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1.3. Pin Diagram

The following diagram shows the pin arrangement , top view.
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1.4. Pin Description
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Figure 2. Pin Diagrams

Number Name Type Description
Description Stand Alone Mode

1 GND Ground

2 MISO | SPI Data output

3 MOSI 0 SPI Data input

4 SCK | SPI Clock input

5 NSS | SPI Chip select input

6 RESET /O Reset trigger input

7 DIOS 1o Digital I/0, software configured

8 GND Ground

9 ANT RF signal output(input.

10 GND Ground

1 DIO3 1o Digital I/0, software configured

12 DIO4 e Digital IO, software configured

13 3.3V Supply voltage

14 DIOO 1o Digital I10, software configured

15 DIO1 1o Digital I/0, software configured

16 Dlo2 1o Digital I/0, software configured




3. RFM95/96/97/98(W) Features

This section gives a high-level overview of the functionality of the RFM95/96/97/98(W) low-power, highly integrated
transceiver. The following figure shows a simplified block diagram of the RFM95/96/97/98(W).
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Figure 3. RFM95/96/97/98(W) Block Schematic Diagram



4116 Loka"" Packet Structure

The Loka™ modem employs two types of packet format, explicit and implicit. The explicit packet includes a short header
that contains information about the number of bytes, coding rate and whether a CRC is used in the packet. The packet
format is shown in the following figure.

The LoRa™ packet comprises three elements:
* A preamble.

* An optional header.

* The data payload.

nPreamble Symbals nHeader Symbols
Prezmbile Header _ CRC _ peivliad Payload
{explicit mode only) CRC
‘ CR = 4/8 e CR = CodingRate .

'y

-

SF = SpreadingFactor

Figure 5. LoRa™ Packet Structure

Preamble

The preamble is used to synchronize receiver with the incoming data flow. By default the packet is configured with a2 12
symbol long sequence. This is a programmable variable so the preamble length may be extended, for example in the
interest of reducing to receiver duty cycle in receive intensive applications. However, the minimum length suffices for all
communication. The transmitted preamble length may be changed by setting the register Preamblelength from 6 to 55535,
yielding total preamble lengths of 6+4 to 65535+4 symbols, once the fixed overhead of the preamble data is considered.
This permits the transmission of a near arbitrarily long preamble sequence.

The receiver undertakes a preamble detection process that periodically restarts. For this reason the preamble length
should be configured identical to the transmitter preamble length. Where the preamble length is not known, or can vary, the
maximum preamble length should be programmed on the receiver side.

Header

Depending upon the chosen mode of operation two types of header are available. The header type is selected by the
ImplictHeaderMode bit found within the RegSymbTimeoutidsh register.

Explicit Header Mode

This is the default mode of operation. Here the header provides information on the payload, namely:
*+ The payload length in bytes.

* The forward error correction code rate

* The presence of an optional 16-bits CRC for the payload.



The header is transmitted with maximum error correction code (4/8). It also has its own CRC to allow the receiver to
discard invalid headers.

Implicit Header Mode

In certain scenarios, where the payload, coding rate and CRC presence are fixed or known in advance, it may be
advantageous to reduce transmission time by invoking implicit header mode. In this mode the header is removed from the
packet. In this case the payload length, error coding rate and presence of the payload CRC must be manually configured
on both sides of the radio link.

Note  With SF = § selected, implicit header mode 15 the only mode of operation possible.

Payload

The packet payload is a variable-length field that contains the actual data coded at the error rate either as specified in the
header in explicit mode or in the register settings in implicit mode. An optional CRC may be appended. For more
information on the payload and how it is loaded from the data buffer FIFO please see Section 4.1.2.3.



4.1.2. LoRa™ Digital Interface

The LoRa™ modem comprises three types of digital interface, static configuration registers, status registers and a FIFO
data buffer. All are accessed through the RFM95/96/97/98(W)s SPI interface - full details of each type of register are
given below. Full listings of the register addresses used for SPI access are given in Section 6.4.

4.1.2.1. LoRa™ Configuration Registers

Configuration registers are accessed through the SPI interface. Registers are readable in all device mode including Sleep.
However, they should be written only in Sleep and Stand-by modes. Please note that the automatic top level
sequencer (TLS modes) are not available in LoRa'"™ mode and the configuration register mapping changes as
shown in Table 85. The content of the LoRa™ configuration registers is retained in FSK/OOK mode. For the functionality of
mode registers common to both FSK/OOK and LoRa™ mode, please consult the Analog and RF Front End section of this
document (Section 5).

