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MUST READ

Check for firmware updates

Before using the product make sure you use the most recent firmware version, data sheet
and user manual. This is especially important for Wireless Connectivity products that were
not purchased directly from Wirth Elektronik eiSos. A firmware update on these respective
products may be required.

We strongly recommend to include in the customer system design, the possibility for a firmware
update of the product.
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Abbreviations
Abbreviation | Name Description
Radius of a circle including accuracy
CEP Circular Error Probability measurements data with a given
probability
CS Chip Select
CTS Clear To Send
ECEF Earth-Centered Earth-Fixed | Coordinate system
Electrically Erasable
EEPROM Programmable Read-Only
Memory
EHE Estimated Heading Error
EHPE Estimated Horizontal Position
Error
EHVE Estimated Velocity Error
ESD Electrostatic Discharge
FCC Federgl C_ommunlcatlons
Commission
FIFO First In First Out
GDOP Geomgtrlc Dilution Of
Precision
GLONASS Global Navigation Sateliite Russian satellite navigation system
System
GNSS Global Navigation Satellite
System
General Purpose
GPIO Input/Output
GPS Global Positioning System American satellite navigation system
HDOP Horlz.o.ntal Dilution of
Precision
12C Inter-Integrated Circuit
IC Integrated Circuit
LNA Low-Noise Amplifier
LSB Least Significant Bit
LPM Low Power Mode
MID Message ldentifier OSP sentence identifier
MISO Master In Slave Out
MOSI Master Out Slave In
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MSL Mean Sea Level
e Microcontroller
National Marine Electronics Standard communication protocol for
NMEA o .
Association navigation
OSP One Socket Protocol Qualcomm-proprietary communication
protocol
PDOP Position Dilution of Precision
Pulse signal sent by the GNSS module
PPS Pulse per Second once a fix with at least 5 SVs is obtained
PRN Pseudo-Random Noise SV—SpeC.IfIC cqgjes used for ranging and as
satellite identifiers
PVT Position, Velocity, and Time
Q7SS Quasi-Zenith Satellite Satellite-based augmentation system for
System the Asia-Oceania regions
Registration, Evaluation,
REACH Authorisation and Restriction
of Chemicals
RED Radio Equipment Directive Regulatory framework for radio equipment
RE Radio Frequency Dgscrlbes every.thllng relating to the
wireless transmission
RNSS Regional Navigation Satellite
System
RoHS Restriction of Hazardous
Substances
RTC Real-Time Clock
RTS Ready To Send
SBAS Satelllte—Ba}sed Satellite systems enhancing GNSS
Augmentation System
SCL Serial Clock Line
SCLK Serial Clock
SDA Serial Data Line
SPI Serial Peripheral Interface
SV Space Vehicle
SWDCLK Serial Wire Debug Clock
Temperature-Compensated
TCXO Crystal Oscillator
TDOP Time Dilution Of Precision
TOW Time Of Week
TP Trickle Power Self-managed low power mode
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TTEE Time To First Fix Tlme_ re.quwed_by th(_e _GNSS receiver to
obtain first valid position fix

UART Unlvgrsal Asynchronous

Receiver Transmitter

UTC Coordinated Universal Time | 24-h primary time standard

VDOP Vertical Dilution of Precision

XTAL Crystal Oscillator

WGS84 World Geodetic System 1984 | Earth model and reference system
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Overview of helpful application notes

Application note ANR017 - GNSS antenna selection

http.//www.we-online.com/ANRO17

This application note provides an understanding of antenna theory, antenna design considera-
tions and the implementation focused on GNSS solutions. The document covers basic antenna
theory to provide better overall understanding. The document also focusses on antenna types,
design considerations, requirements and specifications, simulated analyses and practical im-
plementations.

Application note ANR018 - GNSS I°C communication

http.//www.we-online.com/ANR018

This application note aims to support the use of the 1°C interface on Elara and Erinome GNSS
modules. The interface is available in these modules as an alternative to UART by a pin selec-
tion during module boot. Basics of I>°C communication is also described like the different roles
and phases in the communication, addressing on the bus, supported I2C roles and the protocol
on I2C that is used by the modules.

Order code 2613021137000 10
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1 Introduction

Elara-1l module is a compact GNSS module for operation in location-based applications, prod-
ucts, and services.

Based on Qualcomm SirfStar V 5e B0O1 chipset, it supports two major GNSS constellations
(GPS and GLONASS) for fast and accurate positioning.

Ultra-compact 4.1mm x 4.1mm design allows the module to fit in small-size applications. UART,
[2C and SPI interfaces are available. Connection of external antenna through RF pad is re-
quired for module operation. This manual provides design guidelines for hardware integration.

The module can be operated through one of two available communication protocols:
- NMEA (standard) and

- OSP (Qualcomm-proprietary).

Each of these protocols defines a set of commands for module’s configuration.

Module’s evaluation board [?] (see Table 1) and PC tool [?] allow getting started with the mod-
ule and testing its functionalities. The evaluation board also represents our reference design.
For further information, please refer to the evaluation board manual [?].

The module is RED, RoHS, and REACH certified.

