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RF Phase Shifter Using Coupled Microstrip
Square Rings Tunable Bandpass Filter

L. Bousbia® M. Ould-Elhassen®, M. Mabrouk®, A. Ghazel® & Ph. Benech*

Absiract - This paper presents a study, optimization and
simulation of tunable bandpass filter centered at 2.4GHz and
used as phase shifter based on coupled microstrip square
ring loaded by varactor diodes. We have performed an
electromagnetic simulation on Momentum software of ADS™;
we have used the power of the Momentum software for the
optimization and simulation of our circuit. A good results were
obtained; the filter results in an insertion loss of 0.35 dB—0.26
dB over tuning range and 3-dB bandwidth of
300MHz—-360MHz. We compute a fractional bandwidth
between 13% and 14.5% for our circuit and for different value
of capacitance. We compute also a good dynamic range of
phase shifting about 90° at operating frequency 2.4GHz for
different value of capacitance.

Keywords . Bandpass filter, Square ring, Phase shifter,
Microstrip line, Varactor diode, Coupled line, RF
engineering.

[. INTRODUCTION

— or almost three decades, tunable filters have been
=== g popular choice to adapt multiple RF bands of

operation using a single filter [1]. As
consequence, tunable filter can replace the necessity of
switching between several filters to have more than one
filter response by introducing tuning elements
embedded into a filter topology. Depending on type of
tuning element, tunable filters can be classified in two
categories with discrete and continuous tuning [2]. In
this case we interest on continuous tuning device more
precisely on varactor diodes, the use of this type of
diode as capacitors has been the most popular choice
to modify the effective electrical length of the resonator
and tune the center frequency of the passband.

The coupling is carefully controlled by coupled
microstrip square ring resonators and the tuning is
performed by changing the bias on the varactor diodes.
As the first step we begin by synthesizing bandpass
filter from a prototype low pass filter, this process can be

Author .. GRESCOM Research Laboratory, SUPCOM, University of
Carthage, Tunis, Tunisia.

Author . GRESCOM Research Laboratory, SUPCOM, University of
Carthage, Tunis, Tunisia.
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Author ¥ . IMEP-LAHC Research Laboratory (INP Grenoble, France),
Grenoble-Minatec, 3 Parvis Louis Neel, B.P. 257, Grenoble, France.

done by implementing frequency transformation and
circuit conversions [1].

Bandpass filters can also be used as delay line
[4], by using the correct amount of delay; the signal can
be shifted for the intended amount of phase shift. In
several applications of electronic it is often necessary to
change the phase of signals, for this reason RF and
microwave phase shifters have many applications in
various equipments.

In this paper, we present a combining study
design used for two functions as a phase shifter and as
tunable band pass filter in the same time. The filter
configuration studied, is based on three square ring
resonators. Tunable bandpass filters are designed using
half wavelength open loop resonators. A bandpass filter
with  74.5% bandwidth centered at 24GHz was
designed. In the following, a phase shifter is constructed
with filter designed. A good dynamic range of phase
shifting of 90° at operating frequency is obtained.

1I.  CIRCUIT DESIGN

In order to characterize our filter there are
different  types of approximation  (Chebyshev,
Butterworth, Elliptic and quasi-Elliptic) [3]. For this
purpose we have studied the three cases of filter
approximation by using our filter characteristic given as
following:

Center frequency F.= 2.4 GHz
Bandpass width BW =200 MHz
Insertion loss IL < 0.3 dB

Stopband attenuation Las = 20.0 dB at normalized
frequency Qg= 2.0.

a) Filter Synthesis

We start our filter synthesis by choosing the
lowpass prototype; we discuss the design of passband
filter described by the specifications above. The figure 1,
gives three examined filter response, the equation 1
determine the filter n order of chosen Butterworth
approximation [4] :

01l
N Iog!lO 1!
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2log Q, @
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By using equation 1 and the filter specifications,
we can calculate the filter order as n = 3. The figure 1
gives the transmission characteristics of different
approximations Butterworth, Chebyshev and Elliptic.

0
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-90

-100
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GHz
Fig. 7 :Transmission characteristics of different
approximations

We chose Butterworth approximation for
satisfaction of our fixed filter characteristics. The figure 2
presents Butterworth lowpass prototype [4] filter and the
bandpass calculated filter.

(@ 9o=1

=1
—|— 92=2 94=1

M|

% 50Q

Fig.2. (a) : Three poles lowpass prototype, (b): Lumped
components bandpass filter

The parameters of the Butterworth lowpass
prototype [4] i.e. are 9o=1, 0:=1, 9-=2, gs=1 and g,=1 are
determined by using the known formulas in [4], this
lowpass prototype is given by the figure 2-a and
transformed to lumped element bandpass filter given by
figure 2-b when the series and shunt lumped elements
were calculated as follows:

. FBW 1
s=———- 79, “s T @
w,FBW 0,82, 709;
[} Z
L, = FBW y, .C, = c 9 yo =2 @)
0,92, 9, o FBW 7, 9
L1=40nH, C,=0. 1pF, L,=0.13nH, CZ=32pF,

Ls=40nH and C3=0.1pF.

The figure 3 gives lowpass prototype obtained
by impedance inverters. This figure consists of

12 Global Journals Inc. (US)

J-inverters and shunt resonators only. The derived
formulas [4] permitted to calculate the (B;, @) lumped
components that are given by the equations (1-5).

Input Ouput
N\
Bi=—={ J B, =
YO Jo1 1 o \12 2 , YO
Ny /
N AN

i
S
(&
by
e
[(e]
e
I
o
8

F1g.3 :Lowpass filter admittance inverter

The  frequency  transformation  lowpass-
bandpass is given by the equation (4), B; is invariant
susceptance.

1l (o 1
+ % g + B =jol, ——— (@
( jg' J e, joC, “

FBW jow .
—0,C, 1L (5)
o™i
() -ced ®
FBW | o,
izl(gi Bj (7)
w, \FBW = 2
_1( e _BY 8
Li_wo[FB 2) ©
S S - T ©)
"TJLC \ g/FBW+B/2
b =y C, =2 (giﬁi] (10
w, \FBW = 2

The external quality factor and the coupling
coefficients can be found by the equation (9):

Jy b
M, = andQ,, =+ (11)

’ qub “ g
With normalized cutoff frequency Qg=1, the
following figure 4 gives the general coupling graph of

our filter, while the parameters Mj; are the inter-resonator
coupling parameters.

M13 —_
C,
Input §L1/2 |_1/2§ nglz LZ/% gl_g/z Lg/%g Output
Qext - M32 Qext

Fig.4 : General bandpass filter coupling structure



b) Filter optimization and method engineering

In the following part, we describe the
optimization methodology engineering of our circuit; its
principle is given by the figure 5. In this engineering
process, we use the filter specifications to determine
lumped elements of bandpass filter, and then we
introduce the coupling coefficient and the J-inverters.
We have used the LinCalc program of Advanced Design
System (ADS™) software to design the circuit and to
calculate the geometrical parameters, and by using
Momentum we can compare the lumped components
and coupled resonator model in order to get more
efficient bandpass filter. The proposed engineering
method reduces the computational cost with respect to
the theory filter synthesis. Moreover the output EM
simulation results could be feed back in order to adjust
the parameters such resonator dimensions, input feed
positions and coupling distances for a better filter
performances.

* Filter e Resonators dimension
specifications | M; EM

e Synthesis —° Inputf_eed position > simulation
« Lamped Model Qext|® Coupling distance

s; T No Sj

+_

Comparing results

i Yes

Final Filter

Fig.5 - Bandpass filter optimization

Microwave ring resonators are proposed
components for designing our filter. Fig 6 illustrates the
filter using three cascaded half wavelength square ring
resonators. By using lineCalc program we can calculate
the coupling distances (S) for three square rings in order
to perform the electromagnetic simulation.

|
[

Fig.6 - Three square rings filter and phase shifter

The geometrical parameters of square
resonator can be determined by using the equation (10);
the characteristic impedance of the resonator is given
by:

The excitation inputs have been placed to get a
maximum power transferring and have been matched to
reference impedance. To insure a maximum power
transferring, we use a tapering input section. We change
the width of input transmission line to have the same
width of main transmission line that constitutes the
resonator.

