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General trend

Applications are becoming
more demanding ‘More
‘More Integration

‘ features
Smaller

form factor

Better
consumption
O
More
Performance [ oo goomotiesteoirg an et worten,

een andere naam gekregen of is verwijderd. Controleer
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MCU World

Relying on Hardware ‘
More

‘More Integration

features

More Memories

Improved Core

Higher frequencies
(

Dedicated Peripherals ST m—

n
estand is mogelijk verplaatst, heeft
een andere naam gekregen of

is verwijderd. Controleer
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Examples of hardware implementation on
MCUs

Dedicated hardware design
implemented for specific needs




(" ARM Cortex-M4 core @ 170MHz
*FPU
* Enhance dynamics
* No scaling overhead
* No saturation
* DSP (fast MAC)

Set | - SIMD
pOi nt * Parallel processing

Lys

life.augmented

* Low interrupt latency
ST’s product architecture
* ART accelerator
* Wait state removal
*  CCM-SRAM accelerator
* Real time execution
* Math accelerator
* Cordic (Trigo)
\___* FMAC (Filtering)

Control Loop Implementation

N
PWM Timers PWM
> *170 MHz (5.9ns) PLANT
* HRTIM (184ps)
A
Direct HW path (no latency)
* Instantaneous control load
* Protection
<+— 7xDAC
Multiple fast Comparators
J

5x 12-bit 4Msps ADC

* SAR (no pipeline delay)

* Low latency (250ns)

* Low aperture time (20ns)
for snapshot
measurements

* Simultaneous sampling on
multiple ADCs

* HW oversampling

A

Analog feedbacks

Digital feedback

High BdW

Low offset
6X Prog. Gain
PGA
A

Other Timers
* Quad encoder
* Halls sensors

Easy use of the Analog
and Digital resources
thanks to dense

peripherals
interconnect and
flexible bus matrix

De gekoppelde afbeelding kan niet worden
weergegeven. Het bestand is mogelijk verplaatst, heeft
een andere naam gekregen of is verwijderd. Controleer
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Cordic (Trigo) - Main features

e Cordic can be used for the following functions:
* Vector rotation (polar to rectangular): Sin, Cos
* Vector translation (rectangular to polar): Atan2, Modulus
* Sinh, Cosh, Exp
* Atan
e Atanh
* Square root
* Ln

e Cordic provides the best compromise between
* Hardware complexity

* Range of functions supported = Supports large set of math.h functions

* Speed-up relative to software (e.g. Sin and Cos are 5x faster than SW execution)
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ADC synchronization example

* In 3-phase motor control applications, an ADC trigger
on counter overflow allows you to obtain the average
current value and avoids noisy ADC conversions

4 vad N N Court \
N ounter
3-phase s B e R, ~DaEE SRR £ Compare 2

t / / D
CHI>/ CH2>/ CH3>y maotor —7————————v————————i*— Compare 3
40 *“— Low side CH2N
CHIN=> CH2N=>/ CH3N=>/ \ +«— Low side CH3N

Shunt voltage

S S 5 “ ADC input
\OV Jk.- —
P T | -yﬂ—- (shunt voltage)
ADC ADC  ADC T 1] ~——— ADC sampling
triggered by
\ counter roll-y

ICT g oKT - D&E
” vanpervaLk Hotee  @VE@NE
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Phase current 7 \
\ Vs Phase current
[] [I] ST f]k IS Average current




* Motor Control + Digital potentiometers

* Better management of incremental encoder sensors oomenen E _ —1 LT

« 2 new protocols supported (OTAE = 0) jn %
* Hardware management of the Index (Z) input Dmrwl—'-!%'— - orera

* Power conversion ety o =l =
 Deadtime OTGFTOI¥ %=  — le—DTomn)

* Asymmetrical: For applications having asymmetrical gate driver /
optocouplers propagation delays

