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TMS570 Developed Specifically to Simplify
SIL3 / ASIL D Safety System Implementations

Dual Core Lockstep Subsystem

ARM ARM
Cortex-R4F Cortex-R4F

Memory with ECC protection

from 512 KB to 4 MB on-chip flash

« TMS570 developed with a functional

safety management plan and has
been assessed by Exida for use in
SIL3 safety systems

ARM Cortex-R4F floating-point CPU
available today up to 160MHz
going to 200+MHz

Dual core lockstep, ECC on
Flash/RAM, Built-In-Self-Test
provides high diagnostic coverage
and simplifies safety development

Scalable family of embedded Flash
MCU’s going from 512KB up to 4MB

Flexible Automotive peripheral set
designed to offload CPU load

Samples, Software Development
Tools, AutoSAR drivers available
Today!!
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TMS570 Floating Point Unit Helps Simplify
Complex Control Algorithms

P_rotectgd Dual-Core

Dual Core Lockstep Subsystem

* First ARM Cortex-R4F floating-point MCU

ilable
ARM® ARM o
_ « Single precision / double precision IEEE 754
COI‘EGI;(UR4F Cortex-R4F floating-point math
= CPU « Fast Multiply, Divide, and SQRT enables

physical model based control and simplifies
algorithm implementation

* Floating point and integer instructions can
operate in parallel for higher performance at
lower frequency

* Dual Core Lockstep simplifies software
development with high diagnostic coverage for
safety critical system implementations
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TMSS570 Developed Specifically to Simplify
SIL3 / ASIL D Safety System Implementations

* Enhanced ECC logic integrated
in Cortex-R4F protects both memories and
busses

» Address protection of busses
and memory decoders

» All memories can be tested using HW BIST for
high diagnostic coverage

» Background 64b hardware CRC using DMA
provides additional coverage for static data in
memories

Built In Self Test (Memory)

Memory with ECC protection

from 512 KB to 4 MB on-chip flash * Integrated Memory Protection Unit protects
against deterministic errors in application

software (8 regions)
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TMS570LS20216
Targeted Automotive Applications

Features _ _ = Integrated Chassis Control and ESC (Stability Control)
* 160 MHz ARM Cortex-R4 w/ Floating Point = Hybrid and Electric Vehicle Control

* 2MB Flash and 160KB Data SRAM

= i i Samples Today!
- 16 Channel DMA Driver Assistance (Radar) Production Dec10
* Safety TMS570LS20216
- Dual CPU's in Lockstep
* CPU Logic Built in Self Test (LBIST) ARM®

* Flash & RAM w/ ECC (w/ bus protection) ( ARM®

* Memory Built-in Self Test (PBIST)

* Cyclic redundancy checker module (CRC)

» Peripheral RAMs protected by Parity .
* Reliability Memory Interface
* Low PPM Production Flow Support Fail Safe
+ Extended Temp and AEC-Q100 Qualification _
« Communication Networks

* FlexRay with 8KB RAM and dedicated DMA

+ 3 CAN Interfaces (2x64 messages, 1x32 messages) Enhanced System Bus and Virtual Interrupt Management
* 3 Muti-Buffered SPI (128 buffers/4CS each) Serial I/F Network I/F ADC Timers / 10

* 2 UART - both with LIN 2.1 master support .

m Cortex™-

2V R4F

* Enhanced 1/0 Control

High End Timer Coprocessor (NHET)
» 32 channels and 128 instruction RAM
* All pins can be used as Hi-Res PWM or Input Capture
* Dedicated DMA for HET

2 x12-bit Muti-Buffered ADC
» 24 total input channels (8 shared)
* Continuous Conversion Mode
» Calibration and Self Test

16 Dedicated GIO pins Packages: LQFP: 144pin -20x20; nfBGA: 337 pin-16x16, 0.8mm
- 8 External Interrupt Capable -4010 125 C Temperature Range
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BLDC Motor Control Example with TMS570

TMS570 Microcontroller

_ Battery
MibADC(s <
(s) 6 , Phase currents and voltages
1 / Temperature PCB
CPU 1 ..I} .?
Svst : 6, _ Gate %L’ J$ Jn J:J
ystem High End PWM / driver
Units Timer e o
(NHET B
other . .

Peripherals 3, 3-phase Inverter Bridbe "~ Absolute Angle
NHET functions Captu re A / measure back PWM’s (safety feature) | Sensor —
shown here are < . __(sine/cosine)___;
programmable 1m==----- T - .

3/ i Hall-Elements i
Quadrature || b !
Decoder || 1==----- Ll :
3, ' Incremental
! : Encoder :
Position / Speed
measurement.