(10)

c) Loaded square ring resonator

In this part, with the aim of moving the operating
frequency of our circuit as to vary the phase, we load the
ring resonators with varactors diodes [5]. The choice of
the location of the diodes is made according to the
constraints of geometry. The originality of our work is
that we load the varactor diode inside of the open loop
ring resonator; because in the literature we charge the
open loop rings in the slots. The following figure
illustrates the location of the varactor diodes and gives
the diode model and the via-hole model used to
connect the diode to ground.

o
Varactor diode model

Via-hole model of ADS™

Via-hole

Fig.7 - Loaded varactor diode square ring with varactor
diode model and via-hole model

To load the square ring resonator by the
varactor diode, we use a via-hole that allows to be
connected to the ground through the substrate layer. In
this study we have used a model given by the ADS
software constituted by serial inductance L and resistor
R, this via-hole is defined by R=0.2Q and L=0.55nH
[6,8].

The model of diode varactor has variable
capacitance Cvar and a series resistance Rs=0.4Q,
parasitic series inductance Ls=0.45nH, and parasitic
parallel capacitance Cp=0.015pF [7].

[T1. RESULTS AND DISCUSSION

This section contains simulated results obtained
for the proposed filter and phase shifter. This structure
has been designed using electromagnetic simulator
Momentum of ADS™. The bandpass filter is designed at
fundamental resonant frequency F,=2.4GHz, and with
bandwidth of 360MHz. It is built on a microwave Rogers
Duroid 4003 substrate having relative permittivity €, of
3.36 and height of 0.873mm.

For this filter, structure of passive filter is
realized using microstrip ring resonator. Fig. 8 illustrates
the transmission frequency response of bandpass filter

© 2012 Global Journals Inc. (US)
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simulated with Momentum of ADS. By observing the
frequency response, the simulated return loss of the
filter in the bandwidth was better than 15dB. The
bandpass filter has 3-aB bandwidth of 360MHz.

The coupling parameters as: M,,=M,;=0.058,
M,=0.083 and the quality factor Q,= @Q,,= 12.05.

From 2.25GHzto 2 9GHz the obtained insertion
loss is better than 0.78d5.

By choosing C=5pF and using the equation
(10) we can calculate L,=34nH, and Z,=8246Q, from
these parameters and by using LineCalc we can obtain
W,=0.73mm, W=1.23mm, L=9.88mm, g=0.2mm and
coupling distance between two resonators 1 and 2 of
S=0.4mm.

0
-10
N
g
< 15 @{‘ %
E
E /4 S11
o -20 o
© \
=
s q
-25 21
-30
-35
1 15 2 2.5 3 3.5

Frequency(GHz)

Fig.8 : Simulated frequency responses, transmission and
reflection, obtained by three square ring filter

With development of wireless communications
system (TX/RX), the bandpass filter is one of most
important key components in TX/RX systems, and
should also be reconfigurable to meet the system
requirements. The filter described previously can be
modified to get an electronically tunable filter using
varactor diodes.

0

-5

-10

-15

20 st

Magnitude (dB)

-25

-30

-35
1

15 2
Frequency(GHz)

25 3 3.5

F1g.9 :Retun and insertion losses for three ring
resonators filter at the operating frequency (2.4GHz)

© 2012 Global Journals Inc. (US)

The tunable filter is investigated, which
implements with varactor diodes placed inside of square
ring resonator as shown in Fig.7. The S;; and S,
simulation results of this filter are shown in Fig.8. The
capacitances of varactor diodes C which are varied from
0.01 pF to 0.1 pF, have a fundamental role to tune filter
center frequency. To reach a fractional bandwidth range
from 13% to 14.5%, a variation of C is required. Fig.9
shows bandwidth tuning was controlled by capacitance
C, which modifies the resonator capacitive coupling
from the main transmission line. The filter center
frequency from 2.48 GHz to 2.32 GHz, is changing by
modifying capacitance bias from 0.01 to 0.1 pF. The Fig
9 shows the insertion and return loss variations of three
square rings phase shifter given by the Fig. 6 versus
frequency for different values of capacitance. We notice
in the Fig. 9, the variation of insertion loss versus
frequency for different values of capacitance. The
maximums |S11| and |S21] losses, for C = 0.01pF are
about |S11(2.48GHz) | =15.0dB, |S21(2.48GHZ) |
=0.35dB; for C = 0.1pF are about |S11(2.32GHz)|
=19.0dB, |S21(2,32GHz)| =0.26dB. If we decrease the
value of capacitance we get lower quantity of losses.

——C=001pF
e, -
200 S ——C=0.04pF
——C=0.07pF
250 N ——C=0.1pF ||

-300 &\
RN
NN
oo
S

SRR

VayTe

-450

Phase Shifter (Degree)

-500

-550

-600

2 2.2 24

Frequency (GHz)

2.6 2.8

Flg. 70 . Phase shifting in degrees versus frequency

Figure 10 shows the phase shift variation versus
frequency, the capacitance varies between 0.01pF and
0.07pF. A linear phase shift variation is performed by the
phase shifter for different value of capacitance. For
C=0.01pF the maximum value of differential phase shift
is about 10° while for C=0.07pF the phase shift varies
from 0° to -80° at the frequency 2.4GHz. Figure 11
illustrates the linear variation of phase versus
capacitances at 2.4GHz.
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Fig. 17 . Phase shifting in degrees at the operating
frequency 2.4GHz versus variable capacitance.

By examining the figure above, we deduced
that the phase dynamic at 2.4GHz is about 90° and
linear behavior can be denoted.

IV. CONCLUSION

A new type of tunable filter and phase shifter
has been proposed. The varactor diodes have been
applied to the design of tunable band pass filter where
center frequency and bandwidth can be controlled. A
capacitance bias from 0.01 to 0.1pF was applied to shift
the filter's center frequency from 2.48GHz to 2.32GHz
and its 3-dB fractional bandwidth from 13% to 14.5%.
We mention also a good dynamic range of phase
shifting about 90° at operating frequency 2.4 GHz. In this
study we have designed a circuit that could be used in
the same time as tunable filter and phase shifter and
good results was obtained.
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Effect of Structure Parameters on the Signal
Strength in a Solid Beam Driven Plasma-Loaded
Backward Wave Oscillator

Dilip Kumar Sarker*, Diponkar Kundu °, Pallab Kanti Podder®?, Md. Masudur Rahman® & Kallol Krishna
Karmakar®

Abstract - The effect of structure parameters on the group
velocity and signal strength of a solid beam driven
plasmaloaded backward wave oscillator is investigated
analytically for a particular mode. The theory of approximate
cubic dispersion equation as derived earlier for a solid beam
driven plasmaloaded backward wave oscillator (BWO) is used
for this investigation. The effect of variation of structure
parameters on the temporal and spatial growth rates and
group velocity result a change in the signal strength of BWO.
Keywords : Structure parameters, plasma, dispersion,
growth rates, signal strength.

[. INTRODUCTION

n this paper, the effects of waveguide parameters on

the group velocity and signal strength of a

plasmaloaded BWO with sinusoidally corrugated slow
wave structure having very smaller corrugation depth
driven by a solid intense relativistic electron beam have
been investigated analytically. This study is based on
the approximate linear theory of absolute instability
derived for a solid beam driven plasma-loaded BWO[1].
In the previous works, most of the researchers
conducted investigations for efficiency and resonance
enhancement, power enhancement and frequency
shifting of microwave emission in a plasma filled
BWQO[2-5]. Most of them carried out their analysis
keeping the structure parameters constant. Some of the
researchers have devoted their interests on the
investigations comprising slow-wave instability by
numerical analysis [6 - 10]. Some researchers work on
absolute instability for annular electron- beam driven
plasma-loaded BWO[11,12]. Here, the authors are
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interested to study the effect of variation of structuresize
parameters on the group velocity and signal strength of
a solid beam driven plasma loaded BWO by absolute
instability analysis for TM,, mode. Formulation of the
analytical dispersion relation is presented in Section II.
Section Il describes the analytical results of the
analysis. Discussion and conclusions are stated in
section IV,

