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Abstract

Low power design is a foremost challenging issue in recent applications like mobile phones and portable devices. Advances in VLSI
technology have enabled the realization of complicated circuits in single chip, reducing system size and power utilization. In low power
VLSI design energy dissipation has to be more significant. So to minimize the power consumption of circuits various power components
and their effects must be identified. Dynamic power is the major energy dissipation in micro power circuits. Bus transition activity is the
major source of dynamic power consumption in low power VLSI circuits. The dynamic power of any complex circuits cannot be esti-
mated by the simple calculations. Therefore this paper review different encoding schemes for reduction of transition activity and power

dissipation.
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1. Introduction

Scaling of low power very large scale integrated circuits has
boosted the sensitivity of CMOS circuits to produce large energy
dissipation. Most of the energy is being washed out on the data
buses and lengthy interconnects as dynamic power dissipation for
charging and discharging of inter- wire capacitances and internal
node capacitances. To improve on the whole performance of the
application it is essential to control and reduce the technology
scaling effects such as transition activity on data buses. One of the
favorable techniques to increase the efficiency of the system is to
encode the data on the bus. Hence this paper reviews several high
performance encoding techniques to reduce transition activity,
area and power dissipation.

2. Coding Scheme for Reduction of Power Dis-
sipation

The importance of data coding technique is to reduce the data
transition between data on parallel buses or neighboring data with-
in the bus. Various research works carried out in reduction of
power dissipation using data coding technique. Some of them are
listed below.

A Stan & Burleson [7] developed bus invert coding for Low pow-
er 1/0. In this scheme entire buses are used for encoding purpose
and include a redundant bit along with bit line. This scheme is
simple and effectively reduces the switching activity. The bus
invert method was explained in the meticulous location of dynam-
ic input and output power dissipation the identical method can be
useful in any case where huge capacitances are occupied.

Yoo & Choi (1999) suggested how to design low power reconfig-
uration of FPGAs using interleaving partial bus invert coding. The
authors suggested a bus encoding scheme which partitions the data

sequence into several sub sequences. After that reconfiguring
FPGA partial bus invert coding algorithm is used in each and eve-
ry sub sequence to diminish the amount of data bus transitions.
The proposed method is very useful in massive reduction of bus
transitions compared with the conventional bus invert coding such
as partial bus invert coding and beach coding.

Further, Partial bus invert coding is extended with decomposed
bus invert coding technique for low power I/O buses recommend-
ed by Hong et al [32].In this work amount of bus transitions are
reduced by innovative bus-invert coding scheme. Here, the bus
positions are partitioned and each partitioned bus group is consid-
ered autonomously for reducing the overall transitions to get max-
imum efficiency. Results prove that the decomposed bus-invert
coding scheme reduces the total number of bus transitions than the
conventional and partial bus-invert coding algorithms in the same
way.

Sotiriadis & Chandrakasan [10] developed Low power bus coding
technique considering interwire capacitances. The energy dissipa-
tion with driving large data buses would be significant, when con-
sidering the growing inter wire capacitance. Transition reduction
is taking in to least consideration for reducing power when the
effects of inter wire capacitance are taken into consideration. If
model designed with submicron technologies then proper coding
techniques is proposed that can reduce the average power con-
sumption on the bus.

Similar to this Youngsoo Shin et al (2001) suggested Partial bus
invert coding scheme with power optimization techniques for
ASIC devices. In this work two encoding algorithms were imple-
mented. That is named as Partial Bus-Invert coding and Multiway
Partial Bus-Invert coding. Firstly chosen subgroups of bus lines
are encoded to avoid redundant inverted data or uncorrelated bus
lines which are not included in the subgroup. In the extended
method, partition a bus into several sub groups of buses by clus-
tering with heavily correlated bus lines and then encode each sub
bus individually.
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Zhang et al (2002) developed bus invert coding for odd/even buses
seperately for two phase transfer of buses with coupling effects. In
this scheme the authors considered the numbered bus line and also
coupling capacitances will charge and discharge by the activity of
the neighbors. One line will be odd and the other neighbor line
will be even. To reduce the coupling activity by independently
controlling the odd and even bus lines with two separate lines,
Odd Invert and Even Invert line to obtain significant reductions in
power simply by comparing the coupling activity for the four pos-
sible cases of the Odd and Even Invert lines (00, 01, 10, 11), and
then choosing the value with the smallest coupling activity to be
transmitted on the bus. So after encoding, the transition for a pair
of bus lines is still strongly dependents on data. The toggling se-
quences 01—10 and 10—01 result in 4 times more coupling ener-
gy dissipation than other coupling events.

