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Modern Market

MEMS & sensors for cell phones,

- expanding from $ 3.5 bn in 2009 to $
“ 7.9 bn in 2015 (Yole Developpement)
- Smartphone sensors to be $ 6 bn

business by 2016 (Juniper Research)

R ‘I/ 44 % of the mobile phones will be
smartphones in 2015

T
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Motion Sensor Market for
Smartphones and Tablets

zlobal Market Revenue Forecast of MEMS Motion Sensors in Smart Phones
and Media Tablets (Revenue in Millions of L. 5. Dollars)
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Source; IHS iSuppli September 2011

Global revenue for motion sensor in smartphones and tablets will
expand to $ US 2.1 billion in 2015 with a 25.3 % CAGR, up from
$1.19 billion in 2011 (IHS iSuppli).
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Healthcare Applications

Global smartphone mHealth app market 2011
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Healthcare Applications (cont.)

Global revenue for mobile healthcare applications in 2012

Revenue USS (million)
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Source: researchi2guidance

mHealth app revenue sources include: app download, marketing, transaction, service and devices sales
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MEMS Motion Sensor Category

Y 4O vaw Accelerometers
Gyroscopes
3-axis magnetometers

Pressure sensors

T

International Frequency Sensor Association « www.sensorsportal.com [



Today’s "must-have” Sensor
Category

Ambient
light

Proximity

Accelerometer

Gyroscope

Magnetometer

T
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Applications
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Sensor Polls - Netscape Navigator
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Sensors Polls and Surveys

Survey 2012: What Sensors are Needed in a Mobile Phone ?

Sensors in
Mobile Phone

What sensors are
needed in 2 mobile
phone ?

Accelerometer
Gases
Gyroscope
Humidity
Light

Pressure
Proximity
Temperature
Ultra-viclat

All sensors

|Dther
Submit Vote |

view results

NN R R N )

| freepolls.con|

IE .0 /' Metscape 8.0 or higher
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Survey Results (August 2012)

What sensors are needed in a mobile phone 7
Accelerometer (12)

Gases (16)
Gyroscope (3]
Humidity (8]
Light (3]
Pressure (4]
Proximity (<)
Temperature (14])
Ultra-violet (3]
All sensors (53]

Other wiew suggesticons (15)

Total Votes: 1329

Enter your comments: 0 |

Sensors Web Portal

Sensors Web Portal, 139 respondents, August 2012
(http://www.sensorsportal.com/HTML/Polls.htm)
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Other Sensor Suggestions

Magnetic

Altitude

Radiation (dosimeter)
Air quality

Alcohol detector
Glucose

Breath analysis

T
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Sensors Trends for Smartphones
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Smartphone Sensors

Internal (built-in)
External (wire and wireless)

T
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iCelsius RH - Temperature
& Humidity Sensor

Temperature range
-40° to +120° C

Accuracy 0.5 °C,
0-100 % RH+2%
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Sensordrone

13 different sensors:
from gas oxidization

to color intensity
measurement

http://www.sensorcon.com/sensordrone/
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pH Sensor for Smartphones

PH-1 pH Meter
for iPhone and iPad

& Sensorex

http://www.sensorex.com/
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UV Sensor for Android

Extermal sensur allwas Sndrond Phones Lo brack UV exposune o help prevent sun danags
énd siin cencer

http://mobile.mit.edu/
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Glucose Sensor for the iPhone

IBGStar from Sanofi-Aventis
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Chemical Sensors for Smartphone
(Gizmodo)

Carbon monoxide
Chlorine
Ammonia
Methane

Blood sugar

etc.

Postage-sized chip with 32
nanosensor bars

~Teen
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Chemical Sensing Prototype
for iPhone
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Array of Sensors for Healthcare

24

ECG

BODY FAT
HEART RATE
STRESS

TEMPERATURE

One-lead ECG
Body temperature
Blood glucose
Heart rate

Blood oxygen
saturation

Body fat percentage
Stress levels

BLOOD BLOOD

SATURATION SLuUrosE

http://www.sensorcon.com/sensordrone/

T
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Radiation Sensors (Dosimeters)

ECEDTEST®

EcoTest CARD

PERSONAL GAMMA RADIATION DOSIM
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Dosimeter-Radiometer (Do-Ra)
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The Evolution of Devices Do-Ra

DO-RA. uni (universal)
er colinter. with silicone (i) based sensor.
y the host: The device powered by its own battery
ad-2,-3, iPed operates on the following platforms:
r 05, Androic 7, JavaME BlackBerry,
-apacity of the Symbian, Bada, Linux, Windows, MacOS

DO-RA.micro DO-RA. pro (processor)
is designed on the basis of the is | ated with the proc i
microchip. This advanced design int ystem on the chip. This
is under development (simulation) ed design is e

now. The device can be integrated

in the battery of the most of

phones, Cross platform solution,
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Wearable Sensors

Android
61 cell
Respiration =T Phene
Band
- _ ECG, Respiration, GSR,
J-anis accelerometer,
Electrodes - - Ambient & skin temp.
5
Temperature Alcohol, PPG sensor in
Probe - arm band
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Sensor Data Flow

