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Electric Theory of Tornado, Protection from Tornado    

By 
 
Alexander Bolonkin

 

CUNY, USA
 

Abstract- The author develops a new theory of tornado stability. He show that it is the high electric voltage 
between clouds and ground surface which produces the intensive electron/ion flow which creates the air 
stream which sucks off (pumping) air from the inside tornado channel and makes the tornado stable. If we 
want to destroy tornado stability we must decrease the electric intensity into the tornado channel. The 
simplest method is using conductive wire to connect the top funnel of tornado with ground. For this 
method, the top end of wire must have a large conductive area (air balloon or wing dirigible with 
conductive layer), the lower end of wire must have good contact with wet ground. The row from these 
conductive wires having step 150 –

 
200 m and altitude 200 –

 
300 m can protect villages, towns and 

important installations such as the nuclear electric station and military bases from tornados. 
   

Keywords: tornado, stability of tornado, protection from tornado, hurricane, bolonkin. 
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Electric Theory of Tornado, Protection from 
Tornado 
Alexander Bolonkin

Abstract - The author develops a new theory of tornado 
stability. He show that it is the high electric voltage between 
clouds and ground surface which produces the intensive 
electron/ion flow which creates the air stream which sucks off 
(pumping) air from the inside tornado channel and makes the 
tornado stable. 

If we want to destroy tornado stability we must 
decrease the electric intensity into the tornado channel. The 
simplest method is using conductive wire to connect the top 
funnel of tornado with ground.  

For this method, the top end of wire must have a 
large conductive area (air balloon or wing dirigible with 
conductive layer), the lower end of wire must have good 
contact with wet ground. 

The row from these conductive wires having step 150 
– 200 m and altitude 200 – 300 m can protect villages, towns 
and important installations such as the nuclear electric station 
and military bases from tornados.         
Keywords: tornado, stability of tornado, protection from 
tornado, hurricane, bolonkin. 

I. Introduction 

a) Tornado 
 tornado is a violently rotating column of air that is 
in contact with both the surface of the earth and a 
cumulonimbus cloud or, in rare cases, the base of 

a cumulus cloud. Tornadoes come in many shapes and 
sizes, but they are typically in the form of a visible 
condensation funnel, whose narrow end touches the 
earth and is often encircled by a cloud of debris and 
dust. Most tornadoes have wind speeds less than 110 
miles per hour (177 km/h), are about 250 feet (76 m) 
across, and travel a few miles (several kilometers) 
before dissipating. The most extreme tornadoes can 
attain wind speeds of more than 300 miles per hour (483 
km/h), stretch more than two miles (3.2 km) across, and 
stay on the ground for dozens of miles  (more than                     
100 km).  

Tornadoes have been observed on every 
continent except Antarctica. However, the vast majority 
of tornadoes occur in the Tornado Alley region of the 
United States, although they can occur nearly anywhere 
in North America. They also occasionally occur in south-
central and eastern Asia, northern and east-central 
South America, Southern Africa, northwestern and 
southeast Europe, western and southeastern Australia, 
and New Zealand. Tornadoes can  be  detected   before 
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by recognizing patterns in velocity and reflectivity data, 

such as hook echoes or debris balls, as well as by the 
efforts of storm spotters In the United States, tornadoes 
are around 500 feet (150 m) across on average and 
travel on the

 
ground for 5 miles (8.0 km). 

 Lighting conditions are a major factor in the 
appearance of a tornado. Night-time tornadoes are 
often illuminated by frequent lightning.

 There is mounting evidence, including Doppler 
on Wheels mobile radar images and eyewitness 
accounts, that most tornadoes have a clear, calm center 
with extremely low pressure, akin to the eye of tropical 
cyclones. 

 Tornadoes emit on the electromagnetic 
spectrum, with sferics and E-field effects detected. 
There are observed correlations between tornadoes and 
patterns of lightning. Tornadic storms do not contain 
more lightning than other storms and some tornadic 
cells never produce lightning. More often than not, 
overall cloud-to-ground (CG) lightning activity decreases 
as a tornado reaches the surface and returns to the 
baseline level when the tornado lifts. In many cases, 
intense tornadoes and thunderstorms exhibit an 
increased and anomalous dominance of positive 
polarity CG discharges.  Electromagnetic and lightning 
have little or nothing to do directly with what drives 
tornadoes (tornadoes are basically a thermodynamic 
phenomenon), although there are likely connections with 
the storm and environment affecting both phenomena.

 In addition to winds, tornadoes also exhibit 
changes in atmospheric variables such as temperature, 
moisture, and pressure. For example, on June 24, 2003 
near Manchester, South Dakota, a probe measured a 
100 mbar (hPa) (2.95 inHg) pressure decrease. The 
pressure dropped gradually as the vortex approached 
then dropped extremely rapidly to 850 mbar (hPa) 
(25.10 inHg) in the core of the violent tornado before 
rising rapidly as the vortex moved away, resulting in a V-
shape pressure trace. Temperature tends to decrease 
and moisture content to increase in the immediate 
vicinity of a tornado.

 b)
 

Damage from Tornado
 The tornadoes killed thousands, injured ten 

thousands peoples, damages ten billions USD dollars. 
Some data about tornado disaster are below.
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Tornado Disaster Statistics from 1980 - 2008   

Number of events: 182 

Number of people killed: 4,780 

Average people killed per year: 165 

Number of people affected: 12,710,204 

Average number of people affected per year: 438,283 

Economic Damage $31,510,661,000 

Economic Damage per year $1,086,575,000 

                                              Issue : http://www.statisticbrain.com/tornado-statistics/ 

This article lists various tornado records. The most 
extreme tornado in recorded history was the Tri-State Tornado, 
which roared through parts of Missouri, Illinois, and Indiana on 
March 18, 1925. It was likely an F5, though tornadoes were not 
ranked on any scale in that era. It holds records for longest 
path length at 219 mi (352 km), longest duration at about 3.5 
hours, and fastest forward speed for a significant tornado at 
73 mph (117 km/h) anywhere on Earth. In addition, it is the 
deadliest single tornado in United States history (695 dead). It 
was also the second costliest tornado in history at the time, 
but has been surpassed by several others non-normalized. 
When costs are normalized for wealth and inflation, it still ranks 
third today.  

The deadliest tornado in world history was the 
Daulatpur - Salturia Tornado in Bangladesh on April 26, 1989, 
which killed approximately 1,300 people. Bangladesh has had 
at least 19 tornadoes in its history kill more than 100 people, 
almost half of the total for the rest of the world (fig.1). 

 

Figure 1 :  Typical Tornado 

The United States gets about 1000 recorded 
tornadoes every year. From May 2 to 8, 1999, a large 
tornado outbreak took place across much of the Central 
and parts of the Eastern United States. During this 
week-long event, 152 tornadoes touched down, 
including one in Canada. The most dramatic events 
unfolded during the afternoon of May 3 through the early 
morning hours of May 4 when more than half of these 
storms occurred. Oklahoma experienced its largest 
tornado outbreak on record, with 70 confirmed. The 
most notable of these was the F5 Bridge Creek–Moore 
tornado which devastated suburban communities to the 
southwest of Oklahoma City. The tornado killed 36 

people and injured 583 others; losses amounted to $1 
billion, making it the first billion-dollar tornado in history. 
Overall, 50 people lost their lives during the outbreak 
and damage amounted to $1.4 billion. 

c) Lighting 

Cloud-Ground (CG) lightning can occur with 
both positive and negative polarity. The polarity refers to 
the polarity of the charge in the region that originated 
the lightning leaders. An average bolt of negative 
lightning carries an electric current of 30,000 amperes 
(30 kA), and transfers 15 coulombs of electric charge 
and 500 megajoules of energy. Typically, lightning at up 
to 100 million volts, large bolts of lightning can carry up 
to 120 kA and 350 coulombs. Positive lightning typically 
makes up less than 5% of all lightning strikes. . Plasma 
temperatures in lightning can approach 28,000 kelvins 
and electron densities may exceed 1024/m3. A bolt of 
positive lightning may carry an electric current of 300 kA 
and the potential at the top of the cloud may exceed a 
billion volts — about 10 times that of negative lightning 
(fig.3) 

 

Figure 2 
 
:
  
Lighting

 

d)
 

Atmospheric Electricity
 

Experiments have shown that the intensity of 
this electric field is greater in the middle of the day than 
at morning or night and is also greater in winter than in 
summer. In 'fine weather', the potential, aka 'voltage', 
increases with altitude at about 30

 
volts per foot (100 

V/m), when climbing against the gradient of the electric 
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field. This electric field gradient continues up into the 
atmosphere to a point where the voltage reaches its 
maximum, in the neighborhood of 300,000 volts. This 
occurs at approximately 30-50 km above the Earth's 
surface. From that point in the atmosphere up to its 
outer limit, nearly 1,000 km, the electric field gradient 
produced in the lower atmosphere either ceases or has 
reversed. 

A simple calculation gives the result that when 
such a collector is arranged for example on the ground, 
and a second one is mounted vertically over it at a 
distance of 2000 meters and both are connected by a 
conducting cable, there is a difference in potential in 
summer of about 2,000,000 volts and in winter even of 
6,000,000 volts and more.  

e) Hurricane 
A tropical cyclone (hurricane) is a rapidly-

rotating storm system characterized by a low-pressure 
center, strong winds, and a spiral arrangement of 
thunderstorms that produce heavy rain. Tropical 
cyclones typically form over large bodies of relatively 
warm water. They derive their energy from the 
evaporation of water from the ocean surface, which 
ultimately re-condenses into clouds and rain when moist 
air rises and cools to saturation. 

At the center of a mature tropical cyclone, air 
sinks rather than rises. For a sufficiently strong storm, air 
may sink over a layer deep enough to suppress cloud 
formation, thereby creating a clear "eye" (fig.3). Weather 
in the eye is normally calm and free of clouds, although 
the sea may be extremely violent. The eye is normally 
circular in shape, and is typically 30–65 km (19–40 mi) in 
diameter, though eyes as small as 3 km (1.9 mi) and as 
large as 370 km (230 mi) have been observed. 

The cloudy outer edge of the eye is called the 
"eyewall"(fig.6). The eyewall is where the greatest wind 
speeds are found, air rises most rapidly, clouds reach to 
their highest altitude, and precipitation is the heaviest. 
The heaviest wind damage occurs where a tropical 
cyclone's eyewall passes over land. 

