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Introduction

This application note describes a set of software drivers for the MC33493 RF 
transmitter (codename Tango3) and the MC33591/2/3/4 RF receiver ICs 
(codename Romeo2). The drivers are designed to allow a designer to quickly 
develop a new application using these RF ICs with minimum effort, or to add 
RF functionality to an existing design. The drivers are written in the C 
programming language. The Tango3 driver can be configured to use any 
HCS08 MCU. The Romeo2 driver can be configured to use any HC08 MCU 
with an SPI interface. Each driver allows the user to select different MCU I/O 
pins, timer channels, and clocking options, to allow easy implementation. Full 
source code listings and example applications are available from Motorola's 
web site at http://e-www.motorola.com.

The drivers provide the following features.

• Low CPU load and low MCU resource usage

• Transmission/reception of variable length messages with 0–127 data 
bytes

• Automatic checksum based error detection for each message

• Easy configuration options for carrier frequency, data rate, and other 
setup parameters.

• Support for networks with multiple transmitters/receivers

The drivers are primarily aimed at systems that use both Tango3 and Romeo2. 
However, each can be used separately, if required.

This document makes frequent references to the Tango3 and Romeo2 device 
datasheets; the reader should read these documents before using these 
drivers. Both datasheets are available for download from Motorola's web site at 
http://e-www.motorola.com.
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Communication Concept

Tango3 and Romeo2 allow RF communications in the ISM (Industrial, 
Scientific, and Medical) bands 315 MHz, 434 MHz, 838 MHz, and 915 Mhz. 
Data rates up to 11 kbits/second are supported. This set of drivers provides a 
simple communications protocol to allow transfer of variable length messages 
with up to 127 bytes of data. The drivers support creation of networks with 
multiple receivers and transmitters.

Figure 1 shows a simple example lighting network with three lighting fixtures 
(each with a Romeo2 receiver) and one remote control (with a Tango3 
transmitter). Each receiver is assigned a unique 8-bit identifier (ID). The 
transmitter can send messages to each receiver by changing the ID in the 
transmitted message. Additional transmitters and receivers could easily be 
added to this system.

Figure 1. Simple RF Network
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NOTE: Preamble, Header, Checksum and EOM are handled by the software drivers; 
the application programmer does not have to specify these fields.

NOTE: The Preamble and ID fields can be repeated.

Sending Messages 
With Header Detect

Figure 2 shows a message frame transmitted by Tango3 and the received data 
that Romeo2 passes to the MCU using its SPI interface. Tango3 transmits a 
Preamble then the ID field. When Romeo2 receives a valid ID, it will wait to 
receive a Header field. When it receives a Header, it then expects to receive 
Length, Data, Checksum and EOM fields. While waiting for the Header field, it 
will ignore all other data. Note that its possible to have a delay between the ID 
field and the next preamble and header fields.

Using this message format, Romeo3 does not pass the ID field to the MCU on 
the SPI interface. It passes only the Length, Data and Checksum fields. This 
reduces the load on the SPI interface.

It is also possible to repeat the Preamble and ID fields multiple times. This is 
discussed below.

Figure 2. Message Format Using ID and Header

Sending Messages 
Without Header 
Detect

The header field is used to determine the start of the Length field. Romeo2 
transmits all data, received after the header field, on its SPI interface, typically 
to an MCU. However, it is possible to send messages without using the header 
field.

Tango3 transmits a message containing Preamble, ID, Length, Data, 
Checksum and EOM fields. The ID field may be repeated to ensure that 
Romeo2 detects the ID, if it is using its Strobe oscillator as discussed below in 
Reducing Power Consumption on page 6 (the number of repeats is 
programmable in the software driver). Once Romeo2 has detected the ID field, 
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Figure 4. RUN/SLEEP Mode Cycling

Tone Signalling Tone signalling is used in systems where all the receiver nodes must wake up 
and check each RF message. For example, in the simple lighting network 
shown in Figure 1, it could be desirable to control all the lights simultaneously. 
To do this, each node is assigned an ID of 0x00 or 0xff (i.e., the ID is all '1's or 
all '0''s). Then, all receivers will accept each message sent at the same time.

Figure 5 shows a message frame with Tone signalling. The Romeo2 IC 
supports Tones of any length greater than eight bits. This software driver allows 
the user to set the length of a Tone to multiples of eight bits by repeating the ID 
field multiple times

Figure 5. Message Format Using Tone Signalling

Message Encoding Figure 6 shows the flow of data and the encoding stages for a message 
transfer.

For Tango3 to transmit a message, the application must provide the ID, length 
and Data fields of the message in a transmit buffer and call the correct driver 
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Figure 7. Bit Encoding Using MCU Timer Channel.

Bit Decoding Romeo2's built-in data manager decodes the Manchester encoded data 
internally. It transmits decoded bits on its SPI interface.

Tango3 Driver 

Tango3 Hardware 
Connections

Figure 8 shows the interface between the Tango3 IC and an MCU.
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BAND — This signal sets the operating band for Tango3, which defines the RF 
carrier frequency. This signal is usually hard-wired to a particular value but can 
also be controlled by the MCU. At logic 1, the RF carrier frequency is set to 32 
times the Tango3 crystal frequency; at logic 0, the RF carrier frequency is set 
to 64 times the Tango3 crystal frequency.

