

Programming.
Processing Object File Data ...

[£3 test_Debug
[& test_Debug_RAM
[ test_Release

Main

# Debuggeﬂ [ Startup} B Suurce] =] Qummun] &Eos Awareness]

Project:

[ test

| ‘ Browse...

Specify the number of additional object files you wish to program: ‘

0 | Generate Object File Fields |

C/C++ Application:

Debug/test.elf
[c] GDB SEGGER J-Link Debuggi | o/ |
= Launch Group | Variables... | ‘ Search Project... ‘ ‘ Browse... ‘
Build (if required) before launching
Build Configuration: | Debug v‘
(O Enable auto build () Disable auto build
(@) Use workspace settings Configure Workspace Settings...
£ >
Filter matched 10 of 13 items | Revet || Apply |
® | Debug | ‘ Close ‘
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NXP & 3" Party IDEs — Performance/Price Map

4
$10k

$5k

$500

Price

S32 Design Studio
(NXP)

Capability / Features
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RAppID Bootloader Utility

Provides a streamlined method for
programming code into FLASH or RAM on
either target EVBs or custom boards. Once
programming is complete, the application
code automatically starts.

- Modes of Operation

- Use as a stand-alone PC desktop GUI utility

- Integration with different user required tools chains
through a command line interface (i.e. Eclipse
Plug-in, MATLAB/Simulink, ...)

- MCUs Supported
- MPC55xx

MPC56xx

MPC57xx

S12ZVM

S32Kxxx,

KVxx

56F82xx/56F84xx.

RAppID BL Tool = *
File Help

Communication Setup-

Comm Mode: | Serial Port v Channel: COM16 Baud Rate: | 115200 W
MCU Setup: BAM Setup:
Flash S32K144.rbf Manually

BAM Status: | Enabled BAM Setup has no effect
MCU Part No: | S32K144 v

Password: (xFEEDFACECAFEBEEF HESNGT S i

[ ] Skip Reset Prompt

App Setup:

Application File: |C:\WORKSPACE_MATLAB\5744p_work\PIT_Test_mbd_rtw_OV\PIT_Test m| | Browse |

Start Address: [(x40002000 | Code Size Range: | (x45F4

[] Auto Read File

Operation Setup:
(O Read MCU Memory

Start Boot Loader

(® Erase and Program
[[] Enable Trace

(O Erase Flash Only

Status: [Serial Port COM16 (115200Baud)] [532K144.rbf]

"|EJ RappID BL Progres

[No rbl File Loaded]

Programming MCL APP 18%
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FreeMASTER — Run Time Debugging Tool

- User-friendly tool for real-time debug e
monitor and data visualization e e
: : o : : del/—y 4 A1
- Non-intrusive monitoring of variables on a running e S B AT
system %jggz / | = ; |
- Display multiple variables changing over time on ; ﬁ*‘ R
an oscilloscope-like display, or view the data in text e | [ el @ 0 wewis O @
form = = =
- Communicates with an on-target driver via USB,
CAN, UART

- Establish a Data Trace on Target
- Set up buffer (up to 64 KB), sampling rate and

trigger
- Near 10-ps resolution

>
L |
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FreeMASTER vs. IDE & Debugger

Write source code
Compile

Flash code to MCU
Debug code

Logging data to file

Graphs & Visualization
Control Panel
Tune parameters

Remote control

Plugins, custom communications, scripting
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FreeMASTER — Reference Designs and Demos

& Drone_BT_htm - FreeMASTER
Product | Introduction | Blockdiagram | Registers | MMasooo | 3biasSoo | Links [ File | Edit View Explorer Project Tools Help
Product Introductic Block di: Registe MM MMA68 Links B2t Tunga SV
| Frofuchy] tefroduenon b it ) sl e _ MMA5000 Accelerometer Measurements on MC33789 & e2u
Freescale KV5x drone dem
Sensor0 = N/A Sensort = N/A 4000 6000 4000 000
w0 6 w06
i i it i
it 101y i 10ty 4 10000 { 10000 PN
B oo B o 25’ d
s
0 N / 7
15 - 25 10
0 5.7 Q2.
Sensor2 = N/A Sensor3 = N/A
550 650 s 60
o AT o EEEE
AR AR sy
T //*/ \\\\\”“ u*/
[ [S)

4000 6000

4000 6000
rrosuct | mwotucion | piockaisgram | megiters | spaagooo | swuassoo | uims - / s o0 p o0
Internal Registers /
4 10000 4 10000 \
s o
AN ) 7 s
15 o
0 s

The table below specifies the internal 8b registers
= w0
/ ... &s

O
00

Select register: 33789 Status:

b7 b6 | b5 ba b3 b2 | bt  bo | bit
SOT DCOT | BOT IGN WU |WSi WSO WDR | name
value

oorihm block desrption

Rapid Sensors Evaluation Tool Drone Demo

[ FreeMASTER - FreeMASTER. [P
[THe R Do Gpiowr foied Tooks Bk
=T e N, [Farem =
el Podle Arelcation Hede = Start Switch - Engine Crank State:
0@, PoEien state
o )
g Throtse ] e
o o4 Jm
P T,
o e
o ‘\\\“\\\\u\\\\mm\.mmn - e
0 g i et f\mw
3 i plac /
w
=
Pus Brrors: Dirsct infection Eroms:
ks
ke
gt
[ e | yinar
I Cylinder
& Engine Speed [engine_s... =
I{ Start [engine_speed] e

Airbag Reference Design eTPU Engine Control .
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S32K Motor Control How To — Part 1 @




Agenda

- S32K Solutions

- S32K Motor Control Specific Modules
- Clock
-FTM/PWM
-PDB
-ADC

- FTM-PDB-ADC Synchronization

COMPANY PUBLIC | 39



S32K Solutions

Solution, Scalability, Portfolio
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S32K Product Family — S32K14x and S32K11x

Common Features,

SWaTool S32K144

S32K116 S32K118 S32K142 S32K146 S32K148

AEC-Q100

Cortex-M0+ @ 48MHz Cortex-M4F @ 112MHz

1MB Flash
128KB SRAM

up to 128 1/0s

128KB Flash 256KB Flash Security Module(CSEc) 256KB Flash 512KB Flash 2MB Flash

16KB SRAM 24KB SRAM ASIL-B compliant 32KB SRAM 64KB SRAM 256KB SRAM

up to 42 1/0s up to 58 1/0s Low Power up to 89 1/0s

2x FlexCAN 3x FlexCAN 3x FlexCAN
with 1x FD with 1x FD with 2x FD

LQFP-48 Dev LQFP-144

up to 156 1/Os

FlexIO

3x FlexCAN

1x FlexCAN with 1x FD with 3x FD

<
T
(@

JTAG

XyINCES

QFN-32 LQFP-64

S32K11x

FlexTimer LQFP-100 & LQFP-64 LQFP-176

LQFP-48

w
O
~

MAPBGA-100

Application SW
NFC, TSI etc

Autosar MCAL / OS

ENET
Quad SPI

S32 Design Studio ETM Trace

SAl
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S32K — Solutions for Automotive Edge Nodes

Cam 1 Cam 3 Sens1 Sens 3 Telematics Display Front — e p— Antenna
=== CAN (FD) Box
= LIN Cam 2 Cam 4 Sens 2 Sens 4 Display Rear Remote Tuner
FlexRay l r | I_
= Ethernet Surround View Radar Display Rear Audio S32K
Unit Amplifier 30
Infotainment
sackbone
Diagnosis
A o mEEmEm T mmm_m—m—m———
dashboard Powertrain/Chassis Gateway S32K L
| | R start/stop
rain light lighting N
| sensor switch
Mirror
Engine == (Adaptive) Cruise }?.,:2,2"5" Door control Door control S32K | Wiper Front power e frONt power ﬁiszfn
control control : front left front right W@ | Control module left module right "\ B0
I N .. X
Transmission == Headlight S‘?WZK [ | Door control - - Door control Seat ﬁﬁzﬂ .l energy 33{’,&
control -I- control NG | rear left rear right control N & manager 3
. ] ] ] ]
Stability — Anti-lock Seat S32K _| _ Ambient S32K T 1 CarAccess  _L_ HVAC ~ S32K
control brake heating D & lighting D & module rear N
: - - S32k _| | | |
Damplng %%’,gn Battery :.ngm‘zegmﬁn Steering sSensors — Par!( & G I I I = TPMS :ghﬁeg!gn
control NP management NP AT e assistance |} [\, &
o o heater heater flapper
— b steing  Ss2K | wac  S3zK - ; Lot 832K
module A x Ul x < fan fan ﬂa;per : module M x .
left right
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S32K144 — Block Diagram

High performance

ARM Cortex M4F up to 112MHz w FPU
eDMA from 57xxx family

Software Friendly Architecture

High RAM to Flash ratio

Independent CPU and peripheral clocking
48MHz 1% IRC — no PLL init required in LP
Registers maintained in all modes

Programmable triggers for ADC - no SW delay counters or

extra interrupts

Functional safety

1ISO26262 support for ASIL B or higher
Memory Protection Unit

ECC on Flash/Dataflash and RAM
Independent internal OSC for Watchdog
Diversity between ADC and ACMP
Diversity between SPI/SCI and FlexlO
Core self test libraries

Scalable LVD protection

CRC

Low power

Low leakage technology
Multiple VLP modes and IRC combos
Wake-up on analog thresholds

Security
CSEc (SHE-spec)

MCU Core
and Memories

Debug

ARM

5V Analogue

Cortex M4F > Components
112 MHz 16ch | w Digital

FPU, DSP, MPU, eDMA A ‘.J Components

&

4 KB I/D-Cache

Crossbar Switch with MPU

<>

SCG LVD

WDOG EWM

Peripheral
Bridge

RTC

Communications / /0 System

II O
o
(@]
Packages & 10

» Open-drain for 3.3 V and hi-drive pins
* Powered ESD protection
» Packages: 100 BGA, 64 LQFP, 100 LQFP

4x FlexTimer
8ch 16-Bit

3x Flex CAN
1 with FD

3x UART/LIN

Operating Characteristics
* Voltage range: 2.7V to 5.5V
» Temperature (ambient): -40°C to +125°C

COMPANY PUBLIC

Memories

- 512KB Flash memory
- 64kB SRAM

- 4kB EEPROM

Communication Interfaces
- 3x LPUART
- 1x LPSPI
- 1x LPI2C
- 3x FlexCAN
- 1x FlexIO
(configurable for UART, SPI, 12C & I12S)

Analog Peripherals
« 2x 12bit ADC w/ up to 16 channels
- 1x CMP w/ 8bit DAC

Timers Peripherals

+ 4x FTM with 8 channels

2x PDB with 2 channels

- Low Power Interrupt Timer (LPIT)
- Low Power Timer (LPTMR)

- Real Time Clock (RTC)
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S32K — Solution for Industrial

S32K MCUs deliver quality, reliability and safety for challenging environments found in industrial, automation,
communications, transportation, medical and A&D applications.

