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Smart Devices Come in Many Form Factors 2



Sensing and Actuating 
are core to connected applications
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Power

ActSense

Connect

Process

Translate

Ultra-low power connectivity

Microcontrollers & Memories

Analog and mixed signal components

Broad range of sensors 

and micro-actuators

Power and 

energy 

management

The Analog World



Sensing & Actuating
Complementary Phenomena
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Physical change Signal Physical changeSignal

MEMS Sensors MEMS Micro-actuators



Car safety applications

Dead reckoning

Opportunities 
for MEMS Sensors & Actuators
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Wearables, Smartphone

Virtual & Augmented Reality 

Heart monitoring

Projection to help assembly workers 

Industrial and 3D printing

Micro dosing

Industrial process variables monitoring

Robotics

Dangerous gases detection

Street light maintenance

Air quality, security and trafficmonitoring

Air quality monitoring

Security & surveillance

Mobile projection

Camera autofocus

Insulin pumps

3D scanning

High-speed inkjet print head 

Touchless interfaces on any surface

Heads-up display 

Adaptive headlights



6

Hardware 

Building Blocks

Software 

Building Blocks

Development & 

Prototyping Tools

ST meeting the Needs of IoT Developers



MEMS Landscape
ST offering vs Competition
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Environmental

Sensors

MEMS

Microphone

Motion

Sensors

MEMS

Microphone

Motion

Sensors

MEMS

Microphone

Optical 

Micro-actuators

Environmental

Sensors

MEMS

Microphone

Fluidic

Micro-actuators

Environmental

Sensors

Micro mirrors
Optical micro-actuators

Motion

Sensors

Environmental

Sensors

Piezo actuators

HW

ST is the only company to offer the 

full range of Sensors

& Micro-actuators



ECSEL/KET Pilot Lines 8

ÅLab4MEMS: LAB FAB for smart MEMS sensors and actuators

ÅPilot Line on advanced Piezo and Magnetic material for MEMS

Å28 MEUR private cost, finished on December  2015

Å36-month project - 19 partners from 10 Countries 

ÅPartially funded by ECSEL-JU

ÅLab4MEMS-II: Micro-Optical MEMS, micro-mirrors and pico-projectors

ÅPilot Line on micro-mirrors and autofocus piezo Lens

Å30 MEUR private cost, running until Oct 2017

Å36-month project - 21 partners from 9 Countries 

ÅPartially funded by ECSEL-JU

ST leads two success stories on innovative MEMS technologies!

HW



Building MEMS Sensors 
& Micro-actuators
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Micro-mechanical part

Micro-mechanical part

Analog signal 

processing

Analog signal & power 

management

Sensors

Micro-actuators

MEMS micro-actuators have 

high voltage/current analog

and power management parts

MEMS sensors have 

ultra-low power analog 

signal processing parts

MEMS micro-actuators & MEMS sensors use the same principles and same basic processes

Leveraging our BCD technologies

HW



Smart

Things

Smart

Industry

Smart

Home & City

Smart

Driving

Sensing & Actuating
A broad portfolio
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Gyroscope

Magnetometer

Accelerometer

6-axis& 9-axis 

inertial module

Optical image 

stabilization

Sensors Actuators

Temperature

Humidity

Pressure

UVindex

Ranging

Fluidic MEMS

Micro-mirrors

Microphone

Piezoactuators

HW



Motion MEMS Evolution 11

Addressing existing and new applications and markets

Virtual Reality

Augmented Reality

High Accuracy

Ultra-Low Power

Optical Image 

Stabilization (OIS)

Low-noise
low-thickness

Recreational & 

Professional Drones

New Markets

penetration
Cost effectiveness

Wearable

Ultra-Low Power
for Always-on devices

HW



New Generation 6-axis MEMS IMU 12

2.5x3x0.86 mm

User

Interface 

Over 100M units sold

50% Power reduction (<0.5mA)

2X improvement in Gyroscope noise 

Pin and footprint compatible

User Interface &

Image Stabilization

(OIS & EIS) 

2015 2016

2.5x3x0.86 mm

2.5x3x0.86 mm

2.5x3x0.86 mm

LSM6DSLLSM6DS3

LSM6DS3H LSM6DSM

HW

2.5x3x0.86 mm



OIS System Architecture Support 13

Optimized for lowest power and highest integration

6-Axis UI 

+ 

OIS 

Application Processor

Optical Image 

Stabilization system(OIS)
LSM6DSM

6-Axis UI 
Application Processor

Optical Image 

Stabilization system (OIS)

Gyro

LSM6DS3

Separate gyroscopes

for User Interface & Image Stabilization

Common gyroscope

for User Interface & Image Stabilization

Ideal for pre-calibrated camera system

LIS2GIS

HW



Environmental Sensors 14

Worldôs first sensor to provide a direct digital 

output of the Ultraviolet Index (UVI)

Now in a wearable device

Pressure UV index

Combined temperature & humidity sensor in smart home projects

Temperature Humidity

Home automation
Altimeter & 

barometer

Enhanced GPS 

applications

Indoor and outdoor 

navigation
Weather station

More than 100 million Pressure sensors 

shipped in 2015 

Introduced worldôs smallest pressure sensor 

in tiny package (2x2x0.76mm)

HW



Micro-actuation Technologies
Serve a variety of applications
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Camera autofocus

Commercial Inkjet print head

Vaporizer/Atomizer

Micro-mirrors

3D scanning

Mobile projection

Consumer Inkjet print head

Vaporizer/Atomizer

Micro-mirrors

3D Scanning

Mobile projection

Piezo-Electric Electro-Static+

Thermal Electro-Magnetic

HW



MEMS Micro-actuators
Examples
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3D scanning

ÅIn production with multiple OEMs for 

Intel RealSenseÊ Depth Camera

ÅOpportunities for other micro-mirror 

applications

Micro-mirrors

Camera Autofocus

ÅLower power consumption and higher 

speed versus Voice-Coil Motor (VCM) 

based solution 

ÅPartnering with innovative lens maker 

PoLight for autofocus actuator in 

smartphones

Printing

ÅHigh-speed inkjet print head for 

commercial and industrial applications 

ÅHigh-viscosity materials

ÅDifferent printing materials

Thin-film Piezo-electric MEMS

HW



ST meeting the Needs of IoT Developers 17

Hardware 

Building Blocks

Software 

Building Blocks

Development & 

Prototyping Tools



Open Software expansion libraries
Jump start your STM32 design 
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Activity 

Recognition

Carry Position 

Determination

Gesture 

Recognition

Pedestrian Dead 

Reckoning

Sound Source 

Localization

Beam forming

Acoustic Echo 

Cancellation

Voice & Music 

over Bluetooth 

Smart

Motion & Gesture Audio

SW



Motion & Gesture Processing
Open.MEMS motion libraries
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Activity Recognition

osxMotionAR

Carry Position 

Determination

osxMotionCP

Gesture 

Recognition

osxMotionFX

Detects

Walking, Fast Walking, 

Running, Biking, Driving, 

Stationary

Detects

In Hand, Near Head, Shirt 

Pocket, Trouser Pocket, On 

Desk, Arm Swing

Detects

gestures such as Glance, Pick-

up, Wake-up

Optimized for low power and always on experience

Uses Machine Learning based models to achieve higher accuracy

SW



Pedestrian Dead Reckoning
Offering a complete solution

Body placement detection 

User activity mode detection

Step detection

Attitude filter

User walking direction determination

Position update logic
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Accelerometer Gyroscope Magnetometer Pressure Sensor

Pedestrian Dead Reckoning (PDR)

Software 

PDR Output

SW


