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1 Preamble

This document describes how to use the SX1276 Evaluation kit. This document describes especially the
SX1276 Eiger platform and the SX1276SKA User Interface. We strongly recommend for the user to read
thoroughly the datasheet of the SX1276 prior to start working on the device. Most of this document
assumes a general knowledge on the SX1276 and modern RF communications.

2 Introduction

The SX1276 is a single-chip integrated circuit ideally suited for today's high performance ISM band RF
applications. Added to the renowned, high-performance and low-cost, FSK / OOK RF transceiver modem,
the SX1276 is also equipped with the LoRa proprietary transceiver modem. This advanced feature set,
including a state of the art packet engine, greatly simplifies system design whilst the high level of
integration reduces the external BOM to a handful of passive decoupling and matching components. It is
intended for use as high-performance, long range, half-duplex bi-directional RF links, and where stable
and constant RF performances are required over the full operating range of the device down to 1.8V.

The SX1276 is intended for applications over a wide frequency range and it is covering all available sub-
1GHz frequency bands (168MHz, 434MHz, 470MHz, 868MHz and 902MHz). Coupled with a link budget
in excess of 135 dB in FSK in excess of 155 dB in LoRa, the SX1276 really offers the possibility of two
modems in one single package. The SX1276 complies with both ETSI and FCC regulatory requirements
and is available in a 5x5 mm QFN 28 lead free package.

The SX1276 Evaluation kit, based around the Eiger platform, allows the user to test every aspect of the
radio, both from the system and RF point of view.

On one hand, the Eiger platform is a touch screen portable device which has been design to enable quick
and easy testing of the PER performances of the SX1276. On the other hand, the SX1276SKA is a PC
based evaluation tool which allows in depth testing of the radio.

This document is therefore divided in two parts: the first part present the SX1276 Eiger module and how
to perform PER test in LoRa and FSK; the second part of this document present the SX1276 SKA and
how it can be used to test every single aspect of the radio.
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3 Getting Started

3.1 Evaluation Kit Contents
The SX1276DVK1 Development Kit consists of:

2 X SX1276RF1 modules

2 x Eiger platforms

2 x dipole antennas for LF frequency band
2 x dipole antennas for HF frequency band
2 X Mini-USB cables

2 x Touch Screen Styluses

Disclaimer Note

SX1276 Development Kit
USER GUIDE

Revision 1 — January 2014

Figure 1: SX1276 Development Kit
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3.2 Ordering information

Each of part of the SX1276 Evaluation kit can be ordered as a single entity or in a whole package. When
ordering, please refer to the following parts numbers:

SX1276DVK1IAS SX1276 Development Kit - 169/868MHz version with TCXO
SX1276DVK1JAS SX1276 Development Kit - 433/868MHz version with XTAL

SX1276DVK1KAS SX1276 Development Kit - 490/915MHz version with XTAL

SX1276RF1IAS SX1276 Evaluation Module - 169/868MHz version with TCXO + Antennas
SX1276RF1JAS SX1276 Evaluation Module - 433/868MHz version with XTAL + Antennas
SX1276RF1KAS SX1276 Evaluation Module - 490/915MHz version with XTAL + Antennas

For more information on each of the options available, please, contact your local Semtech representative.
The SX1276SKA evaluation software, the firmware, drivers and all SX1276 related materials are available
on the Semtech website: http://www.semtech.com/wireless-rf/rf-transceivers/

3.3 Updating the firmware

Updating the Eiger platform firmware is straight forward given that the user follows some simple steps.
The first step is to install the Eiger platform drivers on the PC used to update the firmware. These drivers,
called RLink USB drivers are located in the folder RLinkDrv given with every version of the firmware. To
install the driver, simply launch the file RLinkUSBInstall.exe.

Once the RLink drivers are installed, the firmware upgrade is done through the update.bat file which will
upload the correct version of the firmware depending on several options related to the Eiger platform or
module being used. When launching the application, the following window opens:
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7

CAWINDOWS\system32\cmd.exe E=NRCE X

1. STHM32F183
2. STM32F487
P

lease select platform [1,.21: _

A\

This window invites the user to select the STM32 daughter board fitted on the Eiger platform. The
pictures below should help the user to recognize which daughter board is which. Added to this, the
STM32F407 daughter board is equipped with a small camera clearly visible at the back of the module.

WY
A

a2

GOl

B
"
L2 .
-

STM32F103 Module STM32F407 Module
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If the Eiger platform is not powered-up, is wrongly connected, or if the RLink drivers are not installed, the
following message will be displayed on the screen:

USER GUIDE

7

p— X
B C\WINDOWS\system32\cmd.exe = | B I&]

1. STM32F183
. STM32F487
Please select platform [1,21: 1

t*?* UARNING: This will program the bootloader into the OPEN4 platform.
tee Current application will bhe erased.

Press Ctrl-C to abort.
Press any key to continue

atHex: hex file concatenator.
opyright <{(c> KEOLABS S.A.S. 1987-2812. All rights reserved. Raisonance
LABS brand.

jCortex_pgm:

software for programming Cortex microcontrollers using a RLink.

[Copyright <(c> KEOLABS S.A.S5. 1987-2813. All rights reserved. Raisonance

LABS brand.

[IConf iguring RLink Driver... OK

onnecting to RLink...
**? Error 304: Unable to open USB com with RLink.
Please check RLink connection and driver installation.

teteteteree R RRRRRRRRRRRRRRRRYRYY FERROR ttttteeteettteettnettteeteneee

OPEN4 programmation failed. Please check that the "Debug" USB connector
is plugged and that the OPEN4 is powered up.
(press the OPEN4 button if you are unsure)

Press any key to continue . . .

is a KEO

tree e

In this situation, the user need to make sure the device is correctly powered and turned on. Please, refer
to section 4.1 of this document for more information.
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This is what the full upgrader should look like at the end of the software update.

7

BN CA\WINDOWS\system32\cmd.exe

1. STM32F183
. STM32F487
Please select platform [1,.21: 1

Current application will bhe erased.
Press Ctrl-C to abort.
Press any key to continue . . .

[CatHex: hex file concatenator

LABS brand.
ICortex_pgm:

LABS brand.

a8
g%ecting target: STM32F103UGT6...

onfiguring RLink Driver... OK

onnecting to RLink... OK

onnecting to target... OK
Silicon Rewvision Id: Bx1688086430.
Option bytes: RDP=BxA5,. USER=BxFF, WRP=BxFFFFFFFF
Measured Target Uoltage : 2.9U.

OK

>

Erasing Option Bytes and Flash... OK

(8>

Programming file sx12xxEiger.hex to Flash... OK

execution... OK

losing com with RLink... OK

Press any key to continue . . .

**? UARNING: This will program the bootloader i the OPEN4 platform.

ICopyright <(c> KEOLABS S.A.S. i987~2912. All rights reserved. Raisonance

software for programming Cortex microcontrollers using a RLink.
ICopyright <{c> KEOLABS S.A.S. 1987-2013. All rights reserved. Raisonance

Once the software has been upgraded, it is recommended to reset all the internal settings on the Eiger
platform. For more information on how to achieve this, please, refer to section 5.2.1.1 of this document.
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4 Eiger Platform Presentation

4.1 Platform Description

The Eiger platform is intended to enable a quick and easy range test of the sx1276 module. Here most of
the modem parameters are pre-configured and the user only needs to set some RF parameters.

~
5-Way main button Antenna SMA Connector
Top/Bottom/Right/Left/Center Do not start TX without an antenna or
Short center click to start load connected
2-secondes center click to shutdown | Elaalaiiati )
LoRa board LEDs \\
Receive Mode
Green: PER packet rcvd OK
Red: NonPER packet rcvd OK
Transmit Mode
Yellow: Packet sent (flashes
Eiger platform LEDs for each packet /

When screen is turned off the green & N —

led will blink ‘

S VDC Switch
Leave in uppermost position

-

s .
Charging LEDs
Bottom red: charging
Top green: battery is charged
Red+Green: charging error or battery
fully charged
A

Plaform main USB connector
Mini-B USB type

Use to charge the platform
battery or power it when
battery is off or empty. It is also
used to update the firmware

L
Eiger platform function ‘buttons’ ____ == 1 r i -
Only used to move between screens ' -

B *

AN

Battery switch
Switch the Eiger platform

ON or OFF (indicated by ‘1’
and ‘0’).

N

STM32 daughter board
This USB should only be
plug for the SX1276SKA
to enable communication
with PC software

< 7
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4.2 SX1276 Module Hardware

The SX1276DVK is a USB based evaluation software designed to allow simple and easy evaluation of
the suitability of the SX1276 for a given application. There are three evaluation module developed around
the SX1276 and each module is targeted to specific RF Bands.