Scientists estimate that a tropical cyclone 
releases heat energy at the rate of 50 to 200 exajoules 
(1018 J) per day, equivalent to about 1 PW (1015 watt). 
This rate of energy release is equivalent to 70 times the 
world energy consumption of humans and 200 times the 
worldwide electrical generating capacity, or to exploding 
a 10-megaton nuclear bomb every 20 minutes. 

The most intense storm on record was Typhoon 
Tip in the northwestern Pacific Ocean in 1979, which 
reached a minimum pressure of 870 mbar (652.5 
mmHg) and maximum sustained wind speeds of 165 
knots (85 m/s) or 190 miles per hour (310 km/h). 
Likewise, a surface-level gust caused by Typhoon Paka 
on Guam was recorded at 205 knots (105 m/s) or 235 
miles per hour (378 km/h). 

 

Figure 3  :  Typical hurricane, Photo from outer space 

II. Electric Theory of Tornado 

Tornados (vortexes) killed, wounded, crippled 
thousands of people, destroyed, and damaged 
thousands of homes, made billions of dollars of losses. 
The theory of tornado has been researched for more 
than a hundred years. Only in the USA, the large state 
Agency NOAA, studied tornado and weather since 1807. 
We have an excellent mathematical theory of a vortex. 
However, we don’t have a clear understanding of the 
nature and activity of tornados. The mathematical theory 
of the stability of the vortex requires the data of the 
outlet, influent the air. But researchers do not see the 
forces which pump or suck out the air from the internal 
core of tornado.  

The author shows in this article that it is the 
electric intensity between clouds and ground (especially 
storm clouds and ground) which produces the electron 
(ion) strong vertical wind (flow) into tornado, which 
works as a pump inside tornado and makes the tornado 
stable.  

Everyone can make this simple experiment in a 
kitchen sink or bathroom. If you fill the sink with a layer 
of water (2 – 3 cm) and open the drain, the water, at 
some point, creates a stable vortex. Opening the drain is 
important element of system. If you close it, the vortex 
disappears.  

In the atmosphere, air has friction and typically 
a vortex losses energy. The air flow (leak of air inside 
vortex) compensates for the loss of vortex energy and 
supports its rotation. The flow of electrons (ions) inside 
of tornado creates the electric current which produces 
the circular magnetic field which also helps the vortex 
and his stability.  

The schemata of a tornado is shown in fig. 4. It 
is a vortex located between charged clouds and the 
ground. The vortex contains a wall which rotates with 
high speed. According to the Law of Angular 
Conservation the linear speed of rotation increases and 
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air pressure is lowered when the tornado radios 
decreases.  

According this author’s theory (see computation 
in theoretical section) a strong electric intensity between 
an altitude layer (clouds) atmosphere and the ground 
produces a powerful electro (ion) flow inside of tornado 
along its axis. The air suck off from inside wall of 
tornado. When electrons reach the surface, they go into 
ground the ions are neutralized and air go out between 
low end of tornado and ground surface. If ground has 
negative charge (cloud has positive charge), the electric 
intensity works as pump sucked off the air flow into 
cloud. 

 

Figure 4 :  Sketch of tornado. Notations : 1 – charged 
clouds; 2 – body of tornado; 3 – rotated wall of tornado; 
4 – electric intensity; 5 – electron (ion) wind; 6 – exit of 

electron (discharged) wind; 7 – ground 

III. Estimations and Computation 

 Theory of Vortex 
The speed into a vortex wall may be estimated 

by equations (conservation of angular momentum):       

                                     V = roV0/ r                                (1) 

 
 

 
 

                                p = po – V2/2                            (2) 

    

 Energy of Cloud 
The vaporization energy of  1 km2 is  

                                 
Ev1 = mλ                                    (3) 

 
   

 
 

                                 EL1
 = mgh                                  (4) 

   
 

The electric energy as condenser having area 1 
km2, distance 1 km and voltage 100 million volts the 
cloud has energy. 

                            Ee1
 = 0.5εoSU2/h                             (5) 

  
  

 
Example 1: For the rain gives 0.1 m water, the 

cloud of area 1 sq. km, located at altitude 1 km and 
charged up 100 million volts has energy: 

1. Evaporation (condensation) energy is Ev1 = mλ = 
108×2.2·106 = 2.2·1014 J/km2. 

2. Lift energy is EL1
 = mgh =108·9.81·1000 ≈ 10 12 

J/km2. 

3. Electric energy Ee1
 = 0.5εoSU2/h = 0.5·8.85·10-

12·106·1016·10-3 ≈ 4.42·107 J/km2. 

For conventional cloud 10×10 km2 the energy 
is in 100 times more. The clouds can has altitude 200 m  
and energy in 5 times more. 

The electric energy is small in comparison with 
evaporation and lifting energy but one is used only for 
stabilization of tornado.  

c) Electron (ion) Speed  

The electron speed about the air flow, gas (air 
jet) may be computed by equation: 

                      js
 = qn-b-E + qD-(dn-/dx)                      (6) 

 
 

 

        js
 = qn-b-E ,   Q =   qn ,  v =  bE ,   js

 = Qv       (7) 

  

The negative charge mobility for normal 
pressure and temperature T = 20oC is:

 

                                   In dry air b- = 1.9×10-4 m2/sV, in humid air b- = 2.1×10-4 m2/sV.a                                       (8) 

If the air pressure is from 13 to 6×106 Pa, then 
the mobility follows the law  

                                 bp = const                                   (9) 
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a)

b)

where V0 is speed on a vortex surface, m/s; V is speed 
into vortex wall, m/s; ro is radius of on a vortex surface, 
m; r is radios into the vortex wall, m.
The pressure into the vortex wall is

Where p is pressure into the vortex wall, N/m2; po is an 
atmospheric pressure, po ≈ 105 N/m2.

where Ev1 is the vaporization energy of  1 km2, J; m is 
water mass in 1 km2 of cloud, kg; λ = 2.2·106 is specific 
energy of vaporizing,  J/kg.××
The lift energy at altitude is 

where g = 9.81 m/s2 is Earth gravity; h is altitude of 
cload, m.

Where εo = 8.85·10-12 is electrostatic constant; S is area 
of condenser, m2; U is voltage, V; h is   altitude, m.

Where  js is density of electric currency about flow (jet), 
A/m2; q = 1.6×10-19 C is charge of single electron, C; 
n-  is density of electrons (negative charges) in 1 m3; b -
is charge mobility of negative charges, m2/sV; E is 
electric intensity, V/m; D- is diffusion coefficient of 
charges; dn-/dx is gradient of charges. For our 
estimation we put dn-/dx = 0. In this case

where Q is density of the negative charge in 1 m3; v is 
speed of the negative charges about  flow, m/s.

where p is air pressure. When air density decreases, the 
charge mobility increases. The mobility strength 
depends upon the purity of gas.



For normal air density the electric intensity must 
be less than 3 MV (E < 3 MV). Otherwise the electric 
breakdown may be. 

If v >  0, the electrons (ions) accelerate the air 
(E > 0 the cloud spends energy (charge), works as 
ventilator). If v < 0 (E < 0), the cloud works as suck 
pump (back ventilator). If v = 0 (electron speed about 
air flow equals null), the electric resistance is zero. 

Example 2 : Assume a voltage between a cloud 
and earth ground is U = 100 millions volt. Distance is D 
= 500 m. Than the average electric intensity is E = U/D 

= 108/500 = 2·105 V/m. The average air speed inside 
the tornado is v = bE ≈ 2 ·10-4×2·105 = 40 m/s. In 
reality the speed may be same or more in less voltage 
because the voltage (acceleration) is acting long time. 

d) Magnetic Field 
The electric currency flowing along the tornado 

produces the circular magnetic field around tornado, 
which also may influence in the tornado stability. This 
influence may be estimated by equations: 

                                  
],/[104,,

2
,
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Where H is magnetic intensity A·m; pm is 
pressure, N/m2; B is magnetic intensity in T; q is charge 
of particles, C; Ve is speed charged particles. m/s; re is 
moving speed of particles, m/s; m is mass of charged 
particles, kg; U is energy of the charged particles in eV; 
T is rotated period of the charged particles, sec. Motion 
of the charged particles is perpendicular to magnetic 
lines. 

IV. Protection from Tornado 

Using the offered theory the author offers a 
method of protection from tornado. If we temporarily can 
break the stability of the tornado, we can destroy the 
tornado. To do this we must deprive the energy of the 
tornado pump. It is possible, if the time, when the 
tornado pump cannot work, will be enough for its 
distraction. The easiest way is a connection the tornado 
cloud (funnel) to ground. If we fence the important 
object (military base, nuclear station, village, etc.) by row 
of small balloons (better wing dirigibles (fig. 5)) good 
connected by the conductivity wire to ground, the 
electric currency will flows directly to ground and will not 
pumps the air from tornado.  

For good contact with cloud the entire surface 
of dirigible (air ballroom) must have the conductive layer 
and the lower end of wire should be buried into a moist 
ground (fig. 5a). Distance between dirigibles is about 
150 – 200 m, altitude 200 – 250 m.  

   

 

Figure 5 : Protection against tornado. Notations : 1 – 
wing dirigible covered by conductivity layer; 2 – wire; 3 – 

grounding lightning rod 

It is easy to build a small model of check up the 
theory and protection method.  

V. Note about Hurricane 

The hurricane is gigantic vortex (fig.6) typically 
having diameter 300 and more km. Photo of hurricane 
from out space is shown in fig.3. Into center the 
hurricane has a calm area having the diameter about 50 
- 60 km. That area is named “Eye”. “Eye” has “Eyewall” 
having the thickness about 40-50 km. 

At the center of a mature tropical cyclone, air 
sinks rather than rises. For a sufficiently strong storm, air 
may sink over a layer deep enough to suppress cloud 
formation, thereby creating a clear "eye". Weather in the 
eye is normally calm and free of clouds, although the 
sea may be extremely violent. 

The cloudy outer edge of the eye is called the 
"eyewall". The eyewall is where the greatest wind speeds 
are found, air rises most rapidly, clouds reach to their 
highest altitude, and precipitation is the heaviest. The 
heaviest wind damage occurs where a tropical cyclone's 
eyewall passes over land. 
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Figure 6 :
 
Scheme of Hurricane

 

The static electricity produces the strong vertical 
air flows. The including them into the hurricane theory 
allow more exactly compute the hurricane.

