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Abstract—With a Viterbi decoder, the bit error probability of
a communication system can be reduced. However, the power
consumption of exploiting Viterbi decoder is an overhead to
systems. In the Viterbi decoder, the survivor memory unit
(SMU) is the most power critical due to data exchanging.
A low-power radix-4 Viterbi decoder based on a differential
cascode voltage switch with pass gate (DCVSPG) pulsed
latch with sharing technique is proposed to process two bits
concurrently. The dynamic power of SMU is reduced by the
sharing technique. Moreover, the smaller clock loading also leads
to power-efficient characteristic. Based on UMC 90nm process,
the simulation results show the proposed Viterbi decoder with
sharing technique could achieve better power scheme with
energy efficiency 0.128 nJ/bit at 0.9V.
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I. INTRODUCTION

In recent years, the applications of portable devices grow
up increasingly due to wireless networks. Because of chan-
nel impairments such as noises, interferences, and fading,
information transmission often uses channel coding techniques
in the communication systems to prevent error propagation.
The Viterbi decoder is a popular decoder for its high-speed
and low-cost properties, and it has been adopted by many
standards, for example, ultra-wide band (UWB) system and
Wi-Fi. With the increasing data rate in the systems, the power
dissipation of systems increases rapidly. The error decoding
mechanism becomes an additional burden. The other problem
is the limitation of battery life in the portable devices. To
design a Viterbi decoder for portable devices, reducing power
consumption of decoder becomes a significant issue.

The Viterbi decoder is composed of four units as shown in
Fig. 1. The branch metric unit (BMU) computes the branch
metric values of the branches. These values deliver to the add-
compare-select unit (ACSU) to compute the temporary path
metric values and make decisions of survivor paths. The path
metric unit (PMU) stores the temporary path metric values for
ACSU usage. The decisions made by ACSU are stored in the
survivor memory unit (SMU). When the survivor path is long
enough, the SMU outputs decoded bits and finish the decoding.
There are two well-known approaches in implementation of
the SMU, one is trace-back (TB) method, and the other is
register-exchange (RE) method. The former is preferred for
its less power consumption. The advantages of this method
has been adopted in many devices and studies [1-2]. However,
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Fig. 1. Block diagram of Viterbi decoder.

the drawbacks of latency and data rate are challenged in high
speed devices. In recent years, the latter, with possibility of
high data rate, has become popular for high speed applications,
such as IEEE 802.15.3c. Now, many studies have further
developed RE method for the Viterbi decoder [3-4]. But in the
RE-based Viterbi decoder, the storage elements are composes
of flip-flops, which is the most power critical part due to data
exchanging. According to [4], the power dissipation of SMU
in cell-based decoder is around 40%.

In this paper, to reduce the power consumption of the
decoder, we propose a low-power RE-based SMU. The re-
mainders of this paper are organized as follows. In Section
II, some concepts of RE-based SMU and relative low-power
techniques are given. The proposed SMU based on pulse-
sharing differential cascode voltage switch with pass-gate
(DCVSPG) pulsed latch with sharing technique will be dis-
cussed in Section III. The simulation results and comparisons
are shown in Section IV. Finally, the conclusion is given in
Section V.

II. BACKGROUND

In the RE method, three implementations are available - best
state approach, fixed state approach, and majority approach.
With long enough truncation length, the survivor paths would
merge together and the best state search can be ignored;
instead, the content of zero state is choose as decoded bit.

In RE-based SMU, some low-power techniques have been
proposed. The scarce state transition (SST) algorithm [5-
6] was developed to reduce state transition activities. This
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Fig. 2. Performance of punctured code with different truncation length.

algorithm transforms the received channel values. The sur-
vivor path will most likely pass through the zero state under
high signal-to-noise ratio (SNR). Thus, the transitions and
the switching power of decoder are reduced. The variable
truncation length algorithm [4] was proposed based on path
merging phenomenon in high SNR condition. The path de-
tection unit was presented to detect the path merging phe-
nomenon. Through this scheme, the truncation length can be
adjusted depending on channel condition, resulting power-
efficient SMU.

In our previous work, we have developed a low-power
DCVSPG pulsed latch. There are two key components in
the DCVSPG pulsed latch. The low-swing pulse generator
generates the inverted clock signal to be used for triggering
DCVSPG latch. The generator decreases voltage swing by cas-
cading gated transistors. Due to reduced swing, the switching
power of internal nodes is reduced. Moreover, the leakage
power is also reduced by gated transistors. The DCVSPG latch
is implemented by differential cascode voltage switch with
pass gate logic [7]. According to the clock signal and the
inverted signal generated by low-swing pulse generator, the
virtual transparent pulse window turns on NMOS transistors.
In the same time, DCVSPG latches capture input data then
generate the output signal.