4.2.1 SX1276RF1IAS

The SX1276RF1IAS is targeted to the 169MHz and 868MHz frequency bands.

Bypamsing rudstery K19, 23 & WI2

- I

3

‘: I PCB_E26VOIA . SIMTECH I.G-;-
SEET L

. :
LORa v ™ SX1276RFIIAS - SX1276 Evaluation Module
— cH

Figure 3: SX1276RF1IAS Module Schematic
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4.2.2 SX1276RF1JAS

The SX1276RF1JAS is targeted to the 433MHz and 868MHz frequency bands.

E::'.. 2 - — EEPROM 128kb -12C:
x O " oo

- m— -1 I

 — = = e =

o — = =1 o= : =

prm oo Y =l =] "=, i

B - r—
W - = =
P — -4 ’Jt:
= - : = S smniren

™ 2 i — -
e ey — 5 SX127SRFLJAS - SX1276 Evaluatios Module
) semTECH o | e meveasoameen [n

Figure 4: SX1276RF1JAS Module Schematic
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4.2.3 SX1276RF1KAS

The SX1276RF1KAS is targeted to the 490MHz and 915MHz frequency bands.

SX1276 RF Part:

ul|
SNy

e B Seres = X
| . - = = i .8
- — 'M.C&l Ea |“r'5-_zm\'ln.mcn I"\_h_
Figure 5: SX1276RF1KAS Module Schematic
Revision 1 — January 2014 Page 13 of 53 www.semtech.com
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4.2.4 Module Antenna

The SX1276RF1 modules are fitted with 2 RF antenna SMA connectors. Each antenna connection has been specifically
designed to offer the best RF matching to a specific frequency band.

LF Antenna '_:,-:._‘--l ' HF Antenna
Connection 3 ‘-_-._, Connection
8% oy n X
h | OoRa ',’ !

Figure 6: LF and HF Antenna Connection

Five antennas types could be delivered with kits. The antennas can be identified through their color dedicated or shape, to
a specific frequency band (LF=169, 433 or 490MHz, HF=868 and 915 MHz). Antenna types and part numbers are subject

to be changed.

Do not connect both antenna types at the same time on the module.

490MHz 869MHz 915MHz

Figure 7: Frequency Band Targeted Antenna
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5 Eiger platform for PER Testing

5.1 Menu Description

The Eiger menu is organized around the touch screen which allows the user to set on the fly a limited
number of parameters. We will here describe each menu window so that the user can quickly start doing
PER testing.

The idea behind the PER demo is to set one of the Eiger platform as a transmitter and the other one as a
receiver. Then both platforms can me moved away one from the other, in an urban or in an open field
environment, to easily capture the PER between the transmitter and the receiver.

The PER demo operates in FSK or in LoRa modes so that the advantages and drawbacks of each
modulation can been seen easily.

5.2 Using the Eiger platform

When booting up, the Eiger application will detect the hardware module connected to configure the RF
parameters dedicated to each modules. Each hardware module is fitted with an EEPROM which is
programmed at manufacturing. However, if for any reasons, the EEPROM cannot be read or has not be
programmed, the following window is shown.

In case of doubt, the exact part number of the hardware module connected is written on the right side of
the module.

: 46

WRITE EEPRON

SxX12%2

SX1276RF1IAS

SX1276RFLIAS

SX1276RF1EAS
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When the module is successfully detected, the home screen is the first window displayed on the control
touch screen.

01:24:28 **j Battery level

-

,:,n;e béﬁ%‘ﬁr;f::::f;? —

| Firmware version

J Access the PER Demo Menu ‘

‘ Access the System Menu ‘

p

Temperature

Reset the Eiger platform Settings

p

Get the battery status

- Access the bootloader menu

] Information on the firmware
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In case of miss-operation or to simply reset the Eiger module into a known state, it is possible the reset
the touch screen parameters or to reset the device parameters to their default parameters.

01:26:33
2.0.1

—

Reset the touch screen calibration

\

Select settings to be Reset:  _

Touch Screen

Radio 7( Reset to the default parameters

7irin\ Apply the reset

Once a bhox is ticked, “clicking” on the Apply button will reset the selected parameters. The ticked box will
then go un-ticked.

5.2.1.2 Battery

‘ Indicates the battery state ‘

Battery Scate mnl.
Battery Level 9l %

Bactery Voltage 3.87 ¥V

p

**j Indicates the battery level

Indicates the voltage delivered by the
battery
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5.2.1.3 Bootloader

s ™
SK12xxEiger bootloader ‘ Reboot the system
Enter : Center, Selset

Apply update from sdeszd - Update the firmware through an SD

Reset touch screen calibration Cal’d

N J S N\

‘ Reset touch screen calibration

5.2.1.4 About

00:02:01

{ Indicates the Firmware version ‘

— — >

2-0.1

Firmware Version it
Build Date oee™=9 2013
Build Time 17:03:42 - ,
Module Connected SX1276RFIKAS T ‘

:,,j Indicates the Build date

Indicates the Module Connected
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5.2.2 PER Demo Window

When entering the PER Demo Windows, the EEPROM on the module type is read so that the module
connected can be used. If the EEPROM is faulty, not present or damaged, the following windows is
displayed.

01:28:08
2.0.1

N0 MODULE DETECTED

(oue I I 5ock |

If the module is detected correctly, the PER demo is accessed and the following window is displayed.

Set the device as Receiver for the PER test

Set the device as Transmitter for the PER test

| Setthe RF Settings for the PER test

The PER Demo menu is the core of the Eiger platform testing. The menu is divided in three main areas,
Tx, Rx and Settings. The PER Settings menu allows the user to set several parameters of the Radio for
Tx and Rx.
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A text in green indicates that the value can be changed. For example, on the first window of the PER
Setting screen, you will see:

01:25:47
2.0.1

“Clicking” on this parameters allow the
user to change its value.

) Here, the user can set the device in
" LoRa (Default) or FSK mode

Select Mode — h

RF Settings ] ffffj Set the RF settings

Packet Settings -m

| Setthe packet settings

N
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5.2.2.1 PER Settings Menu running in FSK mode

For a given modulation, there is only a limited set of parameters that can be set by the user. Most of the
parameters are set automatically in the software to keep the interface user friendly.

Vs

Set the RF Band (868MHz or 915MHz)

Y,

RF Band )
RF Frequency
: Set the Bitrate: 4.8kbps, 9.6kbps,
Bitrate ‘ 19.2kbps, 38.4kbps, 57.6kbps or
PA 20 dBm \ 100kbps )
Power T
| Packet Delay 0.10 s — N
Set the Output Power boost (module
dependent)
\ J
N\
\
\
\
N\
— .
Set the RF output power
/ |
Set the inter-packet delay
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5.2.2.2 PER Packet Settings Menu running in FSK mode

| 00:03:43

Device ID # ' " Set Device ID

CRC

Payload Size 9 bytes
Enable or Disable the payload CRC

e

Set the payload size (in Bytes): 9, 16,

24, 48 or 64
N
In FSK mode, the payload is built in the following way:
|
Preamble SyncWord PIZ\r;Iotahd Payload CRC
(8 Bytes) (0x69-0x81-0x7E-0x96) 1 B\g/te) (Platform ID, 32-bit packet cnt, ‘P’, ‘E’, 'R, FCS, ‘Padding [xx Bytes]’) (2 Bytes)
|

The preamble length, the SyncWord and the basic payload structure cannot be changed by the user.
However, the payload length is adjustable and the ‘Padding’ field will increase or decrease depending of
the payload size. The CRC can also be enabled or disabled from the packet settings menu. All in all the

smallest packet will be 22 bytes long and the longest packet will be 78 bytes long in total.
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5.2.2.3 PER Settings Menu running in LoRa mode

< J00:02:51 %l /

Set the RF Band (868MHz or 915MHz)

PER LoRa - RF 3Settings —

RF Band
RF Frequency

‘ Set the RF frequency (within the band)

Spreading Factor S Set the Spreading factor: 6, 7, 8, 9, 10,
: 1lor12
Error Coding 4/6 E
Bandwidth
P4 20 dBm

—

] Set the Error Coding: 4/5, 4/6, 4/7, 4/8

Power 4 JdBn (

Set the Bandwidth (module
: dependent)

N

Set the Output Power boost (module
dependent)

EET N AN e

/ /
/ ‘
/

Set the RF output power

-

Set the inter-packet delay

.
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5.2.2.4 PER Packet Settings Menu running in LoRa mode

& 00:03: 58 - Set Device ID |
'A 2 . 0 . 1 - -
I'.I ‘_' 1-' | -2 Y11 i
Device ID # ‘ Enable or Disable payload CRC
CRC = ——
Payload Jize ~ Set the payload size (in Bytes): 9, 16,
Low Datarate Optimize L 24, 48 or 64 )

Enable or Disable Low Datarate
Optimization (mandatory for SF12 and
SF11

L /
In LoRa mode, the payload is built in the following way:
Preamble Header Payload CRC
(8 Symb.) (8 Symb.) (Platform ID, 32-bit packet cnt, ‘P’, ‘E’, 'R’, FCS, ‘Padding [xx Bytes]’) (2 Bytes)

The preamble length, the Header and the basic payload structure cannot be changed by the user.
However, the payload length is adjustable and the ‘Padding’ field will increase or decrease depending of
the payload size. The CRC can also be enabled or disabled from the packet settings menu.
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5.2.2.5 PER TX Mode

Once the RF parameters are set, putting the Eiger module in TX mode will initiate the packet transmission.
The TX window displays the RF parameters and the number of packet sent since the beginning of the test.

