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nRF Radio protocol guidelines

��� *HQHUDO

This application note describes three different methods of how to implement software
routines to transfer data from one microcontroller to another via a nRF chip:

• Oversampling
• edge detection, and
• Use of a UART (Universal Asynchronous Receiver Transmitter.)

Whilst the nRF chips requires no coding of data, the fact that you are using wireless
communication will necessitate the use of a receiving algorithm that can separate
valid data from noise-created or spurious data. Therefore data has to be sent in
packages, and a good start is to define the packet format.

��� 3DFNHW�IRUPDW
A packet has to begin with a preamble. A preamble with 2 bytes is suggested; the first
byte should consist of: 10101010 (‘AA’), to cycle the receiver. The second byte of the
preamble should be an identification to indicate the start of a packet. The rest of the
packet containing address and data should follow.

As an example: One byte with an address followed by the packet payload (one or two
bytes) and finally a checksum. In general, the best practice is to keep the length of
each package as short as possible.

��� 2YHUVDPSOLQJ

Oversampling will result in a reliable link. Oversampling with a rate of 3 times the
bit-rate with weighting of the samples, will be noise resistant. However timing is
critical, as the period between each sampling must be consistent.

If you are using a microcontroller with an internal timer with overflow interrupt, you
should use this to handle the timing. To implement a send routine is easy. The only
pitfall is to forget about timing, and create bit edge jitter on the outgoing bit stream.

In order to prevent this, the interrupt routine must be able to run as soon as possible
after the interrupt occurs. This means that interrupt disabling should be used only
where it is strictly necessary.

The receive routine is more complex. It has to be able to determine if the received bit
is a "one" or a "zero". When using oversampling, the receive routine should sample
the received bit stream at least three times the bit-rate. Then the samples must be
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weighted according to a weighting table to determine the result. (An example of such
a weighting table is shown in table 1 below.) In addition to the three samples of the
present bit, the last sample of the previous bit should be used. This will make the
routine more resistant against edge jitter.

6DPSOH � 6DPSOH�� 6DPSOH
�

6DPSOH
�

5HVXOW

0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 1
0 1 0 0 0
0 1 0 1 0
0 1 1 0 1
0 1 1 1 1
1 0 0 0 0
1 0 0 1 0
1 0 1 0 1
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 1
1 1 1 1 1
7DEOH���:HLJKWLQJ�WDEOH�XVLQJ�WKUHH�VDPSOHV�SHU�ELW

"Sample 0" is the last sample. "Sample 3" is the last sample in the previous bit.
"Result" is the resulting value of the bit.

��� (GJH�GHWHFWLRQ

If you choose to use bit edges as a way to achieve synchronisation, you should use the
edges in the bit stream from the nRF chip to trigger an interrupt in the
microcontroller. The interrupt routine can then calculate the right sampling time in the
middle of each bit. This method can be implemented so it adjusts each time a bit edge
occurs, and synchronisation will be achieved. However, using only one sample per bit
will give a routine that is much more sensitive to noise than oversampling. A more
complex version of this method is to let it be able to detect, and synchronise with
different incoming data rates. If this functionality is not needed, oversampling should
be used instead.

��� 8$57

Developing a system connected to a PC’s serial port tempts to use the UART packet
format directly on the air. Generally this is no problem when using a nRF chip,
because it does not require any encoding of data. The challenge when using a UART
is that some are more sensitive to noise, especially edge jitter. Therefore, in order to
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ensure that the UART works correctly you must be able to detect its start and stop
bits.
This means that a data packet format is required, even if a UART is chosen, but each
byte in the data packet can be encoded in UART style (one start bit, the payload and a
stop bit).
When using a UART it must be synchronised with the first start bit, by sending logic
high for more than one byte duration of time before the first byte. The UART should
be tested carefully to ensure that it would be able to detect each bit correctly even if
the data has edge jitter.
For transmission the following protocol is suggested; first byte - 10101010 (‘AA’) to
cycle the receiver. Then steady logic “1”, long enough to flush and set-up the
receiving UART for proper transmission - this should normally be more than ten bits
duration.  The receiving UART should then be in synchronisation with the transmitter
and you can start transmitting the required datastream.

��� 1RLVH�FRQVLGHUDWLRQV�

Range and quality of service is dependent on the way the incoming data stream is
interpreted.  An oversampling algorithm already has a built in filter for noise or
multipath effects. Any additional error detection and correction will provide an even
better margin towards noise or distortion of the data stream.

��� &RQFOXVLRQ

On what criteria should the choice of technique be based ?

Well, if the link is required to be extremely reliable and resistant against noise, you
should choose the over-sampling technique. This technique uses greater capacity of
the microcontroller because it has to interrupt three times for each bit.

If the link needs to be able to handle different datarates, the edge detection algorithm
should be chosen. This will be a more complex algorithm than the over-sampling
algorithm, and will use even greater capacity of the microcontroller.