I1. FORMULATION

In deriving the expression of group velocity and arbitrary
signal strength, an waveguide model consisting of a
sinusoidally corrugated-wall  structure having very
smaller corrugation depth is considered [1]. The
waveguide inner space is filled completely with plasma
of uniform density N,. A relativistic electron beam of
density N, that is assumed covers the entire inner
space of the waveguide, is moving along the waveguide
axis with a velocity vy, relative to the background plasma.
The entire system is assumed to be immersed in a
strong infinite axial guiding magnetic field Bo. The
numerical dispersion relation of this beam-plasma
waveguide system for TMg; mode is D(k, o) = 0[13].
Where, D is the value of the determinant of a square
matrix with elements D,,. and k and o are respectively
the wavenumber and frequency. The approximate
dispersion relation of this system for the resonance
interaction of the zeroth beam harmonic with the
electromagnetic first slow harmonic as shown in Fig.1
can be expressed as,

° } 0 (1)
D 00
w
1** slow harmonic
n=-1 (n=-1)
k'

Figure 1 . Resonance of the zeroth beam and
electromagnetic first slow harmonic.
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The matrix elements of the above relation are:

D—l—lz‘]o(x—l)
Do =Jo(xo)
k,k Ja ,
D—lO_ 1"'@20 XoJo(Xo)
CT—k2 @)
k, k_ a ,
DO—l_ 1- 20 : 7X—1‘]0(x71)
O ke
¢z
Here,

L J

where, ¢, op, o, and vy, are light velocity, plasma
frequency, beam frequency and beam velocity
respectively, and 8,0=0 unless n =-1; k, = (k + nko).

The oscillation frequency wq and hence the
wave number Kk, can be obtained by solving eq.(1) with
wp = 0. The cubic equation describing the frequency and
wave number perturbations of the three waves involved
in the resonance interaction is obtained from the
dispersion relation stated in eq. (1) as,

(Bw—Vv,3K)?(Bw—Vv,5k) = A (4)

2

B (O]
o’y *B,a%A2 [Z-kg

J XJE,(M){“ N

where, A =— ¢ 33(7»0)}
g | @0 ©atka =Ko | Jolho) " 35 04)
° ¢? o
A LU Kok, —ko) L
1 OF o2 g o | Ro
CT_kq o2 _(kq_kO)
©’ o>
A% = ——( 1——2 Rj
¢ q
Jo(hy) 1 J o) | _ 1fork,is imaginary
Jo (o) J () | |~1forn,is real

ko = X, (0,,k,, X, =0)
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Expression of group velocity can be stated as,

(1
i

At the moment of absolute instability there
exists a saddle point in the complex k-plane, where one
finds two equal roots of complex wavenumber k for
some value of complex frequency o with o; > 0. The
imaginary parts of these frequency and wavenumber
represent temporal and spatial growth rates
respectively. Using these values of complex o and k
within the range of linear analysis, arbitrary value of
signal strength can be calculated.

o
o TN

Vg=

.Qw"cl\)

Figure 2: BWO structure showing the position (z = 0),
where arbitrary signal strength is calculated. The signal
is assumed to originate atz = L.

The expression of signal strength can be written as,
e oL
i|ik; L-io; — ] 6
I I
foce { ' 6)

Here, L is the distance traversed by the wave in
time t = Livg, and is equal to the axial length of the
structure. It is noted that, in calculating t the group
velocity vy is used, because the energy transport velocity
of a composite wave in a loss-less waveguide is equal
to be the group velocity of the wave.



[1I.  ANALYTICAL RESULTS
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Figure 3 . Group velocity versus plasma density
characteristics for different structure average radii.
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Figure 4 . Group velocity versus plasma density
characteristics for different structure corrugation

periods.

The effect of plasma density, N, and structure
average radius, R, on the group velocity, v, is shown in
Fig. 3. In this observation, the variation of group velocity
for various structure average radius are plotted keeping
the corrugation period, z, and the corrugation depth, h
constant. From the figure it is seen that group velocity
decreases with plasma density and increases with
structure average radius. This figure also depicts that
the rate of decrease of group velocity with the increase
in plasma density is greater for the larger values of
structure average radius. In Fig. 4 the effect of plasma
density, N, and structure corrugation period, z, on the
group velocity, v, are shown. In this observation, the
variation of group velocity for various structure
corrugation periods are plotted keeping the structure
average radius, R, and the corrugation depth, h
constant. This figure reveals that group velocity
decreases with the increase in plasma density and
structure corrugation period.

z,=157cm; h=0.02cm; Np:O
215 T T T

210 % ]

2.05F kY q

ARBITRARY SIGNAL STRENGTH
&
v

185F 1

18F |

175 | | | | | |
1 11 12 13 14 15 16 17 18

STRUCTURE AVERAGE RADIUS R; (cm)

Figure 5 . Structure average radius versus arbitrary
signal strength.
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Figure 8 . Plasma density versus arbitrary signal
strength.

The variation of the temporal and spatial growth
rates and the group velocity result a change in the signal
strength of a BWO. The simultaneous effects of these
three factors on the arbitrary signal strength, due to the
variation of structure parameters are presented in the
Figs. 5, 6 and 7 respectively. The figures reveal that the
increase in structure average radius and corrugation
period cause a decrease in signal strength and the
increase in structure corrugation depth causes an
increase in signal strength. Fig. 8 depicts that with the
increase in plasma density signal strength is also
increased. The arbitrary strength of the signal is
calculated at z = 0, as the signal is assumed to
originate at z = L as shown in Fig.2, where the arbitrary
value of L is taken as 20cms.

SUMMARY AND DISCUSSIONS

The instability phenomena comprising a
plasmaloaded BWO consisting of a sinusoidally
corrugated slow wave structure having very smaller
corrugation depth driven by a solid intense relativistic
electron beam, has been analyzed for investigating the
effects of waveguide parameters on the group velocity
and signal strength. In this analytical study, the modified
theory of instability of three wave interaction for a solid
beamdriven plasma-loaded BWO [1] has been
employed. The effect of structure-size parameters and
plasma density on the group velocity and signal strength
have been carefully investigated here using the
analytical results of temporal and spatial growth
rates[1]. From this study one can get information about
the parametric and background plasma effects on the
signal strength of a backward wave oscillator operating
in the X-band frequency range and it may be helpful in
future for further study on BWO.
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Literature Review on Voltage stability
phenomenon and Importance of FACTS
Controllers In power system Environment

R.Siva Subramanyam Reddy * & Dr.T.Gowri Manohar °

Abstract - Now a days the use of stable, reliable, economical,
secure and efficient electrical paper drastically increasing in
many sectors but the generated power in not being supported
as much as increasing demand. The voltage stability plays
major role in power system environment to meet the required
demand. In this paper presents the phenomena of voltage
stability in power system in which it reviews various reasons for
voltage instability, types of voltage stability, characteristic of
voltage stability, voltage control methods in power system
environment, factors affecting voltage instability and collapse,
scenario of voltage collapse and characteristics of reactive
compensating devices are primarily discussed. It also reviews
overview of major FACTS controllers, types of FACTS
controllers, applications of FACTS controllers and their use in
power system environment are discussed briefly.

Keywords . Voltage Stability, Voltage Instability, Voltage
Collapse, Reactive compensating devices, FACTS
Conitrollers

.  INTRODUCTION

n recent years greater demands have placed on the

transmission network, with this increased demands

on transmission lines, hence it is the responsibility of
the power suppliers to supply safe and economical
electric power to customers with the existing
transmission line efficiently.

“Voltage stability is the ability of a power systerm
to maintain steady acceptable voltages at all buses in
the system under normal operating conditions and after
being subjected to a disturbance’1].

In power system environment voltage stability
plays major role, it is integral part of the power system
stability. In general Voltage stability problems occur
more frequently in a heavily loaded system. The change
in voltage is directly proportional to change in load and
hence voltage stability is sometimes termed as load
stability.

Voltage stability is a part of power system
stability and hence is a subset of overall power system
stability and is a dynamic problem. Thus voltage
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instability and collapse cannot be separated from the
general problem of system stability. The reactive power
compensation close to the load centres as well as at
critical buses in the network is essential for overcoming
voltage instability. The location, size and speed of
control have to be selected properly to have maximum
benefits. The SVC and STATCOM provide fast control
and help improve system stability [2].