Figure 1: Elara-1l module

Order code 2613021137000 11
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1.1 Block diagram

Shielding

RTC XTAL

GNSS Engine

Power supply
ON_OFF
WAKEUP
RESET

Power
' Management
Unit

GNSS Radio

RF Filter & LNA

©

Figure 2: Block diagram

1.2 Ordering information

WE order code Description

2613021137000 Elara-1l GNSS module in T&R packaging
2613029237001 Elara-ll Standard EV-Kit

2613029237011 Elara-1l Extended EV-Kit (with Thyone-I RF interface)

Table 1: Ordering information

Order code 2613021137000 12
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2 Electrical specifications

Unless otherwise stated, all the values given in the manual were measured on the Elara-Il eval-
uation board under the following conditions: T =25 °C and VCC=1.8 V.

The Elara-Il module is sensitive to light. Exposure to light might result in mal-
function. For proper functionality the module shall be shielded against light.

2.1 Recommended operating conditions

Description Min. | Typ. | Max. | Unit
Supply voltage 17118 | 189 | V
Operating temperature | -40 | 25 85 °C

Table 2: Recommended operating conditions

1.8 V regulated power supply must be provided to the VCC pin of the module. Inrush current is
up to 150 mA for about 20 ps. Reduction of system noise and voltage ripples is essential to pre-
serve module performances. LC filters, output, bypass and ESR capacitors are recommended
in order to maximize stability. Please refer to our reference design.

2.2 Absolute maximum ratings

Description Min. | Max. | Unit
Supply voltage | -0.3 | 2.2 \Y
Supply current 150 | mA
GPIO Voltage -0.3 | 3.65 \Y
GPIO Current -4 4 mA

Power dissipation 350 [ mW
RF Input power 10 [ dBm

Table 3: Absolute maximum ratings

Order code 2613021137000 13
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2.3 Current consumption

Parameter State Mode Value | Unit
Current consumption Acquisition GPS-only | 41 mA
GPS-GLO | 52 mA
Tracking GPS-only | 40 mA
GPS-GLO | 50 mA
Hibernate 53 HA
Standb
(within TP mode) 170 | A
Push To Fix GPS-GLO | 1.76 | mA
Trickle Power GPS-GLO | 9.51 | mA

Table 4: Current consumption

Current consumption changes according to the received signal strength as well
as the GNSS systems. Measurements of the table refer to an average signal
strength of -130 dBm.

Push To Fix and Trickle Power mode measurements refer to an average value
over a 15 minutes test with 30s rate for Push To Fix and 1s rate for Trickle
Power. For details about these low power modes refer to chapter 6

2.4 Radio characteristics

Module performance is based on the quality of the RF link from GNSS satellites to the module.
End product design shall foresee:

e external GNSS antenna for signal reception from GNSS satellites

e RF trace delivering the signal from the external antenna to the RF pad of the the GNSS
module

A wide range of GNSS antennas exists, varying in dimensions and characteristics. Active
antennas have in general higher gain and are the best solution in weak-signal environments.
Passive antennas have the advantage that no dedicated power supply is needed. Module
EV-Board shows the integration of an active and a passive antenna and serves as reference
design. On the EV-board, it is possible to select either external SMA connection to an active
antenna or to an integrated passive antenna. This allows comparing module’s behavior with
different antenna variants.

Order code 2613021137000 14
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Also, please refer to our application note on GNSS antennas [?], which provides extensive

recommendations and guidelines to select the right antenna solution.
Following factors and tasks are critical for the performance of the GNSS module:

e GNSS antenna selection, integration and matching

¢ Quality of the RF design from the GNSS antenna to Elara-I

o Minimization of external and environmental effects

Please refer to our hardware layout recommendations (chapter 7).

In the same perspective, be aware that the external antenna shall foresee the
freest possible view of GNSS satellites.

Description

Value

Antenna Connector Type

RF pad

Table 5: Antenna connector Type

Description Min | Typ. | Max | Unit

Input Frequency 1560 1620 | MHz
Impedance at 1575.5 MHZ 50 Q
Return Loss at 1575.5 MHZ | -7 dB

Table 6: Radio characteristics

Order code 2613021137000
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2.5 Pin characteristics

Property Min Typ. | Max | Unit
GPIO Voltage Input high 0.70 x VCC 3.6 Vv
GPIO Voltage Input low -0.3 0.4 Vv
GPIO Voltage Output high 0.75 x VCC Vv
GPIO Voltage Output low 0.4 Vv
Internal Pull-down resistor 110 1000 [ 2800 | Q
Input Leakage Current -10 10 WA
Output Leakage Current -10 10 HA
Input Capacitance 5 pF

Table 7: Pin characteristics

Order code 2613021137000 16
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3 GNSS performances

This chapter describes the GNSS behavior of the module. Several GNSS performance indica-
tors are statistical in nature, which intends that the given values are obtained as mean value
over a large number of measurements under laboratory conditions.

3.1 Satellite constellations supported

Position calculation is based on one-way signal transmission from navigation satellites flying at
around 20000 km altitude from ground. These satellites compose global (GNSS) and regional
(RNSS) constellations.