The software driver can be configured to use or ignore BAND. BAND can be 
hard-wired to Vdd or ground if the carrier frequency is fixed.

NOTE: Pull-up or pull-down resistors are required only if the MCU is required to 
override the hard-wired values.

MODE — This signal sets the modulation mode for Tango3. This signal is 
usually hard-wired to a particular value, but can also be controlled by the MCU. 
When MODE is at logic 1, FSK modulation is selected; when MODE is at logic 
0, OOK modulation is selected.

The software driver can be configured to use or ignore MODE. MODE can be 
hard-wired to Vdd or ground if the modulation mode is fixed.

NOTE: Pull-up or pull-down resistors are required only if the MCU is required to 
override the hard-wired values.

ENABLEPA — This signal is present on Motorola's Tango3 RF evaluation 
module. It allows the MCU to control an additional amplifier stage to boost the 
RF transmit power. When ENABLEPA is at logic 1, the power amplifier is 
enabled; when at logic 0, the power amplifier is disabled. The software driver 
can be configured to use or ignore ENABLEPA.

Tango3 MCU 
Resources

The Tango3 driver requires the following minimum MCU resources.

• One timer channel and its associated I/O pin used in output compare 
mode. The interrupt vector for this timer channel will also be used. The 
timer channel is connected to Tango3's DATA pin. 
The Tango3 driver will set the modulus value for the timer associated 
with the timer channel chosen.

• One I/O pin connected to Tango3's ENABLE pin. This allows the MCU 
to enable/disable Tango3, which can be useful for reducing current 
consumption in an application. Alternatively, the designer could tie the 
ENABLE pin directly to Vdd to permanently enable Tango3.

The following MCU resources may also be used.

• One timer channel configured as a clock input and connected to 
Tango3's DATACLK pin. (Some HC08 MCUs allow a timer pin to be 
used as a clock input source.) This allows Tango3 to provide the MCU 
with an accurate clock source, which can be used by the MCU to 
Software Drivers for Tango3 RF Transmitter and Romeo2 RF Receiver ICs 11
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The Tango3 driver defines a transmission buffer in RAM. The MCU writes 
messages to the buffer, and the driver reads messages from this buffer and 
transmits them on the RF link. The buffer contains the message ID, Length and 
Data fields as shown in Figure 9. Note storage for the checksum field is not 
required. The Tango3 driver generates the checksum field internally and 
appends it to the message during transmission.

The size of the buffer can be programmed by the user, using the 
TANGO_MAX_DATA_SIZE parameter in the Tango.H header file. The buffer 
should be made large enough to receive the largest message being 
transferred. See TANGO_MAX_DATA_SIZE on page 22 for details.

The application must not write to the transmission buffer while a message is 
being transmitted. This could lead to corruption of the transmitted message. 
The user can check if a transmission is in progress using the 
TangoDriverStatus() service. See TangoDriverStatus on page 18.

Figure 9. Tango3 Transmission Buffer

Internal processing of the driver occurs when the main application calls any of 
the run-time services, or after transmission of each bit when the driver is 
transmitting a message. Since transmission of each bit is controlled by a timer 
channel interrupt on the MCU, the user must link the TangoTimerInterrupt 
service to the timer channel interrupt. An example of this is shown in Adding 
the Tango3 Driver to an Application on page 27.
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Figure 11. Sending a Message Without a Header Field
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Tango3 Driver 
Services

This section provides descriptions of each service provided by the Tango3 
driver.

TangoInitialise

Syntax: void TangoInitialise(void);

Parameters: None

Return: None

Description: The TangoInitialise service performs initialization of the 
Tango3 IC and software driver. It does not enable the 
Tango3 IC (i.e., the ENABLE pin is held low) to maintain 
low power consumption. It performs the following 
operations:

• Sets the driver status to TANGO_DISABLED

• Configures the MCU timer for use with Tango3 
(Note that it does not switch the timer on) 

• Configures MODE and BAND pins, if used

Notes: This service should be called before any other Tango3 
driver services; otherwise, the result of any other Tango3 
driver service and the Tango3 driver will be unpredictable.

TangoEnable

Syntax: void TangoEnable(void);

Parameters: None

Return: None

Description: The TangoEnable service powers up the Tango3 IC and 
starts a 2 ms time-out count. During the timeout, the 
driver status is set to TANGO_IN_ENABLE_DELAY. At 
the end of the 2 ms timeout, the driver status is set to 
TANGO_READY. At this point, Tango3 is powered up 
and ready to send data.

Notes: Typically, the application will call the TangoEnable 
service to start up the Tango3 IC. During the 2 ms timeout 
it can load a message into the transmit buffer and call the 
TangoStatus service to check if the 2 ms timeout has 
finished. When TangoStatus returns the value 
TANGO_READY, the application is ready to transmit the 
message.
Software Drivers for Tango3 RF Transmitter and Romeo2 RF Receiver ICs 17
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TangoSendPreamble_ID

Syntax: void TangoSendPreamble_ID(void);

Parameters: None

Returns: None

Description The TangoSendPreamble_ID service triggers 
transmission of a message containing a Preamble field 
and an ID field. The ID is read from the Tango3 
transmission buffer. The driver status is set to 
TANGO_BUSY during transmission of this message.