The suitable location of FACTS devices, under
contingencies is more important than consideration of
normal state of system. Now a day’s many literatures
are proposed various intelligent techniques to control
FACTS devices in optimal manor for enhancing voltage
stability which intern enhanced the power system
stability.

I[I. VOLTAGE STABILITY PHENOMENON IN
POWER SYSTEM

In recent years, voltage instability has been
responsible for several major network collapses in New
York, Florida, French, Northern Belgium, Swedish,
Japanese, Mississippi, Srilanka, North America,
Pakistan and Tokyo etc.[1][3].

a) Major reasons for voltage stability problems in
power system
There are some reasons for voltage stability
problems in power system as follows

e Large load or large disturbance in a heavily stressed
power system.

e Large disturbance between generation and load

e Unfavourable load characteristics

More distance between Voltage sources and load

centres.

The source voltage is too low.

In sufficient load reactive compensation.

Action of ULTC during low voltage conditions and.

Poor coordination between various control and

protective systems.

High reactive power consumption at heavy loads

e Unsuitable locations of FACTS controllers [3][4].

b) Classifications of voltage stability
The voltage stability may be broadly classified
in to two categories:

© 2012 Global Journals Inc. (US)

(F) Volume XII Issue III Version I

=}

&

| of Researches in Engineering

Global Journa



(F) Volume XII Issue Il Version I E

oineering
ln(\k,lln,O

S

Global Journal of Researches in En

i. Large-disturbance voltage stability
It is define as the ability of the power system to
maintain stable voltages for large disturbances such as
such as system faults, loss of load, or loss of
generation.
Large disturbance voltage stability may be
further subdivided into two types

a) Transient stability
b) Long term stability

ii. Small- disturbance (Small signal) voltage stability

Small disturbance voltage stability is concerned
with a system’s ability to control voltages following small
perturbations, such as gradual change in load, this
types of stability can be studied with steady-state
approaches that use linearization of the system dynamic
equations at a given operating point.

c) Factors Affecting voliage instability and collapse

The main factor causing instability is the inability
of the power system to meet the demand for reactive
power.

i. Transient voltage instability

Under low voltage condition the electrical
torque of an induction motor is not adequate to meet the
required mechanical torque due to this effect the
induction motor may not regain the original speed and
continue to decelerate leading to stalling of motors
which intern aggravates the low voltage problem. This
phenomenon is called transient voltage instability.
Transient voltage instability is also associated with
HVDC links, particularly inverter terminals connected to
AC systems with low short circuit capacity [2] [5] [6].

ii. Long term voltage instability

On-load tap-changing transformers and
distribution voltage regulations act within a time frame of
tens of seconds to tens of minutes to regulate the load a
voltage is termed as long term voltage instability. An
important factor in long term voltage stability is the
current limiting generator [2] [7].

a) Typical scenario of voltage collapse

When a power system is subjected to a sudden
increase of reactive power demand following a system
contingency, the additional demand is met by the
reactive reserves carried by the generators and
compensators.

Voltage instability may occur in several different
ways. In its simple form it can be illustrated by
considering the two terminal network of fig.1 it consists
of a constant voltage source (Es) supplying a load (ZLD)
through a series impedance (ZLN). This is
representative of a simple radial feed to load or a load
area served by a large system through a transmission
line.

© 2012 Global Journals Inc. (US)
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(a) Schematic diagram

Fig. 7 : A simple radial system for illustration of voltage
stability phenomenon.

Voltage stability, in facts, depends on the
relationships between P, Q and V. The traditional forms
displaying these relationships are shown in fig.2.The Vg-
Pg relationship for different values of load power factor.
The locus of critical operating points is shown by the
dotted line in the fig.Normally; only the operating points
above the critical points represent satisfactory operating
conditions. sudden reduction in the power
factor(increase in QR) can thus cause the system to
change from a stable operating condition to an
unsatisfactory, and possibly unstable, operating
condition represented by the lower part of a V-P curve

(11[21[8][9].

Vi IE; 0.9 lag 0.95lag 1.0 095 lead 0.9 lead power factor
1.0
0.8
B Locus of critical points
0.6 Nkt
0.4
Note: Py, is the maximum power

0.2 transfer at unity power factor
0.0 P. /P,

00 02 04 06 08 10 12 14 16 e

Fig.2 :Ng-Pg characteristics of the system of fig.1 with
different load-PF

e) Characteristics of voltage collapse

e The initiating event may be due to a variety of
decay of voltage.

e The collapse generally manifests itself as a slow
decay of voltage.

e The duration of voltage collapse dynamics in
some situations may be much shorter, being on
the order of a few seconds.

e The time frame of this class of voltage instability
is the same as that of rotor angle instability

(1][10].



7)) Prevention of voltage collapse in power system

i. System design measures

Application of reactive power-compensating
devices.

Control of network voltage and generator
reactive output.

Coordination of protections/controls

Control of transformer tap changers

Under voltage load shedding

ii. Systerm operating measures

Stability margin
Spinning reserve
Operators’ action

g) Voltage control methods in power system

The control of voltage levels is accomplished by

controlling the production, absorption, and flow of
reactive power at all levels in the system. The devices
used for this purpose may be classified as follows

Sources or sinks of reactive power, such as
shunt capacitors, shunt reactors, synchronous
condensers, and static var compensators
(SVCs)

Line reactance compensators, such as series
capacitors.

Regulating transformers, such as tap-changing
transformers and boosters [1].

h)  Characteristics of compensating devices

i. Shunt capacitors

They can be effectively used up to a certain
point to extend the voltage stability limits by
correcting the receiving end PF.

Shunt capacitors, however, have a number of
inherent limitations from the viewpoint of voltage
stability and control.

In  heavily shunt capacitor compensated
system, the voltage regulation tends to be poor.
Beyond a certain level of compensation, stable
operation is unattainable with shunt capacitor.
The reactive power generated by a shunt
capacitor is proportional to the square of the
voltage; during system conditions of low voltage
the var support drops, thus compounding the
problem.

ii. Series capacifors

Series capacitors are self-regulating.

The reactive power supplied by series
capacitors is proportional to square of the line
current and is independent of the bus voltages.
This has favourable effect on voltage stability.

The present trend is to operate the existing

transmission system more close to their stability and

thermal

limits with reliable and optimal.

electronics based Flexible AC transmission system

(FACTS) gives efficient solution for optimal utilization of
transmission systems with  minimal

installation and

operational cost [1][4].

[11.

with

the growing capability of power

OVERVIEW OF MAJOR FACTS
CONTROLLERS

The development of FACTS-devices has started
electronics

components. Devices for high power levels have been
made available in converters for higher and even

highest voltage levels. Several

FACTS have been

introduced for various applications worldwide.

a) Basic Types of FACTS controllers

voltage

Shunt controllers
Series controllers
Combined shunt-series controllers
Combined series-series controllers

The shunt controllers are applied to control
at and around the operating point by injecting

reactive current.

voltage

Series controllers are applied to improving
profile in a cost effective way ware voltage

fluctuations are large. However the series controllers are
several times more powerful than the shunt controllers.

The combined controllers provide the best of

both i.e. an effective power/current flow and line voltage

control.

FACTS-devices provide a better adaption to

varying operational conditions and improve the usage of
existing installations

b) Applications of FACTS controllers

Control of power flow in a transmission line
Increase the loading capability of line to their
thermal limit.

Control of voltage in a line

Control of reactive power in a power line
Improvement of system stability, security &

reliability

power quality improvement in a line

Provide greater flexibility insisting new
generation

Upgrade of lines

Reduce reactive power flows

Increase utilization of lowest cost generation
Rapid dynamic response

Ability for frequent variation in output
Smooth adjustable output

Minimized transmission losses.

The voltage and stability limits shall be shifted

with the means of the several different FACTS-devices
shown in below fig.[11][13]-[16].
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Fig. 3 : Operational limits of transmission lines for
different voltage levels

The ability of FACTS controllers to control the
interrelated parameters that govern the operation of
transmission systems including series impedance, shunt
impedance, current, voltage, phase angle and the
damping of oscillations at various frequencies below the
rated frequency. These constraints cannot be overcome,
while maintaining the required system reliability, by
mechanical means without lowering the useable
transmission capacity.