 

VI. Summary 

The author proposes a new theory
 

of the 
tornado stability. He shows: the high electric voltage 
between clouds and ground surface produces the 
intensive electron/ion flow into tornado. That flow 
creates the air stream which sucks off (pumping) air 
from the inside tornado channel and make the tornado 
stability.

 

If we want to destroy the tornado stability we 
must decrease the electric intensity into the tornado 
channel. The simplest method is connection by a 
conductive wire the funnel of tornado with ground. 

 

For this the top end of fire must has a large 
conductive area (air ballroom or wing dirigible with 
conductive layer), the lower end of wire must has the 
good contact with wet ground.   

 

The row from these conductive wires having 
step 150 –

 
200 m and altitude 200 –

 
300 m allows 

protecting
 

from tornado the villages, towns and 
important objects as the nuclear electric station and 
military bases.        

 

The research papers relating to this topic are 
presented in [1]-[17].
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II. Preparation

a) Batching
The following procedure and precautions are 

required to be taken while doing the batching.
i. The liquid must be taken from a container which 

has been stirred to counteract “layering”.
ii. The powder must be taken from its container 

under dry conditions because it is highly 
hygroscopic and will deteriorate.

iii. The mix ratio by weight is to be:

• 64 parts of part “B”
• 100 parts of liquid “A”

iv. The quantities sufficient for normal work load 
batches, should be repacked in new containers, 
preferably not less than 39 gms of part “A” and 25 
gms of part “B”in order to ensure proper 
proportioning.

v. The screw top glass bottle for the powder should 
be of size that will hold 25 to 40 gms when 
completely filled. The container for the liquid must 
be of such a size that will be 1/3rd full when it 
contains the exact amount of part “A”, necessary 
for correct mixing ratio.

vi. Each item is to be sealed, dated and identified 
including co-relation of paired container.

vii. From each new incoming batch of materials, a 
sample is to be mixed and used for testing as per 
the prescribed procedure.

b) Mixing
Mix thoroughly to a smooth flowing consistency. 

Care is to be taken to ensure that whole bottle of 
powder is added to the associated liquid and none is 
lost. It may be noted that finely divided powder is easily 
blown about. Warm the mixture to 60 deg C (approx) to 
improve the flow characteristics.

Abstract- Eccobond 104, a high temperature epoxide adhesive 
is used for bonding porous/nonporous materials.  e.g. 1. 
Metals preferably Aluminium,Carbon Steel, Stainless steel, 
brass carbon steel, 2. Ceramics, 3. Plastics, 4. Metalized 
carbon to steel, 5. PTFE, 6. Glass, 7. Thermo set.

Various process shops have dealt with the 
properties, preparation, application, curing and inspection of 
Eccobond 104A/104B. The present paper takes in to count 
various requirements of preparation,application, curing and 
testing of the adhesive. In the present study, which is based 
upon Various practices followed by different organizations in 
the world and author’s own experience of working with this 
high temperature adhesive. After curing the adhesive retains 
good strength up to 220deg C. The shear strength is found to 
be :

I. Introduction

ccobond 104 is supplied in two parts, part A is 
liquid and part B is fine powder . This is supplied 
in sealed container having not more than 1 litre 

and 1 kg of part ‘A‘ and part ‘B’ respectively. Part “A” is 
liquid and is available in three viscosities:

Standard Grade   : 30,000 to 40,000 cps.

Filled Grade         : 50,000 to 60,000 cps.

Putty Grade          : 750,000 to 85,000 cps. 

Unless otherwise stated, standard grade part 
‘A’ is to be used for all applications. In sealed 
containers, under dry conditions, the shelf life is 2 years. 
However the shelf life for the materials unopened, is 
indefinite provided the materials pass the laid down 
tests. This is a high temperature adhesive that retains 
good strength up to temperature of 220 deg C. The paper 
deals with application of this adhesive  with particular 
reference to wide range of material that are frequently 
required to be bonded and thereafter  are required to 
work under high temperature going up to 220 deg C. 
The paper explains in detail the methodology to be used 
for Preparation, Application, Curing, Handling and 
Inspection of test piece. This is lucid and handy 
document useful for all practicing Engineers 
technologists and industries where bonding of high 
temperature adhesive is a frequent requirement.

E

• 17.4 MP a at 24 deg C.
• 12.5 MP a at 150 deg C.
• 7 MP a at 230  deg C.
• (1 MP a =145psi).
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Stages Key Points
It is important to invert the tins Containing part “A” 
occasionally to ensure that resin does not settle too much.

Weight out 100+1/2 parts  “A”, 64 +1/2 parts of part “B”
Warm the mixture to 60deg C to help mixing.
Mix thoroughly the two parts Ensuring that all particles of 
Powder are mixed mixed with Resin. (Eccobond 104 “B” 
should be sieved to separate the lumps of powder)

It is preferable to use disposable un waxed cups and wooden 
Spoon. Mix together to smooth consistency.

When mixed and while still warm, De-aerate by placing in 
a vacuum oven of 2 mm Hg or less.

This is best carried out in vacuum oven held at 60 deg C.  

The mix will initially froth, and space must be allowed in 
the mixing cups, but after a few minutes the froth will 
collapse.

The mix should be held in vacuum for 30 min after collapse to 
ensure complete de-aerate. This mixture should be de-
aerated after every 6 hrs.

c) Pot Life
24 hours minimum at 25 deg C. This time will be

reduced at higher temperature.
d) Surface Preparation

  This is carried out to produce a satisfactory 
adhesive bond.

i. The bonding should be carried out within 24 hours 
of surface preparation. Where this is impracticable, 
an additional degreasing operation immediately 
prior to bonding shall be carried out. The 
degreasing is to be done as per the process 
detailed for the appropriate material. If nothing is 
quoted, degrease process shall be ;

e) Operating Procedure- Metals and Alloys
i. Aluminium and Al. Alloys
Method - 1

a) Degrease with trichloroethylene vapor as per the 
following sequence

i) Immerse components slowly in vapour
compartment(not in boiling Liquor)

ii) Leave for 1-5 minutes according to weight of the 
components. A heavy component will require a 
longer time to attain the same temperature as the 
vapor, this is essential for complete degreasing.

iii) Withdraw slowly.

b) Alternatively
Where vapor degreasing is impracticable, 

degreasing using clean liquid trichloroethylene is 
permissible.
1. Abrade the surface with wet stone.
2. Degrease  with  trichloroethylene  vapor  as  per  para

a) above.

Method - 2
a) Dry Hone.

Method - 3
a) Chromate film to be given as per the approved 

method. 

Method - 4
This method is used for all aircraft structures 

and components where corrosion protection is required. 

Anodise to appropriate chromic acid method of 
anodizing viz DEF- 151 Type-2.

Note : The bonding should be carried out within 
16 hours of  anodizing if practicable. If for any reason it 
is practically not feasible to complete the bonding 
process within 16 hours, then the surfaces should be 
reactivated as per the following scheme.

a) Scheme for Reactivation of Sealed/ Contaminated 
Anodic Surfaces

This scheme covers the application of acid 
based solution for the reactivation of anodized surfaces 
which have become sealed contaminated.

i. Approved Solutions

  

• Ardrox 1074 supplied by M/s Ardrox Ltd., Brentford 
Middlesex, U.K.

• Metal ‘Prep’ which shall have the following 
formulations and shall be prepared by the material 
lab.

         Phosphoric Acid (85%)     35 ml
        Teepol                                05 ml
        Butul Cellosolve                 62.5 ml.
         Water                                  147.5 ml

For bonding purposes, the preferred solution for 
reactivation is Metal ‘Prep’ as above.

Process
• Degrease surfaces to be reactivated as per Para 

e) Method-1 clause 
• Scrub the surface to be reactivated, with a clean 

cheese cloth charged with the reactvation solution. 
The surface must remain wet for 1 to 2 minutes 
before wiping dry with a clean cheese cloth. If the 
solution has dried, make a fresh application and 
wipe off immediately.

• If the cheese cloth shows signs of contamination, 
re- prepare the surface as above using reactivation 
solution diluted with the equal volume of water. 
Repeat until a clean wipe is obtained.

• Wash the surface using a clean cheese cloth and 
warm distilled de-ionized water until testing with 
blue litmus paper indicates no acid is present. If the 
litmus paper turns red, the acid is present, and 
further swilling is required.

a)

Degrease surfaces to be reactivated as per 
Para e) Method-1 clause a)

Thoroughly part “A” resin before using.
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indicates that the reactivation is not complete and 
the process must be repeated as above.

• Before bonding,, the component must be  either
1. Over dried 10 to 20 minutes at 55 deg C to 65 

deg C and cooled to below 30 deg C.
2. Wipe with a mixture of equal volume of 

Industrial Methylated Spirit (IMS) or deionised 
water and allowed to dry at room temperature 
for 30 minutes.

3. Bonding must commence within 8 hours.
• Where the anodic surface to be reactivated has 

been locally repaired with alochrom solution, 
application of reactivation solution must be 
continued until the alochrom treatment has been 
removed i.e. ll traces of alochrom treatment has 
been removed. Such areas may then be retreated 
with alochrom but without rescuffing the surface. In 
such case, the bonding and painting shall 
commenc within i hour.

• Cheese cloth must not be redipped in reactivation 
solution of swill water, a new cloth must be used 
every time.

• Care must be taken to avoid flooding the surface 
with reactivation solution or swill water to ensure that 
none is trapped in crevices or other parts of the 
component.

• Operator shall wear rubber gloves to prevent 
reactivation solution contact with skin.
a. If the assembly contains components which are 

to be machined after bonding, the same may 
be allowed, Masking of the bonded areas, 
before chromic acid anodizing is not required.

f) Copper and Copper Alloys
Prepare the surface with following method

Degrease with trichloroethylene vapor as per the 
following sequence
(a) Immerse components slowly in vapour 

compartment(not in boiling Liquor)
(b) Leave for 1-5 minutes according to weight of 

the components. A heavy component will 
require a longer time to attain the same 
temperature as the vapor, this is essential for 
complete degreasing.

(c) Withdraw slowly.

Alternatively
Where vapor degreasing is impracticable, 

degreasing using clean liquid trichloroethylene is 
permissible.
       ( ii ) Abrade the surface with wet stone.
       ( iii ) degrease with trichloroethylene vapor as per 
clause  ( i ) above.
• Etch at room temperature for 5 minutes with 

neutraclean 68 diluted 2:1 by volume with distilled 

water. The solution must be stirred throughout the 
etching process.

