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Abstract— When considering forward error correction
(FEC) algorithms for telecommunication applications, the
BCJR algorithm is the sub-optimal MAP (maximum a pos-
teriori) soft decoding algorithm. For the case of high code
rate, BCJR decoding based on the trellis in the dual domain
is computationally much less complex than in the original
domain. Previously, designs of dual domain primitive circuit
elements and high level simulations have been presented but
no realization and validation have been reported. In this pa-
per, we present the implementation of a dual analog decoder
with high code rate. The implemented decoding algorithm
performs three procedures which are branch weight gener-
ation, trellis calculation, and soft output generation. The
Boxplus circuit performing multiplication and the current
mirror are used as basic building blocks in the implementa-
tion. The decoder is simulated for a 16-length convolutional
code with memory 1 and code rate 2/3. To validate the design
we assumed a realistic channel environment and compared
the physical circuit behavior (simulated in SPICE) with the
algorithm level functionality (simulated in MATLAB). The
SPICE simulation results indicate that each of the functional
blocks has the distortion less than 3%. The implemented de-
coder has the same error correction performance as the one
predicted by the high level simulations. In addition, the dis-
torted behavior due to the non-ideal characteristic of physi-
cal devices is also discussed.

Keywords—Forward Error Correction, BCJR Algorithm,
Dual Domain, Analog Design.

I. INTRODUCTION

In high speed applications such as optical transmissions
or magnetic recoding, we need high rate codes since the
channel is rather good. Among several algorithms to de-
code convolutional codes, the algorithm proposed by Bahl,
Cocke, Jelinek, Raviv (BCJR algorithm) [1] is known to be
the sub-optimal soft decision decoding algorithm for cal-
culating maximum a posteriori probabilities of symbols.
Regarding the error correction capability, soft decision de-
coding has the better performance (2 ∼ 3 dB coding gain)
compared to hard decision decoding [2]. However the
computational complexity overhead in the soft decoder has
been the main bottleneck for the implementation.

The error correction channel decoding in modern com-
munication applications is one of the most computation-

ally complex operations (for example, 5 billions operations
of Turbo decoding in WCDMA). Now the issue is a tolera-
ble decoding complexity when the codes are implemented.
Suppose the information sequence u and the code word
x encoded by a memory m and code rate R = k

n con-
volutional encoder. In one trellis section, there are 2k+m

branches per trellis section in the original domain while the
number of branches is 2n−k+m in the dual domain. In case
of k

k+1 codes, transformation of the codes into the dual do-
main reduces the complexity compared to that in the orig-
inal domain. For example, as k increases given a constant
memory, the branch complexity in the original domain
grows exponentially, while in the dual the domain, how-
ever, the branch complexity remains constant as shown in
Table I. The BCJR decoding algorithm in the dual domain
contains many multiplications and summations of soft bits,
which are tanh function of the corresponding L-value [1].
When it comes to the implementation in hardware, ana-
log circuits like a differential pair and a diode have exactly
the tanh relationship between the differential input voltage
and the differential output current. Therefore, a differential
pair based circuit is the appropriate structure to implement
such an algorithm. Such circuits have been introduced al-
ready in [6][7]. It has been reported that the analog im-
plementation has speed, area, power advantages compared
to digital implementations [7][9]. Moreover, an analog de-
coder does not need additional hardware, e.g., A/D con-
verter. An analog decoder for memory 1 and code rate
1/2 convolutional codes was implemented into hardware
[7]. In addition, a circuit design for memory 1, code rate
2/3 and high level simulation for the dual decoders were
shown in [3]. To validate the design of [3], in this work,
a dual analog decoder with memory 1 and code rate 2/3
is implemented in SPICE. The simulation results for the
systematic bits indicate that each of the functional blocks
is fully verified.

