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SENSOR categories

overview
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ENVIRONMENTAL

Temperaure
Humidity
Light

Proximity
Pressure
Gas/Smoke
Ultrasonic
Audio (MEMS mic.)

MOTION
Accelerometer
Gyroscope
Compass
Hall

Magnetic
Optical
Inductive
Encoder

* Not only pure sensor elements
* Combined functions

« Sometimes integrated in the MCU

HMI & OTHERS
Current

Touch sense I/F
Image

PIR
3D sensing
Biosensing
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57 T4 LIS2DW12
,.,’ — ultra low-power high performance 3-axis femto

life.augme= p—
- Wide Supply VOItage: 1.62 to 3.6V High- Low-Power | Low-Power | Low-Power Low-Power
Parameter Performance
Mode Mode 4 Mode 3 Mode 2 Mode 1
—  Independent IO supply
Resolution [bi] 14-bit 14-bit 14-bit 14-bit 12-bit
_ Ultra low power consumption: ODR [Hz] 125-1600 | 16-200 16- 200 16- 200 16- 200
' ODRI2 (NIA 180 360 720 3200
- 50nAin | d for 1600 Hz), | ODRI4, QDRA, ODR/4, ODR/4,
— nA in low power mode BW [Hz] ODRM, ODRI10, ODRIMO, QDRI10, ODRNO,
ODRMO, ODR{20 ODR/20 ODRf20 ODRI20
- - below 1uA in active low-power mode ODR/20
_ . ”D:f‘; fe":“" g‘gg'_"g ots 110 160 210 300 550
—  Very low noise: down to 1.3 mg RMS in low-power mode @FS=+29 ODR=
ODR=16 Hz - 0.65 0.55 0.45 0.38
—  Multiple operating modes with multiple bandwidths ODR=126 Ho % 4 25 16 !
ODR=25 Hz g0 85 45 3 15
Current —
—  £2g/+49/+8g/+16g full scale consumption [ua] | OPR=50Hz 90 16 S 55 3
@ Vdd=1.8V ODR=100 Hz a0 3z 17.5 105 5
—  Single data conversion on demand DDR=200 Hz 50 83 M5 205 10
ODR=400, a0 i ) i
800, 1600 H
—  32level FIFO z

—  Embedded temperature sensor
— 10000g shock survivability

— Ultra small: 2.0 x 2.0 x 0.7mm LGA package
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life.augmented
LIS2DW12 LIS2DS512
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ST accelerometer comparison

Package (mm)
Full scales (g)

Resolution

Sensitivity (ma)
Noise Density (+2g, 100Hz)

Power cons. in PD
Low Power Mode
Narmal Mode (pA)

Og level offset accuracy

(Typ)
Og level change vs. Temp

ODR

Bw

FIFO

Self-test/ Temp sensor

Power supply

22%x0.T —LGA-12
+2[+4/+8/+16

A modes: Low power
(12 hit), 4x High res
(14 bit)

0.244
90pgisqrt{Hz)

0.05
0.38 @1.6Hz, 3/ 16
@50Hz

120 in HPM @50Hz

+20 mg

+0.2 mg~C

Cne shot, 1.6Hz-
1.6KHz

Up to ODRS2

32-level

Yes [ Yes (1 digiti“C)

162tc 36V

2x2% 86 — LGA-12
+21+4/+8/+16

3 modes: Low power
(10 bit), Normal (12
hit), High res {14 bit)

0.244
120ug/sqrt(Hz}

0.7

2.5 @1Hz, &8 @50Hz,
150 from 12.5 up to
6.4kHz

+30 mg
+0.3 mg/*C

1Hz - 6.4kHz

Up to ODRS2

256 level FIFO (14b),
TE8 level (if XL
module)

Yes [ Yes

16210198V

2x2x1 - LGA-12
+2/+4/+8

3 modes: Low power
(8 bit), Normal (10
bit), High res (16 bit)

0.061
140pofsgrtiHz)

SpA f-M10pA @
50Hz
180uA up to 800Hz

+30 mg

+0.25 mgi*C

10Hz-800Hz ( HR)

