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1. Features and specifications
e 315,418/433, and 868/915 MHz versions available
e Half-duplex transmission and reception with on-board antenna switch
e Fast settling phased-locked-loop suitable for frequency hopping spread spectrum
e Programmable output power from —20 to +5dBm (+10dBm for 433 MHz version)
e Programmable data rates from 0.6 to 76.8 kbit/second
¢ On-board data encoding and decoding for Manchester or transparent UART operation
e Simple 3-wire serial programming interface
e Simple 2-wire data 10 interface

e On-board PROM non-volatile memory stores calibration information and a unique, factory
programmed 48-bit ID

2. Micro-controller interface

The EWD-HDTC (Embedded Wireless Data module — Half-Duplex TransCeiver) provides a very simple
interface for any micro-controller.

2.1. Programming interface

Programming is accomplished via a 3-wire serial interface consisting of:
e PCLK (pin 11-input)— programming clock
e PDAT (pin 12-input/output) — programming data
e PALE (pin 13-input) — programming latch enable

Figure 1 shows the typical waveforms for writing data to a register and Figure 2 shows the typical
waveforms for reading data from a register.

There are 36 individual configuration registers that control the operations of the module, each one
addressed by a 7-bit address. A write or read cycle begins by bringing PALE low. The address is
then shifted into the module via the PDAT pin on the falling edge of PCLK. The bits are shifted MSB
first. The LSB of the address byte determines whether the access is a read or a write operation. If the
LSB is low, the access is a read. If the LSB is high, the access is a write.

If the operation is a read operation, PDAT pin switches to an output and the value of the addressed
configuration register is shifted out MSB first on the falling edge of PCLK.

If the operation is a write operation, PDAT remains an input and the value of the data to be written to
the addressed register is shifted in MSB first on the falling edge of PCLK.

Figure 3 shows the timing specifications for the programming interface.

Normally, the user should not have to directly program individual configuration registers. The RFAPI
routines provide a programmatic interface that isolates the user from the details of the configuration
registers. However, to support situations where the user needs to access individual configuration
registers, the RFAPI exports functions to read and write configuration registers directly. For more
information on the API, refer to Section 3.

© 2002-2003 Radiotronix Inc. -1- 3/19/2003
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The purpose of the API is to isolate the user from the details of the configuration registers and
hardware. However, if the API needs to be ported to a processor that is not currently supported by
Radiotronix, the information in Figures 1 thru 3 will be required.
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Figure 1: Write timing for programming interface
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Parameter | Symbol | Min | Max | Units Conditions

PCLK, clock Fouock - 10 WMHz

freqguency

PCLEK bow Teami 50 ns The minimum time FCLK must be low:

oulse

duration

PCLE high TcHmin 50 ns The minimum time FCLE must be high.

pulse

duration

PALE setup Tea 10 - ns The minimum time PALE must be low before
time negative edge of PCLE.

FALE hold T, 10 - ns The minimum time FALE must be held low after
time the positive edge of PCLK

PDATA sstup Tan 10 - na The minimum time data on POATA must be ready
time before the negative edge of PCLK

FDATA hold Tro 10 - ns The minimum time data must be held at PDATA,
time after the negative edgs of PCLE.

Rise tima Trisa 100 ns The maximum rise ime for PCLK and PALE

Fall time Thanl 100 ns The maximum fall time for PCLE and FALE

Mate: The set-up- and hold-times refer to 50% of VDD.

Figure 3: Programming interface timing specifications

2.2, Data interface
Data transmission and reception is accomplished via a 2-wire serial interface consisting of:
e DCLK (pin 10-i/0)
e DIO (pin 9-i/0)
The functions of the DCLK and DIO pins depend on the data mode.
The EWD-HDTC module supports three data modes: UART, Synchronous NRZ, and Manchester.

In UART mode, the transceiver is transparent and requires no special data formatting. In this mode,
data is transmitted on DIO and data is received on DCLK. Data can be transmitted at rates from 0.6 to
76.8 kbits/second.

In Manchester mode, the transceiver encodes and decodes the data stream using Manchester
encoding rules. Data is sent to or received from the transceiver on DIO. The data is sampled on the
edge of DCLK, which is automatically generated by the module. Effective data rates of 0.3 to 38.4
kbits/second are supported in this mode.

The transceiver neither encodes nor decodes data in synchronous NRZ mode, however clock
recovery is performed. In this mode, a preamble MUST be sent, as with the other modes.
Additionally, the programmer must lock the average filter manually upon the detection of the preamble.
Data is sent to or received from the transceiver on DIO. The data is sampled on the edge of DCLK,
which is automatically generated by the module. Data rates of 0.6 to 78.6 kbits/second are supported
in this mode.

For more information on sending and receiving data with the transceiver, please refer to section 9
“Sending and receiving data”.

© 2002-2003 Radiotronix Inc. -3- 3/19/2003
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2.3. PROM interface

A third serial interface connects to the on-board PROM. This is a

standard 12C bus interface and requires external pull-up resistors Designer’s Note
to ensure proper performance.
e ECLK (pin 3-input) The PROM contents
e EDAT (pin 2-open collector) AIShO'UId CI:nly be read.
rin nten
The PROM stores 48-bit serial number and calibration information t(:h gt .tese co tte =
for the module. The RFAPI provides functions to programmatically Ll . Al e
access the serial number and calibration information, isolating the voids the warranty of
user from 12C bus timing concerns. the module and may
cause improper
oL () (8) (D) (D) performance'
AN Y/
SDA \ /— ;__\
E:':\-E ADDRESS OR DATA
CONDITION ACKNOWLEDGE ALLOWED
WVALID TO CHANGE

Figure 4: 12C Bus access waveforms

5 35
BUS ACTIV TVI\ CONTROL WORD ; CONTROL _|5_
MASTER n BYTE ADDRESS () g BYTE DATA (1) o
T P e T A e F
rrrrrria rrrirrri
SDA LINE Il |||||||||||||||S| |||||||||||||||M
e ¢ ¢ o
BUS ACTIVITY K K A
C
K
Figure 5: 12C random read waveforms
2.4. Micro-controller interface circuit
© 2002-2003 Radiotronix Inc. -4 - 3/19/2003
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Figure 6: Micro-controller interface

Pull-ups can be internal to

2.5. Reduced pin-count micro-controller interface circuit

Figure 7 shows a reduced pin-count micro-controller interface. Using this circuit, only one interface
can be active at a time. In other words, the circuit can access either the PROM or the transceiver, but

not both at the same time.

RS

EWD-HDTC MODULE

Voo GND
EDAT DIO

I

. ECLK DCLK =
Pl 1 — GND PCLE L
5

GND PDAT

ANT FALE
GMD RS51

7

Figure 7: Reduced pin-count micro-controller interface

3. Application Programming Interface

Radiotronix has created an applications programming interface (API)
to greatly simplify the effort required by the design engineer. This API
contains routines, written in C, that configure and control all aspects of
the transceiver module. The routines are written in ANSI C to ensure
that they can be used with any micro-controller that supports ANSI C
development tools.

The API has been written to be processor independent. No hardware
specific operations occur in the API. Instead, the API functions make
calls to external routines that are processor specific, which are

Attention

Radiotronix copyrights
the RFAPIL. It can be
used free of charge on
Radiotronix modules.
We do not allow its use
for any other purpose.

© 2002-2003 Radiotronix Inc. -5-
All Rights Reserved
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contained in a separate API file. This creates a layered approach to software development that eases
the programming burden.

Figure 8: APl programming model
3.1. RFAPI

The RFAPI exports functions that isolate the user from the underlying configuration details of the
module. This layer of the programming model makes calls into the UCAPI, allowing the hardware-
specific implementation to be easily ported to other micro-controllers. The RFAPI is designed to follow
one of two models: polled and interrupt-driven. The interrupt-driven model is selected by default. To
enable the polled model, comment out the “#define INTERRUPT_DRIVEN_RF” statement in the
UCAPI.h header file. The following table details the functions available with each model.

© 2002-2003 Radiotronix Inc. -6 - 3/19/2003
All Rights Reserved
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MRS e T oterrupt oriven

rfGetChar rfAverageAutolock rfSetDeviation rfGetPacket
rfGetString rfAverageFreeRun rfSetFregA rfPutPacket
rfPutChar rfAverageManuallLock rfSetFregB rfReceivePacketsAvail
rfPutString rfCalibrate rfSetMinimumFsep rfReceivingPacket
rfWaitForChar | rfCalibrateEx rfSetRefDiv rfTransmitPacketsWaiting |
rfWaitForString | rfConfig rfSetTxPO rfTransmittingPacket
rfDataMode rfSleep rfUpdateLockFilter
rfGetFreqCal25C rfStopOverridingCalibration | rfSetuplinterruptLockFlags
rfGetMAC rfSwitchToRx
rfGetMatch rfSwitchToTx

rfOverrideCurrentCalibration
rfReadCurrentCalibration rfTxModeEx

rfReadRom rfWakeToRx
rfReadFromRegister rfWakeToRXEXx
rfReadRSSI rfWakeToTx

rfReset rfWakeToTxEx
rfRxMode rfWriteToReqister
rfRxModeEx rfWriteToRegisterWord
rfSetChannel

Table 1: RFAPI function synopsis

3.1.1. rfAverageAutoLock

void rfAverageAutoLock (void) ;

This function will set the averaging filter to automatically lock on detection of a valid pre-
amble. For more information about the averaging filter, see section 8.

3.1.2. rfAverageFreeRun
void rfAverageFreeRun (void) ;

This function will set the averaging filter to free run. For more information about the averaging
filter, see section 8.

© 2002-2003 Radiotronix Inc. -7 - 3/19/2003
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3.1.3. rfAverageManualLock
void rfAverageManuallock (void) ;

This function manually locks the averaging filter. For more information about the averaging
filter, see section 8.

3.1.4. rfCalibrate

unsigned INT8 rfCalibrate (void) ;

Calling this function will calibrate the module for the current temperature, and the A/B
frequency settings. The function returns the contents of the LOCK register, indicating the
current state of PLL lock.

3.1.5. rfCalibrateEx

INT8 rfCalibrateEx(unsigned INT8 rx current, unsigned INTS8

tx current) ;

Calling this function will calibrate the module for the current temperature, the supplied current
values, and the A/B frequency settings. The function returns the contents of the LOCK
register, indicating the current state of PLL lock. You should only use this function if you are
using custom current values for Tx and Rx.

3.1.6. rfConfig

void rfConfig(unsigned INT16 *configuration, INT8 count);

*Configuration contains an array of 16-bit words that define the configuration of the
transceiver. Each word contains the address for a register and the data that should be
programmed into that register. The address is stored in the most significant byte and the data
is stored in the least significant byte.

Example:

// ** Configuration for EWD-HDTC **

//

// This data is stored in words in the following format-data:addr. A
// configuration tool will be available soon to automatically calculate
// the register values and create an array declaration that can be

// pasted into your source file.

