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SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

Notice

While reasonable efforts have been made to assure the accuracy of this document, Telit
assumes no liability resulting from any inaccuracies or omissions in this document, or from
use of the information obtained herein. The information in this document has been carefully
checked and is believed to be entirely reliable. However, no responsibility is assumed for
inaccuracies or omissions. Telit reserves the right to make changes to any products described
herein and reserves the right to revise this document and to make changes from time to time
in content hereof with no obligation to notify any person of revisions or changes. Telit does
not assume any liability arising out of the application or use of any product, software, or
circuit described herein; neither does it convey license under its patent rights or the rights of
others.

It is possible that this publication may contain references to, or information about Telit
products (machines and programs), programming, or services that are not announced in your
country. Such references or information must not be construed to mean that Telit intends to
announce such Telit products, programming, or services in your country.

Copyrights

This instruction manual and the Telit products described in this instruction manual may be,
include or describe copyrighted Telit material, such as computer programs stored in
semiconductor memories or other media. Laws in the Italy and other countries preserve for
Telit and its licensors certain exclusive rights for copyrighted material, including the
exclusive right to copy, reproduce in any form, distribute and make derivative works of the
copyrighted material. Accordingly, any copyrighted material of Telit and its licensors
contained herein or in the Telit products described in this instruction manual may not be
copied, reproduced, distributed, merged or modified in any manner without the express
written permission of Telit. Furthermore, the purchase of Telit products shall not be deemed
to grant either directly or by implication, estoppel, or otherwise, any license under the
copyrights, patents or patent applications of Telit, as arises by operation of law in the sale of a
product.

Computer Software Copyrights

The Telit and 3rd Party supplied Software (SW) products described in this instruction manual
may include copyrighted Telit and other 3rd Party supplied computer programs stored in
semiconductor memories or other media. Laws in the Italy and other countries preserve for
Telit and other 3rd Party supplied SW certain exclusive rights for copyrighted computer
programs, including the exclusive right to copy or reproduce in any form the copyrighted
computer program. Accordingly, any copyrighted Telit or other 3rd Party supplied SW
computer programs contained in the Telit products described in this instruction manual may
not be copied (reverse engineered) or reproduced in any manner without the express written
permission of Telit or the 3rd Party SW supplier. Furthermore, the purchase of Telit products
shall not be deemed to grant either directly or by implication, estoppel, or otherwise, any
license under the copyrights, patents or patent applications of Telit or other 3rd Party supplied
SW, except for the normal non-exclusive, royalty free license to use that arises by operation
of law in the sale of a product.
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Usage and Disclosure Restrictions

License Agreements

The software described in this document is the property of Telit and its licensors. It is
furnished by express license agreement only and may be used only in accordance with the
terms of such an agreement.

Copyrighted Materials

Software and documentation are copyrighted materials. Making unauthorized copies is
prohibited by law. No part of the software or documentation may be reproduced, transmitted,
transcribed, stored in a retrieval system, or translated into any language or computer language,
in any form or by any means, without prior written permission of Telit

High Risk Materials

Components, units, or third-party products used in the product described herein are NOT
fault-tolerant and are NOT designed, manufactured, or intended for use as on-line control
equipment in the following hazardous environments requiring fail-safe controls: the operation
of Nuclear Facilities, Aircraft Navigation or Aircraft Communication Systems, Air Traffic
Control, Life Support, or Weapons Systems (High Risk Activities"). Telit and its supplier(s)
specifically disclaim any expressed or implied warranty of fitness for such High Risk
Activities.

Trademarks

TELIT and the Stylized T Logo are registered in Trademark Office. All other product or
service names are the property of their respective owners.

Copyright © Telit Communications S.p.A. 2012.
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1. Introduction

1.1. Scope
Scope of this document is to give an overview of
e The MEMS sensor related features within the SiRFStarlV based JF2 and JN3

e How these features operate in different environments

1.2. Audience
This document is intended for Designers implementing MEMS into their SiRFStarlV based
GPS system.

1.3. Contact Information, Support

For general contact, technical support, to report documentation errors and to order manuals,
contact Telit Technical Support Center (TTSC) at:

TS-EMEA@telit.com
TS-NORTHAMERICA@telit.com
TS-LATINAMERICA@telit.com
TS-APAC@telit.com

Alternatively, use:

http://www.telit.com/en/products/technical-support-center/contact.php

For detailed information about where you can buy the Telit modules or for recommendations
on accessories and components visit:

http://www.telit.com

To register for product news and announcements or for product questions contact Telit
Technical Support Center (TTSC).