The paper is organized as follows. In Section II, theo-
retic parts of the log-likelihood algebra and the dual BCJR
algorithm are reviewed. In Section III, the analog circuit
building blocks utilized in this work are described and sim-
ulated. In Section IV, simulation results for the branch
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Number of branches Original Dual
per section domain domain

m = 1, R = 1/2 4 4
m = 1, R = 2/3 8 4
m = 2, R = 3/4 32 8
m = 2, R = 5/6 128 8
m = 2, R = 7/8 512 8

TABLE I
COMPARISON OF THE NUMBER OF BRANCHES PER TRELLIS

SECTION BETWEEN ORIGINAL AND DUAL DOMAIN.

weight generation block, the trellis calculation block and
the soft output generation block are described. Subse-
quently, the whole decoder is simulated for different signal
to noise ratios (SNRs) on the channel. Finally, the conclu-
sion and future work are described in Section V.

II. DUAL BCJR ALGORITHM

A. Soft Decoding Algorithm

A.1 Log-Likelihood Algebra

We consider that a sample x of a random variable X
is transmitted over an AWGN (Additive White Gaussian
Noise) channel yielding y ∈ R at the receiver. In an an-
tipodal transmission, where 0 is mapped into +1 and 1 is
mapped into −1, the random variable X has two outcomes
x ∈ {+1,−1} with the probabilities P (x = +1) and
P (x = −1). The log-likelihood ratio L(X) ∈ R, called
L-value of X is defined as the logarithm of a probability
ratio, L(X) = ln P (x=+1)

P (x=−1) . Each probability P (x = +1)
and P (x = −1) can be described as P (x = +1) =

1
1+e−L(X) and P (x = −1) = 1

1+e+L(X) . We define the
soft bit λ(X) as the expectation of a random variable X ,
λ(X) = E(X) = (+1) · P (x = +1) + (−1) · P (x =
−1) = 1

1+e−L(X) − 1
1+e+L(X) = tanh

(
L(X)

2

)
. It follows

that L(X) = 2 tanh−1 (λ(X)).
The addition of binary numbers x1 ⊕ x2 is required to

perform the soft decoding algorithm. With above defini-
tions, the soft bit λ(X3) of the sum x3 = x1 ⊕ x2 of
two statistically independent binary numbers x1 and x2

is given as λ(X1 ⊕ X2) = E{X1 · X2} = E{X1} ·
E{X2}. Therefore, λ(X3) = λ(X1) · λ(X2). The
L-value of the binary addition x3 = L(X1 ⊕ X2) =
2 tanh−1 [λ(X1) λ(X2)] is

L(X3) = 2 tanh−1

[
tanh

(
L(X1)

2

)
tanh

(
L(X2)

2

)]
.

This operation is called the “Boxplus” operation, L(X1) �
L(X2), which is including soft bit multiplication of each
variable x1 and x2 and the conversion into the correspond-
ing L-value.

A.2 Convolutional Codes

Convolutional encoders are widely used in encoding
schemes because of the simple hardware structure which
is composed of shift registers and xor gates. Fig. 1(a) de-
picts a simple example of the convolutional encoder which
has 1 memory, code rate 2/3. The trellis representation
Fig.1(b) depicts the memory state transition with respect
to the time step. Every possible state transition has its
branch in the trellis whose label is the input/output se-
quence of the encoder. There are 2 memory states at each
time step. l denotes the identifier of the specific trellis sub-
section ∈ {1, 2, ..., L}. And s denotes the particular state
at (l − 1)th trellis and s′ is at lth trellis subsection.
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1 1

 u(1) u(2) / x(1) x(2)x(3)

 00 /0 00

s sl
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 11 /011

 11 /010

 10 /111
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Fig. 1. Memory 1 and code rate 2/3 convolutional encoder (a)
Convolutional encoder (b) Trellis representation.

Typically, when we decode a convolutional code, termi-
nation bits are added to ensure that the code finishes in a
particular state such that the last bits are still protected. In
a tailbiting code, the encoder is made to start and end in
the same state. The decoding can be initiated at any state
and any subsection and it works in a circular structure. For
the decoding on the tailbiting trellis, there is no loss in the
code rate [5].

A.3 Soft Decision Decoding

Fig. 2. Soft-in/Soft-out MAP decoding.