4.1.2 2 Status Registers
Status registers provide status information during receiver operation.

4.1.2.3. LoRa™ Mode FIFO Data Buffer

Overview

The RFM95/96/97/98(W) is equipped with a 256 byte RAM data buffer which is uniguely accessible in LoRa mode. This
RAM area, thereafter reffered to as the FIFO Data buffer, is fully customizable by the user and allows access to the
received, or to be transmitted, data. All access to the LoRa™ FIFO data buffer is done via the SPI interface. A diagram of
the user defined memory mapping of the FIFO data buffer is shown below. These FIFO data buffer can be read in all

operating modes except sleep and store data related to the last receive operation performed. It is automatically cleared of
old content upon each new transition to receive mode.

loraModem  ———— > RegFifoRxCurrentAddr |:">

A £ 1 M, 5P1
—— FifoAddrPtr <-J—‘.-’ Read / Write

FifoRxBaseAddr r—>

FifoTxBaseAddr _§

Figure 7. LoRa™ data buffer



Principle of Operation

Thanks to its dual port configuration, it is possible to simultanecusly store both transmit and receive information in the FIFO
data buffer. The register Fifo TxBaseAddr specifies the point in memory where the transmit information is stored. Similarly,
for receiver operation, the register FifoRxBaseAddr indicates the point in the data buffer where information will be written to
in event of a receive operation.

By default, the device is configured at power-up so that half of the available memory is dedicated to Rx (FifoRxBaseAddr
initialized at address 0x00) and the other half is dedicated for Tx (Fifo TxBaseAddrinitialized at address 0x80).

However, due to the contiguous nature of the FIFO data buffer, the base addresses for Tx and Rx are fully configurable
across the 256 byte memory area. Each pointer can be set independently anywhere within the FIFO. To exploit the
maximum FIFO data buffer size in transmit or receive mode, the whole FIFO data buffer can be used in each mode by
setting the base addresses FifoTxBaseAddrand FifoRxBaseAddr at the bottom of the memory (0x00).

The FIFO data buffer is cleared when the device is put in SLEEP mode, consequently no access to the FIFO data buffer is
possible in sleep mode. However, the data in the FIFO data buffer are retained when switching across the other LoRa
modes of operation, so that a received packet can be retransmitted with minimum data handling on the controller side. The
FIFO data buffer is not self-clearing (unless if the device is put in sleep mode) and the data will only be “erased” when a
new set of data is written into the occupied memaory location.

The actual location to be read from, or written to, over the SPI interface is defined by the address pointer FifoAddrPir
Befare any read or write operation it is hence necessary to initialise this pointer to the corresponding base value. Upon
reading or writing to the FIFO data buffer (RegFifo) the address pointer will then increment automatically.

The register FifoRxBytesNb defines the size of the memory location to be written in the event of a successful receive
operation. On the other hand PayloadlLength indicates the size of the memory location to be transmitted. In implicit header
mode, the FifoRxBytesMb is not used as the number of payload bytes is known. Otherwise, in explicit header mode, the
initial size of the receive buffer is set to the packet length in the received header. The vanable FifoRxCurrentAddr indicates
the location of the last packet received in the FIFO so that the last packet received can be easily read by pointing the
FifoAddrPtrto this register.

It is important to notice that all the received data will be written to the FIFQ data buffer even if the CRC is invalid. This
allows for post-processing of received data for debug purposes for instance. It is also imporant to note that when receiving,
if the packet size exceeds the buffer memory allocated for the Rx it will overwrite the transmit portion of the data buffer.



4.1.3. Operation of the LoRa™ Modem

4.1.3.1. Operating Mode Control

The operating modes of the Loka"™ modem are accessed by enabling LoRa™ mode (setting the LongRangelfode bit of
RegOplMode). Depending upon the operating mode selected the range of functionality and register access is given by the
following table:

Table 61 LoRa™ Operating Mode Functionality

Operating Mode Description
Low-power mode. In this mode only SPI and configuration registers are accessible. Lora FIFO is not
SLEEP accessible.
Mote that this is the only mode permissible to switch between FSK/OOK mode and LoRa mode.
STAND-BY both Crystal oscillator and Lora baseband blocks are turned on.RF part and PLLs are disabled
FSTX This is a frequency synthesis mode for transmission. The PLL selected for transmission is locked and active
at the transmit frequency. The RF part is off.
FSRX This is a frequency synthesis mode for reception. The PLL selected for reception is locked and acfive at the
receive frequency. The RF part is off.
e When activated the RFM3S/96/97/93(W) powers all remaining blocks required for transmit, ramps the PA,
transmits the packet and returns to Stand-by mode.
When activated the RFMS5/96/97/980W) powers all remaining blocks required for reception,
RXCONTINUOUS : . ~ N )
processing all received data until 8 new user request is made to change operating mode.
RXSINGLE When activated the RFMY5/96/27/980WW) powers all remaining blocks reguired for reception, remains in
this state until a valid packet has been received and then returns fo Stand-by mode.
CAD When in CAD mode, the device will check a given channel to detect LoRa preamble signal

It is possible to access any mode from any other mode by changing the value in the RegOpMode register.