//
// addr description value result
// Soos | cooooooooes oooes coooos
// 0x00 Main 0x51 receive mode
// 0x01 Freq 2a 0x5C RX Freg=915MHz
// 0x02 Freq la 0xFO0
// 0x03 Freq Oa 0x38
// 0x04 Freq 2b 0x5C TX Freg=915MHz
// 0x05 Freq 1b 0xF3
// 0x06 freq Ob 0xCD
// 0x07 fsepl 0x00 Deviation = 25 khz
// 0x08 fsep0 0xA7
// 0x09 current 0x88 Low-current receive
// 0x0A front end 0x3A receive mode, max
// sensitivity
© 2002-2003 Radiotronix Inc. -8- 3/19/2003
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// 0x0B pa_pow 0x80 output power=0dBm

// 0x0C pll 0x30 Ref Div of 6

// 0x0D lock 0x10

// 0x0E cal 0x26 disable calibration

// 0x0F modem2 0x8E peak detector set for

// 25khz Fdev

// 0x10 modeml 0x6F avg filter free-running

// 0x11 modem0 0x27 2.4kbit/sec Manchester

// 0x12 match 0xE2 common for EWD @ 915MHz

// 0x13 fsctrl 0x01 no spectral shaping

// 0x1C prescale 0x00

short RFInit[]={0x0051, 0x015C, 0x02F0, 0x0338, 0x045C, 0x05F3, 0x06CD,
0x0700, 0x08A7, 0x0988, 0xOA3A, 0x0B80, 0x0C30, 0x0D10,
0x0E26, 0xOF8E, 0x106F, 0x1127, O0x12E2, 0x1301, 0x1CO00};

void func (void)

{

rfConfigure (21,RFInit) ;

3.1.7. rfDataMode

void rfDataMode (INT8 datamode) ;

This function is used to set the data mode and speed of the transceiver module. The
following table displays the symbolic constants for this function along with their meaning. For
more information about the modes of data transfer, refer to Section 9.

Manchester Mode Ny NRZ Mode | g UART Mode | o3
Constant Rate Constant Rate Constant Rate
dmMANCHESTER_300 300 dmNRZ_600 600 dmUART_600 600
dmMANCHESTER_600 600 dmNRZ_1200 | 1200 dmUART_1200 | 1200
dmMANCHESTER_1200 | 1200 dmNRZ_2400 | 2400 dmUART_2400 | 2400
dmMANCHESTER_2400 | 2400 dmNRZ_4800 | 4800 dmUART_4800 | 4800
dmMANCHESTER_4800 | 4800 dmNRZ_9600 | 9600 dmUART_9600 | 9600
dmMANCHESTER_9600 | 9600 dmNRZ_19200 | 19200 dmUART_19200 | 19200
dmMANCHESTER_19200 | 19200 dmNRZ_38400 | 38400 dmUART_38400 | 38400
dmMANCHESTER_38400 | 38400 dmNRZ_76800 | 76800 dmUART_76800 | 76800
Table 2: rfDataMode parameter constants
Example:
// Set the RF datalink to synchronous NRZ, 9600 symbols/sec
rfDataMode (dmNRZ 9600) ;
© 2002-2003 Radiotronix Inc. -9- 3/19/2003
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3.1.8. rfGetChar

Polled Only. Once the preamble has been detected using rfWaitForString or
rfWaitForChar, a call to rf£GetChar will bring in the next 8 bits from the RF interface and
assemble them into a byte. This function assumes that the data is sent least significant bit
first. The RX section must be selected in order for this function to operate properly. This
function is not compatible with asynchronous UART mode.

Example:

LONGBOOL preamble found;
INT8 node_num;

INT8 status;

INT8 event count;

INT8 sensor node value;

// Wait until a preamble is found
do
{
preamble found = rfWaitForString(RFiDETECTiPREAMBLE, RF DETECT PREAMBLE SIZE) ;
}

while (!preamble found);

// Preamble found. Grab next four characters as payload
node num = rfGetChar();

status = rfGetChar();

event count = rfGetChar();

sensor node value = rfGetChar();

3.1.9. rfGetFreqCal25C

This function returns the 16-bit frequency calibration offset for 25 degrees C that is stored in
PROM for each frequency band (fb915MHz, fb868MHz). This offset should ONLY be
applied to transmitter tuning parameters. See Section 6 for more information about

calibration.

Example:

INT16 fcal;

INT32 freq a = 0x00D90000;
INT32 freq b = 0x00D9072B;

fcal=rfGetFreqCal25C (fb915MHz) ;

// Manually set optimized channel 25, calibration factor applied to Tx ONLY
#ifdef HARD WAY

rfSetFreqA (freq a);

rfSetFregB (freq b - fcal);

#endif

// Automatically set channel to 25, applying offset to Tx.
#ifndef HARD WAY

rfSetChannel (fb915MHz, 25, fcal);

#endif

rfCalibrate () ;
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3.1.10. rfGetMAC

LONGBOOL rfGetMAC (unsigned INT32 *OUI, unsigned INT32 *sn);

This function returns the 48-bit unique identifier in its two parts: the 0UT (Organizational
Unique Identifier) and MAC (Media Access Control) address. The upper 8 bits of each part is

not used. The function returns 1 if the numbers were successfully retrieved from the PROM- 0
if an error was encountered during the 12C bus transfer.

Example:

if (rfGetMAC (&0OUI, &MAC))

{
sprintf (msg, “MAC Retrieved > %6x:%6x”, OUI, MAC);
ucPutString (msg, length (msg));

§ /) aliess )

3.1.11. rfGetMatch

unsigned INT8 rfGetMatch (INT8 band) ;

Retrieves an unsigned, 8 bit match value for either the 868MHz or 915MHz band from the

module's on-board ROM. This value should be programmed into the RF_MATCH register for
optimum performance.

3.1.12. rfGetPacket

LONGBOOL rfGetPacket (char *buf, INT8 *num chars);

Interrupt Driven Only. Gets a packet from the receive packet buffer and places it in the
character buffer, *buf. If there are no packets available, the function will wait until there is at
least one. The size of the buffer, *buf, MUST be provided in *num chars at the time of the
function call. The function returns 1 indicating that a packet was returned in *buf. If the
function fails, the function returns 0. If the function is successful, the actual size of the packet
is returned in *num_chars. This function is actually implemented as a macro in the RFAPI
and makes a call directly to the UCAPI function, ucGetPacketRF. The RX section must be
selected in order for this function to operate properly.

Example:

char buf[MAX RF PACKET PAYLOAD SIZE];
INT8 buf size;

if (rfReceivePacketsAvail ())
{
buf size = sizeof (buf);
if (rfGetPacket (buf, buf size))
{
// Put packet contents onto UART
ucPutString (buf, buf size);
b/ aE )
B/ AES )
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3.1.13. rfGetString

void rfGetString(char *buf, INT8 size);

Polled Only. Once the preamble has been detected using rfWaitForString or
rfWaitForChar, a call to r£GetString will bring in the next size bytes from the RF
interface and place them in the provided buffer, buf. This function assumes that the data is
sent least significant bit to most significant bit of least significant byte to most significant byte.
The RX section must be selected in order for this function to operate properly. This function is
not compatible with asynchronous UART mode.

Example:

LONGBOOL preamble found;
enum {strNodeNum, strStatus, strEventCount, strSensorNodeValue, strEnd};
char message payload[strEnd];

// Wait until a preamble is found
do
{
preamble found = rfWaitForString(RFiDETECTiPREAMBLE, RF DETECT PREAMBLE SIZE) ;
}

while (!preamble found);

// Preamble found. Grab next four characters as payload
rfGetString (message payload, sizeof (message payload));

3.1.14. rfOverrideCurrentCalibration

void rfOverrideCurrentCalibration (INT8 wvall, INT8 wval2);

This function forces the module to use vall and val2 for calibration. This is very useful in

multiple-frequency applications where val1l and val?2 represent the stored calibration data
for a particular frequency and temperature.

3.1.15. rfPutChar

void rfPutChar (char out byte) ;

Polled Only. Sends a single byte over the RF interface. The byte is sent least significant bit
first. The TX section must be selected in order for this function to operate properly. This
function is not compatible with asynchronous UART mode.

Example:

// Send preamble
rfPutStrinq(RF_PREAMBLE, SizeOf(RF_PREAMBLE));

// Preamble sent. Send next four characters as payload
rfPutChar (node num) ;

rfPutChar (status) ;

rfPutChar (event count);

rfPutChar (sensor node value);
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3.1.16. rfPutPacket

LONGBOOL rfPutPacket (char *buf, INT8 num chars);

Interrupt Driven Only. Puts a packet’s payload into the transmit payload buffer, provided by
the character buffer, *buf. The function returns 1 indicating that a packet was returned in
*puf. If the function fails, the function returns 0. If the function is successful, the actual size
of the packet is returned in *num chars. This function is actually implemented as a macro in
the RFAPI and makes a call directly to the UCAPI function, ucPutPacketRF. The TX
section must be selected in order for this function to operate properly.

Example:
char buf [MAX RF_PACKET PAYLOAD SIZE];
if ((!'rfReceivePacketsAvail ()) && (!rfReceivingPacket()))
{
// Turn on transmitter
rfTxMode (0XFF) ;
sprintf (buf, “Hello\r\n”);
// If function fails, buffer is full. Keep trying until buffer is
// empty

while (!rfPutPacket (buf, strlen (buf))):;

// Put packet contents onto UART
ucPutString (buf, strlen (buf)):;

}/*if*/
3.1.17. rfPutString

void rfPutString(char *out buffer, unsigned INT8 len)

Polled Only. Sends a string of bytes over the RF interface. The string is sent least significant
bit first, from index 0 to index 1en — 1. The TX section must be selected in order for this
function to operate properly. This function is not compatible with asynchronous UART mode.

See rfPutChar for an example of usage.

3.1.18. rfReadCurrentCalibration

void rfReadCurrentCalibration (INT8 *vall, INT8 *val2);

This function returns the calibration values generated in the rfCalibrate function. This
function is useful in multiple-frequency applications where all frequencies are calibrated and
the calibration data is stored for each one.

Example:

INT8 cal values[2][2];
main ()

{

rfReset () ;
rfCalibrate();
rfReadCurrentCalibration(&cal values[0] [0], &cal values[0][1]);
sleep (5000) ; // Allow device to warm up
rfCalibrate();
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rfReadCurrentCalibration(&cal values[1] [0], &cal values[1][1]);

3.1.19. rfReadFromRegister

INT8 rfReadFromRegister (INT8 addr byte);

This function returns the current value from a module register. See appendix A for a list of
module configuration registers.

Example:
INT8 val;
val=rfReadFromRegister (RF CAL);

if (val & 0x08)

// calibration complete
Y/ *Xifx/

3.1.20. rfReadRom

LONGBOOL rfReadRom(unsigned INT8 addr byte, INT8 *data byte);

This function provides a way to read a single byte from the module’s on-board ROM and
returns it in *data byte. Valid addresses for addr byte range from 0 to 15. The function
returns 1 if successful or 0 if a failure occurred. There are custom functions available to return

the individual elements stored in the ROM. See rfGetSN, rfGetFreqCal25C, and
rfGetMatch

3.1.21. rfReadRSSI

unsigned INT16 rfReadRSSI (void) ;

Returns a 16-bit A/D reading (resolution determined by CPU) of the receive signal strength
indicator (RSSI).

3.1.22. rfReceivePacketsAvail

INT8 rfReceivePacketsAvail (void) ;

Interrupt Driven Only. This function returns the number of packets waiting in the packet
receive buffer. If the receiver is not active, the function will return 0. This function is actually

implemented as a macro in the RFAPI and makes a call directly to the UCAPI function,
ucReceivePacketsAvailRF.

See rfReceivingPacket for example
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3.1.23. rfReceivingPacket

LONGBOOL rfReceivingPacket (void) ;

Interrupt Driven Only. Checks to see if a packet is in the process of being received. The
function returns 1 indicating that a packet receive is in progress: 0 if not. A packet is
considered to be actively receiving when a preamble and packet header has been found, and
the packet engine is actively retrieving packet payload. This function is actually implemented
as a macro in the RFAPI and makes a call directly to the UCAPI function, ucReceivingRF.

