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A Over One Billion Freescale MEMS
¥ Devices Shipped Since June 2010
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Dedicated supplier to the critical April 2009
care medical market through MMA7660FC
shipment of over 60 million Intelligent 3-axis digital
units for the invasive blood M accelerometer introduced
pressure market for advanced mobile
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1980 for the automotive airbag market ST Tl Freescale pressure sensors for robust,
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Sensing at the Forefront
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Sensors: Applications Trends

Location-Based-Services

- Intuitive User Interface

- Augmented reality

- Consumer medical

- Wireless Sensor Networks (WSN)
- Automotive safety
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Freescale: A Platform For Smart Mobile Devices
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s Freescale’s Sensors Offer for Tablets
& Mobile Applications
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Sensor portfolio Highlights for
improved user interface and navigation

Accelerometers:

- Wide portfolio 8 to 14bit accuracy, less than 99ug/VHz noise, down to 6uA and smart
features dedicated to phone use cases — MMA7660, MMA845x

B Magnetometer
- 0.1uT accuracy, ODR up to 80Hz, 24pA @ 1.25Hz in a 2x2 package — MAG3110

& Pressure sensors:

- Low-power, high precision barometer and altimeter - MPL3115A2

Capacitive touch
- Very low-power and up to 12 multiplexed capacitive touch — MPR031, MPR121

Intelligent Sensor Hub:
- First dedicated microcontroller embedded with accelerometer
- Specific architecture for sensor fusion: Saving system power consumption — MMA955x
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Xtrinsic MMA845xQ 14/12/10-bit 3-axis

¥ Accelerometer Family
Low Power High Level of Embedded Function
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Product focus MMA8451Q

Digital Accelerometer
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MMA845Q — High Power Efficiency + High Accuracy

Mode ODR ldd
333;2:'?8& (Hz) (tyf\) Function: — 1.9V to 3.6V supply voltage
H — ODR up to 800Hz
Low-Power 1.563 6 — All the power modes and features
6.3 6 like the MMA8450Q
12.5 6
50 14 : .
100 o4 Benefits: — Wide power supply range
200 44 — Combining most advanced features with
400 85 the lowest power
800 165 — One platform with very low-power (down to 6 pA)
Nyl 1.563 24 good (8-bit) to high accuracy (14-bit, 99ug/VHz),
6.3 24 and rich features (FIFO, embedded functions...)
12.5 24
50 24 Applications:
;88 gg — High accuracy gesture recognition
e e — Pedgstrlan navigation
800 165 — Gaming
— |Image stabilization
Standby 2
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Features and Benefits

Accelerometer Product Feature Comparison

Digital Capability

Supply Voltage 1.95-3.6 1.79-1.89 1.95-3.6 1.95-3.6 Wider Supply voltage to support various
applications
Resolution 14 12 12 10 Higher Resolution for more precise
applications
Idd Consumption Standby: 2 uA + Shutdown: <1 uA Standby: 2 uA Standby: 2 uA Lower power for significant battery
Normal:25-175 uA « Standby: 3 uA Normal:25-175 uA Normal:25-175 uA savings at all ODRs
Low power: * Normal: 42-300 uA Low power: Low power:
4-175uA « Low power: 4-175uA 4-175uA
27-133 UA
Output Data Rate 1.563-800 Hz 1.563-400 Hz 1.563-800 Hz 1.563-800 Hz Increased bandwidth to support various
applications
Embedded Features
Orientation Detection Yes Yes Yes Yes Fast Ul Response
Embedded FIFO Yes Yes No No Reduced 12C bus traffic
Buffer HPF data No HPF data System power savings
Tap Detect Tap/Double Tap Tap/Double Tap Tap/Double Tap Tap/Double Tap Fast Ul Response
Directional Tap Directional Tap Directional Tap System Power Savings
Shake Detect Shake Shake Shake Shake Fast Ul Response
(Motion or Transient) | Directional Shake Directional Shake Directional Shake System Power Savings
High Pass Filter Yes Yes Yes No Reduced System Cycle time
Auto-wake/sleep Yes Yes Yes Yes System Power Savings
o
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MAG3110 Magnetic Sensor Details

Features

- High resolution in full dynamic range: 0.1 pT
- Lowest noise

- Low power consumption:
24 pA at 1.25 Hz in normal mode

- Selectable Output data rate (up to 80 Hz)

- I2C interface at 400 kHz

- Supply voltage: 1.95t0 3.6 V

- Small 2 x 2 x 0.8 mm 10-pin uDFN package
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MAG3110 Hard & Soft iron Calibration
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MPL3115A2 High Precision
Digital Barometer & Altimeter

I2C digital output interface (operates up to 400 kHz)
Altitude resolution: less than 1 foot/0.3m

Pressure resolution: 1.5 Pa

Internally compensated, direct reading (up to 128Hz):
- 20-bit pressure measurement (0.25 pascal/LSB)