PER Tx window in Lora mode:

K] 00:04:37

‘ TX Modulation parameters

14 dbn
RF Freguency 915.00 MHz
Spreading Factor SFl12

Error Coding 4/6
Bandwidth 125.0 kHz

Number of packet sent

Payload Size 9 bytes

Packet # 12

Reset the counter ‘

‘ TX Modulation parameters

14 dBn [ y
RF Frequency 915.00 MHz
Bitrate 9.6 kbps
Payload Size 9 bytes -
Packet # 46 ng Number of packet sent

Reset the counter ‘

Licue I Wcecoc 5ok |
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5.2.2.6 PER RX Mode

PER Rx window in Lora mode:

K] 00:04: 47 J

FEF LoRa - Rx Mode

RF: 915.00 MHz - SE:.SF12

EC: 4/6 - BU: 125.0 kHz
SNR 0 dB
RSSI 0.00 dBm
Packet Indicator \ )
Packet Good # - \
Packet Missed #

Packet Non PER # — N
PER l Number of packet missed

AN J

~__ N

l Number of non PER packet

received
N y
AN T~
~ ~
N T~
- .
- - m \\\ \\
Home F Back o
‘\‘\\\ \\\
( \
) - N PER

Reset the PER counter

.

In LoRa mode, when sub-noise reception is occurring (SNR < 0), the displayed RSSI value is
extrapolated using the SNR indicator. When the SNR > 0, the actual SNR is not computed and the value
is clamped.

Revision 1 — January 2014 Page 26 of 53 www.semtech.com
©2014 Semtech Corporation




;1 SEMTECH SX1276 Development Kit

INTERNATIONAL AG USER GUIDE

WIRELESS & SENSING PRODUCTS _

PER Rx window in FSK mode:

RF: 915.00 MHz - FD: S50.00 kHz
BR: 9.60 Kb/s- BW: 100.00 kHz

Indicate the RSSI

RSSI 0.00 dBm J/ o
| Packetindicator
Packet Indicator \ — )

Packet Good # _

Packet Missed # 7 \ )
Packet Non PER # Number of packet missed
Number of non PER packet received
A J
PER
ol
Reset the PER counter
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5.2.3 PER Rx Bar-graph

In Rx mode, a bar-graph indicates the distribution of the error over time. This is especially useful to detect
the cause of the error, whether a burst of noise in the frequency band or if the device in in the limit of
reception range. The examples below highlight what each case looks like:

. ™
Blue: the reception is good and we
are receiving every packet sent

Here, the device is at the limit of the reception range

J
, ~
Yellow: We have some disturbance
in the frequency band or we are
arriving at the limit range of
reception and we start missing
. packets. |
- %
As we can see in the picture below, the device lost many packets in a short amount of time.

of noise in the band and we have
— missed most of the packet during a
small amount of time

‘ Yellow: We have had a strong burst

_ The link has improved and we are
only missing a few packets after the
original noise burst.
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6 SX1276SKA Software Description

The SX1276SKA is organized on a PC software GUI communicating through USB with the Eiger
platforms. In this situation, the Eiger platforms are only used as a gateway to communicate with the
SX1276.

6.1 SX1276SKA Quick start Guide

It is recommended that this user guide is read in conjunction with the SX1276 datasheet.

1. Plug the Eiger Platform USB ports to the computer (one USB is used to power the platform while
the other USB is used for communication).

2. Run the SX1276 User Interface software: Start > All Programs > SX1276SKA > SX1276SKA

3. The SX1276SKA should connect automatically to the User Interface Software. If not, click on the
USB connect button, located in the top left hand corner of the window toolbar.

4. Once connected the SX1276SKA shows the default configuration of the SX1276 register settings
upon power-up. If the EVK is not connected, the GUI screen is grayed out and an error message
is displayed in the bottom left hand corner of the status bar.

Connect these two USB to power
the Eiger platforms

Connect these "-"'"

communicate with the Eiger
platforms

By AMOSIYN

-~

Figure 8: Connect both USB ports to use the SX1276SKA

Revision 1 — January 2014 Page 29 of 53 www.semtech.com
©2014 Semtech Corporation




USER GUIDE

;1 SEMTECH SX1276 Development Kit

INTERNATIONAL AG

WIRELESS & SENSING PRODUCTS _

The SX1276SKA has been developed to test all the capabilities and features of the FSK and LoRa
modems present in the device. However, both modems have different control commands and must be

operated independently.

Radio config file

- currently loaded

[ersion: 1.0.8eta5 | Firmware Version: 2081 | || Chipversion: 11] || Config File: - |

(53 5X1276 Starter Kit A =)
File Action Teols Help
mm Moden-l LoRa FSKI Reset @.3 Mon'rtcrr:;ON. OFF
Opens Registers window irq flags

J ModeReady

. @ RxReady
Refresh all registers value 9 T
Set Radio in LoRa or FSK @ FilLock

Connect or disconnect to the module ® Rssi

A . . @ Timeout

—> Save Radio configuration ® Fiia

—> Load Radio Configuration §9 S eas Mot

@ FifoFull

@ FifoEmpty

@ Fifolavel

@ FifoCverrun

@ PackstSent

. @ PaylcadReady
—> SX1276SKA Version .
—> Eiger Module Firmware Version @ Lowdat
—> SX1276 Chipset Version Opertting rosda

Sleep @ Standby

Synth. Tx Transmitter

Synth. Rx Receiver

| Connection status: @

Figure 9: SX1276 window organization

While this approach has limitation on testing the system capability of the device, it allows the user to

thoroughly evaluate the device from the radio point of view

This chapter is presenting the various windows and field that controls the radio operations. While some
controls can be obvious, some others may need the user to refer to the datasheet to get a full description

of the commands.

A load radio configuration is implemented and allows the opening of SX1276SKA configuration files (.cfg).
This is implemented through a standard Windows file dialog box and may also be accessed through the

short cut buttons of the Window Toolbar.

In the same way, it is possible to save the SX1276SKA configuration files (.cfg). This is implemented
through a standard Windows file dialog box. The default file name is the last configuration file saved.
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For reference purposes, it is possible to display the register map of the device. This can help the user to
refer to the datasheet register when testing the device.