Our aim is to make this guide as helpful as possible. Keep us informed of your comments and
suggestions for improvements.

Telit appreciates feedback from the users of our information.
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Document Organization
This document contains the following chapters :

“Chapter 1: “Introduction” provides a scope for this document, target audience, contact and
support information, and text conventions.

“Chapter 2: “MEMS Overview” gives an overview of the MEMS in Jupiter series.

“Chapter 3: “MEMS System Architecture” describes in details the characteristics of MEMS in
Jupiter JF2/IN3 series.

“Chapter 4: “Supported MEMS devices” details the supported/suggested MEMS for Jupiter
JF2/JN3 series integration.

“Chapter 5: “MEMS Static Detection vs Static Navigation (position Pinning)” details the
difference between Static NAV vs Static Detection..

“Chapter 6: “MEMS Senson OSP Messages” provides details about OSP messages dedicated
to MEMS feature..

“Chapter 7: “Reference Design” provides reference design for MEMS integration with
JN3/JF2.

Text Conventions

Danger - This information MUST be followed or catastrophic equipment failure
or bodily injury may occur.

Caution or Warning - Alerts the user to important points about integrating the
module, if these points are not followed, the module and end user equipment
may fail or malfunction.

Tip or Information - Provides advice and suggestions that may be useful when
integrating the module.

All dates are in ISO 8601 format, i.e. YYYY-MM-DD.

Related Documents
e Telit Jupiter JF2 Product Description

o Telit Jupiter IN3 Product Description
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2. MEMS Overview

The JF2 and the JN3 modules have fully integrated GPS navigation engines that perform:
¢ signal acquisition
e tracking
e measurement
e navigation computation

In addition to autonomous GPS functionality, ephemeris assisted GPS, and low-power
features, the JF2 and JN3 supports interfaces to other sensors. Micro-Electro-Mechanical
Systems devices, or MEMS, include accelerometers, gyroscopes, and magnetometers that
provide additional capabilities and supplement the GPS data.
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3. MEMS System Architecture

The MEMS system architecture for the SiRFStarlV platform uses the concept of a MEMS
Gateway. This means that the MEMS sensors are connected to the JF2 or JN3 via a high-
speed 12C serial peripheral interface and the sensor data is sampled at a very high rate up to
100Hz. The 12C serial interface can operate at a maximum speed of 400kbps.

The JF2 or JN3 acts as the 12C master and the sensor devices function in Slave mode. This
provides a very low latency data pipe for the critical sensor data.

The sensor data can be output to other subsystems in the platform and/or the host processor
over the host serial interface and no information is lost.
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4. Supported MEMS Devices

The following table lists the MEMS devices currently supported.

Kionix KXTF9

Freescale MMA 8450Q
Aichi AMI304
ST L3G4200D

Table 1 Supported MEMS Devices

Note that the MEMS implementation is suitable only for full power applications and does not
support the low power modes due to the polling nature of the DR 12C interface.
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D. MEMS Static Detection vs Static Navigation
(Position Pinning]

The software incorporates a feature referred to as Static Detection that uses the accelerometer
data to constrain position drifts and wander during stationary periods of operation.

Previous modules based on SiRFstarllITM supported a feature referred to as Static Navigation
(or Position Pinning) which served a similar purpose but operated under a different algorithm.
The SiRFstarlVTM based modules support both Static Navigation and Static Detection.

In Static Navigation, the position output is artificially clamped at the last known value when
the receiver velocity falls below a certain threshold (<1.5m/s) for several consecutive seconds.
Likewise, the system does not exit the Static Navigation state unless the velocity exceeded a
threshold for several consecutive seconds, or if the instantaneous velocity exceeded a much
larger threshold. The Static Navigation state is also exited if the position change exceeds a
threshold of 40 meters.

