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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 IfO, software configured

8 GND Ground

9 ANT RF signal output(input.

10 GND Ground

1 DIO3 1o Digital IfO, software configured

12 DIO4 e Digital IO, software configured

13 3.3V Supply voltage

14 DIOO 1o Digital /0, software configured

15 DIO1 1o Digital IfO, software configured

16 Dlo2 1o Digital IfO, 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 Lora™ Packet Structure

The Lora™ 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 LorRa™ packet comprises three elements:
* A preamble.

* An optional header.
* The data payload.

nPreamble Symbols nHeader Symbols
Presmble Header | CRC | Payload Payload
{explicit mode only) CRC
‘ CR = 4/8 ™ CR = CodingRate g

'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 a 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 & to 65535,
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 RegSymbTimeoutisb 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 scenanos, 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 = 6 selected, implicit header mode is 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/O0K 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 uniquely 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 FIFQO 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.
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FifoRxBaseAddr r—b

FifoTxBaseAddr q

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 FifoTxBaseAddr 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 Fifo TxBaseAddrand FifoRxBaseAddrat 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
mades 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 memory location.

The actual location to be read from, or written to, over the SPI interface is defined by the address pointer FifoAddrPtr.
Before 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 FifoRxBytesNb 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 FIFO 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

41.31. Operating Mode Control

The operating modes of the LoRa™ modem are accessed by enabling LorRa™ mode (setting the LongRangelfode bit of
RegOpMode). 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 FSE/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 fransmission. The PLL selected for transmission is locked and active
at the transmit frequency. The RF part is off.
ESRX This is a frequency synthesis mode for reception. The PLL selected for reception is locked and active at the
receive frequency. The RF part is off.
e When activated the RFM35/96/97/93(W) powers all remaining blocks required for transmit, ramps the PA,
transmits the packet and returns to Stand-by mode.
When activated the RFMY5/96/27/980WW) powers all remaining blocks reguired for reception,
RXCONTINUQUS . . ~ N :
processing all received data until 2 new user request is made to change operating mode.
RXSINGLE When activated the RFMO5/96/37/98(W) powers all remaining blocks required for reception, remains in
this state until a valid packet has been received and then returns to 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 RegCpliode register.



4.1.5. LoRa™ Modem State Machine Sequences

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

Data Transmission Sequence

In tranzmit mode power consumption is opfimized by enabling RF, PLL and PA blocks only when packet data needs to be
transmitted. Figure & shows a typical Loz transmit sequence.
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Figure 8. LoRa™™ madulation transmission sequance.
Static configuration registers can only be accessed in Sleep mode, Stand-by mode or FSTX mode.
The LoRa™ FIFD can only be filled in Stand-by mode.
Crata transmission is initiated by sending TX mode request.
Upon completion the TxDome interrupt is izsued and the radio retums to Stand-by mode.

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

* * 0 &

LoRa™ Transmit Data FIFO Filling
In order to write packet data into FIFD user should:
1 Set FAfoFPfrAddrto Ao TxFirBase.

2 Write Payiosdl ength bytes to the FIFO (RegFifo)



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

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

Thoze 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 fime window, the chip generates the RxTimeout inferrupt and goes back to stand-by mode . The length of the window
{in symbols) is 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 symbols. (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 RxDone interrupt i= generated together with the interrupt PayloadCre Emror if the payload
CRC s 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 alsoc automatically return in stand-by mode when the intermrupis RxDone or RxTimeout are generated.
Therefore, thizs mode should only be uzed when the time window of arrival of the packet is 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 blocks a5 soon a2 a packet has been received. The
flow iz as follows:

1 Set FiforFirAddrto FifoRxPirBass.

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 initisted by selecting the operating mode REXSINGLE.

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

o The receiver status register PayloadCre Emmor should be checked for packet payload integrity.

& If a valid packet payload haz been received then the FIFO should be read {See Payload Data Exiraction below). Should
a subsequent single packet receplion need to be friggered, then the RXSINGLE operating mode must be re-zalected to
launch the receive process again - taking care to reset the SPI pointer (FifoPtrAddr) to the base location in memory
(FifoRuPirBasea).