[ 55 5x1276 Registers display [ESRE—=)
Register Addr | Value Register Addr | Value Register Addr | Value Register Addr  Value
RegFilo |00 | 00 | RegRxTimeou! 020 | 000  RegDioMapping! | 40 | 00 |RegTessd 060 | 00D
RegOpMade {001 | 01 RegRxTimeout2 021 | (00  RegDioMapping |'ox41 | 200 |RegAgcRef | ‘o8t | mac |
RegBitrateMsh (02 | (1A RegRxTimeou3 022 | G20 |RegVersion | 0x42 | (11 | RegAgeThreshl |'o62 | oE |
RegBitratelsb | 003 | (03 RegRxDelay 022 | GO0 |RegTesM3 | 043 | 00  ReghgcThresh2 063 | BB
RegF devMsb (04 | 000 RegOsc 024 | G5 |RegPliHop | Gxdt | 02D | RegAgeThreshd Ox6d | BT |
RegF devisb 005 | 052  RegPreambleMsb 025 | (00 |RegTesMS | 045 | 00  RegTestsS 065 | GOE |
RegFriMsh x06 | (xE¢ RegPreamblelsh 026 | 03 |RegTesMS | 6 | 000 RegTestb |oess | 0ot
RenF riMid 007 | B0 RegSyncConfig | oa7 | 063 |RegTes7? | 0e47 | 000 |RegTests? | w67 | o0
RegFriLsb 008 | 00 | RegSynclaluel 028 | (x5 |RegTesMB | oxete | 000 |RegTestss | oxse | 00
'RegPaCarig | 003 | OOF | RegSynciaiue2 029 | (55 |RegTesM9 0:43 | 00 | RegTestid | o6 | o0 |
RegPaRamp (004 | B9 | RegSyncVahued 24 | (<55  RegTesMA | oxt4 | (00 RegTestSA |08 | 000 |
'RegOcp 0x0B8 | 028 |RegSyncisuct 28 | 055 |RegTam 048 | 005 |RegTesttB 068 | <00 |
Reglna 00C | G20 RegSyncValues 32C | (<55  RegTesMC | 0x4C | 00 |RegTestsC ['ox6C | BcAD |
RegRxConfig | 000 | 0x00 |RegSyncishut 02D | (<55 |RegPallac x40 | 84 |RogTestSD |'ox6D | 000
RegRssiConfig | 0E | 002 RegSynclaluel 2E | 55  RegTesME | Ox4E | (<00 |RegTest6E | ox6E | oa0F
RegRssiCollision 0xOF | O0A |RegSynclshul | m2F | 055 |RegTesMF | 0x4F | D00 |RegTestF OEF | OB |
RegRssiThresh | 3x10 | BFF |RegPacketConkigl %30 | 230 |RegTestsd | 0x50 | 0«00 |RegPH |70 | o0
| RegRssiValve | 3x11 | 00 |RegPackstConfig2 | 231 | 00 |RegTest51 | 0251 | 000 |RegTestl | ox71 | x00 |
RegRxBw | 212 | 215 |RegPayloadLongth "x32 | 001 |RegTesti2 |'ox52 | 000 |RegTestr2 o7z | oxia
RegAfcBw | 0x12 | (02 RegNodeAdrs | 0x33 | OO0 | RegTestS | 053 | B0 |RegTest73 | &73 | o0 |
| RegOokPesk | 214 | 322 |RegBroadcastids | "x34 | 000 |RegTestSé | o5t | 000 |RegTest74 | 0x74 | 000
RegOokFix | 315 | BOC  RegFifoThesh | 235 | OOF | RegTests | 055 | 0«00 RegTest’s | ox75 | 00 |
|R.godm '_:ms |"&12 | RegSeqConkig _'ms 00 |RegTest6 :ms :'_mgu_:mgruas :Gx?S ﬂ
RegRes17 (<17 | 47 |RegSeqConig2 037 | 00 |RegTest? 057 | B0 |RegTestl? 077 | 00
RegRes18 0x18 | (32  RegTimerResol 038 | G0 |RegTestSB | 0x58 | 0«00 |RegTest8 ["ox78 | 000 |
RegRes19 | 219 | &3E |RegTimesiCoct |39 | 05 |RegTest® |"ox59 | 0«00 |RegTestrs | o7 | o00
ReghicFe Ox1A | (<00 |RegTime2Coef x3A | 020 |RegTesSA |'0x54 | Ox00 |RegTestZA oA | 000
RegAlcMs |18 | 000 |RegimageCal 038 | 82 |RegFormerTemp 058 | 200 |RegTestB |78 | o0
ReghicLsb oic | RigTenp 0x3C | OF6 |RegTesC [0x5C | 007 |RegTestiC l'oxic | 000
RegFaMsb | &x1D | 000 |ReglowBat 230 | 02 |RegBitrateFrac | x50 | 200 |RegTest’D o0 | 000
RegFeilsh O<IE | 00 |ReglrqFlags! ' 03E | 080 |RegTestSE |05 | 0«00 |RegTestZE [ox7E [ 00
RegPreambleDetect | 0x1F | x40 |ReglrqRlags2 | 03F | 40 |RegTestSF |'0x5F | 0«00 |RegTestF ox7F | 00

Figure 10: Register table

For advance user only, it is also possible to read or write the register directly by pressing the

<CTRL>+<ALT>+<T> keys of the PC keyboard simultaneously.

¥ Test

Registers
Data
@81

Address
01

This window allows the user to write to and read from the contents of individual configuration register
addresses. Note that address and data are entered in hexadecimal format.
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6.2 LoRa Mode

6.2.1 LoRa Menu

By default, when the application is launched, the SX1276SKA is configured in LoRa.

Vi SX1276 Starter Kit A

File

=~ |

adem: | LoRa | FSK | Reset

[Action J| Help

E] laeq lMonton;ﬂ OFF ]

—

Refresh all
registers value

Direct access to sub menu

Opens Registers wi

Indicates the Modem IRQ and Modem status

| Version: 1.0.Betas | Firmware Version: 2.0.B1

| Cenfig File: -

—

Indicates the Modem operating Mode —

a Y
Irq flags
@ RuTimeout
@ RxDone
@ PayloadCrcError
@ ValidHeader
@ TxDone
@ CadDone
@ FhssChangeChannel
@ CadDetected
Moden status
@  Modem clear
@ Header info valid
@ Rxongoing
@ Signal synchronized
@ Signal detected

Synth. Rx Synth. Tx

Rx Tx continuous

Rx Single CAD

| Connection status: @&

\
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6.2.2 LoRa Common Window

5 SX1276 Starter Kit A [E=NE)
File Action Help
& H ¢ Modem: | LoRa FSK | Reset 2] Reg  Monitorn ._ON_ OFF
Common  LoRa
General Irq flags
1 @ RxTimeout
X0 Frequency 32000000 = Hz
RF requency: 915000000 ] e ) oo
XD input selection: TCXO @ Crystal @ PayloadCreError
‘“ . (YR T) 5
T settings @ TxDone
CaiDone
@ PAD -> Transmits on pin RFO .
@ FhssChangeChannel
PAT -> Transmits on pin PA_BOOST @ CaiD
LS ; ' 306000
PA ramg |40 x| b 2 PLL bandwidth Hz Modem stztis
Mascimen output power: 10.8 + dBm Overload current protection @ ON OFF . lea
- M“\E Ir
Output power 108 * dBm Overload current trimming 100 ma @ Header info valid
+20 dBrm on pin PA_BOOST ON @ OFF @ Ruongoing
| synche
R sattrngs @ Signal synchronized
@ Signal detected
AGC aute @ ON OFF
LNA boost @ ON OFF 9 6
Sleep @ Standby
D10 magping 4 Synth Rx Synth. Tx
DIOS DIO4 D03 D102 DI DIoo Fix Tx continuous
[ ModeReady ~|/[CadDetected ~||[CadDone | [PrssChangeChannel = | [RxTimeout +| [RxDone - RxSinghs () CAD
|
[ Version: 10.Beta5 | Firmware Version: 2.0.B1 | Chipversion: 11 | Config File: - | Connection status: &

Figure 11: SX1276SKA Boot-up windows

1: Set the default basic parameters for the Radio.

2: Set the parameters related to the transmission of the data such as output power.

3: Set the parameters related to the reception of the data such as AGC or LNA boost settings.

4: Set the mapping for the device 10 pins. The Status of the IO is then displayed over time in the
section 5 of the window.

5: This section indicates the modem and DIOs status

6: Set the operating mode of the device.
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6.2.3 LoRa Parameters Window

B SX1276 Starter Kit A [E=SEE)
File Action Help
5 ld |9 Modem: |LoRa | FSK | Reset | (3] | Reg |Monitor: __ON_IOFF 7
[Common | LoRa |
Sattings { 1FQ mask T\ Imflags
Spreadirg factor: |SF7 "'I Freamole length: 12 + symbols Rt ON @ OFF it
e Rax done: ON @ OFF @ RxDone
Coding rate: 1475 - Implicit header: ON @ OFF @ PayloadCreEmor
Bandwidh: (125 v kHz  Payloadlength: |11 Rl Rhisassic oN. @OrF @ ValidHeader
Fix timecut 1.047552 = s Payload CRC: ON @ OFF T— A o : =
T done: ON @ OFF CadDone
Low datar
omize | ®ON ©OFF CAD done: 4 ON @ OFF @ FhssChangeChanne
1 @ CadDetected
FHSS change channel: ON @ OFF
Modem status
écmmmed ON @ OFF |
P header info N @ Modem clear
: T T T I @ Header info valid
Reoist it | Pllimos | Pcomiomscac | Rxpofisd [Nty B G
2 0 . a . ] . - . 0 @ Signal synchronized
Facket status - - - @ Signal detected
Comgitor | Poimiatt | Mg [P [P | S S—
0 o 0 0 -150.0 -150.0
g Sleep  © Standby
HEXADECIMAL ASCIl - — r = . Synth. R Synth. Tx
12 24 5€ €7 7€ 88 78 88 30 EF A $Vgv.x. % = [ Sed ] !~ Log @] Tx @R Rx T conburi
Rx packets 0 Rx Single cAD
3
Version: 10.Beta5 | Firmware Version: 2.0.B1 | Chipversion: 11 | Config File: - | Connection status: &
Figure 12: LoRa Radio parameters window
1: Set the Radio settings for the LoRa modulation
2: Details status of the reception
3: Set the payload to be transmitted control the emission or reception of the radio
4: Enable or disable the IRQ related to the LoRa modulation
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6.3 FSK Mode
6.3.1 FSK Menu

The FSK menu is organized around several windows allowing the user to set the radio step by step. The
detail of each window is described from section 5.2.1.1 onward.