In the data transmission system depicted in Fig. 2, an
information code sequence x encoded from u are transmit-
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ted to the channel with specific SNR = Eb
N0

. L(x) is called
the a priori information. Received sequence y = x+n are
passed through the matched filter and multiplied by LC .
The quantity LC = 4 ES

N0
is called the channel state infor-

mation obtained from the AWGN channel estimation. A
High LC value implies that the channel is highly reliable.
Our purpose is to estimate x̂ ∈ {+1,−1} of a symbol x by
minimizing the symbol error probability P (x̂ �= x). The
sign of the L-value L(X|Y) indicate the decoded hard bit.
Soft-in/Soft-out MAP decoding algorithm finds the maxi-
mum a posteriori information L(X|Y ). The magnitude
|L(X|Y )| measures the reliability of this hard decision,
where increasing |L(X|Y )| yields a increasing reliability
of decision. The original BCJR algorithm [1] is based on
the probability propagation. In the original domain, each
branch transition has its own probability. From the trel-
lis structure, probabilities of each state in the forward and
backward directions are also calculated. With these values,
the algorithm generates the soft output which corresponds
to a L-value for every code bit.

B. Dual BCJR Algorithm

Γ

Γ A

B

Dual (original)

)(

)(

)(

)(

BW
TA , TB

NA, NB
S

Fig. 3. Overview of dual (original) BCJR algorithm.

In the dual domain, the branch bit weights and the soft
output generation are derived differently. The Poisson
summation of the Fourier transform changes formulae of
the original BCJR into the dual BCJR algorithm. Deriva-
tions to the dual domain can be found in [8]. There are 3
sub-tasks in the BCJR decoding process illustrated in Fig.
3.

B.1 Branch Weight Generation Block

The individual branch bit weight for the dual code is as
follows :

Γl(s, s′, i) =

⎧⎨
⎩

1 if x
(i),⊥
l = +1

tanh

(
L(y

(i)
l |x(i)

l )

2

)
if x

(i),⊥
l = −1,

(1)
where x

(i),⊥
l denotes the ith code bit in a dual trellis.

L(y(i)
l |x(i)

l ) denotes the L-value of a code bit which is
a the matched filter output scaled with channel state in-
formation. The Γl(s, s′, i) denotes the branch weight of

the ith ∈ {1, 2, ..., n} code bit located at branch subsec-
tion l and yi denotes the received value from the channel,
corresponding to the ith code bit. This branch weight is
the soft bit of the received value Lcy, The total branch
weight of each branch is derived from the multiplica-
tion of each branch weight of the individual bits. High
branch weight path implies the high probable path in the
decoding step.The total branch weight can be derived as
Γl(s, s′) =

∏n
i=1 Γl(s, s′, i), which is the soft bit.

B.2 Trellis Calculation Block

Each state value A, B at a trellis subsection l can be cal-
culated from the multiplication of a state value at a trellis
subsection l − 1 and the branch weight at a trellis subsec-
tion l according to the trellis structure. That is,

Al(s′) =
∑

s

Al−1(s)Γl(s, s′) (2)

Bl−1(s) =
∑
s′

Bl(s′)Γl(s, s′). (3)

Al(s′) denotes the state value at branch subsection l and
Al−1(s) denotes the state value at branch subsection l− 1.
Similarly, the state value for backward recursion B can be
obtained. Bl−1(s) denotes the state value at branch sub-
section l − 1 and Bl(s′) denotes the state value at subsec-
tion l. In the tailbiting trellis, the starting distribution of
first trellis is arbitrary. Therefore, no initialization is re-
quired. In the dual domain, the zero state at every branch
subsection has to be kept to be 1. Therefore the state val-
ues can be normalized by dividing every state value by zero
state value, which means that A′

l(0) = 1, A′
l(1) = Al(1)

Al(0) .

B.3 Soft Output Generation Block

The branch weight Γ and state values A, B can be used
to obtain the maximum a posteriori conditional L-value in
MAP decoding. This a posteriori information depends on
the received channel output. In case of the feed-forward
encoder as depicted Fig. 1, the soft output generation can
be represented as follows [3].