However, connecting one low-swing pulse generator to one
pulse latch would only save little power consumption. The
reduction is not obvious in the design with few flip-flops.
Therefore, more power saving should be realized. Furthermore,
to meet the data rate of UWB system, two-bit flip-flops
supporting radix-4 architecture of Viterbi decoder is required.
In the view of above conditions, a low-swing DCVSPG pulsed
latch with sharing technique is proposed.

III. PROPOSED VITERBI DECODER

As stated above, the SST algorithm and variable truncation
length algorithm can achieve low-power schemes in good SNR
conditions. However, the basic unit – register, is still not be
optimized. With state number increasing, the truncation length
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Fig. 3. DCVSPG pulsed latch with sharing technique

should be longer. In this condition, the register number will
increase rapidly. Moreover, the punctured convolutional codes
need longer truncation length to maintain performance. Fig. 2
shows the performance of punctured convolutional code, the
result shows that the truncation length should be lengthened
with high code rate punctured code. Last but not least, the
path merge phenomenon will appear too late in low SNR
conditions. In noisy channel, the switching activities are not
reduced. Based on these features, it is feasible to optimize the
registers. More power saving of register, more power saving of
SMU. To address this issue, the DCVSPG pulsed latch with
sharing technique has been developed. In the following, the
details will be discussed.

A. DCVSPG Pulsed Latch with Sharing Technique

The proposed DCVSPG pulsed latch with sharing technique
is shown in Fig. 3, including a low-swing pulse generator
and more DCVSPG latches. The pulse generator is composed
of inverter chains, a gated PMOS, and a gated NMOS. The
DCVSPG latch could capture input data when clock and
inverted clock signals are high.

Based on previous discussion, in order to reduce more
power dissipation and area cost, the low-swing pulse generator
can be shared by different number pulsed latches. In other
words, one low-swing pulse generator could trigger more than
one pulsed latches. However, the CLK-Q delay will become
worse with increasing number of pulsed latches. To achieve
a balance between delay and power consumption, the power-
delay analysis plays an important role. With respect to the
SMU of Viterbi decoder, the output loading of analysis and
clock frequency are 8.36fF (loading of flip-flop in the SMU)
and 250 MHz respectively. Moreover, we adopt high switching
activity (α=1) input patterns to simulate low SNR conditions
of communication systems. Fig. 4 shows the plot of power
versus delay based on different number pulsed latches and
the hold time analysis is shown in Fig. 5. According to the
simulation result, the power consumption reduces obviously in
small number pulse latches. But with increasing latches, this
reduction turns into saturated and delay rises rapidly.

B. Proposed Radix-4 RE-based Viterbi Decoder

In the Viterbi decoder design, two important issues have
to be considered carefully: speed and power. For high-speed



Fig. 4. Sharing analysis of different number of pulse latch.
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Fig. 5. Hold time and delay of different number of pulse latch.

applications, the high-radix architecture [8] becomes popular,
to perform multi-step of trellis in one cycle. The data rate
becomes n times based on radix-2n architecture, in other
words, processing n bits in one cycle. In addition, without
loss generality, the area and power overheads are also n times.
Moreover, to achieve high data rate, the designer usually adopt
RE-based SMU. The RE approach is the simplest technique
which assigns a set of registers to each state. These registers
store the decision bits produced by ACSU. At each time step,
these registers change the contents to update new decision bits.
Based on RE approach, the way to trace back the survivor path
is neglected and the latency could be reduced. However, the
power consumption of RE method is larger due to exchanging
registers. Based on the previous discussions and UWB system
requirement, a radix-4 architecture that two flip-flops required
in one basic unit in SMU is suitable for the Viterbi decoder.
A radix-4, RE-based Viterbi decoder process 2 bits at a time,
that is, two bit flip-flops are needed. Hereby, the proposed low-
power RE-based Viterbi decoder by the DCVSPG pulsed latch
with sharing technique is implemented for UWB system. The
architecture of proposed RE-based SMU is shown in Fig. 6.
To reduce the power dissipation of SMU, the DCVSPG pulsed
latch with sharing technique is adopt to replace the flip-flops
which are the power-hungry components in the SMU.