Example:

char buf[MAX RF PACKET PAYLOAD SIZE];

if ((!'rfReceivePacketsAvail()) && (!rfReceivingPacket()))
{

// Turn on transmitter
rfTxMode (0XFF) ;

sprintf (buf, “Hello\r\n”);

// If function fails, buffer is full. Keep trying until buffer is
// empty
while (!rfPutPacket (buf, strlen (buf))):;

// Put packet contents onto UART
ucPutString (buf, strlen (buf));

}/*iE*/
3.1.24. rfReset

void rfReset (void) ;

Calling this function will reset the module. The module will be in sleep mode with frequency
registers set to optimized channel 25 (see r£SetChannel for explanation of channels) and a
deviation of 32kHz (Fsep = 64kHz). Manchester mode at 1.2kbps will be selected.

3.1.25. rfRxMode

void rfRXMode (void) ;

Activates the receive section and switches to RX state using predefined values for module.
This function assumes that the Rx frequency value is stored in freq register A. It also
assumes that the oscillator core, frequency synthesizer, and bias generator are already
operating. This function is separated from rfWakeToRx because waking requires additional
delays. To wake the module to the RX mode from sleep, use rfWakeToRx.

3.1.26. rfRxModeEx

void rfRxModeEx (INT8 current, INT8 pll, INT8 freq register);

This function accomplishes the same task as rfRxMode, but allows the programmer to
specify custom values for the CURRENT and PLL registers. It also allows the specification of
either the A or B frequency registers for receiver tuning. This function is separated from
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rfWakeToRxEx because waking requires additional delays. To wake the module to the Rx
mode from sleep, use rfWakeToRxEx instead.

Example:

// Selects Rx Mode, but uses “low power” current settings. It is assumed that
// the current FREQA registers are populated with optimal channel 25 values.

rfRxModeEx (0x88, rf 915 optimal channel array[24] [optRefDiv] << 3, fsFREQA);

3.1.27. rfSetChannel

LONGBOOL rfSetChannel (INT8 band, INT8 channel, INT16 offset);

This function sets the module up for communications using the provided channel for a given
frequency band (fb915MHz, fb868MHz). Offset provides a way of "fine tuning" the center
frequency. When selecting a channel, the frequency registers, refdiv setting, and frequency
separation values are all updated. There are 49 optimized channels for the 902-928MHz band
and 34 optimized channels for the 868-870MHz band. It should be noted that the 868MHz
channel table contains channels that overlap, as well as channels that provide negated output
from the chipset. These channel tables were taken from the chipset manufacturer. Appendix
B details the channel tables.

Example:

INT16 fcal;
fcal=rfGetFreqCal25C (fb915MHz) ;

// Automatically set channel to 25, applying offset to Tx.
rfSetChannel (fb915MHz, 25, fcal):;
rfCalibrate();

3.1.28. rfSetDeviation

void rfSetDeviation (INT1l6 deviation)

This function sets the peak-peak frequency deviation during transmit mode. Normally, the
frequency deviation is set in the rfSetChannel and rfSetChannelEx functions. The
user can override this setting by using this function. deviation is an 11 bit number that
determines the actual frequency separation used to transmit 1’'s and 0’s. See Section 4 for
more information on frequency and deviation programming.

3.1.29. rfSetFreqA

void rfSetFreqA (INT32 freq);

This function is used to set the frequency A register. The lower 24-bits of freq determine the
actual frequency. The calibration factor stored in the PROM should be applied to freqg to
ensure the accuracy of the frequency setting. This calibration factor should ONLY be applied
to the freq word if FREQ_A is to be used as a transmitter tuning register. The calibration
factor will actually degrade sensitivity if it is applied to receiver tuning parameters. See
Section 4 for more information on frequency and deviation programming.

Example:
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INT8 fcal;
INT32 freq a = 0x00D90000;
INT32 freq b = 0x00D9072B;

fcal=rfGetFreqCal25C() ;

// Manually set optimized channel 25, calibration factor applied to Tx ONLY
rfSetFreqA (freq a);

rfSetFreqgB (freq b - fcal);

rfCalibrate();

3.1.30. rfSetFreqB

void rfSetFreqgB (INT32 freq);

This function is used to set the frequency B register. The lower 24-bits of freq determine the
actual frequency. The calibration factor stored in the PROM should be applied to freqg to
ensure the accuracy of the frequency setting. This calibration factor should ONLY be applied
to the freq word if FREQ_B is to be used as a transmitter tuning register. The calibration
factor will actually degrade sensitivity if it is applied to receiver tuning parameters. See
Section 4 for more information on frequency and deviation programming.

See rfSetFreqA for an example of usage.

3.1.31. rfSetMinimumFsep

LONGBOOL rfSetMinimumFsep (INT8 datamode, INT8 band, INT8 channel)

This function calculates the minimum Fsep for a modulation index of 0.7 and programs the RF
chipset for a given channel. It should be called following a call to rfSetChannel. If this
function is not called following a call to rfSetChannel, the Fsep will be set to a default 64kHz.

3.1.32. rfSetRefDiv

void rfSetRefDiv (INT8 refdiv) ;

Use this function to alter the reference divider independently of channel. Be aware that
altering the reference divider causes the meaning of the frequency words to change. It does
this because the reference divider determines the size of frequency jump each count in the
frequency registers represent.

3.1.33. rfSetTxPO

void rfSetTxPO (INT8 pa level)

This function is used to set the output power when in transmit mode. See section 5.0 for more
information on programming the output power.
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3.1.34. rfSetuplinterruptLockFlags

void rfSetupInterruptLockFlags (LONGBOOL *unlock flag, LONGBOOL
*lock flag);

Interrupt Driven Only. This function Sets up the pointers to variables that allow the main
routine to know when to lock and unlock the average filter. The packet engine will set

*lock flag when a preamble has been detected. Similarly, it will set *unlock flagonce
the packet has been received. This function can be used in conjunction with
rfUpdateLockFilter to control the state of the average filter. A call to
rfSetupInterruptLockFlags (0, 0) tells the packet engine to stop using the flags.

See rfUpdateLockFilter for an example.

3.1.35. rfSleep

void rfSleep (void) ;

This function will place the module into power-down(or sleep) mode. To enable the
transmitter or receiver from this state, use rfWakeToTx or rfWakeToTxEx and rfWakeToRx

or rfWakeToRxEx, respectively. For power specifications, refer to the appropriate EWD-
HDTC data sheet.

3.1.36. rfStopOverridingCalibration

void rfStopOverridingCalibration (void) ;

This function forces the module to use the calibration parameters from its last calibration
operation.

3.1.37. rfSwitchToRx

void rfSwitchToRx (void) ;

Sets the internal antenna switch to Rx segment. Does not energize the receiver or de-
energize the transmitter. See rfWakeToRx or rfWakeToRxEx to wake receiver. Similarly,
see rfRxMode and rfRxModeEx to activate the receiver / deactivate the transmitter.

3.1.38. rfSwitchToTx

void rfSwitchToTx (void) ;

Sets the internal antenna switch to Tx segment. Does not energize the transmitter or de-
energize the receiver. See rfWakeToTx or rfWakeToTxEx to wake transmitter. Similarly,
see rfTxMode and r£TxModeEx to activate the transmitter / deactivate the receiver.
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3.1.39. rfTransmitPacketsWaiting

INT8 rfTransmitPacketsWaiting (void) ;

Interrupt Driven Only. This function returns the number of packets waiting to be transmitted
in the packet transmit buffer. If the transmitter is not active, the function will return 0. This

function is actually implemented as a macro in the RFAPI and makes a call directly to the
UCAPI function, ucTransmitPacketsWaitingRF.

Example :

if (!rfTransmitPacketsWaiting())
{
// Turn on transmitter
rfRxMode (0XFF) ;

// Put packet contents onto UART
rfPutString (“Done Transmitting!!!\r\n”, 0);

}/*if*/
3.1.40. rfTransmittingPacket

LONGBOOL rfTransmittingPacket (void) ;

Interrupt Driven Only. Checks to see if the packet engine is in the process of transmitting
packets. The function returns 1 indicating that the packet engine is in the process of
transmitting packets: 0 if not. This function is actually implemented as a macro in the RFAPI
and makes a call directly to the UCAPI function, ucTransmittingRF.

3.1.41. rfTxMode

void rfTXMode (INT8 pa level) ;

Activates the transmitter section and switches to Tx state using the value specified in
pa_level for the power amp and other predefined values for the module. This function
assumes that the Tx frequency value is stored in freq register B. It also assumes that the
oscillator core, frequency synthesizer, and bias generator are already operating. This function
is separated from rfWakeToTx because waking requires additional delays. To wake the
module to the Tx mode from sleep, use rfWakeToTx instead.

3.1.42. rfTxModeEx

void rfTxModeEx (INT8 current, INT8 pll, INT8 pa level, INTS8

freq register);

This function accomplishes the same task as r£TxMode, but allows the programmer to
specify custom values for the CURRENT and PLL registers. It also allows the specification of
either the A or B frequency registers for transmitter tuning. This function is separated from
rfWakeToTxEx because waking requires additional delays. To wake the module to the Rx
mode from sleep, use rfWakeToTxEx instead.

Example:

// Selects Tx Mode, but uses “low power” current settings. It is assumed that
// the current FREQB registers are populated with optimal channel 25 values.
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rfTxModeEx (0xF2, rf 915 optimal channel array[24][optRefDiv] << 3, 0xF0, fsFREQA);

3.1.43. rfUpdateLockFilter

void rfUpdateLockFilter (LONGBOOL *unlock flag, LONGBOOL *lock flag);

Interrupt Driven Only. This function either locks or unlocks the average filter based on the
two status flags. If *unlock flag is 1, the average filter will be locked and

*unlock flagsetto0. Ifthe *1ock flagis 1, the average filter will be locked and
*lock flagwillbesetto0. *lock flag has precedence.

Whether you use these functions or not, when using NRZ or UART modes of operation,
you MUST lock the average filter after the preamble has been detected to ensure
reliable data delivery.

The packet engine will set flags during its operation. You can setup these flags with a call to
rfSetupInterruptLockFlags, which will tell the packet engine to start manipulating them.

Example:

INT8 buf size;

LONGBOOL _ LOCAL SEG  lock flag;
LONGBOOL _ LOCAL SEG _ unlock flag;

ucConfig () ;
rfReset () ;

// Set pointers for packet engine to use.
rfSetupInterruptLockFlags (&unlock flag, &lock flag);

rfWakeToRx () ;

while (1)
{
if (rfReceivePacketsAvail ()
{
buf size = sizeof (buf);
if (rfGetPacket (buf, buf size))
{
// Put packet contents onto UART
ucPutString (buf, buf size);
I /aiEs )
b/ agEs )

// Locks the average filter when a preamble is detected and
// unlocks the average filter when packet is complete.
rfUpdateLockFilter (&unlock flag, &lock flag);

}/*while*/

3.1.44. rfWaitForChar

LONGBOOL rfWaitForChar (char start byte, unsigned INT16

bit times to wait);

Polled Only. Monitors the RF interface for the byte specified in start_byte until it is found.
The RX section must be selected in order for this function to operate properly. This function is
not compatible with asynchronous UART mode.
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3.1.45. rfWaitForString

LONGBOOL rfWaitForString(char *find array, unsigned INT8 len);

Polled Only. Monitors the RF interface for the byte string specified in £ind array untilitis
found. Note that you must not specify a search array so large that the function cannot execute
the comparisons in a single bit-time. The function assumes that the data is sent least to most
significant byte, least significant bit to most. The RX section must be selected in order for this
function to operate properly. This function is not compatible with asynchronous UART mode.