Continuous Reception Operating Mode

In continuous receive mode the modem scans the channel continuously for a preamble. Each fime a preambile is detected
the modem detects and tracks it until the packet is received and then cammes on waiting for the next preamble.

If the preamble length exceeds the anticipated value et by the registers RegPreambleMsb and RegPreamblelsb {measured in
symbol unit), the preamble will be dropped and the ssarch for a preamble restarted. However, this scenano 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 im standby mode. In this case, the user must =imply clear the interrupt while the device carry on waiting
for a valid preamble.

It iz also 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

make sure the FIFO data buffer is never full.

In continuous mode 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 intemmupt is 32t The radio remains in RECONT mode waiting for the
next B LoRa ™ packet.

3 The PayioadGreEmor 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.

Y

In continuous mode status information are available only for the last packet received, ie. the comesponding registers
should be read before the next FxDone armives.



Payload Data Extraction from FIFO

In order to refrieve received data from FIFO the user must ensure that ValidHeader, PaylosdCrcEmror, RxDone and
FxTimeouf intermupis in the status register ReglrgFlags are not asserted to ensure that packet reception has terminatsd
successfully (i.e. no flags should be set).

In case of emmors the steps below should be skipped and the packat discarded. In order to retrieve valid received data from
the FIFC the user must:

*  FifohbRxByfes Indicates the number of bytes that have been received thus far.

* RegfxDatzAddr |2 a dynamic pointer that indicates precisely where the Lora modem received data has been written up
to.

+ Set FifoPirAddr to FfoRxCurrentAddr. This sets the FIFO pointer to the the location of the last packet received in the
FIFO. The paylcad can then be exfracted by reading the RegFifo address RegNbRxBytes times. Alternatively, it is
possible to manually point to the location of the last packet received from the start of the current packet by =etting
FifoPtrAddr to RegRxDatadddr - FifoNbRxEytes. In the same way, packet bytes can then be extracted from FIFD by
reading the Regfifo address ReghbRxBytes imes.



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 to 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

g reagyl?yte 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 intermally
between each data byte. This mode is available for both read and write accesses. The NS5 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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MISO OOOOCOOOOOCOOOOCOOOOOUNOOOCNX o Xt X sy Xorrs Xor Xor Xor Xowa XX0—

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 NSS 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 FEK/OOK or LoRa™ mode has been selected. The following table
summarises the location and function of each register and gives an owverview of the changes in repgister mapping between

both modes of oparation.

6.1. Register Table Summary
Tabie 85 Regizsters Summary

Reglstar Hamea Resat  Default Dazcription
Address
FSKIOOK Mads | LoRa™ Moda {POR) L[FSK] FSK Mode LoRa™ Moda
RegFita OxDd FIFO read'wriie access
RegCpMagz Ox01 Operaling mode & Lafa"™ / FSK salecton
RegBitrataMeb Ox1A El Rata satfing, Mosl Significant BRs
RegBRrateLsb un OIx06 Bit Rate satting, Leas1 Significant GRs
veed O Frequency Deviaiion ssting, Most Significant She
RegFdevLED OxE2 Freguency Daevialion setling, Least Signifizant ENs
RegFriMsk OxE4 RF Carmler Fraquency, Mast Sianieant ERs
RegFrMid OxCo RF Camler Freguency, Imtemmeadiate Bits
RegFmLED OxD0 RF Carmler Fraquency, Least Significant SiE
Regraconiy OxiF P& E2lzclion and Cutput Power contral
RegPaRamp Oxi9 Coniral of PA ramp ime, low phage nolss PLL
Replcp 2B Cwer Currenf Prataciion control
Reglna DxZd LhA seftings
RegRzCanfg RegFEoAddrPlr 0x08 l Ox0E | AFC, AZC, il FIFD SPI poanter
RegRssICon i Oxb2 REEI Zfart Tx data
fig seA0dr
RegRsslCollelon fieg A JxdA REEI Collislon deleclor Etart Rx data
RegRssThresh RegirgFlage O¥FF RESI Threshok control LoR=™ siate fiage
Regresivalue RegirgFlageMask - REEl valuz In dBm CpBional lag mask
RagRxEw RegFragifizn Dxi5 Channzl Fiker 5W Coniral = Frequen
RagAlCEw REgQFregiFLsD JxiE AFC Channel Fier ov Equency
RegOokPeak mﬂ."’l I"E Ox23 0K demadulatar
Recever timzout valus
ReqOokF HEEETWI I ax0c Threshold of the COK demod
ReglOokAvg RegTxCig mxi2 Averaga of the COK damod
RagE = LoR=™ tranemit
RasarvediT |oadl it Dxd7 - parameaiers
ReEarvedls RegAreamblaMEeD Ox32 -
Slza of preamibia
Resarvedls RegPreamiblelsb Ox3E -
RegMadulation-
ReagAifcFel o Ox0a AFC and FEI contral IModam PHY conflg
RegAfcMsD RegRMiode [x0a Freguency carrecilon value of Test ragistar
RegAfoLsb RegHopPeriod OxDad e AFC FHEE Hop perlad