• Rinse thoroughly with cold tap water.
• Dry using clean kim-wipe hot air circulating oven or 

hand air drier.
• Apply a thin film of DZ-80 to the surfaces, which are 

to be bonded and dry for 30 minutes at 80 deg C+5 
deg C.

• Allow to cool and abrade with 320 grade silicon
carbide paper wet or dry Tri-Mite untill the surface is 
matt.

• Wipe with kimwipe soaked in IMS to remove traces 
of abrasive.

•

g) Iron and Ferrous Alloys (Except Corrosion resis
Steels) and laminations
Method -1

• Etch at room temperature with ferric chloride 
solution for 10 seconds.

• Rinse in cold tap water.
• Wipe, while wet, with damp cotton wool to remove 

any residue.
• Dry using clean kimwipe, hot air circulating oven or 

hand hair drier.
• Caution : Where rusting may occur e.g. mild steel 

parts, hot air drying should not be used.

Method - 2 
a)

and treat as follows
•

• Surfaces may be bonded up to 2 weeks after 
plating.

h) Steel, Corrosion Resistant
Method

• Etch at room temperature with ferric chloride 
solution for 2 minutes.

• Rinse in cold water.
• Wipe, while wet , with damp cotton wool to remove 

any residue.
• Dry using clean kim wipe, hot air circulating oven or 

hand air drier.

• At this stage, the surface should be covered with a 
uniform film of water, i the water breaks occur, this 

•

Surfaces may be bonded within 2 months after plating.

j) Nickel
•

Method
•

( i )

• Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

• Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

i) Cadmium, Passivated and Unpassivated

Flash nickel plate as per the appropriate standard 

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)
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• Surfaces may be bonded within 2 weeks after 
plating.

i. Silver

  

Method - 1
• Apply Argentoplatine with distilled or demineralized 

water.
• Rinse in cold distilled or demineralised water. And 

stove dry at 100 deg C.

Method - 2
Where ultimate strength is required:
• Passivate to appropriate specification.
• This method has minimum effect on contact 

resistance.
• Surfaces may be bonded within 24hours of surface 

preparation.

Surfaces which are Tin plated
• Metal (Tin) not suitable for adhesion.
• Locally remove the plating if plated.
• After removal Tin plating from the base metal, the 

surfaces may be prepared as per the method laid 
down for the base metal.

Magnetic  Materials
• Dry hone or vapor blast.
• Vapor blast to appropriate spec.
•

Glass/ Plastics
a. Glass

• Grind or short blast surface.
•

b. Delran (Polyacetal)
1.

2. Etch at 100 deg C for i minute in the following 
solution. Ensure that the components are at 100 
deg C before immersion.

3. 0.3 gm Toluene P-Sulphuric acid.
4. 150 cm3 Per chloroethlene.
5. 3 cm3 1.4 Dixon.
6. Remove the components from hot solution and 

immediately heat the wet components for 3 minutes 
at 100 deg C.

7. Rinse thoroughly in warm water.
8. Dry using kimwipe, hot air circulating oven or hand 

hair drier.
Notes:
• This process should be carried out in a well 

ventilated area, where means of extraction are 
available for any health hazard.

• During operations (2), the apparatus should be 
designed with vapor cooling ring., as due to 
evaporation a concentrated solution will result. 
Stainless steel solution is suitable material for the 
cooling ring.

c. Etched Maline
Method

d. Nylon
Method

•

• Abrade the surface with 240-320 grade silicon 
carbide paper wet or dryTri-M-ite or vapour blast as 
per the appropriate spec.

• Wipe off the residue from abrasion with damp 
cotton wool.

• Dry, using clean kimwipe, air circulated oven set at 
70 deg C or hand hair drier.

•

Method
General method where ultimate adhesion is not 

required, i.e. where mechanical fasteings provide the 
main strength.
• Allow the tetra etch solution to reach room temp.
• Apply tetra-etch solution by dipping or liberally 

brushing the surfaces to be bonded.
• When the surfaces become milk chocolate brown in 

colour (approx 5 seconds), remove the tetra etch by 
wiping with clean cloth soaked in I.M.S.

• Ensure that the bottle of tetra-etch solution has been 
kept tightly closed and stored at -10deC to 0 deg C. 
It must not be left at room temp aftwer use.

• Ensure that the bottle has been in use for less than 
six months. Record the date on the bottle when it is 
initially opened.

• The bottle must be atleast one third full. Bottles 
which are partially used can be combined provided 
neither has been used for more than 4 months. Pour 
the newer solution in the older dated bottle.

Caution
The above precautions to remove moist air are 

necessary because this solution reacts with water very 
readily ceases to be capable of etching.

f. Resin Bonded Board
Method

•

• Abrade the surface with one of the following 
methods

• 240-320 grade silicone carbide paper (Wet or dry 
Tri-M-Ite).

• Vapour blast to appropriate Spec.
• Wash off the residue from abrasion in cold water.
• Dry, using kimwipe, air circulating oven at 70 deg C 

or hand hair drier.

k)

l)

m)

e. Fluoro  Plastics (P.T.F.E., F.E.P. etc), if not pre-
etched

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

 
Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

 
Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

  Degrease surfaces to be reactivated as per 
Para e) Method-1 clause a)

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

D

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)



 
 

 
 

   
 

  
  
 

 
 

 

  
 

  
 

 
 

 
 

 
  
  
 

 
 

 

  
 

  
 

 
 

 

 

  

 

  
 

 

  

 

  

 
 

 

 
 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 

  

 

 

 

High Temperature Adhesive: Eccobond-104

  
X
III

  
Is
su

e 
 X

IV
  

V
ers
io
n 

  I
 

 

13

(
)

Ye
ar

01
3

2
F

ob
al
 J
ou

rn
al
 o

f 
R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  

G
l

© 2013   Global Journals Inc.  (US)

V
ol
um

e

   

 

 

 

 
 
 

 

 

 

 

 

 
 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

•

g. Silicone Resin Bonded Glass Board
This surface is unsuitable for adhesion.

h. Thermoset Mouldings
•

• Abrade the surface with one of the following 
methods:

•

• Vapour blast to appropriate Spec.
• Wash off the residue from abrasion in cold water.
• Dry, using kimwipe, air circulating oven at 70 deg C 

or hand hair drier.
•

i. Rubbers Natural,  Nitrile, Neoprene ( Excluding 
Silicone Rubber)

Method
• Carefully place in concentrated sulphuric acid at 20 

deg C to 25 deg C for the following period of time.
Natural rubber                : 1 minute
Nit rile Rubber             : 2 minutes
Neoprene Rubber           : 5 minutes

Ensure that the surface to be treated is in 
contact with acid.

Caution
Silicone rubber is not suitable for bonding with 

epoxy adhesive.

n) Painted Surfaces
Wipe the surfaces which are to be  bonded with 

clean cloth soaked in SBP. Care must be taken to 
ensure that the surfaces which are not to be bonded 
should not be wiped.

i. Carbon
Abrade with 120 grit emery paper and 

ultrasonically clean to appropriate spec.

a. Ultrasonic Cleaning
This method specifies requirements for cleaning 

components with ultrasonic equipment which is 
designed for process where;
• The components are immersed in a tank containing 

a transmission fluid of either water or kerosene.
• The container is partly immersed in tank containing 

a transmission fluid of either water or kerosene.
• This method is not suitable for Rubber/-

Seals/Bellows/Bellow Assys/Impregnated electrical 
coil.
b. Abrading of bonded threads is not required. 

Surfaces 32 micro inches or inner surfaces,sharo 
edges must be protected against abrasion. 
Ensure complete freedom from abrasive 
particles before bonding.

c. Absolute freedom from grease and finger marks 
is essential. Check wetability with distilled water, 
dry off and clean with solvent. Do not touch. 
Clean with cold solvents as per appropriate 
spec.

d. For adhesive mixture used in every batch of parts 
being bonded, test piece is to be prepared, 
processed and tested as follows:

• The test piece to consist of two strips of steel each 
11/12 cm long,24.6/26.2 cm wide X 0.85/1.3 cm 
thick. The edges must be free from burrs.

• The surfaces to be bonded are to be prepared by 
abrasive blasting, using aluminum oxide grit, 
120/220 mesh to produce a finish not finer than 120 
micri inch.

• Clean to ensure that the surfaces are free from 
grease and finger mark. This may be carried out by 
cleaning with cold solvents as per the appropriate 
standard.
1. Rubber seals should be cleaned with Kerosene 

and not subjected to any other solvent.
2. Bellows and bellow assy’s be cleaned with 

Kerosene nd not subjected to any other solvent.
3. Cleaning must be carried out immediately prior 

to bonding.

III. Application

• The adhesive will normally be applied to both 
contacting surfaces. However there will be cases 
such as plugging of blind holes where to avoid 
entrapment of air, an adequate pool of adhesive is 
to be applied to the hole only and excess is exuded 
by carefully pressing the plug to bottom. Preferred 
thickness of the layer of the adhesive is between 0.5 
to 1.5 mm depending upon the requirement.

• With the aid of suitable fixture, bond with an overlap 
of 12.7/14.3 cms and the long edges parallel 
following the procedure as laid down in para 4 of 
this paper.

• When pulled on testing machine at a rate of loadin 
of 1.3/2.7 KN per minut, the joint is to withstand a 
load of 4.5 KN (1000 lbf.) without failure.

• Pulling of test piece shall be carried out by Physical 
testing lab under the supervision of quality control 
deptt.

• Assemble cylindrical parts with a twisting motion, if 
possible, to ensure joint coverage. Suitable fixtures 
must be used to ensure that the position of the parts 
is not disturbed. Viz mandrels, rods with spring 
loaded washers.

• With flat surfaces, bring the surfaces together and 
loghtly squeeze out excess material.

• After mating the parts, carefully wipe away excess 
adhesive preferably with cotton buds.

• Place in cool oven (50 deg C max.). Cylindrical 
joints should be arranged to be vertical so that 

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

Degrease surfaces to be reactivated as per Para e) 
Method-1 clause  a)

240-320 grade silicone carbide paper (Wet or dry 
Tri-M-Ite).
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surface tension will help the assembly to maintain 
concentricity and equalise the joint thickness. Flat 
joints to be arranged such as to maintain the parts 
in their relative positions but no pressure is to be 
applied except only light clamping.

IV. Curing

• Curing may be accomplished in accordance we
on of the following schedules.

