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1. Description

TheRDMT24FA_.RSMAIs a lowcost 2.4 GHz transceiver designed for very
low-powerwireless applications. The circuit is mainly intended for the 22483.5 MHZ
ISM (Industrial, Scientific and Medical) and SRD (Short Range Device) frequency band.

The RF transceivess iintegrated with a highly configurable baseband
modem. The modem supports various modulation formats andahasnfigurable data
rate up to 500 kBaudRDMT24FA_RSMA provides extensive hardware support for
packet handling, data buffering, burst transsigns, clear channel assessment, link
guality indication, and waken-radio. The main operating parameters and thel84de
transmit/receive FIFOs DM T24FA.RSMAcan be controlled via an SPI interfaée.
4-wire SPI serial interface is used for confagion and data buffer access.

The RDMI24FA.RSMA comewith an edge mount female SMA connector.
A 2.4GHz whip antenna with a male SMA connector can be used along with this module.

2. Features

w | AIK DY dBIn@atR @ kBau, 1% patkrror rate)

w tNRINIYYlIofS 22dBinddzii L2 6 SNJ dzZLJ (12 b

w 9EOSttSyid NBOSAOGSNI aSt SOiAOAGE YR o0f2¢C
w tNRPAIANIYYIFIO6fS RFEGF NXYGdS FNRY mMou G2 pnni
w CNXEI dzSy O84815MHRY H N nn

w -F$K, GFSK, and MSK supported as well as OOK

w LYGSaINIGSR FyFf23 GSYLISNI §dzNB aSyaz2N

w S5A3FIAGEE w{{L 2dzi Lz

w tNRPANIYYIFIOfS /FNNASNI {SyasS o6/{0 AYyRAOL
w hLWGAZ2Y It Fdzi2YlFIGAO gaah G6SYyAy3a | yR RSGHEKAI

w 2 kof-radio functionality for automatic lovpower RX polling
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w { S LJ -bide RS and TX data FIFOs (enables burst mode data transmission)

3. Electrical Characteristics
e Operating Voltage 1.8 to 3.6 Volts.
e Operating Temperaire -40 deg C to +85 deg C.
e RX/TX turnaround time 150 uS.
e Maximum Radio Data rate 500Kbps.
e Current Consumption
Receive mode 17mA

Transmit Mode
112mA at +20dbm

e Receiver Sensitivityl04dbm

¢ RF frequency range from 2400 Mtd22483.5 MHz

RDM-T24FZ-LR-SMA Pageb of 48 version v1.0
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4. Pin out Detalls

Figure 1: Header Pin diagramRDMT24FA.RSMA

1 2
VCC GND
3 4

NC NC

5 6
HGM NC

7 8
PAEN GDOO
9 10

SI SO

11 12
CSN GDO2
13 14
SCLK EN

RDM-T24FZ-LR-SMA

Pageb of 48

version v1.0



@ Reindeer Systems Pvt Ltd Excellence Through Innovation

5. Pin Detalls

1) Cg; ChipSelect

CS is an input enable signal for the SPI and is controlled by the external MCU.
The CS signal is used as an asynchronous active high reset to the SPI module. CS
must be held low during all SPI operations and must also be held low for more
than two periods of XOSC before the first positive edge of SCLK and more than
two periods of XOSC after the last negative edge of SCLK. When CS is high it must
be held high for at least 2 periods of XOSC.

2) SCLK

SCLK is controlled by an external MCU and is@ut clock. The maximum SCLK
frequency is 8 MHz. There is no minimum frequency requirement.

3) SI
Sl is the serial data input from the microcontroller. Data shall be sent with MSB
first (bit 7 in each byte of instruction commands). Data should be seirufhe
negative edge of SCLK and will be clocked RDMT24FARSMAby the next
positive edge of SCLK.

4) SO

SO is serial data out froRDMT24FARSMAto an external MCU. Data is
clocked out on the negative edge of SCLK, so the SO signal shaalchjpled on

the following rising edge of SCLK. MSB (bit 7 in register definitions) will be
clocked out first. SO is configured as an input when CS is high.