- 20-bit altitude measurement (0.0625 meter/LSB)
- 12-bit temperature measurement (0.0625 °C/LSB)

Low current consumption: Samples
- Standby mode: 2 pA

- Low-power mode: 8.5 pA at 1 Hz now
On-board intelligence:
- Integrated Altitude Computation based on Pressure and Temperature
(NASA standard atmosphere model) T
- Two highly configurable interrupt pins to auto-wake Host MCU on | Reguisior oF
Programmable events (minimum/maximum and threshold detection, data  |soa_
ready, Fifo watermark, etc...) st
- Autonomous data acquisition with programmable rate and averaging Dl S
Embedded 32 samples FIFO buffer = e P
Supply voltage: 1.95V to 3.6V (1.6V to 3.6V for digital 1/0) | INT2_
50kPa to 115kPa absolute pressure range, -40°C to +85°C
operating temperature kel | WileZon

Low-profile 3 x 5 x 1.1 mm LGA package
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MPL3115A Evaluation Software
Operation Mode
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MPR121 Proximity
Sensor Controller

Features

* 29 A supply current

e Compact 3 x 3 x 0.85 mm 20-lead QFN

* Supports up to 12 touch pads

* Only one external component needed

* Intelligent touch detection capacity

* 4 pyA maximum shutdown current

*1.71V to 3.6 V operation

* Threshold based detection with hysteresis
* 12C interface, with optional IRQ

* (4) 12C addresses allow up to 48 electrodes
*-40 Cto +85 C operating temp range
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Capacitive Touch

Feature Improvements

* New Auto-configuration system

» 2nd generation filtering system

* Increased voltage range

» 100% independent electrode control

2.5V 10 3.6V
47nF - 47nF
VsS VDD VREG vss
———] scL
12C Serial -
—
Interface > ] soa IBAT
ELE1 2 1
IRQ ———ag—] IRQ
g ELE2
_L ADDR 5 b
vsS ELes oo
I ELE8
ELE4 p——
9 10 ELE9
ELES 6 5
ELE10
12 11 ELE6
L ELE11 7 8
75k ELe7  fp——
l_:I_ REXT  vss
VsS VsS
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MPR121 Demo and Evaluation Kit

-MPR121QFN to DIP transfer board
«On board 12C to UART to PC USB brid
*Provide basic electrode sets

*Provide other electrodes upon request

Customer

e e ‘ electrode board
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Limitations of Existing Sensors

Adapting system to specificity of each new sensor

types

Level of complexity to implement more sensors

Sensor data aggregation

Power consumption of the system is increasing by

adding more sensors
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MMA9550L

“Intelligent High Precision Motion Sensing Platform”

R
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Intelligent Motion Sensor

MEMS (3-axis accelerometer)

ADC 3 AXis

32-bit microcontroller Accelerometer
MEMS

Flash
RAM
ROM
SPI, 12C interfaces

PWM (Pulse Width Modulation) g%
GPI|Os 12C SPI GPIO

ADC

3Xx3mm

MMA9550L
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MMA95S50L: Intelligent Sensor Platform

Sensor Platform architecture
MEMS accelerometer
Processing
Software

Intelligent
N MMA9550L
Platform

or
Applications
Processor
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Example: More than 90%
System Power Saving

- Automatic wake-up and sleep mode
- Detect any user or device activity/no-activity

12mA in low-power mode ~100pA

MMA9550L
Interrupt Intelligent

(€]
Sensor
Platform

Applications
Processor 12C

- Asymmetric multi-processing 8 ,
s the future of power efficient systems! ..~ Peripheral devices
L
>4 23 Fuy‘p‘“ f et fFogsih Samonds if‘w ES a7 Off“ai”f.?yEéli‘;l‘%°Af$‘éi?§i‘?%‘i.‘£§§£‘ilex.s,mne?s“&?c%aﬁo? i
freescale- e e, ,fo;;‘zy v O s oo oS




eCompass: Comparison
with a Standard Solution

MAG3110 M
-
Only one digital interface Two digital interfaces
One set of drivers Two drivers
Embedding: Need to add:
. Magnetometer calibration* . Magnetometer calibration *
. Tilt compensation . Tilt compensation
. Automatic sampling rate
0.16Kbps of processed data 3.36Kbps of unprocessed data
*soft and hard iron
L £
S R e Ao Sl T i Sy g O S
freescale - e e = C‘; e ST e o ke o




Performance, Fusion & Application Content
Xtrinsic Differentiation Example - MMA9550L

MMAO9550L Sensor Sensing Software / Enablement

TS\ Compass - Mag

ColdFire V1
32-Bit Processor

Connectivity:
12C/SPI
Power

Management Gestures

Future

Inertial Sensor

Pedometer
(3 party)
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