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General trend

More 
Performance

Better 
consumption

Smaller 
form factor

More 
features 

More 
Integration

Applications are becoming 
more demanding



MCU World

Dedicated Peripherals

Improved Core

Higher frequencies

More Memories

More 
features 

More 
Integration

Relying on Hardware



Examples of hardware implementation on 
MCUs

Dedicated  hardware design 
implemented for specific needs



Control Loop Implementation 
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Easy use of the Analog 
and Digital resources 
thanks to dense 
peripherals 
interconnect and 
flexible bus matrix

PWM Timers
* 170 MHz (5.9ns)
* HRTIM (184ps)+
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Set 
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Direct HW path (no latency)
• Instantaneous control load
• Protection
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Other Timers
• Quad encoder
• Halls sensors

7xComp

-

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

ARM Cortex-M4 core @ 170MHz
• FPU

• Enhance dynamics
•No scaling overhead
•No saturation

• DSP (fast MAC)
• SIMD
• Parallel processing
• Low interrupt latency 

ST’s product architecture
• ART accelerator

•Wait state removal
• CCM-SRAM accelerator

• Real time execution
• Math accelerator 

• Cordic (Trigo)
• FMAC (Filtering)



Cordic (Trigo) - Main features
• 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

• Atanh

• Square root

• Ln

• 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)

 In Motor Control (real application) = ~12% gain in control loop 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
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• Avoids PWM-related noise during ADC readings



Timers
• Motor Control + Digital potentiometers

• Better management of incremental encoder sensors

• 2 new protocols supported

• Hardware management of the Index (Z) input

• Power conversion

• Deadtime

• 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 

• General purpose
• Higher (average) resolution using hardware dithering 

• New slave mode (gated+reset)

• 4x PWM outputs w/ 4x complementary



Dedicated High Resolution Timers
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• High resolution PWM 
• 12 channels with 184ps 

resolution on frequency and 
duty cycle

• 184ps is equivalent to 5.4GHz 
timer clock

• Flexible PWM generation
• 7x independent time base to create 

various shape of PWM

• Up to 32 set/reset transition per PWM 
period thx to the built-in crossbar 

• Master/Slave configuration for multi 
phase converter 

• Multiple Event handler
• 6x Digital and Analog fault input

• 10x Events cycle to cycle current 
control or PWM restart (constant 
Ton/Toff)

• Blanking, windowing and digital filter 

• 12 independent channels
• Any topology supported from 1x 12 

PWM (triple interleaved LLC 
(servers application) up to 12x1 
PWM (multiple independent buck 
converters (lighting)



Timer B counter

Timer A counter

External Event 1

External Event 2

TA1 PWM output

Set on TimerA roll-over

Reset on TimerA Compare 1

Set on TimerB Compare 1

Reset on external Event 2 after delay

Window

Toggle on external event 1 rising edge 

during Timer B-defined window

Set on TimerB Compare 4

HRTim - Generating Complex waveforms
• Up to 32 concurrent Set or reset events can be defined per PWM output
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Auto-delayed mode