5) GDOO & GDO2

Digital output pins for general use:
wTest signals

wFIFO status signals

wClear Chnnel Indicator

wClock output, dowrdivided from XOSC
wSerial output RX data

RDM-T24FZ-LR-SMA Page7 of 48 version v1.0
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6) PAEN

The PAEN pin is used to configure the amplifier to transmit mode. A logic high
enables the transmit mode and a logic low disable transmit mode.

7) EN

The En pirs used to configure the amplifier to receive mode. A logic low
disables receive mode and a logic high enables receive mode.

8) HGM

The HGM pin is used to select the gain during receive mode. A logic low enables
low gain mode andbgichigh enable higlgain mode.

6. Configuration Overview

RDMT24FA.RSMA can be configured to achieve optimum performance for many
different applications. Configuration is done using the SPI interface. The following key
parameters can be programmed:

wPowerdown / powerup mode

wCrystal oscillator poweup / powerdown
wReceive / transmit mode

wRF channel selection

wData rate

wModulation format

wRX channel filter bandwidth

wRF output power

wData buffering with separate 6dyte receive and transmit FIFOs
wPacket adio hardware support

wForward Error Correction (FEC) with interleaving
wData Whitening

wWakeOnRadio (WOR)

The below figure shows a simplified state diagram that explains the RRMT24FZ
LRSMAstates, together with typical usage and current comgion.

RDM-T24FZ-LR-SMA Page8 of 48 version v1.0



Reindeer Systems Pvt Ltd Excellence Through Innovation

Lowrest power mode. Most
register values are refained.
Typ. current consumption
400n&, or 900nA when
wake-on-radio (WOR) is
enabled.

2IDLE EPWD Or wake-or-racio (WOR)

Default state when the radio is not
receving or transmitting. Typ.
current consumpton: 1.5mA.

CEn=0

SXNOFF

Used for calibrating frequency aCAL
synthesizer upfront {entering
receive or transmit mode can
then be done quicker).
Transitional siate. Typ. current
consumption: 7.4mA.

Can=0 .
All register values are

retained. Typ. current
consumption; 0.16mA.

Crysia
oscillater off

Manual freq.
synth. catbration

ERX or 2TX or SFETXON or wakz-on-radle (WOR)

Frequency
synthesizer startup,
opticnal calibration,
seltling

Frequency synthesizer is turned on, can optionally be
calibrated, and then setiles to the comect frequency.

BFETHON -
Transitional state. Typ. current consumpton: 7.4mé.

Freguency synthesizer is on,
ready to start transmitting.
Transmission staris very
quickly after receiving the
STX command strobe Typ.
current consumption: 7.4méA.

Freguency
synihesizer on

SRX or wake-on-radic (WOR)

aTx

TXOFF_MCODE=D

SFETXON or RXOFF_MODE=D{

Typ. current
consumption:

from 13.3mA (strong
input signal) to 16 8ma
(weak input signal).

Typ. current consumption:
11.1mA at -12dBm output,
15.1mA at -6dBm output,
21.2mé& st 0dB8m output

STH or RXOFF_MODE=10 .
Receive mode

SRX or TXOFF_MODE=11

TXOFF_MODE=00 RXOFF_MODE=DD
Optional transitional state. Typ.
current consumption: 7.4ma.

In FIFO-based modes,
receplion is turned off and
this state enterad if the RX
FIFD owerflows. Typ.
current consumption:
1.5mA.

In FIFO-based modes,
transmission is turned off
and this state enterad if the TX FIFQ
TX FIFC becomes empty in underfiow
the middle of a packet Typ.

current consumption: 1.5méA.