With the Static Navigation method, the accuracy of the velocity (speed and heading)
measurement is a function of the actual true velocity of the device. This means the
measurements made at low velocity settings are much less accurate than measurements made
at higher velocities. The measurement accuracy is also a function of signal level. Speed and
heading accuracy degrades as signal level decreases.

The MEMS Static Detection has a different algorithm for constraining the position wander
during stationary periods. Static Detection uses the measured data from the 3-axis
accelerometer to determine if the receiver is stationary. The software compares the computed
velocity to a software-defined threshold, and if the velocity is below the threshold, the Static
Detection feature is invoked. This is an improvement over the earlier Static Navigation
method because the accuracy of the accelerometer data is not a function of the dynamics of
the receiver or the signal level of the GPS satellites. The ability to sense and react to
stationary conditions is therefore completely independent and decoupled from the GPS
measurements themselves.

£ 4 ﬁ\“ ‘ ‘{
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6. MEMS Sensor OSP Messages

The table below lists the OSP messages that configure, enable/disable and report the MEMS
sensor data.

OSP Message 1/0 Message ID, Sub-1D
Sensor Configuration Input 234,1

Sensor Switch Input 234, 2

Sensor Data Message Output 72,1

Receiver State Message Output 72,3

Table 2 MEMS Sensor OSP Messages

6.1. Accelerometer

The following example messages are meant for the KXTF9 with the following settings:
Data Resolution: 12 bits

Sample Rate (06): 50Hz

Send Rate (03): 5Hz

Decimation Method: Raw

6.1.1. Configuration

EA 01 01 02 00 OF 01 00 CD 06 03 00 20 01 01 43 06 1B 00 80 02 1B 01 1D 01 02 20
1B CO 1D 4D 01 00 00 04 00

Sensors Configuration (ALL VALUES MUST BE IN HEXT FORMAT)

0x01 Number of sensors: 1

0x02 12C bus speed: Fast

Configuration for Sensor #2 (KXTF9)

0x000F Sensor 12C Address (7 or 10 bit)

’ﬁl‘t 3 m-—-!
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0x01

Sensor Type: Accelerometer

0x00

Initialization period after power up for Sensor, unit: 10ms

0xCD

Read Register Description for Sensor 1: Signed 2’s complement data, 6 bytes to

read (3 sensor axes), data resolution of 12

0x06

Sample rate: 50Hz

0x03

Send Rate: 5Hz

0x00

Data decimation method (bits 0-2): Raw

0x20

Acquisition time delay, unit: 10us

0x01

Number of sensor read registers

0x01

Measurement State: Forced (SW controlling)

0x043, 0x06

Read Register #1: (Read Operation, Register Address)

Read Operation Bit Definition:
Bit7 ~ Bit4: Number of Right Shift before sending to host
Bit3 ~ Bit2: Reserved

Bitl: Endian, 0 = big, 1 = little
Bit0: Read mode, 0 = read only, 1 = write with repeated start
read

0x1B

Address of the Register to controls the sensor power states

0x00

Setting for Stand-by (OFF) mode

0x80

Setting for Operating (ON) mode

0x02

Number of Initialization Registers to be read

0x1B, 0x01

Init Read Register #1: (Register Address, Number of Bytes)

0x1D, 0x01

Init Read Register #2: (Register Address, Number of Bytes)

0x02

Number of sensor control registers

0x20

Time delay between two consecutive register writes, unit: ms

0x1B, 0xCO0

CTRL_REGLI.: (Register Address, Value) OpMode, Resolution 12bit

0x1D, 0x4D

CTRL_REGS3: (Register Address, Value) Default

Reproduction forbidden without written authorization from Telit Communications S.p.A. - All Rights Reserved.
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0x01 Sensor Data Processing Rate
0x00 Sensor #2 Zero Point Value
0x400 Sensor #2 Scale Factor (sensitivity)

NOTE: Start Sequence, Payload, Checksum, and End Sequence needs to be added to the
message.

6.1.2. Enable Message

To enable the sensors, the sensor enable message:
e EA0203
This command turns both the sensor set and the receiver state change notification on.