A00regs |

FSKJOOK Mada LoRa™ Mode (FOR] L[F-“'i] F 3K Mods LeRa™ Mode
RegFeMsn RegNbRxEyes DxDd Walug of tha calkculated MuUmESr of recelved bytes
RegFellsh RegRxHeaderinto Ox0a freguenzy 2rrar Infa tram 36t header

R=gPreamil xzdd Dnas | Seflinge of the Praamible Humb=r of valld headers

[ Dietectar resalved
x0d Mumbsr of vald packels
Timeout Rx requestand RSS1 | = pack
e in Timeaut RE21 and Pay- Live LeRa™ modam sta-
insaResay e
D0 Timzaul #5581 and SyncAd- Espimation of I35t packel
aress SNR
B0 Delay babwaen Rx cycles Currant REZ|
HxDE Ced7 gﬁmﬂgm"gs' ELE 1 Rzaiofisst packet
D00 Preambiz length, ME5 FHEE starl channal
OxC3 Praamible length, LSE LoRa"™ rx data pointer
OxD3 Zync Word Recognition contral
Hx33 ¥ | sync word bytee, 1 through
OxEd Packel mods satings
Ox4d Packet moda satings RESERVED
b dd
Paylaad langth setting
Ox0d Mode address
G0 Broadcast andrees
CxDF | OxiF | Fifa threehodd, Tx star condl-
Ban
Ox0a Top level Seguencer s2ifings
OxDd Top level Seguencer seilinge
D0 Timar 1 and 2 resalution contral
RegTimariCoat [=FE Timer 1 satting
RegTimer?Coaf Oz Timar 2 safling RESERVED
RegimageCal oxE2 | Dx02 Image calibration engine con-
trol
RegTemp - Temperature Sensor valus
ReglowBat OxD2 Low Batiery Indicator Sastinge
RegirgFiagsT OxEd Taatue ragisier PLL Look SEts,
Timzaut, RES
ReglrgFlagel Dxdd Si3tus regkier FIFD handling
fiags, Low Batlery
RegOioMapping1 Ox0d Mapging of pine DIOA fo DIOG
FegDioMapping2 D0d Mapging of pine DIOZ and CIOS, ClkOut fraquancy
REguarsion o1 Hopa RF |0 ralating me ellicon ravielon
RegPllHop Unused Ozl ;ﬁ;‘ﬂﬁ fastiraquancy Nap- | yeay
RenTexn Ox04 TCXD or XTAL Input eeting
daress Reglater NEmE Fesst | Detault Dezcription
FSK/OOK Moda LoRa™ Mods (FOR) | ([F3K] FSK Mods | LeR=™ Mods
RegPabac &4 Highar powar satinge of the P,
RegrormerTemn - Ziored temperature durng the farmar IG Calbratian
Fractional part In the Bt Ratz
RegSiRateFras Unused [x0d Soteion ﬁ;’: Unusad
RegAngorRar 13
FagAgeThraeh Tx0E
e T Adjustmant af tha AGC thrasholds
FagAgeThraehs [0S
RegTesl - Internal i2e! registars. Do nat cvenwie

MNote

- Reset values are sufomatically refreshed in the chip af Power On Resst

- Defaul walues are the Hope RF recommended register values, optimizing the device operation
- Registers for which the Default value differs from the Reset valve are denofed by a2 *in the fables of section 6.2




6.4. LoRa'™ Mode Register Map

This section detsils the RFME5/98/97/93(WW) register mapping and the precise contents of each register in LoRa™

miode.