Signaling System Fire Alarm Construction/Harvesting machine engine
Oil Rig Sensor management and motor control
Air Conditioning Gate Closing

System_ .

Fluid Pump
Robot Arm movement
Circular Pump for Heating and

Cooling Water Circuit

Machinery Positioning

Alternator,
Generator

Medical Pump

High Pressure
Pump

Lighting

Solar Inverter
Central Locking System  Control Elevator Avionics

COMPANY PUBLIC | 44 x



S32K — Performance

106.3 86.26

€200z0 DIAB
64MHz

CoreMark
366.6
207.21
162.8
92.41
e200z0 GHS Cortex-M4F IAR
64MHz 112MHz

m Optimized for speed

m Optimized for size

S32K144

111.5

l 61.05

Cortex-M0+ IAR
48MHz

CoreMark/MHz

2.54
1.66
I 1.35 1.44

€200z0 DIAB €200z0 GHS
64MHz 64MHz

m Optimized for speed

3.27

Cortex-M4F IAR
112MHz

m Optimized for size
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2.32

Cortex-M0+ IAR
48MHz




S32K — Low Power Performance

S32K116/MO 25 (typ)
S32K118/MO 25 (typ) 26 1.9 7 tbd
S32K142/M4 25 (typ) 29 1.9 10 thd
25 (typ) 29.8 1.25 7 39.6
S32K144/M4 105 (typ) 256.3 1.48 7.8 40.5
125 (max) 1492 2.71 12.2 46
S32K146/M4 25 (typ) 40 5 15 tbd
S32K148/M4 25 (typ) 40 5 15 thd
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S32K — ASIL-B Functional Safety

Safety Hardware
- Power supplies
- Clocks generation

- Core platform (core, DMA, cache ...

- Busses - XBAR

- Memories — NVM, SRAM
Safety Process

- ISO 26262 development process
Safety Support

- FMEDA

- Safety manual

- Technical support

Safety Software

- S32K core self-test SW,

o, SAFE
%* ASSURE Core Self Test

by Freescale

MCU Core
Debug

ARM ‘ 5V Analogue

Clock Cortex M4F >0 Components

o 112 MHz 16ch | & W - Digital

Monrtonn FPU, DSP, MPU, eDMA | & V) Components
4 KB IID-Cache > BN

Crossbar Switch with MPU
Power 3
. . SCG LVD | RAM Flash EEPROM
(0]
o 64KB 512K 4KB
\ﬂ/atchdog =

Communications / 1/0

SystemZ

I I y :
O
X
O

ECC on SRAM  Cyclic Redundancy
& Flash Check

4x FlexTimer
8ch 1¢-Bit
1 with FD

3x Flex C
3x SPI
3x UART/LIN
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S32K Functional Safety SW

- Cortex-M Core Self-Test Library: Structural Core Self-Test Library (SCST) is a safety measure
against permanent faults in the cores

- Developed for detecting hardware permanent faults in a core by means of executing machine op-
codes with fixed set of operands and comparing their execution results

- This library is considered as Safety Element out of Context and was developed according to
ASIL B

- SCST library provides tests to achieve the claimed diagnostic coverage (analytically estimated)
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S32K Motor Control Specific @
Modules @

FTM, PDB, ADC, GPIO
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Motor Control Drive Concept

l-Electric Drive

| |

| = |

| Electric energy n= — [%]

: P, :

|

: Control P.. = Ul |

Request | commands :
command | '
MCU Power :

I Inverter :

: .

|

| T T Feedback signals Pout = To |

: .

|

Mechanical energy
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Motor Control Loop Implementation — Generic
Electric energy

Voltage Synchronization
generator unit

Control
commands

; Power
Inverter

P, = Ul

in

(= To

ou

<€

Feedback signals
<€

Mechanical energy

Measure analog quantities Measure digital quantities
(e.g. current, voltage, resolver...) (e.g. encoder, PWM signals..)
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Motor Control Loop Implementation on S32K
Electric energy

Voltage Synchronization
generator unit

Control
commands

E Power
Inverter

P, = Ul

in

(= To

ou

<€

Feedback signals
<€

Mechanical energy

Measure analog quantities Measure digital quantities
(e.g. current, voltage, resolver...) (e.g. encoder, PWM signals..)
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S32K144 Motor Control Specific Modules

CMP

In MC as a fault
protection unit
Up to 8 channels
some shared with
ADC channels
8bit internal DAC

FTMO0/1/2/3

Various PWM
modes

Sync of double
buffered registers
Double buffered
registers with
various sync
schemes

Fault control

SW Control &
Masking

Triggers generator
for PDB or directly
for ADC

ENC/ HALL

PWM'’s

ADC Inputs
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CMP Inputs

TRGMUX
- Each peripheral has 32-bit

trigger control register

- Each control register

support up to 4 triggers

- Each trigger can be selected

from up to 64 inputs.

PDBO0/1

16bit delay and triggering
unit for ADC

Two channels and each
channel has 8 pre-
triggers

Back-to-back operation
DMA support

ADCO/1

12bit resolution

Up to 16 channels some
of them interleaved &
shared with analog CMP

HW average function




320MH  160MHz

S32K144 Clocking Diagram

System Phase Locked Loo sca N\, ? ﬁ:f?W i
- Voltage Controlled Oscillator L PLC w ﬁ‘ﬁn.mng Ssck | 80MHz
I ST ey SPLL_CLK [N
Fast Internal Reference Clock (= J 8us ok A0MHz S32K system
- internally generated (48- o N RUN mode @ 80MHz
| IRC Bveion| FLASH_CLK 26.67MHz
joy:kw:;:;; SCG_xCCR[DIVSLOW]
Slow Internal Reference Clock {Loss oflock SCG SLOW CiK
0 f&‘slam 0SC SCG_SPLLDIV[SPLLDIV1]
internally generated (8 or 2MHz) ko L G o 80MHz
[§ is Mol , D SPLLDV2 CLK
. SIRC s modue cack} SCG_SPLLDIV[SPLLDIVE] 40MHz
Sstem Oscillator Clock - SCG_FIF!CT’IEIHCDNII
External crystal/ resonator ARCCIK o fows FIRCDIV1_CLK
E{E FIRGDIV2_CLK S32K Peripherals
SCG_FIRCDIVIFIRCDIVZ]
L P O ” t SCG_SIRCDIV[SIRCDIV1] >- FTM’ PDB’ ADC
_ LOn O (I el el SIRC_CLK = oo o LPUART, LPSPI, LPIT
internally generated ( typ. 8kHz) = <RCON2 Ok
B ] SCG_SIRCDIV[SIRCDNVZ]
EXTAL 0\ | o%¢ 8Mhz T e 8MHz
External N T} T el
Oscillator = L"% ou)
Circuit LEPNPNP - XTALXTAL ECG_SO:C?CLS::;DMI - 4SM|I_-E|:ﬁPCTLICLKOUTDM
RF T System Clock Generator Module (SSG)e_cixoutcnraicLkouTseL ﬁ CLKOUT
BS A PMC [[POTZ8E_CLK -
8Mh PO LPO32K_CLK “"’"‘L‘;ﬂ%u
= '—‘ = PSS
‘_12|D 2 ° o HIC CLK [ SIM_CHIPCTL[CLKOUTSEL]
- _ RTC ATC CLKIN | N LPO128K_CLK
CRYSTAL X —
Cx —— Cy SIM_LPOCLKS[ATCCLKSEL] LPOazk_cLK " L4 »LPO_CLK
o o L= [FOIR CLK
_?_ ? SIM_LPOCLKS[LPOCLKSEL]
RTC
1 kHz Clock RATC_CLKOUT
RTC_CLK
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S32K144 Clock Source of FlexTimer

+ Clock selection in Peripheral
Clock Controller (PCC) —

PCC FTMn register PCC module FTMn module
— g 80MHz |
- FTM module needs two 80MHz SYS.CLK b Clock gate enatlo | {fﬁ@mﬁﬁfj;a — ulj Registers
clock sources:
SIM_FTMOPTO[FTMACLKSEL] PCC_FLEXTMRR[CGC]
— Module clock {wheare 1 = clock enabled)
— Clock for FTM counter TCLKD p———>{o0
TCLK1 E—-m PCC_FLEXTMRR[PCS] FTMn SCICLKS
. Source clock for FTM TCLK2 )——{10 n_SCICLKS]
1

counter: e

. | clock SOSCDIVi_CLK
~ External clock source SIRCDIVi_CLK 80MHz
— Divided OSC FIRCDIV1_CLK _ FTM CLK Counter

"Fixed frquancy clock™

- Divided FIRC (48MHz- Heserved CLK32K [as in FTM chapter)

60MHz) Reserved EE”‘_EFE?F' r:'ﬂ':h*: —

as in chapier)
_ Divided SIRC (8 or 2Mhz) SPLLDIVI_CLK
L. Reserved

_ Divided PLL Soa FOC chapior

- System clock (80MHz) to
get the maximum PWM
resolution
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S32K144 FlexTimer Features

4 x FTM, with 8 channels (inputs/outputs)

FTM source clock is selectable with prescaler divide-by 1, 2, 4, 8, 16, 32, 64, or 128

FTM has a 16-bit counter

The counting can be up or up-down

Each channel can be configured for input capture, output compare, or PWM generation

New combined mode to generate a PWM signal (with independent control of both edges of PWM signal)
Complementary outputs, include the deadtime insertion