Time (Minimum)               Temperature
6 hours                           120      5 deg C
3 hours                           150      5 deg C
2 hours                           180      5 deg C
1 hours                           200      5 deg C

• General guide lines for curing different materials are 
as follows:

1. Steel, Nickel, Copper   :1 hour   190/200 deg C.
2. Alloys or carbon.          :2 hours  175/185 deg C.
3. Al Alloys                      :4 hours  150/160 deg C.
4. Assy’s Containing        :Refer Drawing of the 

  Rubber and plastics nt/ Assy.

• If the assembly is to be used at temp. Above 250 
deg C, it shall be given a further cure of 12 hrs. 
(min) at 260 deg C.

V. Handling Precautions

• Avoid skin contact and inhalation of vapours. The 
use of barrier cream is recommended.

• Working area must be well ventilated and ovens 
extracted to outside atmosphere.

VI. Inspection

• Eccobond may break at 400 deg C. At this temp. It 
can cause distortion and change of properties. So, 
care must be taken for all these factors.

compone

+
+
+
+

 

 

a) Material Control
i. When received, the parts ‘A’ and ‘B’ shall be 

passed through “Quarantine Inspection Deptt” to 
the laboratory. The laboratory shall repack the 
material as per para II. Preparatrion a) Batching

ii. Identification of contents and correlation of paired  
containers to para II. Preparation a) Batching 
Para iv, v and vi must be clearly visible on each 
jar. Where the identification label is missing from 
a jar or not legible or the seal is broken, the 
contents must not be used.
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Investigating the Effect of Defects through Non- Radiative 
Recombination Centres in a Single Emitter Laser Bar using a 
Laser Diode Simulation/Emulation Tool     

By  Christian Kwaku Amuzuvi & Philip Blewushie 
University of Mines and Technology, Ghana 

Abstract- This paper further explores the capability and versatility of Barlase in establishing deeper understanding 
of an emitter in a laser bar. There is communication between an emitter and the substrate on which it is mounted 
and this is linked to the degradation process that occurs in lasers. It is well known that various factors come into play 
in the operation of individual emitters and full laser bars (L-I characteristics, threshold, efficiency, etc.) but one of the 
most important is the effect of introducing defects through non-radiative recombination centres. Barlase is therefore 
used to investigate the effect of defects based on the Arrhenius equation, where the quantum well trap generation 
rate is activated by the local quantum well temperature. The trap generation rate is multiplied by the aging time and 
the trap density is updated at each aging step. Barlase allows a better understanding of how current competition, 
temperature and the level of defects affect the output power and the degradation rate of the bar. The significance of 
this study is to investigate the effect of defects through non-radiative recombination centres in a single emitter laser 
bar. This was done in order to establish a fair idea of how single emitters will operate in the context of a multi-emitter 
laser bar through the introduction of non-radiative recombination centres.     

Keywords: by-emitter, emitter, quantum well, defect, non-radiative recombination, degradation, 
temperature, threshold current, slope efficiency, band gap energy. 
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Investigating the Effect of Defects through Non-
Radiative Recombination Centres in a Single 

Emitter Laser Bar using a Laser Diode 
Simulation/Emulation Tool 

   

Abstract- This paper further explores the capability and 
versatility of Barlase in establishing deeper understanding of 
an emitter in a laser bar. There is communication between an 
emitter and the substrate on which it is mounted and this is 
linked to the degradation process that occurs in lasers. It is 
well known that various factors come into play in the operation 
of individual emitters and full laser bars (L-I characteristics, 
threshold, efficiency, etc.) but one of the most important is    
the effect of introducing defects through non-radiative 
recombination centres. Barlase is therefore used to investigate 
the effect of defects based on the Arrhenius equation, where 
the quantum well trap generation rate is activated by the local 
quantum well temperature. The trap generation rate is 
multiplied by the aging time and the trap density is updated at 
each aging step. Barlase allows a better understanding of how 
current competition, temperature and the level of defects affect 
the output power and the degradation rate of the bar. The 
significance of this study is to investigate the effect of defects 
through non-radiative recombination centres in a single emitter 
laser bar. This was done in order to establish a fair idea of how 
single emitters will operate in the context of a multi-emitter 
laser bar through the introduction of non-radiative 
recombination centres. 
Keywords: by-emitter, emitter, quantum well, defect, 
non-radiative recombination, degradation, temperature, 
threshold current, slope efficiency, band gap energy. 

I. Introduction 

igh power semiconductor laser diodes have 
occupied the minds of researchers in the last 
decade due to their emerging widespread usage 

in the fields of medicine, industry and in consumer 
products like laser printers and others [1-2]. 

The effectiveness of Barlase has already been 
demonstrated using hypothetical laser bars and 
published elsewhere [3]. In this paper however, Barlase 
is being used to simulate/emulate degradation 
processes using a hypothetical single emitter high 
power     laser    bar     considering     defects     through  
 

  
 

  
  

 

non-radiative recombination centres. This paper gives a 
further impetus to the by-emitter degradation analysis 
technique developed over recent years [4-8]. 

This tool is also an addition to the by-emitter 
analysis technique where the effects of certain factors 
that affect the degradation of laser emitters/bars can be 
investigated. The objective of this study is to investigate 
and analyse the effect of the existence of defects 
through non-radiative recombination centres in a single 
emitter laser bar.  

II. Materials and Methods 

The standard test structure selected is one 
employed in the experimental work in a task published 
elsewhere [9]. This structure was selected bearing in 
mind the fact that an attempt will be made to further 
emulate the degradation of bars made from “the same 
epitaxial” structure with similar dimensions. The 
structure used was the 975 nm narrow-angle (<1º) 
tapered laser from Alcatel Thales III-V Lab. The total 
length was 2.4 mm, consisting of a 200 µm ridge 
waveguide and a 2200 µm tapered amplifier. The front 
and rear facet reflectivities were 3% and 90%, 
respectively. The ‘standard’ simulation of this structure 
assumes a heatsink temperature of 300 K and a trap 
density in the QW of 2×1015 cm-3 [10]. All of the 
simulations in this paper use this structure and the 
results are referenced to this ‘standard’ structure. Figure 
1 shows the laser structure. 

LRW = 200 μm

ase  St uctu e
LT = 2200 μm

L = 2400 μm

WO ~ 30 μmWRW < 5 μm

θ < 1o

 

Figure 1   (a) : Hypothetical standard 975 nm tapered 
laser structure 
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Simulations were performed considering the 
effect of introducing defects through non-radiative 
recombination centres introduced into the quantum well 
of the single emitter bar. The data obtained from these 
single emitter simulations were performed in the 
constant current mode of operation [9]. 

III. Results 

To investigate the effect of defects, simulations 
were performed with different levels of non-radiative 
recombination in the QW. Simulations were carried out 
for QW trap densities, Nt, of 2, 4, 10, 20 and 100 times 
the standard value, Nt

 = 2×1015cm-3. 

Figure 2 shows the power-current character- 

istics and the evolution of the maximum QW 
temperature with bias current for each of the trap 
densities investigated. The P-I curves for the different 
trap densities show how an increase in trap density 
increases the threshold current and reduces the output 
power. Figure 2 also shows how the maximum QW 
temperature increases with trap density and current. 
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Figure 2
  
:
 
(a) Power-current characteristics and (b) the 

maximum temperature in the QW as a function of 
current for simulations with different QW trap densities

 

Figures 3 and 4 shows the equivalent power-
voltage/current-voltage characteristics and the evolution 
of the maximum QW temperature with bias current for 
each of the trap densities investigated.
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Figure 3
  
:
 
(a) Power-voltage characteristics and (b) the 

maximum temperature in the QW as a function of 
voltage for simulations with different QW trap densities
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Figure 4
  
:
 
(a) Current-voltage characteristics and (b) The 

maximum temperature in the QW as a function of 
voltage for simulations with different QW trap densities
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The threshold current and slope efficiency have 
been extracted from the P-I curves in Figure 2 and 
plotted as a function of trap density in Figure 5. For 
moderate trap densities (Nt

 up to 2×1016 cm-3), the 
threshold current increases by around 10-15%. At much 
higher trap densities (Nt

 up to 2×1017 cm-3), the 
threshold current can more than double. Similarly, at 
moderate trap densities, the decrease in slope efficiency 
is less than 1%, but at higher trap densities this 
reduction can be as large as 5%. 
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Figure 5  : (a) Dependence of threshold current and (b) 
Efficiency (right) on QW trap density 

To see the differences in the simulations, the 
percentage change (relative to the case with Nt

 = 
2×1015cm-3) in both bias current and output power are 
shown in Figure 6. These results are plotted for different 
bias voltages, as the bias voltage is common to all 
emitters in the laser bar. The percentage change in 
current for a given voltage is smaller than the 
percentage change in output power at the same 
voltage. This may help to explain why simulations 
converged faster for the constant current mode than for 
the constant power mode.  
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Figure 6  : (a) Percentage change in current and           
(b) Power  in simulations at different QW trap densities 
relative to the standard QW trap density of 2×1015cm-3 

In Figure 6, at a voltage of 1.50 V (this is around 
the probable operating point of this device, i.e. the 
device is lasing well above the threshold, but has not 
reached the thermal roll-over point), the current 
increases by up to 1% for moderate trap densities with 
up to a 4% reduction in power. For higher trap densities, 
the current increase is of the order of 5% with the power 
reduction reaching nearly 20%. Barlase was enhanced 
to allow for a spatially variable trap density distribution 
and hence a more realistic trap density distribution was 
attained [9]. 

The trap density distribution, generated as a 
function of QW temperature distribution in this case 
allows for a more realistic and accurate simulation of the 
degradation behaviour (Figure 7b), which the earlier 
case (Figure 7a) had overestimated. The increased 
degradation rate observed at higher temperatures in 
Figure 7a was as expected. The degradation rate is 
slower with the local trap model (Figure 7b) with a 
device surviving 10,000 hrs of aging at both 300 K and 
320 K. However, a device losses more than 10% power 
after ~7,000 hrs at 340 K.  