4.1.5. LoRa™ Modem State Machine Sequences

The sequence for transmission and reception of data to and from the LoR=a™ modem, together with flow charts of typical
sequences of operation, are detailed below.

Data Transmission Sequence

Im trangmit mode power consumption is opfimized by enabling RF, PLL and PA blocks only when packet data needs to be
tranemitted. Figure & shows a typical LoRz™ transmit sequence.
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Figure B LoRa™ modulation transmission seguence.
Static configuration registers can only be accessed in Sleep mode, Stand-by mode or FSTX mode.
The LoRa™ FIFO can only be filled in Stand-by mode,
[Drata transmission is inttiated by sending TX mode request.
Upon completion the TxDome interrupt is izsued and the radio returns to Stand-by mode.

Following transmission the radic can be manually placed in Sleep mode or the FIFO refilled for a subseguent Tx
operation.

* & * # %

LoRa™ Transmit Data FIFO Filling
Im order to write packet data into FIFD uzer should:
1 Set FifoPirAddrto SfoTxPirBass.
2 Write Payicadlengih bytes to the FIFD {RegFifo)



Data Reception Sequence
Figure 9 shows typical LoRa™ receive sequences for both single and confinuous receiver modes of operation.
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Figure 9. Lora™ receive sequence.

The LORA receive modem can work in two distinct mode
1. Single receive mode
2. Continuous receive mode

Tho=e two modes comespond to different uze cases and it is important to understand the subtle differences between them.



Single Reception Operating Mode

In thiz mode, the modem searches for a preamble during a given time window. If a preamble hasn't been found at the end
of the time window, the chip generates the RxTimeout interrupt and goes back to stand-by mode . The length of the window
{in symbols) iz defined by the RegSymbTimeout register and should be in the range of 4 {minimum time for the modem to
acquire lock on a preamble) up to 1023 symibols. (The default value being 5). If no preamble is detected during this window
the RxTimeout interrupt is generated and the radio goes back to stand-by mode.

At the end of the payload, the BxDone interrupt is generated fogether with the intermrupt PayloadCreEmorif the payload
CRC 5 not valid. However, even when the CRC iz not valid, the data are written in the FIFD data buffer for post processing.
Following the RxDone interrupt the radio goes to stand-by mode.

The modem will 2120 automatically refurm in stand-by mode when the interrupts BxDone or RxTimeout are generated.
Therefore, thiz mode should only be uzed when the time window of arrival of the packet iz known . In other cazes, the RX
continuous mode should be used.

In Rx single mode low-power is achieved by tuming off PLL and RF block= as =oon a2 a packet has been received. The
flow iz as follows:

1 Set FfoPirAddrto FifoRxFPirBases.

2 Siatic configuration register device can be written in either Sleep mode, Stand-by mode or FSRX mode.

3 A single packet receive operation is initiated by selecting the operating mode RXSINGLE.

4 The receiver will then await the receplion of a valid preamble. Once received, the gain of the receive chain is 2&t.
Following the ensuing receplion of a valid header, indicated by the ValidHeader interrupt in explicit mode. The packet
reception process commences. Once the reception process iz complete the RxDone interrupt is 2et. The radio then returms
automatically to Stand-by mode to reduce power consumption.

S The receiver status register PayloadCre Emor should be checked for packet payload integrity.

& If avalid packet payload has been received then the FIFO should be read (See Payload Data Exfraction below). Should
a subsequent single packet receplion need to be friggered, then the RXSINGLE operating mode must be re-zelected to
launch the receive process again - taking care to reset the SPI pointer (FifoPtraddr) to the base location in mamory
(FifoRxPirBazea).



Continvous Reception Operating Mode

In continuous receive mode the modem scans the channel continuously for a preamble. Each time a preamble iz detected
the modem detects and tracks it unfil the packet is received and then carries on waiting for the next preamble.

