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1. Description 
 
 
                     The RDM-T24FZ-LR-CA is a low-cost 2.4 GHz transceiver designed for very 
low-power wireless applications. The circuit is mainly intended for the 2400-2483.5 MHZ 
ISM (Industrial, Scientific and Medical) and SRD (Short Range Device) frequency band. 
 

         The RF transceiver is integrated with a highly configurable baseband 
modem. The modem supports various modulation formats and has a configurable data 
rate up to 500 kBaud. RDM-T24FZ-LR-CA provides extensive hardware support for 
packet handling, data buffering, burst transmissions, clear channel assessment, link 
quality indication, and wake-on-radio. The main operating parameters and the 64-byte 
transmit/receive FIFOs of RDM-T24FZ-LR-CA can be controlled via an SPI interface. A 4-
wire SPI serial interface is used for configuration and data buffer access. 
 

        The RDM-T24FZ-LR-CA comes with an onboard chip antenna. The gain of the 
chip antenna is 2.15dBi. 

 
2. Features 
 
 

ω IƛƎƘ ǎŜƴǎƛǘƛǾƛǘȅ ός104 dBm at 2.4 kBaud, 1% packet error rate) 
 
ω  tǊƻƎǊŀƳƳŀōƭŜ ƻǳǘǇǳǘ ǇƻǿŜǊ ǳǇ ǘƻ Ҍ20dBm.  
 
ω 9ȄŎŜƭƭŜƴǘ ǊŜŎŜƛǾŜǊ ǎŜƭŜŎǘƛǾƛǘȅ ŀƴŘ ōƭƻŎƪƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ 
 
ω tǊƻƎǊŀƳƳŀōƭŜ Řŀǘŀ ǊŀǘŜ ŦǊƻƳ мΦн ǘƻ рллƪ.ŀǳŘ 
 
ω CǊŜǉǳŜƴŎȅ ōŀƴŘΥ нплл-2483.5 MHz 
 
ω н-FSK, GFSK, and MSK supported as well as OOK  

                                                                                                       
ω LƴǘŜƎǊŀǘŜŘ ŀƴŀƭƻƎ ǘŜƳǇŜǊŀǘǳǊŜ ǎŜƴǎƻǊ 

 
ω 5ƛƎƛǘŀƭ w{{L ƻǳǘǇǳǘ 
 
ω tǊƻƎǊŀƳƳŀōƭŜ /ŀǊǊƛŜǊ {ŜƴǎŜ ό/{ύ ƛƴŘƛŎŀǘƻǊ 
 
ω hǇǘƛƻƴŀƭ ŀǳǘƻƳŀǘƛŎ ǿƘƛǘŜƴƛƴƎ ŀƴŘ ŘŜǿƘƛǘŜƴƛƴƎ ƻŦ Řŀǘŀ 
 
ω ²ŀƪŜ-on-radio functionality for automatic low-power RX polling 



                

              Reindeer Systems Pvt Ltd                                  Excellence Through Innovation 

________________________________________________________________________           

______________________________________________________________________________________ 

RDM-T24FZ-LR-CA                                     Page 5 of 48                                       version v1.0 

 
ω {ŜǇŀǊŀǘŜ сп-byte RX and TX data FIFOs (enables burst mode data transmission)                
    

 

3. Electrical Characteristics 
 

 Operating Voltage 1.8 to 3.6 Volts. 
 

 Operating Temperature -40 deg C to +85 deg C. 
 

 RX/TX turnaround time 150 µS. 
 

 Maximum Radio Data rate 500Kbps. 
 

 Current Consumption 
            

Receive mode 17mA 
 
Transmit Mode 

         112mA at    +20dbm      
 

 Receiver Sensitivity  -104dbm 
 

 RF frequency range from 2400 MHz to 2483.5 MHz 
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4. Pin out Details 
 
 

1 

VCC 

2 

GND 

3 

NC 

4 

NC 

5 

HGM 

6 

NC 

7 

PAEN 

8 

GDO0 

9 

SI 

10 

SO 

11 

CSN 

12 

GDO2 

13 

SCLK 

14 

EN 

 
 
Figure 1: Header Pin diagram of RDM-T24FZ-LR-CA 
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5. Pin Details 
 
 
1) CS ς Chip Select 
 

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 an input clock. The maximum SCLK 
frequency is 8 MHz. There is no minimum frequency requirement. 

 
 
3) SI 
 

SI 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 set up on the 
negative edge of SCLK and will be clocked into RDM-T24FZ-LR-CA by the next 
positive edge of SCLK. 

 
4) SO 
 

SO is serial data out from RDM-T24FZ-LR-CA to an external MCU. Data is clocked 
out on the negative edge of SCLK, so the SO signal should be sampled 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) GDO0 & GDO2 
 

Digital output pins for general use: 
ω Test signals 
ω FIFO status signals 
ω Clear Channel Indicator 
ω Clock output, down-divided from XOSC 
ω Serial output RX data 
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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 pin is 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 and logic high enable high gain mode. 
 