Up to ODR2

32-level

Yes [ 11bit resolution
(8 digit/"C)
171036V

Zu2x1 - LGA-12
+2/+4/+8/=16

3 modes: Low power (8
bit), Normal (10 bit),
High res (12 bit)

1
T50ug/sgri(Hz)
0.5

2@1Hz, 6 @ 50Hz
11 @50Hz

+40 mg

0.5 mg/*C

1Hz-5.376 kHz (Low
power), 1Hz-1.344 kHz
{Normal, HR)

ODRJ2 (LPM and NM),
ODRJ9 (HR)

32-level (10bit)

Yes /Yes

171036V

22x1 - LGA-12
+2/+4/+8/+16

1 mode: Low
power (B bit)

15.6
1315pg/sqri(Hz)

05

2@1Hz, 6
@50Hz

no normal mode

+100 mg

+0.5 mgl"C

1Hz-5.376 kHz
(Low power)

ODRS2 (Low
power)

32-level (10bit)

Yes [ Yes

171t036Y
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‘— - LSMGDSL
,I | _ INEMO inertial module: 3D accelerometer and 3D gyrocope

life.augmented .

Features
Sel. £2/+4/+8/+£16 g accel. full scale
Sel. £125/+245/+500/+1000/+2000 dps gyro full scale

Power consumption:
400 pA in combo normal mode
650 PA in combo high-performance mode

SPI & 12 C serial interface with main processor data
synchronization feature

Smart FIFO up to 4 kbyte based on features set
Android M compliant

Hard, soft ironing for external magnetic sensor
corrections

Compact footprint, 2.5 mm x 3 mm x 0.83 mm
Pedometer, step detector and step counter
Significant motion and tilt function

Standard interrupts: free-fall, wakeup, 6D/4D orientation,
click and double-click

Embedded temperature sensor

m

o
INT2
VDD
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‘— ISM330DLC
,’ INEMO inertial module: 3D accelerometer and 3D gyrocope

life.augmented /

Features
Sel. +2/+4/+8/+16 g accel. full scale
Sel. £125/+245/+500/+1000/+2000 dps gyro full scale
16 bit resolution
90 pg/\VHz typ. accelerometer noise density

SPI & 12 C serial interface with main processor data
synchronization feature

Smart FIFO up to 4 kbyte based on features set

Sensor hub feature to efficiently collect data from
additional

external sensors
Embedded hard, soft ironing for external magnetic sensor

corrections / \
Embedded temperature sensor Robotics @

M
— —C
Industry 4.0

O —
Navigation

Embedded self-test both for gyroscope and \ /
accelerometer

. . . «Antenna platform»
High shock survivability Drones stabilization

Extended operating temperature range (-40°C to +85°C)

12/2017 NVNETsiica



Lys

life.augmented

SLOPE INDICATOR

(INCLINOMETER)

Features B %2 5 00 v 2

= 16bit accelerometer , X or o oo

=  Supply voltage 1.7 to 3.6V or leave unconnacied
Full -Scale +/-2.5g (T]Op vew, s::
Zero-g noise density : 45ug/VHz (Max) ceveeTBLE |

12/2017

ACCELERATIONS

High StabilityZero-g level change vs. temperature <0.4mg/°C

Sensitivity change vs. temperature < 2%

Embedded FIFO 32 Levels

SPI 4-Wire digital output Interface @

Embedded temperature sensor (12-bit data output)
5x5x1.7mm

CeramiccavityLGA16 5x5x1.7mm

LIS3SDHH

3-axis accelerometer specific for high precision INCLINOMETER

QE o Q [=]
= E = = =
H
A
Ed
§s & & 8§
14 13| 12 1
. Connect to GND
-
VIEW
voo
=, w0
Gl [ ] [o)
§ 8 B E

PN STEVAL-MKI180V1
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r LPS22HB
,I High Accuracy Barometric Sensor

life.augmented

Optimizing the main blocks, we enhanced the performances: better noise, improved
accuracy and reduced current consumption

Features

pressure sensor

260 to 1260 mbar absolute pressure

Pressure noise: down to 20ubar & 7.5ubar (LPF)