There are a number of stability issues that limit
the transmission capacity these include transient,
dynamic, steady state stabilities, frequency collapse ,
sub synchronous resonance and voltage collapse. The
FACTS technology can certainly be used to overcome
any of the stability limits. An over-view of problems
occurring in the grid and which FACTS to be used to
solve these problems are given in the table blow. The
application of these devices depends on the problem
which has to be solved, below table shows various
problems in the grid and which FACTS device to be
used to solve these problems [12][16].

Problem

Low voltage at

Subject FACTS
SVC, STAT-COM
Reduce line reactance |TCSC

Absorb reactive power |SVC, STAT-COM

Corrective action

Voltage limits Supply reactive power

heavy load

High voltage at low
load
High voltaze

Absorb reactive
power, prevent
ovetload
Supply reactive power, [8VC, STAT-COM
prevent overload

SVC, STAT-COM
following an outage

Low voltage
following an outage

Thermal limits | Transmizsion circuit |Increase transmission | TCSC S38C, UPFC

ovetload capacity
Load flow Power distribution | Adjust line reactance |TCSC.858C, UPEC
on parallel lines Adjust phase angle TCSC,S858C, PAR
Load flow reversal |Adjust phase angle TCSC,S85C, PAR
Short circuit  |High short cirenit |Limitation of short TCSC, UPFC
power current cifcuit cutrent
Stability Limited transmizsion |Decreasze line TCSC.588C

power

Table 7 :Examples of use of FACTS

reactance

© 2012 Global Journals Inc. (US)

IV. CONCLUSION

This paper gives a summary of voltage stability
analysis, importance of voltage stability & voltage
instability in power system, and various reasons for

voltage instability, methods of preventing voltage
instability, characteristics ~ of  reactive  power
compensating devices (shunt & Series) and also

explains the importance of FACTS controllers in power
system environment enhancing voltage stability which
intern enhance the power system stability.

REFERENCES REFERENCES REFERENCIAS

1. PRABHA KUNDUR, “Power system stability and
control”, EPRI  power system Engineering
Series,McGraw-Hill,inc.,1994.

2. K.R padiyar, “power system dynamics stability and
control”. 2 Edition B S publications, 2002.

3. R.Bindeshwar sing teal./ “International journal of
engineering science and technology”, vol.2(5),2010,
980-992.[4] John J.Paserba is with Mitsubishi,
‘electric power products”, Inc., Warrendale,
Pennsyivania,US.

4. L.C azimoh, K.A Folly and S.P Chowdhury "electrical
power &Energy conference 978-1-4244-4509-
7/09/s25.00@2009 IEEE.

5. KR padiyar and V kalyanramana “study of voltage
collapse converter bus in asynchronous MTDC-AC
systems”,Int.J.of elc.power and energy system
Syst.vol.15, No. 1, Feb 1993,pp.45-53.

6. K.R. padiyar and S.Suresh rao, “dynamic analysi of
voltage instability in AC-DC systems”, To appear in
Int.J.of elc.power and energy system Syst.

7. G.K Morrison,B.Gao and P.kundur,”Voltage stability
analysis using static and dynamic approaches”,
IEEE Trans.on Power systems,vol.8, No. 3, August
1993,pp.1159-1171.

8. CIGRE Task force 38-02-10,"Planning against
voltage collapse “Electra, No. 111,pp.55-75,march
1987.

9. W.R. Lachs, "Voltage collapse in EHV power
systems,’paper No0.A78057-2, presented at the
1978 |EEE PEs winter meeting, New York,January
28-February 3 1978.

10. CW Taylor,” Power
McGraw-Hill,1993.
[11] YH song and T john (1999) “Flexible Ac
transmission systems(facts)”.IEE power series 30.

11. Gaabiriela Glanzmann “power system
laboratory” ETH Zurich, 12.january 2005.

12. VK Sood (2004) “HVDC and FACTS Controllers:
Applications of Static Converters in Power
Systems”. Kluwer Academic Publishers.

13. E Acha, C Fuerte-Esquivel and H Ambiz-Perez
(2004) “FACTS Modelling and Simulation in Power
Networks”. John Wiley & Sons.

system voltage stability”,



14. R.M. Mathur and R.K. Varma. “Thyristor-based facts
control lers for electrical transmission systems”.
IEEE Press, Piscataway, 2002.

15. N.G. Hingorani and L. Gyugyi. “Understanding
FACTS concepts and technology of flexible AC
transmission systems”, [EEE Press, New York, 2000.

© 2012 Global Journals Inc

(Us)

(F) Volume XII Issue III Version I H March 2012

gin ccrlng

S

Global Journal of Researches in En



Global Journal of Researches in Engineering ( F ) Volume XII' Issue Il Version I E March 2012

LITERATURE REVIEW ON VOLTAGE STABILITY PHENOMENON AND IMPORTANCE OF FACTS CONTROLLERS IN POWER SYSTEM
ENVIRONMENT

This page is intentionally left blank

© 2012 Global Journals Inc. (US)



GLOBAL JOURNAL OF RESEARCHES IN ENGINEERING

ELECTRICAL AND ELECTRONICS ENGINEERING
Volume 12 Issue 3 Version 1.0 March 2012

Type: Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)

Online ISSN: 2249-4596 & Print ISSN: 0975-5861

Comparison of Packet Delivery for Black Hole Attack in ad hoc
Network
By Yatin Chauhan, Prof Jaikaran Singh & Prof Mukesh Tiwari

Abstract - Black hole attack is a serious threat in a mobile ad hoc network (MANET). In this
attack, a malicious node injects a faked Route Reply message to deceive the source node so
that the source node establishes a route to the malicious node and sends all the data packets to
the malicious node. The black hole attack can degreed the performance of different routing
protocols. During this attack, a malicious node captures packets and not forwards them in the
network. This paper illustrates how black hole attack can affect the performance of Mobile Ad
hoc networks by using NS-2.34 simulator.

Keywords = MANET, Black hole attack.
GJRE-F Classification : FOR Code: 291704

COMPARISONOFPACKETDELIVERYFORBLACKHOLEATTACKINADHOCNETWORK

Strictly as per the compliance and regulations of:

© 2012 Yatin Chauhan, Prof Jaikaran Singh & Prof Mukesh Tiwari.This is a research/review paper, distributed under the terms of
the Creative Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/),
permitting all non commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Comparison of Packet Delivery for Black Hole
Attack in ad hoc Network

Yatin Chauhan ®, Prof Jaikaran Singh* & Prof Mukesh Tiwari*

Abstract - Black hole attack is a serious threat in a mobile ad
hoc network (MANET). In this attack, a malicious node injects
a faked Route Reply message to deceive the source node so
that the source node establishes a route to the malicious node
and sends all the data packets to the malicious node. The
black hole attack can degreed the performance of different
routing protocols. During this aftack, a malicious node
captures packets and not forwards them in the network. This
paper illustrates how black hole attack can affect the
performance of Mobile Ad hoc networks by using NS-2.34
simulator.

Keywords - MANET, Black hole attack;

. [INTRODUCTION

obile ad hoc network (MANET) is one of the
I\/l recent active fields and has received

spectacular consideration because of their self-
configuration and self-maintenance. Early research
assumed a friendly and cooperative environment of
wireless network. As a result they focused on problems
such as wireless channel access and multihop routing.
But security has become a primary concern to provide
protected communication between mobile nodes in a
hostile environment. Although mobile ad hoc networks
have several advantages over wired networks, on the
other side they pose a number of non-trivial challenges
to the security design as they are more vulnerable than
wired networks [1]. These challenges include open
network  architecture, shared wireless medium,
demanding resource constraints, and, highly dynamic
network topology. In this paper, we have considered a
fundamental security problem in MANET to protect its
basic functionality to deliver data bits from one node to
another. Nodes help each other in conveying
information to and fro and thereby creating a virtual set
of connections between each other. Routing protocols
play an imperative role in the creation and maintenance
of these connections[4,5]. In contrast to wired networks,
each node in an ad-hoc networks acts like a router and
forwards packets to other peer nodes. The wireless
channel is accessible to both legitimate network users
and malicious attackers. As a result, there is a blurry
boundary separating the inside network from the outside
world.