It is ess=ntial to understand that the LoRa modem is controlled independsnthy of the FSK modem. Therefore, care should

be taken when acoessing the registers, especially 2= some register may have the same name in LoRa or FEK mode.

The LoR3 registers sre only accessible when the device is set in Lora mode (3nd, in the same way, the FSK register ars
only accessibls in FSK mode). However, in some cases, it may be necessary to access some of the FEK register while in
LoRa mode. To this aim, the AccesSharedR=g bit was created in the RegOpiliode register. This bit, when set to "1°, will
grant access to the FSE register DelD 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 accessed normally.

Convention: r: resd, w: write, ¢ © =2t to clear and t trigger.

Hame
[Addregs)

Bl Varlable Hama Mode | Reset

LoRa™ Dascription

Fifln W | OxD0

Loka™ base-band FIFO dala Inpubiautput. FIFC Is cleared an
nat accesslbée when devica & In SLEEF mods

0 - FEKOOK Mode

1 = LoRa™ Mode
This it can b2 modiflad only In Sleep mode. & wriile operation an
oiher device mades ls lgnanﬂ.

This bl oparates when devics [ In Lara mode; if 2t I allows
3CoEEE 0 FEK reghsiers page located In address space
[Jx00:0x3F) while In LoRa moda

0 = Acceee LoRa reglsiers page 0xlD: Ox3F

1 & Accags FEK registers page (in made LoRa) DxOD: 0x3F

LowFraquencyMadeOn | rw | DxDi

ragarved

Access Low Frequency Moda regisiens
0 -+ High Frequency Mode [3coess ta HF tast raglsters)
1 - Low Frequency Mod2 (access 1o LF k2l raglstars)

Device mades
000 -+ SLEEP
001 -+ STDEY
010 =+ Frequency symhesls TX (FSTX)

Mode rwt | DxD1 | D11 < Tranemit (TX)
100 =+ Fraquency synihesls RX (FSRX)
101 = Recalve continuous (RECONTINUOUE)
110 & recelve single (RXSINGLE)
111 = Channel achivity desaction (CAD)
reservad r DxDD |-
reservad r DxDD |-
reservad W | Ox0d |-
reservad r Dx0D |-
Er[23:1E) mw | O¢Ec | M2S af RF carrer fraquensy

MEE of RF carrier fraquangy




Hame
[Addrese)

Bits Varlable Hama

Lofa" Description

i)

LSE of RF camer freguancy

KOS C) - Frf

Resolution 18 61.035 Hz T FMOSC) = 32 MHZ. Defaull value Is
OxEcEODD = 434 MHz. Raglster valuee muet ba madified only
whan device |s In SLEEP ar STAND-BY made.

Balecs PA autpu pin
[ < RFO pin. Cutput power ks Imit=d 10 +14 dBm.
1 % PA_SOOST pin. Cutput power s mRed 1o +20 dBm

Select max output power: Pmax-10.5+0 §*MaxPower [d5m)

Poul=Pmaz-{15-0utputpwsr) i PaSaiact = 0 (RFO pin)
Paul=17-{15-OutputPowar) M PaSelec = 1 (FA_SOOST pin)

unused

ragarved

[

Rise/Fall ime of ramg up/down In FSK
0ODn =+ 3.4 ms
oot = 2ms
0310 =+ 1 ms
0011 = 500 s
OO0 = 250 ue
oi0f - 125 us
010 = 100 =
011 * B2 us
1000 * S0ius
1001 = 40ius
1010 = 31 us
1011 3 25 uE
1100 < 20 ue
1101 *+ 15 ue
1110 % 12 us
1111 *+10us

unus2d

[xDd

unused

OxD1

Enabize gvarioad currant protection [OCF) for PA:
[ < OCP meablad
1 % OCP enablad