NOTE: Start Sequence, Payload, Checksum, and End Sequence needs to be added to the
message.
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7. Reference Design
7.1. Accelerometer
Optional Accelerometer
VCC_1.8V_KA
R2 R1 420204
2.2K 22K 0.1uF
X200
Hovee  vec P2 v
DR_I2C CLK 9
SCL NC1
Eﬁ — ! 12 SDA NC2 :%(
INT NC3 [
4 NC4 [X
| GN\ND
N KXTF9
only one set of pull up resistors is
required on DR I2C Bus so if other
optional I2C sensors are used, do not
duplicate R1 and R2

Figure 1 Accelerometer Reference Design

7.1.1. JF2 Connections

DR_I2C_CLK - Pin 29 (GPIO1)
DR_I2C_DIO- Pin 30 (GPIO0)
EIT/GPIO4 - Pin 15 (GP104)

7.1.2. JN3 Rev L Connections

DR_I2C_CLK - Pin 19
DR_I2C_DATA - Pin 18
EIT - Pin 4 (EXT_INT)

i.-.._#.s 0 0 B S IR | el e ——
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7.2. Magnetometer

Optional Magnetic Sensor

VCC_1.8V VCC_3V3
C330 | e
i 0.1uF—— X204 —_— 325
i L DVDD AVDD 3 0.uF :
Non-Volatile i
DR_I12C_CLK 1‘2* N scL NC —% v Regulated 3.3V
DR 12C DIO = SDA ADDR [= from Host i
i 171 INT VPP —gj Battery.
i >~ DRDY VREG =X
2 7 i
GNDA GNDS ™%
i AMI304 i

Used in conjunction with Accelerometer

- f— - f— 4

Figure 2 Magnetic Sensor Reference Design

7.2.1. JF2 Connections

DR_I2C_CLK - Pin 29 (GPIO1)
DR_I2C_DIO- Pin 30 (GPIO0)

7.2.2. JN3 Rev L Connections

DR_I2C_CLK - Pin 19
DR_I2C_DATA - Pin 18

Kl |
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7.3. Optional Pressure Sensor

i Optional Pressure Sensor |
VCC_1.8V
: Q :
X205 —— c326 :
: 4 3 0.1uF -
; DVCC AVCC ;
i i
i 8 N i
: DR_I2C cLk 64 XCLR 5 i
: DR_12C_DIO 77 SCL NC :
. SDA 1 ;
i 2 EQOC GND :
i i
i BMP085 NV ;

Figure 3 Pressure Sensor Reference Design

7.3.1. JF2 Connections
DR_I2C_CLK - Pin 29 (GPI101)
DR_I2C_DIO- Pin 30 (GP100)

7.3.2. JN3 Rev L Connections

DR_I2C_CLK - Pin 19
DR_I2C_DATA - Pin 18
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7.4. Optional Gyroscope

- - - -

asal

Optional Gyro
(Requires Additional 3.3V Power Rail)

Non-Volatile
! >—=0—0 :| V_3V3 Regulated 3.3V

i from Host
Battery.
[
g} (o] | H
-1 T X206 Cc327 i
0.1uF
w O Q0O
o e \/
: x 0O~
i (]
=

14

DR_15C LK SCL/SPC PLLFILT
DR_l2¢_DIO SDA/SDI/SDO
—C328 C329

SDO/SAO 0.01UE 470pF :
N 5
5?-(:5
DRDY
R443
! 2 INT
; A 10K
' L3G4200D ,

EN (03] )

H

q

RES5
RES4
RES3
RES2
RES1

GN

12
11

10
9
8

—

Figure 4 Reference Design Gyroscope

7.4.1. JF2 Connections
DR_I12C_CLK - Pin 29 (GPI01)
DR_I2C_DIO- Pin 30 (GP100)

7.4.2. JN3 Rev L Connections

DR_I2C_CLK - Pin 19
DR_I2C_DATA - Pin 18
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8. Document History
Revision Date Changes
0 2012-08-08 First issue
1 2012-08-15 Updated 6.1.1 table
2 2012-09-19 Added Pressure Sensor and Gyro reference design
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