Some information are however global to the FSK radio operation and are thus displayed on every window
as shown on figure 9.

i —
P: SX1276 Starter Kit A = -3

File Action | Tools | Help
5 | |4  Moderf\ LoRa [FSK | Reset m Monitor: | ON | OFH

2
{
_/

ModeReady
RxReady
TxReady
PliLock

Refresh all
registers value
Rssi
Timeout
Preamble
SyncAddressMatch

Opens Registers window

FifoFull
FifoEmpty
FifolLevel
FifoOverrun

RSSI / Spectrum Analyzer Indicates the Modem IRQ status __—>

PacketSent
PayloadReady
CreOk

LowBat )

( QOperating mode \
Sleep @ Standby

GO OGO GO GOEFE BEGOC

Indicates the Modem operating Mode _——> B Diieenss

Synth. Rx Receiver
\. J

Version: 1.0.Beta5 | Firmware Version: 2.0.B1 | Chipversion: 11 | Config File: - | Connection status: 5

Figure 13: FSK window structure

In FSK mode, it is possible to perform a quantitative spectrum analysis but reading the RSSI value across
a range of Frequency. It is also possible to have a qualitative measurement of the RSSI as it is detected
by the chipsets. This tool is especially useful when a more expensive spectrum analyzer is not at hand
reach.

When Monitor is set to ON, the GUI will constantly scan the status of the FSK IRQ register and displays
the status on the right hand side of the GUI. Setting Monitor to OFF disables this features.
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6.3.2 Common window

f Wi SX1276 Starter Kit A @_ﬂ
| File Action Tools Help .
|5 b |4 Modem: LoRa [FSK|| Reset | [ ) | Reg | Monitor:|ON| OFF | &

[ Commen | Tranamter | Rocsver | 17G.& Map | Packet Hande | Ssqusncer | Tenpersius]
Generl g flags
RF frequency 915000000 + Hz 3 ModeReady
Fast hopping: ON @ OFF g xHoaity
1 Z @ TxReady
Bitrate #7993 + bes @ Plllock
Eitrate fine tuning 0 @ Rssi
P o+ 5005 S @ Timeout
e N\ @ Preamble
Modulation: ® FSK () 00K ® Sychddresshalch
Modulation shaping @ OFF @ FifoFull
Gaussizn filter, BT = 1.0 o F_'hEm
2 Gaussian filter, BT = 0.5 : :::;T:'m
\ Gaussizn filter, BT =03 y
== S o Prourst
XO Frequency: 32000000 + Hz @ CrcOk
X0 input selection TCXO @ Crystal @ LowBat
RC escillator calibration @IET‘ Operaing mode
Eattery managamant Sleep @ Standby
Low battery detector ON @ OFF Synth, Tx Tranamitier
Low battery threshold trim |1.835 = v J Synth. Rx Recsbiar
j\.l'lrsicn: 10.Beta5 | Firmware Version: 2.0.B1 | Chip version: 1.1 | Config File: - | Connection status: &

Figure 14: FSK Common window

The Common window allows the user to set the common Tx/Rx parameters for the modulation.
Parameters such as the modulation type (FSK or OOK), Frequency, Bitrate, frequency deviation or the
oscillator details can be entered in this window.

When Frequency Hopping is used, the control bit “Fast Hoping” need to be set so that the internal PLL
can optimize to jump from one frequency to the next in the smallest amount of time.

Itis also in this window that the Gaussian Filter parameter is set for the transmission.
A general description would be:

1: Set the general parameters for the modulation

2: Set the modulation Type and the Gaussian filter parameter (Tx Only)

3: Set the oscillators parameters
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6.3.3 Transmitter window

(5% SX1276 Starter Kit A )
File Action Tools Help |
5 i | 9> | Modem: LoRa FSKJ Reset | 9] ! Reg | Monitor: ONi OFF | @
-_ .. —— i e o =
I flags
@ ModeReady
@ RxReady
 ET—— N @ TxReady
|
Fil
@ PA) -> Transmits on pin RFO 1 5 iock
PAI -> Transmits on pin PA_BOOST @ Rasi
@ Timecut
@ Preamble
Lmlam"' 40 & = @ SyncAddressMatch
Oulpuk paveer @ FifoFull
Maximum output power 2 108 5 dBm 3 FifoEmpty
LDUW power. 108 + dBm @ Fifolevel
20 dBm on pin PA.BOOST ON @ OFF @ FifoOverrun
O @ PacketSent
o 3 @ PayloadReady
@ ON OFF @ CrcOk
Trimming: 100 S mA @ LowEat
PLL bandwidth
4 2 Operating mode
FLL 300000 + Hz
\ ) Sleep @ Standby
|
Synth. Tx Transmitter
Synth. Rx Receiver
Version: 10.Beta5 | Firmware Version: 2.0.B1 | Chipversion: 11 | Config File: - | Connection statuss @ |

Figure 15: FSK Transmitter window

As indicated through its name, the transmitter window groups the configuration parameters related to the
transmission:

1: This field allows the user to select the radio output pin. Depending of the SX1276 module version,
it may or may not be possible to select the RFO pin as output.

2: Set the output power of the radio. The maximum output power is 20dBm.

3: Overload current protection

4: PLL Bandwidth
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f ¥ SX1275 Starter Kit A =)
File Action Tools Help
5 b |4 Modem: LoRa [FSK| Reset | [ ) | Reg | Monitor:|ON | OFF
( q T\ rafess
R Flerbanduidthy (10417 Sl w5 oN @ OFF Demoddator O 3 ModeResdy
AFC filter bandwidth: 50000 Sz | arcavtociear ON ® OFF Btoynchonizer @ ON @ OFF ® Fufeody
= = 0OK @ TxReady
;f = AFC: l— Thresheld type [Peak -] @ Pilock
F&l [ifieed ] |0 e Peak thieshold step: 0.5 = dB @ Rssi
AGC auio ON @ OFF — ) |
R 23 2 - RSSI Fixed threshold: 12 8 o @ Timeout
ence Level: = Offset 0 = d8 = @ Preamble
Threshold step 1: 14 = dB i 6 - i.’eak'ﬂuesholddecr M TR
Threshold step 2: 5 = dB Theeshad 1275 2] 4B :wn sl ann 0 . @ FifoFull
Theshddstep3: |11 Jeafl . z o i R e D FiloEmpty
Threshold step & 12 + @8 = —r Timeout @ FifoLevel
st -
TH‘ME‘ )2 Ru!a:“ﬂ.;on collision: ON @ OFF 7 fssi 9 o = ™ ® i Bedvern
Preamble detetction Colt 0 - Preamble 0.000 S ms @ PacketSent
Detection ON ® OFF 2atees b B | P e = @ PayloacReady
s 3 = | RxRestart | | RxRestart PLL | @ CrcOk
o idnd A : Inter packet Fx delay: 0.000 5 ms @ LowBat
Nors -
~ —
Lna settings Operating mode
Ref Thresheld 1 Threshold 2 Threshold 3 Threshold 4 Threshold 5 ’
4 -103 - -89 -84 -3 ﬁs &.'43 -> Pin [dBm] Slee = Sy
LNA boost ON @ OFF G1 G2 G3 G4 G5 GE Synth. Tx Transmitter
Gain @ Synth. Rx Receiver
Version: 1.0.Beta5 | Firmware Version: 2.0.B1 | Chipversion: 11 | Config File: - | Connection status: &
Figure 16: FSK Receiver window
This window allows the user to set the parameters for the packet reception:
1: Set the reception bandwidth filter and set the AFC reception bandwidth filter
Please, note that the AFC bandwidth filter is disregarded if AFC Auto is set to OFF
2: Enable or disable the AGC and set the step threshold (I am not sure what it does actually)
3: Enable or disable the preamble detector and set the preamble detector parameters.
Please, note that the preamble detector must be enabled if the reception is triggered on preamble
detection.
4: Enable or disable the LNA boost
5: Enable or disable the AFC and read the FEI
6: Control the RSSI detection. If the reception is triggered on the RSSI detection, these parameters

allow controlling the level of RSSI triggering the reception and smoothing the peak detector to
avoid false detection in case of random peak in the frequency band.