 

0 2000 4000 6000 8000 10000
65

70

75

80

85

90

95

100
 

 

% 
Po

we
r D

ro
p w

rt 
Tim

e 0

Aging Time, hrs

 
@ 300 K 
@ 320 K 
@ 340 K

Uniform Trap Density

(a)

 

Investigating the Effect of Defects Through Non-Radiative Recombination Centres in a Single Emitter 
Laser bar Using a Laser Diode Simulation/Emulation Tool

  
X
III

  
Is
su

e 
 X

IV
  

V
ers
io
n 

  I
 

 

17

(
)

Ye
ar

01
3

2
F

ob
al
 J
ou

rn
al
 o

f 
R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  

G
l

© 2013   Global Journals Inc.  (US)

V
ol
um

e



0 2000 4000 6000 8000 10000

84

86

88

90

92

94

96

98

100

Local Trap Density

 

 

 

  @ 300K
  @ 320K
  @ 340K

%
 P

ow
er

 D
ro

p 
w

rt
 T

im
e 

0

Aging Time, hrs

(b)

 

Figure 7
  
:
 
Graphs of (a) Emitter power and (b) % Power 

drop against aging time
 

IV.
 

Discussion
 

The principal factors that affect laser 
degradation are defects (both point defects and line 
defects), temperature, packaging-induced strain, and 
inhomogeneous heatsinking (e.g. solder voids, solder 
flow, etc.). To understand how each of these factors 
affects the operation and degradation of a laser, a 
number of simulations were performed using a single 
emitter bar. In this paper, the investigation was done 
considering the effect of the introduction of defects 
through non-radiative recombination centres indep-

 

endently. The simulations were performed for a constant 
bias voltage, as this is the common factor between 
individual emitters once they are part of a laser bar. In all 
cases, simulations were attempted at voltages ranging 
from 1.32 V to 1.60 V at intervals of 0.02 V. Majority of 
these simulations converged within 10 − 15 round trips. 

 

V.
 

Conclusion
 

We have shown in this paper that, even 
simulations of single emitters can provide a great deal of 
insight into how emitters will operate in the context of a 
laser bar. However, it is important to consider their 
operation with respect to a fixed bias voltage and not 
with respect to a fixed bias current. The factor 
investigated here (i.e., defect density through non-
radiative recombination) can affect the operation of an 
emitter. That notwithstanding, it is high levels of defects 
can play a significant role in the degradation of emitters. 
It is known that low levels of defects and packaging-
induced strain have low effects on laser degradation, 
but these are nonetheless important when combined 
with all other factors that can affect laser degradation. 
The limitation of this study is that the research work is 
ongoing and more work needs to be done to improve 
upon the simulation tool to include a global thermal

 

solver.
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Abstract- In this paper, Dielectric-Loaded Microstrip Patch Antenna (DL-MPA), has been synthesized and analyzed, 
which is also referred as “MIMO Smart Antenna” In the designing procedure, three different antennas are designed 
and simulated. Firstly, “Antenna 1” is a RDRA (Rectangular Dielectric Resonator Antenna) which has been simulated 
using only one probe coaxial feed technique. Secondly, “Antenna 2” RDRA has been simulated using multiple ports, 
in addition to the previous excitation it has been excited using other two, strip feed coaxial probe ports. At last, 
bandwidth improvement method has been implemented to a MPA, and multi frequency operability has been 
obtained, referred as “Antenna 3”. Experimental approach has been implemented to support antenna analysis and 
obtained simulated results. Antenna parameters such as return loss, VSWR plot and EH field has been plotted and 
studied to obtain characteristics performance of the radiating structure. Antenna offers operability at frequency range 
of 1.5GHz, 3.32GHz and 4.14GHz and having return loss of -21.82dB, -17.48 dB and - 36.32dB respectively, and 
radiation efficiency of the system ranges from 99-135%. These results verify the use of proposed antenna in different 
frequency of operation; The obtained performance of proposed design, confirms the practicability of antenna in 
different indoor/outdoor wireless applications. Suitability and applicability of antenna has been found in GSM and 
other wireless systems frequency range.     

Keywords: dielectric resonator, microstrip patch antenna, MIMO, smart antenna, co-axial probe, return 
loss, VSWR, resonating frequency, multiple ports, gsm application. 
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Design and Implementation of a “MIMO Smart 
Antenna”: A Candidate for “Green Technology” 

Neeraj Kumar α, A. K. Thakur σ & Arvind Kumar ρ

Abstract -   In this paper, Dielectric-Loaded Microstrip Patch 
Antenna (DL-MPA), has been synthesized and analyzed, which 
is also referred as “MIMO Smart Antenna” In the designing 
procedure, three different antennas are designed and 
simulated. Firstly, “Antenna 1” is a RDRA (Rectangular 
Dielectric Resonator Antenna) which has been simulated using 
only one probe coaxial feed technique. Secondly, “Antenna 2” 
RDRA has been simulated using multiple ports, in addition to 
the previous excitation it has been excited using other two, 
strip feed coaxial probe ports. At last, bandwidth improvement 
method has been implemented to a MPA, and multi frequency 
operability has been obtained, referred as “Antenna 3”. 
Experimental approach has been implemented to support 
antenna analysis and obtained simulated results. Antenna 
parameters such as return loss, VSWR plot and EH field has 
been plotted and studied to obtain characteristics 
performance of the radiating structure. Antenna offers 
operability at frequency range of 1.5GHz, 3.32GHz and 
4.14GHz and having return loss of -21.82dB, -17.48 dB and -
36.32dB respectively, and radiation efficiency of the system 
ranges from 99-135%. These results verify the use of proposed 
antenna in different frequency of operation; The obtained 
performance of proposed design, confirms the practicability of 
antenna in different indoor/outdoor wireless applications. 
Suitability and applicability of antenna has been found in GSM 
and other wireless systems frequency range.  
Keywords: dielectric resonator, microstrip patch 
antenna, MIMO, smart antenna, co-axial probe, return 
loss, VSWR, resonating frequency, multiple ports, gsm 
application. 

I. Introduction 
ntenna, important from point of view of research 
and because of growing demand of bandwidth, 
frequency of operability and capable to support 

high data rate and throughput. 
 

a)
 

MIMO Antenna
 Multiple Input Multiple Output is MIMO 

technology which is gaining popularity in field of 
antennas because of its improved performance. 
Antenna is being widely accepted for emerging 
technologies, LTE and for applications which requires 
multiple frequency applicability. Both at the transmitter 
and the receiver end multiple radiating structures are 
used  and   performance  

 
of   system  

 
is   increased 

 
by

 
 

Authors α σ: Amity Institute of Telecom Engineering and Management, 
Amity University, Noida, India.

 
e-mail: neeraj767@gmail.com 

 

Author

 

ρ: Department of Physics, C. M. Sc. College, Darbhanga, Bihar, 
India.

 

minimizing the error and optimizing the system. It gives 
significant increase in link range and in data throughout. 

MIMO system is also useful in cell phone networks to 
meet the growing demands of the subscribers. It is 
useful for providing high end services such as video 
conferencing and for high speed mobile internet. MIMO 
is one of the several forms of smart Technology. It does 
not require additional band width or additional transmit 
power. It offers higher spectral efficiency. 

 
b)

 

Smart

 

Antenna

 
Receiving and transmission characteristics of 

antenna are adapted and modified accordingly, to 
minimize the error and thus enhance the performance of 
antenna.

 

Smart antennas are important for reducing the 
deleterious effects of intentional jamming signals, 
unintentional co-channel interference, and multipath. 
These antennas were first known as “Side Lobe 
Cancellers”, and then renamed as “Adaptive Antenna” 
and more recently, “Smart Antenna”. Functioning of 
smart antenna rely on signal processing. Multiple 
antennas which are installed at transmitter and receiver 
end, transmit and receive signals. Amplitude and phase 
of signals are modified, in order to improve the

 

reception of desired signal. To implement, smart 
antenna in communication system, must also rely on 
fact that the system should also be capable of holding 
it, so a smart system can have a smart antenna. On the 
other hand it should also be implemented such

 

that cost 
of establishing the wireless network should be minimum, 
quality of service should also be better, realization of 
reconfigurable, robust, and transparent operation across 
multi-technology wireless networks.

 
c)

 

Microstrip Patch Antenna

 
Micro-strip patch antenna is a simple and low 

profile antenna. It is conformable to planar and non-
planar surfaces. The manufacturing of such antennas 
can be done at a very low cost using modern printed 
circuit technology, hence making it inexpensive. Micro-
strip antennas are very versatile in terms of resonant 
frequency, polarization pattern and impedance. All this 
depends on the selection of patch shape and mode. 
These are mechanically robust when are placed on rigid 
surface. In order to create variations in the above 
mentioned resonant frequency, impedance and 
polarization pattern loads are added in between the 
patch and the ground plane.

 

A 
  

X
III

  
Is
su

e 
 X

IV
  

V
ers
io
n 

  I
 

 

19

(
)

Ye
ar

01
3

2
F

ob
al
 J
ou

rn
al
 o

f 
R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  

G
l

© 2013   Global Journals Inc.  (US)

V
ol
um

e

d) Dielectric Resonator Antenna
These antennas are fulfilling the demand of 

higher bandwidth for video conferring, video call, IP TV 



  and many other application which demands for higher 
bandwidth to support and efficiently manage the 
demands and growing need of customers.  Hence, the 
antennas for modern wireless communication system 
should be low in profile and efficient in high frequencies. 
DRA are being considered because this material has 
many advantages in comparison to other. DRA offers 
many features such as small size, low cost, good

 

bandwidth, high gain, Low ohmic loss and light weight. 
The DRA can be used at millimetre frequency bands 
and they are available in basic shapes such as 
rectangular, cylindrical, spherical and hemispherical 
geometries.

 
II.

 

Theory

 
a)

 

Calculation for MIcrostrip Patch

 

Dimension of the patch antenna for desired 
frequency, relative permitivity and substrate has been 
obtained using different conventional equations of the 
microstrip patch antenna systems. These equations are 
as follows:

 

 

 

In these equations, f0, c and h, are central 
resonant frequency, c is speed of light and h is the 
substrate thickness.

 
b)

 

Calculation for RDRA

 

The RDRA is characterized by a height h, a 
width w, a depth d, and a dielectric constant

 

ɛr, as 
shown in Fig. 1. The rectangular shape offers two 
degree of freedoms, making it the most versatile of the 
basic shapes. The ratios w/h

 

and w/d

 

can be chosen 
independently. 

 
 

 

Figure 1

 

:

  

A Rectangular Dielectric Resonator Antenna 
(RDRA)

 

The modes in an isolated rectangular dielectric 
guide can be divided into TE and TM, but with the DRA 
mounted on the ground plane, it is the TE modes which 
are typically excited. 