If the preamble length exceeds the anticipated value set by the registers RegPreamblehsh and RegPreamblelsb (measured in
symbaol unit), the preamble will b2 dropped and the =sarch for & preamble restarted. However, this =cenano will not be
flagged by an interrupt. In continous RX mode, opposite to the single RX mode, when a timeout interrupt is generated, the
device will not go in standby mode. In this case, the user must simply clear the interrupt while the device carry on waifing
for a valid preamble.

It iz al=o important to note that the demodulated bytes are written in the data buffer memory in the order received. Meaning,
the first byte of & new packet is written just after the last byte of the preceding packet. The RX modem address pointer is
never reseted as long as this mode is enabled. it is therefore necessary for the controller to handle the address pointer to

miake sure the FIFO data buffer is never full.

Im continuows mede the received packet processing sequence is given below.

1 Whilst in Sleep or Stand-by mode select RXCONT mode.

2 Upon receplion of a valid header CRC the RxDone intermupt is 22t The radio remains in REXCONT mode waiting for the
next B LoRa™ packet.

3 The PayloadCreEmor flag should be checked for packet integrity.

If packet has been correctly received the FIFO data buffer can be read (e below).

5 The receplion process (steps 2 - 4) can be repeated or receiver operating mode exited as desired.

S

In continuous mode status information are available only for the last packet received, i.e. the comesponding registers
should be read before the next RxDone amives.



Payload Data Extraction from FIFO

In order to refrieve received data from FIFD the user must ensure that ValidHeader, PayloadCreEmror, RxlDone and
FxTimeowt intermupiz in the status register ReglrgFlags are not asserted to ensure that packet reception has terminated
successfully (i.e. no flags should be =et).

In case of ermors the steps below should be skipped and the packet discarded. In order to retrieve valid received data from
the FIFO the user must:
* FifchbRxByies Indicates the number of bytes that have been received thus far.

+ RegfxDataAddr |z a dynamic pointer that indicates precisely where the Lora modem received data has been written up
to.

+ Set AfoFirAddr to FfoRxCurrentAddr. This sets the FIFO pointer to the the location of the last packet received in the
FIFO. The paylead can then be exiracted by reading the RegFifo address ReghbRxBytes times. Altematively, it is
possible to manually point to the location of the last packet received from the start of the current packet by setting
FifaPirAddr to RegRxDaladddr - FifoNbRxEytes. In the same way, packet bytes can then be extracted from FIFD by
reading the RegFio address ReghlbRxBytes times.



4.3. SPI Interface

The SPI interface gives access to the configuration register via a synchronous full-duplex protocol corresponding to
CPOL =0 and CPHA = 0 in Motorola/Freescale nomenclature. Only the slave side is implemented.

Three access modes fo the registers are provided:

* SINGLE access: an address byte followed by a data byte is sent for a write access whereas an address byte is sent and

3 reagﬁyte is received for the read access. The NSS pin goes low at the beginning of the frame and goes high after the
ata byte.

BURST access: the address byte is followed by several data bytes. The address is automatically incremented internally
between each data byte. This mode is available for both read and write accesses. The NSS pin goes low at the
beginning of the frame and stay low between each byte. It goes high only after the last byte transfer.

* FIFO access: if the address byte corresponds to the address of the FIFO, then succeeding data byte will address the
FIFO_The address is not automatically incremented but is memorized and does not need to be sent between each data

byte. The NSS pin goes low at the beginning of the frame and stay low between each byte. It goes high only after the
last byte transfer.

The figure below shows a typical SPI single access to a register.

NSS [
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Figure 38. SPI Timing Diagram (single access)

MOSI is generated by the master on the falling edge of SCK and is sampled by the slave (i.e. this SPI interface) on the
rising edge of SCK. MISO is generated by the slave on the falling edge of SCK.

A transfer is always started by the NSS pin going low. MISO is high impedance when NSS is high.

The second byte is a data byte, either sent on MOSI by the master in case of a write access or received by the master on
MISO in case of read access. The data byte is transmitted MSB first.

Proceeding bytes may be sent on MOSI (for write access) or received on MISO (for read access) without a rising NSS
edge and re-sending the address. In FIFO mode, if the address was the FIFO address then the bytes will be written / read
at the FIFO address. In Burst mode, if the address was not the FIFO address, then it is automatically incremented for each
new byte received.

The frame ends when N35 goes high. The next frame must start with an address byte. The SINGLE access mode is
therefore a special case of FIFO / BURST mode with only 1 data byte transferred.

During the write access, the byte transferred from the slave to the master on the MISO line is the value of the written
register before the write operation.



6. Description of the Registers

The register mapping depends upon whether FSK/OOK or LoRs™ mode has been selected. The following table
surnmarises the location and function of each register and gives an owerview of the changes in register mapping between

bath modes of operation.