Currently existing GNSS are GPS (US), GLONASS (Russia), Galileo (Europe), and Beidou
(China). These systems are interoperable: satellites from different constellations can be tracked
simultaneously by the GNSS module (multi-GNSS). This increases robustness and overall per-
formance of GNSS positioning, and becomes particularly important in obstructed environments
(e.g. urban canyons).

Elara-Il supports GPS and GLONASS.

Supported GNSS

Frequency Band

Center Frequency

Active by default

GPS

L1

1575.42 MHz

Yes

GLONASS

L1

1602 MHz

Yes

Table 8: GNSS constellations supported

Additional ranging signals are provided by the Japanese regional system QZSS, which serves
as enhancement of GPS in the Asia-Oceania region, with focus on Japan. SBAS also provides
additional ranging signals, together with correction data.

Supported system | Frequency Band Function Active by default
QZSS L1 Ranging Yes
SBAS L1 Corrections and ranging Yes

Table 9: Additional systems supported

GPS and GLONASS, as well as QZSS and SBAS, are active by default. Changing the set
of active systems can be done through software command (refer to MID 222,16 of the OSP
protocol, described in chapter 10).

Order code 2613021137000 17
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3.2 Accuracy

3.2.1 Position Accuracy

Parameter Mode Value | Unit Test conditions

Static, VCC = 1.8 V, power
GPS-only | 2.5 m level = -130 dBm,

Horizontal Position

Accuracy T = 25 °C, CEP(50%)
GPS-GLO | 1.5 m
Table 10: Horizontal Position Accuracy
Parameter Mode Value | Unit | Test conditions
Static, VCC = 1.8 V, power
Vertical Position Accuracy | GPS-only | 4 m level = -130 dBm,

T =25 °C, 50% of trials

GPS-GLO | 2.5 m

Table 11: Vertical Position Accuracy

3.2.2 Velocity Accuracy

Parameter Value | Unit Test conditions

VCC = 1.8V, power level =
0.1 m/s | -130dBm, T =25 °C, v<30
m/s, 50% of trials

Speed Over Ground
Accuracy

Table 12: Velocity Accuracy

3.2.3 Heading Accuracy

Parameter Value Unit Test conditions
, °(from| VCC = 1.8 V, power level =
Heading Accuracy 0.3 North)| -130 dBm, T = 25 °C

Table 13: Heading Accuracy

Order code 2613021137000 18
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3.2.4 Time Accuracy

Best time synchronization is obtained using the PPS signal (see section 4). The accuracy
defined here is the delay between the PPS pulse and the UTC epoch. In case a software
message is used for synchronization, the delay between the PPS signal and sending out the
message should also be taken into account.

Parameter Value | Unit | Test conditions
e VCC = 1.8V, power level =
Timing Accuracy 30 ns 130 dBm, T = 25 °C

3.3 Time To First

Fix

Table 14: Time Accuracy

The Time To First Fix (TTFF) is the time needed by the module to achieve the first valid position
fix, once the module is powered up or returns from a period of signal blockage.

Depending on the type of start (hot, warm, cold, see chapter 6), different TTFF performance is

given.
Parameter Start Type Mode Value | Unit | Test conditions
Static, VCC = 1.8 V, power
Hot start 1 S level = -130 dBm, T=25
°C, average or 50% of
trials
Time To First Fix GPS-only | 30 S
Warm start GPS-GLO | 275 |s
GPS-only | 32 S
Cold start GPS-GLO | 28 s

3.4 Sensitivity

Table 15: Time To First Fix

Module sensitivity is the weakest signal level the receiver can work with and it depends on the

state of the module.

e Acquisition sensitivity is the minimum power required by the module to acquire satellites

and perform first

fix.

¢ Navigation sensitivity is the minimum power required by the module maintain a position

fix.

e Tracking sensitivity is the minimum power required by the module to keep in track of at
least one satellite, regardless of the position fix.

Order code 2613021137000
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e Reacquisition sensitivity is the minimum power required by the module to reobtain the

position fix after a temporary RF blockage.

The ultra-high sensitivity of the module increases robustness to obstructed en-
vironments. On the other hand, please note that optimal performance are ob-

tained under open sky conditions (no obstacles).

Parameter Mode Value | Unit
Acquisition sensitivity GPS -148 | dBm
Reacquisition sensitivity GPS -158 | dBm
Navigation sensitivity GPS -161 | dBm
Tracking sensitivity GPS -164 | dBm

3.5 Dynamic constraints

The following table describes limits and constraints which apply to Elara-1l module.