Notes: This service and the TangoSendData service are used to 
send messages, using the format described in the section 
on Sending Messages With Header Detect on page 5. 
The service should be called only when the Romeo2 RX 
IC is configured to detect Header bytes in a message 
sequence (i.e., the option ROMEO_HE_VALUE is set to 
1 in the Romeo.h header file).

TangoSendData

Syntax: void TangoSendData(void);

Parameters: None

Returns: None

Description: The TangoSendData service triggers transmission of a 
message containing Preamble, Header, Length, Data, 
Checksum and EOM fields. Length and Data are read 
from the transmit buffer. The checksum is calculated prior 
to transmission.

Notes: This service and the TangoSendPreamble_ID service are 
used to send messages using the format described in the 
section on Sending Messages With Header Detect on 
page 5. The service should be called only when the 
Romeo2 RX IC is configured to detect Header bytes in a 
message sequence (i.e., the option ROMEO_HE_VALUE 
is set to 1 in the Romeo.h header file).
Software Drivers for Tango3 RF Transmitter and Romeo2 RF Receiver ICs 19
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These configuration options are set using a number of #define statements in 
the Tango.h header file. Using these #defines, the driver can be configured to 
run on any HCS08 MCU. 

When starting a project using the Tango3 driver, the files ‘Tango.H’ and 
‘Tango.C’ should be placed in the project directory, and a #include ‘Tango.H’ 
statement should be inserted in the main application file.

The Tango.H file contains 17 #define statements that must be configured to 
ensure correct operation of the driver. Thirteen #defines are mandatory, and 
four are optional, depending on the application’s hardware configuration. 
These are described below.

TANGO_TIMER_ADDRESS

Description: This defines the address of the timer status and control 
register, in the MCU's memory map. The timers on all 
HCS08 MCUs have the same layout of control registers. 
The driver uses this base address to access the timer 
control registers.

Values: Address in range 0x0000 - 0xffff

Example:

#define TANGO_TIMER_ADDRESS 0x30 /* 1st timer register at address 0x30*/

TANGO_TIMER_CHANNEL

Description: This defines the timer channel used to output data on the 
DATA line.

Values: Channel number in the range 0–15.

Example:

#define TANGO_TIMER_CHANNEL  1       /* Use timer channel 1 */
Software Drivers for Tango3 RF Transmitter and Romeo2 RF Receiver ICs 21
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TANGO_TIMER_PRESCALE

Description: This defines the prescaler value of the timer used to send 
data to Tango3. Generally this will be set to ‘1’. (Note: If 
an external clock source is being used, this value will be 
forced to ‘1’ by the driver.)

Values: See datasheet for S08 MCU.

Example:

#define TANGO_TIMER_PRESCALE    1     /* Specify timer prescaler value       */

TANGO_TIMER_DISABLE

Description: This allows the driver to switch off the MCU timer when it 
is not required to drive Tango3. This can reduce power 
consumption. However, in some applications it may be 
required that the timer continue running. (Note: The driver 
will always start the timer when it is required.)

Values: 0 = Timer remains running after transmission of data. 
1 = Timer is disabled after transmission of data.

Example:

#define TANGO_TIMER_DISABLE 1 /* Allows driver to turn off timer after use  */

TANGO_MODE_VALUE

Description: This defines the type of modulation used in RF 
transmissions: On Off Keying (TANGO_OOK) or 
Frequency Shift Keying (TANGO_FSK).

Values: TANGO_OOK denotes OOK modulation. 
TANGO_FSK denotes FSK modulation.

Example:

#define  TANGO_MODE_VALUE   TANGO_OOK     /* OOK modulation*/ 
Software Drivers for Tango3 RF Transmitter and Romeo2 RF Receiver ICs 23
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The following #define statements are dependent on the hardware configuration 
of your system and may not be required. If not required, delete these entries 
from the header file.

TANGO_ENABLE

Description: This defines the I/O pin used to control Tango3's ENABLE 
pin. If ENABLE is not controlled by the MCU in your 
system, delete this #define from the header file. 

Values: Any I/O pin configurable as an output can be used. Use 
the naming convention specified in the CodeWarrior 
header files.

Example:

#define TANGO_ENABLE        PTAD_PTAD0      /*Port A pin 0       */

TANGO_ENABLE_DDR

Description: This defines the data direction bit for the I/O pin used to 
control Tango3's Enable pin. If Enable is not controlled by 
the MCU in your system, delete this #define from the 
header file. 

Values: Any I/O pin configurable as an output can be used. Use 
the naming convention specified in the CodeWarrior 
header files.

Example:

#define TANGO_ENABLE_DDR    PTADD_PTADD0    /* DDR for Port A pin 0     */
Software Drivers for Tango3 RF Transmitter and Romeo2 RF Receiver ICs 25
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