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Abstract- Analog iterative decoders offer several advantages -
over their digital counterparts in terms of speed and power -A- log-MAP
consumption. The current state of art CMOS analog decoders
uses MOS transistors biased in weak inversion which limits -1
their speed of operation. In this paper a novel analog decoding
network is presented which can operate with MOS transistor :-2
biased both in weak and strong inversion. The principle of
operation is based on margin propagation algorithm which -3
requires only addition,subtraction and thresholding operation 0

which can be easily implemented in analog VLSI. A current -4
mode implementation of the decoder is proposed which operates

5

directly in log-likelihood space. This not only improves the speed
of convergence for iterative decoding but also enhances the 6
dynamic range of the decoder. Simulation based on a simple
tail-biting trellis is presented that demonstrate the decoding - e e e
characteristic and speed of operation of the proposed margin -10 -8 -6 4 -2 0charopagacterisnneti log-likelihood inputpropagation network.

I. INTRODUCTION Fig. 1. Comparison of normalization factors computed using log-MAP
normalization and reverse water-filling normalization.

Recently there has been a lot of interest in implement-
ing iterative decoders (for eg. LDPC and turbo decoders)
using analog VLSI [1], [2], [3]. Analog decoders are at-
tractive compared to their digital counterparts because of prion cnbe a vsg nt
their compactness and power efficiency [4]. Several analog strong inversion.
VLSI implementations have been proposed in literature for 2) The de n otion. require only ad
implementing iterative decoders which either use high-end tion,subtraction and thresholding which can
and expensive BiCMOS or SiGe process [3], or a relatively imlmne usn Kicofscretcnevtoindexpensive BiCMOSprocess [1].iTe undcerlying p lo fr a

* principle and hence robust to temperature variations.
3) The decoding algorithm operates directly in log-operation of all analog decoders have been the use of trans- likelihood space which leads to faster convergence

linear principles for implementing message passing [4], [6]
and larger dynamic range. Use of current mode log-algorithms like the popular sum-product algorithm [5] or the likelihood representation avoids precision requirements

celebrated forward-backward algorithm [7]. Currently CMOSo a n l
based implementations utilize MOS transistors biased in weak

4) The proposed current mode design iS compatdble withinversion, which limit their speed of operation. Moreover, 4 T
most analog implementations require additional transformation existing current mode signaling techniques for on-chip
circuits for mapping voltage encoded log-likelihood scores and chip-to-chip communications.
into current encoded probabilities. This transformation not A margin propagation network and its circuit implemen-
only requires precise sample and hold techniques [1] for sub- tation for maximum-a-posteriori (MAP) decoders has been
threshold voltages but also introduces temperature dependen- proposed in [8]. However the algorithm in [8] can not be
cies. generalized to sum-product formulation [5] and the circuit

In this paper a novel iterative decoding algorithm and its implementation required low-current operation due to stability.
analog VLSI implementation is presented. The implementa- In this work, the margin propagation principle has been
tion is based on margin propagation principle [8] and offers extended to the framework based on sum-product decoding
following advantages: and its circuit implementation can be operated at much higher

1) The operation of the decoder does not rely on the bias speed. The architecture of the network is modular, similar to
condition of the MOS transistors. Therefore high-speed sum-product based decoders and can be decomposed into basic
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Fig. 5. CMOS implementation of a margin propagation network for a two-state fully connected trellis.

where vi(k) = logE----(- 1)±Li(k) and vi'-(k) = decoder implemented with margin propagation and with log-
log E e/j(k1)±Lji(k). MAP decoding after 10 turbo iterations. The result show that

Likewise forward and backward recursion for margin prop- for reasonably high SNR values the performance of both
agation can be derived by applying normalization equation (2) schemes are similar.
to equations (4) and (4) to obtain the following algorithm:
Given two reverse water-filling parameters 7Yi and Y2, and an I.CRUTIPEETTO
initial value of the forward-backward metrics c° (0) and /3i (0) Margin normalization and propagation requires only ad-
for state i =1, ....., S dition, subtraction and thresholding operation. The reverse