* Shadow register for on-the fly deadtime update (adaptive deadtime

schemes)
* Higher (average) resolution using hardware dithering 7' Rl SN —
Ll L
| oo _ 0C =/ L] [ | L
* General purpose - N W Wl
F{pum) min _ riMimquncY ooes (M By Eipey B
. . . . . Mo dithering  with dithering 1 ok e
e Higher (average) resolution using hardware dithering
* New slave mode (gated+reset) 8 OKT

v/ . 4x PWM outputs TANEENARCLoTe)
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Dedicated High Resolution Timers

* High resolution PWM
* 12 channels with 184ps

* Flexible PWM generation

* 7xindependent time base to create
resolution on frequency and various shape of PWM
duty cycle * Up to 32 set/reset transition per PWM
* 184ps is equivalent to 5.4GHz period thx to the built-in crossbar
timer clock » Master/Slave configuration for multi
A : phase converter
* Multiple Event handler “.< * 12 independent channels
* 6x Digital and Analog fault input * Any topology supported from 1x 12
« 10x Events cycle to cycle current PWM (triple interleaved LLC
control or PWM restart (constant (servers application) up to 12x1 .
Ton/Toff) PWM (multiple independent biieke:ds
* Blanking, windowing and digital filter converters (lighting)

GI- 8 OKT
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HRTIim - Generating Complex waveforms

* Upto 32 concurrent Set or reset events can be defined per PWM output

Timer B counter

From
HRTIM

Timer A counter

I
I
Can be used for 2 | |
ecific waveform L Nindow Sy
P ot only digita! ! —
not only \ \ | | | \
r \ \ \
poWe External Event 1 | [ H } +_|_H ‘ \ H [ H
L L] !
I I
External Event 2 \ || I \ 'S
1 || A
T T T f T T T
L ‘; L ! N
RN i HE v Y+
— ~
TAL PWM output ’
Timings j -~ L -~ -~ -~ -~
defined in Set on TimerA roll-over
multi ple Reset on TimerA Compare 1 —
. Set on TimerB Compare 1 — '— Set on TimerB Compare 4 [x] De gekoppelde afbeelding kan niet worden
tl m e rs weergedgeven. Het bekstand |sfnj|oge||]l§_\(/1erréla?:tst, heeft
€een andere naam gekregen of Is verwijaerd. ontroleer
@on external Event 2 aﬂew e

L—Toggle on external event 1 rising edge
during Timer B-defined window

Auto-delayed mode 8 OKT D&E

(’l External event windowing vanoervack vore. @V E@ME
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Double core for wireless SOC

2 independent cores for real-time execution

Double Core

Mono-core

Arm Cortex-M4
L Application Firmware + Peripherals

CPU -x

Application Firmware

/
+ Arm Cortex-MO+

Peripherals Radio Stack

+ .
\ Radio stack / & Security /

* Drawbacks * Benefits
* Time sharing * Full flexibility - Easy development — User@xp@r @A s
« Complexity of the firmware * Real Time e R e
* Real time constraints * Security
* Multiprotocol 8 OKT m
’I P vanpervaLk voree  @VE Nt
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Multicore Architecture a

Domains

nd Multiple Power

Cortex-M7 FPU, MPU

ART MDMA  SDMMC  TfT

AXI bus matrix

D1 domain

Trace Debug

IPEG
Chom-
ART DSl

Cortex-M4

D2 domain

SD

2xDMA  ETH MMC2

Crypto
2xADCs

AHB bus matrix

PERIPHSet PERIPH
#1 Set #2

AHB bus matrix

PERIPHSet
#3

D3 domain

|Z| De gekoppelde afbeelding kan niet worden
weergegeven. Het bestand is mogelijk verplaatst, heeft
een andere naam gekregen of is verwijderd. Controleer
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Low Power modes implementation

RUN (Range1) at 64 MHz 120/ 51 pA / MHz* FlexPowerControl
Efficient running
8 low-power modes, several