L(x̂l
(j)) = ln

⎛
⎜⎜⎜⎝

∑
s|xl=+1

αl(s) · βl(s)

∑
s|xl=−1

αl(s) · βl(s)

⎞
⎟⎟⎟⎠ (4)

In Fig. 4, the bit error rate (BER) curve which represents
an algorithm behavior of memory 1 and code rate 2/3 for
the dual BCJR algorithm is depicted.
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Fig. 4. Algorithm level simulation : BER curve of memory 1
and code rate 2/3 dual BCJR algorithm.

Fig. 5. Basic circuit fragments (a) Differential pair (b) Current
mirror (c) Hyperbolic tangent inverse.

III. ANALOG DECODER CIRCUIT BUILDING BLOCKS

In the previous section, we reviewed the algorithm be-
havior. The aim in this section is to find circuit blocks
which perform arithmetic operations (addition, subtrac-
tion, multiplication, division) of soft bits as well as tanh
operation, while minimizing circuit resources. In analog
circuits, a differential pair based Boxplus circuit [4] ex-
hibits such a characteristic. In addition, the current mir-
ror circuit is used as well. A differential pair is com-
posed of two Bipolar Junction Transistors (BJTs) as de-
picted in Fig. 5 (a). According to the input differential
voltage Vd, each collector current IC1, IC2 can be de-
scribed as IC1 = Ib

1+e− Vd
VT

and IC2 = Ib

1+e+
Vd
VT

respec-

tively. Differential current ∆IC = IC1 − IC2 can be ob-

tained as ∆IC
Ib

= tanh
(

Vd
2VT

)
= λ(X). Fig. 5 (b) de-

picts a simple npn type current mirror (current source).
The reference current Iref is generated by VCC and R
and ideally the same current IC2 is mirrored. Fig. 5 (c)
shows the hyperbolic tangent inverse circuit. The hyper-
bolic tangent inverse (HTI) circuit consists of two diodes.
The differential voltage Vout is VT ln I+∆I

I−∆I . It follows that

Vout = 2 VT tanh−1
(

∆I
I

)
.

Fig. 6. General Boxplus circuit.

A. Boxplus Circuit

The Boxplus circuit is composed of the Gilbert multi-
plier and a HTI circuit. The Gilbert multiplier is a stacked
configuration of differential pairs with a cross coupling
of the collector outputs in the upper stage as depicted in
Fig. 6, which consists of 8 transistors and one current
source. The bias current Ib is split with respect to Vd1.
Four collector currents in upper stages are the split cur-
rents from bias current Ib with respect to Vd1 and Vd2.
Consequently, the Gilbert multiplier cell is used for gen-
erating a differential current corresponding to the result
of soft bit multiplication [6]. The differential voltage
Vout of the hyperbolic tangent inverse circuit is given by

Vout = 2 VT tanh−1
[
tanh

(
Vd1
2VT

)
tanh

(
Vd2
2VT

)]
.

B. Summation and Subtraction Circuit

The summation and subtraction circuits of soft bits are
required in the trellis calculation. Fig. 7 shows the connec-
tivity for summation and subtraction, respectively. From
the figure, I1−I2 = (IL1−IL2)+(IR1−IR2) = ∆I0+∆I1

and I3 − I4 = (IL1 − IL2) − (IR1 − IR2) = ∆I0 − ∆I1.

+ +

- -

Ib Ib

vd1 vd2

IL1 IL2 IR1 IR2

I1 I2

+ +

- -

Ib Ib

vd1 vd2

IL1 IL2
IR1 IR2

I3 I4

(a) (b)

Fig. 7. Summation (a) and subtraction (b) of soft bits.

Table II summarizes the analogy between log-likelihood
algebra and circuit quantity. LLR denotes log-likelihood
ratio.
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Algebra LLR L(X) Soft bit λ(X)
Range (−∞,∞) (−1, 1)

Circuit element voltage diff ∆V
VT

current diff ∆I
Ib

TABLE II
ANALOGY BETWEEN LOG-LIKELIHOOD ALGEBRA AND

CIRCUIT QUANTITY.