 

For the TEx
δ11

 

mode, the resonant frequency, f0, 
is found by solving the following transcendental 
equation:

 
 

              (1.1)

 

where,

 

 

and,

 

                                             (1.2)

 

The following approximate equation has been 
derived for the normalized frequency F:

 

                      (1.3) 

 

where

 

                  
(1.4)

 

                             a1 = 2.71(d b)⁄ −0.282                      (1.5)

 

                                a2 = 0.16                                    (1.6)

 

Different excitation techniques have been 
employed in antenna which helps in making the system 
to radiate well. Most popular techniques are coaxial 
probe feed, micro-strip line, aperture coupling and 
proximity coupling.. Proposed Antenna is excited using 
coaxial probe fed technique. Coaxial probe feeding is 
feeding method in which the inner conductor of the 
coaxial is attached to the radiating element of the 
antenna while the outer conductor is connected to the 
ground plane.

 

III.

 

Antenna Design

 

The proposed design uses a substrate of 
material Rogers RT/Duroid 5880 (tm) having relative 
permittivity of 2.2 and dimension 10 cm X 9 cm X 0.32 
cm. In order to minimize the back-lobe radiation 
phenomenon, upper surface of antenna has a finite 
conductivity layer. The rectangular dielectric resonator of 
relative permittivity 15 is used, having dimension of 
5.352 cm X 1.784 cm X 1.784 cm. The co-axial probe 
feed mechanism is used for the excitation of antenna. 
Antenna microstrip patch has been calculated by using 
eqn. 1-5, mentioned in section II. Width of the Patch is 
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65.84mm and length of the patch is 53.59 mm. Figure 1, 
shows the modeled 3D view of antenna system.

  
 

(
)

F



 
 

 

(a)

 

 
(b)

 

 
(c)

 
Figure 1

 

:

 

3D view of the modeled antenna (a) RDRA 
(“Antenna 1”) (b) Multi-feed RDRA (“Antenna 2”) (c) 

Patched Multi-feed RDRA (“Antenna 3”)

 
IV.

 

Simulation

 
Designed antenna is simulated on Ansoft 

HFSSv13 simulation software. The parametric variation 
of the project was done by choosing different radiating 
antenna. Result obtained was studied in detail to know 
the relation between dielectric and patching. Simulation 
was performed in three steps. 

 

Firstly, Antenna 1 was designed and analyzed 
to obtain its characteristics. Figure 2 (a), (b) and (c) 
present return loss, VSWR and impedance of RDRA. It is 
found that antenna has resonant frequency of 1.5GHz 
having return loss of -21.82dB. VSWR of the system is 
5dB and impedance is well matched at the resonating 
frequency. It has only real part, which confirms antenna 
radiating efficiently at 1.5GHz.

 

In second simulation process, Antenna 2 has 
been simulated. Figure 3 (a), (b) and (c), show return 
loss, VSWR and impedance of multi-feed RDRA 
(Antenna 2). It is well matched at 3.32GHz and 4.14GHz. 
Return loss at these frequencies is found to be -17.48dB 
and -27.86dB respectively. VSWR value decreased to 
approximate value of 2. Impedance of system has real 
value at operating frequency of 3.32GHz. Antenna 2 has 
better characteristics, than that of Antenna 1. Return 
loss of system has further improved, whereas multi-feed 
RDRA has multi-frequency of operation, only the fact is 
that antenna needs impedance matching more in 
comparison to Antenna 1. 

 

In third simulation process, Antenna 3 has been 
simulated and results have been shown in figure 4. 
Figure 4 (a), (b), (c), (d) and (e), presents antenna’s 
return loss, VSWR, Impedance vs. frequency, EH-field in 
terms of radiation pattern and directivity of the antenna 
system respectively. Frequency of operation is found to 
be at 4.14GHz at return loss of -36.32dB. VSWR value is 
1.2. Impedance value is lowered than that of Antenna 2 
and 1, thus patch has additional advantage over RDRA 
and multi-feed RDRA. Radiation pattern in terms of field 
parameters is shown in Figure 4 (d). It shows that H-
plane has maximum value in θ

 

= 900

 

while E-plane has 
the minimum value in this direction and maximum value 
in φ

 

= 00.  Figure 4 (e), shows directivity of the system. It 
is observed that antenna has directional pattern and 
concentration of energy in direction of angle 400.  

 

Antenna has radiation efficiency of 135%, 101% 
and 99% respectively. It is found that as antenna is 
being multi-feed, its frequency range of applicability 
increases whiles its radiation efficiency decrease but 
because of advantage, antenna can be multi-feed, 
through different ports. 
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Figure 2 (a)
 
:
 
Return Loss Curve of “Antenna 1”

 

 

Figure 2 (b)

 

:

 

VSWR vs. Frequency Plot of “Antenna 1”

 

 

Figure 2

 

(c)

 

:

 

Impedance vs. Frequency curve of “Antenna 1”
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Figure 3 (a) : Return Loss Curve of “Antenna 2”
 

 

Figure 3 (b)

 

: 

 

VSWR vs. Frequency Plot of “Antenna 2”

 

 

Figure 3 (c)

 

: 

 

Impedance vs. Frequency curve of “Antenna 2”
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Figure 4
 
(a)

 
: 

 
Return Loss Curve of “Antenna 3”

 

 

Figure 4 (b)

 

: 

 

VSWR vs. Frequency Plot of “Antenna 3”

 

 

Figure 4 (c)

 

: 

 

Impedance vs. Frequency curve of “Antenna 3”
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Figure 4 (d) :  EH-field of “Antenna 3” in terms of 
Radiation Pattern 

 

Figure 4 (d) :  Directivity of “Antenna 3” in terms of 
Radiation Pattern 

V. Green Technology 

This radiating system satisfies growing demand 
of technology in a green way. Following are the points 
which support the statement: 

1. Antenna serves the purpose of three different 
antennas, which are operating at three different 
frequencies 1.5 GHz, 3.32 GHz and 4.14GHz. 
Therefore, implementation of the antenna can be 
done for three different antennas, and power 
requirement will be less for excitation of single 
antenna than a group of antenna. 

2. Radiation efficiency of antenna is more than 99%, if 
excited from any of the excitation port.  

3. Antenna, acts and directed more efficiently at an 
angle 400, i.e., directivity of antenna is maintained at 
this angle. Further, single processing can be 
applied to the output of antenna at the transmitter 
end, which can make this antenna acts “Smartly”.  

VI. Conclusion 

Antenna has been successfully designed and 
experimentally verified. Its multi frequency operability 
has been most advantageous property within most 

commonly used frequency range, 1.5GHz, 3.32GHz and 
4.14GHz and having return loss in optimum value. 
Antenna is also suitable candidate for Green 
Technology and has been supported with positive 
points. Its operating frequency has been verified for 
GSM and wireless communication system applications. 
Also, the VSWR value is restricted to 1.2 and directional 
directivity pattern has been obtained. Further, it requires 
a impedance matching circuits, which must be 
incorporated to increase the energy radiation effectively.  
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Abstract-

 

Power has become a burning issue in modern VLSI 
design, as the technology advances especially below 45nm 
technology, Leakage power become more problem apart of 
the dynamic power. This paper presents a full adder with novel 
PMOS and NMOS which consume less power compare to 
conventional full adder and DTMOS full adder, this paper 
shows different types of adders and their power consumption, 
area and delay. All the experiments have been carried out 
using cadence virtuoso design lay out editor which shows 
power consumption of different types of adders[1-2].

 

Keywords:

 

average power, leakage power, delay, 
DTMOS, PDP.

 

I.

 

Introduction

 

he adder is one of the most critical components of 
a central processing unit. The object of the adders 
not only adding of bits but also involves in address 

calculation, subtraction, division and multiplication, the 
adders are critical components to determine the speed, 
delay and power of the overall system, low power 
adders are always preferable. Due to the popularity of 
portable electronic products low power system has 
attracted more attention in recent years, an system on 
chip

 

(SOC) design can contain more and more 
components that lead to a higher power density. This 
makes power dissipation reach the limits of what 
packaging, cooling or other infrastructure can support, 
reducing the power consumption not only can enhance 
battery life but also can avoid the

 

overheating problem 
which would increase the difficulty of packaging or 
cooling. Therefore the consideration of power 
consumption in complex SOCs has become a big 
challenge to designers, moreover in modern VLSI 
designs

 

[3-5].

 

Lowering power is one of the greatest 
challenges facing the IC industry Today, temperature 
profile and battery life requirements for tethered and un 
tethered systems have made power consumption a 
primary optimization target for IC industry[2]. IC power 

consumption consists of three basics components: 
switching power, short circuit power and leakage 
power[6-7]. 

           
Dynamic power 2

DDLD V fC
2
1P =

               
(1)

 
Dynamic power is square of supply voltage, 

therefore by reducing supply voltage we can reduce 
dynamic power [8]. 

The leakage power is mainly due to sub 
threshold current and it may be defined as the drain to 
source current of the transistor operating in the weak 
inversion region of MOSFET this subthreshold leakage 
may be defined as in eq (2) give s a simple method for 
estimating the leakage current in a single NMOS 
transistor[9-11]. 

           

( )
















−







 −
=

t

ds

t

tgs

v
V

V
vV

I exp1expI 0s η
           

(2)

 
Vt

 
is the thermal voltage and is given by Q/KT 

and n is the sub threshold slope coefficient. Generally 
there are varies leakage reduction techniques based on 
mode of operation of systems the two operation modes 
are active mode and stand by mode or idle mode. Most 
of the leakage power reduction techniques will be based 
on idle mode

 
[12].

 SECTION2: gives an overview of the Novel 
PMOS and NMOS and

 
their simulation results, 

SECTION3 presents Novel 3 bit full adder and 
conventional full adder, SECTION 4 describes 
experimental results of conventional, Novel full adders 
and DTMOS full adders, SECTION5gives conclusions. 

 
 II.

 

An

 

Over

 

View

 

of

 

Novel

 

PMOS
 

and

 NMOS
 Ultra low power operation plays a major role in 

designing of CMOS circuits in subthreshold regime, for 
any digital or analog design the basic components are 
PMOS and NMOS devices, the power consumption of 
this basic elements

 
determine the overall power of the 

system. In this section we provide Novel PMOS and 
NMOS, simulations have been carried out in cadence 
design frame work to verify the functionality of the 

T
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technique, the functionality of the both the PMOS and 
NMOS is verified at 180nm and 45 nm technology[13].