Trimming of OGP cument:
Imax = £5+50caTrm [MA] B OepTim == 15 (120 mA) |
Imax = -30+10-CcpTrim [mA] If 15 = OepTrim <= 27 {130 10
240 mA)

Imax = Z40MA for Nighar S=Hinge

Default Imex = 100MA




Btz Warlabla Hama Recet Lo®a"" Description

LMA gain sesting:

000 =+ not us=d

001 = G1 = maxmum gain

oo =+ G2
7-5 |LnaGain oe0d [0 =+ 33

100 =+ G4

101 =+ G5

110 = 35 = minimwm gain

111 = nol ueed

Law Fraquancy (RF1_LF) LMA current adjusiment
4-3 |LnaBoasill 0x00 | 00 = Default LMA cumend

Ofher -+ Resenied
2 |reserved Jmd0 | resanved

High Fraguancy (RF1_HF) LNA cument agustmant
1-0 |LnaSoasiHf 0x00 | 00 - Defaul LMA cument

11 = Soost on, 150% LNA cument

EP1 Interface address paimier In FIFD data buffar.

&0

wrile baea addraes In FIFO data buffar far TX madulator

read bass addrees In FIFD data buffer far RX demadulatar

Starl addrese (N dala bufier) of I8t packet recelved

[xD0

Tem=ou Intemupt mask: sting this bit masks the comesponding
IRQ In RegirgFlage

(EEIE

Packst rac=plion complets Intemupt mask: sesting this bt masks
the comesponding IRQ In RaglrgFlags

(EEIE

Payload CRC emor INemupt mask: seting ihés bil masks the
comespanding IRQ In RegirgFlags

(EEIE

Valld header racalved In Rx macks G2ting this bit masks Me
comespanding IRQ In RegirgFlags

(EEIE

FIFD Payload transmission compleie Intarrupt magk: saHing this
b maske the comesponding IRQ In ReaglrgFlage

[0

CAD completa Internupt mask: Geting this bit masks he
comespanding IRQ In RegirgFlags

FHEZE changa channal Intemupt mack: Ectting this bit mazks the
comespanding IRQ In RegirgFlags

[0

Cad Catactad IMamupt Mask: Setling this bR Masks the
comespanding IRQ In RegirgFlags




varlable Hama Node | Recet Lzfa"™ Description
= | pxpg | Te0Ut IntemuUpt: 3 write operation clears IRQ
- e | oxpg | PACkEtracaption complete Interupt: 3 write oparation ciears 1RO
I = | oxg | PaYioad CREC emor Intemupt: 3 write aperation cisars RG
I | gupg | VAID RER0ET r2caiveD In Rx 3 Wike Operatan ciear IRG
—— | oxpg | FIFC Paykoad ransmission complete Interrupt: a write operation
clears IRQ
cabone = | oxpg | CAD COmplsts: Wik 10 clear 3 wiile DperEtion cars IRQ
enschangeChamnel | o | mxpg | FTISS GNange channel Infemupt 2 wiite operaion clears IRG
P = | oxpg | VAN Lora signal astectad dunng CAD cperation: 3 wiite
operation clears IRQ
r | ma | Numberof payload bytee of latest packet receivad
_ NUmGer of valld heatsrs recelved since 138! ransion Into Rx
:}unmﬂc IMERITE i | mode, MES(15:8). Header and packst counisrs are reseted In
Sleeg made.
Numer of valld headers reclved since (3=t ranshion inta Rx
Valideadercnilsb(7:0) | r | na | mode, LSE(T:0). Header and packet counters are reseted In
Slesg made.
. s Number of valld packets recalved eince last rangltion inta Rx
lldPacketCriMED(15:
E] BtH: I na mide, “SE{‘IEE} Hezdar and pﬂﬂkﬂtmﬂm ara regsted In
Sleeg made.
Number of valld packets recalved since last ransition inta Rx
ValdPackelCRiLEB(TA) |1 | ma | mode, LSE(T:0). Header and packet cOURErs are resetad In
Sleeg made.
RAxCadingRate r |ma | Coding rate of last header raceived
r 1 Madem clear
T |0 | Header infa valid
Modemstatus r |'T |RXongaing
r ‘T | Signal synchronizad
r |'T | Signal detected
E=timation of SR on (et packst recelved.in tho's compliment
format mutipllad by 4.
PacketSnr -