Youngsoo & Takayasu (2002) have introduced model order reduc-
tion algorithm for analysis of power distribution in VVLSI inter-
connects. The analysis and simulation effect induced by intercon-
nects become progressively more essential as the scale of process
technologies gradually shrinks. In this paper the power distribu-
tion study of interconnects is deliberated using reduced model
algorithm. The difference between power utilization and the poles
and residues of a transfer function is calculated and a simple accu-
rate deriver model is also developed, for effective power computa-
tion.

Lee et al (2004) developed novel silent algorithm to reduce power
dissipation in the serial bit stream. In this scheme, data is coded as
XOR between the continuous data words. In the receiver side,
original transmitted data word can be recovered by XOR of en-
coded word and previously decoded words.

Lin Xie et al [29] have developed partitioned bus coding for ener-
gy reduction. This paper proposes the bud partition scheme for the
Transition pattern Coding (TPC). The genetic algorithm based
approach is used. A closed form of expression is derived to calcu-
late the energy dissipation for the partitioned bus with TPC cod-
ing. The bus lines are shuffled and portioned in order to minimize
the total energy reduction. The resulted portioned bus coding re-
duces the encoding and decoding complexity.

Youngsoo & Junghyup (2006) have introduced power analysis of
VLSI interconnect with RLC tree models and model reduction.
The existence of wire resistance ignored by the lumped capaci-
tance model, which has been estimate the charging and discharg-
ing power consumption of CMOS circuits. During this study it
was revealed that about 20% of the power is consumed in the wire
resistance of the buffered global interconnect, when an intercon-
nect is modeled with RC tree networks. The power distribution
analysis of interconnect with RLC tree networks based on a re-
duced order model. The individual analysis of the driver circuits
and the role of interconnect is much constructive to realize the
sources of energy dissipation.

Massimo et al [26] introduced energy consumption in RC tree
circuits. In this paper, resistance, capacitance tree networks are
modeled in terms of their energy consumption associated with an
input transition. Based on Single pole approximation, the energy
consumption circuits are modeled and equivalent time constant is
also analytically derived from an exact analysis for very slow and
very fast I/P transitions. Then this model is extended to arbitrary
values of the input rise time by exploiting some intrinsic proper-
ties of RC tree networks. This method is fully analytical and leads
to closed-form results.

Transition skewing coding scheme proposed by Akl & Bayoumi
[1] reduces power dissipation and area. This scheme deals with
area, noise, cross talk, peak energy and signal integrity and
switching and leakage power. The authors used 90nmtechnology
to simulate. The encoded bus is compared against a standard bus
and a bus with shields inserted between every two wires. The en-
coding and decoding latencies are also analyzed. Simulations
show that transition skew coding is efficient in terms of energy
and area with low encoding and decoding latency overhead. This
work has been further extended in 90nm encoding scheme consid-
ering 2 GHz global clock frequency.

Variable cycle transmission for on chip interconnects algorithm
developed by Kalyan et al (2008). It proposes a scheme which
exploits both dynamic voltage scaling and variable cycle transmis-
sion mechanisms for minimizing on chip interconnect energy con-
sumption. Transmit data using variable cycle transmission meth-
od, based on the delay saving achieved through variable cycle
transmission method at frequent intervals. To obtain energy saving
by scale the voltage and frequency.

Verma & Kaushik [4] have reviewed and analyzed various encod-
ing techniques for reducing delay, energy dissipation and crosstalk
effects in VLSI interconnect. From this paper we can understand
how the encoding techniques are formulized to get the minimum
energy loss circuits. Crosstalk is induced by simultaneous switch-
ing activity of adjoining bus lines. This is the main cause for the
malfunctioning of VLSI chip. Most of the occasions due to inten-
sified crosstalk affect the system delay and power dissipation.
Switching activities are reduced all the way through coupled
transmission line results in huge reduction of power dissipation.
The researchers consequently focus on encoding scheme that re-
duces the transitions of the signals.