If the microcontroller has a hardware UART, this can be used to handle your receive
and transmit routines. This technique uses the least capacity of the microcontroller,
but success will be depended on the quality of the UART selected, therefore a test of
the UART is recommended.  The UART implementation will provide a very quick
turnaround time for setting up and evaluating a RF-link. However the RF-link range
will not be as long or reliable as a sampling algorithm which is more optimised for
RF.

In most applications, oversampling will be the better choice of sampling technique,
especially if long range and high reliability is required.
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)ORZFKDUW�IRU�RYHUVDPSOLQJ�	�LQWHUSUHWDWLRQ�RI�UHFHLYHG�GDWD�VWUHDP

This algorithm must be
implemented as a timer
overflow interrupt routine in a
MCU. Then the timer should be
set to time out three times per
bit periode.
It is important that this routine
is implemented as short and
efficient as possible, because
even if a MCU runs at 4 MHz
cyckle, sampling a 20 kbits/s bit
stream three times each bit
gives only 66 cycles to handle
each sample.

Start

Sample the
bitstream

Increment sample
counter

Three
samples?

Exit

Yes

Weight samples
according to

weighting table

No

Reset sample
counter

Store the new bit

Store the sample
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)ORZFKDUW�IRU�HGJH�VHQVLQJ�

Receiving algorithm Edge sensing and adjustment algorithm

The receiving algorithm should be operated
by a timer, as for the oversampling case.
But to adjust the timer and avoid errors due
to drifting in sampling time, the edge
sensing algorithm should be run as a
routine for the external interrupt source.
This means that the incoming bitstream
should be tracked to a pin on the MCU that
can give interrupt from a change in the
logical value of a signal.

Start

Sample the
bitstream

Increment sample
counter

Three
samples?

Exit

Yes

Weight samples
according to

weighting table

No

Reset sample
counter

Store the new bit

Store the sample

Increment bit
counter

Start

Get timer value

Calculate relative
drifting error

Does the error
ecxeed bounds?

Reset bitcounter

Adjust the timer
value

Exit

Yes

No
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Start

Generate data
packet and store

in memory

Put the nRF chip
in TX mode by

setting TXEN high

Wait
recommended
time to stabilise

transmitter

Load AAh in to
UART TX register

Wait until UART is
finish sending the

first byte

Wait long enough
to time out

receiving UART

Load next data
byte in to UART

TX register

All bytes send?

Wait until UART is
finish sending byte

Return to RX
mode by setting

TXEN low

Wait
recommended
time to stabilise

receiver

Exit

No

Yes

This is normally
interrupt driven,
so the MCU can
be doing other
things while
waiting for the
UART to finish
sending.

This is normally
interrupt driven,
so the MCU can
be doing other
things while
waiting for the
UART to finish
sending.

This time must be
longer than the
duration of one
byte and two bits.
Then the
receiving UART
will be able to find
the next start bit.

)ORZFKDUW�IRU�8$57�WUDQVPLVVLRQ�
This flowchart shows how to send a
data packet via hardware UART. To
implement this routine you should
consider use of the UARTs ability to
make interrupts to the MCU. The
parts of this routine that requires
waiting for the UART to finish,
should be implemented to run as an
interrupt routine.
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)ORZFKDUW�IRU�8$57�UHFHLYH�

This routine must be run each time the UART has
received a whole byte. In most microcontrollers
with hardware implemented UART, an interrupt is
send to the MCU each time a complete byte is
received. Detection of start word can be done by
setting a bit in a dedicated control register.

Start

Start word
detected?

Store byte in
memory

Increment byte
counter

All bytes
received?

Check sum
ok?

Reset byte
counter

Yes

Yes

Indicate that valid
data has been

received

Exit

Yes
No



APPLICATION NOTE

Q$1�������Q5)��5DGLR�SURWRFRO�JXLGHOLQHV�

Nordic VLSI ASA      -      Vestre Rosten 81, N-7075 Tiller, Norway      -      Phone +47 72 89 89 00      -      Fax +47 72 89 89 89
Revision: 1.1 3DJH���RI��� October 2001

/,$%,/,7<�',6&/$,0(5
Nordic VLSI ASA reserves the right to make changes without further notice to the
product to improve reliability, function or design. Nordic VLSI does not assume any
liability arising out of the application or use of any product or circuits described
herein.

/,)(�6833257�$33/,&$7,216
These products are not designed for use in life support appliances, devices, or systems
where malfunction of these products can reasonably be expected to result in personal
injury. Nordic VLSI ASA customers using or selling these products for use in such
applications do so at their own risk and agree to fully indemnify Nordic VLSI ASA
for any damages resulting from such improper use or sale.

Application Note. Revision Date: 22.10.2001.

Application Note order code: 221001-nAN400-07

All rights reserved ®. Reproduction in whole or in part is prohibited without the prior
written permission of the copyright holder.
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