3.1.46. rfWakeToRx

void rfWakeToRx (void) ;

Wakes up transceiver and places it into receive mode using predefined module constants.
This routine assumes that the receiver, transmitter, oscillator core, bias generator, and
frequency synthesizer are all powered down. Frequency register A is used to set the Rx VCO.
If the oscillator core and bias generator are running (i.e. not recovering from rfSleep),
rfRxMode is a faster, better choice.

3.1.47. fWakeToRxEx

void rfWakeToRxEx (INT8 current, INT8 pll, INT8 freq register);

This function accomplishes the same task as rfWakeToRx, but allows the programmer to
specify custom values for the CURRENT and PLL registers. It also allows the specification of

either the A or B frequency registers for receiver tuning. The function rfRxMode is a better,
faster alternative if the module is not sleeping.

Example:

// Wakes to Rx Mode, but uses “low power” current settings. It is assumed that
// the current FREQA registers are populated with optimal channel 25 values.

rfWakeToRxEx (0x88, rf 915 optimal channel array[24] [optRefDiv] << 3, fsFREQA);

3.1.48. rfWakeToTx

void rfWakeToTx (INT8 pa level);

Wakes up the transceiver and places it into transmit mode using predefined module constants.
The power level is determined by pa_level. This routine assumes that the receiver,
transmitter, oscillator core, bias generator, and frequency synthesizer are all powered down.
Frequency register B is used to set the Tx VCO. If the oscillator core and bias generator are
running (i.e. not recovering from rfSleep), r£TxMode is a faster, better choice.
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3.1.49. fWakeToTxEx

void rfWakeToTxEx (INT8 current, INT8 pll, INT9 pa level, INTS8

freq register);

This function accomplishes the same task as rfWakeToTx, but allows the programmer to
specify custom values for the CURRENT and PLL registers. It also allows the specification of
either the A or B frequency registers for transmitter tuning. The function r£TxMode is a
better, faster alternative if the module is not sleeping.

Example:

// Wakes to Tx Mode, but uses “low power” current settings. It is assumed that
// the current FREQB registers are populated with optimal channel 25 values.

rfWakeToTxEx (0xF2, rf 915 optimal channel array([24] [optRefDiv] << 3, 0xF0, £fsFREQA);

3.1.50. rfWriteToRegister

void rfWriteToRegister (INT8 addr byte, INT8 data byte);

This routine writes data_byte to register at address addr byte. The registers are defined
in rfapi.h.

Example:

rfWriteToRegister (RF_FREQ 2A, 0xD9)
rfWriteToRegister (RF_FREQ 1A, 0x00)
rfWriteToRegister (RF_FREQ 0A,0x00)

// setup 915 MHz operation

’
’
’

3.1.51. rfWriteToRegisterWord

void rfWriteToRegisterWord (unsigned INT16 addr and data);

This routine is the same as rfWriteToRegister except that it takes one 16-bit word
parameter that contains the address in the upper 8 bits and the data in the lower 8 bits.

Example:
rfWriteToRegisterWord (0x013F) ; //writes a 0x3F to register 0x01 (sleep)
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3.2. uCAPI

The uCAPI exports functions that provide access to the micro-controller hardware. The RFAPI makes
calls into this module. The version 1 uCAPI is targeted towards 8051 architecture. Specifically, the
Cygnal C8051F310/311 is targeted. If you wish to port the RFAPI to another processor, functions
labeled "Required for RFAPI" will have to be re-implemented on the target processor. If you know
that you will implement only one of the two models (Polled Only, Interrupt Driven Only), you can
omit functions specific to the other model.

In addition to the RFAPI interface functions, there are a number of utility functions that provide
convenient access to some of the 8051 peripherals. These functions are provided for your
convenience and are not required for porting.

The uCAPI is designed to provide RF communications access following one of two models: polled and
interrupt-driven. The interrupt-driven model is selected by default. To enable the polled model,
comment out the “#define INTERRUPT_DRIVEN_RF” statement in the UCAPI.h header file. The
following table details the functions available with each model.

Polled B0 Interrupt Driven
ucReadRFDataByte ucComBaud ucReadRFDataBit | ucGetPacketRF
ucWriteRFDataByte ucCominit ucReadRFProgByte
ucConfig ucReadSMBus ucReceivePacketsAvailRF
ucDelayTicks ucSetOscFreq ucReceivingRF
ucGetAnalog ucStartAnalog ucSetupForRxTx
ucGetChar ucTriState ucSetuplnterruptl ockFlagsRF
ucGetString ucWriteRFDataBit | ucTransmitPacketsWaitingRF |
ucKbhit ucWriteRFProgAddr
ucPutChar ucWriteRFProgByte
ucPutString delay cycles

* Function names in italics are not required for RFAPI or uCAPI implementation

Table 3: uCAPI function synopsis

3.2.1. delay_cycles
void delay cycles (unsigned INT8 cycles)

Required for RFAPI. This is a macro expansion of _nop_ instructions (1-cycle) used by the
uCAPI to implement hard delays.

3.2.2. ucComBaud

LONGBOOL ucComBaud (unsigned INT8 baud) ;

This routine sets up the timer hardware that generates the baud rate for the hardware UART.
The following table lists the symbolic constants that may be passed as the parameter to this
function. This function is not required by RFAPI.
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Constant Baud Rate
ubr1200 1,200 bps
ubr2400 2,400 bps
ubro9600 9,600 bps
ubr14400 14.400 bps
ubr19200 19,200 bps
ubr28800 28,800 bps
ubr38400 38,400 bps
ubr57600 57,600 bps
ubr76800 76,800 bps
ubr115200 115,200 bps

Table 4: Hardware UART baud rate symbolic constants

3.2.3. ucComlnit

void ucComInit (void) ;

Initializes the communications port to 1,200 baud and sets up associated timers and
interrupts. This function is not required by RFAPI.

3.2.4. ucConfig

void ucConfig (void);

Initializes the micro-controller for operation with the RFAPI and uCAPI. It should be called
once at the beginning of main (). This function is not required by RFAPI, but it is HIGHLY
recommended that it be implemented.

3.2.5. ucDelayTicks

char ucDelayTicks (unsigned INT16 delay) ;

Required for RFAPI. This function uses NOPs to generate a delay of delay microseconds,
approximately. This function is written for the C8051F310/311 running at 24.5MHz and will
have to be modified for other processors and speeds. Each tick should be no less than one
microsecond; if there is error in timing, ensure that each tick is more than on microsecond.

3.2.6. ucGetAnalog

unsigned INT16 ucGetAnalog(void) ;

Required for RFAPI. Finishes the analog conversion process and returns the A/D result. This
MUST be preceded by a call to ucStartAnalog otherwise the result will be indeterminate.
Returns a 16-bit (10-bit resolution) A/D result. This function is used to read the receive signal
strength indication (RSSI).
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3.2.7. ucGetChar

char ucGetChar (void) ;

Gets a character from the UART receive ring buffer. If none are available, the routine waits
until there are. This function is not required by RFAPI.

Example:

#define ACK 0x06

char buf[4];

if (ucKbhit())
{
if ((unsigned char)ucGetChar () == OxFF)
{
// Get fixed-length message
ucGetString (buf, 4);

// Send ACK to client
ucPutChar (ACK) ;
// Send human-readable response
ucPutString (“Message Retrieved\r\n”, 0);
b/ AaEx/
§ /A ES )

3.2.8. ucGetPacketRF

LONGBOOL ucGetPacketRF (char *buf, INT8 *num chars);

Required for RFAPI. Interrupt Driven Only. Gets a packet from the receive packet buffer. If
none are available, the function waits until there are. This function only works when
INTERRUPT_DRIVEN_RF is selected.

3.2.9. ucGetString

void ucGetString(char *buf, INT8 num chars);

Gets a string of characters of size num_chars from the receive buffer and places them in the
supplied buffer, buf. If the ring buffer does not contain enough characters to satisfy the
request, the routine waits until there are. This function is not required by RFAPI.

See ucGetChar for an example.

3.2.10. ucPutChar

Sends a character, c, to the transmit ring buffer and jumpstarts the UART if necessary.

See ucGetChar for an example. This function is not required by RFAPI.
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3.2.11. ucPutPacketRF

LONGBOOL ucPutPacketRF (char *buf, INT8 num chars);

Required for RFAPI. Interrupt Driven Only. Gets a packet from the receive packet buffer.
If none are available, the function waits until there are. This function is only available when
INTERRUPT_DRIVEN_REF is #defined.

3.2.12. ucPutString

void ucPutString(char *c, INT8 len)

Sends a string of characters, c, of size 1en to the transmit buffer and jumpstarts the UART if
necessary. This function is not required by RFAPI.

See ucGetChar for an example.

3.2.13. ucKbhit

unsigned INT8 ucKbhit (void) ;

Returns UART receive buffer length (in characters). This function is not required by RFAPI.
See ucGetChar for an example.

3.2.14. ucReadRFDataBit

void ucReadRFDataBit (unsigned INT8 *working byte) ;

Required for RFAPI. Captures an RF data bit and shifts into the least-significant bit of the
given *working byte. There are two implementations in the uCAPI: an inline macro
expansion and a function. You can select which implementation is compiled into the uCAPI
and RFAPI by either commenting out or leaving the #define for INLINE RF BIT FUNCS,
found in the uCAPLh header file. By default, #define INLINE RF BIT FUNCS is
uncommented (active), which results in a macro expansion rather than a function call. This
function uses I/O pin defines, D10 and DCLK, both found in the uCAPI.h header file.

3.2.15. ucReadRFDataByte

void ucReadRFDataByte (void) ;

Required for RFAPI. Polled Only. Captures an RF data byte one bit at a time. This function
assumes that the data is sent least significant bit to most significant bit. This function uses 1/O
pin defines, DIO and DCLK, both found in the uCAPI.h header file.
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3.2.16. ucReadRFProgByte

unsigned INT8 ucReadRFProgByte (void) ;

Required for RFAPI. Captures an RF chipset register byte one bit at a time. This function
uses I/O pin defines, PDAT and PCLK, both found in the uCAPI.h header file.

3.2.17. ucReadSMBus

BOOL ucReadSMBus (unsigned INT8 cmd byte, unsigned INT8 addr byte,
INT8 *data byte);

Required for RFAPI. Reads a single byte from an SMBus (12C) peripheral. Returns a 1 if the
read was successful, returns a 0 if the read failed.

3.2.18. ucReceivingRF

LONGBOOL ucReceivingRF (void) ;

Required for RFAPI. Interrupt Driven Only. Returns a Boolean value indicating whether
the RF interrupt routine is tracking a packet (found a preamble) or not (still searching). Returns
a 1 if the RF interface is receiving a packet, returns a 0 if otherwise. This function only works
when INTERRUPT_DRIVEN_REF is selected. This is the content for the shell function
rfReceivingPacket.

3.2.19. ucReceivePacketsAvailRF

INT8 ucReceivePacketsAvailRF (void);

Required for RFAPI. Interrupt Driven Only. This function returns the number of packets
waiting in the packet receive buffer. If the receiver is not active, the function will return 0. This
function is the content of the RFAPI shell function, rfReceivePacketsAvail.