External event windowing

Timings 
defined in 
multiple 
timers

From 
HRTIM



Double core for wireless SOC

2 independent cores for real-time execution

CPU -x

Application Firmware
+

Peripherals
+

Radio stack

• Drawbacks

• Time sharing

• Complexity of the firmware

• Real time constraints

Mono-core

• Benefits

• Full flexibility - Easy development – User experience

• Real Time 

• Security

• Multiprotocol

Arm Cortex-M4

Application Firmware + Peripherals

Double Core

Arm Cortex-M0+

Radio Stack
Security



Multicore Architecture and Multiple Power 
Domains

400MHz

64KB I-TCM
Trace Debug

AXI bus matrix

SDMMC

Cortex-M7

MDMA

JPEG 
Chom-

ART 

Flash
1MB

RAM
512KB

200MHz

TFT

FPU, MPU

DSI 

Q-SPI

D2 domain

Cortex-M4

AHB bus matrix

2 x DMA 2 x USB

RAM
128KB

Crypto

SD 
MMC2

PERIPHSet
#1

PERIPH
Set #2

2xADCs

ETH

16KB DCache 16KB ICache

RAM 4KB

D1 domain

128KB D-
TCM

Flash
1MB

FMC

ART

RAM
128KB

RAM
32KB

200MHz

AHB bus matrix

BDMA

RAM
64KB

ADCs

PERIPHSet
#3

RAM
4KB

RTC

Tamper

D3 domain

GPIO

200MHz
RCC

PWR



• High performance 

 CoreMark score = 210

• Outstanding power efficiency 

 ULPBbench score = 175

Low Power modes implementation

FlexPowerControl

• Efficient running

• 8 low-power modes, several 
sub-modes

• High flexibility

Application benefits

RUN (Range1) at 64 MHz                  120 / 51 µA / MHz*

STANDBY                  150 nA / 450 nA** 

VBAT                4 nA / 300 nA**

SHUTDOWN                           30 nA

STANDBY + 32 KB RAM                     600 nA

6 cycles

Wake-up
time

250 µs 

STOP 2 (full retention)                            1.8 µA

LPSLEEP at 2 MHz                           27 µA / MHz

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

Typ @ VDD =1.8 V @ 25 °C

6 cycles SLEEP at 64 MHz                                  40 µA / MHz

8 µs (18µs)



Integrated Development tools
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MPU World

Improved Core 
Architecture

Higher 
Frequencies

Multi cores

Parallel Processing 

Relying on Software with 
Sophisticated OS



New Generation of MPUs

Combining the best of both worlds

MCU Ecosystem

MCU World

MCU + MPU

MCU Connectivity

MCU IPs

Arm Cortex-M4Arm dual Cortex-A7

Linux Ecosystem

3D GPU

DRAM Interface

MPU World



Arm Cortex-A + Cortex-M Architecture 

Cortex-M4
@ 209 MHz

3D GPU @ 533MHz 
OpenGL ES 2.0      

26 Mtri/sec
133 Mpix/sec

dedicated 

RAM

448 kB

Real-time

Motor Control

Sensors & 

Low Power acquisition

High speed I/F & processing

DDR3 / DDR3L

LPDDR2 / LPDDR3

16/32-bit @ 533 MHz

24-bit Parallel RGB 
WXGA @ 60fps

MIPI DSI 2L @ 1 Gbps

1 Gbps Ethernet GMAC

3x USB2.0

2x with HS PHY

Cortex-A7
@ 650 MHz



Flexible Architecture for Power Efficiency

Processing for HMI and communication + motor control & sensing

Cortex-A7 Cortex-M4

3D
GPU

dedicated 

RAM

Motor Control

Sensors & 

Low Power acquisition

Graphic and Communication processing

2470 DMIPS on dual Cortex-A7 + 3D GPU

Motor Control, Sensors 

and Low Power acquisition 

260 DMIPS on Cortex-M4

DRAM

Memory

Full Power



Flexible Architecture for Power Efficiency

Motor control & sensing

Cortex-A7 Cortex-M4

3D
GPU

DRAM

Self refresh 

mode

dedicated 

RAM

Motor Control

Sensors & 

Low Power acquisition

Graphic and Communication processing

STOP MODE

Motor Control, Sensors 

and Low Power acquisition 

260 DMIPS on Cortex-M4

Power 
Divided by 4 

vs. full power mode



Flexible Architecture for Power Efficiency

Standby mode

Cortex-A7 Cortex-M4

3D
GPU

DRAM

Self refresh 

mode

dedicated 

RAM

Motor Control

Sensors & 

Low Power acquisition

Graphic and Communication processing

STANDBY MODE

Motor Control, Sensors 

and low power acquisition 

STANDBY MODE

Power 
Divided by 2.5K 
vs. previous mode



Low Power Architecture 

Typ @ VDDCORE = 1.2V, VDD = 3.3V @ 25 °C, Peripherals OFF

4.5 µW VBAT

Power figures

Optimize power 

vs.