6.1. Regizster Table Summary
Table 85 Registers Summarny

Reqglater MAME messt  Default Dezcription
Address
FSKIOOK Mada | LoRa™ Mode {POR) L[F-Sll] FSK Mode LoRs™ Mods
RegFifa x0T FIFD reat/wile acoess
RegCpikags 0= Cperaling moge & Lofla™ ™ / FSK salection
Fegbiratahst dxiA Efl Rate s2tiing, Mosl Signfficant B8
RagBlratelsb — e Eft Ratz s2ting, Least Significani Eis
Lmed Cx0d Frequency Deviation eeting, Most Significant Sie
RegFdevish D52 Freguency Ceviztion setling, Least Significant Els
FegFriMzt Ix=4 RF Carmier Fraquancy, Maet Significant s
RegriMi OxC0 RF Carler Frequency. Intzrmadiaiz Site
RegrmiLsh =D RF Carmier Fraquency, Least Significant SiE
RegracConfig Oxar F# Belzction and Cutput Power control
RegPaRamp T3 Coniral of PA ramp Ime, low phage noke PLL
Reglcp 025 Ower Cument Fratacilan cantrol
Reglna OxZd LHA setings
RegRzCanng RegFEnAddrPlr 008 [ OxdE | AFC, AGC, il FIFO S pointar
RegRssiCon egFitaTxBa OxD2 RS 2%art Tx data
" seANIr
RegRssICollsion Reg 'rl' ml dxA RE21 Colliskon detector Start Fx data
RegRssThrash ReqirgFlage OxFF RE5I Thraghodd control LoRa™ siale lags
Ragresivalua RegirgFlagaMask - REE1 valug In dom Cpiioral flag mask
RegRxbw RegFragiivzn T Channal Fler 5W Coniral = Freausn
FEgATEW RegFregiFLsb Ox06 AFC Channel FiRer W Fquency
FeglokFeak F'E!ﬂ.""l I"'E 025 0K demadulatar
Recelver iimaaut valws
ReqOokFL F'E'-'s""'"'" I"'E 0x0C Thraghold of the OOK damod
FeglokAvg RegqTacly Oxi2 Average of the 0K gemad
h LoR=™ franemit
Ragarvedi? Iﬂg Il D47 - parameaiers
RaEarved1s RegPreambiMeD Ox32 -
Siza of presmble
RaEervedis RagPreamolelsk Ox3E -
FegMaodulation-
RagAfcFel e Ox0d AFC and FEI confral Modem PHY conflg
RagAfcMED RegRMdcde OxDd Freguency carrzctian valuz of | Teet raglstar
FegAfLsk RegHopPenod Ox0d the AFC FHEES Hop perlod




AQOQregs |

FEKMOOK Moda LoRa™ Mode

[FSK])

F3K Mode

LoRa™ Mods

Regremsn

(POR]
e

Walue of the cakculated

MUME=F of received Dyies

RegFellel Dx0a fraquency errar Infa tram [3st headar
Regrreami) x4 oxAs | Setinge of the Praambla MUmESr of valld headers
Detectar recalven
Ox0d Mumbs=r of vald packels
Timeout Fx request and RSSI bradt
LoD Timeaut RS2 and Pay- LIve LoRa™ mogem si3-
insuResdy WE
Ox0d Timeout REE1 and SyncAc- Espimation of I35l packel
aress MR
DD Delay bebween Fx cycles curent RS E
Ox05 OX07 | RC Oecillzlors Setings, CLE-
OUT Faquzny RS3 of 351 packet
Ox0d Przambiz lengih. MSE FHSE st=r channel
EETIE] Praamitiz length, LSE LoRa"™ rx data pointar
OxE3 Zync Word Recogniiion conomal
Hx=3 Cxl1 | syne Word bytas, 1 through &
OxEd Packel MooE 52iings
Oxdd Packel mode setings RESERVED
Dxdd
Paylaad langth setting
DX Mods anoress
00 Broadcas! aodrees
Ox0F gz3F | Fifo thraehodd, T start cond-
tian
D00 Top level Seguencar s2tlinge
Ox00 Top leval Sequenscer setlings
DxDad Timer 1 and 2 resglution contral
RegTimariCoaf DxFs Timar 1 sating
RegTimerzCosl Dx2d Timer 2 setling RESERVED
Regimagecal OxE2 | 0x0z Image caliorallon 2ngine can-
tral
RegTemp - Temperslure Sensor valua
FepLowBat DX Low Batery Indicator Satinge
RegIrgriaged OxEd SAa0uE regisier. PLL Lok EEle,
Timeaut, RESI
RegirFlage2 x40 Satue reglsler FIFO nandiing
fiags, Low Batiery
FiegDloMapping DD Mapping of pine DI04 to DI03
FegTloMappings Ox00 Mapping af pine DI04 and CIOS, CIROUL frequency
Regyarsion [iT3}] Hopa RF |0 ralating the ellcon ravigian
Ox20 Contral 1he Tast frequency hap-
RegPliHog Unused ping moge Unused
RegToxm Ox04 TCKO of ATAL Input 6tiing
I Reglater Hame Faast Default Diezcription
FSK/OOK Moda LoRa™ Mods (FOR} | [F3K] F 5K Mooe | LeRa™ Mods
RagPabDac DxE4 Highar powar e2tlinge of the P&,
RegFormerTemg - Stored temperatura during the farmer IQ Callbratian
Fraclional part In the Gt Rake
SliiRateF Unused Ox0a Unusad
meg e " division ratio ne
RegAGCRer 0x13
FegAgrThreshi OxdE
= - AdJuEtmant of tha AGC thresholde
FegAgrTnresna ]
RegTesl - Intarnal i2e1 regiEtars. Do nat overwrie