RXFIFC
overflow

Cipticnal freq.
synth. calbration

BFTHE BFRX

ldle

Figure 5: Simplified State Diagram with Typical Usage and Current Consumption at 250 kBaud
Data Rate and MDMCFG2 . DEM DCFILT OFF=1 (current optimized)

RDM-T24FZ-LR-SMA Page9 of 48 version v1.0



Excellence Through Innovation

@ Reindeer Systems Pvt Ltd

7. 4-wire Serial Configuration and Data Interface

RDMT24FA.RSMAIis configured via a simplewire SPI compatible interface (SI, SO,
SCLK and CSn) wh&PMT24FA.RSMAIs the slave. This interface is alsged to read
and write buffered data. All transfers on the SPI interface are done sigstificant bit
first.

All transactions on the SPI interface start with a header byte containing a R/W  bit, a
burst access bit (B), and ab@ address (& ¢ A0). TheCSn pin must be kept low during
transfers on the SPI bus. If CSn goes high during the transfer of a header byte or during
read/write from/to a register, the transfer will be cancelled. The timing for the address
and data transfer on the SPI interface i®&h in Figure with reference to Table. When
CSn is pulled low, the MCU must wait uRIDMT24FARSMASO pin goes low before
starting to transfer the header byte. This indicates that the crystal is running. Unless the
chip was inthe SLEEP or XOFF stateg SO pin will always go low immediately after
taking CSn low.

T . I PR e
souc| LuouuL!_Lu;U,u,'—Juﬁ—
CSn:_l i i ' i i i H I_
Writp to regs aT-‘-:i | | | | | | I
sl (b X8 ;_)\_ﬁ# E2EDENXEDNCD x&ﬁwxmmzxm @F}_
so “‘ZEZEET__, :@?@E:@LLM&
Read from regis i'\"
NEIe T_Xﬂhhf_‘/?m_ﬂﬂ T
I &P 62 CD &3 62 ED €D EUPEDESCIED D CD L

Configuration Registers Write and Read Operations

RDM-T24FZ-LR-SMA
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Parameter Description Min Max Units

facLk SCLK freguency - 10 MHz
100 ns delay Insered betiwaen address Dyle and data byte (single access), ar
betwesn address and dala, and between each data byle (burst access).

SCLK frequency, single access - =]
Mo deldy behwesn asdress and data byle

SCLK frequency, burst access - 6.5
Mo de ay betwesn acdrzes and data D!.-I.E". or betwssn dala :}EE

feppa C5n low to positive edge on SCLE, in power-down mode 150 - ys
Tz C5n low to positive edge on SCLE, in active mode 20 - ns
ter Clzck high S0 - s
iy Clock low a0 - ns
frize Clock rise time - 5 ns
Tran Clock fall time - 5 ng
Tee Setup data (negative SCLEK edge) to Single access | 55 - ns

poaitive edge on SCLEK _

i1, appiles between adoress and data byies, and between | BUMSt ACCESS 76 -

data byies)
tha Hold data after positive edge on SCLEK 20 - ns
. Megative edge on SCLEK to C5n high. 20 - ns

SPI Interface Timing Requirements

8. Chip Status Byte

When the header byte, data byte, or command strobe is sent on the SPI
interface, the chip status byte is sehy the RDMT24FA.RSMAon the SO pin. The
status byte contains key status signals, useful for the MCU. The first bit, s7, is the
CHIP_RDYn signal; this signal must go low before the first positive edge of SCLK. The
CHIP_RDYn signal indicates that the tatyis running. Bits 6, 5, and 4 comprise the
STATE value. This value reflects the state of the chip. The XOSC and power to the digital
core is on in the IDLE state, but all other modules are in power down. The frequency and
channel configuration should &nbe updated when the chip is in this state. The RX
state will be active when the chip is in receive mode. Likewise, TX is active when the
chip is transmitting. The last four bits (3:0) in the status byte contains
FIFO_BYTES_AVAILABLE. For read operdgtieri?/W  bit in the header byte is set to
1), the FIFO_BYTES_AVAILABLE field contains the number of bytes available for reading
from the RX FIFO. For write operations (the R/W  bit in the header byte is set to 0), the

RDM-T24FZ-LR-SMA Pagell of 48 version v1.0
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FIFO_BYTES_AVAILABLE field cotiv@imumber of bytes that can be written to the TX
FIFO. When FIFO_BYTES_AVAILABLE=15, 15 or more bytes are available/free.

