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Analog Decoding

• Idea
– J. Hagenauer 1997 (TUM)

• Implementation Aspects
– A. Loeliger, F. Lustenberger 1998 (ETH Zürich)

• First Functioning Decoder Chip
– Matthias Mörz 1998/99 (TUM, Bell Labs)

• Research Teams 
– TUM, University of Utah, University of Alberta, University of 

Toronto, ETH Zürich, Politecnico di Torino, Università di Padova

– Industry, Companies

Historic OverviewHistoric Overview



Analog Decoding

• World of „digital“ transmission is analog

– Information is transmitted in form of analog waves

• Soft-in/Soft-out algorithms (SISO) use analog values

– SOVA, APP, LDPC, …

– Only analog is really soft

• Speed

– Decoding speed limited only by the settling time

• Small Area

• Low Power Consumption

• Simple Circuit Design

– Repetition of a few elementary circuits

MotivationMotivation
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BJT as a PN Diode

Basic Circuits: Bipolar Junction Transistor Basic Circuits: Bipolar Junction Transistor 
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Basic Circuits: Transistor PairsBasic Circuits: Transistor Pairs
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Quantity Formula Analog (V,I)
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analog

decoder

channel a posteriori

a priori extrinsic
A

Z

E

D

Component decoder used in a turbo scheme

All values are Log-likelihood ratios (real numbers)

• Digital implementation works with quantized values

• Analog Decoder works with voltages and currents

• Analog sliding window decoder as component decoder

SoftSoft--in / Softin / Soft--out Decoderout Decoder

(only analog is really soft)(only analog is really soft)
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Example Parallel Concatenated Codes: 

D: a posteriori 

decoder output
D = Z + A + E

Z: channel output

A: a priori input

E: extrinsic input

Log-likelihood ratios

Analog Turbo DecoderAnalog Turbo Decoder

(soft(soft--in, softin, soft--out, softout, soft--time)time)
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(7,4) Hamming Code

Parity Check Matrix

Tanner Graph Based DecoderTanner Graph Based Decoder
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Special case: M=1 (memory)

Trellis Based DecoderTrellis Based Decoder
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S’ – 2M Transistors

R – 2M2N Transistors

S – 2M Transistors

M=3

g(1)(D)=1+D2+D3

g(2)(D)=1+D+D3

Trellis Based Decoder: StructureTrellis Based Decoder: Structure
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8 differential output voltages

I II I II I II

III III III

forward
loop

backward
loop

I II I II I II

16 differential input voltages

(16,8) tailbiting code, APP Decoder

Decoder NetworkDecoder Network
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Simulation Results Simulation Results -- Settling TimeSettling Time
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Implementation ExamplesImplementation Examples
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Implementation ExamplesImplementation Examples
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Simulation Results (BER)Simulation Results (BER)
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Open Questions

• Place interleaver cross-connecting network on chip

• Frame synchronization

• „Timing recovery“

• D/A conversion of the input values

• Storage of analog values

Usage

• Optical Transmission Systems

• Magnetic Recording

ConclusionsConclusions



Analog Decoding

Thank you!

Any Questions?