See rfReceivePacketsAvail for example

3.2.20. ucSetOscFreq

void ucSetOscFreq(unsigned INT8 osc freq select);

Sets up the internal oscillator frequency to the integer constant defined by
osc_freq_select. Currently, there are only two constants defined - ofs22 1184MHz for
22.1184MHz and ofs24 5MHz for 24.5MHz. By default, ucConfig selects the maximum
internal oscillator speed, 24.5MHz. This function is not required by RFAPI.
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3.2.21. ucSetupForRxTx

void ucSetupForRxTx (unsigned INT8 mode) ;

Required for RFAPI. Interrupt Driven Only. Sets up the micro-controller for either
transmission or reception based on the mode parameter. This function is used in conjunction
with INTERRUPT_DRIVEN_RF.

3.2.22. ucSetupinterruptLockFlagsRF

void ucSetupInterruptLockFlagsRF (LONGBOOL *unlock flag, LONGBOOL
*lock flag);

Required for RFAPI. Interrupt Driven Only. This function Sets up the pointers to variables
that allow the main routine to know when to lock and unlock the average filter. The packet
engine will set *1ock flag when a preamble has been detected. Similarly, it will set
*unlock flag once the packet has been received. This function can be used in conjunction
with rfUpdateLockFilter to control the state of the average filter. A call to
ucSetupInterruptLockFlagsRF (0, 0) tells the packet engine to stop using the flags.
This function is the content for the RFAPI shell function rfSetInterruptlLockFlags.

See rfUpdateLockFilter for an example.

3.2.23. ucStartAnalog

LONGBOOL ucStartAnalog(unsigned INT8 ucPort, unsigned INT8 ucPin);

Required for RFAPI. Begins the analog reading process for a pin given the Port and Pin. The
pin must already have been defined as an analog input. Returns a 1 if successful, returns a 0
if failed. This function is used to read the receive signal strength indication (RSSI).

3.2.24. ucTransmitPacketsWaitingRF

INT8 ucTransmitPacketsWaitingRF (void);

Required for RFAPI. Interrupt Driven Only. This function returns the number of packets
waiting to be transmitted in the packet transmit buffer. If the transmitter is not active, the
function will return 0. This function is the content of the RFAPI shell function,
rfTransmitPacketsWaiting.

See rfTransmitPacketsWaiting for example

3.2.25. ucTransmittingRF

LONGBOOL ucTransmittingRF (void) ;

Required for RFAPI. Interrupt Driven Only. Returns a boolean value indicating whether the
RF interrupt routine is transmitting a packet (buffer not empty) or not (buffer empty). Returns a
1 if transmitting a packet over RF interface, returns a 0 if otherwise. This function only works
when INTERRUPT_DRIVEN_RF is selected. This is the content for the RFAPI shell function
rfTransmittingPacket.
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3.2.26. ucTriState
LONGBOOL ucTriState (unsigned INT8 ucPort, unsigned INT8 ucPin,

unsigned char direction);

Required for RFAPI. Change the "direction” of a general purpose I/O pin. If direction is
tsINPUT, the GPIO pin will be configured as a HiZ input. If direction is tsoUTPUT, the GPIO
pin will be configured as a push-pull output. 8051 GPIO pins, as well as many other micro-
controller types, are arranged in 8-pin banks called ports. This port number is what the
ucPort parameter refers to. Similarly, the ucPin parameter is 0-based index into this port.
This function can use I/O port and pin #defines found in the uCAPI.h header file (e.g.

PORT PALE, PIN PALE).

3.2.27. ucWriteRFDataBit

void ucWriteRFDataBit (unsigned INT8 *working byte) ;

Required for RFAPI. Sends an RF data bit and shifts the sent bit out of the source byte.
There are two implementations in the uCAPI: an inline macro expansion and a function. You
can select which implementation is compiled into the uCAPI and RFAPI by either commenting
out or leaving the #define for INLINE RF BIT FUNCS, found inthe uCAPI.h header file.
By default, #define INLINE RF BIT FUNCS is uncommented (active), which results in a
macro expansion rather than a function call. This function uses I/O pin defines, D10 and
DCLXK, both found in the uCAPI.h header file.

3.2.28. ucWriteRFDataByte

void ucWriteRFDataByte (unsigned char byte to send);

Required for RFAPI. Polled Only. Sends a data byte out the RF interface least significant
bit first. This function uses 1/O pin defines, DI0 and DCLK, both found in the uCAPI.h header
file.

3.2.29. ucWriteRFProgAddr

void ucWriteRFProgAddr (unsigned INT8 addr byte, BOOL r w) ;

Required for RFAPI. Sends a RF chipset register address one bit at a time. Ther_w
Boolean flag is used to tell the chipset whether you will be reading (1) or writing (0) a register
value. This function uses I/O pin defines, PDAT, PCLK, and PALE, all found in the uCAPI.h
header file.

3.2.30. ucWriteRFProgByte

void ucWriteRFProgByte (unsigned INT8 data byte);

Required for RFAPI. Writes a programming byte to the RF chipset. Must be preceded by a
call to ucWriteRFProgAddr. This function uses 1/O pin defines, PDAT and PCLK, both found in
the uCAPI.h header file.
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4. Frequency Programming

The EWD-HDTC transceiver module contains two frequency-programming registers (FREQA and
FREQB). Generally, the frequency programmed into FREQA is used for receive and the frequency
programmed into FREQB is used for transmit.

The FREQA and FREQB registers are programmed using the rfsetFreqa and rfsetFreqs functions
respectively. Each of these functions is passed a 32-bit value, the lower 24-bits of which determine
the actual operating frequency. The following equation is used to determine the 24-bit value required
to obtain a particular frequency:

Fe(MHz) = Frof x FREQA+8192
16384
Designer’s Note
FREQA - (Fc(MHz)x16384j_8192
Fref

Fxtal = 14.7456MHz

Equation 1: FREQx register calculation

This equation works for both the FREQA and FREQB registers.

Fxtal(MHz)
REFDIV

Equation 2: Fref calculation

Fref(MHz) =

The reference frequency, Fref, is derived from the crystal frequency, Fxtal, through division by the 4-bit
REFDIV, which is in the PLL register. Fxtal is always 14.7456MHz. For more information about the PLL
register, see Appendix A. Values for REFDIV are selected to provide optimum frequency matching.
However, only REFDIV values of 6 — 14 are valid for this module.

Example:

Question: What FREQA value will yield an operating frequency of 915 MHz?

Solution: Step 1: Calculate Fref

Fref(MHz) = 14.7456

— Fref (MHz) =1.8432MHz
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Step 2: Calculate FREQA

FREQAZ‘[MJ_M‘

1.8432
= FREQA =8125141dec(0x7BFAD5hex)

Frequency deviation is programmed using the RFAPI function rfSetSeparation. Separation is
calculated using the following equation.

separation

16384
Equation 3: Fsep calculation

5. Output Power Programming

In transmit mode, the output power is programmed using the RFAPI function r£SetTXPO. Figure 9
shows the relationship between the variable power and the actual transmit power.
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Cutput power RF frequency 433 MHz RF frequency 868 MHz
[dBm] PA_POW Current consum pticn, PA_POW Current consumption,
[hex] Iyp. [mA] [hex] typ. [maA)

-20 01 5.3 a2 8.8
-10 01 5.9 o2 2.8
-15 i 7.1 [iE] 2.0
-17 a2 71 a3 .0
-16 i 7.1 Od 2.1
-15 03 7.4 a5 0.3
-14 03 7.4 05 0.3
-13 03 7.4 05 2.5
-12 04 78 o7 0.7
-11 04 7.8 i .8
-10 05 7.8 i} 10.1
-G 05 7.8 [i]] 104
-8 06 8.2 oc 108
-7 o7 8.4 o 102
-G 0a a.7 oF 11.1
-5 0g 2.9 40 132
-d 048 0.8 50 14.5
-3 [z} 0.4 50 14.5
-2 oc a7 &0 151
-1 0E 10.2 70 158
4] 0OF 10,4 &0 162
i 40 11.8 a0 17.2
Z 50 128 B 185
3 50 12.8 co 102
] 5] 13.8 Fi 213
5 70 14.8 FF 254
[ B0 158

7 ai 16,2

a [=] 200

] ED 2.1

0 FF 267

Figure 9: Output power programming information

6. Calibration

The EWD-HDTC module can be automatically calibrated to compensate for voltage, temperature, and
process variations. rfCalibrate should be called each time the operating frequency changes by

more than 1 MHz. If the power supply voltage changes by more than .5V or the operating temperature
changes by more than 40 degrees C, the calibration should be performed again.

The automatic calibration does not compensate for temperature and process variations that affect the
operating frequency of the reference crystal. The crystal is calibrated in the test stand at the factory
and a frequency offset at 25 degrees C is stored in PROM on the module. This allows the module to
be calibrated to +/- 10ppm accuracy. The following code example shows how to use the crystal
calibration and auto calibration functions.

FCAL=rfGetFreqCal25C (fb915MHz) ;
rfSetFreqgB (FREQB, FCAL) ;
rfRXMode () ;

if (!rfCalibrate())

error handler();

In this example, the crystal calibration value (FCAL) is retrieved from the module and added to the
frequency programming value (FREQB) to determine a calibrated center frequency at 25 degrees C.
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The calibration constant should ONLY BE APPLIED TO THE TX REGISTER. Then, the automatic
calibration routine is executed. If a non-zero value is returned, there is a problem with the module,
which prevents it from calibrating using the current frequency settings at the current operating voltage
and temperature.

Frequency (MHz) Calibration
Time(mSec)
315 34
418 29
433.92 29
868 20
915 20

Table 5: Approximate calibration time based on operating frequency

7. Timing recovery and data detection

The EWD-HDTC module has built-in circuitry for data clock recovery and data detection. Data
detection is performed by over-sampling and digital filtration of the incoming demodulated signal.

In Manchester mode, the timing recovery circuit controls the sample clock. This greatly simplifies the
data reception software and hardware requirements of the user’s circuit. In UART mode, the sample
clock is free running. Thus, data reception performance will always be better at low signal levels when
using Manchester mode.

The data decision circuit evaluates the demodulated signal level to determine if the data output should
be a one or a zero. To accurately discriminate between a one and a zero, the data decision circuit
uses a decision threshold that is in-between the zero level and the one level. If the data pattern is
101010101010, then the decision threshold is simply the average voltage of the demodulated data.

In the EWD-HDTC, the averaging filter establishes the decision threshold. At the beginning of each
transmission, the transmitting module must send a pre-amble pattern of 1010.... During this period,
the receiving module’s averaging filter calculates the decision threshold. Once a valid pre-amble is
detected and the averaging filter has established the decision threshold, the averaging filter is locked
and actual data can be sent from the transmitting module.

The averaging filter can be set to lock automatically using the RFAPI function rfAverageAutoLock.
When the UART data mode is used, the automatic locking feature can be used to simplify the software
burden of the host micro-controller. However, in auto-lock mode, the averaging filter does require a
longer pre-amble than the manual-lock mode. The recommended pre-amble is 32-bits for the auto-
lock mode.
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If the requirement is for a shorter pre-amble, the user should manually lock the averaging filter using
the RFAPI function rfAverageManualLock once a valid pre-amble is detected. The minimum pre-
amble is 16-bits when using manual-lock mode.

while (1) // infinite data reception loop
{
rfAverageFreeRun () ; // averaging filter is free-running
while (ucGetChar () !=PREAMBLE) ; // wait for pre-amble byte
while (ucGetChar () !=PREAMBLE) ; // wait for pre-amble byte
rfAverageManualLock(); // we have a valid pre-amble, so lock the averaging filter
while (ucGetChar () !=STARTBYTE); // wait for start byte of packet

put code here to receive and validate packet

The above exampile illustrates a polled method of receiving a packet. Initially, the averaging filter is
free running because we are not confident that we are receiving a valid signal. Once we get two pre-
amble bytes in a row, we can assume that we have locked onto a valid carrier from another module
and that our averaging filter has settled, so we manually lock the filter and begin receiving the packet.