Table 16: Sensitivity

Parameter min max Unit Test condition

Altitude -500 24000 m velocity < 514 m/s
18000 m \;ig)liléﬁiznm‘l m/s or

Velocity 600 m/s altitude < 18288 m
514 m/s altitude > 18288 m

Acceleration 4 g

Jerk 5 m/s3

Table 17: Dynamic Constraints
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4 Pinout
1 16
/IRESET @ él IRTS
RX |@ @|GND
ICTS @ @, RF_IN
WAKE_UPI®Q i @I GND
™X |@ Q| vCC
ON_OFF '@ @' VCC
1PPS |@ @| NC
GND 2 @, GND
8 9
Figure 3: Pinout (top view)
No Designation l/O Description
1 /RESET Input Reset
2 RX Input/Output Receive
3 /CTS Input/Output Clear to send signal
4 WAKE_UP Output Operation mode status
5 X Input/Output Transmit
6 ON_OFF Input Power State Control
7 1PPS Output UTC Time Mark
8 GND Supply Negative supply voltage
9 GND Supply Negative supply voltage
10 NC - Not connected
11 VCC Supply Positive supply voltage
12 vCC Supply Positive supply voltage
13 GND Supply Negative supply voltage
14 RF_IN Input RF Signal Input
15 GND Supply Negative supply voltage
16 /RTS Input/Output Request to send signal

Table 18: Pinout

Specific pin connection for UART, I12C and SPI interfaces is described in the tables below.
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Pin number Designation l/O Description
2 RX Input UART Receive
3 /CTS Input UART Clear to send signal
5 X Output UART Transmit
16 JRTS Output :QRT Request to send sig-
Table 19: Pinout - UART communication
Pin number Designation I/0O Description
2 RX Input/Output | 12C data
5 X Input/Output | 12C clock
Table 20: Pinout - I2C Multi Master communication
Pin number Designation l/O Description
2 RX Input MOSI, SPI Data In (MO)
3 /CTS Input SPI Clock (SCLK)
5 X Output MISO, SPI Data Out (MI)
16 /RTS Input SPI Chip Select (CS_N)

Table 21: Pinout - SPI slave communication

4.1 ON_OFF pin

Connection of ON_OFF pin to host is mandatory for module operation. ON_OFF pin allows
changing of module’s power state according to the following table.

Initial state Final state
Hibernate Full Power
Full Power Hibernate
, Full power (until
Push To Fix position fix is obtained)
Trickle Power Full Power

Table 22: ON_OFF pin function

Recommended length of pulse is 100 ms. Detection of low and high logic levels after trigger
requires the new logic level to persist at least 100 ps. Do not perform any of the following
actions:
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- do not trigger for less than 100 ps

- do not trigger multiple times with less than 1 second interval
- do not drive high permanently

- do not pull-up

Pull-down resistor of 10-33 kQ is recommended to avoid untriggered power state change.

4.2 WAKE_UP pin

Connection of WAKE_UP pin is not mandatory for module operation. It indicates module’s
operating power state according to the following table.

Logic level Power state
Low Hibernate
High Full Power

Table 23: WAKE_UP pin function
WAKE UP output is LVCMOS 1.8 V compatible and can be used to control external devices,
provided the logic level and GPIO current are supported. Connecting WAKEUP to ON_OFF
enables autonomous start to Full Power state.

Do not connect if not used.

4.3 /RESET pin

Connection of /RESET pin is not mandatory for module operation. It is triggered by applying a
low level pulse, has internal pull-up resistor of 1 MQ, and signal shall be applied for at least 1
us. Power-On-Reset (POR) sequence is generated internally.

Please do not perform any of the following actions:
- do not drive high

- do not connect if not used

4.4 1PPS pin

Connection of 7PPS pin is not mandatory for module operation. It provides a pulse signal for
precise timing, as it is synchronized with the UTC time epoch with 30 ns accuracy. It starts
once the module obtains a 3D position fix based on at least 5 GNSS satellites. If this condition
is lost, PPS output stops.
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After pulse is generated, UTC time is reported in the NMEA ZDA message. This message
is the one sent with shortest time delay with respect to the real UTC time and should be used
whenever software-based time synchronization is foreseen in the application.

1PPS is LVCMOS 1.8 V compatible and pulse length is 200 ms with rising edge of less than
30ns.

Do not connect if not used.

4.5 /RTS and /CTS pins

/CTS and /RTS states are active low and define the interface used for communication (see
chapter 9).
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5 Quick start guide

The Elara-1l GNSS module comes pre-flashed, tested and ready-to-use out-of-the-box. This
chapter describes the steps to quickly build a prototype system and test the capabilities of the
module.

5.1 External GNSS antenna

The Elara-1l has a RF pad for connection of an external GNSS antenna. Module EV-Board in-
cludes two ready-to-use selectable antenna options allowing getting started with Elara-1l with-
out previous effort for RF design.

5.2 Minimal pin configuration

The following pins must be connected as described in the following table for correct operation.
Remaining pins can be left unconnected. With this configuration the UART will be selected as
communication interface and will be running in 4800 Baud 8n1 as default.

Pin Number FurFl)cI:rt]ion Pin connection
2 RX Host TX
external pull-up required,
3 /TS UART flow conﬁrol dEring application
5 X Host RX
6 ON_OFF Host GPIO for power state selection
8 GND GND
12 VCC Power supply
16 /RTS UART flow control during application

Table 24: Minimal pin configuration, UART mode

Use of /CTS and /RTS defines the interface (UART, I2C or SPI) for communication with the host
(see chapter 9).

For further information about pin configuration, refer to chapter 4.

5.3 Power up

After first power up, module boots to hibernate state. If /RESET is left unconnected, it is as-
serted to high level automatically after power up. In order for RTC to start and for WAKE_UP
pulse to occur, /RESET pin must be in high level. WAKE_UP pulse indicates that the module
is in ready-to-start state.