(Usually just one of
the 3 shown sensor
types used)
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NHET: High End Timer Co-Processor

User Programmable ‘
128 word instruction

RAM with Parity

Dedicated DMA (HTU)
from NHET to Data Ram —

32 1/0 pins for complex
or typical timing
functions - capture,
compare, PWM, GPIO (

Conditional program |
execution based on pin
conditions and
compares

Multiple 25-bit virtual
counters for timers,
event counters, and

angle counters

Address/Data
Bus

Host
interface

Timer
RAM

Execution
Unit

Input/
Output
Unit

CPU wait control Global & pre_scale control
register

Shadow registers

s 1

Program
Control RAM | Data RAM

Pulse Width Modulation

* Single, multi channel PWMs
« PWM with duty cycle update
* PWM with sync/async update
* Phase shift PWM's

* Symmetrical & asymmetrical
PWM with deadband

L o

Instruction Register

Address Register RegisterA BT I

Interrupt Control 32 bit ALU

iy il

32 High Resolution Channels /0
Control

Register

Timer/Counter Functions

* Frequency Modulated Output
* Pulse width count

* Time stamp

* Event counter

* Pulse accumulator

* Multi-resolution scheme

ZaS

<

32 1/0 Channels

* Frees CPU MHz
» Supports typical/complex functions
» Simplified development environment

Freq / Pulse Measurements
* Pulse and period

measurement (same channel)
* Quadrature Decoding

Special Functions
* SPI Emulation
* TFT Display Timing
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PWM Made Simple with NHET

Symmetric, Asymmetric, Deadband

* NHET supports any number of counters and compares — limited only by instruction RAM

« With NHET simply specify all four toggle points per pin pair — Or specify a subset and let
NHET compute the rest of the points.

» Multiple pins may share the same counter if desired

— P
Asymmetrical counter < R
(CNT) s Pt
N ® — Compare value calculated
by main CPU and written
to HET RAM

® — Compare value calculated
by HET by adding dead

« > band DB
cA

44—

cB
« o >
)

cD
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12 Bit MibADC Module

VrefHI VrefLO VCCA VSSA
ADIN31 —_| Self-test
| & Calibration
J— £
1o
13 ¥
— £ l 12 bit
_13 > Analog — Digital Converter .
— E (successive approximation) Calibration &
_ | & Error Correction
Pe) A
— pemmmemm---———————fF--—--—-- .
— / 5 : 12 ADC RAM !
N . . v :
ADINO — Y | '
Chnsel Swtsel Ctrl Chn I 16 16 16 !
Ilgterntal GROUPL nse (Tests;eCaI) ' ! v v v 1
ven g i | EVENT || GROUP1| | GROUP2| |
Event |GRoUPs, CONTROL AND STATUS N DMA || | Memory || Memory | | Memory | !
. Logic requests ! I
Internal 9 EVENT,, SEQUENCER g ] 1
Event 7 I 1
3 7y 7'y X : :
ADCLK v 12 32 3 E ;
1
q . 1
ADEVT > GIO Interrupt Conversion| (Conversion|  pya requests : 76 76 16 ;
Control Prescaler Threshold Group Group , v v v !
Counters ACQ Time || Selection ||| Result Formating ! T,
EVEg;bGURF%UM - Channel ID mask ! 16 w/ RAM Tes¥ :
12 32 -8/10/12Bitmodemask| ; — ~ w/ Autoinitialization !
5
VCLK Interrupt 16
requests 3 16
PERIPHERAL BUS v
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NHET ADC Triggering -

Example for symmetrical PWMs

On TMS570LS20216 there
are 4 NHET channels
which can be programmed
to trigger ADC1 and/or
ADC2 simultaneously or

Counter | ! : non-simultaneously.
I I I I Which ADC group to
PWM_A ! I : | ! i : trigger by which NHET
| I | I channel can be
PWM_A_ I : I programmed in the ADC
: : : : register set.
PWM_B | [ | 1 1 | [ | 1 1 |
I 1 1 [ 1
PWM_B_ | I I I I
I | I | I
I 1 I I I
[ | 1 1 [
PWM C_ | : : : :
[ I 1 | [
1 I I 1 I
Internal I I 1 |
programmable I I I I
NHET Signalto ™1 ] 1 — | |
trigger ADC
ADC 1 v Numbers shown v
EvGroup_ . ____ 2| 7| ? _hererepresent _____ L1 2 _____________________ 2| 7| 9| __________________ ‘E
Group 1. _____ 1ot __selected ADC ______ B S U USSR U OSSP R Lo
e — i chamnelsto e — — B
ADC 2 EvGroup_____________________ 120 ________________ |29 22 _____
Group 1o o e
GrOUP 2 - - o o oo
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INSTRUMENTS