ODR from 1 to 75Hz,0one shot

Low power consumption: 12pA(low noise) to 3pA(low power)
@1Hz

32 samples Embedded FIFO for Pressure and Temperature
SPI and I2C interfaces

Smallest and thinnest form factor: 2x2x0.76 mm package

12/2017 NVNETsiica
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CCLGA 10L 3.3 %X 3.3 X 2.9 i

|j - MUX B

Low noise
analog front end

ADC
+ digital filter

! J

Temperature

Sensing sensor

element

L Sensor bias

12/2017

DSP for 12c
H Temperature [H
Compensation SPI

Voltage and
current bias

Clock and timing

LPS33HW

Water Proof Barometric Sensor

Features
260 to 1260 mbar absolute pressure
Less than 1Pa RMS of noise
ODR from 1 Hz to 75 Hz
Low power consumption: 4 yA
SPI and I12C interfaces
High shock survivability: > 20,0009
Embedded FIFO

ISO 22810 Horology Certified
(Water Resistant Watches Standard)
IECB0529 (IP Code): 1Px7 and 1Px& certified

NVNETsiica
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r FlightSense™
’l ranging sensors

life.augmented

FlightSense™

Ranging sensors

12/2017 NVNETsiLica 10



[—— FlightSense™
” ToF principle explanation

augmented

Emitter Photon

Target

Sensor

distance

NVNET



‘— FlightSense™
,’ ToF distance measurement system

life.augmented

FlightSense™ by ST is the only technology on the market today
offering accurate measurements with tiny and low power modules

Conventional IR _ -

Signal Amplitude Yes Yes
Real distance outout No Real distance in mm
P (computed) (readable thru i2C register)
Maximum distance 20cm up to 2 meters @
Works with all Yes
objects color No

o
and reflectance even black (3%), gloves, ...

Gesture control

Tap vs Swipe No Yes

12/2017 NVNETsiica 12
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life.augmented

VL6180X

* Proximity, Gesture & ALS
sensor

* Up to 40cm Ranging

Proximity & Ambient Light Sensing

Small 3-in-1 module, 4.8 x 2.8 x 1.0
mm

850nm IR emission (Vcsel)

Advanced microcontroller and light
rejection

Gesture control capability

Proximity detection and ranging,
Smart lighting

12/2017

VL53L0X
* Ranging sensor

* Upto 2m ranging

Smallest ToF sensor in the market
- Miniature 4.4 x 2.4 x 1.0 mm
940nm IR emission (Vcsel)

Advanced microcontroller and light

rejection

User detection, long ranging

ST Flightsense™

FUTURE PRODUCT
(QI 2018)

VL53L1X
* Multi object ToF sensor
*  Up to 4m ranging

Full FoV ranging : 400cm+ (white target,
no IR)

Multi-object detection and Xtalk free
Multi-zone scanning capable (100+
combinations for array selection)

Enhanced speed (60Hz / ranging)

NVNET siica 13
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life.augmented
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AVAILABLE

Flight /\\
Sens

ST Flightsense™

FUTURE PRODUCT

s+ 0= 12"

g=1MGTn

d=400cm
NAVNET siuica
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‘— FlightSense™
> /4

VL6180X Nucleo pack
life.augmented

VL6180X
3-in-one sensor

Selection switch :
- Ranging mode
- Ambient Light mode

Push button
Mode selection
(Scaler, interrupt etc...)

4-digit display

- Distance (mm)

- Ambient light (Lux)
- Gesture

Graphical User Interface

External sensor
connection using
~ VL6180X Satellite

Order code (available May 2015):
P-NUCLEO-6180X1 (with stm32F401)

o7 P-NUCLEO-6180X2 (with stm32L053)
Y/ X-NUCLEO-6180XA1 (expansion board)

12/2017 NVNETsiica 15



Ly

FlightSense™
VL53L0 Nucleo pack

life.augmented

STM32F401
MCU platform

4DGT LED
Dysplays range

Windows GUI
for evaluation

g i |

VL53LO0 ToF
module
Up to 2m range

Protection frame

' Protection glasses

spacers

p/n: P-NUCLEQ-53L0A1 (complete system)
p/n: X-NUCLEOQO-53L0A1 (shield only)