From ready-to-start state, the module can be driven to full power state through a low-high-
low pulse on the ON_OFF pin.
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Once transition to full power state is complete, Ok-To-Send message $PSRF150,1*3E is sent
out by the module (refer to chapter 10).

If WAKE_UP and ON_OFF pins are connected, the module goes by default into
full power state, without pulse on ON_OFF pin needed.

Further details are shown in the picture and table below.

UNPOWERED HIBERNATE BOOT PROCESS TO FULL POWER
< > < > <
! READY TO |
1 START |
Power u p D E——

—

vcc

1
: 2
! RTC starts 1
1
1
1

A

1
ll  RESET must be high
— ;
[
o :

RESET I \
- 4 i
ON_OFF pulse

1
Lo 1
1 [ !
1 ' !
1 [ !
1 :I :
ON_OFF , :: !
1 .I 1
b : Do
! A p
1
E 0] o) :

1
A :
Pt WAKE_UP high
1
1
1

WAKE_UP

OO 0 6060 &

Figure 4: Power up
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Symbol Event/parameter Value Unit
frTc RTC frequency 32768 Hz
trrc RTC Tick 30.5176 Us
t2-11 RTC startup time 300 (typ) ms
t2-10 Power stabilization 7 * trrc + (t2-11) US
t4-t3 WAKE_UP pulse 10 (typ) trtc
t6-t5 ON_OFF low 3 (min) trtc
t7-t6 ON_OFF high 3 (min) trTc
t8-t6 ON_OFF to WAKE_UP high 6 (typ) trTc
t9-16 boot process to full power 2130 (typ) trtc

Table 25: Startup timing
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5.4 Acquisition, first fix, and tracking

When powered up, the module enters hibernate state by default.

In this state the module:
e does not track navigation signals;
e does not compute position;
e is not able to receive or send commands to the host

For applications where infrequent positioning is required, this state can be set to achieve mini-
mum power consumption for the module, until new position fix is needed.

When brought to full power through the ON_OFF pin, the module starts searching for GNSS
satellite signals (acquisition) on its available channels in order to compute the first position.
Only satellites corresponding to the default constellation settings (GPS, GLONASS) are searched.
In full power state, the module sends out messages automatically according to the default pro-
tocol (NMEA) and update rate (1 Hz) and is able to receive messages from the host and react.
This phase corresponds to the maximum power consumption of the module.

Once at least 3 GNSS satellites are tracked, the receiver returns the first position fix (2D).
Once at least 4 GNSS satellites are tracked, 3D position fix is achieved. The time needed to
provide first valid position (2D or 3D) is called Time To First Fix (see section 3. 3).

After first fix, the receiver enters tracking conditions. In this phase, navigation as well as com-
munication with the module are possible. The receiver keeps searching for GNSS satellites to
acquire. A higher number of tracked satellites improves accuracy and stability of the position-

ing.

During tracking, further information about the satellite constellations (almanac)
are downloaded from the GNSS satellites . This leads to a higher power con-
sumption. At the end of the download phase (that takes approximately 15 min-
utes), a drop in the current consumption can be observed.

Within this download phase, the receiver updates the leap seconds count with the value re-
ported in the incoming satellites signal. This allows the module to convert correctly between
GPS time and UTC time. Before that and if GPS is used, the UTC time reported by the Elara-Il
module is 2 seconds ahead.

After stable tracking conditions are achieved, low power modes can be activated through soft-
ware commands.

A new pulse on the ON_OFF pin brings the module back from full power to
hibernate state.
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Tracking Receive/Send
Mode of o Compute Power
Operation NEVLEEHol Position SULTELE Consumption
Signals from/to host
Hibernate | NO NO NO LOW
Full Power | YES YES YES HIGH

Table 26: Module Mode of Operation

POWER UP

* The module does not track navigation signals, also does not compute position.

HIBERNATE
* Module can not receive or send commands to host.

START MODULE * The module enters full power mode and starts sending out messages to host.
VIA ON_OFF PIN * From now on, module can receive and react to commands.

* Looking for available GNSS satellite signals.
* Maximum power consumption.

ACQUISITION

FIRST FIX * The module sends out first position.

* If possible, more satellites are acquired and stable navigation conditions are reached.

TRACKING * Power consumption drops.

Figure 5: Elara-1l (Module Start-up)
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5.5 Quick start example

It is recommended to use the Elara-Il evaluation kit [?] and WENSS PC tool [?] for putting the
GNSS module into operation. Passive and active antenna options are available for antenna
connection. Please refer to the evaluation board [?] and WENSS PC tool user manual for

detailed information.

= =
& &
e T
Ty ¥ GNSSsateIIltes

L1—

I WENSS running on PC |

Passive
antenna

Figure 6: Elara-Il - Quick start setup (passive antenna)

N D—
S

| WENSS running on PC |

Q!
Q S
& &

GNSS satellites
in view

) =

Active GNSS antenna |~
(included in EV-kit)

Figure 7: Elara-1l - Quick start setup (active antenna)
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Be sure that GNSS satellites are in view. Typically this is not possible inside
buildings!
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6 Functional description

Elara-Il GNSS module is meant to be integrated in systems where position, velocity, and time
information are needed. When in full power mode, the module sends out sentences containing
this information to the host. Validity and accuracy of these data depends on the quality of the
link established with the GNSS satellites.