Software control masking of PWM outputs

Up to 4 fault inputs for global fault control

The polarity of each channel is configurable

The generation of an interrupt per channel input capture/compare, counter overflow, at fault condition
Synchronized loading of write buffered FTM registers

Write protection for critical registers

Dual edge capture for pulse and period width measurement
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S32K144 FlexTimer — Input Capture Mode

FTM2
Single or Dual Edge Capture mode for pulse or FTv2_CH -

period width measurement

Ch

Configurable capture events on rising, falling or both FTM2_CHO » XOR !
edges

] FTMA1
Input filter for some channel inputs —— SIN_FTMOP 1[FTMBCHISEL] cho
When selected edge occurs, current FTM counter o
value is captured into the CnV register and interrupt
is generated, if enabled HALL A signal —> FTM2_CH/1
HALL sensor support for position detection and
speed calculation of an electric motor
FTM2_CH1 can be configures as normal input or the HALL B signal —> FTM2_CH0
XOR of FTM2_CHO, FTM2_CH1 and FTM1_CH1
that will be applied to FTM2_CH1
Rotor speed is calculated based on the captured HALL C signal —> FTM1CH1
time every rising/falling edge

_ 360° T
©mech = 4room XOR —> FTM2CH1 =
Rotor position is determined according to the HALL
logic captured by GPIO input
0 60 120 180 240 300 360

Rotor Electrical Position (Degrees)
COMPANY PUBLIC | 57



S32K144 FlexTimer — Quadrature Decoder Mode

Dedicated feature to process Phase A and Phase B signals generated by rotary or linear sensors to determine
rotor/slider position and speed

Phase A and Phase B input signals control FTM counter increment and decrement
Phase A and Phase B input signals can be additionally filtered
Two sub-modes available in quadrature mode:

- Count and Direction Encoding mode
- Phase A and Phase B Encoding mode

1024 pulses rotary encoder sensor MOD value is set to 4x1024=4096 and CNTIN is setto 0

meser | [ L L L L L L L L L
mases || L) L L L L LJ L L

eroman i coUNteT —— AN XA DDH DO DN D@D

FTM counter‘

MOD M
CNTIN
0x0000 -
Time 58




PWM Modes

- Up counting mode

For Edge-Align PWM

ELSnB:ELSNA bits define pulse polarity
— PWM period = MOD - CNTIN

Duty cycle = CnV — CNTIN

+ Up-down counting mode
- For Center-Align PWM
- ELSnB:ELSNA bits define pulse polarity
- PWM period = 2x (MOD-CNTIN)

Duty cycle = 2x (CnV — CNTIN)

+ In up counting mode even (n) and odd
channels (n+1) can work as a pair in combine
mode & complementary mode

Up counting mode - Edge-Aligned PWM
ELSnB:ELSnA =1:0

C(n'\f?)\[; e V /V 7
CNTIN /

counter overflow counter overflow counter overflow

—»l«——— period ———»{= ‘:':.'

Y Y

channel (n) output ___|
k

1|. A A

channel (n) maich channel (n) match channel (n) match

Up-down counting mode - Center-Aligned PWM
ELSnB:ELSnA =1:0

MOD
C(n+1)V
CNTIN
counter overflow channel {(n) match channel (n) match counter overflow
FTM counter = (FTM counting (FTM counting FTM counter =
MOoD is down) is up) MOoD

l

channel (n) n:Jut|:rutl'r | |

|"_ pulse width _"'|

2 x (CnV - CNTIN)

[ period
2% (MOD - CNTINCNTIN)

_‘1!’



PWM Modes (Cont'd)

- In Combine mode two FTM Edge-aligned PWM Center-aligned PWM
channels are combined together MOD — MOD —*
to define one PWM signal / /
— An even channel (n) defines Cn+1)V — C(n+1)V— "
rising edge of PWM signal AV = -C(n+1)V—>
- An adjacent odd channel CNTIN = CnV —» B /
(n+1) defines falling edge of CNTIN = -MOD=>
PWM signal channel (n J channel (n)
— PWM period = MOD - CNTIN & (n+1) °Utputs & (n+1) outputs
~ Duty cycle = C(n+1)V - C(n)V Complementary mode of Edge-aligned PWM Complementary mode of Center-aligned PWM
MOD —* MOD —*
- Complementary mode / iy /
— Channel (n+1) output is the Cn+1)v — (n+1)
inverse of the channel (n) CnV =-C(n+1)v —
/ CNTIN =-MOD —> /

CNTIN=CnV —
- Deadtime insertion

— Clock source for deadtime channel (n) output

delay is the FTM input clock ﬁ‘ —
divided by deadtime prescaler ~ ¢1@nnel (n+1) outout — :l—\—channel (n+1) output

value DTPS (1, 4, 16) Deatime Deatime

channel (n) output

COMPANY PUBLIC | 60 4



Advanced Peripherals Reduce Motor/Generator Size

High Resolution PWM (Pulse Width Modulator) Peripheral is key to design powerful electric motors at reduced cost:

- Motor/Generator to be small and powerful (not to carry unnecessary mass/space).
shall be designed to work at high electric frequency (~1 kHz — high number of poles).

- Generation of high electric frequency 3-phase system requires high resolution PWM, both in time and amplitude
FTM ~ 12bit resolution at 80MHz input clock frequency

Air gap size x Sum of windings wire’s cross section

~ 1
P ) ; @ | Bé‘ . . GCM
Sine-wave generation / \

;

Low-resolution PWM High-resolution PWM
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S32K144 FlexTimer — PWM Synchronization

PWM synchronization provides an
opportunity to force FTM counter to the
CNTIN value and opportunity to update
MOD, CNTIN, CnV, OUTMASK,
INVCTRL, SWOCTRL registers with
their buffered value

The commutation event timing depends
on the rotor position and it is
asynchronous to PWM (may occur
anytime during the PWM cycle)

FTM3 can be synchronized by FTMO init
trigger

trigger dissabled
trigger input 1_|

hw_trig  init_trig

P hw_trig  init_trig

FTMO FTM3

v

ext_trig

[SELO] - . ext_trig

trigger d\ssabﬂ
trigger input 1__|

trigger input 63|

[SEL3]

channel (n+1) match .....__~_| ___.

FTM counter

channel (n) match  ----------r-—- -

channel (n) output
(after deadtime

insertion)

channel (n+1) output _l
(after deadtime

1ol

insertion)

FTMO counter

T

Synchronization event : FTMO counter is restarted and SWOCTRL &
OUTMASK registers are updatetd

FTMO_CHO output

N

Initialization trigger: {
FTMO_CNT = FTMO_CNTIN FTMO COV match
PWM synchronization B
(commutation)
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S32K144 FlexTimer — Fault Control

- To protect system in critical moments:

over-current, under-voltage, over-temperature...

- 4 fault inputs OR-ed into single fault signal
- Fault signal disables all PWM outputs

- The polarity of a fault signal is user configurable

- All fault inputs have configurable dig. input filter

- Automatic or Manual fault clearing:
- AFC — at new PWM cycle

- MFC — at new PWM cycle, FAULTF has to be cleared

fault input O value —p
fault input 1 value —p
fault input 2 value —p»
fault input 3 value —p

FAULTFO
FAULTF1

FAULTF2
FAULTF3

FAULTIE ::l ) fault interrupt N
: »| FAULTF

synchronizer

fault input n*

system clock

(FFVAL[3:0] #0000)
and (FFLTRnEN* = 1)

v

» fault input n* value

*wheren=3,2,1,0

»D QH»D Q fault input
polarity rising edge
Fault filter control detector —®»[FAULTFn
»D CLK l-; CLK 1_t(S-bit counter) [® r
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S32K144 Analog Comparator (CMP)

. r-—--———>——">"~—>——>~>">~>~>>"~> "> > > 77— — "
CMP output can be used as a fault input L :
signal of FTM module | Vi |Vinz |
. |
Up to 8 independently selectable : N |
channels for positive and negative | 3 :
comparator inputs | [ 2 |
5| [
. 1
Some channels are shared with ADC | | j BAC oufp | TREMUX
. . |
input pin ! —pf
Putpins l P o | M
Internal 8-bit DAC with range of reference | - | Dyl
voltage: | | o » FTM3_FLTOSEL
I = FTM3_FLT1SEL
- 3.9mVfrom 0 to 1V or et — LS SE | [SEL1] FTM3_FLT2SEL
- 19mV over full 5V range el Iﬂéﬁg CcMP | ‘ ‘ hw_trig  init_trig
] . rence |hpull3 - = I FTM FLTO P faulto
Configurable hysteresis Control rance :‘F‘gig —% % | |wg | ETM ELT1 Sfault! FTM3
rence Input 6 = Sampl ingut o
: e FTM_FLT2 e faut2
CMP output : ronce uly e J _ ml—: VLTS (e

- Sampled

|
|
- Digitally filtered :
- Windowed (via PDB or LPIT) |
|
|
|
|

i cmp and filter
s control
= -l INN
zZ

CMP
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S32K144 Clock Source for ADC

Clock selection in Peripheral Clock
Controller (PCC) — PCC_ADCn

: PCC_ADC ADCn
register ! 40MHz

BUS_CLK | - | Module Clock
40MHz | Clock gate enable 4 - Registers

ADC module needs two clock

|
sources. PCC_ADCn[CGC]
(whera 1 = clock anablad)

— Module clock

ADC_CFG1[ADICLK]

— Asynchronous clock 40MHz ..