SLEEP at 64 MHz 40 pA / MHz sub-modes
High flexibility

Wake-up
time

RUN (Range2) at 16 MHz 50 pA / MHz*

6 cycles

6 cycles LPSLEEP at 2 MHz 27 pA / MHz

8 ps (18ps) STOP 2 (full retention) 1.8 pA

STANDBY + 32 KB RAM 600 nA Appl Icatlon beneflts

High performance
=» CoreMark score = 210

STANDBY 150 nA / 450 nA**

SHUTDOWN 30 nA Outstanding power efficiency

VBAT 4 nA / 300 nA** Typ @ VDD =1.8 V @ 25 °C =>» ULPBbench score = 175

|Z| De gekoppelde afbeelding kan niet worden
weergegeven. Het bestand is mogelijk verplaatst,
heeft een andere naam gekregen of is verwijderd. C...

8 OKT

)

VAN DER VALK HOTEL
life.augmented EINDHOVEN




Integrated Development tools

i AL, T ] e

E runtime-New_configuration - fzef/fzefioc - STM32CubelDE

File Edit Source Refactor Mavigate Search Project Run  Build Test Window Help
D HB S-SR i@ - S-E-Ci-O @Y IRE TR Er D Quick Access || [ | [
|5 Project Bxplo... 22| = B || ¢ *fzefioc EX] = 8 II
= <===('> = Pinout & Configuration r@ Clock Configuration rProject Manager rTooIs |
Dg :: Additional Softwares ~ Pinout
b S fzef

FATFS Mode and Configuration
Mode

i Pinout view System view

Sveemcore @ User-defined

Analog ¥

Timers ¥

Connectivity ¥

Reset Configuration

l/ Set Defines r User Constants |
'Configure the below parameters :

Computing ¥

Middleware ¥

Q | Se

¢ Version
FATFS version RO.11
¢ Function Parameters
FS_READONLY (R... Disabled
FS MIMIMIZE (Mini... Disabled

Clla lla L a ]l o]

De gekoppelde afbeelding kan niet worden
weergegeven. Het bestand is mogelijk verplaatst, heeft
een andere naam gekregen of is verwijderd. Controleer

& Console 2 aEﬁ&a|ﬂE'rﬁ':E Q'I'Search%l Sl |
5TM32Cube Mx Console

2018-18-31 14:89:88,544 [INFO] com.st.microxplorer.plugins.projectmanager. «
2018-18-31 14:89:088,698 [INFO] com.st.microxplorer.plugins.projectmanager.
2018-18-31 14:89:808,698 [INFO] com.st.m:i.croxplorer.plugins.pmjectmanager.D

J— E 8 OKT - D&E
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MPU World

Relying on Software with ‘
Sophisticated OS

Multi cores

‘ Parallel Processin
Higher &

Frequencies

Improved Core
Architecture

|Z| De gekoppelde afbeelding kan niet worden
weergegeven. Het bestand is mogelijk verplaatst, heeft
een andere naam gekregen of is verwijderd. Controleer
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New Generation of MPUs

Combining the best of both worlds
MCU + MPU

Arm dual Cortex-A7 / Arm Cortex-M4 \
3D GPU ﬁ MCU IPs
DRAM Interface MCU Connectivity
Linux Ecosystem \ MCU Ecosystem /

m 8 OKT
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Arm Cortex-A + Cortex-M Architecture

High speed I/F & processing Real-time
24-bit Parallel RGB 3D GPU @ 533MHz
WXGA @ 60fps OpenGL ES 2.0

MIPI DSI 2L @ 1 Gbps 1%2 mtgilis/segc

oS DDR3 / DDR3L arm arm
O2S LPDDR2/ LPDDR3

16/32-bit @ 533 MHz Cortex-A7 Cortex-M4

@ 650 MHz @ 209 MHz Motor Control
“ Sensors &
dedicated

RAM Low Power acquisition

448 kB
E|= | 1 Gbps Ethernet GMAC
S5
® Q I 3x USB2.0

2x with HS PHY

|Z| De gekoppelde afbeelding kan niet worden
weergegeven. Het bestand is mogelijk verplaatst, heeft
een andere naam gekregen of is verwijderd. Controleer
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Flexible Architecture for Power Efficiency