Use and/or further path of these data has to be built-up and configured on host side.

Information Values
Latitude
Position Longitude
Altitude (MSL and WGS84)
Time Coordinated Universal Time (UTC)
Motion Course (heading from North)

Speed over ground

Table 27: PVT data

These messages are sent from the module according to the following communication parame-

ters:
Parameter Value
Communication UART. 2C, SPI
interface
Communication NMEA or OSP
protocol
Baud rate 4800, 9600, 19200, 38400, 57600, 115200,
230400, 460800, 921600, 1228800
Update rate 1Hzor5Hz

Single message rate

1 to 255 seconds

Table 28: Communication Settings

The data rate used must be larger than the amount of data sent out by the module. This
depends on the protocol, the active messages and the update rate. In Elara-Il typical con-
figuration (UART 4800 Baud, NMEA) the amount of messages was selected according to the
communication interface speed. In general, when working with OSP and/or with update rates
greater than 1 Hz, switching from the default data rate to a higher data rate is mandatory in

order to avoid loss of

data.

Communication interface and data rate between the host and module must

comply with each other
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Default communication parameters values are defined in the firmware. After
power up or factory reset, module returns to these settings

6.1 Cold, warm, and hot start

Different types of start are defined for GNSS receivers. They are performed according to
available data which might support and shorten acquisition phase until first fix. The type of
start depends on the following data.

e satellite ephemeris:
set of data containing prediction of GNSS satellites orbit, valid for max. 4 hours.

¢ valid position estimate
(within 100 km from true position)

e valid time estimate

These data result from user injection or from previous tracking conditions.

e Cold start
Module needs to perform a sky search to acquire GNSS satellites without any known
information or estimate. Complete re-learning of satellite data and ephemeris download
is needed in order to compute first position.

e Warm Start
In warm start conditions, valid position and time estimates are known. Complete re-
learning of satellite data and ephemeris download is needed.

e Hot Start
In hot start, position and time estimates, as well as satellite ephemeris, are available.

Valid position | Valid time Valid satellite

estimate estimate ephemeris
Cold Start Not known Not known Not known
Warm Start Known Known Not known
Hot Start Known Known Known

Table 29: Cold, Warm and Hot Start
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6.2 Low power modes

Power saving in Elara-Il is accomplished by setting the module in hibernate state during time
slots when a new position fix is not required. Therefore, all power saving modes are based on
scheduling low and full power states for the GNSS module at variable rates.

When in hibernate, the module maintains configuration and critical data (f.e. clock synchro-
nization) which are used for faster reacquisition once the module returns to full power state.
If the module stays in hibernate for more than 4 hours, satellite ephemeris expires and a new
download is needed at wake up for position fix.

If the module is not needed for a longer phase, complete un-powering of the module shall
be considered to achieve zero power consumption. In this case, all critical data and settings
are lost. Complete re-learning of satellite data, time and location is needed at power up.

6.2.1 Host-controlled low power mode

The module can be set to hibernate state by triggering the ON_OFF pin or by software com-
mand (see chapter 10). Triggering the ON_OFF again sets the module back to full power. This
means that a schedule of hibernate and full power time slots can be defined on host side ac-
cording to the application. Alternatively, the host can wake up the module when a specific event
occurs. If needed, this mechanisms have to be implemented on host side.

Stable tracking conditions

Set to HIBERNATE through ON_OFF pin or SW
command

HIBERNATE state

Set to FULL POWER through ON_OFF pin

FULL POWER state

Figure 8: Host Based Low Power Mode
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6.2.2 Self-managed low power modes

The module offers different self managed low power modes, which automatically switch be-
tween hibernate and full power according to a configurable time schedule. Please note that:

¢ self managed low power modes shall be activated from stable tracking conditions, since
update of the position has to be performed in a short full power time slot;

¢ in general, degradation of position accuracy has to be expected when using low power
modes.

6.2.3 Push To Fix

Push To Fix is the recommended low power mode when infrequent navigation solution is re-
quired.

It consists of alternating longer sleep times (PTF period) and short acquisition attempts (maxi-
mum duration defined by MAX_SEARCH_TIME). If a position fix could not be obtained during
MAX_SEARCH_TIME, the module goes to hibernate for a time defined by MAX_OFF_TIME,
before waking up and trying again. During sleep time, a new acquisition attempt can be re-
quested by triggering the ON_OFF pin.

Figure 10 shows a diagram of Push To Fix current consumption profile.