Bits | Mame Description
7 CHIF_RDYn Stays high until power and crystal have stabilized. Should always be low when using
the SPIlinterface.
B4 | STATE[Z:0] Indicates the current main state machine mode
Value | State Description
0oa | IDLE IDLE state

(Also reported for some fransitional states instead
of SETTLING or CALIBRATE]

001 R Receive mode

oo | TX Tranzsmit mods

011 | FSTXOM Fast TX ready

100 | CALIBRATE Frequency synthesizer calibration is running
101 | SETTLING PLL is settling

110 RAEFIFO_OWVERFLOW R FIFD has overflowed. Read out any
useful data, then flush the FIFC with SFRE

111 TAFIFO_UNDERFLOW | Tx FIFO has underflowsd. Acknowledge with

SFTX

30 | FIFO_BYTES_AVAILABLE[3:0] | The number of bytes available in the R FIFO or free bytes in the TX FIFO

Status Byte Summary

9. Register Access

The configuration registers on th@DMT24FA.RSMA are located on SPI
addresses fromDx00 to Ox2E. All configuratiomegisters can be both written to and
read. The R/W bit controls if the register should be written to or read. When writing to
registers, the status byte is sent on the SO pin each time a header byte or data byte is
transmited on the Sl pin. When reading from registers, the status byte is sent on the SO
pin each time aheader byte is transmitted on the Sl pin. Registers with consecutive
addresses can be accessed in an efficient way by setting the burst bit (B) in the header
byte. The address bits §& AO) set the start address in an internal address counter. This
counter is clock pulses). The burst access is either a read or a write access and must be
terminated by setting CSn high. For register addresses in the rangeD88B0 the burst
bit is used to select between status registers, burst bit is one, and command strobes,
burst bit is zero. Because of this, burst access is not available for status registers and
they must be accesses one at a time. The status registersrdgie read.

RDM-T24FZ-LR-SMA Pagel2 of 48 version v1.0
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10. SPI Read

When reading register fields over the SPI interface while the register fields are
updated by the radio hardware (e.g. MARCSTATE or TXBYTES), there is a small, but
finite, probability that a single read from the register igilg corrupt. As an example,
the probability of any single read from TXBYTES being corrupt, assuming the maximum
data rate is used, is approximately 80 ppm.

11. Command Strobes

Command Strobes may be viewed as single byte instructioRDI#T24FAR
SMA. By addressing a command strobe register, internal sequences will be started.
These commands are used to disable the crystal oscillator, enable receive mode, enable
wakeon-radio etc. The 13 command strobes are listed in Table on page 16. The
command stobe registers are accessed by transferring a single header byte (no data is
being transferred). That is, only the R/W  bit, the burst access bit (set to 0), and the six
address bits (in the range 0x30 through 0x3D) are written. The R/W  bit can be either
one or zero and will determine how the FIFO_BYTES_AVAILABLE field in the status byte
should be interpreted. When writing command strobes, the status byte is sent on the SO
pin. A command strobe may be followed by any other SPI access without pulling CSn
high. However, if an SRES strobe is being issued, one will have to wait for SO to go low
again before the next header byte can be issued. The command strobes are executed
immediately, with the exception of the SPWD and the SXOFF strobes that are executed
when CSn goes high.

12. FIFO Access

The 64byte TX FIFO and the 84te RX FIFO are accessed through the Ox3F
address. When the R/W  bit is zero, the TX FIFO is accessed, and the RX FIFO is accessed
when the R/W  bit is one. The TX FIFO is sontg, whilethe RX FIFO is readly. The
burst bit is used to determine if the FIFO access is a single byte access or a burst access.
The single byte access method expects a header byte with the burst bit set to zero and
one data byte. After the data byte a new headbyte is expected; hence, CSn can
remain low. The burst access method expects one header byte and then consecutive
data bytes until terminating the access by setting CSn high.