processing needs

Keep track of the time & ensure system security

allowing RTC (Real Time Clock) and Tamper protection

Arm Cortex-A7 @ 650 MHz / Cortex-M4 @ 209MHz

Arm Cortex-M4 @ 209 MHz92 mW

275 mW

Dual Arm Cortex-A7 @ 650 MHz / Cortex-M4 @ 209MHz353 mW RUN

RUN

RUN

1/4

36 µW STANDBY

1/2.5 K

From STANDBY to Linux console in

around a second



Memory

Display

Power Management IC 

Simplify your design and optimize power consumption

External
Components

• Optimized power consumption
• BOM savings for typical applications

• Small PCB footprint vs. full discrete solution

Power Mngt

DC/DCs & LDOs for 

- MPU

- Memories 

- External devices



Multicore Architecture Combining MCU and MPU

System

New MPU

3D GPU OpenGL ES2.0 @ 533MHz 

26Mtri/sec, 133Mpix/sec

Security

3x Tamper Pins with 1 active

Tº, V and 32KHz detection

SHA-256, MD5, HMAC

Dual Cortex-A7 @ 650MHz

Core 1 @ 650MHz

L1 32KB I / 32KB D

NEON SIMD

256KB L2 cache

Core 2 @ 650MHz

L1 32KB I / 32KB D

NEON SIMD

Cortex-M4 @ 209MHz

MPUFPU

Connectivity

Control

10x 16-bit timer

2x 16-bit motor control PWM synchronized AC timer

5x 16-bit LP timer

DDR3/DDR3L 32-bit @ 533MHz

LPDDR2/LPDDR3 32-bit @ 533MHz

2x 32-bit timer

24-bit Parallel RGB Display MIPI DSI 2 lanes @ 1Gbps

Camera Interface HDMI CEC

1Gbps Ethernet 

USB2.0 OTG FS/HS2x USB2.0 Host HS

DFSDM 8 channels / 6 filtersMDIO

6x I²C

4x SAI

4x UART, 4x USART

6x SPI / 3x I²S

Dual Quad SPISPDIF Tx / Rx 4 inputs

16-bit SLC NAND, 8-bit-ECC3x SDIO3.0 / SD3 / eMMC 4.51

Secure ROM and RAMs

Secure Peripherals

Secure RTC

Analog true RNG

Up to 176 GPIOs

Watchdogs (2x I & W)

Reset and Clock

MDMA + 2x DMA

Crystal & Internal oscillators

2x FDCAN / TTCAN

DES, TDES, AES-256

TrustZone

System RAM 256KB MCU System RAM 384KB

Retention RAM 64KB Backup RAM 4KB

Boot ROM 128KB OTP Fuse 3Kb

Analog

2x 16-bit ADC

2x 12-bit DAC

Temperature sensor

96-bit unique ID

5x LDOs



A Fully Integrated Design Suite

Embedded Software Distribution

Cortex-M4Cortex-A7

MCU Tool 

Set



Upstreaming: Customer Advantages
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Driver

Removing 
Security
Breaches

Ensuring 
Software 

Quality

From Reducing Time
To Market towards 
Profitable Growth

Making the Project a Technical Success

Driving Business Success

Silicon 
Vendor



SoC drivers 
already adopted by the Linux community

Simplify your Linux Development

26

Fully mainlined open source Linux distribution for Arm Cortex-A7

Fully compliant 
with 

open-source 
standards

Pre-integrated
Secure OS



Available at

$399
Available at

$99

Available at

$69

Full feature evaluation

• Access to all resources

Flexible prototyping & demo 3rd Parties Boards for prototyping and 
production

• Board Specification from Linaro
(96boards.org)

• Commercial SoM w/ different forms

Various  Hardware Solutions
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Speed-up evaluation, prototyping and design

Evaluation Board Discovery Board Boards & SoM*s 

*System on Module



Software, Training and Services
a Broad Ecosystem to Support Development

wiki user guide

for beginners and experts

Large selection of partners 
already engaged for:

• Graphics UI
• Security
• Training and services



STMicroelectronics
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 ~46,000 employees worldwide

 ~ 7,400 people working in R&D

 11 manufacturing sites

 Over 80 sales & marketing offices

 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)

As of December 31, 2018