Please see chapter 10 (MID 218,6) for configuration of PTF.
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STABLE TRACKING
CONDITIONS

START PTE Using MID 218,6

<

I PTF_PERIOD

WAKE UP AND TRY
POSITION FIX

FIX IS NOT SUCCESFULL FIX IS SUCCESFULL
WITHIN WITHIN
MAX_SEARCH_TIME MAX_SEARCH_TIME

GO TO HIBERNATE

|

WAKE UP AND TRY
POSITION FIX

I ‘ MAX_OFF_TIME

FIX IS SUCCESFULL

FIX IS NOT SUCCESFULL

WITHIN
MAX_SEARCH_TIME

WITHIN
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Figure 9: Push To Fix
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Figure 10: Push-To-Fix Current Consumption Profile
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6.2.4 Trickle Power mode

Trickle power is the recommended state when positioning is required:
e at afixed rate;
¢ with low power consumption
e with the ability to track weak signals retained

In Trickle Power mode, the receiver cycles between full power (RF and CPU on), CPU-only
mode, and STANDBY according to a configurable rate. At wake up, GNSS signals are recorded
(RF on), then position fix is computed during CPU-only state. Similarly to PTF, the parameter
MAX_SEARCH TIME defines how long the receiver tries to compute position during the full
power time slots. MAX_OFF_Time defines how long the receiver stays in sleep mode, if no
position fix could be computed during MAX_SEARCH_TIME.

In weak-signal environment, the receiver switches to full power automatically.

Figure 11 shows a diagram of Trickle Power current consumption profile.

Please refer to chapter 10 (MID 218,6) for configuration of Trickle Power mode.

A
c E= full power (RF and CPU on)
2 TP Rate R'.: ON 1 CPU-only
=] time
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1 Power 2 First fi 3 Activate TP
application + TSt mode
pulse on
ON_OFF pin
Figure 11: Trickle Power Mode Current Consumption Profile
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7 Design in guide

7.1 Advice for schematic and layout

For users with less RF experience it is advisable to closely copy the related evaluation board [?]
with respect to schematic and layout, as it is a proven reference design. The layout should be
designed with particular care, because even small deficiencies could affect the radio perfor-
mance and its range or even the conformity.

The following general advice should be taken into consideration.

Power Supply

e A clean, stable power supply is strongly recommended. Interference, especially oscilla-
tion can severely restrain range and conformity.

e Variations in voltage level should be avoided.
e A dedicated LDO should be used to power the module and placed close to the VCC pad.

¢ Blocking capacitors (e.g. WCAP-CGSP product family) and a ferrite bead (e.g. WE-CBF
product family) in the power supply line can be included to filter and smoothen the supply
voltage when necessary. These components should be placed as close as possible to
the VCC pad of the radio module.

No specific blocking capacitors and ferrite bead values can be recommended,
as these depend on the types of interferences, ripples or disturbances.

The use of an external reset IC should be considered if one of the following

points is relevant:
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e The slew rate of the power supply exceeds the electrical specifications.

e The effect of different current consumptions on the voltage level of batter-
ies or voltage regulators should be considered. The module draws higher
currents in certain scenarios, which might lead to a voltage drop on the
supply. In such scenarios, the reset IC voltage should be chosen as high
as the static (battery) voltage from which it is known to break down below
the module’s minimum supply voltage (VCCmin). This would avoid events
like module improper start up, voltage break down and restarting.

¢ \oltage levels below the minimum recommended voltage level may lead
to malfunction. The /Reset pin of the module shall be held on LOW logic
level whenever the VCC is not stable or below the minimum operating
voltage.

e Special care must be taken in case of battery powered systems.
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ESD Protection

e Elements for ESD protection should be placed on all pins that are accessible from the out-
side and should be placed close to the accessible area. For example a voltage supression
diode (e.g. WE-TVS product family) should be implemented near the USB connector for
ESD protection.

e ESD protection for the antenna connection must be chosen such as to have a minimum
effect on the RF signal. For example, a protection diode with low capacitance (e.g. WE-
VE femtoF product family) connecting the RF-line to ground give good results.

e ESD protection device should be placed on the pins that may influence the module’s
operation. For example, an accidental trigger on the ON_OFF and /RESET may cause a
module reset. It could be avoided by placing 1nF blocking capacitor.

No specific values can be recommended, as they depend on the influencing
circumstances of the application (antenna, interferences etc.).

7.1.1 Footprint

1" “l1e
—® 5
@ D
@ @
o ® @
T + @
‘ @ @

\ - @ ¢ 0,3

0,5

Figure 12: Footprint Design

The footprint of the module shall be connected to the extensive GND plane on the second layer
with 4 x 0.3 mm drill ground plane vias, shown as green circles on Figure 13.

It is recommended to use the libraries from Wirth Elektronik eiSos for hardware design as
they already include the necessary implementation [?] [?].
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7.1.2 Module Footprint on PCB

It is recommended to design a keep out area of minimum 3mm around the module.
It is highly recommended to avoid placing other components in the keep out area as shown in
Figure 13.

Blocking capacitors should be placed close to the VCC pin of the module, which is an ex-
ception to the keep out area.

Filter and decoupling capacitors should be placed directly in the tracks without stubs, to achieve
the best effect.

Any component having a ground connection should be directly connected to the ground plane.
So it is recommended to use a separate via connection to ground plane by placing the via close
to the components.

The antenna path should be kept as short as possible.

Antenna matching elements should be placed close to the antenna / connector.

Place holders for optional antenna matching or additional filtering are recommended.
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GNSS module

Figure 13: Layout Design
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7.1.3 PCB Stackup

On the top layer, signal routing is recommended. On the third layer, signal as well as power
routing can be designed.