Note - Reset values sre sufomatically refreshed in the chip af Power On Resst
- Default values are the Hope RF recommended register values, optimizing the dewvice operation
- Registers for which fle Defzult value differs from the Reset value are denoted by 2 *in the fsbles of section 6.2




6.4. LoRa'™ Mode Register Map

This section details the RFMI5/98/97/98(\W) register mapping and the precise contents of each register in LoRa™

mode.

It is essential to understand that the LoRa modem is conirelled independenthy of the FEK modem. Therefore, care should
be taken when scoessing the registers, especially 25 some register may have the same name in LoRa or FEK mode.

The LoRa registers are only accessible when the device is set in Lora mode (3nd, in the same way, the FSK register are
only accessible in FSK mode). However, in some cases, it may be necessany to access some of the FEK register while in
LaeRa mode. To this aim, the AccesSharedReg bit was created in the RegOpldode register. This bit, when set to "1°, will
grant access to the FSK register 00D up to the register 0x3F. Once the setup has been done, it is strongly recommended
to clear this bit so that LoRa repister can be accessad normalky.

Convention: r: resd, w: write, ¢ © st to clear and t trigger.

Hamea
[Atreas)

Elix Varlable Hama Mods | Resst LzRa™ Description

e rw | oypp | LeRa'™ base-band FIFO data Inputioutput. FIFC Is cleared an
nat azcessibis when davics I In 2LEEF moda

O = FEKOOK Mode

rw | oxg |17 LoRa™ Mode
THis bit can ba modinad oaly In Slesp Moda. A WIite operation an
ofher devica mades I8 ignared.

This bl operates when devica [E In Lora mode; if est i allows
access o FEH reglsters page located In address space

O Accace LoRa reglsiers page 0xd0: Dx3F
1 < Accops FEX registers page (in made LoRa) DkOD: Qx3F

LongRangeMode
ArcegsSharedRag W | Ox0 | (0x00:0x3F) while In LaRa mods
reservad

) 0xD0 | reeerved

Acoess Low Frequency Mode reglsters
LowFrequencydadeCn | rw | DxO01 | 0 - High Frequency Mode [access bo HF beet reglsters)
1 - Low Fregquency Mode {access 1o LF t2et reglsters)

Device mades

000 -+ SLEEP

001 -+ STDEY

040 -+ Frequency symhesk TX (FSTX)

Mode rwt | Ox01 | 011 = Tranemit (TX)

100 -+ Fraquency synhssk RX (FERX)

101 -+ Racalve continuous (REKCONTINUCUS)
110 < recalve singlk (RXSINGLE)

111 & Channel actvity detaciion (CADY

reservad r DxDd | -
reservad r DxDd | -
reservad L] OxDd | -
reservad r DxDd | -
Fri[23:18) mw | OxEc | M=S of RF camer traquancy

Fri[15:3) mw | 0x30 | M=S of RF camer traquancy




Hamea
[Atdraas)

Blis Warlable Hama

L=®a"™ Description

Frifrd)

LSE of RF camer fraguancy

HOS C)-Fr f
GRS

Resoluon 15 61.035 Hz T FX{0EC) = 32 MHz. Dafaull valusa ks
DxEcE00D = 434 MHz. Reglster valuee muet b2 madified only
whan device |s In SLEEP ar STAND-BY mode