Venkateswara & Tilak [6] analyzed crosstalk noise effect in sys-
tem on chip then developed a innovative bus encoding technique
to decrease the obtained issue. This coding scheme proposes how
to reduce the crosstalk outcomes in system on chip. since the sys-
tem is submicron technology circuit layouts become small, inter-
nal components closer together, so the coupling capacitance in-
flated between nodes. In the meantime, substrate capacitance is
less then interconnections and circuit delays are decreased as tran-
sistors become smaller. Substrate capacitance is the foremost ef-
fect for circuit geometries higher than 0.25 micron. Conversely
with geometries at 0.18 micron and below, the coupling capaci-
tance becomes considerable.

Karunamoy & Subhashis [30] developed a novel method for anal-
ysis of power consumption in VLSI global interconnects. The
investigation of effects induced by interconnects become more
important as the technologies scale down. The analysis method
based on a reduced order model and discrete domain Z transform.
Power dissipation can be computed expertly in Z-domain using an
algebraic equation, instead of inappropriate integration in time
domain. The theoretical conclusion relies on the pole and residues
of transfer function can be used in any class of model order reduc-
tion practice.

Padmapriya [16] developed modified bus invert scheme for low
Power VLSI circuits in Deep Submicron technology. In this work
peak power is a most critical design factor as it determines the
thermal and electrical limitations of designs, cost of the system,
precise battery type size and weight, component and system pack-
aging and heat sinks, and aggravates the resistive and inductive
voltage drops. Therefore it is essential to have the peak power in
control. The cross talk is dependent on the data transition patterns
on the bus. As a result the proposed bus invert encoding design is
suitable for reducing the power dissipation and cross talk delay in
VLSI circuits.

Sanjay et al (2013) developed Reduction of Sub threshold Leak-
age Current in MOS Transistors. Here NMOS and PMOS are
simulated in different layout techniques show considerable reduc-
tion in sub threshold leakage and junction leakage currents by the
use of double-finger and four-finger techniques. Junction and sub-
threshold leakage reduction is observed by varying different pa-
rameters in single NMOS and PMOS transistors. So the memory
is fabricated by large number of PMOS and NMOS transistors and
also can be reduce leakage current in memory.

Nima et al [17] introduced encoding scheme for network-on-chip
to reduce energy consumption in data buses. By using this encod-
ing technique power can be reduced in the links of a NoC. Analy-
sis carried out on both fake and real traffic scenarios show the
efficiency of the design. This scheme used to minimize not only
the switching transition, but also the coupling switching activity
which is mainly responsible for link power dissipation in the deep
submicron meter technology regime
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Amit & Jyoti (2014) developed an energy efficient advanced low
power CMOS design to reduce power consumption in deep Sub-
micron technologies in CMOS circuit. Here energy efficient and
eco friendly techniques were focused for calculation of power-
dissipation in various components and also the determination of
different ways to reduce the total power consumption in a CMOS
device. This technique has less power dissipation than the conven-
tional CMOS design style.

Kanchan & Deshmukh (2015) proposed Power Optimization of
Combinational Quaternary Logic Circuits. By the need of inter-
connections design of the binary logic circuits is restricted. Inter-
connections increase energy consumption, area and delay in digi-
tal CMOS circuits. Multiple valued logic full adder can decrease
the average power needed for transitions and reduces the number
of required interconnections using unique encoding technique.
Prabhakaran & Shenbagavelrajan [14] have developed modified
data encoding and decoding scheme for data transmission in net-
work-on-chip. The main cause of dynamic power dissipation in
network on chip is due to coupling capacitance and self-transition
effects. The self-transition is decreased by examine the switching
activity and then the coupling technique is included with the rout-
ed network, which is encoded by the network interface before they
are injected in the network and are decoded by the destination
network interface. The encoding scheme on a set of data showing
that it is possible to reduce the power consumption for both self
and coupling switching activity in an inter router links.

3. Coding Scheme for Reduction of Self and
Coupling Transition

In CMOS circuits most power is dissipated as dynamic power due
to switching transition during charging and discharging of load
capacitance. Transition activity is classified in to self transition
and coupling transition. In this field most of the research work
analyzing coupling transition, self transition and combined both
self and coupling transition techniques to reduce the power dissi-
pation.

Sumant et al [8] introduced a coding frame work for low power
address and data busses presents a source coding frame work for
design of coding schemes to reduce transition activity. In this
frame work a data source is first passed through a decorrelating
function f1 ,Next, a variant of entropy coding function f2 is em-
ployed, which reduces the transition activity. In this scheme in-
cremental xor (inc-xor) method for address bus and probabilistic
based mapping xor (xor-pbm) method for data bus is used to en-
code the data to reduce transition activity.