1) Compute the normalization factors (ij according to water-filling algorithm can therefore be implemented using a
the reverse water-filling criterion zj1l[ol(k -1) + network of MOS transistors. A margin propagation network
Li (k) -(i (k)]+± tY. corresponding to forward-recursion procedure on a two state

2) Compute the normalization factor Zk according to fully connected trellis is shown in FigureS5. The basic building
Z=1[( (k) -Zk]+± t72. block of the network consists of an inner-normalization block

3) Update ai(k) <- [(ik-Zk+l±. i,j =1,..,..,S which implements row-wise reverse-
4) Compute the normalization factors X according to the water-filling algorithm according to step 1 of the margin

reverse water-filling criterion E3 [/3j(k + 1) + Lji(k) - propagation algorithm. The input to each row is a sum of
k)]+ k LY currents representing the score c(k-i) + (k). Transistor

5) Update Q3(k) <- [(k) -Z+. M2 is a feed-back transistor which sets the gate voltage of the
6) Decoded state at time instant k is given by S(k) = normalization transistor M1. The current through M1 then rep-

arg mnaxicai (k) + /3i (k). resents the normalization factor (i (k) in step 1. Thresholding
Eventhouh thaboe fomultionhas een escrbed operation is achieved due to uni-directional flow of currents

for a forward-backward algorithm, the technique is general
andcanbe applied to any formulation based on sum-product (k-1(1)Loo (k-1(2)L1 (k 1(3) (k 1(4) Dk+1(1)Loo Dk+1(2) Dk+1(3) Dk+1(4)L

techniques [5]. 'tk(l_ X k( l

m L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,

Margin propagation based iterative decoding was verified a t f c t t

for turbo decoder, wlth a (7,5) recursLive systematic coder dE il wt g g
(RSC) and with an inter-leaver size of 500 bits. Figure 3 trko3E T result so that
shows the bit-error rate (BER) plot for different values of LtmL h o of bot
signal-to-noise (SNR) ratio. It shows that the turbo decoder sc4h Eme ar 4' Elar

(a) (b)ilmplemented wth margin propagation has convergence prop-
erties similar to log-MAP decoding, as the number of turbo Fig. 6. Architecture ofmansinpropamarg inpropagation ngtheforward
iterations are increased. Figure 4 compares the BER for turbo- (a) and backward (b) recursion for the trellis in Figure 2.
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Fig. 7. Decoding characteristic of magin propagation based rate 1/2 decoder Fig. 8. Decoding characteristic when the bits are received incorrectly as [1
when the bits [1 1 1] are transmitted and received correctly. 01].

through M1 and M2. The network stabilizes when the water- showing that the decoder can correct for the error in a single
filling criterion in step 1 of the algorithm is satisfied. The bit. The simulation results also indicate that the decoder can
factors (ij(k) are re-normalized using another reverse water- operate at speed greater than 100Mbps which is faster than
filling circuit implemented by module Pi: i =1, .., S. The sub-threshold based analog decoders [1].
implementation of Pi is similar to module Cij except for the VI. CONCLUSIONS
use of copy transistor M6. The current loading effect of 1V6 is
compensated by scaling the normalization factors (ij(k) by a The paper introduced a novel iterative decoder based on
factor of two using transistors Ml/4 and M3. The output of the margin propagation. The decoding principle is independent of
modules Pi are normalized currents ci (k) according to step 3 the exponential characteristic of MOS transistors and therefore
of the margin propagation algorithm. The backward recursion can be biased in strong inversion. A current mode circuit
procedure can be implemented in a similar fashion using the has been proposed and has been verified using a simple rate
trellis shown in Figure 5. 1/2 code. Margin based decoders holds immense promise for

ThemdulesCan P ca now e reused o contruc future implementations as it only requires addition, subtraction
any decoder that admits a trellis description. Figure 6 shows and thresholding operation which can be easily implemented

.......... ........... ... ................ 30 .with nano-scale devices.the architecture of a single section of a decoder implementing
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