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Hardware . I -

Compatibility Product Line AirPrime Series SL80XX
MC73XX, MC77XX, MC87XX

Software Compatibility Series All

1 Version

Application Notes may be updated over their lifetime. To ensure you are designing with the correct version, please check the
application notes page in www.sierrawireless.com for latest versions.

2 Introduction

This Application Note (APN) is provided to Sierra Wireless distributors and clients to aid more rapid development of embedded
applications using the Sierra Wireless portfolio of cellular solutions. To request a new application note, please contact your
regional Sierra Wireless Product Marketing Manager.

3 Overview

GPS receivers of Sierra Wireless AirPrime modules can be connected to a passive antenna (which should be physically
located very close to the unit) or a remote active antenna containing an LNA, which will both improve SNR and compensate for
any cable/insertion losses.

Figure 1. GPS Receiver Example

Passive antennas can be connected directly to the GPS receiver input, however active antennas need a DC power supply
which is generally received through the RF coaxial cable.

Some AirPrime products can provide this power supply, allowing a direct antenna connection to the module GPS antenna port.
For AirPrimes products without this feature, external circuitry is needed to power the active antenna.

This application note describes the use of the integrated GPS active antenna powering function when available, and how to
design an external powering circuit where required.

4 Glossary

Initials Definition

DC Direct Current

ESD Electrostatic Discharge

GPS Global Positioning System

LDO Low Drop Out voltage regulator

LNA Low Noise Amplifier

PCB Printed Circuit Board

RF Radio Frequency (1575.42MHz with the GPS signal)
SNR Signal to Noise Ratio
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5 Modules with Integrated Active Antenna Supply
AirPrime modules that support a DC supply out of the dedicated GPS antenna port are:

e MC77XX
e MC73XX

This consist of a 3.3V, 100mA max DC bias which can be activated/deactivated using the AT commands described below.
The GPS antenna can be directly connected as in Figure 2.

For active antennas requiring a different power supply voltage, the external antenna supply solution described in Section 6,
Modules without Integrated Antenna Supply must be used.

Useful AT commands for this application include:
ATICUSTOM="GPSSEL",0: Use dedicated GPS antenna port with antenna bias enable (default).
ATICUSTOM="GPSSEL”,1: Use shared GPS/RX div antenna port for GPS, no antenna bias available.
ATICUSTOM="GPSSEL”,2: Use dedicated GPS antenna port with bias disable.
AT!RESET: After issuing any of the above AT commands, a Reset is required for the new values to take effect.

The DC voltage can be measured on the GPS connector after it is enabled, the GPS receiver is powered, and a GPS session
is started.

A complete AT sequence to do this is as follows:
ATIENTERCND="A710"
ATICUSTOM="GPSENABLE",1
ATICUSTOM="GPSSEL"”,0
ATIRESET (then wait for the module to be ready again)
AT!ENTERCND="A710"
ATIGPSTRACK=1,255,1000,30,1

Note:  The Receive Diversity antenna can also be used for GPS reception, however no DC supply output is available on this
port. It is not recommended to use it in this manner, as this antenna path is mandatory to Mimo management with
LTE.
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Figure 2. GPS Antenna and AirPrime MC Series Module
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6 Modules without Integrated Antenna Supply
Modules that support GPS but do not supply a DC bias voltage are as follow:

o Q2698
e SL8OXX
e MC87XX

e  XMO0110, used in conjunction with Q268X, SL6087, and WMPXXX.
6.1 Methodology

Typically, active antennas are designed to be powered through their output coaxial cable where some kind of “T” connection is
needed to connect a DC supply. However, a simple T connector cannot be used because the GPS RF signal must be isolated
from the DC power supply. Instead, a “Bias Tee” is used: the DC supply is fed through an inductor having a high impedance at
the GPS frequency to provide isolation with the antenna signal.

Commercially available connectorized “Bias Tee” designed to work at GPS frequency will perform this function.