7 These parameters control the events that trig a reception and the behavior of the receiver in case
of collision

8: Enable or Disable the bit synchronizer and configure the OOK demodulator

9: Set internal timing between events
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6.3.5 IRQ and Map window

r ™
73 SX1276Starter Kit A [ESyEE—~)
| File Action Tools Help
.J id 4 Modem: LoRa FSK || Reset A & Rey Munitur:.O_I‘I}OFF 7
. - [_ e e T |r —— .
| Irq flags

3 ModeReady
@ RxReady
Device status @ TxReady
Bit Synchrosizer: ON @ Plilock
gmmdem 1 ;onn'nm @ Rssi
b
P o @ Timeout
DIO settings 2 @ Freamble
Preamble IRQ ON @ OFF @ SyncAddressMatch
DIO mapping @ FifoFull
DIOS: (00w ~] 5 FifoEmpty
— @ Fifolevel
DI04 - >/
A @ FifoOvernun
DIO3: |= -
3 = @ PacketSent
Dio2 v @ PayloadReady
DIO1 M| @ CrcOk
DIoD la =) s lowsst
s
Clock out Operating mode
Freguency 4 | 1000000 *| Hz Sleep Q) Standby
Synth. Tx Transmitier
Synth. Rx Receiver
IV:rsioruIJlBetaS | Firmware Version: 2.0.B1 | Chipversion: 1.1 | Config File: - | Connection status: @
e e

Figure 17: FSK IRQ and Map window

The IRQ and Mapping window is used to set and control the IRQs in the device:

1: Indicates the current status of the device

2: Enable or disable the preamble detection IRQ (when starting on RSSI detection)

3: Configures the IRQ and how they are mapped with the DIOs of the device.

4. Disable or Enable and set the clock out of the device
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6.3.6 Packet Handler window

f P) SX1275 Starter Kit A = &1
File Action Tools Help
& i 9> | Modem: LoRa FSK || Reset | [3) &) Reg Monitur:ibiqioﬂ
Common | Transmittor | Receiver | IR & Map| Packet Handier | Sequencer | Temperature |
Data mode: {C_U_‘f_l)?\_-'_ ' Address based filtering: @ OFF Node Node or Broadcast hidec)
Preamble size 3 3 bytes  Nodeaddress: 0 000 ; mem
Auto restart Rx mode: {ON, wak for PLL to lock - Broadcast address 000 @ TeReady
Preamble polarity & Oxaa O 0x55 DC-free @ OFF ) Manchester ) Whitening @ PllLock
Syncword 1 @ ON © OFF CRC ealculation @ 0N © OFF @ Resi
FIFO fill condition: @ Sync address ) Always CRC auto clear @ 0N OFF @ Timeout
Syncword size: a bytes  CRC polynom IBM @ CCITT B Freabis
Sync word value 55-55-55-55 Tx start condition @ FifoLevel FifoMotEmepty @ SyncAddressMaich
Packet format © Variable Fixed FIFO Threshold: 15 g » i:::::m
Payload length 1 01 bytes 10 Home ON @ OFF sl e
10 Home Power frame: @ ON @ OFF @ FifoDverrun
Beacon ON @ OFF B PacketSent
Packet Device status @ PayloadReady
Preamble Sync | Length ' NodeAddress| Message | CRC || &iSynchonizes ON B CrcOk
55-55.55 55.85.55.55 0 | | | 1363 Daamode Continuous @ Lowat
Message 3 mmmﬂe: 4 Standby Operating mode
HEXeCRL A% Start [ Log J Fill FIFO_‘ See B Stadoy
Synth. Tx Transmitier
Synth. R Receiver
Version: 1.0.BetaS | Firmware Version:  2.0.B1 | Chipversion: 11 | Config File: - Connection status: &

Figure 18: FSK Packet Handler window

The packet handler is the main interface windows to control the transmission or reception of packets once
the radio has been setup. Whether in transmission or reception, this window allow the user to defined the

packet to be transmitted or to be received

1: This field allows the user to define the packet structure.
2:
packet structure is set correctly.
3: Enter the payload to be transmitted or display the payload received.
4: Control the packet handler transmission or reception.
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6.3.7 Sequencer window

Wi SX1276 Starter Kit A Conjuis) g
File Action Tools Help
5 b 9 |Modem: LoRa [FSK| Reset | 3 ) | Reg | Monitor |ON| OFF | &
| Commen [ T | Receiver | IRG & Map | Packet Handies | Sequencer T
I flags
@ ModeReady
@ RxReady
@ TxReady
Sequencer. [ st |[ sw @ @ PilLock
Idle mode: Standby - @ Rssi
Transition from start: To LowPowerSalact » @ Timeout
Low power selection Sequencer OFF - @ Preamble
@ SyncAddressMatch
Transition from idle To Tx =
@ FifeFull
Transition from transmit: To LowPowerSelectic v B FifoEmpty
Transition from receive: I..hmod - @ Fifolevel
Transition from Rx timeout To Rxon ReRestan. = @ FifoOverrun
Transition from packet receved: | To SequencerOFF w @ PacketSent
Timer 1 resclution Timer 1 coefficiant : ?ZOTM
O = e ol A v
OFF v X (245 ~| = |OFF
) ’ @ LowBat
Timer 2 resclution Timer 2 coefficiant
[oFF v s x [32 = = [OFF us CoNig Kode
Sleep @ Standby
Synth. Tx () Transmitter
Synth. Rx Receiver
Version: 1.0.Beta5 | Firmware Version: 2.0.B1 | Chipversion: 11 | Config File: - | Connection status: & i

Figure 19: FSK Sequencer window

The sequencer window allows the user to setup the internal state machine of the device and control how
the device will react following an event. For more information on the FSK internal state machine, please,
refer to the datasheet.
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>
¥. SX1276 Starter Kit A

File Attion Tools Help
& bd | 9> | Modem: LoRa |FSK| Reset | |3 §] @ Reg Mnnitor:;OI;I OFF | &
[ Comman | Transmitter | Recsiver | IRQ & Map | Packet Hander | Sequencer | Temperaturs |
g flags
@ ModeReady
= _— @ RxReady
w - - @ TxReady
m ® PilLock
" -m
1G calibration = - @ Rssi
Autor @ ON OFF - [ 2
P N 1w = @ Timeout
Calibration: Calibrate | o -m @ Preamble
Calibration status: @ ;',: = - @ SyncAddressMaich
Temperature delta z . 23 |-= @ FifoFull
{ Actual - Former ) iy c g - y
m - —m @ FifoEmpty
W - =
Temperaure » = - @ Fifolevel
Monitor @ ON © OFF - - " @ FifoOverrun
» = E
Calibrate e - W PacketSent
m - L
Measuring: - ] = F e @ PayloadReady
Threshold 10 +] c a0 = @ CrcOk
- i - @ LowBat
Change higher than threshold: & e
Operating mode
' Sleep © Standby
‘ Synth. Tx Transmitter
Synth. Rx Recerver
Version: 10.Beta5 | Firmware Version: 2.0.B1 | Chipversion: 11 | Config File: - | Connection status: @&

Figure 20: FSK Temperature window

The SX1276 is fitted with an internal temperature sensor. Note that user is prompted to calibrate the
SX1276 temperature sensor by clicking on the Calibrate button to access the temperature calibration
dialog box. If auto calibration is set, a new calibration will be performed at every temperature change that
exceeds the threshold. Threshold value could be setto 5, 10, 15 and 20°C.