6. Configuration Overview 
 
RDM-T24FZ-LR-CA 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:  
 

ω Power-down / power up mode 
ω Crystal oscillator power-up / power-down 
ω Receive / transmit mode 
ω RF channel selection 
ω Data rate 
ω Modulation format 
ω RX channel filter bandwidth 
ω RF output power 
ω Data buffering with separate 64-byte receive and transmit FIFOs 
ω Packet radio hardware support 
ω Forward Error Correction (FEC) with interleaving 
ω Data Whitening 
ω Wake-On-Radio (WOR) 
 

The below figure shows a simplified state diagram that explains the main RDM-T24FZ-
LR-CA states, together with typical usage and current consumption.  
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7. 4-wire Serial Configuration and Data Interface 
 
 
RDM-T24FZ-LR-CA is configured via a simple 4-wire SPI compatible interface (SI, SO, 
SCLK and CSn) where RDM-T24FZ-LR-CA is the slave. This interface is also used to read 
and write buffered data. All transfers on the SPI interface are done most significant bit 
first. 
 
All transactions on the SPI interface start with a header byte containing a R/W¯ bit, a 
burst access bit (B), and a 6-bit address (A5 ς A0). The CSn 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 is shown in Figure with reference to Table. When 
CSn is pulled low, the MCU must wait until RDM-T24FZ-LR-CA SO pin goes low before 
starting to transfer the header byte. This indicates that the crystal is running. Unless the 
chip was in the SLEEP or XOFF states, the SO pin will always go low immediately after 
taking CSn low. 
 
 
 
 
 

 
 
 
 
 
 
 
 



                

              Reindeer Systems Pvt Ltd                                  Excellence Through Innovation 

________________________________________________________________________           

______________________________________________________________________________________ 

RDM-T24FZ-LR-CA                                     Page 11 of 48                                       version v1.0 

 
 
 
 

 
 
 

8. Chip Status Byte 
 

 
When the header byte, data byte, or command strobe is sent on the SPI 

interface, the chip status byte is sent by the RDM-T24FZ-LR-CA on 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 crystal is 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 only be 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 operations (the R/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 
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FIFO_BYTES_AVAILABLE field contains the number of bytes that can be written to the TX 
FIFO. When FIFO_BYTES_AVAILABLE=15, 15 or more bytes are available/free.  
 
 
 

 
 
 
 

9. Register Access 
 
 

The configuration registers on the RDM-T24FZ-LR-CA are located on SPI 
addresses from 0x00 to 0x2E. All configuration registers 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 
transmitted on the SI pin. When reading from registers, the status byte is sent on the SO 
pin each time a header byte is transmitted on the SI 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 (A5 ς A0) 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 range 0x30-0x3D, 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 registers can only be read. 

 
 



                

              Reindeer Systems Pvt Ltd                                  Excellence Through Innovation 

________________________________________________________________________           

______________________________________________________________________________________ 

RDM-T24FZ-LR-CA                                     Page 13 of 48                                       version v1.0 

 

 
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 is being 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 instructions to RDM-T24FZ-LR-
CA. By addressing a command strobe register, internal sequences will be started. These 
commands are used to disable the crystal oscillator, enable receive mode, enable wake-
on-radio etc. The 13 command strobes are listed in Table on page 16. The command 
strobe 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 64-byte TX FIFO and the 64-byte RX FIFO are accessed through the 0x3F 
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 write-only, while the RX FIFO is read-only. 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 header byte 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: 
ω 0x3F: Single byte access to TX FIFO 
ω 0x7F: Burst access to TX FIFO 
ω 0xBF: Single byte access to RX FIFO 
ω 0xFF: Burst access to RX FIFO 
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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 underflow while writing data to the TX 
FIFO. Note that the status byte contains the number of bytes free before writing the 
byte in progress to the TX FIFO. When the last byte that fits in the TX FIFO is transmitted 
on SI, the status byte received concurrently on SO will indicate 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 RXFIFO_OVERFLOW states. Both FIFOs are 
flushed when going to the SLEEP state. 
 
 

13. PATABLE Access 
 

The 0x3E 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 power ramp-up and ramp-down 
can be achieved, as well as ASK modulation shaping for reduced bandwidth.  

 
 

The PATABLE is an 8-byte table that defines the PA control settings to use for each of 
the eight PA power values (selected by the 3-bit value  FREND0.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 time 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 be set high before 
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). 
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14. Data Rate Programming 
 

The data rate used when transmitting, 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. 
        

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

 
 
the desired state according to the below Table. When CSn goes low the state of SI and 
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 CSn toggles. When 
CSn is low the SI 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. 
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If DRATE_M is rounded to the nearest 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: 
 

                             
 
 

15. Packet Format 
 
The format of the data packet can be configured and consists of the following items 
 
ω Preamble 
ω Synchronization word 
ω Optional length byte 
ω Optional address byte 
ω Payload 
ω Optional 2 byte CRC 
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16. Configuration Registers 
 
 

 
The configuration of RDM-T24FZ-LR-CA is done by programming 8-bit registers. 

The optimum configuration data based on selected system parameters are most easily 
found by using the SmartRF® Studio software. Complete descriptions of the registers are 
given in the following tables. After chip 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 through the SPI interface. 

 
 

There are 13 command strobe registers. Accessing these registers will initiate the 
change of an internal state or mode. There are 47 normal 8-bit configuration registers. 
Many of these registers are for test purposes only, and need not be written for normal 
operations of RDM-T24FZ-LR-CA.There are also 12 Status registers. These registers, 
which are read-only, contain information about the status of RDM-T24FZ-LR-CA. 
 
 
The two FIFOs are accessed through one 8-bit register. Write operations 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 address to the left and the burst and 
read/write bits on the top. Note that the burst bit has different meaning for base 
addresses above and below 0x2F. 
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