In Manchester mode, we recommend that the averaging filter be kept free-running. The module can
be placed in this mode using the RFAPI function rfAverageFreeRun.

Regardless of the data mode selected, the data to be transmitted should be packetized to include, at a
minimum, the pre-amble and data payload. For more information about data packetization, please
refer to Section 9.

Diata to be received

Moise | Preamble | MRZ data | Moise

IRKl PD | Rx
| |Avmn§ngﬁlﬂrﬁea{uninginﬂllﬁd| HAoreraging fiter locked

.

Automati cally locked after a short perod depending on “SETTLING™

Figure 10: Automatic locking of averaging filter
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" Data package to be raceived ’

Moise | F'reernhla| MRZ data | Naige
FD I R
Aweraging filker free-runming HAveraging filter lockad

Manually locked after preamble is detected

Figure 11: Manual locking of averaging filter

Deta package fo be received

L J

il
-

Mloise | Prearrua| Manchester encoded data Moise

PD 228

Axaraging filker always free-running

Figure 12: Free-running averaging filter

8. Sending and receiving data

DIO (pin 13) and DCLK (pin 12) are used to send and receive data to and from the module.

In Manchester mode, DCLK is driven by the module at the programmed data rate. If the module is in
transmit mode, DIO is an input and the host micro-controller will shift data bits in on the falling edge of
DCLK. In this mode, DIO is sampled by the module on the rising edge of DCLK. If the module is in
receive mode, DIO is an output and the module will shift data bits out on the rising edge of DCLK. In
this mode, DIO should be sampled by the host micro-controller on the falling edge of DCLK. All
encoding and decoding is performed in the module. In this mode, the pre-amble consists of a
repeated 10101010 pattern.

In UART mode, timing recovery is disabled. DCLK is the transmit data input and DIO is the received
data output. In this mode, the pre-amble consists of a repeated 10101010 pattern.

In either mode, data should be packetized with a minimum of the pre-amble, a start byte sequence,
and the data payload. An extra byte is required in UART mode to ensure that the receiving UART is in
sync with the transmitting UART.
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Pre-amble (0xAA’s)

Start Code (0x55)

Data Payload

Figure 13: Simple packet for Manchester mode

Pre-amble (0xAA’s)

UART Sync(0xFF)

Start Code(0xFE 0x01)

Data Payload

Figure 14: Simple packet for UART mode

Transmitter side:

o JUTULIUUL
oo _MNIL
UL

Receiver sides

UL
o[V
o T

Figure 15: Manchester data timing

Transmitter side:

o UM

DCLK

Data provided by microcontroller (NREZ)

Clock provided by CC1000

FSK modulating signal {Manchester encoded),
infernal in CCLD0

Demodulated signal (Manchester encoded),
infernal in CCL0O0
Clock provided by CC1000

Data provided by CC1000 (NRZ)

Data provided by UART (TXIN

PCLK is not used in transmit mode.

Used as daia outpul in receive mode,

F5K modulating signal,
imernal in CC10G0

Demodulated signal,
imemal in CC1000

DIO is not used in receive mode, Used only

Figure 16: UART data timing

85 datn input in transmii mode,

Synchronised data owtpit provided by CC1000.
Connect to UART (RXD).

© 2002-2003 Radiotronix Inc.

All Rights Reserved

-36 -

3/19/2003




EWD-900-HDTC 128 Channel FSK Data Transceiver User's Manual

O 00505131304 1

o (L i

X -~
Time

Figure 17: Manchester encoding detail

9. Low power operation

The module can be placed in a low-power sleep state by calling the RFAPI function r£Sleep. Refer to
the appropriate EWD-HDTC data sheet for power consumption specifications in this mode. In sleep
mode, the micro-controller should tri-state PALE to eliminate leakage currents into the module.

When in the sleep state, the module can be awakened into either receive or transmit mode by using
the RFAPI functions rfWakeToRx or rfWakeToTx, respectively.

10. RSSI output

The EWD-HDTC provides an analog indication of received Designer’s Note
signal strength in receive mode. The general response of
the RSSI output is shown in figure 16. The RSSI output

does require a filter capacitor to ground. The value of this

The RSSI pin requires a

capacitor will affect how quickly the RSSI can respond to filter capacitor to
changes in signal strength. A higher value will give a more ground. We recommend
accurate (less noisy) value with a slower response. A lower a value of 1nF for most

value will give a less accurate (more noisy) value with a
faster response. If a fast response time is required, we
recommend filtering the RSSI digitally by sampling with an A/D converter and calculating the mean
(not average) value of the collected samples. For more information about this technique, please
consult our technical support department.

cases.
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Figure 18: RSSI response

11. Printed circuit board layout

We recommend a 2-layer board with a large ground-plane on the bottom layer. The only critical layout
considerations when designing a PCB using the EWD-HDTC module are sufficient grounding and the
connections between the antenna and the module. Our RA.D. kit PCB is a good reference.
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0000000000000 0OROOO 00900 SHNDT

0000000000000 0000000009 08 alnid lovelopmem
0000000000000 00000000000008,,;;
0000000000000 00COOOOOOOO Ol 4 M
XIS YR NR SRS NR Y Y X X MR curd
00000000000 0000000CCCCRR0S
eeooeoe 230988
escecsee E 2Ez é
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Figure 19: RA.D. kit PCB - bottom layer
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Figure 20: RA.D. kit PCB - top layer

12. Optional LC filter for improved harmonic performance

Although not required for proper operation, we do recommend that an external LC filter be added
between the antenna and the module to simplify regulatory approvals.

_T_'12‘-"1Jll'-w;::;?l _T_CH
L1

Item 315 Mz 433 Mtz BEB MHz 815 MHz
C71 30 pF 20 oF 10 oF 10pF
Crz 30 pF 20 pF T0oF 0pr
] 15 nH 12 nH 5.6 nHl .7 e

Figure 21: Optional filter for improved harmonic performance
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Appendix A: Configuration Registers

The EWD-HDTC is configured by programming twenty-nine 8-bit registers. An additional 7 registers
are used for test purposes. Normally, we do not expect that the user will need to individually access
these registers when the RFAPI is used. However, to support situations where the RFAPI is
inadequate, we are publishing a detailed description of the registers.

REGISTER OVERVIEW

ADDRESS Byte Mame | Descriplion

Qoh __MAIN MAIN Register
01h FREQ 24 Frequency Register 26
02h FREQ 1A Frequency Registar 14
Oah FREC_0A | Frequency Register U5
04h FREQ 28 Fraguency Registar 28
05h FREQ 1B Fraquency Registar 18
Q06h FREQ 08 Fraguency Reqister 08
QO7h FSEP1 Frequency Separation Register 1
0sh FSEPOD | Frequency Separation Register 0
0%h CURRENT Current Consumplion Control Register
OAR FRONT_END | Fronl End Control Register
0Bh PA_POW P& Qutput Power Conlrol Register
0Ch PLL PLL Contral Register _
[i]a]} LOCK LOCK Status Register and slgnal seleet to CHP_ QOUT {(LOCK) pin
DEh CAL VGO Calibration Control and Status Register
OFh MODEMZ | Moderm Confrol Reqister 2
10h MODEM1 Moderm Control Register 1
11h mc:q!ma Modem Conirol Register 0 _
12h MATCH Match Capacitor Array Control Register for BX and TX impedance matching
1ah FSCIRL Frequency Synihesiser Conliol Register
14h FEHAPET Frequency Shaping Register 7
15h FSHAPES Frequency Shaping Reglster &
16h FSHAPES Fraguency Shaping Realster 5
17h FSHAPE4 Frequency Shaping Reglster 4
18h FEHAPE Fraquency Shaping Realster 3
1%h FSHAPEZ Frequency Shaping Reglster 2
TEh FSHAPET | Frequency Shaping Register 1
1Bh FESDELAY Frequency Shaping Delay Register
1Ch PRESCALER | Prescaler and |F-strip test conirol register
40h TESTE Test register far PLL LOCP
41h TESTS Tesl register for PLL LOOP
42h TEST4 Test register for PLL LOOP
43h TEST2 Test register for VGO
44h TEST2 Tesl register for Cakbrabon
45h TESTH Test register for Calbration
46h TESTD Tesl regisler for Calbration

© 2002-2003 Radiotronix Inc. -40 - 3/19/2003

All Rights Reserved



EWD-900-HDTC 128 Channel FSK Data Transceiver

User's Manual

IMAIN Register (00h)

REGISTER MAME Default | Active | Description
valua
A RETX - - HATX swilch, 0 RX , 1. TX
PAAIN[E] F_REG - - Selection of Freguency Reglster, 0! Register A, 1 :
Register B
PAAIM[S] R¥_PD - H Power Down of LMA, Muer, IF, Demodulator, RX part of
_ Slgnal Interface
PAAIMN[4] Tx PD - H Power Down of TX part of Signal Interface, PA
PRI F& PO - H Power Down of Freguency Synthesiser
IAAINEZ CORE PD - H Power Down of Crystal Oscillator Core
PARIM[1 BlAS PD - H Power Down of BIAS (Global_Current_Generator)
_ and Crystal Osdillator Buffer
PARIM[D] RESET_N - L Reset, active low. Wriling RESET_N low will write default
values to all other registers than MAIN. Bits in MAIN do
not have a default value, and will be written directly
thraugh the configurations interface. Must be set high to
complete resetl.
FREQ 2A Register (01h)
REGISTER MAKME Default Active | Description
valua
FEEﬁ-ﬁ 70 _I'-'EEC}-.C-.[23.1E] o1110101 B B IMSE of requency contral word &
FREQ 1A Register (02h)
REGISTER MNAME Default Active | Description
_ valua
FREQ 1A[7:0] FREQ A[15:a] | 10100000 - Bit 15 to & of frequency control word A
FREQ 04 Register (03h)
REGISTER MNAME Default Active | Description
valua
FREZQ OA[F:0] FREQ A[7:0] 11001011 - 8 LSB of frequency control word A
FREQ 2B Register (04h}
REGISTER MAKME Default Active | Description
valua
FREQ 28B[F:0 FRECQ B[23:18] | 011104101 - 8 MSE of fraguamﬁ conirol word B
FREQ 1B Register (05h)
REGISTER MNAME Default Active | Descrption
_ valug
FREQ 1B[7:0] FREQ E[15:8] | 10100101 - Bit 15 to 8 of fraguency contrel word B
FREQ OB Register (05h)
REGISTER MAKME Default Active | Descrption
valua
FREQ UB[F0] | FREQ Blr0] | oloo1iio - B LSH ol liequency control word B
— _
FSEP1 Register (07h)
REGISTER MNAME Default Active | Descrplion
valus
FSEP1[7:3 - - Mat used
FSEP1[2:0 FSEP MSB[2:0) Q00 3 MSE of frequency separation contral
FSEPO Register (08h)
REGISTER MAME Drefault Active | Description
valug
FEEPQ[7.0] FSEF LS8(7.00 | 01011001 & LSE of rrﬁuenﬂ suparation control
_ I
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CURRENT Reglster (03h)