Physical Devices Firmware Processing Windows Sensors

Ambient Light Ambient Light

Barometer Barometer

Thermometer
Thermometer

Pass-Throughand

3D Accelerometer Calibration

Accelerometer

3D Gyroscope
Gyrometer

3D Magnetometer

aemmmemmmmnll Compass

Inclinometer

Sensor Fusion

Orientation

~Tren
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Compass3D for Windows Phone 7

Visual representation of phones internal sensors
Magnetic sensor is used for compass function
Accelerometer is used to support the 3D view

T
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Outline

How to make smartphones
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Sensor Hub Microcontroller

for Smartphones

ML610Q792: WL-CSP

ML610Q792 - industry’s smallest microcontroller
(48-pin 3.1 mm x 3.0 mm WL-CSP)

LAPIS

SEMICONDUCTOR

8-bit RISC core

0.6 UA power
consumption in HALT
mode

64 KB Flash ROM

Android drivers under
development
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ML610Q792 Block Diagram

33

I/F

I°C-slave

/ SPI

|*C-master
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Memory Power supply
| Flash ROM E4xE Flash 12bit
| CPURAM 4KB Hﬂmmn _ ADC
__LDEEIHE RAM BEB m

Clock supply

8bit RISC CPU Core

US Core

Interrupt
Controller

| Timer

On-Chip Debug Unit
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ML610Q792 Sensors Compatibility
(Drivers and Firmware)

Accelerometer

S carno KXTFS

Gyroscope

< L KGY23
supoort pian s KX TJE2 — Read. Calibration

Read, Calibration, Motion
detect, Screen Orientation,
Directional Shaking.
G-getect

Ambient Light Sensor
s part no.: BH1772

Hall IC

Bt part no.. BUS2021HFY

Read, Intermupt

Sensor  Control

MESIONZ5S - Proxiity Light Sensor

Bi-Folar Interrupt

s part no.: BH1772

-w

Temperature & w Raad, Interrupt

Humidity Sensor Host CPU
Head, Interrupt y

E- Geomagnetic Sensor
Pressure Sensor = Reed

Head, Altitude calculation Infrared SEHEDF
UV Sensor X-ray Sensor

Raad, Intermupt

~Teen
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Android Sensor Software Stack

35

Android
Application

Android
Sensor API

Android Hardware Abstraction
Layer <sensors.c>

T

Input subsystem

Linux Kernel Drivers

I'C/SPI

o L ] e
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6-Axis Motion Processing Solution (I)

System
Microcontroller
i:::: IIC,I SPI Communications -
Timing -
vromors N Digital Output to
X/¥ Gyro Apps Processor
X Gyro Analog  piscrete Fixed Analog Analog Microcontroller
Low Pass Filters Peripherals Core Applications
: E Processor
Y Gyro Analo E: LPF ‘ »| ADC - r*c/sPl
E: LPF ' »| ADC -
Z Gyro E E
Anal : : .
2 Gryo — > F = ADC .

Selection and integration of MEMS-based motion processing in consumer
apps, by Steve Nasiri, David Sachs and Michael Maia, InvenSense, Inc.

T
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6-Axis Motion Processing Solution (II)

Analog Gyros

X/Y Gyro
IDG-650

X Gyro

Y Gyro

Analog

Z Gyro Analog
I1SZ-650

ZGryo Analog

‘ &
WI e
' _ p— Digital Output to

Apps Processor

Applications
Processor

7
InvenSense
F

IST- 650

I’C /5P

Selection and integration of MEMS-based motion processing in consumer
apps, by Steve Nasiri, David Sachs and Michael Maia, InvenSense, Inc.
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Universal Sensors & Transducers
Interface (USTI)

Can measure all frequency-
time parameters of signal

High accuracy

Wide frequency range

1I2C, SPI and RS232
2-channel + sensing element
Active supply current < 12 mA
5 x 5 mm MLF package

4 x 4 mm MLF package is
coming soon

T
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Multisensor System for Smartphones

fx1 |
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+ capacitive (C,), resistive
(R,) or resistive bridge (B,)
sensing element
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Analog Sensors Interfacing

40
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Software and Hardware Layers in
Smartphones

Sensor-Enabled Apps (maps, games, ...)

Sensor Fusion Services

Operati ng System
(Android, i0S,...)

Device Drivers

16 or 32-bit Microcontroller

Digital or Quasi-digital

MEMS Sensing Devices

3-axis Magneto
Gryo -meter
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Smartphone based Weather Station

Temperature sensors
SMT160-30

H L ﬁ @
1 !
«-S. _ --.-é Il

R7 @20

hte
. M Humidity Sensor

MS54XX Miniature SMD
Pressure Sensor
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Capacitive Humidity Sensor
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Conclusions

More sensors in smartphones - is better

There are no significant technical or
technological problems for this

Main problem is a ‘market problem’

Quasi-digital sensors are more attractive
for application in smartphones due to easy
system integration and advantages

T
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Technology Assistance BCNA 2010, S.L.
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08860 Castelldefels (Barcelona), Spain
Tel.: +34 93 413 7941

E-mail: syurish@techassist2010.com

Web: http://www.techassist2010.com
Twitter: http://twitter.com/techassist2010
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Questions & Answers
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