IV. IMPLEMENTATION OF DUAL ANALOG DECODER

x(1)

x(2)

x(3)

Γ000
Γ010
Γ101
Γ111

Γ000
Γ010
Γ101
Γ111
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Γ010
Γ101
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A(0)

A(1)

B(0)

B(1)

A’(0)

A’(1)

B’(0)

B’(1)
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A’(1)

B’(0)
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α(0)
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β(0)
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α(0)
α(1)
β(0)
β(1)

x(1)

x(2)

x(3)
BW
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TB

NA

NB

CA
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Fig. 8. Block diagram of implemented dual decoder.

A memory 1 and code rate R = 2/3 dual decoder, which
is implemented in this work is illustrated in Fig. 8. The
systematic bit is the concern for the decoding. The blocks
BW, TA, NA, CA and S stand for branch weight, trel-
lis calculation, normalization, soft out, respectively. Each
block is designed with respect to the trellis structure in
Fig. 9. Each trellis subsection is associated with 3 re-
ceived code bits and 4 branch weights Γ111, Γ101, Γ010

and Γ000 are generated in the BW block. And TA and
NA blocks calculate 2 state values A

′
l(0) and A

′
l(1) after

normalization for each trellis subsection. The same circuit
is used for B

′
l(0), B

′
l(1) calculation. Subsequently, A

′
l(0)

and A
′
l(1) are transformed into α(0) and α(1) of the orig-

inal domain in CA. The systematic soft outputs of each
trellis subsection L(x̂(2)) are generated in the S block.

0
0 0 0

0

1 1
1

1 1

0

1

0

1

0/000

0/111 1/010

1/1011st 2nd
th

th

0 0

1 1

0/000

0/1111/010

1/101

Fig. 9. Memory 1 and code rate 2/3 (a) Trellis diagram in dual
domain (b) Tailbiting trellis diagram with length L.

A. Branch Weight Generation Block

From the discussion in Section (II-B.1), each branch
weight can be derived as :

Γ111 = tanh(
Lcy

(1)

2
) tanh(

Lcy
(2)

2
) tanh(

Lcy
(3)

2
)

Γ101 = tanh(
Lcy

(1)

2
) tanh(

Lcy
(3)

2
)

Γ010 = tanh(
Lcy

(2)

2
) and Γ000 = 1.

The tanh function can be implemented using the Box-
plus or differential pair. The case of a branch with branch
weight (tanh function) 1 implies that the received L-value
L(y(i)

l |v(i)
l ) is infinite, which means that the differential

voltage is infinite. Fig. 10 depicts that how it can be
implemented as an example of the differential pair. The
right transistor is omitted and the other left transistor is re-
placed by a wire to realize the effect of an infinite voltage
so that all current flow through the left path. To generate

+

-

I bV b

I b

Fig. 10. Differential pair in case of branch weight of 1.

the branch weight for 3 code bits, serially connected Box-
plus blocks can be used. Only a modification as in Fig.
10 needs to be performed for the case of code bit 0 whose
branch weight is 1. Fig. 11 shows the BW block diagram,
which receives 3 differential voltages (L-values) LC y(1),
LC y(2) and LC y(3) and generates VΓ111, VΓ101 and VΓ010.
VΓ111 is generated in the BW111 circuit in Fig. 11, which
performs the multiplication of 3 soft bits. When it comes
to the case of two code bits having a 1, one Boxplus cir-
cuit itself can be used. For the generation, Γ010 LC y(2) is
equal to Γ010. That is, input voltage VLC y(2) directly goes
to the trellis calculation block. In case of Γ000, no circuit
is required to implement a infinite voltage.

B. Trellis Calculation Block

According to the trellis structure of the dual decoder in
Fig. 9, the memory state values are updated by

Al(0) = Al−1(0) Γ000 + Al−1(1) Γ111

Al(1) = Al−1(0) Γ010 + Al−1(1) Γ101.
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boxplus boxplus

y(1)

y(2)

y
(3)

Γ111

Γ101

Γ010

y
(1)

y
(3)

y
(2)

Γ111Γ101

Γ101

Fig. 11. Branch weight generation block BW (Γ000 is omitted).