Author o - Department of Electronics and Communication, Sri Satya
Sai Institute of Science and Technology, Sehiore M.P. India.
E-mails : yatin.dd@gmail.com, jksingh81@yahoo.co.in

Many different types of routing protocols have
been developed for ad hoc networks and have been
classified into two main categories by Royer and Toh
(1999) as Proactive (periodic) protocols and FAeactive
(on-demand) protocols. In a proactive routing protocol,
nodes periodically exchange routing information with
other nodes in an attempt to have each node always
know a current route to all destinations [2]. In a reactive
protocol, on the other hand, nodes exchange routing
information only when needed, with a node attempting
to discover a route to some destination only when it has
a packet to send to that destination [3]. In addition,
some ad hoc network routing protocols are hybrids of
periodic and on-demand mechanisms.

Wireless ad hoc networks are vulnerable to
various attacks. These include passive eavesdropping,
active interfering, impersonation, and denial-of-service.
A single solution cannot resolve all the different types of
attacks in ad hoc networks. In this paper, we have
evaluated MANET with and without black hole attack. In
Section Il of this paper, we summarize the basic
operation of AODV (Ad hoc On-Demand distance
Vector Routing) protocol on which we base our work. In
Section Ill, we describe the effect of blackhole attack in
AODV. Section IV presents the performance evaluation
based of MANET with and without black hole attack on
simulation experiments. Section V presents conclusion
and future work.

[I. AODV

One of the typical routing protocols for MANET
is called Ad hoc On-Demand Distance Vector (AODV)
[4]. In this protocol, if a source node wants to send data
packets to a certain destination node, the source node
broadcasts a Route Request (RREQ) packet. Every
node that receives the RREQ packet checks whether the
node is the destination for that packet and if it is the
case, the node sends back a Route Reply (RREP)
packet. If it is not the case, then the node checks with its
routing table to determine if it has a route to the
Destination. If it does not have such a route, it relays the
RREQ packet by broadcasting the packet to its
neighbours. If it has a route to the destination, then the
node compares the destination sequence number in its
routing table with that in the RREQ packet. The number
in the RREQ packet was obtained by the source node
from the packet transmitted by the destination to the
source node. If the number in the routing table is larger
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than that In the RREQ packet, the route is fresher and
the data packets can be sent through this route. Then
this node becomes an intermediate node and sends
back a RREP packet to the source node along the route
through which it received the RREQ packet. The source
node then updates its routing table and starts to send its
data packets through this route. However, this protocol
is highly susceptible to routing attacks especially the
black hole attack [6] because of the dynamic topology
and lack of any infrastructure in the network.

[TI. BLACK HOLE ATTACK

An ad-hoc routing protocol is a convention, or
standard, that controls how nodes decide which way to
route packets between computing devices in a mobile
adhoc network. Being one of the category of ad-hoc
routing protocols, on-demand protocols such as AODV
(Ad-hoc On demand Distance Vector) and DSR
(Dynamic Source Routing) establish routes between
nodes only when they are required to route data
packets. AODV is one of the most common adhoc
routing protocols used for mobile ad-hoc networks. As
its name indicates AODV is an on-demand routing
protocol that discovers a route only when there is a
demand from mobile nodes in the network.

In an ad-hoc network that uses AODV as a
routing protocol, a mobile node that wishes to
communicate with other node first broadcasts an RREQ
(Route Request) message to find a fresh route to a
desired destination node. This process is called route
discovery. Every neighbouring node that receives RREQ
broadcast first saves the path the RREQ was
transmitted along to its It subsequently checks its
routing table to see if it has a fresh enough route to the
destination node provided in the RREQ message. The
freshness of a route is indicated by a destination
sequence number that is attached to it. If a node finds a
fresh enough route, it unicasts an RREP (Route Reply)
message back along the saved path to the source node
or it re-broadcasts the RREQ message otherwise. The
same process continues until an RREP message from
the destination node or an intermediate node that has
fresh route to the destination node is received by the
source node. Route discovery is a vulnerability of on-
demand ad-hoc routing protocols, especially AODV,
which an adversary can exploit to perform a black hole
attack on mobile ad-hoc networks. A malicious node in
the network receiving an RREQ message replies to
source nodes by sending a fake RREP message that
contains desirable parameters to be chosen for packet
delivery to destination nodes. After promising (by
sending a fake RREP to confirm it has a path to a
destination node) to source nodes that it will forward
data, a malicious node starts to drop all the network
traffic. An ad hoc network is the assortment of
cooperative wireless nodes without existence of any
access point or infrastructure. However, none of them

© 2012 Global Journals Inc. (US)

deal with the issues of security. The presence of
malicious nodes in an ad hoc network deteriorates the
network performance.

V. PERFORMANCE EVALUATION

Some assumptions, which are considered
realistic, are presented. First of all, the MANET is based
on |EEE 802.11 standards. We consider a rather large
scale  MANET which is deployed in a hostle
environment. Nodes are limited in their storage and
computational and communication resources. Every
node has the same transmission range and non-
directional antenna. The nodes are battery-powered,
and hence it is crucial to conserve energy to prolong the
lifetime of the network. Due to the wireless
communication, each node can overhear the message
broadcasted by other nodes in the transmission range.
Every node locates randomly and moves randomly,
which means the immediate neighboring nodes of any
nodes are not known by each other without exchanging
any messages. The network is rather dense so that a
message in general could be overheard by multiple
nodes. We assume that neither source node nor
destination node is malicious and the adversary who
plays black hole attack is an intermediate node. In
addition, we assume there are one or more nodes that
perform the black hole attack in the MANET. Moreover,
a malicious node has knowledge of other malicious
nodes' ID and is able to cooperate with these other
malicious nodes. Table summarizes the simulation
parameters for our simulation. One of the basic
assumptions for the design of routing protocols in
MANETSs is that every node is honest and cooperative.
That means, if a node claims it can reach another node
by a certain path or distance, the claim is trusted/true;
similarly, if a node reports a link break, the link will no
longer be used.

Table - Simulation Parameters

Parameter Value

Simulator NS-2.34

MAC Layer Protocol IEEE 802.11
Mobility Model Random Way Point

Random Uniform

1200 x 1200 m?

Node Placement

Terrain Range

Examined Protocol AODV

Number of Mobile Nodes | 25

Simulation Time 500 s

Channel Bandwidth 2 Mbps
Maximum Speed 10 - 500 m/s
Application Traffic CBR

Packet Size 400 & 512 Bytes
Maximum Connection 29
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While this assumption can fundamentally
facilitate the design and implementation of routing
protocols, it meanwhile introduces a vulnerability to
several types of denial of service (DoS) attacks [4],
particularly packet dropping attack. To launch such
attack, a malicious node can stealthily drop some or all
data or routing packets passing through it. Due to the
lack of physical protection and reliable medium access
mechanism, packet dropping attack represents a
serious threat to the routing function in MANETSs. A foe
can easily join the network and compromise a legitimate
node then subsequently start dropping packets that are
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Expected to be relayed in order to disrupt the
regular communications consequently, all the routes
passing through this Node fails to establish a correct
routing path between the source and destination nodes.
Figure 1 and 2 shows the results (snapshots) of our
simulation which is performed with NS-2.34[7]. Different
nodes are numbered which are written in circles. Blue
circles show the coverage area of nodes. Blue Colored
Square is packet drop from node. Node 2 s
implemented as malicious node. So more packets are
dropped by it. Figure 3 shows the packet drop by node
when there is black hole attack in Mobile Adhoc
Network. As packets are sent constantly, they will reach

after some time delay to destination and some number
of packets is drop between nodes. As mobility of node
increase the packet dropping is also increase. In figure
the packet received and drop for nodes for different
mobility of node is shown.
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In the case when there is no black hole attack in
Mobile Adhoc network, the performance is improved as
shown in fig. 4. The packet dropping is very less as
shown in figure.
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V.  CONCLUSION

In this paper we have presented of the state of
the art on securing MANETs. The attack in Without
Black hole and With Black hole attack schemes, as well
as detection have been explored. A comparative study
between them was then conducted to highlight their
respective effectiveness and limitations. We concluded
that the packet drop is more in MANET with black hole
attack than without black hole attack. We believe it is an
interesting and significant topic for further exploration
with more evaluation of performance of MANET. As well
as detection and prevention of black hole attack is also
an area of future research.
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Abstract - MTCMOS (Multi Threshold CMOS) technology
provides a solution to the high performance and low power
design requirements of modern designs. Low V;, and high Vj,
transistors are used in MTCMOS technology. Low Vi,
transistors are used to implement the desired functions. High
V;, transistors are used to cut off the leakage current. The
MTCM OS circuits ,however suffer from high energy overhead
during the transitions between the active and stand by modes
In this paper we (i) propose a new special flip flop which keeps
a valid data during the sleep mode, (ii) develop a methodology
which takes in to account the new design issues related to the
MTCMOS technology. (jii).propose two adaptive MTCMOS
schemes to address the growing leakage and delay spreads
found in modern high performance designs. (IV) Propose a
technique to lower the energy overhead during the transitions
between the active and standby modes. The charge stored at
the virtual lines is recycled during the active-to-sleep-to-active
mode transitions with the proposed technique.