Vijay & Keshab [3] have developed limited weight coding with
codeword slimming technique to reducing bus transition activity.
In this work introducing redundant information on data lines to
reduce number of transitions data busses. A new coding technique
that leads to tremendously reduce bus transitions to the transmis-
sion of lower bound depending on the redundancy of bits consid-
ered. So there is a huge reduction of power dissipation over an un-
coded information.

Ki-Wook et al (2000) proposed coupling driven signal encoding
scheme for low power design. Effects of coupling an on-chip in-
terconnects ought to be addressed in ultra deep submicron and
system-on-a-chip designs. Here coupled switching activity which
dominates the on-chip bus is minimized by introducing low-power
bus coding technique. Hardware overhead diminished by the cou-
pling-driven bus inverts method use slim encoder and decoder
architecture .

Jorg & Harish [31] have considered the coupling effects in low
power deep sub micron designs using an adaptive address bus
coding technique. The source is a physical bus model that quanti-
fies coupling capacitances. Due to large group of buses and deep
sub micron technology where the self and coupling capacitances
among bus lines are dominant factor for energy consumption of

interconnects starts to have a major impact on a systems entire
energy dissipation. The A2BC encoding method is applied in the
two stages of ACCS and LSIS.

Madhu et al [24] designed chips for low power applications is one
of the most important challenges faced by the VLSI fabricators.
Because the power dissipated by 1/O pins of CPU is a significant
source of power consumption. Dynamic coding technique for low
power data bus encoding scheme developed for reducing switch-
ing activity on external buses. This technique considers two logi-
cal groupings of bus lines, each being a permutation of the bus and
energetically chooses the grouping which yields the minimum
number of transitions.

Naveen et al [18] has implemented a new deep submicron bus
encoding for low Energy. In present low power digital circuits the
total amount of power scattered to wires is increasing day by day.
Reducing power dissipation in wires plays a major role in low
power applications. Switching transitions meet the expense of
momentous energy loss in deep sub-micron buses. As a conclu-
sion this method reduces the coupling transitions activity for sub-
micron technologies compared to the usual un-coded data lines.
This process is adaptive it decreases the signal transmission for all
sorts of data streams.

Menon et al [27] introduced switching activity minimization in
combinational logic design. The reduction of switching activity in
combinational logic design an algorithmic way using karnaugh
map has been proposed which modifies the normal optimal solu-
tion obtained from k-map to reduce its switching activity. More
than 10% reduction in switching activity has been observed using
this method. The final solution gives a good tradeoff between cost
and power consumption.

Tina et al (2004) have developed deep sub micron bus invert cod-
ing presents a deep sub micron bus invert coding for on chip paral-
lel data buses. Similar to bus invert coding technique it is used to
realize low complexity encoding and decoding circuitry, and with
a complexity that scales linearly with the bus width. By introduc-
ing redundancy it is possible to reduce the energy dissipation in on
chip parallel data buses.

Muroyama et al introduced a variation aware low power coding
methodology for tightly coupled buses. Variable length coding is
proposed to reduce the self capacitance and switching power.
Probabilistic information is used to for assigning the code. The
smaller length code is assigned for more frequent data, in which
the major sources of the power consumption are the activities on
the signal lines and the coupling capacitances of the lines[20].
Avnish et al (2006) proposed an adaptive low power bus encoding
based on weighted code mapping. The Weighted code mapping
considers the self and coupling capacitance of the bus wires.
Window-based adaptive coding method is proposed to improve
the energy saving by adaptively changing the code mapping for
different data probabilistic characteristics. The authors extended
their work in another encoding scheme is called an adaptive hy-
brid low power bus encoding technique (2006), in which the
WCM algorithm is combined with delayed bus encoding tech-
nique will further reduce the bus energy.

Sainarayanan et al [13] introduced coding for minimizing energy
in VLSI interconnects. The main target of VLSI designers is to
minimize the switching activity on the on-chip buses. Authors
introduced a bus encoding technique which minimizes both self
and coupling transition activity to curtail the global power con-
sumption. Simulation results shows that the proposed method is
suitable for the continually shrinking technology and low power
VLSI applications.