REGISTER MNAME Default | Active | Description
valug
CURRENT[7:4] | VCO_CURREMNT[2:0] 1100 - Control of current in VCO core for TX and RX
0000 - 1508
0001 - 25008
0010 - 2584
0011 - 45004
0100 - 85004, wse for R, f= 400 - 500 MHz
0101 - 105004
0110 - 11808
0111 - 1280048
1000 - 145004, use for R, f<400 MHz and =500
MHz; and TX, f= 400 - 500 MHz
1001 - 158008, use for TH, f<400 MHz
1010 - 165014
1011 - 175008
1100 - 2250148
1101 - 23808
1110 - 248008
1111 - 25850048 use for T f=500 MHz
CURRENT]2:2] Lo DRIVE[1:10) 10 Control of current in VCO buffer for LO drive
00 - 0.5mé, use for TX
01:1.0mA | e for RX, f<500 MHz
10 - 1.5mid,
11 2.0mA, use for B, =500 MHz
CURRENT]1:0] PA_DRIVE[1:0) 10 Control of current in VCO buffer for PA
00 : 1ma&, use for RX
01: 2ma, use for TX, f<500 MHz
10 - 3ma
11 - Ami, usa for TX, =500 MHz
FRONT END Rﬁusmr Eu.-!th]
REGISTER MAME Default | Active | Description
value
FROMT EMND[/E - (1] Mot used _
FRONT_END(S) BUF_CURRENT o Control of current in the LNA_FOLLOWER
0 520uh, use for =500 MHz
11 690uA, use for =500 MHz
FROMNT_END([4:3] LM&_CLURRENT | - Control of current in LNA
[1:0] 00 - 0.8mé, use for <500 MHz
01 - 1.4ma
10 : 1.8mé, use for =500 MHz
11:2.2mb
FRONT_END{2:1] IF_RSSI[1:0] ] Controed of IF_RSSI pin
00 : Intermal IF and demodulater, RSS! inactive
01 : RESl active, RSSINF is analog RSS! oulput
10 : External IF and demodulator, RSSIAF i
mixer outpul. Intemal IF in power down mode.
_ _ 11 - Mot used
FRONT_END[H XOSC_BYPASS [¥] - 0 Internal X2SC enabled

1 : Power-Down of XOSC, external CLK used
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Pa POW Register (0Bh)
REGISTER MAME Default | Active | Descripbicn
valug

Pa_POW[r 4] | PA_HIGHPOWERS.D] || o000 - ConLol G GULPUL pOwer I Migh power array.
Should be 0000 in PO mode . See Table 10

_ page 29 for details.

Pa_POWE:0] PA_LOWPOWER[3:0] 1111 - Control of output power in low power array
Should be 0000 in PD mode. See Table 10
page 29 for details.

PLL Hﬂlsml (OCH) -
REGISTER MAME Default | Active | Description
value

PLL[7] EXT_FILTER i) - 1 : External loop filter
0 Internal loop filter
1-te-0 transition samples F_COMP
cormparator when BREAK_LOOP=1

_ (TEST3)

PLL[&:3] REFDIV[3:0] 0010 - Reference divided
0000 : Mot allowed
0001 : Mot allowed
0010 : Divide by 2
001 Divide by 3
1111 : Divide by 15

PLL[2] ALARM DISABLE [¥] h 0 : Alarin function enabled
1 : Alarm function disabled

PLL[1] ALARM_H - - Status bil for Wwning voltage out of range
{too close 1o VDD

PLL[O) ALARM_L - - Status bl for Wwning voltage out of range
{loo close to GHDY
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LOCE Rug slar yﬂDn}

REGISTE
R

MAME

Default
value

Active

Description

TOCKITA] | LOCK_SELECT 0]

Qooo

Selection of signals to CHP_OUT (LOCK) pin

0000 : Marmal, pin can be used as CHP_OUT
0001 : LOCK_CONTINUOUS {active high)
0010 @ LOCK_INSTANT {active kigh)

0011 : ALARKM H (active high)

0100 : ALARM_L (active high)

0101 : CAL_COMPLETE (active high)

0110 : IF_OUT

0111 : REFERENCE_DIVIDER Output

1000 : TX_PDB (active high, activates external
P& when TX_PD=0}

1001 : Manchester Viclation {active high)
1010 : RX_PDB {aclive high, activates external
LMA when RX_PD=0)

1041 : Mat defined

1100 : Mot defined

1101 : LOCK_AVG_FILTER

1110 : N_DIVIDER Qutput

1111 : F_COMP

LOCK] FLL_LOCK

ACCURACY

0: Sets Lock Threshold = 127, Reset Lock
Threshold = 111. Corresponds to a worst case
accuracy of 0.7%

1: Sels Lock Threshold = 31, Reset Lock
Threshold =15. Corresponds o a worst case
acturacy of 2.8%

LOCKZ] FLL_LOCK_

LEMNGTH

0 Mormal PLL lock window
1: Motusad

LOCK[1 LOCK INSTANT

Status bit from Lock Detector

LOCKD LOCK, _CONTINUCUS

Status bil from Lock Deteclar

CAL Register (0Eh)

REGISTER MAME

Default
i

Actve

Descripticn

CALLT] CAL_START

0

i T 1 1 Calibration started

0 : Calibration Inactive
CAL START must be set to 0 after
calibration ks done

CAL[E] CAL_DUAL

H 1 : Store calbration in both A and B

0 Store calibration in A or B defined by
hAIN[E]

CAL[S] CAL_WAIT

H | 1 Mormal Calibration Wait Time

0 : Half Calbration Wait Time

The calibration time |s proporticnal to the
internal reference frequency. 2 MHz

reference frequency gives 14 ms wail B,

CAL[4] CAL CURRENT

H 1 : Calibration Current Doubled

0 : Mormal Calibration Current

CAL[3| CAL_COMPLETE

H Status bit defining that calibration s

complets

CALZ.0] CAL_ITERATE

101

H Iteration start walue for calbration DAC

000 - 101: Not used
110 : Normal star value
111 - Not used
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MODEM2 Registar (OFh)
REGISTER MAME Default | Active | Description
valua
MOLEMZ[ T PEARDETEGT, 1 H Peak Detector and Rernover disabded
of enabled
0 : Peak detector and remover is
disabled
1 : Peak detector and remover s
enabled
[ W PEAK_LEVEL OFFSET[G.0] | 0010110 - Thresheld level lor Peak Remaver in
Demodulator. Correlated to freguency
deviation, see note_
Mote: PEAK_LEVEL_OFFSET|G:0] = . ;. whers f
F, L+ 5 8 e

8nd o oS- 2 e e NTAL oo

MODEM1 Registar {106h)

and Af is the separation

REGISTER MAME

Default
value

Active | Description

MODENMI[75] TALIMAIT

Sets the limit for the Manchester WViclation Flag.
A Manchester Value = 14 Is a parfect bit and a
Manchester Value = 0 is a constant level (an
unbalanced corrupted bit)

011 -

000 - Mo Violstion Flag is set

001 - Wiclation Flag is set for Manchester Value < 1
010 - Vielation Flag = set for Manchester Value < 2
011 - \iglation Flag is st for Manchester Value < 3
100 - Wiclation Flag is set for Manchester Value <4
101 - ielation Flag = set for Manchester Value < 5
110 - Viglation Flag iz set for Manchester Value <&
111 - Wiglstion Flag iz set for Manchester Value < 7

WMODEMT 4] LOCK_AVG_IN

Lock control bit af Average Filter

0 : Average Filter is frea-runming
1 : Average Filter is locked

WMODEMT[3] | LOCK_AVG_MODE

Autormatic lock of Average Filter

0 : Lock of Average Filter i controlled
autormatically

1 : Lock of Average Filter is controdled by
LOCK _AVG IM

MODENT[2-1] SETTLING[1.0]

11 - Settling Time of Average Filter

00 : 11 baud settling time, worst case 1.2dB loss in
sansitivity

01 : 22 baud settling time, worst case 0.6dB loss in
sansitivity

10 43 baud settling ime, worst case 0.3dB loss in
sansitivity

11 : 86 baud settling time, worst case 0.15dE loss in
sensitivity

MODEM1[0] | MODEM RESET N

Separate reset of MODEM
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[AODEMO Figustuf 115}

REGISTER MNAME Dellault Active | Description
value
I ELENEE] - - Mol used
MODEMO[E 4] BALIDEATE[2:0] 010 000 : 0.6 kBawd
001 @ 1.2 kBaud
010 : 2.4 kBaud
011 : 4.8 kBaud
100 9.6 kBawd
101 :19.2, 38.4 and 76.5 kBaud
110 : Mot used
_ 111 : Mot used
MODEMO[3-2] | DATA_FORMAT(1:0] m - 00 : NRZ operation.
01 : Manchester operation
10 : Transparent Asyncronous UART operation
_ 11 : Mot used
MODEMD[1:0] XOsSC_FREQ[1:0] a0 Selection of XTAL freguency range
00 - 3bAHz - 4MHz crystal, 3. 6864MHz
recormmended
Also used for T6.8 kBaud, 14.74560MHz
01 : 6MHz - 8MHz crystal, 7.3728MHz
recarmmended
Also used for 38.4 kBaud, 14.74560MHz
10 - 9hdHz - 1204Hz crystal, 11.0592 MHz
recormmended
11 2 12MHz - 16MHZ crystal, 14.74580MHz
recormended
_
MATCH Register {12h)
REGISTER MNAME Dafault Actve | Descrplion
value
MATCH[7 4] RX_MATCH[3:0] 0000 - Selects matching capacitor array valse for
RX, step size is 0.4 pF
0010: Use for RF frequency = 500 MHz
_ _ 0111: Use for BF frequency < 500 MHz
MATCH[3:0] TX_MATCH[2:0] 0000 - Selects matching capacitor array value for
TX, slep size is 0.4 pF
FSCTRL Register (13h)
REGISTER MAME Default | Active | Description
valug
FSCTRLIT:4) - - - Mot uged
FSCTRLIZ DITHER1 [i] H Enabile dithering when transmutting "1°
FECTRLZ DITHERD a H %nablu dithering during RX, and when transmitting
FSCTRL[1 SHAPE a H Enable data shaping
FECTRL[D FS RESET M 1 L Separate resel of shaping sequencer
FSHAPET Register (14h}
REGISTER MNARME Dellault Active | Description
value
[ FEHAPETNT 5] - - - Mol used
FEHAPET[4:0] FEHAPET 0000 Frequency shape register 1. used when SHAPE in
FSCTRL Is active.
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FSHAPES Register (15h)
REGISTER MAME Default | Active | Description
valug
[ FEHAPES]7 5] - - - | Mot used
FSHAPES[4:0) FSHAPES 00011 Frequency shape reglster 2, used when SHAPE in
FSCTRL Is active.
FEHAPES Register (16h)
REGISTER MAME Default | Active | Description
| _ wvalug
FSHAPES[T.5 - - - Mot used
A 4: FESHAPES [iEKIi] Frequency shape reglsler 3, used when SHAPE In
FSCTRL Is active.
FSHAPE4 Rogister (170}
REGISTER MAME Default | Active | Description
| _ walue
FSHAPE4[T.5] — - - Mot used
FSHAPE4[4:0) FSHAPE4 [T Frequency shape register 4, used when SHAPE in
FSCTRL Is active.
FEHAPES Register (18h)
REGISTER MAME Default | Active | Description
walue
| FEHAPE3[T.5] - - - Mot used
FESHAPE3[4:0) FSHAPES 10000 Frequency shape reglster 5, used when SHAPE in
FSCTRL Is active.
FEHAPEZ Register (159h)
REGISTER MAME Default | Active | Description
| _ walue
FSHAPEZ[7.5] - - - Mot used
FEHAPE2{4:0] FEHAPEZ 10110 Freguency shape register B, used when SHAPE in
FSCTRL Is active.
FSHAPE] Register (1Ah)
REGISTER MAME Default | Active | Description
walue
[ FSHAPEA[7.5] - - - | Motused
FEHAPE1[4:0] FEHAPE1 11100 Freguency shape register 7. used when SHAPE in
FSCTRL Is active.
FSDELAY Register (1Bh)
REGISTER MAME Default dctive | Description
valua
FSDELAY[7:0] | FSDELAY[7:0] | 00101111 - Sets the number of clock cycles delay between the