SOSCDIVZ_CLK ALTCLEY
Asynchronous clock sources: SIRCONZ. GLK arce || | aocx
- Divided SOSC (SOSCDIV2_CLK) FIRCDIV2 CLK - ALTELK Divide [~

Reserved

ALTCLK4 |
x ADC_CFG1[ADIV]

— Divided FIRC (48MHz-60MHz) ——
— Divided SIRC (SIRCDIV2_CLK) 40MHz  spyipiv2 cik

— Divided SPLL (SPLLDIV2_CLK = Reserved

40MHz) for datas
PCC_ADCH[PCS]

For short sample and maximum
frequency 40 MHz T, = 1.25us
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S32K144 ADC Block Diagram

Up to 16 single-ended external analog inputs some of them can
be hardware interleaved:

- ADCO_SE4 and ADC1_SE14
-~ ADCO_SES5 and ADC1_SE15
-~ ADC1_SE8 and ADCO_SE8
-~ ADC1_SE9 and ADCO_SE9

Input clock selectable from up to four sources (fapc x = 50 MHz)
Self-Calibration mode

Single or continuous conversion

Hardware average function

Automatic compare with interrupt for less-than, greater-than or
equal-to, within range, or out-of-range, programmable value

Programmable sample time and conversion speed/power (For
short sample and 56 MHz frequency T, = 0.89us)

DMA support

ADHWTSA —scm
L] -
Convarsion
O B .
control DTRG
ADHWT———W» 4ﬂ|
Compare rus (F—n | Control Registers (SC2, CFG1, CFG2)
Fy o
= AE;
o = o @
A == fy sy sz =
] = = 2| £ & =] —
= e I =
S g = =
r r_w r 5 b ~1
Interrupt 1—4 - ALTCLK1
MCU STOP » Control sequencer ol ;Edd; [————————— ALTCLK2Z2
¥ - AITCLKZ
\ HBREBE E| - [————— ALTCLK4
S| El | Bl &
el Bl B, EL °
b S 4 Yy r v
ADO O—s— ADVIN PPN
- GLPx
ADT O—— SAR converter % 1P
FORCE »
SENSE »
BNGP
VAEFH * 1‘
VREFL oS .
AD12 | | Offsat subtractor |1—| ADCOF3 |4— Caltraton
TEMPSENSE / AL t
3 R
I
[T
w
w
- Farmatting " MODE CFG1,2
- 4{_&\' ’
W o "
1 x = ]
VMmO
_ Transfer -
- t = ]
h 4 P ACFE
V RE Compare - ACTGT ACHEN | SC2
logic —  Compars true » @
CV HE
CW1:CV2
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S32K144 ADC Triggering by PDB

TRGMUX
PDBO
ADC can be triggered by SW or HW —]
- — — 1
Several hardware trigger sources: LPIT, CMP... routed through TRGMUX et 28 > PDBO —> ADCO
FTM3
One ADC and one PDB work as one pair : PDB0-ADCO0, PDB1-ADC1 ot )
PDBO pre-triggers will connect directly to ADCO ADHWTS ports to control the RO T Remux
PDB1 | . — — o
channels 1o e -
The ADCO coco signals are directly feedbacked to PDBO to deactivate the PDB ] ' :_p, PDB1 —p ADC1| |
lock state '
—{63 |
| ! | N o, o e e o /
M [SELO] /_
' E l s T TEEEEEEEEES ~ N
: ! I ’
PWM,__ | | / v
" i chi_iri
FTM_ini'l_'lrig!_] ﬂ : ! cmﬂ: - [ :
PDB_trig_| mﬂ H E I ' ::__::;:; fesutt! E |
' . gt - - Z
PDB_ch0_pre tngulJ—] ._|_| : | eho_preirigd _ R :
: | : : _ chill_prelrigd resulle
PDB._ch0_pre_trig1 . | H — H [ ' Jsh0_preiripS _Namii I
tp R - i i ADC channel selection I Jeno_pretrigh N romull [
PDB_ch0_pre_ig2., g4 ﬂ - |_| | ' Jeh0_proing? __[resull? |
o 4 B : |
PDB_ch0_pre lnga ) ﬂ o i : h : \ coco /'
! 1 L3 I : : ! \
PDB_ch0 tng_out,_ﬂ_‘ﬂ_rrL '_J' 'I | 'I | ! | ! ADC trigger N e e e e e ——— - e
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S32K144 ADC Triggering by PDB (Back-to-back)

In back-to-back operation is enabled by CHnC1[BB[m]] bit

and each m pre-trigger delay is ignored
PDB acknowledgment = COCOQOI[n]

All acknowledgments are implemented in each PDB module FTM_init_trig

as aring
x‘f PDBOCH O
\pre tnggarﬂ \
F’DEIEI CH CIH\\ /KPDEFCI CHO K\
\flle -trigger '.-'}/a pre-mggar'l // “‘t
/f PDBO CH nx“‘\ 7 PDBOCHOD ™
-\\-r:a trigger E/ \ra trigger 2/
_— T
k /PDEﬁCHn\ KPDBDCHD“\ S
\Hpra trigger 5 /,f \&pra tnggerﬂ ,/
K /" PDBO CH u\ _,/'
R prﬂ trlgger 4}_/

Back-to-Back Operation

PDB_input_trig

Pre_trig0_dela

PDB _chO _pre trig0 <+

ADC_ADHWTSO

ADC_COCO[0]

ADC conversion delay
—>

PDB_chO_pre_trig1

) Acknowledgement for PDB

ADC_ADHWTS1

ADC_COCO[1]

ADC conversion delay
—>

\ Acknowledgement for PDB

J
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S32K144 PDB Benefits

- ADC Sampling helps to filtering the measured current — anti-aliasing

- Noise free ADC sampling when the power switch is not acting

PWM Period

A
\4

Sampled and
Average Currents

Phase Current

PWM top A |
/

7
PWM Bottom ,|
A/D _ﬁ / _
Control action — v v s v | >

calculation
New PWM Parameters Calculation with Half-cycle Reload
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I EEEEEE——————.

Practical FOC Implementation with @
NXP S32K Evaluation Boards

FTM-PDB-ADC Synchronization




PMSM FOC Block Diagram

FreeMASTER

MotorGD DevKit

3-phase Inverter

S32K144 Development Board
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Ak e
MISO/MOSI/SCLK/CS > K K ils
» MC43GD3000 3 :]_ ]I jI
> re-driver ST SiT=e WL
> b — 51 IS N
EN RST
Vic | Ioc la Iy
ADC SPI GPIO A R R
! PDB0 — ADC 0
Initialization B PDB 1 |—=== ADC 1
GPIO commands 4 owm l
Triggers
, ~ ON Current calculation
1 1 FTM3 ~ |orr & Protection
UART t y
' . Speed Desired FOC _ Currents Measured LED
Desired Controller Torque Flux and Torque Control | GPIO g
CAN Speed
1 Position
1 Motor
Actual Speed ) Rotor Position ) 1 Hall
OpenSDA Lol Measurement ) FlexTIMER )



S32K144 Modules Involvement in P

A_top

FTM3_CHO A_bot

B top |
FTM3_CH1

PDBO PDBO0 counter—]
PDB1 counter —
PDB1

Phase current A

sampling --t

Upceus sampling

ADCO conversions

Phase current B

sampling
ADC1 Temp sampling

ADC1 conversions

B_bot
FTM3 _inittri r'—()l_
- e PDBO,Pre“",‘gBofpre

Read measured | p; ,5cpB:
U pegus @nd | pegys from ADCO/1

Calculate | ppasec

Calculate/Measure actual position
Forward Clarke Transformation
3-phase stationary to 2-phase stationary

Forward Park Transformation
2-phase stationary to rotational frame

Control d- and g- current component

d- and g- Pl Control

Reverse Park Transformation

ofldcBra Rirpidriivitajotoan ffrathe

Space Vector Modulation on U a,3

Update duty cycle

ISR
routine

.g . inteyrupt

- FOC calculations BRTe el [T T[]

_/
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MTRDEVKSPNK144 — Motor Control Development Kit

LINIX Motor 45Z2\WN24-40 — Data Sheet

Type No.ofm No.ofp  Rated voltage Ratedcurrent Ratedtorque  Rated power Rated speed
e A HRE MERE RE R fERE e E BUERE

vVDC A g.cm w r/min
45Z\WN24-10 3 4 24 0.8 360 10 2600
45Z\WN24-13 3 4 24 1.4 800 13 1600
45Z\WN24-15 3 4 24 1.4 700 15 2100
45Z\WN24-25 3 4 24 1.8 820 25 3000
45Z\WN24-30 3 4 24 2 900 30 3200
45ZWN24-40 3 4 24 2.3 990 40 4000
% o L3 s 9.0 930 g g,ﬂ_)

Control Tower: DEVKIT MOTORGD on top of
S32K144EVB

*All the parts can be bought and assembled separately
*Workshop is designed to be generic and valid for any
other combination of S32K14x MCU and power inverter
and 3 phase motors
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S32K144EVB — Components Used During Workshop

SPI Signals for
pre-driver
configuration PWM Signals

RESET

OpenSDA Interface
- Debug interface

- ELF loader

- Communication

GPIO — digital speed
command
-  SW1 to accelerate

-  SW2 to decelerate

TOUCH ELES

Jl— lk ees LEDs to signal
—— various states

- e 1 L7
18

CAN
Optional for data
visualization via

FreeMASTER System Motor Position S32K144 SoC for
Measurements Sensor Signals controlling the system
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DEVKIT MOTORGD - Components Used During Workshop

SPI Signals for PWM and Inverter
pre-driver configuration enable signals

3-phase invertor with
BUK7K52-60E

D Pre-driver
Vo o MC34GD3000
Motor phases A,B,C :
> 3%
¥ Rt Motor
-l Position
- '
ewe Sensors
111
Power Supply 10-18Vdc
HALL Signals
3-phase current System PMSM configuration
shunts measurements position 1-2
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S32K Motor Control How To — Part 2 @




A
Agenda

- S32K Solutions

- S32K Motor Control Specific Modules
-PMSM FOC
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PMSM — Construction Aspects

Stator parts:
—e windings/coils form a 3 phase Y/A
system energized with AC power

. | ‘ —t-e pole shoe provides a low reluctance
North Pole 1y : Z ¥y path for the magnetic flux

frame/yoke forms a protective
~eovering and support

Rotor parts:

permanent magnets mounted on
the surface (SPM) or interior (IPM)
produces a constant magnetic flux

shaft that transmits the mechanical
torque

COMPANY PUBLIC | 78



PMSM — Cylindrical vs. Salient Pole Rotor Types

D-axis a.k.a.
Flux Axis

D-axis a.k.a.
Flux Axis

Q-axis a.k.a.
Torque Axis

Q-axis a.k.a.