Salecls PA autput pin
0 < RFO pin. Cutput power ks limitad fo +14 dBm.
1 % PA_BOOET pin. Output power ks limited 1o +20 dBm

Salzcl max qutput powar: Pmar=10.5+0.5*MaxPower [d5m]

Poul=Pmaz-(15-OutputPower) ¥ PaSeact = 0 (RFO pin)
Paul=17-{15-0utputPowar)  HPaSelzct = 1 (PA_SOOST pin)

unused

ragarved

=09

Flse/Fall time of ramg up/down In FSK
000D = 3.4 ms
0oo1 3 2ms
0010 = 1 ms
0011 = 500 s
OO0 = 250 ue
0101 = 125 ue
010 =+ 100 us
011 * B2 us
1000 = 50 us
1001 = 40ius
1010 =+ 31 us
1011 3+ 25 ue
1100 =+ 20 us
1101 2+ 15 us
1110 % 12 us
1111 *10us

umus2d

D00

unwsed

Ox01

Enabése gvariaad currant protection (OCF) for PAC
[ % OCP dsablad
1 % OCP enabiad

Trmming of CCP cument:
Imax = 45+5-0coTrim [MA] F OepTrim <= 15 (120 ma) ¢
Imax = -30+10°CcpTrim [mA] If 15 = OepTrm <= 27 {130 10
240 mA)

Imex = Z4DMA 107 Nighar sattinge

Default Imax = 100mMA




=l Varlable Hama Resed LzRa" ™ Description

LA gain seting:

000 = not us2a

001 + &1 = maxdmum gain

0o+ G2
7-5 |Lnaain Qxd1 |01 3 G3

100 =+ G4

101 =+ G5

110 =+ 34 = minimum galn

111 = not uesd

Law Fraquancy (RF1_LF) LMA current adjusiment
4-3 |LnaBoosilf Q€00 | 00 < Defzull LMA cument

ofner + Resanved
2 |resenved Jx00 | resarved

High Fraguancy (FF1_HF) LKA cument agustmant
1-0 |LnaSoosiHf %00 | 00 < Defzull LMA cument

11 =+ Boosi on, 150% LA cumenl

EP| Interface address palmier In FIFD data bufar

OxE0

wiie bage addnees In FIFC data bufer far TX modulator

read basa adarees In FIFD data ouffer far RX demadulatar

Starl adresk (N data bufer) of l3st packet receivad

OxDd

Timaout Intemupt mask: ssting this bit masks the comesponding
IR In RegirgFlage

[x Do

Fackst racaplion complets Intzmupt mask: seling 1his b8 maeks
the omesponding IRG In RagirgFlage

[ DD

Payload CRE emor INemupt mask: seting this b maske the
COMespandng IRG In RegigFlags

[x Do

Valld header racalved In Rx mask setbing this bit masks Me
comespanding IRG In RegigFlags

[ DD

FIFD Payload tranemission complsie Interrupt mask: ssHing this
b# masks the comesponding IRQ In ReglrgFlages

[ D0

CAD complata Intermupt mask: e=ting this bit masks Me
comespanding IRQ In RegirgFlags

FHSE changa channel Intemrupt mask: Ectiing this bit masks the
comespanding IRGQ In RegirgFlags

[ D0

Cad Catactad INt2mupt Mask: sefing 1his b Masks ha
somespanding IRQ In RegirgFlags




Varlable Hams Mode | Recet L=fa™™ Descripiion
| pypg | TEMEOULINTEMUPL: 3 wiite operation clears IRQ
- | oxpg | PGkt reception complete intermupt: 3 write operation clears IRG
I = | oxpg | Y1234 GRC emor Inlenupt: 3 wike operaton clears IRQ
validHead . x0T alld header racalved In Rx: 3 wiite operatian clears IRG
— | oxpg | FIFC Paykad ransmission complete Intermupt: @ wiite operation
cleare IRQ
cadDone . 0xD3 CAD completa: w2 1o clear: a wrile operatlan clears IRQ
FmesChangeChannel | rc | oxpg | IS ONange channel inemupt a write aperaiian Clears IRQ
T = | mypg | VB9 LOT3 signal detectad dunng CAD oparatin: a wine
operatian cears IR
r |ma | Mumberof payload bytes of lakest packel recelved
lidHeadarc : Mumiter of valld keadere recelyvad sinca 1381 transhion Inlo Fx
:}H = r na mode, MEB[15:5). H2ader and packel countere are reseted In
Sleep made.
Wumier of walld headere racalved since las1 iransiion inka Rx
ValldHeadarcnilst7:a) | r na | mode, LSB({T0). Header and packet counters are resetad In
Sleep made.
Va 45 Mumier of walld packets racalved elnce |ast transition inta Rx
P acketCri -
2 B0l re | nia | mode, MSE(15:8). Header and packet counters ara reested In
Sleeg made.
Mumier of walld packets racalved elnce 1351 transltion inta Rx
ValldPackelChiLeb(7:0) |r | na | mode, LSB(T:0). Header and packet counters are ragetad In
Sleep made.
RxCadingRate r na Coding rate af 1ast header recelved
r T MOdem clear
T o Header infa walld
ModemSiaius 't |'r | Rxaon-going
r o Slgnal synehronizad
r o Slgnal detectad
Estimation of SMR on 36t packet recalved.In hvo'e compliment
format mutlpllied by 4.
Packetsnr r nia