There are multiplications of soft bits, which are current
state value and the branch weight value, and summation of
soft bits. Therefore, the trellis calculation block TA can
be implemented using the Boxplus circuit and summation
connectivity. For the case of a state value of a 0 state, the
normalized state value is kept to be 1, which means that
the corresponding L-value is infinite. The circuit for the
branch weight of 000 needs to be modified to implement
the infinite voltage too. The modified circuits for Al(0)
and Al(1) are depicted in Fig. 12 which constitute TA

block [3].

A (0) A(1)

A (0)

A (0) A(1)

A (1)

Γ Γ Γ Γ

l l

l-1l-1

Fig. 12. Trellis calculation block (TA).

C. Normalization Block

A normalization in the dual BCJR algorithm is per-
formed by dividing the state values by Al(0), i.e., after
normalization Al′(0) = Al(0)

Al(0) = 1 and Al′(1) = Al(1)
Al(0) .

Generating Al′(0) = 1 in the next state is to simply omit
1 transistor in the differential pair, therefore we only need
to consider the normalization for Al(1). Let Al(0) = a0

and Al(1) = a1 before normalization. What we require
is the differential current ∆I to get Al′(1) = a1

a0
, that is

∆I
Ib

= a1
a0

. The hyperbolic tangent inverse circuit will con-
vert the differential current ∆I into the required ∆V .

Now we need the circuit to generate a0+a1 and a0−a1.
In Fig. 13 [3] , which simply are current summations and
subtractions. The block diagram to perform the summa-
tion and subtraction is shown in Fig. 13. The upper cur-
rent mirror copies the currents from TA block and outputs
ideally the identical currents. The current difference cir-
cuit generates the difference between two input currents.

The hyperbolic tangent inverse circuit converts the differ-
ential currents Id1 − Id2 into differential voltage ∆V as

= 2 VT tanh−1
(

a0+a1
a0−a1

)
, where the ∆V is the required

voltage to get the normalized value for Al(1).

i
1
i
1

i
2

i
2

i
3

i
3

i
4

i
4

i
1

i
2

i
3 i

4

i
7

i
8

V

V
A(1)

VV

V
A(1)

V

Fig. 13. Block diagram (NA) for normalization of Al(1).

D. Conversion Block from Dual into Original Domain

The state values Al(0) and Al(1) in the dual decoder
have the relationship, αl(0) = 0.5 (Al(0) + Al(1)) and
αl(1) = 0.5 (Al(0)−Al(1)). Therefore, the circuit for the
summation and the subtraction of soft bits is required. In
addition, the current difference circuit which converts the
differential current into single current is required as well.
Fig. 14 depicts the circuit [3].

Fig. 14. Conversion block CA from dual into original domain.

E. Soft Output Generation Block

For the memory 1 and code rate 2/3 dual decoder, the
soft output is

L(û) = ln

(
α(0)β(0)
α(1)β(1)

)
.
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To do this, the circuit for multiplication of the probabil-
ities α and β is needed. Subsequently the hyperbolic
tangent inverse circuit converts the differential current
Iα(0) β(0) − Iα(1) β(1) into the differential output voltage
VL(û) corresponding to the decoded soft bits. Fig. 15 [6]
shows the circuit, where the 4 currents in upper stage rep-
resent 4 possible combinations of α and β. Iα(0) β(0) is
the only term which contributes so that decoded hard de-
cision of information bit is 0. And Iα(1) β(1) is the only
term which contributes so that the decoded hard decision
of information bit is 1. The other 2 terms are not necessary
so they are connected to VCC . Therefore the L-value of

the decoded soft output is L(û) = Vout
VT

= ln
(

α(0)β(0)
α(1)β(1)

)
.

Fig. 15. Soft output generation block S.