Cylindrical Salient pole
rotor with 4 rotor with 2
pole pairs pole pairs
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BLDC vs. PMSM

BLDC motor

3-phase machine with PM on the rotor

Rotor position sensing required for rotor flux position
High torque per frame size

Synchronous operation

Trapezoidal Back-EMF
Six-step commutation control
High torque ripple

y oy = - o
" - ) s
¥ e /9
o~ Nilley ~
| 4 )| ¥
| . L
- i
il i
| bl g A
4
i =
B

H H W

PMSM motor

3-phase machine with PM on the rotor

Rotor position sensing required for rotor flux position
High torque per frame size

Synchronous operation

Sinusoidal Back-EMF
Field-oriented control
Low torque ripple
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versus

BLDC PMSM
HIGHER Level of torque ripple LOWER
[ HIGHER Vibration and noise as a consequence of the torque ripple LOWER ]
LOWER Electromagnetic compatibility (EMC) HIGHER
LOWER Control structure complexity level HIGHER
SHORTER Execution time of the control approach LONGER
SIMPLE Sensorless control MORE COMPLEX
HIGHER Heating LOWER
LOWER Price HIGHER
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PMSM — How is Torque Produced

- Attraction between stator and rotor magnetic poles cause the motor to spin
- Opposite polarity between rotor and stator facing poles create a strong magnetic field

- The mutual attraction between rotor and stator poles, locks the rotor in synchronism with rotating
stator magnetic field

- Under no-load condition the rotor and stator pole axes are identical, while under load the axes of
rotor poles will lag behind the stator pole axes but still turns at synchronous speeds

axis ol N pole axis ol S pole axis ol N pole ! +  axis al Spale
of rotor —w=-— of stator of rotor Lo = of stator

Torque under no-load Torque under load
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PMSM — Magnetic Field Produced By Stator Windings

Magnetic field B around a Magnetic field produced by a coil/winding
conductor, produced by current |

Source: physics.stackexchange.com Source: http://www.funscience.in
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PMSM — How Stator Rotating Magnetic Field is Produced

and 3-phase AC balanced currents (a positive current is considered the one that enters the motor coil)

360°

)
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PMSM - Field Oriented Control (FOC)

Magnetic Axis
of Phase C

Q-axis KIS

(torque)

D-axis
(rotor flux)

\ 0

e

The QUINTESSENCE of FOC

\

1

\

\

l - -
is to align the stator current Y Magnetic Axis of

Phase A

vector I with rotor Q-axis

The KEY ASPECT of FOC
is know the position/angle 0,
of the rotor Flux axis relative to a
stator reference point
(usually phase A magnetic axis)

Magnetic Axis
of Phase B
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PMSM — Why Should We Use FOC?

- For a PMSM motor the 3 sinusoidal phase currents i, i, and i, have to be controlled to create a
stator flux vector which is perpendicular to the rotor flux vector. (we will see later why 90 deg)

- Controllig the three sinusoidal currents independantly would be a very complex mathematical
task since you have to track and regulate a sinusoidal reference.

- FOC simplifies the math by transforming the 3 phase stationary system (abc) to a (dq)
rotating synchronous with the rotor system.

- FOC decomposes the stator currents into two main components that can be controlled
separately:

- magnetic field-generation (D-axis)
. torque generation (Q-axis)
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PMSM — FOC Transformations from Stationary to Rotating

Frame

Ly 1o, 1 o g lg» 1q/ Ug, Uy Ua U U,, U, U,
—-— - -, ST
/\ ,,/ \>< \\\ \‘ I' If‘
\ / / AN N \ / ! \
7 A Y ‘\ 7 1 7 7 v
\\><// / \>< / AN LR VA
e \\_/ \~ _,\_X\'ﬂ~'0’ 3
Clarke Park | Inv. Park Inv. Clarke
ly — o
3-Phase Stationary Rotating Space Vector |
to 2-Phase to Rotating to Stationary | Modulation |
Current phC I U Voltage phC
. 1 ly U, 1 B
Angle 6,
T ]
3-Phase : 2-Phase ! 3-Phase
System ! System ! System
AC CURRENT AC VOLTAGE

Feedback Quantities

DC quantities

Command Quantities

Stationary Reference Frame

Rotating Reference Frame

Stationary Reference Frame
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FOC - 3 Phase (ABC) PMSM Model

Assumptions: sinusoidal 3-phase distributed winding and neglecting effect of magnetic saturation and

leakage inductances L | Time variation — how to get rid of it I

¢
Stator voltage eqyétions

A
_R Clarke Transformation
B 3 phase -> 2 phase

Stator linkage flux
cos(6,)

e

l//A Laa Lab Lac iA 2
Ve |=|Le Ly Ly || i |t Wpu 008(96—572')

l//C Lca ch Lcc lC 2
cos(@e + —7[)
3
Internal motor torque - -
P
I=—-= &(uiAiA +Uplg +”icic)
W, .
Remember this one. B . . 5 o s
We will refer to it a bit later T=p,(=¥pisin@, )=V, i,sin0,—5m)-¥,,i.sin(0,+57)

) ¢
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FOC — 2 Phase (o) PMSM Model

Motor equations are getting simpler but still contains time variations (AC — component)

Stator voltage equations

=R i Park Transformation
dt AC ->DC

Stator linkage flux
Y, Ly 01, cosd,
o — A lPPM o -
¥, 0 Lg| | =0 | sin @,

Internal motor torque

3p : : 3 : :
I; = 5 a)p (01, +Ugis) = Epp (Wi =¥ pi,)

e
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FOC - (dq) Synchronous Frame PMSM Model

PMSM model in (dq) synchronous frame aligned with the rotor
All equations can now be resolved by simple linear algebra
Stator voltage equations

u, Iy s Q, |V,
=R | . |+
|:uq :| |:lq :| |:_ @, S :||:Wq :|
Stator linkage flux

v oL

Internal motor torque

3p : 3 : N3 :
T, zzj(uidld +uiqlq) :Epp(leq _qud) :Epp .SUPMZ‘I

) ¢
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FOC — Transformations in Nutshell

(abc) stationary reference frame (ap) stationary reference frame (dq) rotating reference frame
3 AC quantities (voltage/current/flux) 3 AC quantities (voltage/current/flux) 3 DC quantities (voltage/current/flux)
3 differential equations coupled 2 differential g juations coupled 2 linear equations cross-coupled

Clarke
simplify eq.
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PMSM — Why 90deg Between |, and Rotor Flux Vectors?

1. Maximum Torque per Amps criteria
\ 4 T,=p,(=Vpyi singd,) =¥, i,sin(@, —3m) -V, i.sin(0, + %)

¥

T, =K(?,, ®L)

Maximum Torque is at +/- 90 degrees

2. Maximize the usage of PM flux: the I  projection on rotor
flux axis shall be 0 in case field weakening is not needed

) ¢
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PMSM — FOC Control Stages (Recap)

I Apply Clarke and Park

transformations

Apply Park and Clarke
inverse
transformations
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Step 1: Motor Phase Current Measurement

Phase A wire

—
+1.5A

Phase C wire

—
+0.5A

Phase B wire

h
-2A

A/D Converter

Phase C

I, is computed from Kirkoff’s law
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Step 2: Regulate Current Vector

Make sure | is at 90
deg relative to rotor flux
axis

Get the angle 6,
between rotor flux axis
and stator Phase A axis

- Calculate the error
between measured
current vector |, and the
desired current vector
I I

s_ref ( err — Is_ref - Is)

Phase C ’

Phase B

Ypm

Ypm

T
B
|
I
S
N
B
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- Compute the new

Step 3: Generate Corrections

Is_ref

appropriate I, I, and I,
that will minimize the |,
forcing the stator current
vector I to align align
with ideal I, . stator
reference vector

Phase B
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FOC — From Theory to Action

- The 3 control steps (Measure, Control and Correct) represent the “theory” behind Field Oriented Control;

- The “theory” is explained in static reference system (abc) which deals with time variant winding currents and
voltages represented as vectors in previous diagrams;

- Even if the AC quantities control is doable in todays world of microprocessors, nobody use it since the
limitations overcome the benefits. Designing a control system that tracks an time variant quantity pose big
challenges in terms of controller frequency response and phase shift;

- Field Oriented Control solves this problem by controlling the current space vector directly in the dq
reference frame of the rotor. Because the current space vector in the dq reference frame is static, the PI
controllers operate on DC, rather than sinusoidal signals. Using Field Oriented Control, the quality of current
control is largely unaffected by speed of rotation of the motor;

- To achieve that, the measured motor currents must be mathematically transformed from the three-phase
static reference frame of the stator windings to the two axis rotating dq reference frame, prior to processing
by the PI controllers. Similarly, the voltages to be applied to the motor are mathematically transformed from
the dq frame of the rotor to the three-phase reference frame of the stator before they can be used for PWM

output. T {
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FOC — Implementation (abc2a3 — Transformation)

Beta 4

Phase C 3-phase Stationary

to 2-phase Stationary
(Forward Clarke Transform)

S 2 0 o0 [

sa | _| 2 7

L&J V3o N3
0 = -2
2 2

Phase B
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FOC — Stationary Reference Frame Transformation

- Measured currents variation before and after Forward Clarke Transformation

3-phase measured currents variation

1 1 IAI 1 1 B 1 1 ICI 1
L
3-phase R R R A
Stationary Frame O e R
(abc) T
AR A R A
L it e

b 2n

Alpha 2-phase transformed currents variation
a B

R T St SO EER BRI R R
2-phase quadrature T A A
Stationary Frame | gttt
(aB) JREE TN TR R O A O
A A

I 2n
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FOC — Implementation (af2dq — Transformation)

Beta 4

2-phase Stationary
to 2-phase Synchronous
(Forward Park Transform)

|t et
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FOC — Synchronous Reference Frame Transformation

« Measured currents variation before and after Forward Park Transformation
2-phase AC currents variation

a B |
L A CTE TR BEECR SRR A :
2-phase quadrature I
Stationary Frame | o1\ .
(aB)
IR S O O O O A
n o
2-phase DC currents variation

Alpha d q
T i R e R e e R e e e e ey

2-phase rotating
Synchronous Frame | 0"/~

(dq)
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FOC — Quintessence

- In the dq rotating synchronous frame the Beta 4
space vector I is described by a constant
value of d and g components;

- The position and amplitude of the space
vector I can be fully controlled by two DC
values.