On the second and bottom layer, a ground plane is recommended, to provide good ground-
ing and shielding to any adjacent layers as well as application environment. The bottom layer
functions as the main ground plane which has to be connected to the second layer using vias.

The ground plane on second layer should at least cover the filter and blocking devices and
has to be connected to the main ground layer using vias.

Keep-out area around the module
(only on top layer, min. 3mm)

l

GNSS module | min. 3mm
Signal Footprint Signal <«— First layer

Dielectric I I Viasl
Ground <«— Second layer
Dielectric Vias
- Signal and power - <— Third layer
Vias || Dielectric w
Main ground plane <«— Fourth layer

Figure 14: Stackup
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7.1.4 Module’s placement

The GNSS module should be positioned in the center of the board to have symmetrical or
nearly symmetrical ground distribution as shown in the Figure 15.

Keep Out Area

Keep Out Area

Keep Out Area

Keep Out Area

Keep Out Area

Distance
Too near to other conductive material

Figure 15: Placement of the module

7.1.5 Assembly Information

For proper assembly of module on the host PCB, the recommended soldering
parameters given below shall be followed.

Solder stencil thickness:  max. 100 pm
Solder stencil opening: 80 % to 100 %
Solder stencil type: Electroformed or Laser cut stencil

Solder paste type: Type 4.5 to Type 6
Peak reflow temperature: 245°C
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7.2 Dimensioning of the micro strip antenna line

The antenna track has to be designed as a 50 Q feed line. In the following, calculation of the
type "micro strip line" is described. An other possibility would be to use a coplanar line.

i Tmet

=— GND

Figure 16: Dimensioning the antenna feed line as micro strip

The width W for a micro strip can be calculated using the following equation:

5.98 x H
W =1.25 x (0—m - Tmet> (1)

e 87

Example:

A FR4 material with €. = 4.3, a height H = 1000 um and a copper thickness of T,,.;= 18 um will
lead to a trace width of W ~ 1.9 mm. To ease the calculation of the micro strip line (or e.g. a
coplanar) many calculators can be found in the internet.

e As rule of thumb a distance of about 3xW should be observed between the micro strip
and other traces / ground.

e The micro strip refers to ground, therefore there has to be the ground plane underneath
the trace.

e Keep the feeding line as short as possible.
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7.3 Antenna solutions

There exist several kinds of antennas, which are optimized for different needs. Chip antennas
are optimized for minimal size requirements but at the expense of range, PCB antennas are
optimized for minimal costs, and are generally a compromise between size and range. Both
usually fit inside a housing.

Higher received signal strength is in general at the expense of space. Antennas that are bigger
in size, which would probably not fit in a small housing, are usually equipped with a RF con-
nector. A benefit of this connector may be to used to lead the RF signal through a metal plate
(e.g. metal housing, cabinet).

As a rule of thumb a minimum distance of A/10 (which is 1.9 cm @ 1.575 GHz ) from the an-
tenna to any other metal should be kept. Metal placed further away will not directly influence
the behaviour of the antenna, but will anyway produce shadowing.

Keep the antenna as far as possible from large metal objects to avoid electro-
magnetic field blocking.

Please refer to our application note ANRO17 [?] for further information and recommendations
on GNSS antenna selection.

GNSS antennas from Wrth Elektronik eiSos are described in the following chapters.
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7.3.1 Antennas provided by Wiirth Elektronik eiSos

7.3.1.1 2600130016 - Halimede-l - GNSS antenna

Figure 17: Halimede-| antenna

Specification Value

Frequency range [MHZz] 1575.42MHz + 5MHz
1610MHz + 10MHz

Impedance [Q] 50

VSWR <2

Peak Gain [dBic] 5 (min)

Axial Ratio [dB] 2 (max)

Polarization R.H.C.P.

LNA Gain [dB] 30 (typ)

LNA Noise Figure [dB] 1.5 (max)

Cable insertion loss [dB/m] 1.2 (typ)

DC Voltage [V] 3-5

DC Current [mA]

11.5 (typ) @ 3V

Dimensions (L x W x H) [mm]

48.6 x 39.2x 15.2

Weight [g] 106
Mounting Magnet Base
Cable type RG-174
Cable Length [m] 5

Connector SMA plug
Operating Temp. [°C] -40 to +80
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7.3.1.2 7488920157 - GNSS multilayer chip antenna

Figure 18: GNSS multilayer chip antenna

Specification Value
Frequency range [MHz] 1550 MHz - 1600 MHz
Impedance [Q] 50
VSWR <2
Peak Gain [dBi] 3.4 (typ.)
Dimensions (L x W) [mm] [ 5.2 x 3.7
Operating Temp. [°C] -40 to +85
Order code 2613021137000 48
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8 Reference design

Elara-1l was tested and certified on the corresponding Elara-1l evaluation board, which serves
as reference design. For the compliance with the EU directive 2014/53/EU Annex |, the evalu-
ation board serves as reference design.

This is no discrepancy due to the fact that the evaluation board itself does not fall within the
scope of the EU directive 2014/53/EU Annex | as the module is tested on the evaluation board,
which is also the recommended use.

Further information concerning the use of the evaluation board can be found in the manual of
the Elara-Il evaluation board [?].
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8.1 Schematic
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