use of the FSHAPE registers during freguency
shaping
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PRESCALER Register (1Ch)
REGISTER MAME Deflault Active | Description
value
[ PRESCALER|.G] | PRE_SVING]10] 3] Prescaler swang. Frachons for
PRE_CURRENT[1:0] = 00
00:1  * Nominal Swing
01 - 2/3 * Neminal Swing
10 - 713 * Nominal Swing
11 : 5/3 * Mominal Swing
PRESCALER[S:4] FRE_?UEIEHENT 0o Prescaler current scaling
14
00:1  * Nominal Current
01 = 2/3 * Neminal Current
10 2 142 * Mominal Current
_ _ 11 - 2/5 * Mominal Current
PRESCALER[3) IF_INPUT (] 0 : Nominal setting
_ _ 1 : RESIIF pin s inputl to IF-strips
PRESCALER[2) IF_FRONT (] 0 : Nominal setting
1 : Output of IF_Fronl_amg is switched to
RSSIAF pin
FRESCALER[1:0] 0o Mot used
TESTE Reaister {for test only. 40h)
REGISTER NAME I:Ierlaull Active | Description
value
TESTELI] LOOPFILTER_TF1 0 - 1: Select lesipoint 1 to CHP_CUT
0 CHP OUT tied to GND
EAEE LOOPFILTER_TP2 0 - 1 Select lestpoint 2 to CHP_CUT
0 CHP_OUT tied to GND
TESTE [5] CHP_OVERRIDE 0 - 1 use CHP_CO[4:0] value
0 use calbrated valig
TESTE[4:0] CHF CO4:0] 10000 - Charge Pump Current DAC override valus
TESTS Reaister (for test only_ 41h)
REGISTER NAME Derlaull Active [ Descrption
value
TESTS[T6] - _ - - Mot used
TESTS[S] CHP_DISABLE [i] - 1: CHP up and down pulses disabled
_ _ 0 : normal operation
TESTS[4] VCO_OVERRIDE 0 - 1: use VCO_AD[2:0] value
0 : use calbrated value
TESTS[3:0] VO AD{E0) 1000 VEO ARRAY avernde valua
TESTa Register (for test only. 42h)
REGISTER NAME Default | Active | Description
value
TEST4[7& - - - Mot used
TEST4[5:0 L2KIO[5:0] 100101 h Constant setting charge pump current
scaling/rounding factor. Sets Bandwidth of
PLL. Use 3Fh for 38.4 and 76.8 kBaud
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TESTI Reaister {for test only. 43h)
REGISTER NAME Default Active | Description
value
TEG 37 0] - - - Mot used
TEST3[4] BREAK_LOOP 0 - 1:PLL loop open
_ 0: PLL kop closed
TESTI[3:0] CAL_DACS OPEN o100 - Calibration DAC override value, active when
BFEE#.K-LDDP =1
TEST2 Register {for test only. 44h)
REGISTER NAME Detault Active [ Descrption
value
TEST2[F:5 - - - Mot used
TEST2[4:0 CHP_CURREMNT - - Status vector defining applied
[4:0] CHP CURRENT value
TEST1 Register (for test only. 45h)
REGISTER NAME Default Active [ Descrption
value
TEST1[7:4 - - - Mot used
TES T 3.0, Cal_DAC:0] - - Stalus vector deliming apphed Calbration
DAC value
TESTO Reaister (for test only_ 46h)
REGISTER MAME Default Active | Description
value
TEST0]7 4] - - - Mot used
TESTO[2:0) WCO_ARRANY[2:0] - - Status vector defining applied WCO_ARRAY
value
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Appendix B: Channel Tables

915MHz Band Tables

There are three pre-defined channel tables that you may choose to have compiled into
your code memory. Including a table in your code memory involves two steps. The first
is to ensure that #define OPTIMAL 915 ARRAY 1 isin your rfapi.h header file. By
default, it is. This tells the compiler to include the channel functions, as well as a
915MHz table. The second setting only has effect if OPTIMAL 915 ARRAY is 1. This
setting, #define USE 915 MHZ TABLE INDEX, tells the pre-compiler to include one
of the three tables listed below.

Original “Legacy” 49-channel Table (USE_915 MHZ_TABLE_INDEX = 1

Frequency (MHz) Channel Frequency (MHz) Channel Frequency (MHz)

1 902.265 18 911.217 35 920.170
2 902.791 19 911.744 36 920.697
3 903.318 20 912.271 37 921.223
4 903.845 21 912.797 38 921.750
5 904.371 22 913.324 39 922.277
6 904.898 23 913.851 40 922.803
7 905.425 24 914.377 41 923.330
8 905.951 25 914.904 42 923.857
9 906.478 26 915.430 43 924.383
10 907.004 27 915.957 44 924.910
11 907.531 28 916.484 45 925.436
12 908.058 29 917.010 46 925.963
13 908.584 30 917.537 47 926.490
14 909.111 31 918.064 48 927.016
15 909.638 32 918.590 49 927.543
16 910.164 33 919.117

17 910.691 34 919.643

Table 6: 915MHz Legacy Channel Table
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Enhanced 50-channel table, 500kHz (USE_915 MHZ_TABLE_INDEX = 2

Channel | Frequency (MHz) Channel Frequency (MHz) Channel Frequency (MHz)
1 902.013 18 910.917 35 919.749

2 902.491 19 911.396 36 920.221

3 903.018 20 911.865 37 920.713

4 903.545 21 912.376 38 921.450

5 904.023 22 912.848 39 921.977

6 904.493 23 913.340 40 922.503

7 905.003 24 914.077 41 923.030

8 905.476 25 914.604 42 923.557

9 905.967 26 915.130 43 924.083

10 906.704 27 915.657 44 924.610

11 907.231 28 916.184 45 925.136

12 907.758 29 916.710 46 925.663

13 908.284 30 917.237 47 926.142

14 908.811 31 917.764 48 926.611

15 909.338 32 918.290 49 927.121

16 909.864 33 918.769 50 927.594

17 910.391 34 919.238

Table 7: Enhanced 915MHz 50-Channel Table
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197-channel table, 50kHz (USE_915 MHZ_TABLE_INDEX = 3
Channel | Frequency (MHz) Channel Frequency (MHz) Channel Frequency (MHz)

1 902.013 67 910.800 133 919.439
2 902.096 68 910.917 134 919.607
3 902.167 69 911.005 135 919.749
4 902.281 70 911.128 136 919.870
5 902.404 71 911.242 137 919.975
6 902.491 72 911.312 138 920.109
7 902.608 73 911.396 139 920.221
8 902.683 74 911.620 140 920.316
9 902.734 75 911.809 141 920.397
10 903.018 76 911.865 142 920.528
11 903.302 77 911.971 143 920.631
12 903.428 78 912.066 144 920.713
13 903.545 79 912.234 145 920.836
14 903.632 80 912.376 146 920.923
15 903.755 81 912.497 147 921.450
16 903.869 82 912.603 148 921.977
17 903.940 83 912.737 149 922.064
18 904.023 84 912.848 150 922.187
19 904.247 85 912.943 151 922.269
20 904.436 86 913.024 152 922.372
21 904.493 87 913.156 153 922.503
22 904.598 88 913.258 154 922.584
23 904.694 89 913.340 155 922.679
24 904.861 90 913.463 156 922.791
25 905.003 91 913.551 157 922.925
26 905.125 92 914.077 158 923.030
27 905.230 93 914.604 159 923.151
28 905.364 94 914.692 160 923.293
29 905.476 95 914.814 161 923.461
30 905.570 96 914.896 162 923.557
31 905.651 97 914.999 163 923.662
32 905.783 98 915.130 164 923.719
33 905.885 99 915.211 165 923.908
34 905.967 100 915.306 166 924.083
35 906.090 101 915.418 167 924.215
36 906.178 102 915.552 168 924.286
37 906.704 103 915.657 169 924.399
38 907.231 104 915.779 170 924.522
39 907.319 105 915.920 171 924.610
40 907.442 106 916.088 172 924.727
41 907.524 107 916.184 173 924.801
42 907.626 108 916.289 174 924.853
43 907.758 109 916.346 175 925.136
44 907.839 110 916.535 176 925.420
45 907.933 111 916.710 177 925.546
46 908.045 112 916.842 925.663
47 908.179 113 916.913 179 925.751
48 908.284 114 917.026 180 925.874
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197-channel table, 50kHz (USE_915_MHZ_TABLE_INDEX = 3)

Channel | Frequency (MHz) Channel Frequency (MHz) Channel @ Frequency (MHz)

49 908.406 115 917.149 181 925.987
50 908.548 116 917.237 182 926.058
51 908.715 117 917.354 183 926.142
52 908.811 118 917.428 184 926.365
53 908.916 119 917.480 185 926.554
54 908.973 120 917.764 186 926.611
55 909.162 121 918.047 187 926.716
56 909.338 122 918.173 188 926.812
57 909.469 123 918.290 189 926.980
58 909.540 124 918.378 190 927.121
59 909.654 125 918.501 191 927.243
60 909.776 126 918.614 192 927.348
61 909.864 127 918.685 193 927.482
62 909.981 128 918.769 194 927.594
63 910.056 129 918.992 195 927.689
64 910.107 130 919.181 196 927.770
65 910.391 131 919.238 197 927.901
66 910.674 132 919.343

Table 8: Expanded 915MHz 197Channel Table
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868MHz Band Tables

You may include an 868MHz channel table in your code memory, as well. Currently,
there is only one 868MHz table defined. Others will be added as customer demand
dictates. To include the channel functions and the 868MHz table, ensure that that
#define OPTIMAL 868 ARRAY 1 is uncommented and in your rfapi.h header file.
By default, it is. You may include both 915MHz and 868MHz tables in your code
simultaneously.

Original 34-channel Table

Channel | Frequency (MHz) Channel Frequency (MHz) Channel Frequency (MHz)

1 868.034 13 869.321 25 868.787
2 868.130 14 869.403 26 868.919
3 868.297 15 869.470 27 869.021
4 868.439 16 869.526 28 869.103
5 868.502 17 869.573 29 869.170
6 868.561 18 868.139 30 869.226
7 868.666 19 868.202 31 869.273
8 868.800 20 868.261 32 869.314
9 868.912 21 868.366 33 869.614
10 869.006 22 868.500 34 869.840
11 869.087 23 868.612 * Italics indicate data is negated.
12 869.219 24 868.706

Table 9: Original 868MHz Channel Table
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