- Control structure is simple since there are
no AC values involved anymore.

>
Alpha
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FOC — Regulate PMSM Flux and Torque

Quick flashback from M2 module

- 1y and |, can be controlled independently in the rotating
synchronous frame;

- In normal conditions when the stator flux vector is
perpendicular to rotor flux vector then the I, reference is ZERO;

- |, controls the torque of the motor;

??7?

bt

Stator linkage flux

Desired Torque

Desired Flux
Stator voltage equations

AR ER B
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FOC — Generate Correction Voltages

U, and U, can not be applied directly to motor phases due to: 2-phase Synchronous
1. Exist only in the rotating reference frame (dq) to 2-phase Stationary
(Inverse Park Transform)

2. There are only 2 values and we need 3 to control a PMSM

{Uﬂ{aw(@) —sin(@q

U, | sin(6,) cos(6,)

Ud

Uq
2-phase Stationary

to 3-phase Stationary

(Inverse Clarke Transform)

b1 15 0
Ua ) 1 1 {Ua:|
=l
3 3 U
U, ‘C p
33
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FOC — Block Dlagram

Vector
Modulation

Transformati

I,* ‘ , Inverse U Space
i ” PARK P
Ug

on
(dg2ap)

Forward . Forward

PARK CLARKE m

Transformati Transformati

on on
(aB2dq)

. FOC must be executed as fast as possible (PWM frequency) Feslien
- FOC implements the current control loop a.k.a FAST LOOP
- Any other loops (speed/position) that wraps over this inner loops will be referred as SLOW LOOP
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Application Mapping: SW vs.

W

MotorGD DevKit

3-phase Inverter

FreeMASTER

S32K144 Development Board

COMPANY PUBLIC
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MISO/MOSI/SCLK/CS - MC43GD3000 » Ji"‘ J"J J"J
pre-driver — <5 1<t IS
EN RST
ADC SP| GPIO Yoodood b o
, AL ADC 0
Initialization BWM "":’D riggers, ADC 1
GPlO commands £ pwM JL
Triggpr:
! ~ |oNCurrent calculation
-t 1 FlexPWM - |orr & Protection
UART 1 ,
] ] ) Speed Desired FOC <Lurrents Measured LED _
Desired Controller Torque " IFlyx and Torque Control GPIO -
Speed
CAN bee 1 Position
I A tM?tgr . Rotor Position
OpenSDA R T e Measurement or |« FlexTIMER o —Hal
Estimation



FOC — Block Diagram

Inverse
PARK
Transformatio
n

(dg2ap)

Pl Controller

Pl Controller

Forward

PARK
Transformatio
n

(aB2dq)

Vector
Modulation

Forward
CLARKE
Transformatio

Position
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Commutation Used for PMSM
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Commutation Used for PMSM (Cont'd)

- All three inverter legs (6 transistors) are controlled at any time — transistors
are either switched ON or OFF

- PWM pairs are set to complementary mode:
- Top transistor — ON
- Bottom transistor — OFF
- Or vice versa

- Deadtime is inserted to protect inverter against short circuit yti{.
— —i ON
Vb+ |

oFR Aty oFF
E | ON
OFF Ab ! L ore

V: ) PWM period L

' 3@ © @d
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How to Generate a Sinusoidal Waveform Using PWM

S1
>t
S2
» t
Uan & U,y -Voltage across the load
S /181 Vocl? PN
1~ Voc/2 I/ \\
4 load ) '
Vo — N = 0 p——o Q A ¢ ¥ >t
\ V|
T \ !
’
s \\ /
-Vpc/2 S2 \ !
T Vpc/2 A

L |
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Single-Phase Inverter

- Has 2 legs that allows 4 main combinations for the top switches
- Allows full V. voltage to be applied on the load

OFF OFF  -Vy./2

HS
= N P e OFF ON -V /2

ON OFF  +V,./2

ON ON  +V /2

- BIPOLAR Modulation -> Load Voltage changes between -V and +V.

- UNIPOLAR Modulation -> Load Voltage changes between 0 and +V or between 0 and -V

COMPANY PUBLIC

Vpo/2
+Vpo/2
Vpo/2
+Vpo/2
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Single-Phase Inverter — Bipolar PWM Modulation

G et e 1 01 e
ed I
1~ Voc/2
i e ™ (T
— eN=0  AE——e ) —
T
+ Ve Jo S2 A S4 R
-Vbe o4 = :
o Uas = -Voc B 5
| D S v rvrr e e T SL T I L PP TP L P L LT TP, * |

lJAB A
Vic

\ U,g -Voltage across the load

S1&S4 - ON
S2&S3 - OFF

S1&S4 - OFF
S2&S3 - ON

S1&S4 - ON
S2&S3 - OFF

>t

\ Iag - Current thru the load (steady-state)

/
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Bipolar PWM Modulation for Single-Phase Use Case

PWM Generation

- Simple logic to generate the PWM
commands for transistor’s gate

= 1kHz carrier sawtooth controls the
switching frequency

= 10Hz@10V reference sine-wave

Reference
Sine Wave
— PWM_HIGH
— >
Comparator
WA PWM_LOW
NOT ——
Carier Signal
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Bipolar PWM Modulation — Effect of Switc
Switching Frquency: 1kHz i Switching
“ il | H“
| cw\‘e ¢
| | ('(\O
o \Na\JS ) -
‘ ‘OG\ \lo\\'ag o\ )
Q2

d nnMnn




Bipolar vs. Unipolar PWM Modulation

Uss a U,g -Voltage across the load - BIPOLAR
S1&S4 - ON S18&S4 - OFF : | S1&S4-ON
S2&83 - OFF : S2&S3-ON : | S2&S3 - OFF

lag 4 Iag - Current thru the load (steady-state)

/

v

t

Ung a U,z -Voltage across the load - UNIPOLAR
VDC A
$18S3 - OFF _| [S1&S4-ON : S1&S4 - OFF S1&S4 — ON
S28S4-ON | [S28S3-OFF| : S2&S3-ON S28S3 — O‘FFt
- >
S1883-ON _* | ° _
S2854 — OFF \-52834-ON
Voc !
Transistor Voltage Stress Lower
lag 4 l,s - Current thru the load (steady-state)

Smooth Current
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Unipolar PWM Modulation for Single-Phase Use Case

S

- 2x10Hz@10V reference sine-waves
phased out 180deg

LEG A PWM_HIGH

Reference L
Sine Wave A R LEG A PWM_HIGH 0.4
— > !
Comparator A L LEG A :PWM_LQW

NOT

—»
WM LEG B PWM_HIGH

Carier Signal
— . LEG B :PWM_HIGH
L 05
Comparator B L LEG B :PWM_LOW
/\/ NOT >
Reference
Sine Wave B
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Bipolar vs. Unipolar PWM Modulation

Bipolar Switching Frequency: 1kHz Unipolar Switchin ng Frequency: 1kHz

UHHWHHHHH HHHWWW S

[ e——_—
L

|H ol

|h

|

20 Current , Current
b 15
10 10
-10
For the same RL load the
current ripple is smaller
) 0 0.05 0.1 0.15 N 0 0.05 0.1 0.15
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3-Phase Inverter

- Has 3 legs that allows 8 main switching combinations for the top switches/transistors

- PWM pairs are set to complementary mode: S1/S2, S3/S4 and S5/S6

load

Vo2 Vo2 Vo2
OFF OFF ON Vo2 Vo2 +V/2
OFF ON OFF Vo2  +Vp2  -Vpo/2
OFF ON  ON Vo2  +Vp2  +Vp/2
ON OFF OFF  +Vgo/2  Vpo/2 Vo2
ON OFF ON  +Vg2  Vpo/2  +Vp/2
ON ON OFF  +Vg2  +Vpol2  -Vpu/2
ON ON ON  +Vg2  +Vpo/2  +Vp/2
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3-Phase Inverter — Terminal Voltages

- Terminal Voltage varies between —V-/2 and +V/2

ease 180: 81=6N, 83=6FF, 88=0kF

S4J'|; i sé'}
0

load

1k
I

S1
S2
S3
S4
S5
S6

T/6

Gate Commands

T/2

T

3T/

v

v

v

v

v

v

v
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Terminal — Phase — Line — Common Voltages

- Phase Voltage — motor winding voltage U,, Ug and U,
- Common Mode Voltage - PMSM neutral U,

- Terminal Voltage — U,y, Ugy @nd Ugy

Uan = Ua+ U y
Ugn = Ug + Uy o
Uen = U + U

- How to compute the Common Mode Voltage ?