Processing for HMI and communication + motor control & sensing

“322‘2“
o A
$® SRAM h arm arm
Cortex-A7 Cortex-M4
Memory Motor Control
“ Sensors &
dedicated

Low Power acquisition

De gekoppelde afbeelding kan niet

X s
een andere naam gekregen of is verwijderd. Controleer

RAM

Motor Control, Sensors
and Low Power acquisition

; JOKT - D&E
260 DMIPS on Cortex-M4 vanpervaLk otee . @VEent

life.augmented Tk, 2019

Graphic and Communication processing

2470 DMIPS on dual Cortex-A7 + 3D GPU




Flexible Architecture for Power Efficiency

Motor control & sensing

Divided by 4
vs. full power mode

DRAM arm arm
Self refresh Cortex-A7 Cortex-M4
mode Motor Control

“ Sensors &
dedicated

RAM Low Power acquisition

De gekoppelde afbeelding kan niet

X s
een andere naam gekregen of is verwijderd. Controleer

Motor Control, Sensors
and Low Power acquisition
260 DMIPS on Cortex-M4 v OKT m

r STOP MODE
’l vanpervaLk Hotee  @VE@NE
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Graphic and Communication processing




Flexible Architecture for Power Efficiency

Standby mode

Divided by 2.5K
VS. previous mode

DRAM arm arm
Self refresh Cortex-A7 Cortex-M4
mode Motor Control

“ Sensors &
dedicated

RAM Low Power acquisition

Motor Control, Sensors

Graphic and Communication processing and low power acquisition
STANDBY MODE YOKT

r STANDBY MODE
’I VAN DER VALK HOTEL

life.augmented Tl 2 0 1 9




Low Power Architecture

\
,~353 MW RUN  Dual Arm Cortex-A7 @ 650 MHz / Cortex-M4 @ 209MHz -
: : Optimize power
va 1 275 MW  RUN  Arm Cortex-A7 @ 650 MHz / Cortex-M4 @ 209MHz ) VS.
: : processing needs
35 92 MW | RUN | Arm Cortex-M4 @ 209 MHz : y
125K] ’:
around a second

4.5 pW ' VBAT : :
. Keep track of the time & ensure system security

allowing RTC (Real Time Clock) and Tamper protection

|Z| De gekoppelde afbeelding kan niet wordel
weergegeven. Het b

Typ @ VDDCORE = 1.2V, VDD = 3.3V @ 25 °C, Peripherals OFF ??”,.?."‘?e,'?,?,a,am,99??;;";?;3;%;%Z,t‘iss?f:?g'

(57 8 OKT
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Power Management IC

Simplify your design and optimize power consumption

Power Mngt@

DC/DCs & LDOs for
- MPU

- Memories

- External devices

* Optimized power consumption
- BOM savings for typical applications
- Small PCB footprint vs. full discrete solution

augmented EINDHOVEN 5049



Multicore Architecture Combining MCU and MPU

r

System
5x LDOs

Crystal & Internal oscillators
MDMA + 2x DMA
Reset and Clock

Watchdogs (2x | & W)

96-bit unique 1D

Up to 176 GPIOs

Security

TrustZone
DES, TDES, AES-256
SHA-256, MD5, HMAC
3x Tamper Pins with 1 active
T°, V and 32KHz detection
Secure ROM and RAMs
Secure Peripherals

Secure RTC

Analog true RNG

New MPU

Dual Cortex-A7 @ 650MHz

Core 1 @ 650MHz Core 2 @ 650MHz
L1 32KB | / 32KB D L1 32KB | / 32KB D

NEON SIMD
256KB L2 cache

NEON SIMD

Cortex-M4 @ 209MHz

DDR3/DDR3L 32-bit @ 533MHz
LPDDR2/LPDDRS3 32-bit @ 533MHz

System RAM 256KB MCU System RAM 384KB
Retention RAM 64KB Backup RAM 4KB
Boot ROM 128KB OTP Fuse 3Kb