Figure 3 shows a typical connection:

AirPrime

MC Series

Figure 3. Typical Bias Tee Connection Example

A similar function can be designed at much lower cost and implemented on the product PCB, enabling a direct connectorized
connection to the antenna as shown in Figure 4:

AirPrime
module c1 2
II 50.0hm RF line w
GPS antenna ——
input Il |
L1
c2 Antenna
connector
GND |_|
L2
GND |_| H GND
C3 C4
Antenna DC
supply

Figure 4. Alternate Direct, Connectorized Connection Example
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6.2 Components, Function, and Selection
e Cl: 33pF, 0402 or 0603 size: Used for DC isolation of the GPS module antenna input.

The previously mentioned modules which do not supply a bias voltage have an internal serial capacitor and do
not require this component.

This capacitor is recommended for modules that provide antenna supply however use the Figure 4 circuitry to
power an antenna requiring a different supply voltage.

e L1:47nH to 100nH, 0402 or 0603 size: This inductor needs to be “high impedance” at GPS frequency
(1575.42MHz), i.e minimum 500Q.

e (C2, C3: 33pF: These capacitors need to be “short circuit” at GPS frequency.
e C4: 1nF: Wideband decoupling capacitor.

e L2:47nH to 100nH as L1: A resistor can be used instead, 0 to 100Q, this gives additional wideband RF
decoupling and provides a DC power supply short-circuit protection.

Where minimum component count is required only L1 and C2 are mandatory. The RF isolation will be lower and it
must be checked if GPS sensibility is as expected.

Antenna DC supply: any DC power source already available in the product or a dedicated LDO.

Where there is user accessibility to the connector, it is recommended to add an ESD protection close to this
connector.

6.3 PCB Routing Constraints
e RFlines design rules:

= Must be 50 Ohm characteristic impedance.
= Right angle bends must be avoided, round bends or 45° corners are recommended.
= Line structure can be microstrip, stripline, or coplanar waveguide.

Free simulation software (Appcad from Agilent, TxLine from AWR...) can be used to tune the line width according
to the PCB stackup and to check losses as a function of frequency.

e The L1 pad must be on the RF line (no T connection) and C2 close to L1 with a short direct ground connection.
e The C1 pads must be on the RF line.
e L1 and L2 must be close together and C3/C4 close to L2 with a short direct ground connection.

The photograph in Figure 5 below shows the Sierra Wireless implementation on the AirPrime XM0110 daughter board.

GPS antenna pad

EEN . L2
SIERRA |
WIRELESS
8J0450021518300 - C2
L1

Optional ESD protection

ANTENNA _ i
supPLY 8 | ’ ’ c3

C4

LDO

Figure 5. AirPrime XM0110 Daughter Board Implementation
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7 Useful Links

e AGILENT (Appcad download): http://www.hp.woodshot.com/

e AWR (TxLine download): http://web.awrcorp.com/Usa/Products/Optional-Products/TX-Line/
e  Wikipedia: http://en.wikipedia.org/wiki/Bias_tee

e Sierra Wireless forum: https://forum.sierrawireless.com/

8 Support
For direct clients: contact your Sierra Wireless FAE
For distributor clients: contact your distributor FAE

For distributors: contact your Sierra Wireless FAE

9 Document History

Revision | Date History

1.0 May 29, 2014 Creation.

10 Legal Notice

Important Notice

Due to the nature of wireless communications, transmission and reception of data can never be guaranteed. Data may be delayed, corrupted (i.e., have errors) or be totally lost. Although significant delays or losses of data are
rare when wireless devices such as the Sierra Wireless modem are used in a normal manner with a well-constructed network, the Sierra Wireless modem should not be used in situations where failure to transmit or receive data
could result in damage of any kind to the user or any other party, including but not limited to personal injury, death, or loss of property. Sierra Wireless accepts no responsibility for damages of any kind resulting from delays or
errors in data transmitted or received using the Sierra Wireless modem, or for failure of the Sierra Wireless modem to transmit or receive such data.