Uan + Ugy + Ucy +3*U,

ZERO
Up=(Upan +Ugy +Ucy)/3

° Llne VOltage - UAB’ UBC and UCA
Upg = Up- Ug
Ugc = Ug - Ug
Uca = U - Uy COMPANY PUBLIC | 120 4



Space Vector Modulation

- A 3-phase inverter can be configured to produce 8 distinct output states (2 null and 6 active)

Each output state produces an unique set of phase voltages that corresponds to a Voltage Space Vector
defined in the stationary (3 phase ABC) or (2 phase orthogonal af3) reference frames

EIEE“__“““
0000
llnll_-_-
il 1 Jol o | ovee [ o | Ve | t8vee | 28Vpe | Uy |
o |t J o] Ve | Vo | 0 | ABVee | 2BVee | ABVee | U |

o |t [ 1] Ve | 0 ] Vee | 2BVee | tBVee | 18Vee | Uw
nnll-——m
nnll__-_

1 0111

-
L |



“"The Essence” of Space Vector Modulation

- SVM allows creation of any reference voltage vector using a only 2 adjacent vectors and one convenient
selected zero vector (000) or (111) to minimize the transistor commutations

- If T is the sampling period (aka PWM period) then:

. . U60
- U, is applied for T,
- Uy Is applied for T,
- The zero vector is applied for the rest of the period so T
that the final voltage vector is obtained. Us Ueo 2
T,=T-T,-T, T
> > U
Uooo Ty ’
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Sinusoidal Modulation Limitation

- Phase Voltage (U,, Ug and U.) amplitude is limited to half of the DC-bus voltage

- The Line Voltage (U,g, Ugc and Ug,) is lower then the V. voltage (although such voltage can be generated
between the terminals)

How should we control the inverter switches to
generate full line voltage?
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Full Line Voltage Generation

- Full phase-to-phase voltage can be generated by continuously
shifting the
3-phase voltage system

- The amplitude of the first harmonic can be then increased by 15.5%




3" Harmonic Injection

- Line voltage is increased by adding the “shifting” voltage U,

- “Shifting” voltage U, must be the same for all three phases, thus it
can only contain 3" harmonics!
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Modified Space Vector Modulation Output Waveforms

) . ) Components of the Stator Reference Voltage Vector
- Output voltage vector is created by switching 1 e \\

continuously between the adjacent base vectors
and the “NULL” vectors so that the vectorial time-
average of the asserted base space vectors is
equal to the commanded voltage: 05 —— e ||

— Deta

- Time spent in zero vectors is divided equally between 1, " o ~ 240‘ ;‘J 250
(0,0,0) and (1,1,1);

0.5

Modified State Space Vector PWM Modulation

- Switching waveforms should be symmetric, utilizing TN YV N 7( ~
center-aligned PWM,; 82 // \\ // \\ /\
g Y AN / |\ [\
. oL L\ [\ [\
. Generates maximum phase voltage 0.57Vp " // \\ / \\ / \
instead of just 0.5V; 03 [/ \ / \ et
o X \ erasec_ N
0 N A A~
0 0 60 120 180 240 300 360
- Both nulls O000 and O111 are generated at each AR LA | AT
cycle AYIVARVI\VERVIV, @6@

Sector1 Sector2 Sector3 Sector4 Sector5 Sector 6
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Space Vector Modulation — Implementation

- AMMCLIB provides a specialized block that computes the PWM duty cycles using modified space vector

Alpha & Beta Voltages [%Vdc]
(i )—»m BAM 2 ftoutt
UD_REF
fitdlpha = fitin 0
(2 )—na ftout2
UQ_REF PWhs o
- GMCLIB_Parkiny_FLT GMCLIB_SvmStd_FLT
| fitSin fitOut3
1 X A A A NS NS E— E— —
fitBeta B fitin2
PWM Duty Cycle Commands
p{ ItCos u32Sector ;-@
SVM
BAM
fitSinOut
GFLIB_SinCos_FLT fltin b4 @ 500
MtCosOut Theta EL 00
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MotorGD DevKit — Peripherals Used for Power Stage

¥ e R I I N
'.1:'“"' oEeEw O avae, o

RugpeR peB i 22 PORT J1 PIN

W ¥ E _ PWMC LS/PS LS J1-15 Low switch phase C PWM command
]g - PWMC_HS_B/PC_HS J1-13  High switch phase C PWM command
S PWMB_LS/PB_LS J1-11  Low switch phase B PWM command
F PWMB_HS B/PB_HS J1-09 High switch phase B PWM command
E PWMA_LS/PA_LS J1-07  Low switch phase A PWM command
..... | E E PWMA_HS_ B/PA_HS J1-05 High switch phase A PWM command

' GD_RST_B/RST J1-03 FET pre-driver reset pin

GD_EN/EN1,EN2 J1-01 Enable FET pre-driver gate drive output

‘ Pre-driver

MC34GD3000 )
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MC34GD3000 FET Pre-driver Configuration Sequence

A valid initialization sequence is: Vevso—2 T sacoao | ? t
1. RST goes high (EN1 and EN2 remain low) _ VPUME A I e .
o Bizele
2. 5. EN1 and EN2 are set high T VPWR e
= : PB_HS G ¢
6.PA_LS_G,PB LS G, and PC_LS_G are T L v b
toggled high for about 1.0 us (HS outputs are = [ —{voD oA HS o .
enabled, but not latched) ;{— vss PB_HS_S *
= PC_HS_S
7. Toggle PA HS G,PB HS G,and PC_ HS G g S PX_HS | ey |Fey
Low for deadtime plus at least 0.1 ps s P essssssssseas J m Jm H
—| PHASEX : PALS G&
MCU ! PBLS GE
OR PC_LS_G |
DSP --------------
Note: PX_ HS signal are inverted — active low PX_LS_S ° _T
AMP_P W
23 R AMP_N
> EN2 i GND AMP_OUT Rsen

T,

Source: MC34GD3000 datasheet Rev. 3.0, 5/2016
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PWM Generation: Top MOSFET vs. Bottom MOSFET Gate

Commands
Hantek wedrl Il .. W 20.0us Measure X

Frequency

10.00KHz

Period

100.0us

Mean

2.96V

Pk—Fk

6.56V

Mir i mum

-640mV

Maz i mum

9.92V

+Pulse il dth

60.60us

Rise Time
100.0ns

200 CHA1 f S8 Oy 9. 99900KH= | Mod ity

-
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Application Mapping: SW vs.

W

MotorGD DevKit

/ 3-phase Inverter

FreeM.ASTER

S32K144 Development Board

COMPANY PUBLIC
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el
) N e e e
MISO/MOSI/SCLK/CS < MC34GD3000 E_lj-Ji J<F I8 O
pre-driver Eick <y U<
EN RST|
ADC SPI _— wocosl sl 3
' Initialization PWM Lriggers,, ADC 1
GP'O commands 1
\/ riggers .
! : | lonCurrent calculation
-t & ‘ FlexPWM - |orr & Protection
v ¢
UART )
: : > Speed Desired FOC < Currents Measured LED _
Desired Controller Torque " IFlyx and Torque Control GPIO ;
CAN Speed
1 Position
/ A tM?tgf ) Rotor Position
v ctual Spee J < < Hall
OpenSDr: 1T |« Measu.rem.ent or FlexTIMER
| Estimation



Current Sensing Methods

- Motor drive systems need to measure current accurately for:
- Control Feedback;
- Protection for overcurrent, short-circuit, i2t, etc;
- Information about power consumption levels;

- There are 4 major methods to measure the current with the advantages and disadvantages of each

Current Sense Method | Advantages Disadvantages

Shunt resistor Low cost, accuracy and wideband High power dissipation

Conductor No-cost, PCB tracks, reduce BOM Poor accuracy due temperature variations
Hall effect Galvanic isolation, low power dissipation High cost, limited bandwidth

Transformer Isolation, high current sensing capabilities Large size & mass, AC only

- In general due to low cost and good accuracy, the shunt resistors are frequently the best answer for most
of the applications
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Shunt Resistor Method

- Current is proportional with the voltage drop across the resistor: | = V/R

- To reduce/eliminate the parasitic inductances special resistors and

Current
path

PCB designs are used

Current
path

Voltage drop

measurement COMPANY PUBLIC

\
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Motor Control: Dual Shunt Current Sensing

- For isolated 3 phase symmetric systems

only two phase currents are needed to be
sampled by the ADC, the third current + Ve /o
being determined from Kirchhoff circuit law T sk
.
Voo — A
- Measurements can be done only when the T K
current flows thru lower switch + 2
~~"Voc/2
ADC_u,
- ADC dual-sampling is required to read

currents in the same moment

- As general rule: a positive current is
defined as the current that flows into the
motor winding while the negative current is
defined a the one that flows out of the
motor winding.
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Motor Control: Current Sensing Considerations

- Bottom transistor must be switched on at least for a critical pulse width to get stabilized current shunt

resistor voltage drop

- At any time, this rule needs to be accomplished for the legs where the shunts are located.

- Minimum pulse width defined by system delays and ADC sampling time

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

/f";7K;'“‘\
[\

/"i;xgi‘\
[\

/

\ /

\

/

N/

\

\

\ /

\

/
N

Phase A
Phase B
Phase C

N7

0

N

\ /
\ /
e

60

240 300

WAVAN

360

/N

Sector 1

Sector 2

Sector 3

Y

Sector 4 Sector 5

Sector 6

critical pulse width
—> -

—J
f

Desired PWM
sequence

135

—
—

1

ADC sampling poirTI
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Voltage Drop Across the Shunt Resistor

Hantek ﬁmm ,m,, H Iﬁ' 20.0us Meru
Voltage drop proportional S |

with current passing thru s BN No current thru =
o B 0 Voltage drop

10kHz PWM
command for lower
MOSFET

aé 20 8% 100mV [pE 20 8% 2.00v CH1 . 2.16V 0. 00000Hz 29-Jan-18 16:16
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PWM —

ADC Synchronization

- Enforce ADC sampling at regular time intervals & helps to filter the measured current - antialiasing

Asynchronous
Sampling

Synchronized
Sampling

PWM Signal

ADC Trigger
A/D conversion

SW routines

PWM Period PWM Period ! PWM Period

Measured
Current

Current

n |

4D 4| 4mmmmmmm—
Data processing and new PWM parameters calculation
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PWM — ADC Synchronization (Cont'd)

- On S32K MCU the synchronization can be done via Programable Delay Block (PDB).
- The FlexTimer trigger outputs are used as trigger source for PDB that in turns triggers the ADC
- Same FTM trigger is used to start both ADC instances

twwg it g

FTMO
at_¥ig

by init g
FTMA

axt_frig

bw g it g

FTM2

bwmg it g

FTM3

TRGMUX

bw g inixig
FTMO

axt_trig

] Fiwe_trig init_frig

FTMA
axt_trig

Trigger_source_A

Configersd using TRGMUX_PDEX and TRGMUX_PDST
{Same oosfigurasion weed ko PO and PO

| bw_trig init_¥ig

FTMZ
axt_trig

bw g ini¥ig
FTM3

axt_trig

—i—
—

ADHWT

PDBO

ADHWTS AF

ADC_SCAAPICOCO]

mgger_rld

" PDBA

ADHNT
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ADC Trigger Concept

- The FTM supports the counter INIT_TRIG which will be used as a trigger input of the PDB. The PDB then
triggers the ADC.

- Each ADC channel in the PDB module supports up to 8 pre-triggers used as the ADC hardware channel
selection. After a pre-trigger, the ADC trigger initiates the ADC conversion.