IV. SIMULATION RESULTS

In order to be consistent with the condition of Viterbi
decoder, the operating frequency and output loading are 250
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Fig. 6. SMU architecture design.

TABLE I
POWER COMPARISON OF TWO-BIT FLIP-FLOP

Pre-layout Post-layout Area

UMC(C2MOS) 7.775(µW) 9.571(µW) 25.4(µm2)
DCVSPG 3.893(µW) 5.498(µW) 22.58(µm2)

DCVSPG with
3.556(µW) 4.958(µW) 17.64(µm2)Sharing Technique

TABLE II
CLOCK TREE COMPARISON OF VITERBI DECODER

Cell-based Proposed

Number of sink 4745 2932
Number of buffer 98 60

Max. Skew 58.2(ps) 68.2(ps)
Max. Buffer Tran. 221.1(ps) 355.4(ps)
Max. Sink Tran. 175.1(ps) 284.2(ps)

MHz and 8.36fF respectively. Table I shows the power con-
sumption of proposed DCVSPG pulsed latch with sharing
technique based on UMC 90-nm process and compares to
UMC standard cell. The proposed DCVSPG pulsed latch with
sharing technique has superior power dissipation and smaller
area compared to others. As mention above, the DCVSPG
pulsed latch with sharing technique has the potential to reduce
power consumption of the design with a lot of flip-flops, such
as Viterbi decoder.

The performance of Viterbi decoder is shown in Fig. 7. Ac-
cording to the BER curves, the performance improvement will
reach a limit when truncation length equal to 64 with 8-level
soft-decision, 9-bit PM width and 6-bit BM width. Therefore,
we select 64 as maximum truncation length. Table III lists
the implementation results of the proposed Radix-4 Viterbi
decoder based on UMC 90-nm 1P9M CMOS process. The
operating frequency and data rate are 250 MHz and 500 Mb/s
to meet the requirement of UWB system. Fig. 8 shows the
layout view of a radix-4, DCVSPG with sharing technique
Viterbi decoder. Based on the DCVSPG pulsed latch with
sharing technique, the total gate count is 84.35K, and the
power consumption is 63.97 mW at 0.9V, estimated by post-
layout simulation from the Cadence Ultrasim software. With
the sharing technique, smaller clock tree loading could be
realized as shown in Table II. Fig. 9 shows the comparison
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Fig. 7. Performance of proposed decoder

Fig. 8. Layout view of the proposed Viterbi decoder.

of proposed decoder with UMC cell-based Viterbi decoders.
Compared to cell-based decoder, the proposed DCVSPG with
sharing technique Viterbi decoder can achieve 22.3% power
saving. Compared to other relative works in Table III, the
proposed DCVSPG with sharing technique Viterbi decoder is
an power efficient design.

V. CONCLUSION

In this paper, we have proposed a power-efficiency radix-
4 Viterbi decoder for UWB applications. To decrease the
power consumption, the low-swing DCVSPG pulsed latch with
sharing technique is introduced to reduce the switching power
and leakage power; in addition, less clock loading could be
achieved. Experimental results indicate the proposed radix-4
Viterbi decoder with 84.35K gate counts can achieve 500 Mb/s
and consume 63.97 mW at 0.9V with the energy efficiency
0.128 nJ/bit.
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Fig. 9. Power comparison of Viterbi decoders.

TABLE III
COMPARISON WITH OTHER DESIGNS

Proposed [3] [9]

Technology 90-nm 0.18-µm 0.13-µm
Code Rate 1/3 1/2 1/2

State Number 64 64 64
Soft Decision 3-bit 4-bit 3-bit

PM Width 9-bit N/A 6-bit
Truncation 64 42 40

Length (TL)
Clock Rate (f) 250MHz 100MHz 200MHz

Data Rate 500Mbps 100Mbps 200Mbps
Gate Count 84.35K 24.48K 49.4K

Power 63.97mW 25.47mW 49.94mW
Normalized Power1 63.97mW 29.95mW 69.36mW

Energy
0.128 0.120 0.277

Efficiency (nJ/bit)2

High SNR Condition Not Need Need Not Need
Note Ultrasim Prime Power Prime Power

1 Normalized power: ∝ f ×V 2
dd ×TL

2 Energy Efficiency = Normalized Power / Normalized Data Rate
(Normalized Data Rate ∝ f × radix-n)
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