swRl4a] = Packer Sndn:l-:m pliman ]




[andrees)

Yarlable Hamsa

LoRa" Dascripilon

RES| of Me 13185t packel receivad (OSm)

RESMdE8m] = = 137 % FackerResi

Cument REE] value (d5m)

RESI[48m] = =137 = Raxi

Plmmaout

PLL falled 1o lock whille atiempiing a TXRXACAD operation
1 & PLL did not lock
0 = PLL did lock

RxPaylpadCreon

CRC Infarmaticn exiraciad from the recelved packst haader
0 = Hagder Indlcates CRC off
1 = Haader Indlcates CRC on

FhesPrasantChannel

Cument value of fraquancy hopging channel In use.

Signal bandwidih:

0O0o =+ 7.8 kHZ

0a01 = 10.4 kHz

0010 =+ 15.E kHz

011 = 20.8kHz

CAD0 = 31.25 kHz
001 = 41.7 kHz

0110 =+ 82.5 kHz

011 ¢ 125 kHz

1000 = 250 kHz

1001 = 500 kHz

oihar valuss # resenvad
In the lower band [1E8MHZ), elgnal bandwidihs S&9 are nol

Eupporied)

CodingRats

‘o1

Ermor coding rate

001 = 4/5

oo = 4%

o1 = 47

100 = 4/8

Al other values = resanved

In ImpEch header made ehould be 581 on recedvar to determine
expected coding rate. Ses Section 4.1.1.3

=D

0 — Explci Header mode
1 = Impliclt Header mode




Hame
[Addrees)

Varlable Hame

Lo®a"" Description

SpreadingFactar

OOy

SF rate (2xpressed 38 3 baes-2 kagarithm)
E < 54 chipe ! symibal

T =¥ 128 chips § eymizol

£ - 255 chipe [ eymiol

§ ¥ 512 chipe § Eymizol

10 1024 chips / symbal

11 = 2048 cnips / symbol

12 3 409E chips / symbal

other valuss raearved.

0 = nomnal moda, a single packst 1s sant
1 - continuaus mode, Esnd muliple packats across the FIFO
[us2d far spectral analysle)

Jx00

CRC Infarmaticn axiracied from the received packat haadar
0 = Haazder Indlcates CRC off
1 - Haader Indlcates CRE on

FX Tima-0ut ME8

SymbTimacutT:0)

[xE4

X Thma-Cut LSE
FX operason tme-out value expresead a5 number of symbois:

TimaOut = SymbTimedut - Tt

Preambiz l2ngih M35, = PreambleLength + 4.25 Symbale

EESEECTN g |+ B0 | zae 2action XX for more detals.

PreambieLength(7-0) Ox8 | Preamble Length LSS

ﬁ Payload langth In bytas. The regisier needs to be 62t in Impliclt

Ox1 | heaser mode fr the axpected packet l2ngih_ A O value 1§ nat
parmittad
- Maximum paylcad length; If header payload lengin 2xceans

Faytoadiart engih(7.0) O#f | value 3 header CRC emar |s generated. Allows fiteing of packet
with a bad iz

FregHoppingPariad(7-0) oy | S¥mool periods betwaen fraquancy nope. (D = disabled). 15t hop
alwaye hapoen after the 151 header symbal

- Ly | Cumentvalue of RX catabufter pointer (addrees of @6t byte
written by Lora recetver)

Unused Ox0a

Mablahoge Dx00 | 0 & Use for siatic node
1 - Us= for mabllie nogs

AgzAutaon DxD0 | 0 LMA gain sat by raglster LnaGaln
1 < LMA gain &t by the Internal AGC loop

FRagsrved x0d | Resennad

Hagarved na Resaned