 

 Figure 1

 

:

 

Novel PMOS

 

 Figure 2
 
:
 
Novel NMOS

 
III.
 

A
 

Conventional
 

CMOS
 

Adder
 The 28 transistor full adder is the pioneer 

traditional adder circuit,
 
the schematic of this adder is 

shown. This adder cell is built using equal number of 
NFET and PFET transistors, the MOS logic can be 
realized using equations

 
[1].

                     Carry: AB+BC+AC                             
 
(2)

 
                SUM: ABC+(A+B+C)C

 
                (3)

 
The conventional full adder consumes more 

power compared to Novel full adder, both conventional 
and Novel full adders are simulated and their average 
power is calculated

 
[14].

 

 

Figure 3
 
:
 
Conventional full adder

 

 

Figure 4

 

:

 

Full adder with novel PMOS and NMOS

 

 

Figure 5

 

:

 

DTCMOS Full adder
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IV. Simulation Results and Analysis 

An investigation has been carried out for 
calculating average power, static power of conventional 
full adder and the Novel full adder and compared their 

powers at 45nm technology using virtuoso design 
environment. 

A novel CMOS adder may have an overhead 
area, but it consumes less power [15]. 

Table 1 : Power Comparison Table @45nm, Supply 
Voltage Is 0.6v 

Parameter
 

Full Adder With 
Novel PMOS & 

NMOS
 

Conventional 
CMOS full 

adder
 

DTCMOS full 
adder

 

Avg. Power
 

97.23nw
 

105.8nw
 

243nw
 

Delay
 

150ps
 

580ps
 

291ps
 

PDP
 

1.456×10-17
 

61×10-15
 

7.07×10-17
 

Table 2
 
:
 
Power Delay Comparison Table of 

Conventional CMOS Full Adder Versus Novel Full Adder 
at 45nm and Supply Voltage Is 1.1v

 

Parameter
 Full Adder With 

Novel PMOS & 
NMOS

 Conventional 
CMOS full adder

 

Avg. power

 

0.43µw

 

1.88µw

 

Delay

 

72ps

 

43ps

 

PDP

 

3.152×10-17

 

8.084×10-17

 

Table 3

 

:

 

Power and Delay Comparison of Novel Full 
Adder and Conventional Full Adder with Supply Voltage 

of 1.1v @180nm

 

Parameter

 
Full Adder With 
Novel PMOS & 

NMOS

 Conventional CMOS 
full adder

 

Avg. power

 

69.49µw

 

32.8µw

 

Delay

 

217ps

 

166ps

 

PDP

 

15×1015

 

5.45×1015

 

Table 4
 
:
 
Static Power Comparison Table of Novel Full 

Adder, DTCMOS

 

Full Adder and Conventional Full 
Adder at 45nm with 0.6v

 

Parameter

 Full Adder 
With Novel

 

PMOS & 
NMOS

 
Conventional

 

CMOS full 
adder

 DTCMOS 
full adder

 

Static  power 
when all 

inputs are at 
0.6v

 9.159pw

 

8.688pw

 

109.4nw

 

Static power 
when all 

inputs are at 
0v

 14pw

 

8.756pw

 

78nw

 

 
 

Table 5 : Static Power Comparison Table of Novel Full 
Adder and Conventional Full Adder at 45nm With1.1v 

Parameter 
Full Adder With 
Novel PMOS & 

NMOS 

Conventional 
CMOS full adder  

Static  power when 
all inputs are at 

0.6v 44.6pw 
30.97pw

 

Static  power when 
all inputs are at 0v 52.18pw 28.76pw  

Table 6 : Static Power Comparison Table of Novel Full 
Adder, And Conventional Full Adder At 180nm With1.8v 

Parameter 
Full Adder With 
Novel PMOS & 

NMOS 

Conventional 
CMOS full adder  

Static power when 
all inputs are at 

1.8v 
30.97pw

 
69.25pw

 

Static power when 
all inputs are at 0v 590pw 97.5pw  

V.
 Conclusions

 

The performance of many large circuits are 
strongly dependent on the performance of the full adder 
circuits that have been used. An attempt has been 
made to design 84T novel full adder with low power 
consumption. In this paper we have simulated 
conventional full adder and Novel full adder and 
calculated average power. As mentioned earlier as the 
technology advances apart of dynamic power, there will 
be a equal part of

 
leakage power, therefore a Novel full 

adder will suitable for low power design.
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Institutional Fellow of Open Association of Research Society (USA)-OARS (USA)
Global Journals Incorporation (USA) is accredited by Open Association of Research 
Society, U.S.A (OARS) and in turn, affiliates research institutions as “Institutional 
Fellow of Open Association of Research Society” (IFOARS).
The “FARSC” is a dignified title which is accorded to a person’s name viz. Dr. John E. 
Hall, Ph.D., FARSC or William Walldroff, M.S., FARSC.
The IFOARS institution is entitled to form a Board comprised of one Chairperson and three to five 
board members preferably from different streams. The Board will be recognized as “Institutional 
Board of Open Association of Research Society”-(IBOARS).

The Institute will be entitled to following benefits:

The IBOARS can initially review research papers of their institute and recommend 
them to publish with respective journal of Global Journals. It can also review the 
papers of other institutions after obtaining our consent. The second review will be 
done by peer reviewer of Global Journals Incorporation (USA) 
The Board is at liberty to appoint a peer reviewer with the approval of chairperson 
after consulting us. 
The author fees of such paper may be waived off up to 40%.

The Global Journals Incorporation (USA) at its discretion can also refer double blind 
peer reviewed paper at their end to the board for the verification and to get 
recommendation for final stage of acceptance of publication.

The IBOARS can organize symposium/seminar/conference in their country on behalf of 
Global Journals Incorporation (USA)-OARS (USA). The terms and conditions can be 
discussed separately.
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can also be helpful for the concerned faculty members.
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institute to function as Regional/Zonal office on our behalf.
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Fellow may use the designations as applicable, or the corresponding initials. The 
Credentials of individual Fellow and Associate designations signify that the individual 
has gained knowledge of the fundamental concepts. One is magnanimous and 
proficient in an expertise course covering the professional code of conduct, and 
follows recognized standards of practice.

Open Association of Research Society (US)/ Global Journals Incorporation (USA), as 
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status is based mainly on meeting stated educational research requirements.

Disbursement of 40% Royalty earned through Global Journals : Researcher = 50%, Peer 
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 • This individual has learned the basic methods of applying those concepts and techniques to 
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Process of submission of Research Paper     
  

The Area or field of specialization may or may not be of any category as mentioned in 
‘Scope of Journal’ menu of the GlobalJournals.org website. There are 37 Research 
Journal categorized with Six parental Journals GJCST, GJMR, GJRE, GJMBR, GJSFR, 
GJHSS. For Authors should prefer the mentioned categories. There are three widely 
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at 
Home page. The major advantage of this coding is that, the research work will be 
exposed to and shared with all over the world as we are being abstracted and indexed 
worldwide.  

The paper should be in proper format. The format can be downloaded from first page of 
‘Author Guideline’ Menu. The Author is expected to follow the general rules as 
mentioned in this menu. The paper should be written in MS-Word Format 
(*.DOC,*.DOCX). 

 The Author can submit the paper either online or offline. The authors should prefer 
online submission.Online Submission: There are three ways to submit your paper: 

(A) (I) First, register yourself using top right corner of Home page then Login. If you 
are already registered, then login using your username and password. 

      (II) Choose corresponding Journal. 

      (III) Click ‘Submit Manuscript’.  Fill required information and Upload the paper. 

(B) If you are using Internet Explorer, then Direct Submission through Homepage is 
also available. 

(C) If these two are not conveninet , and then email the paper directly to 
dean@globaljournals.org.  

Offline Submission: Author can send the typed form of paper by Post. However, online 
submission should be preferred.                                                          
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Preferred Author Guidelines    

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed) 

 Page Size: 8.27" X 11'" 

• Left Margin: 0.65 
• Right Margin: 0.65 
• Top Margin: 0.75 
• Bottom Margin: 0.75 
• Font type of all text should be Swis 721 Lt BT.  
• Paper Title should be of Font Size 24 with one Column section. 
• Author Name in Font Size of 11 with one column as of Title. 
• Abstract Font size of 9 Bold, “Abstract” word in Italic Bold. 
• Main Text: Font size 10 with justified two columns section 
• Two Column with Equal Column with of 3.38 and Gaping of .2 
• First Character must be three lines Drop capped. 
• Paragraph before Spacing of 1 pt and After of 0 pt. 
• Line Spacing of 1 pt 
• Large Images must be in One Column 
• Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10. 
• Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10. 

You can use your own standard format also. 
Author Guidelines: 

1. General, 

2. Ethical Guidelines, 

3. Submission of Manuscripts, 

4. Manuscript’s Category, 

5. Structure and Format of Manuscript, 

6. After Acceptance. 

1. GENERAL 

 Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial, 
while peer reviewer justify your paper for publication. 

Scope 

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of 
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology, 
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization. 
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global 
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will 
not be accepted unless they have wider potential or consequences. 

2. ETHICAL GUIDELINES 

 Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities. 

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication 
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals 
Inc. (US). 

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings. 
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before 
submission 

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According 
to the Global Academy of R&D authorship, criteria must be based on: 

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings. 

2) Drafting the paper and revising it critically regarding important academic content. 

3) Final approval of the version of the paper to be published. 

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors 
who do not match the criteria as authors may be mentioned under Acknowledgement. 

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The 
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along 
with address. 

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere. 

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 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 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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• 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. 

• 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. 

• 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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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 . 

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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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. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I 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.

 

 

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

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. 

 

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.  

18.
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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.

 

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. 

 

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. 

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, I 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                    

29.
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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. 

 
 

 

 

 

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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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 
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. 

 

 

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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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. 
If 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:  

It 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. 

 

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. 
As always, 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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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

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. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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A

Alochrom · 13
Anodized · 12
Anomalous · 1
Arrhenius · 19

C

Compensates · 4
Concentricity · 18
Crevices · 13
Cumulonimbus · 1

D

Dirigible · 1, 7, 8
Dissipating · 1

E

Encircled · 1
Epoxide · 11

I

Indefinite · 11

M

Megajoules · 3

P

Permitivity · 24
Preferably · 11, 16

R

Rescuffing · 13

S

Saturation · 4
Stirred · 11, 13

V

Vaporization · 5
Violently · 1
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