Control

2x 16-bit motor control PWM synchronized AC timer

5x 16-bit LP timer

2x 32-bit timer

10x 16-bit timer

3D GPU OpenGL ES2.0 @ 533MHz

26Mtri/sec, 133Mpix/sec

Connectivity
24-bit Parallel RGB Display MIPI DSI 2 lanes @ 1Gbps
Camera Interface HDMI CEC
1Gbps Ethernet 2x FDCAN / TTCAN
2x USB2.0 Host HS USB2.0 OTG FS/HS
DFSDM 8 channels / 6 filters
6x I12C 4x UART, 4x USART
6x SPI / 3x I2S 4x SAI

SPDIF Tx / Rx 4 inputs Dual Quad SPI

3x SDIO3.0 / SD3/eMMC 4.51 8 16-bit SLC NAND, 8-bit-ECC

Analog

2x 16-bit ADC

2x 12-bit DAC

De gekoppelde afbeelding kan niet worden
weergegeven. Het bestand is mogelijk verplaatst, heeft
een andere naam gekregen of is verwijderd. Controleer

Temperature sensor

D&E

vanpervaLk HoteL @ VEmt
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A Fully Integrated Design Suite

arm

Cortex-A7

OpenSTLinux
Distribution

(A

Embedded Software Distribution

arm
Cortex-M4

8 OKT &
vanpervak Hotee  @VEemt
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Upstreaming: Customer Advantages

T

Silicon e
Vendor

Ensuring
Software

Quality

Driver

624 A0

Security
Breaches

Making the Project a Technical Success
Kys

life.augmented

From Reducing Time
To Market towards
Profitable Growth

- \
AT

<D
¥ L!;/

W

Frofitable
Givowth

|Z| De gekoppelde afbeelding kan niet worden
e e e eergegeven. Het bestand is mogelijk verplaatst, heeft
riving Business Su C G K ;em seicegen of i vervisderd. Conroleer
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Simplity your Linux Development

Fully mainlined open source Linux distribution for Arm Cortex-A7

SoC drivers
already adopted by the Linux community

OpenSTLinux
Distribution

Fully compliant n LINUX
with FOUNPATION Linago Pre-integrated

open-source yocto . yrunEEs Secure OS
standards PROJECT

ICT g8 OKT - D&E
’I vanpervaLk voree . @VE Nt
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Various Hardware Solutions

Available at

‘7 Available at

$69

Evaluation Board Discovery Board Boards & SoM*s
Full feature evaluation Flexible prototyping & demo 3rd Parties Boards for prototyping and
* Access to all resources production

* Board Specification from Linaro —
(96boards.org) vt oo
* Commercial SoM w/ different forms

IC7 8 oKT -~ D&E
,l VAN DER VALK HOTEL event
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Software, Training and Services
a Broad Ecosystem to Support Development

//

¢ , 4 k
S _ootlih \ X<}
/AL N N - *@“ —\/
Crank | i} \WANY,
a ‘ software inc. / ] : \ \ <
wiki user guide | | *,\ =
for beginners and experts AN | f EA ®
, | | | || m
§~~w Kt 1 &
\. Wltek|o \ ,’ <
NG SUCCESS ‘ [ ('B"
Large selection of partners \ 3

already engaged for:

* Graphics Ul
* Security

* Training and services

;57 ‘* | " 8 OKT
1ife.aug’me£d
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STMicroelectronics

=  Among the world’s largest semiconductor companies

= Serving over 100,000 customers across the globe
= 2018 revenues of $9.66B, with year-on-year growth of 15.8%
= Listed: NYSE, Euronext Paris and Borsa Italiana, Milan

= Signatory of the United Nations Global Compact (UNGC), Member
of the Responsible Business Alliance (RBA)

_ _a S5 YOW
' »

~46,000 employees worldwide
= ~ 7,400 people working in R&D

11 manufacturing sites

Over 80 sales & marketing offices

8 OKT — D&E
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