Safety and Hazards

Do not operate the Sierra Wireless modem in areas where cellular modems are not advised without proper device certifications. These areas include environments where cellular radio can interfere such as explosive
atmospheres, medical equipment, or any other equipment which may be susceptible to any form of radio interference. The Sierra Wireless modem can transmit signals that could interfere with this equipment. Do not operate the
Sierra Wireless modem in any aircraft, whether the aircraft is on the ground or in flight. In aircraft, the Sierra Wireless modem MUST BE POWERED OFF. When operating, the Sierra Wireless modem can transmit signals that
could interfere with various onboard systems.

Note: Some airlines may permit the use of cellular phones while the aircraft is on the ground and the door is open. Sierra Wireless modems may be used at this time.

The driver or operator of any vehicle should not operate the Sierra Wireless modem while in control of a vehicle. Doing so will detract from the driver or operator’s control and operation of that vehicle. In some states and
provinces, operating such communications devices while in control of a vehicle is an offence.

Limitations of Liability

This manual is provided “as is”. Sierra Wireless makes no warranties of any kind, either expressed or implied, including any implied warranties of merchantability, fitness for a particular purpose, or noninfringement. The recipient
of the manual shall endorse all risks arising from its use.

The information in this manual is subject to change without notice and does not represent a commitment on the part of Sierra Wireless. SIERRA WIRELESS AND ITS AFFILIATES SPECIFICALLY DISCLAIM LIABILITY FOR
ANY AND ALL DIRECT, INDIRECT, SPECIAL, GENERAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES INCLUDING, BUT NOT LIMITED TO, LOSS OF PROFITS OR REVENUE OR
ANTICIPATED PROFITS OR REVENUE ARISING OUT OF THE USE OR INABILITY TO USE ANY SIERRA WIRELESS PRODUCT, EVEN IF SIERRA WIRELESS AND/OR ITS AFFILIATES HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES OR THEY ARE FORESEEABLE OR FOR CLAIMS BY ANY THIRD PARTY.

Notwithstanding the foregoing, in no event shall Sierra Wireless and/or its affiliates aggregate liability arising under or in connection with the Sierra Wireless product, regardless of the number of events, occurrences, or claims
giving rise to liability, be in excess of the price paid by the purchaser for the Sierra Wireless product.

Customer understands that Sierra Wireless is not providing cellular or GPS (including A-GPS) services. These services are provided by a third party and should be purchased directly by the Customer.

SPECIFIC DISCLAIMERS OF LIABILITY: CUSTOMER RECOGNIZES AND ACKNOWLEDGES SIERRA WIRELESS IS NOT RESPONSIBLE FOR AND SHALL NOT BE HELD LIABLE FOR ANY DEFECT OR DEFICIENCY OF
ANY KIND OF CELLULAR OR GPS (INCLUDING A-GPS) SERVICES.

Patents

This product may contain technology developed by or for Sierra Wireless Inc.

This product includes technology licensed from QUALCOMM®.

This product is manufactured or sold by Sierra Wireless Inc. or its affiliates under one or more patents licensed from InterDigital Group and MMP Portfolio Licensing.
Copyright

© 2014 Sierra Wireless. All rights reserved.

Trademarks

Sierra Wireless®, AirPrime®, AirLink®, Airvantage®, WISMO® and the Sierra Wireless and Open AT logos are registered trademarks of Sierra Wireless, Inc. or one of its subsidiaries.

Watcher® is a registered trademark of Netgear, Inc., used under license.

Windows® and Windows Vista® are registered trademarks of Microsoft Corporation.

Macintosh® and Mac OS X* are registered trademarks of Apple Inc., registered in the U.S. and other countries.
QUALCOMM? is a registered trademark of QUALCOMM Incorporated. Used under license.

Other trademarks are the property of their respective owners.
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