AND9309/D
Forward Error Correction
(FEC)
Overview

Forward Error Correction (FEC) is a method to make a
transceiver more robust against noise. This is achieved by
inserting redundant bits, i.e. bits that are computed from
other bits and therefore do not contain independent
information, which allow the receiver to correctly decode
the bitstream even if some bits have been corrupted by noise.
The AX5042 supports FEC. If enabled, two new blocks
are inserted into the transmit chain between encoder and
modulator:
1. An encoder adds redundant bits to the bitstream
2. An interleaver reorders the bitstream
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APPLICATION NOTE

The inverse operations are inserted into the receive chain:
1. A deinterleaver and its associated synchronization
circuitry re−reorders the bits into their natural
order
2. A Viterbi decoder recovers the original transmit
bits

The receiver is prevented from changing the
synchronization when both FECPOS and FECNEG in the
FEC register are zero.
Restarting the synchronization after false lock is achieved
by first clearing both FECPOS and FECNEG in the FEC
register, and then re−enable either FECPOS or FECNEG or
both.
The microcontroller firmware has to implement a
heuristic that balances the following conflicting goals:
• Freeze synchronization as soon as a correct reception is
likely going on, otherwise a correct packet might be
corrupted by a false relock
• Restart synchronization as soon as possible if it is
locked falsely, otherwise the receiver might miss a
packet.

Operation

The encoder and the decoder operate fully automatically
and do not need any software intervention. The
de−interleaver synchronization circuitry however needs
some help from the microcontroller software.
While the encoder and the decoder operate independent
from any framing format, the deinterleaver synchronization
requires HDLC Flags. That is, in order to use FEC, the
framing format must be HDLC, and the differential encoder,
inverter, scrambler and Manchester must be off. Note that
the scrambler is not necessary with FEC, since the
convolutional encoder already removes DC content and
shapes the output spectrum.
Whenever two or more sequential (back−to−back) HDLC
flags enter the FEC encoder, it aligns the second and all
following flags to the interleaver by inserting up to 7 zeros.
The De−interleaver synchronization circuitry in the receiver
then searches for this aligned and interleaved flag sequence.
It is therefore recommended to transmit two flags between
packets, to allow a receiver that missed the first packet the
chance to synchronize for the second packet.
The receiver automatically searches for the
synchronization sequence. It needs to be prevented by the
microcontroller from the following:
1. from changing the synchronization during
reception
2. from falsely locking and keeping lock on the
wrong phase
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The following criteria may be used as part of this heuristic:

• If a sequence of say 10 back−to−back flags is received,

•

that likely indicates that the receiver is correctly
synchronized and receives the transmitter preamble, so
synchronization should be frozen.
Most frame formats employ a destination address at the
beginning of the frame. If a HDLC frame start is
received and the destination address does not match the
local station, this either indicates an “uninteresting”
packet or false lock, and therefore synchronization
should be restarted.

The details of the heuristic are very much dependent on
the actual frame format and the timing of the system, so they
should be tuned accordingly.
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FEC Specific Register Bank Description

No checks are made whether the programmed
combination of bits makes sense! Bit 0 is always the LSB.
NOTES: Whole registers or register bits marked as
reserved should be kept at their default values.

This section describes the bits of the parts of the register
bank related to FEC in detail. The registers are grouped by
functional block to facilitate programming.

All addresses not documented here must not be
accessed, neither in reading nor in writing.
Table 1. CONTROL REGISTER MAP
Bit
Add

Name

Dir

7

Reset

6

5

4

3

2

1

0

Description

Forward Error Correction
18

FEC

RW

00000000

19

FECSYNC

RW

01100010

RW

--------

1A FECSTATUS

SHORTMEM RSTVITERBI FECNEG FECPOS FECINPSHIFT(2:0) FECENA FEC (Viterbi)

Configuration

FECSYNC(7:0)

FECINV

Interleaver
Synchronization
Threshold

MAXMETRIC(6:0)

FEC Status

Register Descriptions
Table 2. FEC
The register controls the operation of the forward error correction (FEC) block.
Bits

R/W

Reset

0

RW

0

3:1

RW

000

FECPOS

4

RW

0

Enable noninverted Interleaver Synchronization

FECNEG

5

RW

0

Enable inverted Interleaver Synchronization

RSTVITERBI

6

RW

0

Reset Viterbi Decoder

SHORTMEM

7

RW

0

Shorten Backtrack Memory

Name
FECENA
FECINPSHIFT

Description
Enable FEC (Encoder)

FECENA enables the Forward Error Correction and the
Interleaver.
For PSK, enable both FECPOS and FECNEG. For all
other modulations, only FECPOS should be enabled.
In the TX, HDLC flags are aligned (by inserting zero bits)
to the interleaver. In the RX, a convolver to the encoded /

Attenuate soft Rx Data by 2−FECINPSHIFT

interleaved flag sequence establishes deinterleaver
synchronization and inversion detection. Therefore, FEC
only works together with HDLC framing.
The Viterbi decoder uses soft metric.

Table 3. FECSYNC
This register specifies the interleaver synchronization threshold.
Name
FECSYNC

Bits

R/W

Reset

7:0

RW

01100010

Bits

R/W

Reset

6:0

R

−−−−−−−−

7

R

−

Description
Interleaver Synchronization Threshold

Table 4. FECSTATUS
This register reports the synchronization status.
Name
MAXMETRIC
FECINV

Description
Metric increment of the survivor path
Inverted Synchronization Sequence received

www.onsemi.com
2

AND9309/D
References

[1]
[2]
[3]
[4]

AX5042 Datasheet, see http://www.onsemi.com
AX5042 Programming Manual, see http://www.onsemi.com
AX5042 Evaluation Software, see http://www.onsemi.com
Wikipedia. High−Level Data Link Control. http://en.wikipedia.org/wiki/HDLC

ON Semiconductor and
are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent−Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION
LITERATURE FULFILLMENT:
Literature Distribution Center for ON Semiconductor
19521 E. 32nd Pkwy, Aurora, Colorado 80011 USA
Phone: 303−675−2175 or 800−344−3860 Toll Free USA/Canada
Fax: 303−675−2176 or 800−344−3867 Toll Free USA/Canada
Email: orderlit@onsemi.com

N. American Technical Support: 800−282−9855 Toll Free
USA/Canada
Europe, Middle East and Africa Technical Support:
Phone: 421 33 790 2910
Japan Customer Focus Center
Phone: 81−3−5817−1050

www.onsemi.com
3

ON Semiconductor Website: www.onsemi.com
Order Literature: http://www.onsemi.com/orderlit
For additional information, please contact your local
Sales Representative

AND9309/D