10



NHET/ADC Feature Examples
for 3 Phase Electric Motor Control

Effective support of many different motor control concepts and application concepts
due to NHET programmability

— Single or multiple shunt systems

— Deadband generation required or not

— Number of input and output channels freely programmable

Symmetrical and Asymmetrical PWM with deadband

High flexibility to synchronize PWM duty cycle updates
Quadrature Decoding

Implementation of state machines (e.g. for block commutation)
NHET can trigger the ADC(s) with many configuration possibilities

NHET and ADC can trigger DMA (or optionally local transfer units) to transfer values
without CPU intervention
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HALCoGen

Hardware Abstraction Layer Code Generator

Qﬂ HAL Code Generator - [can.c] - B X Featu res
: File Edit View Tools Window Help . .
Ty W —y CEEREY * User Input on High Abstraction Level
Q0N &M, » Graphical-based code generation
@anz SRCAN3 ¢RADCL ¢RADCZ SRLINL gRLINZ  gRHET | [c] canc| 4 b ¥ Device Explorer Tl . Easy Configuration
3355 /% USER CODE BEGIN (27) =/ = TS 10La20216S2WT H H
Soce b DERR GOBE A ¥ 8| o s * Quick start for new projects
3357
gggg \{mid canEnshleErrorNotification(canBASE t *node) E E;I:ré ° Genel"ates C Source Code
3360;| /* USER CODE BEGIN (28) %/ e H
3361| /% USER CODE END +/ E2 HALCoGen Help * ANSI Conformlng
3362 = ; = P— : . .
3363 node->CTL | = &1; Le Bi::k - gp Hsh Home %\l Fint Qﬁ:ns Clear’ StrUCtured’ COdIng Style .
—— = etnts | s | seah | Favaes || | Mo paae | pata suctures | e | exarpies - » Customizable code for user maintenance
® HAL Code Generator - [GIO] E THS570L5 2021 B5ZwT Mic) [ e tist | lobals |
T : 3 : ® @ Data Stuctures
a E_flt .-EIE'W Tecls Windew  Help = +EE.;:EL.ZLEHS C:/HALCoGen/examples/example_rtiBlinky.c o Supported Perlpherals
gl - @ E % R &5 +%E:ﬂes File Reference System Module
"0 @8 e e e . R¥|
CRTMSSTOLSZ0ZI6SIWT &R 05 RRTL | g GIO| e
Port A PortB Include dependency graph for example_rtiBlinky.c: * G I O
Bit 0 | | « SCI/LIN
— bl - ) - CiHALCoGen/examples/example_rtiBlinky.c
pouT: [0 -—sfo | DIR: [T} PDR: * CAN
Q— | | sys_comman.h | | system.h | rti.h het.h * SPI
DN: — Ta o ﬂ = - « ADC
. , @ » Timer Co-processor (NHET)
HighPiorly: gy RisinaEdge J ] sys_phantom.c * Interactive Help System
-+ o =] sys_link.cmd . .
WM o [ e [ -—-——= il svs e « Describes tool features and functions
Laww Pricrity: FaIIlng Edge: 3 i =| sys_memory,asm . PFOVIdeS detalled de endenC ra hS
=13 05
< > 0] os_projdefs.h * Provides useful example code
- ] FresRTOSConfig.h . .
Output > 3% \h] os_portmacro.h ® TOOI tlp help avallable
LINZ ~l \h] os_portable.h
HET ] FreeRTOS.h v . . . . .
fodessmplece Sl = * Hierarchical project code viewing
< ¥ CyDevice Ex... | [ File Explorer
For Help, press F1 |
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Timer Co-Processor Development Tools

File Edit Search Time Markers ‘View Help

{{# GTKWave - C:\Program Files\HET" het.vcd ;IEIEI

g @ ©‘ Q ®‘ UC] EDU C:! ED From:|0 sec To:|[170178 ns @ Marker: -- | Cursor: 85055200 ps
aves

= 55T Signals

Code Labst
=

Edit mode

canliol

bt P M |

Internal Registers & Memory Select pins for waveform
« Graphical Programming Environment » Graphical Waveform Viewer
* Output Simulation Tool * Input Generation Tool

* Generates CCS-ready software modules < Seamless interface to coding tool
* Includes functional examples from TI » Upgradable to Full SynaptiCAD
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Motor Control Demo System

¥
Ll

uu.keil.con/ [ TjEE

CETHSS7o I
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Motor Control Demo System: Field Oriented Control (FOC)

Y

Svgen_
dc

\

Park Clarke

L Qs A |
Startup (QEP)

Speed

A A L

2%

Angle

I
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