12/2017

NVNETsiica

16



1.56 +0.04

Ly

life.augmented

RECEIVER
SPAD Array

12/2017

FlightSense™

VL53L1 new generation ToF ranging sensor

EMITTER
940nm VCSEL

Advanced rnulti-zone and rnulti-object

ion

—
—

det

®
®

C

Fully integrated miniature rnodule
* Emitter: 940nm invisible laser (VCSEL) and
its analog driver
* Receiving array with integrated lens

* Low-power micro-controller running advanced

digital firmware

* Size:4.9x25x 1.56mm

ast, accurate distance ranging

* 400cm+ detection with full FoV

* 60Hz ranging capable up to 300cm

* Immune to coverglass cross-talk and
fingerprint smudge at long distance with
patented algorithms (direct ToF)

« Multi-object detection capable

* Multi-zone scanning with selectable array
(2x2, 3x3, 4x4, or defined by user through
software)

-
¥

VL53L1 module

VL53L1 silicon

Detection array

GMND Single Photon AVDD
Avalanche Diode (SPADs)

XSHUT

GPIO1

AVSSVCSEL —. .— AVDDVCSEL

N gi0mm

NVNETsiica 17
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MEMS microphones

MEMS vs. ECM microphones

Soldering

Form Factor

MEMS
Microphones

Easy Reflow

ey

iz iz More robust
Robustness

Temperature =+—=@® Immuneto variation
Electromagnetic mﬂmiﬁ - Immune (package is a
Interferences Faraday cage)
Part-to-part A Excellent (+/- 0.2dBFS
Sensitivity Matching 7 standard deviation)

Convenient for ultra thin
or multiple Mics designs

ECM: Electret

Condenser
Microphones

Temperature stability
issue: requires
additional controls

Usually bigger

requires rubber gasket
Impacted

More impacted

Difficult

NVNETsiica
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life.augmented
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STEVAL-BCNKTO01VA

Motion MEMS

Environmmenial sensors

MEMS microphons
arrely

HIGHIEENGYNANCE!
prain

SENSOIAUSION

Ultra Low
Power Bluetooth Smart
Connectivity

| Power/Battery or

e¥
[

&

g
<
e

LSEMBDSM

LSM303AGR

=

]

LPsS22H

v

4 x MP34D7T04

STWISZF448

BlueNRG-MS

STBCO3J

Bluecoin — the Robotic Ear

NVNETsiica
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‘_ Bluecoin — the Robotic Ear
v/

capabilities
osxAcousticBF
Beamforming

life.augmented

osxAcousticSL
Sound Source Localization

Estimates the angle of arrival of Small and compact directional Based on the Speex.org Open
audio signal using a MEMS virtual microphone based on ST Source libraries
microphone array MEMS microphone array

osxAcousticEC
Acoustic Echo Cancellation

2 ‘ =
far end .

M4(micro-4) architecture :The smallest microphone array architecture ever!

Microphone’s sound inlets are just 3mm away from each other

12/2017 NVNET siica 20



" l Bluecoin — the Robotic Ear
DEMO set up

life.augmented

[ @ Audacity — - == g

File Edit View Transport Tracks Generate Effect Analyze Help
] L L H I

[T 7]

- b E . TR .
m:‘:: V/ ./ m/ w/ ./ ‘ p\u\ K| 4) v| 36 24 12 0 S| 36 -24 12 0
oie . pr  sfalmmwisl ofo] o Aozl
. e ooy Ell ey ] H[MME v | ) [speakers (Conexant sm: v | | Microphone (STM32 AUL |2 (Stereo) p ||
Mute Cutpus o a= -10 10 20 30 40 50 80 70
e
.

SMARTMICl GUI él?rg:oc;Rav&e(Hz)“S - Is‘;)e‘)\zczu(;\‘)s‘anz j‘l‘;;)inso‘g-Len!mj‘ﬁ)u;‘\)u:ouzmun .
Included in the ’
) SMARTMICL1 library FREE AUDIO

package RECORDER

BlueCoin starter kit Like i.e. Audacit
p/n STEVAL-BCNKTO1V1 Kys ﬁe Ry
life.augmented LY
g D Audacity
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Actual Rate: 16000 .
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