Revision 1 — January 2014 www.semtech.com

©2014 Semtech Corporation

Page 42 of 53




SEMTECH

INTERNATIONAL AG

727
P,

SX1276 Development Kit
USER GUIDE

WIRELESS & SENSING PRODUCTS _

7 How to...

7.1

... perform a simple transmission / reception in LoRa

Performing a simple Transmission — Reception in LoRa is fairly straight forward.
First, the user needs to set the RF transmission parameters:

¥ SNLITE Starter Gt A

Fle  Action Melp

&5 40 Medens | LoRa | FSX | Reset ) | Reg Moot
G L=FRs

Common

Gl

B reguency

Ta semngn

Phre

Mz x4gn power
Dhpnt pose

+20 i on pin F4,_BOOST

B setirg

D0 maperg
DIOS
UosaFanty

[FRROR: Unable to open S0 2alger devce

Verion: 108etal | Frmmare Version

| Chip version:

| Conig Fie -

\ J

J Set the frequency

Second, the user needs to set the LoRa modulation parameters:

r‘.‘: SNLITE Starter KA & =5 ﬂ-‘ P N
PR ey P T I set the Spreading Factor
Common, LeRa T B

Setrgs P .
PR — B s g sar— | Setthe Coding Rate
prerwes = T B 4
— OOM_8( || | Setthe Bandwidth }
ki ) Ve N
| s [Rsac Optimize transmission
s s : - for Low Datarate OFF
g | e | el |sag MwsiE | WSt Comtrg e (mandatory for SF11 and
= MM - 1y SF12 with BW=125KH?z)
MEXADECIMAL AsCH —= yeih Tx \ )
—_ /-\\ N e
WVersior: 108etad | Furmmsee Versn | Chip versien: | Config Fie - »ww Set the Payload
/ \ AN J
\\% \

Click “Start” to start Transmitting

-

J

\

Set the Device in Transmitter Mode

It is important to notice that the device mode of operation is standby between packets, this is why the

Operating mode is left in “Standby”.
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On the Reception side, the principle is exactly the same. We first need to set the basic radio parameters:

p
% S8 S A | Set the frequency J
Fle Adien Hep - —
5 4 | Moder | LoRa | P | Reset | (3 | Rey | Menier [ON ] 08 | B -
Common | LaRa
Garvsl " tage
— @ Pulemeou
o
FF heguercy $15000000 + He @ FRuors
@ Prjoerelmor
@ VakHasde
 p— @ Talone
L aramts on g RFO 8.c
e P4_BOOS ® PrasChangeCraccel
A o e @ G
P ramp & = - PLL bangwic e H M
Magas w0 3 o ¢
et e poeer L Crverioad ourrest protecton - ON OFF ° S
Outpast power L1 & Overtcas currest yememeg 190 - B  Hosdor sk wild
=20 dBm on pin Pé_BOOST DN @ OFF @ Fuengong
Fix pettrcn @ Soral wynchronsed
@ Seprad seectes
A6C auto - oN :
LHA bocat Chmrutry mode
Shest & Sandty
00 mapory Syem B ) Syt Ta
o DI04 ] D 00 009 e e
MadeRaacky = | | CasOwtected = CadDons | FresChangeCharrel v T = | | FuDarw - P Sirghe CAD
ERROR: Unable 1o open S0 2ofge desce
Verwor: 10 Betal | Fermmare Veorssn - | Chp version - | Config File - | Connection stz @

Then we need to set the device in reception after setting the Lora modulation parameters.

72 SXLIT6 Starter Kt & j . ~
TR Aden Set the Spreading Factor
4 Modem loRa | FSK | Reset ] e Mons gl B J
Cammon | LoFa
=
Soreadeg e | SFI0 L /
Cotrgrae L Set the Coding Rate W
—— . "1 Set the Bandwidth W
FHSS charge charrel
i e CAD Setected | \7/ ‘\
+- Enable the payload CRC
check
Packet utata _ _
e | Mmoo | Mo |emAE™ MEmiERt | Cemen
L 150
- p— = Optimize transmission for
Low datarate OFF
(mandatory for SF11 and
_ SF12)
Verions 1L0Betad | Formware Veson: - | Chip version: \ /

L Click “Start” to start Receiving Set the Device in Receiver

. J

At this stage, the transmission — reception should be complete and the user should see the LEDs blinking
on the Eiger platforms.

Revision 1 — January 2014 Page 44 of 53 www.semtech.com
©2014 Semtech Corporation



;1 SEMTECH SX1276 Development Kit

INTERNATIONAL AG USER GUIDE
WIRELESS & SENSING PRODUCTS I

7.2 ... perform a simple transmission / reception in FSK

First, you need to set the RF parameters for the transmission:

P
(7 s e a2 Toe e |
\

Bl e Tesh by

Set the frequency: 915,000,000 Hz ‘

e o Medem Lots [P | B ] L) Mew oy —

e S | foca | G | Vg | P e | eaarcn | Cespeston

|| Set the bitrate: 19,200 bps

— J

P

”’::L Set the Frequency deviation: 50,000 Hz W

In the transmitter, receiver and IRQ windows, all the parameters can be left at their default values and
then we simply need to set our packet structure.

" ,:( Set the preamble size: 5 }

s ~N

| Setthe preamble polarity: 0x55

:( Set the Sync Word size: 4

| | Setthe Sync Word: 0x69- 0x81-... 1

ﬁ Set the packet length: variable

ﬂ Set the payload: OXA1-OxA2-...

[ T T g v | Contig i | Commerion seren 8
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At this stage the radio is fully configured on the transmitter side. We can now set the device in Transmitter
mode so that packets are ready to be sent from the device.

7 S0 e A [E— ]
P Ades Tk Help

i P Medem Lofa T Rmet ] 30 ey b

[ e L Y T T Se—  ——

[ ok . oowt et Sheng @ OFF € Nade ©) Nte o Bruadeas i

I N
Tx Packets: Indicates the number of
packets sent

Set the Device in Transmitter Mode

e e .
e MEXADECIMA ;; ] AN
A small control window appears
! allowing the user to set the number of
[ 50 e G~ [ G K] packets to be sent. Setting the value
to ‘0’ will make the device transmitting
| indefinitely. |
N /
To start sending packets, simply click on the “Start” button.
SO Saerner G2 A = “
_:_d ‘:‘."m:: u::'l-; Reet ] 5] mey b

Notice the green LED indicating when
a packet is sent

el 1 Press “Stop” to stop sending packets

N )

Ve | 0Beta} | foren Vormen Chpwmamen -« | Config Fis | Commactusn muus

The device is now sending packet. You can also see the Yellow LED flashing on the Eiger modules to
indicate that the device is currently transmitting.

Revision 1 — January 2014 Page 46 of 53 www.semtech.com
©2014 Semtech Corporation




72T
p,SEMTECH

INTERNATIONAL AG

SX1276 Development Kit
USER GUIDE

WIRELESS & SENSING PRODUCTS _

We must now configure the receiver side. Open a new window of the SX1276SKA and configure the radio
as done for the transmitter side. The process is identical:

7 O e A

Fla  daties  Tewh g

e e M Lot [P e | 3 5

ney

B batumy

¥ vat soppeng

Brvme e tamas.
Fme

[

e

L ] T ——

W

B o

e Soreew | wow | PG My Faoe Herde | esarce | Teyadan

,,:‘ Set the frequency: 915,000,000 Hz ‘

Camg Fite

|\

| Set the bitrate: 19,200 bps J

~

| Set the Frequency deviation: 50,000 Hz

=

J

In the receiver, it is necessary to set some parameters to configure the receiver.

7O S

Pl Ases Teet bl
Gl e Mede Lots [ e ) ey
o | Bt P G My | Pkt e

Ermes

Tewbair 1

Vorvon LOBe) | ey e

e | T

.

| Setthe Rx Bandwidth: 100,000 Hz

S 774/ \
~— - Setthe AFC Auto: ON

Set the AFC Auto clear: ON

_ —

Set the Frequ

ency deviation: 50,000 Hz
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To finish, the user must simply set the packet handler parameters as in Tx:

L Set the preamble size: 5

. ,7 :j£ :;e;r;;;reamble polarity: 0x55 J

l'fl‘;j:;:—é::: ;j Set the Sync Word size: 4 j

— Ei: a ”\i Set the Sync Word: 0x69- 0x81-... ]

“ ?E‘L Set the packet length: variable J
: .,,:.... pp— :- = :.f_; 7}“"’;‘}:::7,,; J: Press “Start” to start receiving packets J

\ - ;%ﬁ Set the Device in Receiver Mode
STt | Tl \\. Oyt i Coinin i ‘.\..\_._..... = g
iméceived payload is displayed here ‘ { Number of pacl;et received }
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7.3 ... perform Continuous transmission and Reception in LoRa

It is possible to set the SX1276 in Continuous Tx mode to perform a spectral evaluation of the LoRa
modulation. In this mode, the SX1276 will be going through the FiFo and send whatever data are present
in the RAM.