) .
swa[£E) = Paehr:ndm:l-:m plimant
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Varlable Hama

Lzfa" Descripiion

RESI 0f Me |31es] packel recelvad (05m)

RESIHdEm] = = 137 + PackeiRaad

Cument REEI value (d6m)

RESI[dBm] = - 13T = Risi

PlTimeout

PLL falled 1o lack whille atiempling a TXRXCAD operation
1 = PLL did nod ook
0 = PLL did lock

RxPayloadCroln

CRC Infarmation extraciad from the recelved packat haader
O = Haader Indlcates CRC off
1 =+ Haader Indlcates CRC on

FhesPrasantChanned

Cumrent value of fraquancy hopging chamnel In use.

Slgnal bandwiith:
D000 = 7.8 kHZ

0001 =+ 10.4 kHz

0010 = 15.6 kHz

0011 = 20.8kHz

000 = 31.25 kHz

001 = 41.7 kHz

0110 =+ §2.5 kHz

0111 2 125 kHz

1000 = 250 kHz

1001 = 500 kHz

oiher valuss = resenvad

In the lowar band [165MHZ), elgnal bandwidihs 5&9 are nat

supporiad)

CodingRats

‘o

Emor coding rate
001 =+ 4/5

00— 48

01 = 47

100 = 4/8

All other values =+ resanved

In Implci header mode ehould be set an recedvar b determina
expectad coding rate. Sea Section 4.1.1.3

=D

0 - Explicit Header mode
1 - Implicit Header mode




Hamea
[Address)

Warlable Nama

Lefa' ™ Descriptlon

SpreadingFactar

oxo7

2F rafe [2xpressad a8 3 baes-2 lagarithm)
E < 54 chipe / symibal

7 -* 128 chipe / eymiol

E -+ 258 Chipe / Eymidal

5 - 512 ¢chige § eymial

10 = 1024 ehips § symbal

11 —# 2045 chips  symbod

12 < 409 ehips 7 symbal

oihar valuss raserved.

0 -+ nomal mode, 3 single packst Is s2nt
1 = CONUNUOLE ModS, ESnd MUINpIe packats 30r08s he FIFD
{usad far Epectra] analyele)

iy

CRC Infarmation 2xiraciad from the recelved packst haader
[ - Haader Indlcates CRE off
1 = Haader Indleates CRE on

X Tima-Out MBS

SymMETENEoUs7:0)

OxBa

R Tima-Cut LSE
R operation ime-gut value expreseed as numbsar of symbols:

TimaOut = SymbTimeous - T

Preamble lzngth MES, = PreambleLength + 4.25 Symbals

Freambiel ength(15:8) B0 | 2ae Section KX for more detaks.

PreambisLength(7-0} OxE |Preamble Length LES

ﬁ Payload length In bytes. The regisier needs 1o be &t in Implicit

Ox1 | header moda for the axpected packet lengih. A O value I not
permittad
- Maximum payload length; it header payload kength excaeds

T ] O | value 3 header CRC amar |s generated. Aliows fitenng of packst
with 3 bad elzz.

FregHaoppingPariod(70) xp | SYMEO pariods batween fraquancy Nops. (0 = disabled). 1st nop
alwaye hapoen after the 151 header symbal

e _— Ly | CummEnt value of RX datapufier pointer (3ddress of ISt byt
written by Lora recelver)

Unused OxDd

Maobliahoge OxDO | 0 = Use for stEtic nods
1 = Us2 for mablie nogs

AgoAutaon OXDO | D = LMA gain e=t by register Lnacain
1 < LMA gain eat by the Internal AGC loop

Ragarved OxDD | Resanvad

Ragarved nia Resamed