Keywords : MTCMOS, CPFF, enerqy recycling, gated
power, gated ground, Sleep switch, sub threshold
leakage.

[.  INTRODUCTION

n digital convergence era, Multi threshold CMOS is an

important technology that provides high performance

and low power operations by using both high and low
threshold voltage transistors. MTCMOS technology is a
very efficient technology for low power and high
performance. However, MTCMOS has a serious
problem that the stored data of latches and flip flops in
logic blocks cannot be preserved when the power
supply is turned off (sleep mode). Therefore extra
circuits are provided for holding the stored data. This will
effect the performance, area and the leakage current of
the logic circuits in the sleep mode cannot be sufficiently
suppressed. To avoid such undesirable leakage,
Variable Threshold CMOS has been reported. Adaptive
MTCMOS by using variable footer length is used for
dynamic leakage and frequency control which was
discussed in section 3.

A popular low leakage circuit technique is the
multi threshold Voltage CMOS (MTCMOS). MTCMOS
circuits selectively connect/disconnect the low threshold
voltage (low-Vt) logic gates to/from the power supply or
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the ground via active/cut-off high threshold voltage
(high-Vt) sleep transistors. This technique is also known
as “power gating”. The power gating technique can be
applied as either gated-ground or gated-VDD, as shown
infig 1.

Sleep=V,,
L_ow—f\z'1 I
Circuits (Vg > Vo)
[ m)
LowV, | L
Sleep = Vi Citcuts Coninn
Cituatgna

(b)

F1g.7 : MTCMOS circuits during the energy consuming
mode transitions (a) Gated-ground circuit during the
active-to-sleep mode transition. (b) Gated-Vpy circuits
during the sleep-to-active mode transition. High V,
transistors are represented with a thick line in the
channel region.

The leakage current produced by an MTCMOS
circuit is significantly reduced by turning off the high-Vt
sleep transistors in the standby mode. However, the
active-to-sleep-to-active mode transitions consume a
significant amount of additional energy in the
conventional MTCMOS circuits. The energy dissipation
occurs while charging and discharging the parasitic
capacitances of the virtual lines and the sleep
transistors. The virtual power and ground lines have high
capacitance due to the wire parasitics, the large number
of transistors sharing a common sleep transistor, and
the decoupling capacitors attached to these supply rails
for voltage stabilization against bouncing. Furthermore,
the sleep transistors are typically large in size for
satisfying the performance requirement, thereby further
increasing the parasitic capacitance of the virtual lines.
The energy consumed during the mode transitions is,
therefore, significant in the standard MTCMOS circuits.
In this paper, a new charge recycling MTCMOS circuit is
proposed for low energy switching between the active
and idle modes of operation.

This paper is organised as follows. Section 2
introduces MTCMOS design issues like the data
preserving flip flop, the short circuit current due to
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floating inputs. Section 3 introduces adaptive MTCMOS
by using variable footer strength for dynamic leakage
and frequency control. Section 4 introduces the charge
recycling MTCMOS circuit, Conclusions are offered in
section 5.

I1. PRELIMINARIES

a) The principles of the MTCMOS

The MTCMOS circuit technology can achieve a
lower threshold voltage, and therefore higher
performance as well as smaller standby leakage current.
Basic circuit scheme of MTCMOS is shown in fig 2.

VDD
e |
1Y
VGND
50_{ o ‘gcs (Cument CutoffSwith)
High-Vth -

GND
Fig 2. Schematic Diagram of MTCMOS

The functional logic gates are implemented by
using low Vy, transistors that are powered by the supply
line (VDD). A VGND is connected to the real ground
line (GND) through a high Vth transistor switch QL.
MTCMOS designs have two operating modes, active
and sleep. In sleep modes SC goes to low, and Q1 is
turned off. In this state, the leakage current flows to
GND through Q1. Due to its low leakage characteristic,
the leakage current from the low Vylogic gates is almost
completely suppressed. The high Vi, transistor, Q1 acts
as a switch that cuts off the leakage current from logic
gates in sleep mode. Hence, it can be called as current
cut off switch (CCS) The MTCMOS suffer from ground
bounce which will decrease the performance or mal
function. In order to avoid this channel width is
increased but it increases the area and leakage current.

b) MTCMOS Design Issues
i. Special cells for MTCMOS Design

a. Complementary Flip Flop (CPFF)

MTCMOS is a very effective scheme that uses
high V, low leakage transistors to switch on and off the
power supplies to low Vy, high speed logic blocks.
However due to the lack of data preserve ability of
standard latches and flip flops, extra circuits must be
provided. These will degrade the performance, power
and the area. The fig 3 gives the MTCMOS data
preserving complimentary pass transistor flip flop.

© 2012 Global Journals Inc. (US)
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Fig 3 :Complimentary Pass transistor Flip Flop(CPFF)

CPFF operates as follows:

Clock ‘low’: Since N1 and N2 are turned off and
N3 and N4 are turned on, the static latch C1-2 holds the
previous state. The new state on the complimentary
inputs to the latch, data and data_b should be ready for
sampling.

Clock ‘High': At the rising edge of the clock, N1
and N2 are turned on while N3 and N4 stay on for a
short interval that is determined by the delay of the
inverter chain .During this interval data and data b are
passed through N1, N3 and N2, N4 respectively, and
sampled in to the latch. After the short sampling interval,
N3 and N4 are turned off, and Q and Q b are
decoupled from the data input.

Sleep mode: In the sleep mode SCB goes high,
ck b becomes low, and high Vith NMOS pass
transistors, N3-4 are turned off so that the stored in C1-2
can be retained. At the transition from sleep mode to the
active mode, SCB is set to low a little later than the
power up. This delay prevents the destruction of data on
the latch, C1-2 by delaying the turn on of N3-4 until the
input data becomes valid.

c) Floating Input Induced Short-Circuit Current

Some of IPs like processors, memories may not
be implemented by MTCMOS technology. These non-
MTCMOS are directly powered by VDD and GND, and
therefore vigilant even in the sleep mode. However,
since the output nodes of all MTCMOS gates get
floating as VGND gets floating in the sleep mode, the
floating inputs to the vigilant IPs can cause very large
short circuit current that flows from VDD to GND as
shown in fig.4.



SC= IOVT‘

Fig .4 . Floating Input Induced Short-Circuit Current

To eliminate this leakage current, we insert a
data holding circuit that is composed of a tri state buffer
and a level holder at the output port of an MTCMOS
logic gate which is the input to vigilant IP as shown in fig
5. This data holding circuit is a vigilant cell and called
Floating prevention circuit.

| Ro

Vighut [P

Fig 5 : Floating Prevention Circuit

ADAPTIVE MTCMOS

In a modern typical worst case design style,
incorporating MTCMOS in to a design requires that the
design still meet timing when the logic block is at the
slow process corner. By incorporating process
monitoring capability on the die, the strength of the
footer device can be modulated to slow down dies that
are not at the slow corner, representing the vast majority
of parts. In doing so, the leakage power consumption of
these nominal and fast dies is reduced. The key
motivation behind the following two MTCMOS schemes
is to enable simple methods of compensating for
process variation.

a) Variable Gate Voltage MTCMOS
This design applies a variable gate to source
voltage on the footer device shown in fig 6.

DPDTF+DP-

Critical Path /

Counter Out4-O—’|

Gate Voltage Selector

[T1.