The following header bytes access the FIFOs:
wOx3F: Single byte access % FIFO

wOx7F: Burst access to TX FIFO

wOxBF: Single byte access to RX FIFO
wOXFF: Burst access to RX FIFO

RDM-T24FZ-LR-SMA Pagel3 of 48 version v1.0
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When writing to the TX FIFO, the status byte is output for each new data byte on SO.
This status byte can be used to detect TX FIFO underflole whiting data to the TX

FIFO. Note that the status byte contains the number of bytes lirefere writing the

byte in progress to the TX FIFO. When the last byte that fits in the TX FIFO is transmitted

on Sl the status byte received concurrently on SDDimdicate that one byte is free in

the TX FIFO. The TX FIFO may be flushed by issuing a SFTX command strobe. Similarly, a
SFRX command strobe will flush the RX FIFO. A SFTX or SFRX command strobe can only
be issued in the IDLE, TXFIFO_UNDERLOW, or RDVAHRF-LOW states. Both FIFOs are
flushed when going to the SLEEP state.

13. PATABLE Access

The Ox3E address is used to access the PATABLE, which is used for selecting PA
power control settings. The SPI expects up to eight data bytes after receiving the
address. By programming the PATABLE, controlled PA powerurapd rampdown
can be achieved, as well as ASK modulation shaping for reduced bandwidth.

The PATABLE is atbye table that defines the PA control settings to use for each of
the eight PApower values (selected by thelt value FRENDO.PA_POWER). The table is
written and read from the lowest setting (0) to the highest (7), one byte at a time. An
index counter is used to control the access to the table. This counter is incremented
each tine a byte is read or written to the table, and set to the lowest index when CSn is
high. When the highest value is reached the counter restarts at zero. The access to the
PATABLE is either single byte or burst access depending on the burst bit. When using
burst access the index counter will count up; when reaching 7 the counter will restart at
0. The R/W  bit controls whether the access is a read or a write access. If one byte is
written to the PATABLE and this value is to be read out then CSn must bghsbefare

the read access in order to set the index counter back to zero. Note that the content of
the PATABLE is lost when entering the SLEEP state, except for the first byte (index0).

RDM-T24FZ-LR-SMA Pagel4 of 48 version v1.0
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14. Data Rate Programming

The data rate used when transttimg, or the data rate expected in receive is
programmed by the MDMCFG3.DRATE_M and the MDMCFG4.DRATE_E configuration
registers. The data rate is given by the formula below. As the formula shows, the
programmed data rate depends on the crystal frequency.

el = — L f

LLRATA ~28 J X0sT

The following approach can be used to find suitable values for a given data rate:

Ry 27
DRATE _E = lng:_‘ para = |
\ .fil'n::‘S{‘ ]
DRATE M = Rﬂ-”—*r;f_r _ 256
2 RATE K

the desired state according to the below Table. When CSn goes low the stataraf S
SCLK is latched and a command strobe is generated internally according to the pin
configuration. It is only possible to change state with this functionality. That means that
for instance RX will not be restarted if SI and SCLK are set to RX and dl&n When

CSn is low the Sl and SCLK has normal SPI functionality. All pin control command strobes
are executed immediately, except the SPWD strobe, which is delayed until CSn goes
high.

CsSn  SCLK Sl Function

1 A X Chip unaffected by SCLK/ST

- 0 0 Generates SEWD strobe

- 0 1 Generates ST sirobs

- 1 0 Generates SIDLE sirobe

- i 1 Generates SR strobe

0 SRl SPI SPl mn_de ['.~.-akesl_u:| nto
mode  mode  IDLE if in SLEEFIXOFF)

Optional Pin Control Coding
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If DRATE_M is rounded to thearest integer and becomes 256, increment DRATE_E

and use DRATE_M = 0. The data rate can be set from 1.2 kBaud to 500 kBaud with the

minimum step size of:

Min Data Typical Data | Max Data Data rate

Rate Rate Rate Step Size
[kBaud] [kBaud] [kBaud] [kBaud]
0.8 12124 317 0.0062
317 4.8 6.25 0.0124
6.35 9.6 127 0.0248
127 196 254 0.0456
254 384 50.8 0.0992
0.8 TE.8 101.6 0.1984
101.8 1336 2031 0.2967
2031 250 406.3 0.7935
406.3 500 500 1.5869

Data Rate Step Size

15. Packet Format
The format of the data packefan be configured and consists of the following items

wPreamble
wSynchronization word
wOptional length byte
wOptional address byte
wPayload

wOptional 2 byte CRC

s Optonal data whitening El
e Dptionally FEC encoded/decoded ————————
#——— Optiona CRE-18 caloulation ——

Legend:
rsered auomaticaly in TX,
processed and rermoved in RX

=}
2 3 I @ . . .
; 1 el = Cptiona’ user-provided fields processed in TX
F;rﬁ?ghlrn?:]tﬁ § 1 g Diata field = processad but not removed in
E
@ e § = \Unprocessed user data (apar from FE
andior whitzning)
; [ g 8 . P
i 8 = n bits )(16..:-Ebn5)(=i__5)-(bh5>( 8 = n bits wi= 18 bits—»

Packet Format
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16. Configuration Registers

The configuration oRDMT24FA_RSMAIs done by programming-Bit registers.
The optimum configuration data based on selected system parameters are most easily
found by using the SmartRIStudio software. Complete descriptions of the registers are
given in the following tables. Afterhip reset, all the registers have default values as
shown in the tables. The optimum register setting might differ from the default value.
After a reset all registers that shall be different from the default value therefore needs
to be programmed througkthe SPI interface.

There are 13 command strobe registers. Accessing these registers will initiate the
change of an internal state or mode. There are 47 norrdait @onfiguration registers.
Many of these registers are for test purposes only, and needosotvritten for normal
operations ofRDMT24FA.RSMAThere are also 12 Status registers. These registers,
which are reaebnly, contain information about the status BDMT24FA.RSMA

The two FIFOs are accessed through oitét 8egister. Write operabns write to the TX

FIFO, while read operations read from the RX FIFO. During the header byte transfer and
while writing data to a register or the TX FIFO, a status byte is returned on the SO line.
The address to use is given by adding the base addre®tteft and the burst and
read/write bits on the top. Note that the burst bit has different meaning for base
addresses above and below Ox2F.
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Address Strobe Description
MHame

030 SRES Raseat chip.

O3 SFSTXON | Enable and calibrate frequency synthesizer (if MCSMO . F5_AUTOCAL=1], If in RX (with CCA):
Go io a wait state where only the synthesizer is running (for guick R/ TX tumaround).

O0x32 S5X0OFF Turn off crystal escillator.

33 SCAL Calibrate freqguency synthesizer and turn it off. 2CA% can be strobed from IDLE mode witheut
getting manual calibration mode (HCEX0 . F5_ATTOCAL=0)

O34 SRX Enabée RX, Perorm calibration first if coming from IDLE and MCSH0 . F5_AUTOCAL=1.

0x335 STX In IDLE state: Enable TX, Perform calibration first if o5M0 . F5_AUTOCRAL=1,
Ifin RX state and CCA is enabled: Only go to TX if channel is clear.

0x36 SIDLE Exit RX 1 TX, tum off frequency synthesizer and exit Wake-On-Radio mode if applicable.

38 SWOR Start automatic RX polling seguence {Wake-on-Radio) as dascribed in Saction 19.5 if
WORCTRL, RC_FD=0,

39 SPWD Enter power down made when CSn goss high,

Ox3A SFRX Fiush the RX FIFO buffer. Only issue STRX in IDLE of RXFIFO_OVERFLOW states.

0x3B SFTX Flush the TX FIFC buffer. Only issuwe S5TX in IDLE of TAFIFO_UNDERFLOW states.

0x3C SWORRST | Reset real ime clock to Event1 value.

0=30 ENOP Mo operation. May be used fo get access to the chip status byte.

Command Strobes
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