F. Simulation Results of Individual Blocks

Fig. 16. Simulation results of branch weight (a) and trellis cal-
culation (b) blocks.

In this subsection, BW block and TA, NA blocks are
simulated, as those are much complex than others. Fig. 16
(a) illustrates the expected behavior and the circuit behav-
ior in BW block. Vout111 and Vout111 expect denote the
circuit voltage of Γ111 and the estimated voltage of Γ111,
respectively. 2 out of 3 inputs are set to be 0.1 V, cor-
responding to L-value 3.85. 1 out of 3 inputs is swept
from −0.1 V to 0.1 V. The simulated behavior has less
than 2% errors. In Fig. 16 (b), the expected behavior and

the circuit behavior after NA block are illustrated. Vout

and Vout expect denote the circuit voltage of A
′
(1) and

the estimated voltage of A
′
(1), respectively. 3 inputs Γ111,

Γ101,Γ010 are set to be 0.12,0.2,0.6, respectively. The volt-
age for Al−1(1) is swept from −0.13 V to 0.13 V. The
simulated behavior has less than 1% error.

G. Overall Simulation

In this subsection, we describe how the complete de-
coder is constructed and simulated. The encoder and a
channel environment are assumed to be same in all sim-
ulations between the high level simulation and low level
circuit simulation. The simulation is performed on Win-
spice [12] and the model parameters are assumed to be the
default. The decoded outputs generated in the high level
simulation are compared to those generated in the circuit
simulation. Several environments are considered to verify
whether the decoder circuits work properly. Input stimulus
for the transient analysis is the pulse which has a rise time
of 50us, fall time of 50 us, a duration of 500 us and the
total period = 700 us. Different information and different
channel SNRs are used for simulations.

Fig. 17 depicts one of the simulation results. Left
graph shows the expected L-value distribution and the
right graph shows the circuit simulated L-value distribu-
tion. The hard decoding results are the same. In addition,
the soft decoded L-value distribution of the implemented
circuit is close to the expected one. Only some differences
between two distribution are found.

Fig. 17. Comparison between L-values of expectation and
simulation considering random information sequence and noisy
channel with Eb

No
= 2.76 dB.

Table III shows the summary of the circuit simulations.
TER denotes the transmission error rate (number of er-
rors/transmited bits) and DER denotes the decoding error
rate (number of errors/decoded bits). Expected values are
from high level (MATLAB) simulations as shown in Fig.
4. Simulation results show that implemented circuit fol-
lows the error rate with respect to the expected behavior.
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Input Channel SNR( Eb
N0

) LC TER DER(Expect) DER(Circuit)
Zero 1.76 dB 6 1/16 0/16 0/16

Random 1.76 dB 6 2/16 0/16 0/16
Random 2.76 dB 7.55 1/16 0/16 0/16
Random 0.76 dB 4.776 1/16 0/16 0/16

TABLE III
EXPERIMENTAL RESULTS ON THE DECODER CIRCUIT SIMULATIONS.

V. CONCLUSION

A memory 1 and code rate 2/3 dual analog decoder with
16 length has been implemented and simulated in circuit
level. The number of transistors required for multiplica-
tion, addition (subtraction) and normalization (division)
are 8, 4 and 18, respectively. Furthermore, the tanh op-
eration can be efficiently implemented using 2 transistors.
The contribution of this paper is the validation of the de-
sign of a code rate 2/3 dual analog decoder [3]. As a result
of circuit simulation, each of the functional blocks has dis-
tortions within 3 %. The decoding error correction rate fol-
lows the expected decoding error rate properly with some
L-value reduction, while the soft bit reduction is negligible
(within 5%). It can be noted that the same design method-
ology as used in this work is applicable to the dual decoder
design with memory > 2 and code rate > 2/3, e.g., mem-
ory 2 and code rate 3/4, memory 2 and code rate 5/6 or
memory 2 and code rate 7/8.

The following efforts can be done to improve the circuit
behavior :
• Optimize the bias current and voltage
• Optimize the MOS transistor size W,L to get the required
voltage.
• Design the more efficient normalization circuits.
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