Madhu [23] introduced CMOS process technology scaling to deep
submicron level. Delay in long on-chip buses is becoming one of
the main performance limiting factors in high speed designs.
Propagation delay is most important when adjacent wires are tran-
sitioning in opposite direction as compared to transitioning in the
same direction.. This work proposes a technique, namely, selective
shielding, to eliminate crosstalk transitions. Selective shielding
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significantly reduces the number of extra wires which gives a
lower bound on the number of wires required to encode n-bit data

Shankaranarayana & Yogitha [11] developed universal rotate bus
invert coding for Low power VLSI circuits. Switching activity is
the major issue that affects the dynamic power. Reduction of
switching transitions in the data busses attains impacts on the bus
width and bus capacitance. Encoding scheme suggested in this
paper firstly the data is coded with either rotate left or rotate right
algorithm. Secondly the coded data lines compared with the origi-
nal un-coded data line to calculate the amount of transition be-
tween the bus lines. Finally least transition count encoding scheme
will be taking in to consideration for further transmission .This
work has given better performances than the existing methods like
as shift invert coding and bus invert coding for sample data in
terms of switching activity, without the need for any extra calcula-
tion and design.

Verma & Kaushik [5] developed a bus encoding scheme for RC
coupled VLSI interconnects to reduce crosstalk and power dissipa-
tion. The crosstalk is caused by both self and coupling transition
activities that are considered when there is a transition on the bus
lines or between neighboring bus lines. To enhance the perfor-
mance of the system design is to minimize the simultaneous
switching activities of the entire bus lines. Several algorithms and
analysis are carried out by researches to rectify the problems such
as power dissipation, delay and crosstalk reduction. Encoding is
the most unbeaten and trendy method for enhancing the activities
of on chip buses. The transition reduction improves performance
in power dissipation, coupling activity and delay in on-chip buses.

Nagendra Babu et al [21] proposed Bus encoder for crosstalk
avoidance in RLC models. In recent years most encoding meth-
ods deal with only RC modeled VLSI interconnects. In deep sub-
micron (DSM), inductive effects have increased due to faster
clock, smaller rise times and longer on-chip interconnects. All
these raise power dissipation, propagation delay and crosstalk. So,
this research introduces an efficient Bus Encoder method using
Bus Inverting (BI). This proposal reduces both crosstalk and pow-
er dissipation in RLC modeled interconnects which makes it suit-
able for current high-speed low-power VVLSI interconnects.
Padmapriya [15] proposed for low power bus encoding for deep
sub Micron VLSI circuits. In recent year’s low power and power
awareness has become a major driving force especially due to
portable electronics and the growing cost of the power dissipation.
DSM bus power dissipation is directly related to the switching
activity of the coupling capacitance that exist between the bus
lines and also the switching activity of the self capacitance present
between the bus interconnect and the ground. The technique used
here is to reduce the switching activity of both self and coupling
capacitances through encoding the data on buses.

Mullainathan & Ramkumar [19] proposes switching reduction
through data encoding techniques in Network on chip. Here en-
coding scheme is used to reduce the power dissipation and the
energy consumption of the communication system in NoC. On-
chip interconnect has more significant fraction of the overall sys-
tem power/energy budget. So in the definition of new methodolo-
gies and techniques aimed at optimizing the on chip communica-
tion system not only in terms of performance but also in power.
The method followed is, encoding the packets before they are
injected into the network in such a way as to minimize both the
switching activity and the coupling transition effects in the NoC’s
links which represent the main factors of power dissipation.
Devendra Kumar et al [34] have introduced FDTD based transi-
tion time dependent crosstalk analysis for coupled RLC intercon-
nects based on FDTD analysis of transition time effects on cross-
talk. The investigation carried out is for equal and unequal transi-
tion times. The unequal rise time effects are also equally important
because, it is common to have mismatch in the rise time of the
signals transmitting through different wire length. As an example,
two distributed RLC lines coupled inductively and capacitive are
considered. The FDTD method is followed because it gives accu-
rate results and carries time domain analysis of coupled lines.

4. Conclusion

In this review paper, various encoding schemes have been re-
viewed. it is observed that with the rise in VLSI technology ,
complexity of encoding have increased . The main emphasis of
different researches is to reduce the signal transition in the bus.
Area and different type of transition activity like self transition
and coupling transition are the main cause of dynamic power dis-
sipation. Researchers have suggested various encoding methods to
reduce self and coupling transition effects from micrometer to
nanometer technology.
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