PDB ADC
chO_tri ADHWT,
oo g ADHWTS AL
pretrig0 ch{)_pretr!gﬁl 2= | ADC_RO
ETM Bretrgt | | [chO_pretrigt ADHWTS B)-_ ADG A1 . ADC_CHx
— " ch0_pretrig2 ADHWTS C -
— trigger_In0 preh'!gz ch0_pretrig3 ADHWTS D} s g —
S —— > ho_pretriga ADHWTSE}_ e :
~ C retri .
— ) n{:_p t_ga »{[ADC R4 | 2 <
TRGMUX_PDBX pretrigs cm‘pretr!ga APTETET et [aDC RS | 2.
- C retri
X pretrigs n{:_p t_g? ADHWTS Gyl (ADC_RE| | ~
pretrig7 | || =P ADHWTS Hel FADC_R7
A
ACK[0:15]

ADC_SC1 AiH [COCO]

INTERRUFPT

CPU

A
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Delays Involved in PWM — ADC Synchronization

. . . current
- Current sensing processing chain (Hﬂ)—’

A
T —H G 2 N
I:)m_,_._.'_ :E %é m—‘\
— = r +5V
. - -
T
I GND mcu-ADC

- Delays are chained and are caused by:

PWM Dead time insertion _ 100ns — 1/2us
Opto-coupler propagation delay 40ns — 300ns
MOSFET pre-driver propagation delay ~50ns

MOSFET turn ON/OFF times 100ns — 1us
Amplifier slew rate <1us

Low-pass filter (LPF) delay _ 1-2us

ADC delays [] 50ns-200ns

VUUIVIFAINT TUDLIV 14V

L |



Delays Involved in PWM — ADC Synchronization (Cont'd)

FTM Internal counter CMP1.

L -*Mid point shifts by DT

Desired PWM

Complementary pair with DT
inserted (signals at pins)

——--=------7""Delay1 = T, ;,*T;eprv= ~300 ns + ~50 ns

MOSFET gate signals
Top / Bottom

Delay2 = T 1o+ T prepryt Ton/2+DT
---~" Delay2 = ~350ns +(0.1+1 us)/2+(0.3+4 us)
Delay2 = ~0.5+ 5 us

Motor phase
Terminal voltage

71~ - Mid point shifts
= Topto TprebrvH(Ton* Torr)/4 +(DT1 or DT2)/2 =

=~300 ns + ~50 ns + (0.2+2 us)/4 + (0.3+4 us)/2 =
=~0.4+5us

Motor phase current
thru shunt resistor

F Low pass filter delay + Topto: ~1us

———— g — 7

Real feedback signal
at ADC pin

Amplifier slew rate: <1 us/full range
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PWM-PDB-ADC Synchronization

PWM Period — 10kHz - 8000 counts

FTM Internal counter

FTM INIT_TRIG
| |

|
PDBO & PDB1 INT trigger . l ||
) 6900 counts . :
« 1' | | la (ADCO AD4)

Vdc (ADC1 AD7)

PDBO0_chO_pretrigger0

PDB1_ch0_pretrigger0

.
|
P 4100 counts R

PDB1_ch0_pretrigger1 < T 'l—l Idc (ADC1 AD6)
| i
I | 1
e 6900 counts R

PDB1_chO_pretrigger2 _ - ” _l_} Ib (ADC1 AD15)
[ 5 : |
L § | | ADCO

ADC Trigger (ADHWT) | : ! I
P I I | ADC1
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MotorGD DevKit: Inverter Schematic

O oA

OB

CON_ZT

B

b7
2 s DCB_V_POS
PMEG4050ER _
D8 =
e a2 Q2 o
THE2- TKED- BUKTKS2-50E
PMEG4050ER BUKTKS260E| o ca BUKTKS2-60E | 4 cas 7 " alca
s T4 7uE G T 4T C_HG J 4.7uF
gi‘;g:gf, ¥ RaO PHA_HSG Y ARG PHE_HSG') B.HG4 PHC_HSE =4 =
=i RE3 33 RE4 33 RE5 33 5
PROTECTION
sl 7 > PHA 87> PHE _a— 2> PHC
TouE
5oV ® Ra7 o Rag YEz
24K 24K J 2
CAP I - FuLE PHA_LSG Y A — B 2 J l‘—_‘ FHB_LSG St 2| "l—: PHC_LSG Myt 2 4
- v | P ras R47 33 BEMF_A R4g 33 BEMF_B Rég 33 BEMF_C
|_ce 20K - - -
T LwE PHA_IPOS <& o PHE_I_POS ¢ P PHC_I_POS << Y
L 20K 30K 30K
GHD
r3e — R3T = gg% —
001 = 001 - i =
IW MAX GND GND GND
001
GND

Voltage divider
Measure Vdc

hunt Resisto‘ Shunt Resistor
Measure Idc

Measure la

Shunt Resistor
Measure Ib

COMPANY PUBLIC

143

xNot used



MotorGD DevKit: Inverter Schematic (Cont'd)

IR NI
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MotorGD DevKit: Pins Used for ADC Measurements

0 (4D [ |ra| O | L=3 oD [ 0|
L e e C* M ssQ-110-23-G-D 550-108-23-G-D N C
5 cboooooo [

000N0O0000 | 55Q-110-23-6-D

GDJuTg !

oc_BuT
SPI_SCLK ! SN
SPLMISO

SPMOS!
SPI_CS_B

PWMA_HE_B

GD_RST_B
GD_EN

PHC_|
PHE_|
PHATI
DeBv S5
Dcal

vDC HOR1X2TH  MCu_vcC

[P 1voc

E
o
iH

1

5
@
F4
=]

E] 3
11
13
15
17
I

J5
£50-110-23-G-D

o
(o] {?")0")

J3
S55Q-108-23-G-D

J4
55Q-108-23-G-D 4

Nwweooﬁ‘v_lg o bl
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S32K144 MCU Signal Assignment (Cont'd)

- ADC default pin assignment for sensing currents: can’t
synchronize the phase current sensing

MotorGD DevKit MCU pin ADC instance ADIE 15
Interleave

Phase A current PTBO ADCO/SE4 ADCO/SE4
Phase B current PTB1 ADCO/SES ADC1/SE16
DC bus voltage PTB12 ADC1/SE7 ADC1/SE7
DC bus current PTD4 ADC1/SE6 ADC1/SE6
. Solution is ADC Hardware Interleaved Channels N o
In the hardware interleaved mode, a signal on the pin PTB1 can be o T
sampled et .
by both ADCO and ADC1 in the same time. The interleaved mode is FrereLd - s -
enabled Prets i
by SIM_CHIPCTL[ADC_INTERLEAVE_EN] bits. o
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MC34GD3000 FET Pre-driver Configuration Sequence

A valid initialization sequence is:

1. RST goes high (EN1 and EN2 remain low)
2. EN1 and EN2 are set high

3.PA LS G,PB LS G,and PC LS G are
toggled high for about 1.0 us (HS outputs are
enabled, but not latched)

4. Toggle PA HS G,PB HS G,and PC_HS G
Low for deadtime plus at least 0.1 ys

Note: PX HS signal are inverted — active low

VaysO—"- I I
j_: T 34GD3000 T
- VPUMP VSUP Py o
HPUMP | DJA D_T
VPWR PA_HS_G
T PB_HS G |
T PC_HS_G [ |
= [ |vts A% TrereTees
L
= VDD
I PA HS_S .
I—- VsS PB_HS_S *
== PC_HS_S
3 stspsssssssasa:
7 M PX_HS e %
3 :_:_I?_)_(_I:_S___' T i | |
< — PHASEX : PALS GE
MCU : ! PBLS G
OR : PC_LS G !
oap | B e
PX_LS_S .
AMP_P —T—/\/\/x—r
AMP_N

: GND AMP_OUT

T,

Source: MC34GD3000 datasheet Rev. 3.0, 5/2016
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Conclusions
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Getting Help

MBDT Online Community
Examples & Help

MBDT home page
www.nxp.com/mbdt

Model-Based Design Toolbox e = <

MO | communiTy

Overview Content

Log in to follow, share, and participate in this community.

Search or Ask a Question in Model-Based Design Tools

UPDATE: New Model-Based Design Toolbox for S32K1:xx is now available: B Model-Based Design Toolbox for S32K1
all S32K14x derivatives and contains 115 examples which exercise each peripheral supported from Simulink.

Subspaces

# RADAR & VISION

Categories

Tips and Tricks VideoVault Hot Fixes

Model-Based Design Tools for Matlab and Simulink Support

S32K MPC574xP Other Solutions
= Howto . to = Tips and Tricks
= Tutorials = Tutorials
= Videos = Videos

The Model-Based Design Toolbox provides an integrated development environment and toolchain for configuring and generating all of the necessary software

automatically. Learn more

\utomotive MCU 2018.R1 This release support

OVERVIEW

JumpTo
Ovenview & Features
Support=d Devices
Target Aplications

System Requirements

PMSM Control Workshop

0 Course Main Pa
QM1: Environment Setu
M2: PMSM and FOC

stem Partitioning

A Modulation

Scalar Contro

Current Sensing
M7: Torque Control
M83: Speed Control

O M3: Position Observer

M10: Sensorless Speed Control

PMSM Control Workshop

s
Commutation
Commutation Algorithm

DOCUMENTATION DOWNLOADS DEVELOPMENT TOOLS TRAINING & SUPPORT

Overview

The MXP's Model-Sased Design Toolbox provides an
ntegrated development enviranment and toolchain for
configuring and generating =il of the necessary software
automatically (including initislization routines and device
drivers) to execute complex spplications (e.9.- motor
control sigorithms, communication protocols CAN, SP
12C. UART, and sensor-based appiications) on NXP
MCUS.

The toolbex includes integrated Simulink® B embedded
target for NXP MCUs, peripheral devies blocks and

o W

Model-Based Design Toolbox

Features

w Generate code for standalone application with direct
download to target support

w Optimized motor control library blocks including
PFarkiClarke transforms, digital fiters. and general
functions

w /O blocks including CAM, SPI, PIT timer, Sine Wave
Generstion, eTimer, PWM and A/D.

w On-target profiling of functons and tasks

Data acquisition and calibration using FreeMASTER
tool

ADC Preggrmeninyg
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