7l SX1276 Starter Kt & S )
Fie  Acion  Hep
i 4 Modem lofa |FX | Reset 3 Reg |00
Comman | LeFa
Settrgn 173G maskc gy
3 s oot oN O @ PaTemecut
Soresting lechr [ SF7 - Fresméie lengs: 12 H omtca ™ ol b ® e
R o
Cosmgrme 4% - Iehctbeader ) ON @ OFF il ol et @ PrlosdCreEner
Emtucn (15 ] e Payiosd lngh - || | S A W o @ s
Ratmeot 0102400 o Payload CRC oM @ OFF o e i (-
Tu dore ON @ OFF @ Cadlere
e ON @ OFF ¥
oppmae CAD done ON @ OFF @ FrasCrargelharnel
@ CocDetected
FHSS charge thanrel ON & OFF
Madem st
Cal) ottt ON & OFF
Fox haader s @ Moden clea
@ Header indg vabd
Facpond oald . R R paytond Nt of bywe
hater court Pllwmecs | Rupmiosd CRC | o fd e recas e @ Proepong
Y ™ @ Sorel syncheonzed
Packat stata @ Soral detected
e I\
Commaboppng | Facevedvabd | P datsbiler | Rlecaed pachet | Racorsd packel | Curmest RSS
channel packst cout arenn SR RSS! ] vk ] Teerrg cce Set the dev'ce |n
0 ] 0 0 1550 180
Seep Stany i
(- continuous TX mode
MEXADECIMAL Asci =y i Sy Rx O Syo T -
= Rx & Ti cotrucna N
Ru Snghe ) CAD
Version: 108eta} | Frmware Veruos: - | Chp verseon: T | ConligFie - | Comnection statuz @

It is also possible to set the device in Continuous Rx mode. In this mode, the device is continuously
receiving the packet sent from the transmitter.

7 SX1I76 Searner Kt A (R X
Fle  Action  Help
&5 b 4o Modem: Lofs FSK Reset | Meg Moo
Common, | LoFa
] F ma rafian
i3 ~ mes o @ PRaTimesut
Sgreedng factr | §FT - Preamisie lengit: |12 ] eybels R ON @ OFF s
: Fx oN OFF o,
oierg (308 &% - Iriacat Ptier ON @ OfF - o &0 @ PajossCreErar
-~ Payiond CAC e o OFF
Earcwnst 15 = Mz Pagcadiengm X ™ RO L S @ Vahcaader
Lpe— 103400 ~ Paylond CAC R Jmahesser oM @ OFF @ Tabiore
Lo uinsate T dore: ON & OFF @ Cadlons
oo oM @ OFF 5
p— CAD dore ON @ OfF @ FrasCrangeCharrel
@ Caletwcted
FHSS charge channet. 3 ON @ OFF
< Hodem sate
CAD dewmcied ON & OFF
Fix hender ik @ Modem clear
Recovedvabd |, ¢ | Pupeicadchc | Pxpmiced | Mumber ol bytes B et
hepder court & g codeg rate e e @ Fxongoeg
@ L @ Soral syrchronaed
Packet sista @ Soral detecied
Curret hoppeng | Fecerved veid | Fox Receved jacket | Facerved packet | Curvert RSS
haeral okt court »idrens S 181 S5 o} v b Ooarmng mods
%o o /— ~
[ Som Sty . .
HEXADECIMAL AsCHl x o Syen R Syvh T Set the deV|Ce In
= ®R— ~ Tucomeuos | H
ST continuous RX mode
Px Segle AL —
N Y,
Vervion: 108etad | Fumweass Version: - | Chpverseen - | Config File: - | Comnection status @

Revision 1 — January 2014 Page 49 of 53 www.semtech.com
©2014 Semtech Corporation




;1 SEMTECH SX1276 Development Kit

INTERNATIONAL AG USER GUIDE
WIRELESS & SENSING PRODUCTS _

7.4 ...Log the Transmitted or Received packets

The SX1276SKA has a logging facility which allows the user to get the exact time stamps at which a
packet has been sent or received and with all the information related to this packet.

, Y —
Fi SALITE Starterin & ]
Fle  Actien  Help
i i 9= Medenu LoRa FSK | Reset ] Reg  Montor | ON | OFF
Common | LoFa
Semng G mask v flage
- 2 . Px bmac oN OFF @ FRuTimecu
Sprandiog buctor: [§53 - Prosrble loeg: [12 - wymbols - .
> Fix done N OFF .
Coding rate s - Irgiic anser ON @ OFF . @ PriostCreEne
z = Payload CR 7] WFF
e 1 =] Bt Pajatiengt 2 & s T — - @ aksHeater
= nd Pea N FF TaDore
Sonacas 02 doad R # off - » gl
Liwe 23carien . » dore N OFF L] W_ﬂ )
cobmize - CAD done & OFF @ FrasCrargelrarrel
@ CadDetecied
FHSS changs charrel N OFF
Moces gs
AD setecied o & OFF
P hoacter @ Modem clear
@ Header mio vald
Fipceres oz " - s e | Pupayicad hurmiber of bytes.
oncer ool PLL smecut R payload CRC soding rte i B Ruonpeng
L ] [ ] 0 @ Soral ayrehionges
Paciet siatus @ Soral delected
Cummihoppng | Fecoredvshid | Fuxdstsbufer | Focered sacket | Feceived sacket | ComerdRSSI
harrel pachet court e R | RS b o | ot modke
158
Vesasm choat Coressi Sep @ Suadey
yreh Ra Tx
HEXADECIMAL ASCH e | s % Sy
o Fx sorseus
Pxpeckens | A
o / Rx Segle =]
i
| Versiom 108eta3 | Fummere Veniom - | Chip version: | ConkigFile - / | Connection ststus: @
\

4

‘ Start the Logging of the transmitted or received packets

N /

Depending if you are in FSK mode or in LoRa mode, a different pop-up window will appear:

[ 5% Packet Log [y
Log conal In FSK mode, the packet logger allows to the user to only log a
Max samples 0 limited amount of packet (indicated by the value “Max Samples”).
Then, when the packets are being transmitted or received, the
[Bower] [LSer) number of desired packets will be: logged in the file selected.
|
e pocit tog settings ‘= lwes) InLoRamode, the packet logger is enabled or
disabled. Once enabled, all transmitted or received
! Log O - @ Otk — ) packets will be logged in the selected file until the
File: RX_sx1272-LoRa-v1-pktlog | ; Browse... _! packet IOgger iS disabled.
Moie Append to current file
- Cetonar By sach S When enabling the packet logger, it is possible to
‘ start a complete new log in a new file or to append an
: - existing file.
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7.5 ... perform a CW or PN9 Tx test on the SX1276

The SX1276 does not have a dedicated CW or PN9 Tx test mode implemented. However, it is possible to
perform this test manually by setting the device in Tx continuous mode, and feed PN9/15 data stream to
the DATA pin (DIO2/DATA), from a signal generator.

7.6 ... check the frequency accuracy of the SX1276 module

There is a very simple way to get the frequency error of the sx1276 modules. The core idea is to set the
device in FSK and to set the frequency deviation to 0. In this case, the device will only emit a signal at the
center frequency. The difference between the measured value and the set value gives you the frequency
error.
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8 Troubleshooting

Each Eiger platform, radio module or software kit has been thoroughly tested before to be released for
customer evaluation. The section below highlights some of the common issues faced by users and how it
can be fixed.

8.1 The Eiger platform indicates very high PER even in short range

There are several reasons which can have a dramatic influence over the performance of the platform.
One of the common reasons is that the frequency selected is in the GSM or in another already used
frequency band. If the frequency you have selected is already used by another RF system, the
communication will obviously be affected. We therefore recommend to the user to check the RF band
usage in his location before to start any PER testing.

8.2 The communication range in Lora is very poor

There are two aspects which can limit the LoRa performances: the emission power and the antenna.
Please, make sure that we are using enough power to reach the distance you want to achieve. The Eiger
platform can output up to 20dBm signals. The other aspect is the antenna, please, make sure the
antenna you are using is designed to operate at the frequency region you are transmitting in.

8.3 The SX1276SKA do not detect the device through the USB

This issue is usually caused by a wrong connection of the USB
The step below should fix the issue.

1- Make sure the Eiger Platform is powered down (Battery switch set to 0) and is not connected to
the PC through the USB.

2- Reconnect the side USB to the PC, the red LED on the left side should light up

3- Connect the bottom USB to the PC.

4- Power the device up (Battery switch set to 1)

5- Press the five-way central push button until the screen light up.

6- Launch the SX1276SKA on the PC

8.4 The Eiger platform does not seem to work anymore

The battery is probably empty and you should connect the device through the side USB to a computer for
a few hours, time for the battery to charge.

8.5 The Eiger platform touch screen is not accurate

This is probably due to a miss-calibration of the touch screen. In this situation, the user should reset the
touch screen calibration and perform an accurate calibration using the stylus provided.
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