Fig. 6 . Block diagram of VGV-MTCMOS

If the process is tilted towards the fast corner,
then the applied gate voltage on the footer device is
lowered. Consequently, the amount of current that the
device can sink is reduced, slowing down the circuit
block to its nominal delay point. Moreover, since the
footer device is now only weakly on, its resistance
increases which then increases the average ground
bounce on the virtual ground line. This rise in the
average ground bounce reduces the leakage power
consumption in the steady state devices in the circuit
block.

When the process is tilted towards the slow
corner, the footer device is fully turned on and the circuit
block behaves as it would in the nominal base slower
corner case.

b) Variable Width MTCMOS

The Variable width MTCMOS design uses
several footer devices that can be turned on or off
individually as shown in fig7.

Critical Pafll‘

Fig 7 : Diagram of VW-MTCMOS

The Variable-Width MTCMOS (VW-MTCMOS)
design incorporates several footer devices that can be
turned on or off individually, as shown in fig 7. As the
process tilts from one corner to the other, a different
number of footers can be turned on or off to provide a
varying level of current sinking capability. In standby
mode, all footers are turned off as in the normal case for
power gating.

For a die at the fast corner, the number of
footers on during the active mode is decreased,
reducing the pull down width. This reduces the current
sinking capability of the footer and increases the delay
of the circuit. At slow corner more footers will turn on
and equivalent resistance is small between VGND and
real GND.

Both GV-MTCMOS, VWMTCMOS reduces
runtime leakage via the same ground bounce
mechanism. As the process tilts towards the fast corner,
the block becomes leakier due to shorter channel
lengths and corresponding shifts in V.. In this case,
fewer footers are on, creating a greater resistance
between the virtual ground and real ground lines which
in turn raises the ground bounce. The rise in average
ground bounce reduces the leakage of the block as
described previously.
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[V. CHARGE RECYCLING MTCMOS

A new low energy MTCMOS circuit technique
based on charge recycling between the virtual power
and ground lines is presented in this section. The
technique is shown in fig 8. Both “gated-ground” and
‘gated-VDD” techniques are employed in a charge
recycling MTCMOS circuit. Charge stored at the virtual
ground and power lines are recycled through a high-Vt
NMOS pass transistor during the mode transitions as
shown in Fig. 8. The steady-state voltage difference
between the virtual power and ground lines is close to
VDD in both the active and the standby modes, thereby
potentially producing a high sub threshold leakage
current through the pass transistor.

Vio Vo

Low-V,
Circuits,

Virtual Ground,
Slee
P | N,

Fig 8 - The schematic of a charge recycling MTCMOS
circuit. A pass transistor recycles charge between the
virtual ground and power lines. High Vth transistors are
represented with thick line in the channel region.
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Sleep, \
Sleep, f;
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Charge Recycling f Duration of \_ Aé Duration Df
Charge Recycling harge Recyclmg

Fig 9 : The signal wave forms representing the operation
of a charge recycling MTCMOS circuit during the mode
transitions.

A charge recycling MTCMOS circuit operates
as follows. In the active mode, the sleep transistors N1
and P1 are turned on. The pass transistor N2 is cut-off.
The steady-state voltages of the virtual ground and
virtual power lines are close to Vgnd and VDD,
respectively. When the circuit enters the idle mode, the
NMOS and PMOS sleep transistors (N1 and P1) are
both cut off. The pass transistor is turned on for charge
recycling. The node voltages at the beginning of the
active-to-sleep mode transition are illustrated in Fig 9.
Charge is transferred from the virtual power rail to the

2012 Global Journals Inc. (US)

virtual ground rail through the pass transistor. The
charge recycling process continues until the voltages of
the virtual rails are equalized. livt-1 and IIvt-2 are higher
than the leakage currents Ihvt-1 and Ihvt-2 produced by
the NMOS and PMOS sleep transistors, respectively,
until the steady state virtual rail voltages are reached.
After the pass transistor is cut-off, therefore, the virtual
ground line continues to be charged to a higher steady-
state voltage by the leakage current (llvt-1) produced by
the low-Vt circuitry1. Alternatively, the virtual power line is
discharged to a lower steady-state voltage by the
leakage current (Ivt-2) produced by the low-Vt circuitry2.
Since the pass transistor transfers a significant amount
of charge from the virtual power line to the virtual ground
line, the energy drawn from the power supply for
charging the virtual ground line to ~VDD during the
active-to- sleep mode transition (Eagive to-seen) IS reduced.

During the sleep-to-active mode transition,
shortly before the sleep transistors are activated, the
pass transistor is turned on as shown in fig 9. The pass
transistor transfers charge from the virtual ground line to
the virtual power line as shown in Fig. 11. There is a
continuous current path through the low-Vt circuits1, the
pass transistor, and the low-Vt circuits2 as illustrated in
Fig. 11.

Vi Vi

‘ Sleep, =y \ El
i 2
Low-V; | t
Circuits, 'W | Virtual Power = Vi,
s -
Virual Ground V. |-.°W'.V1 : |m
Sleep, =V, h T Cras; H
Charga Recycling Signal = \J'DD
+— OnCumenl ¢---—- Leakage Current

Fig. 10 The charge recycling MTCMOS circuit at the

beginning of the active-to-sleep mode transition. The

pass transistor is turned on. High- V, transistors are
represented with a thick line in the channel region

Y,
VDD 2
. sieep, =V, [
Low, | s
ireui VN
Gros: |4 ks Vitual Power ~ V.
Virtal Ground = V! Low, EI
Sleep, =V, ilhvt-1 Circuits, i W2
i Charge Recycling Signal = Vyg JT;
= +— OnCument #------ Leakage Current

Fig. 77 . The charge recycling MTCMOS circuit at the
end of the sleep mode. The pass transistor is turned on
for charge recycling prior to the full reactivation of the
circuit. High- V, transistors are represented with a thick
line in the channel region



After the charge recycling process is
completed, the pass transistor is cut-off. The NMOS and
PMOS sleep transistors are turned on for reactivating the
circuit. The virtual ground line is discharged to a low
voltage (= Vgn) by the on-current of the high-V, NMOS
sleep transistor. Alternatively, the virtual power line is
charged to a high voltage (= VDD) by the active high-V,
PMOS sleep transistor. Since the pass transistor
transfers a significant amount of charge from the virtual
ground line to the virtual power line, the energy drawn
from the power supply while charging the virtual power
line to ~VDD for reactivating the circuit (Egeep-to-active) IS
reduced.

The total energy overhead (Eperhead) due to a full
cycle of mode transitions with a charge recycling
MTCMOS circuit is

E overhead = E virtud rails T EsIeeptransistor +E pass transistor
Evirtual rails = E activeto sleep + Es!eepto active

The total energy overhead is significantly
reduced with the proposed MTCMOS technique by
suppressing  Eyirwarals @S compared to the Eyirwa
consumed by the conventional MTCMOS circuits.

V.  CONCLUSIONS

MTCMOS driven techniques such as the CPFF
to preserve the data in the sleep mode, the FPC to
prevent short circuit current are integrated in to the
conventional design flow using the commercially
available tools. Two new adaptive MTCMOS design
techniques were introduced that reduce leakage and
spread of delay. A new charge recycling circuit
technique is presented for suppressing the energy
overhead of mode transitions in MTCMOS circuits. The
proposed technique employs both the “gated-ground”
and the “gated-VDD” types of MTCMOS circuits. A
pass transistor is utilized for charge recycling between
the virtual power and ground lines at the beginning and
shortly before the end of the sleep mode.
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Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,

you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.

Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with
records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits

Mistakes to evade

Insertion a title at the foot of a page with the subsequent text on the next page
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®  Separating a table/chart or figure - impound each figure/table to a single page
®  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.

Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose

Fundamental goal

To the point depiction of the research

Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:

Single section, and succinct

As a outline of job done, it is always written in past tense

A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
Center on shortening results - bound background information to a verdict or two, if completely necessary
What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

®  Explain the value (significance) of the study
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

®  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.

®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

®  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:
®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.
e |f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.

Methods:

Report the method (not particulars of each process that engaged the same methodology)

Describe the method entirely

To be succinct, present methods under headings dedicated to specific dealings or groups of measures

Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.

Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
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